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Plan of the lectures

Credit: NBI IceCube

??
??

• Lecture 1: Particles from the sky: charged 
cosmic rays, gamma rays (and neutrinos) 

Basics and jargon 
Production mechanisms   

• Lecture 2: Sources of cosmic particles 
Standard astrophysics  
Generalities of dark matter searches 

• Lecture 3: Probing dark matter with 
astroparticle observations 

Particle dark matter 
Primordial black holes  
Anomalies and excesses

https://nbi.ku.dk/english/research/experimental-particle-physics/icecube/astroparticle-physics/
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Some reading material
M. Longair, High energy astrophysics, Cambridge Univ. Press (2012)

V. S. Berezinskii et al., Astrophysics of cosmic rays, Amsterdam: North-Hollans (1990)

G. Sigl, Astroparticle Physics: Theory and Phenomenology, Atlantis Press Paris (2017)

G. Ghisellini, Radiative processes in high-energy astrophysics, Lect. Notes Phys. (2013)

Very good lectures notes: Foundations of cosmic-ray astrophysics, Varenna (2022)

 


Feel free to email me at calore@lapth.cnrs.fr! 


EuCAPT White Paper, Opportunities and Challenges for Theoretical 
Astroparticle Physics in the Next Decade, arXiv:2110.10074 

https://doi.org/10.1017/CBO9780511778346
https://ui.adsabs.harvard.edu/abs/1990acr..book.....B/abstract
https://link.springer.com/book/10.2991/978-94-6239-243-4
https://arxiv.org/abs/1202.5949
https://indico.gssi.it/event/339/overview
mailto:calore@lapth.cnrs.fr
https://arxiv.org/abs/2110.10074
https://arxiv.org/abs/2110.10074
https://arxiv.org/abs/2110.10074
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Prolegomena
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Thermal radiation 
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Thermal radiation Non-thermal radiation 
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The multi-wavelength sky
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M. Ackermann et al., JHEAp 35, 55 (2022) [2203.08096] 

2x1023 Hz
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Fundamental 
physics questions 

• What is the origin of charged 
particles over this broad energy and 
flux range? 

• How do particles travel in inter-stellar 
and inter-galactic media?  

• What is the nature of cosmic particle 
diffuse fluxes (photons and 
neutrinos)?  

• Are there signatures of exotic physics 
in astroparticle observations? 
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Galactic and extragalactic environments

Extremely rarefied densities of matter 

Very large distances and spatial scales 

Very long timescales 

Magnetised environments 

Radiation fields
. 1 cm�3

<latexit sha1_base64="8+08MIbL2nYmP6RypiGsyCTKOdA=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRPGhJVNBj0YvHCvYDmlg220m7dDcJuxuhhOLFv+LFgyJe/RXe/Ddu2xy09cHA470ZZuYFCWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GilNJoU5jHstWQBRwFkFdM82hlUggIuDQDAbXY7/5AFKxOLrTwwR8QXoRCxkl2kgde8/joJRiArvYO8aeFJiK++zkbNSxy07FmQDPEzcnZZSj1rG/vG5MUwGRppwo1XadRPsZkZpRDqOSlypICB2QHrQNjYgA5WeTF0b40ChdHMbSVKTxRP09kRGh1FAEplMQ3Vez3lj8z2unOrz0MxYlqYaITheFKcc6xuM8cJdJoJoPDSFUMnMrpn0iCdUmtZIJwZ19eZ40TiuuU3Fvz8vVqzyOItpHB+gIuegCVdENqqE6ougRPaNX9GY9WS/Wu/UxbS1Y+cwu+gPr8wcrPpX7</latexit><latexit sha1_base64="8+08MIbL2nYmP6RypiGsyCTKOdA=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRPGhJVNBj0YvHCvYDmlg220m7dDcJuxuhhOLFv+LFgyJe/RXe/Ddu2xy09cHA470ZZuYFCWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GilNJoU5jHstWQBRwFkFdM82hlUggIuDQDAbXY7/5AFKxOLrTwwR8QXoRCxkl2kgde8/joJRiArvYO8aeFJiK++zkbNSxy07FmQDPEzcnZZSj1rG/vG5MUwGRppwo1XadRPsZkZpRDqOSlypICB2QHrQNjYgA5WeTF0b40ChdHMbSVKTxRP09kRGh1FAEplMQ3Vez3lj8z2unOrz0MxYlqYaITheFKcc6xuM8cJdJoJoPDSFUMnMrpn0iCdUmtZIJwZ19eZ40TiuuU3Fvz8vVqzyOItpHB+gIuegCVdENqqE6ougRPaNX9GY9WS/Wu/UxbS1Y+cwu+gPr8wcrPpX7</latexit><latexit sha1_base64="8+08MIbL2nYmP6RypiGsyCTKOdA=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRPGhJVNBj0YvHCvYDmlg220m7dDcJuxuhhOLFv+LFgyJe/RXe/Ddu2xy09cHA470ZZuYFCWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GilNJoU5jHstWQBRwFkFdM82hlUggIuDQDAbXY7/5AFKxOLrTwwR8QXoRCxkl2kgde8/joJRiArvYO8aeFJiK++zkbNSxy07FmQDPEzcnZZSj1rG/vG5MUwGRppwo1XadRPsZkZpRDqOSlypICB2QHrQNjYgA5WeTF0b40ChdHMbSVKTxRP09kRGh1FAEplMQ3Vez3lj8z2unOrz0MxYlqYaITheFKcc6xuM8cJdJoJoPDSFUMnMrpn0iCdUmtZIJwZ19eZ40TiuuU3Fvz8vVqzyOItpHB+gIuegCVdENqqE6ougRPaNX9GY9WS/Wu/UxbS1Y+cwu+gPr8wcrPpX7</latexit><latexit sha1_base64="8+08MIbL2nYmP6RypiGsyCTKOdA=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRPGhJVNBj0YvHCvYDmlg220m7dDcJuxuhhOLFv+LFgyJe/RXe/Ddu2xy09cHA470ZZuYFCWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GilNJoU5jHstWQBRwFkFdM82hlUggIuDQDAbXY7/5AFKxOLrTwwR8QXoRCxkl2kgde8/joJRiArvYO8aeFJiK++zkbNSxy07FmQDPEzcnZZSj1rG/vG5MUwGRppwo1XadRPsZkZpRDqOSlypICB2QHrQNjYgA5WeTF0b40ChdHMbSVKTxRP09kRGh1FAEplMQ3Vez3lj8z2unOrz0MxYlqYaITheFKcc6xuM8cJdJoJoPDSFUMnMrpn0iCdUmtZIJwZ19eZ40TiuuU3Fvz8vVqzyOItpHB+gIuegCVdENqqE6ougRPaNX9GY9WS/Wu/UxbS1Y+cwu+gPr8wcrPpX7</latexit>

. 10�6 cm�3
<latexit sha1_base64="T6N0wgD4RuRN5XrFFKwSvZOwfX8=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJAaoEEDBWsDAWiT6kJlSOe9tatZPIdpCqKCMLv8LCAEKsfAIbf4PbZoDCka50fM698r0niDlT2nG+rMLc/MLiUnG5tLK6tr5hb241VJRICnUa8Ui2AqKAsxDqmmkOrVgCEQGHZjC8GvvNe5CKReGtHsXgC9IPWY9Roo3UsXc9DkopJrDr3KVHZxn2DrEnBabCPE+yjl12Ks4E+C9xc1JGOWod+9PrRjQREGrKiVJt14m1nxKpGeWQlbxEQUzokPShbWhIBCg/nRyS4X2jdHEvkqZCjSfqz4mUCKVGIjCdguiBmvXG4n9eO9G9Cz9lYZxoCOn0o17CsY7wOBXcZRKo5iNDCJXM7IrpgEhCtcmuZEJwZ0/+SxrHFdepuDen5eplHkcR7aA9dIBcdI6q6BrVUB1R9ICe0At6tR6tZ+vNep+2Fqx8Zhv9gvXxDScMmCA=</latexit><latexit sha1_base64="T6N0wgD4RuRN5XrFFKwSvZOwfX8=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJAaoEEDBWsDAWiT6kJlSOe9tatZPIdpCqKCMLv8LCAEKsfAIbf4PbZoDCka50fM698r0niDlT2nG+rMLc/MLiUnG5tLK6tr5hb241VJRICnUa8Ui2AqKAsxDqmmkOrVgCEQGHZjC8GvvNe5CKReGtHsXgC9IPWY9Roo3UsXc9DkopJrDr3KVHZxn2DrEnBabCPE+yjl12Ks4E+C9xc1JGOWod+9PrRjQREGrKiVJt14m1nxKpGeWQlbxEQUzokPShbWhIBCg/nRyS4X2jdHEvkqZCjSfqz4mUCKVGIjCdguiBmvXG4n9eO9G9Cz9lYZxoCOn0o17CsY7wOBXcZRKo5iNDCJXM7IrpgEhCtcmuZEJwZ0/+SxrHFdepuDen5eplHkcR7aA9dIBcdI6q6BrVUB1R9ICe0At6tR6tZ+vNep+2Fqx8Zhv9gvXxDScMmCA=</latexit><latexit sha1_base64="T6N0wgD4RuRN5XrFFKwSvZOwfX8=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJAaoEEDBWsDAWiT6kJlSOe9tatZPIdpCqKCMLv8LCAEKsfAIbf4PbZoDCka50fM698r0niDlT2nG+rMLc/MLiUnG5tLK6tr5hb241VJRICnUa8Ui2AqKAsxDqmmkOrVgCEQGHZjC8GvvNe5CKReGtHsXgC9IPWY9Roo3UsXc9DkopJrDr3KVHZxn2DrEnBabCPE+yjl12Ks4E+C9xc1JGOWod+9PrRjQREGrKiVJt14m1nxKpGeWQlbxEQUzokPShbWhIBCg/nRyS4X2jdHEvkqZCjSfqz4mUCKVGIjCdguiBmvXG4n9eO9G9Cz9lYZxoCOn0o17CsY7wOBXcZRKo5iNDCJXM7IrpgEhCtcmuZEJwZ0/+SxrHFdepuDen5eplHkcR7aA9dIBcdI6q6BrVUB1R9ICe0At6tR6tZ+vNep+2Fqx8Zhv9gvXxDScMmCA=</latexit><latexit sha1_base64="T6N0wgD4RuRN5XrFFKwSvZOwfX8=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJAaoEEDBWsDAWiT6kJlSOe9tatZPIdpCqKCMLv8LCAEKsfAIbf4PbZoDCka50fM698r0niDlT2nG+rMLc/MLiUnG5tLK6tr5hb241VJRICnUa8Ui2AqKAsxDqmmkOrVgCEQGHZjC8GvvNe5CKReGtHsXgC9IPWY9Roo3UsXc9DkopJrDr3KVHZxn2DrEnBabCPE+yjl12Ks4E+C9xc1JGOWod+9PrRjQREGrKiVJt14m1nxKpGeWQlbxEQUzokPShbWhIBCg/nRyS4X2jdHEvkqZCjSfqz4mUCKVGIjCdguiBmvXG4n9eO9G9Cz9lYZxoCOn0o17CsY7wOBXcZRKo5iNDCJXM7IrpgEhCtcmuZEJwZ0/+SxrHFdepuDen5eplHkcR7aA9dIBcdI6q6BrVUB1R9ICe0At6tR6tZ+vNep+2Fqx8Zhv9gvXxDScMmCA=</latexit>

Several kpc

100s Mpc or Gpc

~230 Myr 
one solar orbit 

~14 Gyr 
age of the universe

1 pc ' 3.26 lyr ' 3.086⇥ 1016 m
<latexit sha1_base64="CelNB74lNMu3317kSAwF6VC/7CM=">AAACMHicbZBNSwMxEIazftb6terRS7AIHqRsqtQeix70WMF+QHct2TRtQ5PdNckKZelP8uJP0YuCIl79FabtFrV1IPDOMzNM5vUjzpR2nFdrYXFpeWU1s5Zd39jc2rZ3dmsqjCWhVRLyUDZ8rChnAa1qpjltRJJi4XNa9/sXo3r9nkrFwuBGDyLqCdwNWIcRrA1q2ZcIusfQlQJGBLqKCXoHT/KF4pTygfzBTslwbRIFkXOboOJw2iZads7JO+OA8wKlIgfSqLTsJ7cdkljQQBOOlWoiJ9JegqVmhNNh1o0VjTDp4y5tGhlgs9VLxgcP4aEhbdgJpXmBhmP6eyLBQqmB8E2nwLqnZmsj+F+tGetOyUtYEMWaBmSyqBNzqEM4cg+2maRE84ERmEhm/gpJD0tMtPE4a0xAsyfPi1ohj5w8uj7Nlc9TOzJgHxyAI4DAGSiDK1ABVUDAA3gGb+DderRerA/rc9K6YKUze+BPWF/fAbOkvA==</latexit><latexit sha1_base64="CelNB74lNMu3317kSAwF6VC/7CM=">AAACMHicbZBNSwMxEIazftb6terRS7AIHqRsqtQeix70WMF+QHct2TRtQ5PdNckKZelP8uJP0YuCIl79FabtFrV1IPDOMzNM5vUjzpR2nFdrYXFpeWU1s5Zd39jc2rZ3dmsqjCWhVRLyUDZ8rChnAa1qpjltRJJi4XNa9/sXo3r9nkrFwuBGDyLqCdwNWIcRrA1q2ZcIusfQlQJGBLqKCXoHT/KF4pTygfzBTslwbRIFkXOboOJw2iZads7JO+OA8wKlIgfSqLTsJ7cdkljQQBOOlWoiJ9JegqVmhNNh1o0VjTDp4y5tGhlgs9VLxgcP4aEhbdgJpXmBhmP6eyLBQqmB8E2nwLqnZmsj+F+tGetOyUtYEMWaBmSyqBNzqEM4cg+2maRE84ERmEhm/gpJD0tMtPE4a0xAsyfPi1ohj5w8uj7Nlc9TOzJgHxyAI4DAGSiDK1ABVUDAA3gGb+DderRerA/rc9K6YKUze+BPWF/fAbOkvA==</latexit><latexit sha1_base64="CelNB74lNMu3317kSAwF6VC/7CM=">AAACMHicbZBNSwMxEIazftb6terRS7AIHqRsqtQeix70WMF+QHct2TRtQ5PdNckKZelP8uJP0YuCIl79FabtFrV1IPDOMzNM5vUjzpR2nFdrYXFpeWU1s5Zd39jc2rZ3dmsqjCWhVRLyUDZ8rChnAa1qpjltRJJi4XNa9/sXo3r9nkrFwuBGDyLqCdwNWIcRrA1q2ZcIusfQlQJGBLqKCXoHT/KF4pTygfzBTslwbRIFkXOboOJw2iZads7JO+OA8wKlIgfSqLTsJ7cdkljQQBOOlWoiJ9JegqVmhNNh1o0VjTDp4y5tGhlgs9VLxgcP4aEhbdgJpXmBhmP6eyLBQqmB8E2nwLqnZmsj+F+tGetOyUtYEMWaBmSyqBNzqEM4cg+2maRE84ERmEhm/gpJD0tMtPE4a0xAsyfPi1ohj5w8uj7Nlc9TOzJgHxyAI4DAGSiDK1ABVUDAA3gGb+DderRerA/rc9K6YKUze+BPWF/fAbOkvA==</latexit><latexit sha1_base64="CelNB74lNMu3317kSAwF6VC/7CM=">AAACMHicbZBNSwMxEIazftb6terRS7AIHqRsqtQeix70WMF+QHct2TRtQ5PdNckKZelP8uJP0YuCIl79FabtFrV1IPDOMzNM5vUjzpR2nFdrYXFpeWU1s5Zd39jc2rZ3dmsqjCWhVRLyUDZ8rChnAa1qpjltRJJi4XNa9/sXo3r9nkrFwuBGDyLqCdwNWIcRrA1q2ZcIusfQlQJGBLqKCXoHT/KF4pTygfzBTslwbRIFkXOboOJw2iZads7JO+OA8wKlIgfSqLTsJ7cdkljQQBOOlWoiJ9JegqVmhNNh1o0VjTDp4y5tGhlgs9VLxgcP4aEhbdgJpXmBhmP6eyLBQqmB8E2nwLqnZmsj+F+tGetOyUtYEMWaBmSyqBNzqEM4cg+2maRE84ERmEhm/gpJD0tMtPE4a0xAsyfPi1ohj5w8uj7Nlc9TOzJgHxyAI4DAGSiDK1ABVUDAA3gGb+DderRerA/rc9K6YKUze+BPWF/fAbOkvA==</latexit>

1� 10µG
<latexit sha1_base64="etuhpHwqxgxSUouUAH96ZQWVgMo=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgQstEBF0WXeiygn1AZyiZNNOGJpkhyQjDUH/FjQtF3Poh7vwb03YW2nrgwuGce7n3njDhTBvP+3ZKK6tr6xvlzcrW9s7unrt/0NZxqghtkZjHqhtiTTmTtGWY4bSbKIpFyGknHN9M/c4jVZrF8sFkCQ0EHkoWMYKNlfpuFcEziDzon0JfCeiLFN723ZpX92aAywQVpAYKNPvulz+ISSqoNIRjrXvIS0yQY2UY4XRS8VNNE0zGeEh7lkosqA7y2fETeGyVAYxiZUsaOFN/T+RYaJ2J0HYKbEZ60ZuK/3m91ERXQc5kkhoqyXxRlHJoYjhNAg6YosTwzBJMFLO3QjLCChNj86rYENDiy8ukfV5HXh3dX9Qa10UcZXAIjsAJQOASNMAdaIIWICADz+AVvDlPzovz7nzMW0tOMVMFf+B8/gCkj5Iw</latexit><latexit sha1_base64="etuhpHwqxgxSUouUAH96ZQWVgMo=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgQstEBF0WXeiygn1AZyiZNNOGJpkhyQjDUH/FjQtF3Poh7vwb03YW2nrgwuGce7n3njDhTBvP+3ZKK6tr6xvlzcrW9s7unrt/0NZxqghtkZjHqhtiTTmTtGWY4bSbKIpFyGknHN9M/c4jVZrF8sFkCQ0EHkoWMYKNlfpuFcEziDzon0JfCeiLFN723ZpX92aAywQVpAYKNPvulz+ISSqoNIRjrXvIS0yQY2UY4XRS8VNNE0zGeEh7lkosqA7y2fETeGyVAYxiZUsaOFN/T+RYaJ2J0HYKbEZ60ZuK/3m91ERXQc5kkhoqyXxRlHJoYjhNAg6YosTwzBJMFLO3QjLCChNj86rYENDiy8ukfV5HXh3dX9Qa10UcZXAIjsAJQOASNMAdaIIWICADz+AVvDlPzovz7nzMW0tOMVMFf+B8/gCkj5Iw</latexit><latexit sha1_base64="etuhpHwqxgxSUouUAH96ZQWVgMo=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgQstEBF0WXeiygn1AZyiZNNOGJpkhyQjDUH/FjQtF3Poh7vwb03YW2nrgwuGce7n3njDhTBvP+3ZKK6tr6xvlzcrW9s7unrt/0NZxqghtkZjHqhtiTTmTtGWY4bSbKIpFyGknHN9M/c4jVZrF8sFkCQ0EHkoWMYKNlfpuFcEziDzon0JfCeiLFN723ZpX92aAywQVpAYKNPvulz+ISSqoNIRjrXvIS0yQY2UY4XRS8VNNE0zGeEh7lkosqA7y2fETeGyVAYxiZUsaOFN/T+RYaJ2J0HYKbEZ60ZuK/3m91ERXQc5kkhoqyXxRlHJoYjhNAg6YosTwzBJMFLO3QjLCChNj86rYENDiy8ukfV5HXh3dX9Qa10UcZXAIjsAJQOASNMAdaIIWICADz+AVvDlPzovz7nzMW0tOMVMFf+B8/gCkj5Iw</latexit><latexit sha1_base64="etuhpHwqxgxSUouUAH96ZQWVgMo=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgQstEBF0WXeiygn1AZyiZNNOGJpkhyQjDUH/FjQtF3Poh7vwb03YW2nrgwuGce7n3njDhTBvP+3ZKK6tr6xvlzcrW9s7unrt/0NZxqghtkZjHqhtiTTmTtGWY4bSbKIpFyGknHN9M/c4jVZrF8sFkCQ0EHkoWMYKNlfpuFcEziDzon0JfCeiLFN723ZpX92aAywQVpAYKNPvulz+ISSqoNIRjrXvIS0yQY2UY4XRS8VNNE0zGeEh7lkosqA7y2fETeGyVAYxiZUsaOFN/T+RYaJ2J0HYKbEZ60ZuK/3m91ERXQc5kkhoqyXxRlHJoYjhNAg6YosTwzBJMFLO3QjLCChNj86rYENDiy8ukfV5HXh3dX9Qa10UcZXAIjsAJQOASNMAdaIIWICADz+AVvDlPzovz7nzMW0tOMVMFf+B8/gCkj5Iw</latexit>

2� 4 nG
<latexit sha1_base64="wfLYKztXm/pZlLPnl7EmqmLjWPE=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIHrQkpaDHogc9VrAf0ISy2W7apZtN2N0INfSXePGgiFd/ijf/jds2B219MPB4b4aZeUHCmdKO820V1tY3NreK26Wd3b39sn1w2FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOML6Z+Z1HKhWLxYOeJNSP8FCwkBGsjdS3yzV0gerIO0eejJC47dsVp+rMgVaJm5MK5Gj27S9vEJM0okITjpXquU6i/QxLzQin05KXKppgMsZD2jNU4IgqP5sfPkWnRhmgMJamhEZz9fdEhiOlJlFgOiOsR2rZm4n/eb1Uh1d+xkSSairIYlGYcqRjNEsBDZikRPOJIZhIZm5FZIQlJtpkVTIhuMsvr5J2reo6Vfe+Xmlc53EU4RhO4AxcuIQG3EETWkAghWd4hTfryXqx3q2PRWvBymeO4A+szx9SPZDs</latexit><latexit sha1_base64="wfLYKztXm/pZlLPnl7EmqmLjWPE=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIHrQkpaDHogc9VrAf0ISy2W7apZtN2N0INfSXePGgiFd/ijf/jds2B219MPB4b4aZeUHCmdKO820V1tY3NreK26Wd3b39sn1w2FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOML6Z+Z1HKhWLxYOeJNSP8FCwkBGsjdS3yzV0gerIO0eejJC47dsVp+rMgVaJm5MK5Gj27S9vEJM0okITjpXquU6i/QxLzQin05KXKppgMsZD2jNU4IgqP5sfPkWnRhmgMJamhEZz9fdEhiOlJlFgOiOsR2rZm4n/eb1Uh1d+xkSSairIYlGYcqRjNEsBDZikRPOJIZhIZm5FZIQlJtpkVTIhuMsvr5J2reo6Vfe+Xmlc53EU4RhO4AxcuIQG3EETWkAghWd4hTfryXqx3q2PRWvBymeO4A+szx9SPZDs</latexit><latexit sha1_base64="wfLYKztXm/pZlLPnl7EmqmLjWPE=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIHrQkpaDHogc9VrAf0ISy2W7apZtN2N0INfSXePGgiFd/ijf/jds2B219MPB4b4aZeUHCmdKO820V1tY3NreK26Wd3b39sn1w2FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOML6Z+Z1HKhWLxYOeJNSP8FCwkBGsjdS3yzV0gerIO0eejJC47dsVp+rMgVaJm5MK5Gj27S9vEJM0okITjpXquU6i/QxLzQin05KXKppgMsZD2jNU4IgqP5sfPkWnRhmgMJamhEZz9fdEhiOlJlFgOiOsR2rZm4n/eb1Uh1d+xkSSairIYlGYcqRjNEsBDZikRPOJIZhIZm5FZIQlJtpkVTIhuMsvr5J2reo6Vfe+Xmlc53EU4RhO4AxcuIQG3EETWkAghWd4hTfryXqx3q2PRWvBymeO4A+szx9SPZDs</latexit><latexit sha1_base64="wfLYKztXm/pZlLPnl7EmqmLjWPE=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIHrQkpaDHogc9VrAf0ISy2W7apZtN2N0INfSXePGgiFd/ijf/jds2B219MPB4b4aZeUHCmdKO820V1tY3NreK26Wd3b39sn1w2FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOML6Z+Z1HKhWLxYOeJNSP8FCwkBGsjdS3yzV0gerIO0eejJC47dsVp+rMgVaJm5MK5Gj27S9vEJM0okITjpXquU6i/QxLzQin05KXKppgMsZD2jNU4IgqP5sfPkWnRhmgMJamhEZz9fdEhiOlJlFgOiOsR2rZm4n/eb1Uh1d+xkSSairIYlGYcqRjNEsBDZikRPOJIZhIZm5FZIQlJtpkVTIhuMsvr5J2reo6Vfe+Xmlc53EU4RhO4AxcuIQG3EETWkAghWd4hTfryXqx3q2PRWvBymeO4A+szx9SPZDs</latexit>



12

Galactic coordinate system 

From Auger Education

[Conversion algorithms in Astropy]

MILKY WAY ID:  
Stars ~ 1011 => ~5 x 1010 MSun 
Gas ~10% => ~5 x 109 MSun 

Total Mass => ~2 x 1012 MSun 

RDM ~300 kpc

Kachelrieß'08

https://auger.org/education/Auger%20Education/galacticcoordinates.html
https://docs.astropy.org/en/stable/coordinates/index.html#module-%20astropy.coordinateshttps://docs.astropy.org/en/stable/coordinates/index.html%23module-%20astropy.coordinates
https://arxiv.org/pdf/0801.4376.pdf
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Some basics: Mean free path
Particle interactions w/ associated cross—section 

Mean-free path 
Avg distance travelled in the 
medium of density n before 

interacting

Cross-section of the 
interaction process

Collision rate 

Particle velocity

Optical depth 
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Some basics: Energy losses

Loss timescale Loss rate per unit time

G.  Ghisellini, Radiative processes in high-energy astrophysics, Lect. Notes Phys. (2013)

Energy transferred in a radiative process
d�

dE
<latexit sha1_base64="uwja6qhyuPhFlroya1F6gblLEFw=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5KIoMeiCB4r2A9oQtlsNu3SzSbsbsQS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IOVMacf5tipr6xubW9Xt2s7u3v6BfVjvqiSThHZIwhPZD7CinAna0Uxz2k8lxXHAaS+Y3Mz83iOViiXiQU9T6sd4JFjECNZGGtp1L5KY5KGn2CjGRR7eFkO74TSdOdAqcUvSgBLtof3lhQnJYio04Vipgeuk2s+x1IxwWtS8TNEUkwke0YGhAsdU+fn89gKdGiVEUSJNCY3m6u+JHMdKTePAdMZYj9WyNxP/8waZjq78nIk001SQxaIo40gnaBYECpmkRPOpIZhIZm5FZIxNGNrEVTMhuMsvr5LuedN1mu79RaN1XcZRhWM4gTNw4RJacAdt6ACBJ3iGV3izCuvFerc+Fq0Vq5w5gj+wPn8AjCmUwQ==</latexit><latexit sha1_base64="uwja6qhyuPhFlroya1F6gblLEFw=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5KIoMeiCB4r2A9oQtlsNu3SzSbsbsQS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IOVMacf5tipr6xubW9Xt2s7u3v6BfVjvqiSThHZIwhPZD7CinAna0Uxz2k8lxXHAaS+Y3Mz83iOViiXiQU9T6sd4JFjECNZGGtp1L5KY5KGn2CjGRR7eFkO74TSdOdAqcUvSgBLtof3lhQnJYio04Vipgeuk2s+x1IxwWtS8TNEUkwke0YGhAsdU+fn89gKdGiVEUSJNCY3m6u+JHMdKTePAdMZYj9WyNxP/8waZjq78nIk001SQxaIo40gnaBYECpmkRPOpIZhIZm5FZIxNGNrEVTMhuMsvr5LuedN1mu79RaN1XcZRhWM4gTNw4RJacAdt6ACBJ3iGV3izCuvFerc+Fq0Vq5w5gj+wPn8AjCmUwQ==</latexit><latexit sha1_base64="uwja6qhyuPhFlroya1F6gblLEFw=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5KIoMeiCB4r2A9oQtlsNu3SzSbsbsQS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IOVMacf5tipr6xubW9Xt2s7u3v6BfVjvqiSThHZIwhPZD7CinAna0Uxz2k8lxXHAaS+Y3Mz83iOViiXiQU9T6sd4JFjECNZGGtp1L5KY5KGn2CjGRR7eFkO74TSdOdAqcUvSgBLtof3lhQnJYio04Vipgeuk2s+x1IxwWtS8TNEUkwke0YGhAsdU+fn89gKdGiVEUSJNCY3m6u+JHMdKTePAdMZYj9WyNxP/8waZjq78nIk001SQxaIo40gnaBYECpmkRPOpIZhIZm5FZIxNGNrEVTMhuMsvr5LuedN1mu79RaN1XcZRhWM4gTNw4RJacAdt6ACBJ3iGV3izCuvFerc+Fq0Vq5w5gj+wPn8AjCmUwQ==</latexit><latexit sha1_base64="uwja6qhyuPhFlroya1F6gblLEFw=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5KIoMeiCB4r2A9oQtlsNu3SzSbsbsQS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IOVMacf5tipr6xubW9Xt2s7u3v6BfVjvqiSThHZIwhPZD7CinAna0Uxz2k8lxXHAaS+Y3Mz83iOViiXiQU9T6sd4JFjECNZGGtp1L5KY5KGn2CjGRR7eFkO74TSdOdAqcUvSgBLtof3lhQnJYio04Vipgeuk2s+x1IxwWtS8TNEUkwke0YGhAsdU+fn89gKdGiVEUSJNCY3m6u+JHMdKTePAdMZYj9WyNxP/8waZjq78nIk001SQxaIo40gnaBYECpmkRPOpIZhIZm5FZIxNGNrEVTMhuMsvr5LuedN1mu79RaN1XcZRhWM4gTNw4RJacAdt6ACBJ3iGV3izCuvFerc+Fq0Vq5w5gj+wPn8AjCmUwQ==</latexit>

Catastrophic losses: Particle disappears or energy transferred to other particle is seizable

⌧loss ⇠ ��1
<latexit sha1_base64="uwcGqUVwukiHh6ByF2lrxR0u6Vs=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwY0lE0GXRhS4r2Ac0MdxMJ+3QmSTMTIQSsnXjr7hxoYhb/8Cdf+P0sdDWAxcO59zLvfeEKWdKO863VVpaXlldK69XNja3tnfs3b2WSjJJaJMkPJGdEBTlLKZNzTSnnVRSECGn7XB4NfbbD1QqlsR3epRSX0A/ZhEjoI0U2NjTkAW5JwXmiVIF9hQT2LsGIeA+P3GLwK46NWcCvEjcGamiGRqB/eX1EpIJGmvCQamu66Taz0FqRjgtKl6maApkCH3aNTQGQZWfTz4p8JFRejhKpKlY44n6eyIHodRIhKZTgB6oeW8s/ud1Mx1d+DmL00zTmEwXRRnHOsHjWHCPSUo0HxkCRDJzKyYDkEC0Ca9iQnDnX14krdOa69Tc27Nq/XIWRxkdoEN0jFx0juroBjVQExH0iJ7RK3qznqwX6936mLaWrNnMPvoD6/MH/yuZ3A==</latexit><latexit sha1_base64="uwcGqUVwukiHh6ByF2lrxR0u6Vs=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwY0lE0GXRhS4r2Ac0MdxMJ+3QmSTMTIQSsnXjr7hxoYhb/8Cdf+P0sdDWAxcO59zLvfeEKWdKO863VVpaXlldK69XNja3tnfs3b2WSjJJaJMkPJGdEBTlLKZNzTSnnVRSECGn7XB4NfbbD1QqlsR3epRSX0A/ZhEjoI0U2NjTkAW5JwXmiVIF9hQT2LsGIeA+P3GLwK46NWcCvEjcGamiGRqB/eX1EpIJGmvCQamu66Taz0FqRjgtKl6maApkCH3aNTQGQZWfTz4p8JFRejhKpKlY44n6eyIHodRIhKZTgB6oeW8s/ud1Mx1d+DmL00zTmEwXRRnHOsHjWHCPSUo0HxkCRDJzKyYDkEC0Ca9iQnDnX14krdOa69Tc27Nq/XIWRxkdoEN0jFx0juroBjVQExH0iJ7RK3qznqwX6936mLaWrNnMPvoD6/MH/yuZ3A==</latexit><latexit sha1_base64="uwcGqUVwukiHh6ByF2lrxR0u6Vs=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwY0lE0GXRhS4r2Ac0MdxMJ+3QmSTMTIQSsnXjr7hxoYhb/8Cdf+P0sdDWAxcO59zLvfeEKWdKO863VVpaXlldK69XNja3tnfs3b2WSjJJaJMkPJGdEBTlLKZNzTSnnVRSECGn7XB4NfbbD1QqlsR3epRSX0A/ZhEjoI0U2NjTkAW5JwXmiVIF9hQT2LsGIeA+P3GLwK46NWcCvEjcGamiGRqB/eX1EpIJGmvCQamu66Taz0FqRjgtKl6maApkCH3aNTQGQZWfTz4p8JFRejhKpKlY44n6eyIHodRIhKZTgB6oeW8s/ud1Mx1d+DmL00zTmEwXRRnHOsHjWHCPSUo0HxkCRDJzKyYDkEC0Ca9iQnDnX14krdOa69Tc27Nq/XIWRxkdoEN0jFx0juroBjVQExH0iJ7RK3qznqwX6936mLaWrNnMPvoD6/MH/yuZ3A==</latexit><latexit sha1_base64="uwcGqUVwukiHh6ByF2lrxR0u6Vs=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwY0lE0GXRhS4r2Ac0MdxMJ+3QmSTMTIQSsnXjr7hxoYhb/8Cdf+P0sdDWAxcO59zLvfeEKWdKO863VVpaXlldK69XNja3tnfs3b2WSjJJaJMkPJGdEBTlLKZNzTSnnVRSECGn7XB4NfbbD1QqlsR3epRSX0A/ZhEjoI0U2NjTkAW5JwXmiVIF9hQT2LsGIeA+P3GLwK46NWcCvEjcGamiGRqB/eX1EpIJGmvCQamu66Taz0FqRjgtKl6maApkCH3aNTQGQZWfTz4p8JFRejhKpKlY44n6eyIHodRIhKZTgB6oeW8s/ud1Mx1d+DmL00zTmEwXRRnHOsHjWHCPSUo0HxkCRDJzKyYDkEC0Ca9iQnDnX14krdOa69Tc27Nq/XIWRxkdoEN0jFx0juroBjVQExH0iJ7RK3qznqwX6936mLaWrNnMPvoD6/MH/yuZ3A==</latexit>

dloss ⇠ mfp
<latexit sha1_base64="ayUNqvQwb/eQ2aDnHpirU2u2wPA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFNy4r2Ac0IUymk3boPMLMRCihuPFX3LhQxK1f4c6/cdJmoa0HLpw5517m3hOnjGrjed9OZWV1bX2julnb2t7Z3XP3DzpaZgqTNpZMql6MNGFUkLahhpFeqgjiMSPdeHxT+N0HojSV4t5MUhJyNBQ0oRgZK0Xu0SDKA8Uhk1pPYaAph8WTJ2nk1r2GNwNcJn5J6qBEK3K/goHEGSfCYIa07vteasIcKUMxI9NakGmSIjxGQ9K3VCBOdJjPTpjCU6sMYCKVLWHgTP09kSOu9YTHtpMjM9KLXiH+5/Uzk1yFORVpZojA84+SjEEjYZEHHFBFsGETSxBW1O4K8QgphI1NrWZD8BdPXiad84bvNfy7i3rzuoyjCo7BCTgDPrgETXALWqANMHgEz+AVvDlPzovz7nzMWytOOXMI/sD5/AHApZb/</latexit><latexit sha1_base64="ayUNqvQwb/eQ2aDnHpirU2u2wPA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFNy4r2Ac0IUymk3boPMLMRCihuPFX3LhQxK1f4c6/cdJmoa0HLpw5517m3hOnjGrjed9OZWV1bX2julnb2t7Z3XP3DzpaZgqTNpZMql6MNGFUkLahhpFeqgjiMSPdeHxT+N0HojSV4t5MUhJyNBQ0oRgZK0Xu0SDKA8Uhk1pPYaAph8WTJ2nk1r2GNwNcJn5J6qBEK3K/goHEGSfCYIa07vteasIcKUMxI9NakGmSIjxGQ9K3VCBOdJjPTpjCU6sMYCKVLWHgTP09kSOu9YTHtpMjM9KLXiH+5/Uzk1yFORVpZojA84+SjEEjYZEHHFBFsGETSxBW1O4K8QgphI1NrWZD8BdPXiad84bvNfy7i3rzuoyjCo7BCTgDPrgETXALWqANMHgEz+AVvDlPzovz7nzMWytOOXMI/sD5/AHApZb/</latexit><latexit sha1_base64="ayUNqvQwb/eQ2aDnHpirU2u2wPA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFNy4r2Ac0IUymk3boPMLMRCihuPFX3LhQxK1f4c6/cdJmoa0HLpw5517m3hOnjGrjed9OZWV1bX2julnb2t7Z3XP3DzpaZgqTNpZMql6MNGFUkLahhpFeqgjiMSPdeHxT+N0HojSV4t5MUhJyNBQ0oRgZK0Xu0SDKA8Uhk1pPYaAph8WTJ2nk1r2GNwNcJn5J6qBEK3K/goHEGSfCYIa07vteasIcKUMxI9NakGmSIjxGQ9K3VCBOdJjPTpjCU6sMYCKVLWHgTP09kSOu9YTHtpMjM9KLXiH+5/Uzk1yFORVpZojA84+SjEEjYZEHHFBFsGETSxBW1O4K8QgphI1NrWZD8BdPXiad84bvNfy7i3rzuoyjCo7BCTgDPrgETXALWqANMHgEz+AVvDlPzovz7nzMWytOOXMI/sD5/AHApZb/</latexit><latexit sha1_base64="ayUNqvQwb/eQ2aDnHpirU2u2wPA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFNy4r2Ac0IUymk3boPMLMRCihuPFX3LhQxK1f4c6/cdJmoa0HLpw5517m3hOnjGrjed9OZWV1bX2julnb2t7Z3XP3DzpaZgqTNpZMql6MNGFUkLahhpFeqgjiMSPdeHxT+N0HojSV4t5MUhJyNBQ0oRgZK0Xu0SDKA8Uhk1pPYaAph8WTJ2nk1r2GNwNcJn5J6qBEK3K/goHEGSfCYIa07vteasIcKUMxI9NakGmSIjxGQ9K3VCBOdJjPTpjCU6sMYCKVLWHgTP09kSOu9YTHtpMjM9KLXiH+5/Uzk1yFORVpZojA84+SjEEjYZEHHFBFsGETSxBW1O4K8QgphI1NrWZD8BdPXiad84bvNfy7i3rzuoyjCo7BCTgDPrgETXALWqANMHgEz+AVvDlPzovz7nzMWytOOXMI/sD5/AHApZb/</latexit>

Continous losses: Primary particle retains most of its energy and nature 

dloss � mfp
<latexit sha1_base64="kSYhjlrCFjybiAuc2NFRwf89Iag=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDCZTNKhM5MwMxFKqBt/xY0LRdz6F+78GydtFtp64MKZc+5l7j1hxqjSjvNt1VZW19Y36puNre2d3T17/6Cn0lxi0sUpS+UgRIowKkhXU83IIJME8ZCRfji+Kf3+A5GKpuJeTzLic5QIGlOMtJEC+ygKCk9yyFKlptBLEli+eJwFdtNpOTPAZeJWpAkqdAL7y4tSnHMiNGZIqaHrZNovkNQUMzJteLkiGcJjlJChoQJxovxidsEUnholgnEqTQkNZ+rviQJxpSY8NJ0c6ZFa9ErxP2+Y6/jKL6jIck0Enn8U5wzqFJZxwIhKgjWbGIKwpGZXiEdIIqxNaA0Tgrt48jLpnbdcp+XeXTTb11UcdXAMTsAZcMElaINb0AFdgMEjeAav4M16sl6sd+tj3lqzqplD8AfW5w/W5pZ6</latexit><latexit sha1_base64="kSYhjlrCFjybiAuc2NFRwf89Iag=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDCZTNKhM5MwMxFKqBt/xY0LRdz6F+78GydtFtp64MKZc+5l7j1hxqjSjvNt1VZW19Y36puNre2d3T17/6Cn0lxi0sUpS+UgRIowKkhXU83IIJME8ZCRfji+Kf3+A5GKpuJeTzLic5QIGlOMtJEC+ygKCk9yyFKlptBLEli+eJwFdtNpOTPAZeJWpAkqdAL7y4tSnHMiNGZIqaHrZNovkNQUMzJteLkiGcJjlJChoQJxovxidsEUnholgnEqTQkNZ+rviQJxpSY8NJ0c6ZFa9ErxP2+Y6/jKL6jIck0Enn8U5wzqFJZxwIhKgjWbGIKwpGZXiEdIIqxNaA0Tgrt48jLpnbdcp+XeXTTb11UcdXAMTsAZcMElaINb0AFdgMEjeAav4M16sl6sd+tj3lqzqplD8AfW5w/W5pZ6</latexit><latexit sha1_base64="kSYhjlrCFjybiAuc2NFRwf89Iag=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDCZTNKhM5MwMxFKqBt/xY0LRdz6F+78GydtFtp64MKZc+5l7j1hxqjSjvNt1VZW19Y36puNre2d3T17/6Cn0lxi0sUpS+UgRIowKkhXU83IIJME8ZCRfji+Kf3+A5GKpuJeTzLic5QIGlOMtJEC+ygKCk9yyFKlptBLEli+eJwFdtNpOTPAZeJWpAkqdAL7y4tSnHMiNGZIqaHrZNovkNQUMzJteLkiGcJjlJChoQJxovxidsEUnholgnEqTQkNZ+rviQJxpSY8NJ0c6ZFa9ErxP2+Y6/jKL6jIck0Enn8U5wzqFJZxwIhKgjWbGIKwpGZXiEdIIqxNaA0Tgrt48jLpnbdcp+XeXTTb11UcdXAMTsAZcMElaINb0AFdgMEjeAav4M16sl6sd+tj3lqzqplD8AfW5w/W5pZ6</latexit><latexit sha1_base64="kSYhjlrCFjybiAuc2NFRwf89Iag=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDCZTNKhM5MwMxFKqBt/xY0LRdz6F+78GydtFtp64MKZc+5l7j1hxqjSjvNt1VZW19Y36puNre2d3T17/6Cn0lxi0sUpS+UgRIowKkhXU83IIJME8ZCRfji+Kf3+A5GKpuJeTzLic5QIGlOMtJEC+ygKCk9yyFKlptBLEli+eJwFdtNpOTPAZeJWpAkqdAL7y4tSnHMiNGZIqaHrZNovkNQUMzJteLkiGcJjlJChoQJxovxidsEUnholgnEqTQkNZ+rviQJxpSY8NJ0c6ZFa9ErxP2+Y6/jKL6jIck0Enn8U5wzqFJZxwIhKgjWbGIKwpGZXiEdIIqxNaA0Tgrt48jLpnbdcp+XeXTTb11UcdXAMTsAZcMElaINb0AFdgMEjeAav4M16sl6sd+tj3lqzqplD8AfW5w/W5pZ6</latexit>

⌧loss � ��1
<latexit sha1_base64="NgjzwF0eyZhNSrIqpnkM/tnYFYQ=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJioUoQEowVDDAWiT6kJlQ3rpNatZPIdpCqKB/Awq+wMIAQKx/Axt/gtB2g5UiWjs85V/Y9fsKZ0rb9bZWWlldW18rrlY3Nre2d6u5eW8WpJLRFYh7Lrg+KchbRlmaa024iKQif044/uir8zgOVisXRnR4n1BMQRixgBLSR+tWaqyHtZ64UmMdK5dgNQ1zc3GsQAu6zEyc3KbtuT4AXiTMjNTRDs1/9cgcxSQWNNOGgVM+xE+1lIDUjnOYVN1U0ATKCkPYMjUBQ5WWTZXJ8ZJQBDmJpTqTxRP09kYFQaix8kxSgh2reK8T/vF6qgwsvY1GSahqR6UNByrGOcdEMHjBJieZjQ4BIZv6KyRAkEG36q5gSnPmVF0n7tO7Ydef2rNa4nNVRRgfoEB0jB52jBrpBTdRCBD2iZ/SK3qwn68V6tz6m0ZI1m9lHf2B9/gDkq5ra</latexit><latexit sha1_base64="NgjzwF0eyZhNSrIqpnkM/tnYFYQ=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJioUoQEowVDDAWiT6kJlQ3rpNatZPIdpCqKB/Awq+wMIAQKx/Axt/gtB2g5UiWjs85V/Y9fsKZ0rb9bZWWlldW18rrlY3Nre2d6u5eW8WpJLRFYh7Lrg+KchbRlmaa024iKQif044/uir8zgOVisXRnR4n1BMQRixgBLSR+tWaqyHtZ64UmMdK5dgNQ1zc3GsQAu6zEyc3KbtuT4AXiTMjNTRDs1/9cgcxSQWNNOGgVM+xE+1lIDUjnOYVN1U0ATKCkPYMjUBQ5WWTZXJ8ZJQBDmJpTqTxRP09kYFQaix8kxSgh2reK8T/vF6qgwsvY1GSahqR6UNByrGOcdEMHjBJieZjQ4BIZv6KyRAkEG36q5gSnPmVF0n7tO7Ydef2rNa4nNVRRgfoEB0jB52jBrpBTdRCBD2iZ/SK3qwn68V6tz6m0ZI1m9lHf2B9/gDkq5ra</latexit><latexit sha1_base64="NgjzwF0eyZhNSrIqpnkM/tnYFYQ=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJioUoQEowVDDAWiT6kJlQ3rpNatZPIdpCqKB/Awq+wMIAQKx/Axt/gtB2g5UiWjs85V/Y9fsKZ0rb9bZWWlldW18rrlY3Nre2d6u5eW8WpJLRFYh7Lrg+KchbRlmaa024iKQif044/uir8zgOVisXRnR4n1BMQRixgBLSR+tWaqyHtZ64UmMdK5dgNQ1zc3GsQAu6zEyc3KbtuT4AXiTMjNTRDs1/9cgcxSQWNNOGgVM+xE+1lIDUjnOYVN1U0ATKCkPYMjUBQ5WWTZXJ8ZJQBDmJpTqTxRP09kYFQaix8kxSgh2reK8T/vF6qgwsvY1GSahqR6UNByrGOcdEMHjBJieZjQ4BIZv6KyRAkEG36q5gSnPmVF0n7tO7Ydef2rNa4nNVRRgfoEB0jB52jBrpBTdRCBD2iZ/SK3qwn68V6tz6m0ZI1m9lHf2B9/gDkq5ra</latexit><latexit sha1_base64="NgjzwF0eyZhNSrIqpnkM/tnYFYQ=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJioUoQEowVDDAWiT6kJlQ3rpNatZPIdpCqKB/Awq+wMIAQKx/Axt/gtB2g5UiWjs85V/Y9fsKZ0rb9bZWWlldW18rrlY3Nre2d6u5eW8WpJLRFYh7Lrg+KchbRlmaa024iKQif044/uir8zgOVisXRnR4n1BMQRixgBLSR+tWaqyHtZ64UmMdK5dgNQ1zc3GsQAu6zEyc3KbtuT4AXiTMjNTRDs1/9cgcxSQWNNOGgVM+xE+1lIDUjnOYVN1U0ATKCkPYMjUBQ5WWTZXJ8ZJQBDmJpTqTxRP09kYFQaix8kxSgh2reK8T/vF6qgwsvY1GSahqR6UNByrGOcdEMHjBJieZjQ4BIZv6KyRAkEG36q5gSnPmVF0n7tO7Ydef2rNa4nNVRRgfoEB0jB52jBrpBTdRCBD2iZ/SK3qwn68V6tz6m0ZI1m9lHf2B9/gDkq5ra</latexit>

https://arxiv.org/abs/1202.5949


Some basics: Energy flux and emissivity

S =
dE

dAdt
[
erg

cm2s
]

<latexit sha1_base64="n4b9KyAckqbemMeQFGUkw9lUPBE=">AAACIXicbZDLSsNAFIYn9VbrrerSzWARXJWkCHYjVEVwWdFeIIllMpm0Q2eSdGYilJBXceOruHGhSHfiyzhts9DWAwMf/38OZ87vxYxKZZpfRmFldW19o7hZ2tre2d0r7x+0ZZQITFo4YpHoekgSRkPSUlQx0o0FQdxjpOMNr6d+54kISaPwQY1j4nLUD2lAMVJa6pXr9/ACOoFAOPVvstS/hL7KoDMaJciH9txwBIdE9LMZYP5YgzJze+WKWTVnBZfByqEC8mr2yhPHj3DCSagwQ1LalhkrN0VCUcxIVnISSWKEh6hPbI0h4kS66ezCDJ5oxYdBJPQLFZypvydSxKUcc093cqQGctGbiv95dqKCupvSME4UCfF8UZAwqCI4jQv6VBCs2FgDwoLqv0I8QDoVpUMt6RCsxZOXoV2rWmbVujurNK7yOIrgCByDU2CBc9AAt6AJWgCDZ/AK3sGH8WK8GZ/GZN5aMPKZQ/CnjO8fdSmjGA==</latexit><latexit sha1_base64="n4b9KyAckqbemMeQFGUkw9lUPBE=">AAACIXicbZDLSsNAFIYn9VbrrerSzWARXJWkCHYjVEVwWdFeIIllMpm0Q2eSdGYilJBXceOruHGhSHfiyzhts9DWAwMf/38OZ87vxYxKZZpfRmFldW19o7hZ2tre2d0r7x+0ZZQITFo4YpHoekgSRkPSUlQx0o0FQdxjpOMNr6d+54kISaPwQY1j4nLUD2lAMVJa6pXr9/ACOoFAOPVvstS/hL7KoDMaJciH9txwBIdE9LMZYP5YgzJze+WKWTVnBZfByqEC8mr2yhPHj3DCSagwQ1LalhkrN0VCUcxIVnISSWKEh6hPbI0h4kS66ezCDJ5oxYdBJPQLFZypvydSxKUcc093cqQGctGbiv95dqKCupvSME4UCfF8UZAwqCI4jQv6VBCs2FgDwoLqv0I8QDoVpUMt6RCsxZOXoV2rWmbVujurNK7yOIrgCByDU2CBc9AAt6AJWgCDZ/AK3sGH8WK8GZ/GZN5aMPKZQ/CnjO8fdSmjGA==</latexit><latexit sha1_base64="n4b9KyAckqbemMeQFGUkw9lUPBE=">AAACIXicbZDLSsNAFIYn9VbrrerSzWARXJWkCHYjVEVwWdFeIIllMpm0Q2eSdGYilJBXceOruHGhSHfiyzhts9DWAwMf/38OZ87vxYxKZZpfRmFldW19o7hZ2tre2d0r7x+0ZZQITFo4YpHoekgSRkPSUlQx0o0FQdxjpOMNr6d+54kISaPwQY1j4nLUD2lAMVJa6pXr9/ACOoFAOPVvstS/hL7KoDMaJciH9txwBIdE9LMZYP5YgzJze+WKWTVnBZfByqEC8mr2yhPHj3DCSagwQ1LalhkrN0VCUcxIVnISSWKEh6hPbI0h4kS66ezCDJ5oxYdBJPQLFZypvydSxKUcc093cqQGctGbiv95dqKCupvSME4UCfF8UZAwqCI4jQv6VBCs2FgDwoLqv0I8QDoVpUMt6RCsxZOXoV2rWmbVujurNK7yOIrgCByDU2CBc9AAt6AJWgCDZ/AK3sGH8WK8GZ/GZN5aMPKZQ/CnjO8fdSmjGA==</latexit><latexit sha1_base64="n4b9KyAckqbemMeQFGUkw9lUPBE=">AAACIXicbZDLSsNAFIYn9VbrrerSzWARXJWkCHYjVEVwWdFeIIllMpm0Q2eSdGYilJBXceOruHGhSHfiyzhts9DWAwMf/38OZ87vxYxKZZpfRmFldW19o7hZ2tre2d0r7x+0ZZQITFo4YpHoekgSRkPSUlQx0o0FQdxjpOMNr6d+54kISaPwQY1j4nLUD2lAMVJa6pXr9/ACOoFAOPVvstS/hL7KoDMaJciH9txwBIdE9LMZYP5YgzJze+WKWTVnBZfByqEC8mr2yhPHj3DCSagwQ1LalhkrN0VCUcxIVnISSWKEh6hPbI0h4kS66ezCDJ5oxYdBJPQLFZypvydSxKUcc093cqQGctGbiv95dqKCupvSME4UCfF8UZAwqCI4jQv6VBCs2FgDwoLqv0I8QDoVpUMt6RCsxZOXoV2rWmbVujurNK7yOIrgCByDU2CBc9AAt6AJWgCDZ/AK3sGH8WK8GZ/GZN5aMPKZQ/CnjO8fdSmjGA==</latexit>

Energy flux (all rays) 

Specific intensity I⌫ =
dE

dAdtd⌦d⌫
[

erg

cm2s srHz
]

<latexit sha1_base64="jHbxyGc53DBwg0j7Wht/DsB4o5I="></latexit><latexit sha1_base64="jHbxyGc53DBwg0j7Wht/DsB4o5I="></latexit><latexit sha1_base64="jHbxyGc53DBwg0j7Wht/DsB4o5I="></latexit><latexit sha1_base64="jHbxyGc53DBwg0j7Wht/DsB4o5I="></latexit>

Spontaneous emission coefficientj⌫ =
dE

dV dtd⌦d⌫
<latexit sha1_base64="y2FJcyyo7izvMHDBahp9NyecNPU=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi6EYoiuDOCvYBTSiTyaQdO5mEeQgl5Avc+CtuXCji1rU7/8Zpm4W2Hrjcwzn3MnNPkDIqleN8W6Wl5ZXVtfJ6ZWNza3vH3t1ry0QLTFo4YYnoBkgSRjlpKaoY6aaCoDhgpBOMLid+54EISRN+p8Yp8WM04DSiGCkj9e3afd/jGp5DLxIIZ+FVnoVtGCoYejcxGSDTuc77dtWpO1PAReIWpAoKNPv2lxcmWMeEK8yQlD3XSZWfIaEoZiSveFqSFOERGpCeoRzFRPrZ9Jwc1owSwigRpriCU/X3RoZiKcdxYCZjpIZy3puI/3k9raIzP6M81YpwPHso0gyqBE6ygSEVBCs2NgRhQc1fIR4ik4syCVZMCO78yYukfVx3nbp7e1JtXBRxlMEBOARHwAWnoAGuQRO0AAaP4Bm8gjfryXqx3q2P2WjJKnb2wR9Ynz8AeZtx</latexit><latexit sha1_base64="y2FJcyyo7izvMHDBahp9NyecNPU=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi6EYoiuDOCvYBTSiTyaQdO5mEeQgl5Avc+CtuXCji1rU7/8Zpm4W2Hrjcwzn3MnNPkDIqleN8W6Wl5ZXVtfJ6ZWNza3vH3t1ry0QLTFo4YYnoBkgSRjlpKaoY6aaCoDhgpBOMLid+54EISRN+p8Yp8WM04DSiGCkj9e3afd/jGp5DLxIIZ+FVnoVtGCoYejcxGSDTuc77dtWpO1PAReIWpAoKNPv2lxcmWMeEK8yQlD3XSZWfIaEoZiSveFqSFOERGpCeoRzFRPrZ9Jwc1owSwigRpriCU/X3RoZiKcdxYCZjpIZy3puI/3k9raIzP6M81YpwPHso0gyqBE6ygSEVBCs2NgRhQc1fIR4ik4syCVZMCO78yYukfVx3nbp7e1JtXBRxlMEBOARHwAWnoAGuQRO0AAaP4Bm8gjfryXqx3q2P2WjJKnb2wR9Ynz8AeZtx</latexit><latexit sha1_base64="y2FJcyyo7izvMHDBahp9NyecNPU=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi6EYoiuDOCvYBTSiTyaQdO5mEeQgl5Avc+CtuXCji1rU7/8Zpm4W2Hrjcwzn3MnNPkDIqleN8W6Wl5ZXVtfJ6ZWNza3vH3t1ry0QLTFo4YYnoBkgSRjlpKaoY6aaCoDhgpBOMLid+54EISRN+p8Yp8WM04DSiGCkj9e3afd/jGp5DLxIIZ+FVnoVtGCoYejcxGSDTuc77dtWpO1PAReIWpAoKNPv2lxcmWMeEK8yQlD3XSZWfIaEoZiSveFqSFOERGpCeoRzFRPrZ9Jwc1owSwigRpriCU/X3RoZiKcdxYCZjpIZy3puI/3k9raIzP6M81YpwPHso0gyqBE6ygSEVBCs2NgRhQc1fIR4ik4syCVZMCO78yYukfVx3nbp7e1JtXBRxlMEBOARHwAWnoAGuQRO0AAaP4Bm8gjfryXqx3q2P2WjJKnb2wR9Ynz8AeZtx</latexit><latexit sha1_base64="y2FJcyyo7izvMHDBahp9NyecNPU=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi6EYoiuDOCvYBTSiTyaQdO5mEeQgl5Avc+CtuXCji1rU7/8Zpm4W2Hrjcwzn3MnNPkDIqleN8W6Wl5ZXVtfJ6ZWNza3vH3t1ry0QLTFo4YYnoBkgSRjlpKaoY6aaCoDhgpBOMLid+54EISRN+p8Yp8WM04DSiGCkj9e3afd/jGp5DLxIIZ+FVnoVtGCoYejcxGSDTuc77dtWpO1PAReIWpAoKNPv2lxcmWMeEK8yQlD3XSZWfIaEoZiSveFqSFOERGpCeoRzFRPrZ9Jwc1owSwigRpriCU/X3RoZiKcdxYCZjpIZy3puI/3k9raIzP6M81YpwPHso0gyqBE6ygSEVBCs2NgRhQc1fIR4ik4syCVZMCO78yYukfVx3nbp7e1JtXBRxlMEBOARHwAWnoAGuQRO0AAaP4Bm8gjfryXqx3q2P2WjJKnb2wR9Ynz8AeZtx</latexit>

j =
P

4⇡
<latexit sha1_base64="gfRjIzpKJQFU+13dAyE21ztbdfs=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5JIQS9C0YvHCvYDmlA22027drMJuxuxhPwVLx4U8eof8ea/cdvmoK0PBh7vzTAzL0g4U9pxvq3S2vrG5lZ5u7Kzu7d/YB9WOypOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJjczv/tIpWKxuNfThPoRHgkWMoK1kQZ29QFdIS+UmGStPGt4CcsHds2pO3OgVeIWpAYFWgP7yxvGJI2o0IRjpfquk2g/w1Izwmle8VJFE0wmeET7hgocUeVn89tzdGqUIQpjaUpoNFd/T2Q4UmoaBaYzwnqslr2Z+J/XT3V46WdMJKmmgiwWhSlHOkazINCQSUo0nxqCiWTmVkTG2AShTVwVE4K7/PIq6ZzXXafu3jVqzesijjIcwwmcgQsX0IRbaEEbCDzBM7zCm5VbL9a79bFoLVnFzBH8gfX5AzYIk+c=</latexit><latexit sha1_base64="gfRjIzpKJQFU+13dAyE21ztbdfs=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5JIQS9C0YvHCvYDmlA22027drMJuxuxhPwVLx4U8eof8ea/cdvmoK0PBh7vzTAzL0g4U9pxvq3S2vrG5lZ5u7Kzu7d/YB9WOypOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJjczv/tIpWKxuNfThPoRHgkWMoK1kQZ29QFdIS+UmGStPGt4CcsHds2pO3OgVeIWpAYFWgP7yxvGJI2o0IRjpfquk2g/w1Izwmle8VJFE0wmeET7hgocUeVn89tzdGqUIQpjaUpoNFd/T2Q4UmoaBaYzwnqslr2Z+J/XT3V46WdMJKmmgiwWhSlHOkazINCQSUo0nxqCiWTmVkTG2AShTVwVE4K7/PIq6ZzXXafu3jVqzesijjIcwwmcgQsX0IRbaEEbCDzBM7zCm5VbL9a79bFoLVnFzBH8gfX5AzYIk+c=</latexit><latexit sha1_base64="gfRjIzpKJQFU+13dAyE21ztbdfs=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5JIQS9C0YvHCvYDmlA22027drMJuxuxhPwVLx4U8eof8ea/cdvmoK0PBh7vzTAzL0g4U9pxvq3S2vrG5lZ5u7Kzu7d/YB9WOypOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJjczv/tIpWKxuNfThPoRHgkWMoK1kQZ29QFdIS+UmGStPGt4CcsHds2pO3OgVeIWpAYFWgP7yxvGJI2o0IRjpfquk2g/w1Izwmle8VJFE0wmeET7hgocUeVn89tzdGqUIQpjaUpoNFd/T2Q4UmoaBaYzwnqslr2Z+J/XT3V46WdMJKmmgiwWhSlHOkazINCQSUo0nxqCiWTmVkTG2AShTVwVE4K7/PIq6ZzXXafu3jVqzesijjIcwwmcgQsX0IRbaEEbCDzBM7zCm5VbL9a79bFoLVnFzBH8gfX5AzYIk+c=</latexit><latexit sha1_base64="gfRjIzpKJQFU+13dAyE21ztbdfs=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5JIQS9C0YvHCvYDmlA22027drMJuxuxhPwVLx4U8eof8ea/cdvmoK0PBh7vzTAzL0g4U9pxvq3S2vrG5lZ5u7Kzu7d/YB9WOypOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJjczv/tIpWKxuNfThPoRHgkWMoK1kQZ29QFdIS+UmGStPGt4CcsHds2pO3OgVeIWpAYFWgP7yxvGJI2o0IRjpfquk2g/w1Izwmle8VJFE0wmeET7hgocUeVn89tzdGqUIQpjaUpoNFd/T2Q4UmoaBaYzwnqslr2Z+J/XT3V46WdMJKmmgiwWhSlHOkazINCQSUo0nxqCiWTmVkTG2AShTVwVE4K7/PIq6ZzXXafu3jVqzesijjIcwwmcgQsX0IRbaEEbCDzBM7zCm5VbL9a79bFoLVnFzBH8gfX5AzYIk+c=</latexit>

For isotropic emitter 
P = radiated power per unit time, 

volume [erg/s/cm3]

✏ =
dE

⇢dV dt

4⇡

d⌦
<latexit sha1_base64="p+B9vUdgeL0thUnfUtI03T2jnco=">AAACHnicbVBNS8NAEN34bf2qevSyWARPJRFFL4Iogjcr2A9oQtlsJu3iZjfsboQS8ku8+Fe8eFBE8KT/xm2bg1YfDDzem2FmXphypo3rfjkzs3PzC4tLy5WV1bX1jermVkvLTFFoUsml6oREA2cCmoYZDp1UAUlCDu3w7mLkt+9BaSbFrRmmECSkL1jMKDFW6lWPfEg141LgU+zHitA8uixyXw0kjlo4MsVEPMR+yoo88q8T6JOiV625dXcM/Jd4JamhEo1e9cOPJM0SEIZyonXXc1MT5EQZRjkUFT/TkBJ6R/rQtVSQBHSQj98r8J5VIhxLZUsYPFZ/TuQk0XqYhLYzIWagp72R+J/XzUx8EuRMpJkBQSeL4oxjI/EoKxwxBdTwoSWEKmZvxXRAbB7GJlqxIXjTL/8lrYO659a9m8Pa2XkZxxLaQbtoH3noGJ2hK9RATUTRA3pCL+jVeXSenTfnfdI645Qz2+gXnM9vd3aisg==</latexit><latexit sha1_base64="p+B9vUdgeL0thUnfUtI03T2jnco=">AAACHnicbVBNS8NAEN34bf2qevSyWARPJRFFL4Iogjcr2A9oQtlsJu3iZjfsboQS8ku8+Fe8eFBE8KT/xm2bg1YfDDzem2FmXphypo3rfjkzs3PzC4tLy5WV1bX1jermVkvLTFFoUsml6oREA2cCmoYZDp1UAUlCDu3w7mLkt+9BaSbFrRmmECSkL1jMKDFW6lWPfEg141LgU+zHitA8uixyXw0kjlo4MsVEPMR+yoo88q8T6JOiV625dXcM/Jd4JamhEo1e9cOPJM0SEIZyonXXc1MT5EQZRjkUFT/TkBJ6R/rQtVSQBHSQj98r8J5VIhxLZUsYPFZ/TuQk0XqYhLYzIWagp72R+J/XzUx8EuRMpJkBQSeL4oxjI/EoKxwxBdTwoSWEKmZvxXRAbB7GJlqxIXjTL/8lrYO659a9m8Pa2XkZxxLaQbtoH3noGJ2hK9RATUTRA3pCL+jVeXSenTfnfdI645Qz2+gXnM9vd3aisg==</latexit><latexit sha1_base64="p+B9vUdgeL0thUnfUtI03T2jnco=">AAACHnicbVBNS8NAEN34bf2qevSyWARPJRFFL4Iogjcr2A9oQtlsJu3iZjfsboQS8ku8+Fe8eFBE8KT/xm2bg1YfDDzem2FmXphypo3rfjkzs3PzC4tLy5WV1bX1jermVkvLTFFoUsml6oREA2cCmoYZDp1UAUlCDu3w7mLkt+9BaSbFrRmmECSkL1jMKDFW6lWPfEg141LgU+zHitA8uixyXw0kjlo4MsVEPMR+yoo88q8T6JOiV625dXcM/Jd4JamhEo1e9cOPJM0SEIZyonXXc1MT5EQZRjkUFT/TkBJ6R/rQtVSQBHSQj98r8J5VIhxLZUsYPFZ/TuQk0XqYhLYzIWagp72R+J/XzUx8EuRMpJkBQSeL4oxjI/EoKxwxBdTwoSWEKmZvxXRAbB7GJlqxIXjTL/8lrYO659a9m8Pa2XkZxxLaQbtoH3noGJ2hK9RATUTRA3pCL+jVeXSenTfnfdI645Qz2+gXnM9vd3aisg==</latexit><latexit sha1_base64="p+B9vUdgeL0thUnfUtI03T2jnco=">AAACHnicbVBNS8NAEN34bf2qevSyWARPJRFFL4Iogjcr2A9oQtlsJu3iZjfsboQS8ku8+Fe8eFBE8KT/xm2bg1YfDDzem2FmXphypo3rfjkzs3PzC4tLy5WV1bX1jermVkvLTFFoUsml6oREA2cCmoYZDp1UAUlCDu3w7mLkt+9BaSbFrRmmECSkL1jMKDFW6lWPfEg141LgU+zHitA8uixyXw0kjlo4MsVEPMR+yoo88q8T6JOiV625dXcM/Jd4JamhEo1e9cOPJM0SEIZyonXXc1MT5EQZRjkUFT/TkBJ6R/rQtVSQBHSQj98r8J5VIhxLZUsYPFZ/TuQk0XqYhLYzIWagp72R+J/XzUx8EuRMpJkBQSeL4oxjI/EoKxwxBdTwoSWEKmZvxXRAbB7GJlqxIXjTL/8lrYO659a9m8Pa2XkZxxLaQbtoH3noGJ2hK9RATUTRA3pCL+jVeXSenTfnfdI645Qz2+gXnM9vd3aisg==</latexit>

Angle integrated emissivity 
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Some basics: Energy and particle flux

S(~r, l, b) =
1

4⇡
✏(~r, l, b) ⇢(~r) ds d⌦

<latexit sha1_base64="C9o96pqEtILKVV3nvAAwTv3u8ys="></latexit><latexit sha1_base64="C9o96pqEtILKVV3nvAAwTv3u8ys="></latexit><latexit sha1_base64="C9o96pqEtILKVV3nvAAwTv3u8ys="></latexit><latexit sha1_base64="C9o96pqEtILKVV3nvAAwTv3u8ys="></latexit>

Energy flux

Or S(~r, l, b) =
1

4⇡
P (~r, l, b) ds d⌦

<latexit sha1_base64="ScjOCiSW+63JlP0xVz3wFhla9qo="></latexit><latexit sha1_base64="ScjOCiSW+63JlP0xVz3wFhla9qo="></latexit><latexit sha1_base64="ScjOCiSW+63JlP0xVz3wFhla9qo="></latexit><latexit sha1_base64="ScjOCiSW+63JlP0xVz3wFhla9qo="></latexit>

Radiation               Particle emission 

F (~r, l, b) =
1

4⇡
q(~r, l, b) ds d⌦

<latexit sha1_base64="1KOvzqP6COlBM5q4wn0/+eUFAf4="></latexit><latexit sha1_base64="1KOvzqP6COlBM5q4wn0/+eUFAf4="></latexit><latexit sha1_base64="1KOvzqP6COlBM5q4wn0/+eUFAf4="></latexit><latexit sha1_base64="1KOvzqP6COlBM5q4wn0/+eUFAf4="></latexit>

Particle (local) emissivity q [#/cm3/s] = 
production rate/volume element

F (l, b)

d⌦
=

1

4⇡

Z

los
q(~r(s), l, b) ds

<latexit sha1_base64="UiE7V15VExHPoOGIl2v/qJurb5w="></latexit><latexit sha1_base64="UiE7V15VExHPoOGIl2v/qJurb5w="></latexit><latexit sha1_base64="UiE7V15VExHPoOGIl2v/qJurb5w="></latexit><latexit sha1_base64="UiE7V15VExHPoOGIl2v/qJurb5w="></latexit>

F (E, l, b)

d⌦dE
=

1

4⇡

Z

los
q̃(E,~r(s), l, b) ds

<latexit sha1_base64="80OmxYZkDmR2VuEw5nM53aEQqas="></latexit><latexit sha1_base64="80OmxYZkDmR2VuEw5nM53aEQqas="></latexit><latexit sha1_base64="80OmxYZkDmR2VuEw5nM53aEQqas="></latexit><latexit sha1_base64="80OmxYZkDmR2VuEw5nM53aEQqas="></latexit>
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Some basics: Energy and particle flux

S(~r, l, b) =
1

4⇡
✏(~r, l, b) ⇢(~r) ds d⌦

<latexit sha1_base64="C9o96pqEtILKVV3nvAAwTv3u8ys="></latexit><latexit sha1_base64="C9o96pqEtILKVV3nvAAwTv3u8ys="></latexit><latexit sha1_base64="C9o96pqEtILKVV3nvAAwTv3u8ys="></latexit><latexit sha1_base64="C9o96pqEtILKVV3nvAAwTv3u8ys="></latexit>

Energy flux

Or S(~r, l, b) =
1

4⇡
P (~r, l, b) ds d⌦

<latexit sha1_base64="ScjOCiSW+63JlP0xVz3wFhla9qo="></latexit><latexit sha1_base64="ScjOCiSW+63JlP0xVz3wFhla9qo="></latexit><latexit sha1_base64="ScjOCiSW+63JlP0xVz3wFhla9qo="></latexit><latexit sha1_base64="ScjOCiSW+63JlP0xVz3wFhla9qo="></latexit>

Radiation               Particle emission 

F (~r, l, b) =
1

4⇡
q(~r, l, b) ds d⌦

<latexit sha1_base64="1KOvzqP6COlBM5q4wn0/+eUFAf4="></latexit><latexit sha1_base64="1KOvzqP6COlBM5q4wn0/+eUFAf4="></latexit><latexit sha1_base64="1KOvzqP6COlBM5q4wn0/+eUFAf4="></latexit><latexit sha1_base64="1KOvzqP6COlBM5q4wn0/+eUFAf4="></latexit>

Particle (local) emissivity q [#/cm3/s] = 
production rate/volume element

F (l, b)

d⌦
=

1

4⇡

Z

los
q(~r(s), l, b) ds

<latexit sha1_base64="UiE7V15VExHPoOGIl2v/qJurb5w="></latexit><latexit sha1_base64="UiE7V15VExHPoOGIl2v/qJurb5w="></latexit><latexit sha1_base64="UiE7V15VExHPoOGIl2v/qJurb5w="></latexit><latexit sha1_base64="UiE7V15VExHPoOGIl2v/qJurb5w="></latexit>

F (E, l, b)

d⌦dE
=

1

4⇡

Z

los
q̃(E,~r(s), l, b) ds

<latexit sha1_base64="80OmxYZkDmR2VuEw5nM53aEQqas="></latexit><latexit sha1_base64="80OmxYZkDmR2VuEw5nM53aEQqas="></latexit><latexit sha1_base64="80OmxYZkDmR2VuEw5nM53aEQqas="></latexit><latexit sha1_base64="80OmxYZkDmR2VuEw5nM53aEQqas="></latexit>
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Particles and radiation: 
production mechanisms 
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Collisional effects & radiative processes

• Photons interactions w/ radiation (MW connection) 

• Leptons interactions w/ radiation (MW/MM connection) 
➡ Inverse Compton scattering 
➡ Synchrotron radiation 

• Leptons interactions w/ matter (Ionisation/bremsstrahlung)  

• Hadrons interactions w/ radiation (MW/MM connection, extragalactic) 

• Hadrons interactions w/ matter (MW/MM connection, Galactic)

Photons

Photons

Photons, neutrinos

Photons, neutrinos

Photons



Collisional effects & radiative processes

19
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Extragalactic radiation backgrounds

Boncioli 2309.12743

Extragalactic Background Light

⌫I⌫ ⌘ c

4⇡
✏2
dn

d✏
<latexit sha1_base64="9VgR1RBRxCRVQZL/nul4gKzdLf4=">AAACKXicbZBNS8MwGMfT+TbnW9Wjl+AQPI12DPQ49KK3Ce4F1lnSNN3C0rQm6WCUfh0vfhUvCop69YuYbhV084GEP7//85A8fy9mVCrL+jBKK6tr6xvlzcrW9s7unrl/0JFRIjBp44hFouchSRjlpK2oYqQXC4JCj5GuN77M/e6ECEkjfqumMRmEaMhpQDFSGrlm0+EJvHbz2yH3CZ1AJxAIpzhLG9CJaaZxLCmL+F29sHyepf4PzVyzatWsWcFlYReiCopqueaL40c4CQlXmCEp+7YVq0GKhKKYkaziJJLECI/RkPS15CgkcpDONs3giSY+DCKhD1dwRn9PpCiUchp6ujNEaiQXvRz+5/UTFZwPUsrjRBGO5w8FCYMqgnls0KeCYMWmWiAsqP4rxCOk41A63IoOwV5ceVl06jXbqtk3jWrzooijDI7AMTgFNjgDTXAFWqANMHgAT+AVvBmPxrPxbnzOW0tGMXMI/pTx9Q3Wvael</latexit><latexit sha1_base64="9VgR1RBRxCRVQZL/nul4gKzdLf4=">AAACKXicbZBNS8MwGMfT+TbnW9Wjl+AQPI12DPQ49KK3Ce4F1lnSNN3C0rQm6WCUfh0vfhUvCop69YuYbhV084GEP7//85A8fy9mVCrL+jBKK6tr6xvlzcrW9s7unrl/0JFRIjBp44hFouchSRjlpK2oYqQXC4JCj5GuN77M/e6ECEkjfqumMRmEaMhpQDFSGrlm0+EJvHbz2yH3CZ1AJxAIpzhLG9CJaaZxLCmL+F29sHyepf4PzVyzatWsWcFlYReiCopqueaL40c4CQlXmCEp+7YVq0GKhKKYkaziJJLECI/RkPS15CgkcpDONs3giSY+DCKhD1dwRn9PpCiUchp6ujNEaiQXvRz+5/UTFZwPUsrjRBGO5w8FCYMqgnls0KeCYMWmWiAsqP4rxCOk41A63IoOwV5ceVl06jXbqtk3jWrzooijDI7AMTgFNjgDTXAFWqANMHgAT+AVvBmPxrPxbnzOW0tGMXMI/pTx9Q3Wvael</latexit><latexit sha1_base64="9VgR1RBRxCRVQZL/nul4gKzdLf4=">AAACKXicbZBNS8MwGMfT+TbnW9Wjl+AQPI12DPQ49KK3Ce4F1lnSNN3C0rQm6WCUfh0vfhUvCop69YuYbhV084GEP7//85A8fy9mVCrL+jBKK6tr6xvlzcrW9s7unrl/0JFRIjBp44hFouchSRjlpK2oYqQXC4JCj5GuN77M/e6ECEkjfqumMRmEaMhpQDFSGrlm0+EJvHbz2yH3CZ1AJxAIpzhLG9CJaaZxLCmL+F29sHyepf4PzVyzatWsWcFlYReiCopqueaL40c4CQlXmCEp+7YVq0GKhKKYkaziJJLECI/RkPS15CgkcpDONs3giSY+DCKhD1dwRn9PpCiUchp6ujNEaiQXvRz+5/UTFZwPUsrjRBGO5w8FCYMqgnls0KeCYMWmWiAsqP4rxCOk41A63IoOwV5ceVl06jXbqtk3jWrzooijDI7AMTgFNjgDTXAFWqANMHgAT+AVvBmPxrPxbnzOW0tGMXMI/pTx9Q3Wvael</latexit><latexit sha1_base64="9VgR1RBRxCRVQZL/nul4gKzdLf4=">AAACKXicbZBNS8MwGMfT+TbnW9Wjl+AQPI12DPQ49KK3Ce4F1lnSNN3C0rQm6WCUfh0vfhUvCop69YuYbhV084GEP7//85A8fy9mVCrL+jBKK6tr6xvlzcrW9s7unrl/0JFRIjBp44hFouchSRjlpK2oYqQXC4JCj5GuN77M/e6ECEkjfqumMRmEaMhpQDFSGrlm0+EJvHbz2yH3CZ1AJxAIpzhLG9CJaaZxLCmL+F29sHyepf4PzVyzatWsWcFlYReiCopqueaL40c4CQlXmCEp+7YVq0GKhKKYkaziJJLECI/RkPS15CgkcpDONs3giSY+DCKhD1dwRn9PpCiUchp6ujNEaiQXvRz+5/UTFZwPUsrjRBGO5w8FCYMqgnls0KeCYMWmWiAsqP4rxCOk41A63IoOwV5ceVl06jXbqtk3jWrzooijDI7AMTgFNjgDTXAFWqANMHgAT+AVvBmPxrPxbnzOW0tGMXMI/pTx9Q3Wvael</latexit>

⇠ 400 ph/cm3
<latexit sha1_base64="pYObRm6CPsLSS9M6CAQ0t3Pflyc=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4EJqRgu6LLpxWcE+oDOWTJppQ5PMkGSEMnTjr7hxoYhbP8Odf2PazkJbD1w4nHMv994TJpxpg9C3U1haXlldK66XNja3tnfc3b2mjlNFaIPEPFbtEGvKmaQNwwyn7URRLEJOW+HwZuK3HqnSLJb3ZpTQQOC+ZBEj2Fip6x74mglYRQj6p9BXAiaDMyIeLrpuGVXQFHCReDkpgxz1rvvl92KSCioN4VjrjocSE2RYGUY4HZf8VNMEkyHu046lEguqg2z6wBgeW6UHo1jZkgZO1d8TGRZaj0RoOwU2Az3vTcT/vE5qoqsgYzJJDZVktihKOTQxnKQBe0xRYvjIEkwUs7dCMsAKE2MzK9kQvPmXF0nzvOKhindXLdeu8ziK4BAcgRPggUtQA7egDhqAgDF4Bq/gzXlyXpx352PWWnDymX3wB87nD5N3lHU=</latexit><latexit sha1_base64="pYObRm6CPsLSS9M6CAQ0t3Pflyc=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4EJqRgu6LLpxWcE+oDOWTJppQ5PMkGSEMnTjr7hxoYhbP8Odf2PazkJbD1w4nHMv994TJpxpg9C3U1haXlldK66XNja3tnfc3b2mjlNFaIPEPFbtEGvKmaQNwwyn7URRLEJOW+HwZuK3HqnSLJb3ZpTQQOC+ZBEj2Fip6x74mglYRQj6p9BXAiaDMyIeLrpuGVXQFHCReDkpgxz1rvvl92KSCioN4VjrjocSE2RYGUY4HZf8VNMEkyHu046lEguqg2z6wBgeW6UHo1jZkgZO1d8TGRZaj0RoOwU2Az3vTcT/vE5qoqsgYzJJDZVktihKOTQxnKQBe0xRYvjIEkwUs7dCMsAKE2MzK9kQvPmXF0nzvOKhindXLdeu8ziK4BAcgRPggUtQA7egDhqAgDF4Bq/gzXlyXpx352PWWnDymX3wB87nD5N3lHU=</latexit><latexit sha1_base64="pYObRm6CPsLSS9M6CAQ0t3Pflyc=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4EJqRgu6LLpxWcE+oDOWTJppQ5PMkGSEMnTjr7hxoYhbP8Odf2PazkJbD1w4nHMv994TJpxpg9C3U1haXlldK66XNja3tnfc3b2mjlNFaIPEPFbtEGvKmaQNwwyn7URRLEJOW+HwZuK3HqnSLJb3ZpTQQOC+ZBEj2Fip6x74mglYRQj6p9BXAiaDMyIeLrpuGVXQFHCReDkpgxz1rvvl92KSCioN4VjrjocSE2RYGUY4HZf8VNMEkyHu046lEguqg2z6wBgeW6UHo1jZkgZO1d8TGRZaj0RoOwU2Az3vTcT/vE5qoqsgYzJJDZVktihKOTQxnKQBe0xRYvjIEkwUs7dCMsAKE2MzK9kQvPmXF0nzvOKhindXLdeu8ziK4BAcgRPggUtQA7egDhqAgDF4Bq/gzXlyXpx352PWWnDymX3wB87nD5N3lHU=</latexit><latexit sha1_base64="pYObRm6CPsLSS9M6CAQ0t3Pflyc=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4EJqRgu6LLpxWcE+oDOWTJppQ5PMkGSEMnTjr7hxoYhbP8Odf2PazkJbD1w4nHMv994TJpxpg9C3U1haXlldK66XNja3tnfc3b2mjlNFaIPEPFbtEGvKmaQNwwyn7URRLEJOW+HwZuK3HqnSLJb3ZpTQQOC+ZBEj2Fip6x74mglYRQj6p9BXAiaDMyIeLrpuGVXQFHCReDkpgxz1rvvl92KSCioN4VjrjocSE2RYGUY4HZf8VNMEkyHu046lEguqg2z6wBgeW6UHo1jZkgZO1d8TGRZaj0RoOwU2Az3vTcT/vE5qoqsgYzJJDZVktihKOTQxnKQBe0xRYvjIEkwUs7dCMsAKE2MzK9kQvPmXF0nzvOKhindXLdeu8ziK4BAcgRPggUtQA7egDhqAgDF4Bq/gzXlyXpx352PWWnDymX3wB87nD5N3lHU=</latexit>

⇠ 1 ph/cm3
<latexit sha1_base64="60M4vVGps8ZEIykXgxsUZRFatzk=">AAAB/nicbVBNSwMxEJ2tX7V+rYonL8EieJC6q4Iei148VrAf0F1LNk3b0CS7JFmhLAX/ihcPinj1d3jz35i2e9Dqg4HHezPMzIsSzrTxvC+nsLC4tLxSXC2trW9sbrnbOw0dp4rQOol5rFoR1pQzSeuGGU5biaJYRJw2o+H1xG8+UKVZLO/MKKGhwH3JeoxgY6WOuxdoJpCPgmMUKIGSwQkR92cdt+xVvCnQX+LnpAw5ah33M+jGJBVUGsKx1m3fS0yYYWUY4XRcClJNE0yGuE/blkosqA6z6fljdGiVLurFypY0aKr+nMiw0HokItspsBnoeW8i/ue1U9O7DDMmk9RQSWaLeilHJkaTLFCXKUoMH1mCiWL2VkQGWGFibGIlG4I///Jf0jit+F7Fvz0vV6/yOIqwDwdwBD5cQBVuoAZ1IJDBE7zAq/PoPDtvzvusteDkM7vwC87HN6kVk/4=</latexit><latexit sha1_base64="60M4vVGps8ZEIykXgxsUZRFatzk=">AAAB/nicbVBNSwMxEJ2tX7V+rYonL8EieJC6q4Iei148VrAf0F1LNk3b0CS7JFmhLAX/ihcPinj1d3jz35i2e9Dqg4HHezPMzIsSzrTxvC+nsLC4tLxSXC2trW9sbrnbOw0dp4rQOol5rFoR1pQzSeuGGU5biaJYRJw2o+H1xG8+UKVZLO/MKKGhwH3JeoxgY6WOuxdoJpCPgmMUKIGSwQkR92cdt+xVvCnQX+LnpAw5ah33M+jGJBVUGsKx1m3fS0yYYWUY4XRcClJNE0yGuE/blkosqA6z6fljdGiVLurFypY0aKr+nMiw0HokItspsBnoeW8i/ue1U9O7DDMmk9RQSWaLeilHJkaTLFCXKUoMH1mCiWL2VkQGWGFibGIlG4I///Jf0jit+F7Fvz0vV6/yOIqwDwdwBD5cQBVuoAZ1IJDBE7zAq/PoPDtvzvusteDkM7vwC87HN6kVk/4=</latexit><latexit sha1_base64="60M4vVGps8ZEIykXgxsUZRFatzk=">AAAB/nicbVBNSwMxEJ2tX7V+rYonL8EieJC6q4Iei148VrAf0F1LNk3b0CS7JFmhLAX/ihcPinj1d3jz35i2e9Dqg4HHezPMzIsSzrTxvC+nsLC4tLxSXC2trW9sbrnbOw0dp4rQOol5rFoR1pQzSeuGGU5biaJYRJw2o+H1xG8+UKVZLO/MKKGhwH3JeoxgY6WOuxdoJpCPgmMUKIGSwQkR92cdt+xVvCnQX+LnpAw5ah33M+jGJBVUGsKx1m3fS0yYYWUY4XRcClJNE0yGuE/blkosqA6z6fljdGiVLurFypY0aKr+nMiw0HokItspsBnoeW8i/ue1U9O7DDMmk9RQSWaLeilHJkaTLFCXKUoMH1mCiWL2VkQGWGFibGIlG4I///Jf0jit+F7Fvz0vV6/yOIqwDwdwBD5cQBVuoAZ1IJDBE7zAq/PoPDtvzvusteDkM7vwC87HN6kVk/4=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Y+j7eB8QVrm1pGZgXq7vKOd0RhA=">AAAB83icbZDNSgMxFIXv1L9aq46CKzfBIriQmtGFLgU3LivYWuiMJZNm2tAkMyQZoQwFX8WNC0V8F3e+jenPQlsPBD7OSbg3J84ENxbjb6+0srq2vlHerGxVt3d2/b1qy6S5pqxJU5HqdkwME1yxpuVWsHamGZGxYA/x8GaSPzwxbXiq7u0oY5EkfcUTTol1Vtc/CA2XKEDhKQq1RNngjMrHi65fw3U8FVqGYA41mKvR9b/CXkpzyZSlghjTCXBmo4Joy6lg40qYG5YROiR91nGoiGQmKqbrj9Gxc3ooSbU7yqKp+/tFQaQxIxm7m5LYgVnMJuZ/WSe3yVVUcJXllik6G5TkAtkUTbpAPa4ZtWLkgFDN3a6IDogm1LrGKq6EYPHLy9A6rwe4HtxhKMMhHMEJBHAJ13ALDWgChQJe4A3evWfv1fuY1VXy5r3twx95nz9LTZKV</latexit><latexit sha1_base64="Y+j7eB8QVrm1pGZgXq7vKOd0RhA=">AAAB83icbZDNSgMxFIXv1L9aq46CKzfBIriQmtGFLgU3LivYWuiMJZNm2tAkMyQZoQwFX8WNC0V8F3e+jenPQlsPBD7OSbg3J84ENxbjb6+0srq2vlHerGxVt3d2/b1qy6S5pqxJU5HqdkwME1yxpuVWsHamGZGxYA/x8GaSPzwxbXiq7u0oY5EkfcUTTol1Vtc/CA2XKEDhKQq1RNngjMrHi65fw3U8FVqGYA41mKvR9b/CXkpzyZSlghjTCXBmo4Joy6lg40qYG5YROiR91nGoiGQmKqbrj9Gxc3ooSbU7yqKp+/tFQaQxIxm7m5LYgVnMJuZ/WSe3yVVUcJXllik6G5TkAtkUTbpAPa4ZtWLkgFDN3a6IDogm1LrGKq6EYPHLy9A6rwe4HtxhKMMhHMEJBHAJ13ALDWgChQJe4A3evWfv1fuY1VXy5r3twx95nz9LTZKV</latexit><latexit sha1_base64="JtL2nVK/Pe9YQdYOGbna4O0KJDg=">AAAB/nicbVA9SwNBEJ2LXzF+nYqVzWIQLCTeaaFl0MYygvmA3Bn2Nptkye7esbsnhCPgX7GxUMTW32Hnv3GTXKGJDwYe780wMy9KONPG876dwtLyyupacb20sbm1vePu7jV0nCpC6yTmsWpFWFPOJK0bZjhtJYpiEXHajIY3E7/5SJVmsbw3o4SGAvcl6zGCjZU67kGgmUA+Ck5RoARKBmdEPFx03LJX8aZAi8TPSRly1DruV9CNSSqoNIRjrdu+l5gww8owwum4FKSaJpgMcZ+2LZVYUB1m0/PH6NgqXdSLlS1p0FT9PZFhofVIRLZTYDPQ895E/M9rp6Z3FWZMJqmhkswW9VKOTIwmWaAuU5QYPrIEE8XsrYgMsMLE2MRKNgR//uVF0jiv+F7Fv/PK1es8jiIcwhGcgA+XUIVbqEEdCGTwDK/w5jw5L8678zFrLTj5zD78gfP5A6fVk/o=</latexit><latexit sha1_base64="60M4vVGps8ZEIykXgxsUZRFatzk=">AAAB/nicbVBNSwMxEJ2tX7V+rYonL8EieJC6q4Iei148VrAf0F1LNk3b0CS7JFmhLAX/ihcPinj1d3jz35i2e9Dqg4HHezPMzIsSzrTxvC+nsLC4tLxSXC2trW9sbrnbOw0dp4rQOol5rFoR1pQzSeuGGU5biaJYRJw2o+H1xG8+UKVZLO/MKKGhwH3JeoxgY6WOuxdoJpCPgmMUKIGSwQkR92cdt+xVvCnQX+LnpAw5ah33M+jGJBVUGsKx1m3fS0yYYWUY4XRcClJNE0yGuE/blkosqA6z6fljdGiVLurFypY0aKr+nMiw0HokItspsBnoeW8i/ue1U9O7DDMmk9RQSWaLeilHJkaTLFCXKUoMH1mCiWL2VkQGWGFibGIlG4I///Jf0jit+F7Fvz0vV6/yOIqwDwdwBD5cQBVuoAZ1IJDBE7zAq/PoPDtvzvusteDkM7vwC87HN6kVk/4=</latexit><latexit sha1_base64="60M4vVGps8ZEIykXgxsUZRFatzk=">AAAB/nicbVBNSwMxEJ2tX7V+rYonL8EieJC6q4Iei148VrAf0F1LNk3b0CS7JFmhLAX/ihcPinj1d3jz35i2e9Dqg4HHezPMzIsSzrTxvC+nsLC4tLxSXC2trW9sbrnbOw0dp4rQOol5rFoR1pQzSeuGGU5biaJYRJw2o+H1xG8+UKVZLO/MKKGhwH3JeoxgY6WOuxdoJpCPgmMUKIGSwQkR92cdt+xVvCnQX+LnpAw5ah33M+jGJBVUGsKx1m3fS0yYYWUY4XRcClJNE0yGuE/blkosqA6z6fljdGiVLurFypY0aKr+nMiw0HokItspsBnoeW8i/ue1U9O7DDMmk9RQSWaLeilHJkaTLFCXKUoMH1mCiWL2VkQGWGFibGIlG4I///Jf0jit+F7Fvz0vV6/yOIqwDwdwBD5cQBVuoAZ1IJDBE7zAq/PoPDtvzvusteDkM7vwC87HN6kVk/4=</latexit><latexit sha1_base64="60M4vVGps8ZEIykXgxsUZRFatzk=">AAAB/nicbVBNSwMxEJ2tX7V+rYonL8EieJC6q4Iei148VrAf0F1LNk3b0CS7JFmhLAX/ihcPinj1d3jz35i2e9Dqg4HHezPMzIsSzrTxvC+nsLC4tLxSXC2trW9sbrnbOw0dp4rQOol5rFoR1pQzSeuGGU5biaJYRJw2o+H1xG8+UKVZLO/MKKGhwH3JeoxgY6WOuxdoJpCPgmMUKIGSwQkR92cdt+xVvCnQX+LnpAw5ah33M+jGJBVUGsKx1m3fS0yYYWUY4XRcClJNE0yGuE/blkosqA6z6fljdGiVLurFypY0aKr+nMiw0HokItspsBnoeW8i/ue1U9O7DDMmk9RQSWaLeilHJkaTLFCXKUoMH1mCiWL2VkQGWGFibGIlG4I///Jf0jit+F7Fvz0vV6/yOIqwDwdwBD5cQBVuoAZ1IJDBE7zAq/PoPDtvzvusteDkM7vwC87HN6kVk/4=</latexit><latexit sha1_base64="60M4vVGps8ZEIykXgxsUZRFatzk=">AAAB/nicbVBNSwMxEJ2tX7V+rYonL8EieJC6q4Iei148VrAf0F1LNk3b0CS7JFmhLAX/ihcPinj1d3jz35i2e9Dqg4HHezPMzIsSzrTxvC+nsLC4tLxSXC2trW9sbrnbOw0dp4rQOol5rFoR1pQzSeuGGU5biaJYRJw2o+H1xG8+UKVZLO/MKKGhwH3JeoxgY6WOuxdoJpCPgmMUKIGSwQkR92cdt+xVvCnQX+LnpAw5ah33M+jGJBVUGsKx1m3fS0yYYWUY4XRcClJNE0yGuE/blkosqA6z6fljdGiVLurFypY0aKr+nMiw0HokItspsBnoeW8i/ue1U9O7DDMmk9RQSWaLeilHJkaTLFCXKUoMH1mCiWL2VkQGWGFibGIlG4I///Jf0jit+F7Fvz0vV6/yOIqwDwdwBD5cQBVuoAZ1IJDBE7zAq/PoPDtvzvusteDkM7vwC87HN6kVk/4=</latexit><latexit sha1_base64="60M4vVGps8ZEIykXgxsUZRFatzk=">AAAB/nicbVBNSwMxEJ2tX7V+rYonL8EieJC6q4Iei148VrAf0F1LNk3b0CS7JFmhLAX/ihcPinj1d3jz35i2e9Dqg4HHezPMzIsSzrTxvC+nsLC4tLxSXC2trW9sbrnbOw0dp4rQOol5rFoR1pQzSeuGGU5biaJYRJw2o+H1xG8+UKVZLO/MKKGhwH3JeoxgY6WOuxdoJpCPgmMUKIGSwQkR92cdt+xVvCnQX+LnpAw5ah33M+jGJBVUGsKx1m3fS0yYYWUY4XRcClJNE0yGuE/blkosqA6z6fljdGiVLurFypY0aKr+nMiw0HokItspsBnoeW8i/ue1U9O7DDMmk9RQSWaLeilHJkaTLFCXKUoMH1mCiWL2VkQGWGFibGIlG4I///Jf0jit+F7Fvz0vV6/yOIqwDwdwBD5cQBVuoAZ1IJDBE7zAq/PoPDtvzvusteDkM7vwC87HN6kVk/4=</latexit><latexit sha1_base64="60M4vVGps8ZEIykXgxsUZRFatzk=">AAAB/nicbVBNSwMxEJ2tX7V+rYonL8EieJC6q4Iei148VrAf0F1LNk3b0CS7JFmhLAX/ihcPinj1d3jz35i2e9Dqg4HHezPMzIsSzrTxvC+nsLC4tLxSXC2trW9sbrnbOw0dp4rQOol5rFoR1pQzSeuGGU5biaJYRJw2o+H1xG8+UKVZLO/MKKGhwH3JeoxgY6WOuxdoJpCPgmMUKIGSwQkR92cdt+xVvCnQX+LnpAw5ah33M+jGJBVUGsKx1m3fS0yYYWUY4XRcClJNE0yGuE/blkosqA6z6fljdGiVLurFypY0aKr+nMiw0HokItspsBnoeW8i/ue1U9O7DDMmk9RQSWaLeilHJkaTLFCXKUoMH1mCiWL2VkQGWGFibGIlG4I///Jf0jit+F7Fvz0vV6/yOIqwDwdwBD5cQBVuoAZ1IJDBE7zAq/PoPDtvzvusteDkM7vwC87HN6kVk/4=</latexit>
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Galactic radiation backgrounds

Cirelli & Panci 0904.3830
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�VHE + �EBL ! e+ + e�
<latexit sha1_base64="Q6MiJXOD1aJgmBJ41mxfiKviR9U=">AAACInicbVDLSgMxFM34tr6qLt0EiyAUy4wI6k4UwYWLCvYBnbbcSW/bYDIzJBmlDP0WN/6KGxeKuhL8GNPHQlsPBA7nnMvNPUEsuDau++XMzM7NLywuLWdWVtfWN7KbW2UdJYphiUUiUtUANAoeYslwI7AaKwQZCKwEdxcDv3KPSvMovDW9GOsSOiFvcwbGSs3sqd8BKaGZ+krS8tVln+bpb+ny/LpPfcU7XQNKRQ8UG3kbwcZBM5tzC+4QdJp4Y5IjYxSb2Q+/FbFEYmiYAK1rnhubegrKcCawn/ETjTGwO+hgzdIQJOp6OjyxT/es0qLtSNkXGjpUf0+kILXuycAmJZiunvQG4n9eLTHtk3rKwzgxGLLRonYiqInooC/a4gqZET1LgClu/0pZFxQwY1vN2BK8yZOnSfmw4LkF7+Yod3Y+rmOJ7JBdsk88ckzOyBUpkhJh5JE8k1fy5jw5L8678zmKzjjjmW3yB873D3l9olY=</latexit><latexit sha1_base64="Q6MiJXOD1aJgmBJ41mxfiKviR9U=">AAACInicbVDLSgMxFM34tr6qLt0EiyAUy4wI6k4UwYWLCvYBnbbcSW/bYDIzJBmlDP0WN/6KGxeKuhL8GNPHQlsPBA7nnMvNPUEsuDau++XMzM7NLywuLWdWVtfWN7KbW2UdJYphiUUiUtUANAoeYslwI7AaKwQZCKwEdxcDv3KPSvMovDW9GOsSOiFvcwbGSs3sqd8BKaGZ+krS8tVln+bpb+ny/LpPfcU7XQNKRQ8UG3kbwcZBM5tzC+4QdJp4Y5IjYxSb2Q+/FbFEYmiYAK1rnhubegrKcCawn/ETjTGwO+hgzdIQJOp6OjyxT/es0qLtSNkXGjpUf0+kILXuycAmJZiunvQG4n9eLTHtk3rKwzgxGLLRonYiqInooC/a4gqZET1LgClu/0pZFxQwY1vN2BK8yZOnSfmw4LkF7+Yod3Y+rmOJ7JBdsk88ckzOyBUpkhJh5JE8k1fy5jw5L8678zmKzjjjmW3yB873D3l9olY=</latexit><latexit sha1_base64="Q6MiJXOD1aJgmBJ41mxfiKviR9U=">AAACInicbVDLSgMxFM34tr6qLt0EiyAUy4wI6k4UwYWLCvYBnbbcSW/bYDIzJBmlDP0WN/6KGxeKuhL8GNPHQlsPBA7nnMvNPUEsuDau++XMzM7NLywuLWdWVtfWN7KbW2UdJYphiUUiUtUANAoeYslwI7AaKwQZCKwEdxcDv3KPSvMovDW9GOsSOiFvcwbGSs3sqd8BKaGZ+krS8tVln+bpb+ny/LpPfcU7XQNKRQ8UG3kbwcZBM5tzC+4QdJp4Y5IjYxSb2Q+/FbFEYmiYAK1rnhubegrKcCawn/ETjTGwO+hgzdIQJOp6OjyxT/es0qLtSNkXGjpUf0+kILXuycAmJZiunvQG4n9eLTHtk3rKwzgxGLLRonYiqInooC/a4gqZET1LgClu/0pZFxQwY1vN2BK8yZOnSfmw4LkF7+Yod3Y+rmOJ7JBdsk88ckzOyBUpkhJh5JE8k1fy5jw5L8678zmKzjjjmW3yB873D3l9olY=</latexit><latexit sha1_base64="Q6MiJXOD1aJgmBJ41mxfiKviR9U=">AAACInicbVDLSgMxFM34tr6qLt0EiyAUy4wI6k4UwYWLCvYBnbbcSW/bYDIzJBmlDP0WN/6KGxeKuhL8GNPHQlsPBA7nnMvNPUEsuDau++XMzM7NLywuLWdWVtfWN7KbW2UdJYphiUUiUtUANAoeYslwI7AaKwQZCKwEdxcDv3KPSvMovDW9GOsSOiFvcwbGSs3sqd8BKaGZ+krS8tVln+bpb+ny/LpPfcU7XQNKRQ8UG3kbwcZBM5tzC+4QdJp4Y5IjYxSb2Q+/FbFEYmiYAK1rnhubegrKcCawn/ETjTGwO+hgzdIQJOp6OjyxT/es0qLtSNkXGjpUf0+kILXuycAmJZiunvQG4n9eLTHtk3rKwzgxGLLRonYiqInooC/a4gqZET1LgClu/0pZFxQwY1vN2BK8yZOnSfmw4LkF7+Yod3Y+rmOJ7JBdsk88ckzOyBUpkhJh5JE8k1fy5jw5L8678zmKzjjjmW3yB873D3l9olY=</latexit>

Pair-production

From invariance of s, COM energy

in cosmological coving frameE0
� � m2

e

✏0
<latexit sha1_base64="y2ucl3DyI6kdCWhsuEfppJ0mHjw=">AAACD3icbVDJSgNBEO1xjXEb9eilMbicwkwQ9BgUwWMEs0AmDj2dmtjY3TN29whhyB948Ve8eFDEq1dv/o2d5aCJDwoe71VRVS9KOdPG876dufmFxaXlwkpxdW19Y9Pd2m7oJFMU6jThiWpFRANnEuqGGQ6tVAEREYdmdHc+9JsPoDRL5LXpp9ARpCdZzCgxVgrdg4vDMOgRIQgOenCPg1gRmosQbiqDPIBUM57Iw0HolryyNwKeJf6ElNAEtdD9CroJzQRIQznRuu17qenkRBlGOQyKQaYhJfSO9KBtqSQCdCcf/TPA+1bp4jhRtqTBI/X3RE6E1n0R2U5BzK2e9obif147M/FpJ2cyzQxIOl4UZxybBA/DwV2mgBret4RQxeytmN4Sm4ixERZtCP70y7OkUSn7Xtm/Oi5VzyZxFNAu2kNHyEcnqIouUQ3VEUWP6Bm9ojfnyXlx3p2PceucM5nZQX/gfP4Ad7ScUA==</latexit><latexit sha1_base64="y2ucl3DyI6kdCWhsuEfppJ0mHjw=">AAACD3icbVDJSgNBEO1xjXEb9eilMbicwkwQ9BgUwWMEs0AmDj2dmtjY3TN29whhyB948Ve8eFDEq1dv/o2d5aCJDwoe71VRVS9KOdPG876dufmFxaXlwkpxdW19Y9Pd2m7oJFMU6jThiWpFRANnEuqGGQ6tVAEREYdmdHc+9JsPoDRL5LXpp9ARpCdZzCgxVgrdg4vDMOgRIQgOenCPg1gRmosQbiqDPIBUM57Iw0HolryyNwKeJf6ElNAEtdD9CroJzQRIQznRuu17qenkRBlGOQyKQaYhJfSO9KBtqSQCdCcf/TPA+1bp4jhRtqTBI/X3RE6E1n0R2U5BzK2e9obif147M/FpJ2cyzQxIOl4UZxybBA/DwV2mgBret4RQxeytmN4Sm4ixERZtCP70y7OkUSn7Xtm/Oi5VzyZxFNAu2kNHyEcnqIouUQ3VEUWP6Bm9ojfnyXlx3p2PceucM5nZQX/gfP4Ad7ScUA==</latexit><latexit sha1_base64="y2ucl3DyI6kdCWhsuEfppJ0mHjw=">AAACD3icbVDJSgNBEO1xjXEb9eilMbicwkwQ9BgUwWMEs0AmDj2dmtjY3TN29whhyB948Ve8eFDEq1dv/o2d5aCJDwoe71VRVS9KOdPG876dufmFxaXlwkpxdW19Y9Pd2m7oJFMU6jThiWpFRANnEuqGGQ6tVAEREYdmdHc+9JsPoDRL5LXpp9ARpCdZzCgxVgrdg4vDMOgRIQgOenCPg1gRmosQbiqDPIBUM57Iw0HolryyNwKeJf6ElNAEtdD9CroJzQRIQznRuu17qenkRBlGOQyKQaYhJfSO9KBtqSQCdCcf/TPA+1bp4jhRtqTBI/X3RE6E1n0R2U5BzK2e9obif147M/FpJ2cyzQxIOl4UZxybBA/DwV2mgBret4RQxeytmN4Sm4ixERZtCP70y7OkUSn7Xtm/Oi5VzyZxFNAu2kNHyEcnqIouUQ3VEUWP6Bm9ojfnyXlx3p2PceucM5nZQX/gfP4Ad7ScUA==</latexit><latexit sha1_base64="y2ucl3DyI6kdCWhsuEfppJ0mHjw=">AAACD3icbVDJSgNBEO1xjXEb9eilMbicwkwQ9BgUwWMEs0AmDj2dmtjY3TN29whhyB948Ve8eFDEq1dv/o2d5aCJDwoe71VRVS9KOdPG876dufmFxaXlwkpxdW19Y9Pd2m7oJFMU6jThiWpFRANnEuqGGQ6tVAEREYdmdHc+9JsPoDRL5LXpp9ARpCdZzCgxVgrdg4vDMOgRIQgOenCPg1gRmosQbiqDPIBUM57Iw0HolryyNwKeJf6ElNAEtdD9CroJzQRIQznRuu17qenkRBlGOQyKQaYhJfSO9KBtqSQCdCcf/TPA+1bp4jhRtqTBI/X3RE6E1n0R2U5BzK2e9obif147M/FpJ2cyzQxIOl4UZxybBA/DwV2mgBret4RQxeytmN4Sm4ixERZtCP70y7OkUSn7Xtm/Oi5VzyZxFNAu2kNHyEcnqIouUQ3VEUWP6Bm9ojfnyXlx3p2PceucM5nZQX/gfP4Ad7ScUA==</latexit>

Pair production 
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Franceschini Universe’21

Optical depth ~ # interactions along the l.o.s

Scattering onto CMB

⌧(E� , zs) = F(n�(✏
0, z), dL(z),���(E� , ✏

0))
<latexit sha1_base64="9eaDrpj57uFWm+RuGNMpJSL0DDo="></latexit><latexit sha1_base64="9eaDrpj57uFWm+RuGNMpJSL0DDo="></latexit><latexit sha1_base64="9eaDrpj57uFWm+RuGNMpJSL0DDo="></latexit><latexit sha1_base64="9eaDrpj57uFWm+RuGNMpJSL0DDo="></latexit>

⌧(E� , zs) = 1
<latexit sha1_base64="xYpgsszniW8yGqdZiXOtJPx18RM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiCBhVwS9CEERPEYwD0jC0juZJENmZpeZWSEu8eKvePGgiFf/wpt/4+Rx0MSChqKqm+6uMOZMG8/7djILi0vLK9nV3Nr6xuaWu71T1VGiCK2QiEeqHoKmnElaMcxwWo8VBRFyWgv7VyO/dk+VZpG8M4OYtgR0JeswAsZKgbvXNJAUroNmF4SAY/wQ6CN8gX0cuHmv6I2B54k/JXk0RTlwv5rtiCSCSkM4aN3wvdi0UlCGEU6HuWaiaQykD13asFSCoLqVjj8Y4kOrtHEnUrakwWP190QKQuuBCG2nANPTs95I/M9rJKZz3kqZjBNDJZks6iQcmwiP4sBtpigxfGAJEMXsrZj0QAExNrScDcGffXmeVE+Kvlf0b0/zpctpHFm0jw5QAfnoDJXQDSqjCiLoET2jV/TmPDkvzrvzMWnNONOZXfQHzucPicGU+w==</latexit><latexit sha1_base64="xYpgsszniW8yGqdZiXOtJPx18RM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiCBhVwS9CEERPEYwD0jC0juZJENmZpeZWSEu8eKvePGgiFf/wpt/4+Rx0MSChqKqm+6uMOZMG8/7djILi0vLK9nV3Nr6xuaWu71T1VGiCK2QiEeqHoKmnElaMcxwWo8VBRFyWgv7VyO/dk+VZpG8M4OYtgR0JeswAsZKgbvXNJAUroNmF4SAY/wQ6CN8gX0cuHmv6I2B54k/JXk0RTlwv5rtiCSCSkM4aN3wvdi0UlCGEU6HuWaiaQykD13asFSCoLqVjj8Y4kOrtHEnUrakwWP190QKQuuBCG2nANPTs95I/M9rJKZz3kqZjBNDJZks6iQcmwiP4sBtpigxfGAJEMXsrZj0QAExNrScDcGffXmeVE+Kvlf0b0/zpctpHFm0jw5QAfnoDJXQDSqjCiLoET2jV/TmPDkvzrvzMWnNONOZXfQHzucPicGU+w==</latexit><latexit sha1_base64="xYpgsszniW8yGqdZiXOtJPx18RM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiCBhVwS9CEERPEYwD0jC0juZJENmZpeZWSEu8eKvePGgiFf/wpt/4+Rx0MSChqKqm+6uMOZMG8/7djILi0vLK9nV3Nr6xuaWu71T1VGiCK2QiEeqHoKmnElaMcxwWo8VBRFyWgv7VyO/dk+VZpG8M4OYtgR0JeswAsZKgbvXNJAUroNmF4SAY/wQ6CN8gX0cuHmv6I2B54k/JXk0RTlwv5rtiCSCSkM4aN3wvdi0UlCGEU6HuWaiaQykD13asFSCoLqVjj8Y4kOrtHEnUrakwWP190QKQuuBCG2nANPTs95I/M9rJKZz3kqZjBNDJZks6iQcmwiP4sBtpigxfGAJEMXsrZj0QAExNrScDcGffXmeVE+Kvlf0b0/zpctpHFm0jw5QAfnoDJXQDSqjCiLoET2jV/TmPDkvzrvzMWnNONOZXfQHzucPicGU+w==</latexit><latexit sha1_base64="xYpgsszniW8yGqdZiXOtJPx18RM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiCBhVwS9CEERPEYwD0jC0juZJENmZpeZWSEu8eKvePGgiFf/wpt/4+Rx0MSChqKqm+6uMOZMG8/7djILi0vLK9nV3Nr6xuaWu71T1VGiCK2QiEeqHoKmnElaMcxwWo8VBRFyWgv7VyO/dk+VZpG8M4OYtgR0JeswAsZKgbvXNJAUroNmF4SAY/wQ6CN8gX0cuHmv6I2B54k/JXk0RTlwv5rtiCSCSkM4aN3wvdi0UlCGEU6HuWaiaQykD13asFSCoLqVjj8Y4kOrtHEnUrakwWP190QKQuuBCG2nANPTs95I/M9rJKZz3kqZjBNDJZks6iQcmwiP4sBtpigxfGAJEMXsrZj0QAExNrScDcGffXmeVE+Kvlf0b0/zpctpHFm0jw5QAfnoDJXQDSqjCiLoET2jV/TmPDkvzrvzMWnNONOZXfQHzucPicGU+w==</latexit>

Gamma-ray cosmic horizon 

De Angelis+MNRAS'13

EBL absorption of VHE photons

https://academic.oup.com/mnras/article/432/4/3245/1007715
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Photon survival probability P��(E� , zs) ⌘ e�⌧(E� ,zs)
<latexit sha1_base64="BfdmATQ0/5TP2NKqPmittKbZd5k=">AAACK3icbZDLSgMxFIYz3q23qks3wSJU0DIjgi5LRXBZwWqhU4cz6WkNJjNjkinUoe/jxldxoQsvuPU9TC8LrR4I+fj/c0jOHyaCa+O6787U9Mzs3PzCYm5peWV1Lb++canjVDGssVjEqh6CRsEjrBluBNYThSBDgVfh7cnAv+qi0jyOLkwvwaaETsTbnIGxUpCvVIPM74CUQEdXv3gajGiP3gd6l/p4l/Iuxets3zeQTtp9GuQLbskdFv0L3hgKZFzVIP/st2KWSowME6B1w3MT08xAGc4E9nN+qjEBdgsdbFiMQKJuZsNd+3THKi3ajpU9kaFD9edEBlLrngxtpwRzoye9gfif10hN+7iZ8ShJDUZs9FA7FdTEdBAcbXGFzIieBWCK279SdgMKmLHx5mwI3uTKf+HyoOS5Je/8sFCujONYIFtkmxSJR45ImZyRKqkRRh7IE3klb86j8+J8OJ+j1ilnPLNJfpXz9Q3lWaYw</latexit><latexit sha1_base64="BfdmATQ0/5TP2NKqPmittKbZd5k=">AAACK3icbZDLSgMxFIYz3q23qks3wSJU0DIjgi5LRXBZwWqhU4cz6WkNJjNjkinUoe/jxldxoQsvuPU9TC8LrR4I+fj/c0jOHyaCa+O6787U9Mzs3PzCYm5peWV1Lb++canjVDGssVjEqh6CRsEjrBluBNYThSBDgVfh7cnAv+qi0jyOLkwvwaaETsTbnIGxUpCvVIPM74CUQEdXv3gajGiP3gd6l/p4l/Iuxets3zeQTtp9GuQLbskdFv0L3hgKZFzVIP/st2KWSowME6B1w3MT08xAGc4E9nN+qjEBdgsdbFiMQKJuZsNd+3THKi3ajpU9kaFD9edEBlLrngxtpwRzoye9gfif10hN+7iZ8ShJDUZs9FA7FdTEdBAcbXGFzIieBWCK279SdgMKmLHx5mwI3uTKf+HyoOS5Je/8sFCujONYIFtkmxSJR45ImZyRKqkRRh7IE3klb86j8+J8OJ+j1ilnPLNJfpXz9Q3lWaYw</latexit><latexit sha1_base64="BfdmATQ0/5TP2NKqPmittKbZd5k=">AAACK3icbZDLSgMxFIYz3q23qks3wSJU0DIjgi5LRXBZwWqhU4cz6WkNJjNjkinUoe/jxldxoQsvuPU9TC8LrR4I+fj/c0jOHyaCa+O6787U9Mzs3PzCYm5peWV1Lb++canjVDGssVjEqh6CRsEjrBluBNYThSBDgVfh7cnAv+qi0jyOLkwvwaaETsTbnIGxUpCvVIPM74CUQEdXv3gajGiP3gd6l/p4l/Iuxets3zeQTtp9GuQLbskdFv0L3hgKZFzVIP/st2KWSowME6B1w3MT08xAGc4E9nN+qjEBdgsdbFiMQKJuZsNd+3THKi3ajpU9kaFD9edEBlLrngxtpwRzoye9gfif10hN+7iZ8ShJDUZs9FA7FdTEdBAcbXGFzIieBWCK279SdgMKmLHx5mwI3uTKf+HyoOS5Je/8sFCujONYIFtkmxSJR45ImZyRKqkRRh7IE3klb86j8+J8OJ+j1ilnPLNJfpXz9Q3lWaYw</latexit><latexit sha1_base64="BfdmATQ0/5TP2NKqPmittKbZd5k=">AAACK3icbZDLSgMxFIYz3q23qks3wSJU0DIjgi5LRXBZwWqhU4cz6WkNJjNjkinUoe/jxldxoQsvuPU9TC8LrR4I+fj/c0jOHyaCa+O6787U9Mzs3PzCYm5peWV1Lb++canjVDGssVjEqh6CRsEjrBluBNYThSBDgVfh7cnAv+qi0jyOLkwvwaaETsTbnIGxUpCvVIPM74CUQEdXv3gajGiP3gd6l/p4l/Iuxets3zeQTtp9GuQLbskdFv0L3hgKZFzVIP/st2KWSowME6B1w3MT08xAGc4E9nN+qjEBdgsdbFiMQKJuZsNd+3THKi3ajpU9kaFD9edEBlLrngxtpwRzoye9gfif10hN+7iZ8ShJDUZs9FA7FdTEdBAcbXGFzIieBWCK279SdgMKmLHx5mwI3uTKf+HyoOS5Je/8sFCujONYIFtkmxSJR45ImZyRKqkRRh7IE3klb86j8+J8OJ+j1ilnPLNJfpXz9Q3lWaYw</latexit>

�(E� , zs) = �(E�)⇥ e�⌧(E� ,zs)
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Differential (in energy) photon flux shows a 
characteristic EBL cutoff at about 

E�,cuto↵(zs) ⇠ 800 (1 + zs)
�2.4 GeV
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Also called transfer function Ty(E, L)

EBL absorption of VHE photons



Inverse Compton scattering
Classical treatment: Interaction of an e.m. wave w/ charged particles 

• Electron subject to incoming e.m. wave is accelerated 
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• Power re-emitted by the electron is described by the Larmor formula

Inverse Compton scattering
Classical treatment: Interaction of an e.m. wave w/ charged particles 

[NB: Inefficient for nuclei]
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Inverse Compton scattering

• Cross-section in the Thomson limit

• Energy-loss rate (per particle) or total IC power is  

[NB: Same for synchrotron with magnetic energy density]

✏ph ⌧ me
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Classical treatment: Interaction of an e.m. wave w/ charged particles 
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Inverse Compton scattering

• Energetics of outgoing photons 

Classical treatment: Interaction of an e.m. wave w/ charged particles 
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Inverse Compton scattering
Fully relativistic treatment

Klein-Nishina process: tree-level 
electron photon scattering in QED 
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Galactic Inverse Compton emission 
Dominant production mechanism of photons ~MeV - GeV energies 
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Galactic Inverse Compton emission 
Dominant production mechanism of photons ~MeV - GeV energies 
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32

Galactic Inverse Compton emission 
Dundovic+ A&A'22

https://arxiv.org/pdf/2105.13165.pdf


Synchrotron radiation
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Average energy-loss rate

uB =
B2

2µ0
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Energy of radiation for a CR 
electron

rL =
m�v?
qB
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Larmor radius [pc]
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Galactic synchrotron radiation

Dundovic+ A&A'22

408 MHz

Peculiarity: The synchrotron radiation of ultra-relativistic electrons in a uniform 
magnetic field is expected to be highly polarised

https://arxiv.org/pdf/2105.13165.pdf


Hadrons interactions with radiation
• Elastic scattering is suppressed ��N / Z4

A2
�T
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• Inelastic scattering is the most efficient channel of E-loss for UHE CRs
Collisional effect, catastrophic E loss mechanism 

Inelasticity: k ⇠ hEin � Eout

Ein
i
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pUHE + �bkg ! p(n) + ⇡0(⇡+)
<latexit sha1_base64="isQFBifcKyEBpOX0Pxats4qTN4M="></latexit><latexit sha1_base64="isQFBifcKyEBpOX0Pxats4qTN4M="></latexit><latexit sha1_base64="isQFBifcKyEBpOX0Pxats4qTN4M="></latexit><latexit sha1_base64="isQFBifcKyEBpOX0Pxats4qTN4M="></latexit>

pUHE + �bkg ! p+ e+ + e�
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Pair production

Photo-pion production
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Hadrons interactions with matter

• Main E-loss mechanism for Galactic CR protons 

Inelastic proton-proton collisions

pCR + pISM ! p+ p(n) + ⇡0(⇡+)
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• Main production mechanism of photons at GeV energies: Neutral pion decay

⇡0 ! ��
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Ackermann+ Science'13

Flat spectrum between Emin, Emax, always 
centred at the same energy regardless of 

pion energy 
Pion bump
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https://arxiv.org/pdf/1302.3307.pdf
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Galactic photons from neutral pion decay
Neutral pion spectrum has the same 
shape of the parent protons, shifted at 

lower energies

E⇡0 ⇠ 0.17Ep
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Gamma-ray spectrum at energies above 
the pion bump follows the parent proton 

distribution shifted by 

E� ⇠ 1

2
0.17Ep ⇠ Ep
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Dundovic+ A&A'22

Galactic photons from neutral pion decay

https://arxiv.org/pdf/2105.13165.pdf


The Fermi-LAT gamma-ray sky
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Sources of cosmic particles: 
Standard astrophysics
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Galactic

Extragalactic

Cosmic-ray sources: Galactic or extragal?
In the Galaxy we observe (in gamma rays) 
CR factories up to 
1 TeV = 1012 eV (HESS, VERITAS, MAGIC)  
1 PeV  = 1015 eV (LHAASO)

SNR, pulsars & neutron stars, binary, stellar clusters, PWN

AGN & jets, galaxy clusters, galaxies

Open questions:  
1. What is the maximal energy CR are accelerated?  
2. Where does the Gal-extragal transition occur? 
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How to accelerate CRs?
Some requirements: 

1. Energetics: 


• Kinetic Energy (translational in SNRs, rotational in pulsars) 

• Gravitational Energy (accretion disks)

• Magnetic (solar flares) 


2. Mechanism for Energy Transfer: how to transfer energy from 
macroscopic objects into the (microscopic) acceleration of 
particles?  (electromagnetic)


3. Confinement: particles must stay in the accelerator for the time 
needed to accelerate them


4. No significant E-losses

We need electric fields to accelerate particles! 
They are generated by moving magnetic fields in the plasma 

e.g. fast rotating B-field in pulsars, shock waves
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Hillas criterion

Alves Batista et al. (inc. MB), Front. Astron. Space Sci. 2019Hillas, Ann. Rev. Astron. Astrophys. 1984

Larmor radius (RL) = Size of region (R)

Central emitter

A necessary condition to accelerate
charged particles is confinement 
within the acceleration region.

Γβ

R

Charged particle (Ze)

Magnetic field (B)

Confinement holds until

Shock
front

Relativistic
outflow

Acceleration eWciency

Emax = 1020 eV

Confinement condition
Necessary condition for acceleration: 


The system must be able to contain the particle rL . R
<latexit sha1_base64="EwLptiFe4oRRdRRDdbJ6+eLfoYI=">AAAB9XicbVA9SwNBEJ3zM8avqKXNYhCswp0IWgZtLCyimA9IzrC3mUuW7O0du3tKOPI/bCwUsfW/2Plv3CRXaOKDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJr4zUdUmsfy3owS9CPalzzkjBorPajuDekI1FrziNx1S2W34k5BFomXkzLkqHVLX51ezNIIpWGCat323MT4GVWGM4HjYifVmFA2pH1sWypphNrPplePybFVeiSMlS1pyFT9PZHRSOtRFNjOiJqBnvcm4n9eOzXhhZ9xmaQGJZstClNBTEwmEZAeV8iMGFlCmeL2VsIGVFFmbFBFG4I3//IiaZxWPLfi3Z6Vq5d5HAU4hCM4AQ/OoQrXUIM6MFDwDK/w5jw5L8678zFrXXLymQP4A+fzB9bPkhE=</latexit><latexit sha1_base64="EwLptiFe4oRRdRRDdbJ6+eLfoYI=">AAAB9XicbVA9SwNBEJ3zM8avqKXNYhCswp0IWgZtLCyimA9IzrC3mUuW7O0du3tKOPI/bCwUsfW/2Plv3CRXaOKDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJr4zUdUmsfy3owS9CPalzzkjBorPajuDekI1FrziNx1S2W34k5BFomXkzLkqHVLX51ezNIIpWGCat323MT4GVWGM4HjYifVmFA2pH1sWypphNrPplePybFVeiSMlS1pyFT9PZHRSOtRFNjOiJqBnvcm4n9eOzXhhZ9xmaQGJZstClNBTEwmEZAeV8iMGFlCmeL2VsIGVFFmbFBFG4I3//IiaZxWPLfi3Z6Vq5d5HAU4hCM4AQ/OoQrXUIM6MFDwDK/w5jw5L8678zFrXXLymQP4A+fzB9bPkhE=</latexit><latexit sha1_base64="EwLptiFe4oRRdRRDdbJ6+eLfoYI=">AAAB9XicbVA9SwNBEJ3zM8avqKXNYhCswp0IWgZtLCyimA9IzrC3mUuW7O0du3tKOPI/bCwUsfW/2Plv3CRXaOKDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJr4zUdUmsfy3owS9CPalzzkjBorPajuDekI1FrziNx1S2W34k5BFomXkzLkqHVLX51ezNIIpWGCat323MT4GVWGM4HjYifVmFA2pH1sWypphNrPplePybFVeiSMlS1pyFT9PZHRSOtRFNjOiJqBnvcm4n9eOzXhhZ9xmaQGJZstClNBTEwmEZAeV8iMGFlCmeL2VsIGVFFmbFBFG4I3//IiaZxWPLfi3Z6Vq5d5HAU4hCM4AQ/OoQrXUIM6MFDwDK/w5jw5L8678zFrXXLymQP4A+fzB9bPkhE=</latexit><latexit sha1_base64="EwLptiFe4oRRdRRDdbJ6+eLfoYI=">AAAB9XicbVA9SwNBEJ3zM8avqKXNYhCswp0IWgZtLCyimA9IzrC3mUuW7O0du3tKOPI/bCwUsfW/2Plv3CRXaOKDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJr4zUdUmsfy3owS9CPalzzkjBorPajuDekI1FrziNx1S2W34k5BFomXkzLkqHVLX51ezNIIpWGCat323MT4GVWGM4HjYifVmFA2pH1sWypphNrPplePybFVeiSMlS1pyFT9PZHRSOtRFNjOiJqBnvcm4n9eOzXhhZ9xmaQGJZstClNBTEwmEZAeV8iMGFlCmeL2VsIGVFFmbFBFG4I3//IiaZxWPLfi3Z6Vq5d5HAU4hCM4AQ/OoQrXUIM6MFDwDK/w5jw5L8678zFrXXLymQP4A+fzB9bPkhE=</latexit>

� = 1
<latexit sha1_base64="nVdGhJrJKgedV8EHAk9vZx6H2c8=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGSHGFvM5cs2d07dveEEPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMi1LBjfX9b6+wsrq2vlHcLG1t7+zulfcPmibJNMMGS0SiWxE1KLjChuVWYCvVSGUk8CEa3kz9hyfUhifq3o5SDCXtKx5zRq2THjsRWkquSNAtV/yqPwNZJkFOKpCj3i1/dXoJyyQqywQ1ph34qQ3HVFvOBE5KncxgStmQ9rHtqKISTTieHTwhJ07pkTjRrpQlM/X3xJhKY0Yycp2S2oFZ9Kbif147s/FlOOYqzSwqNl8UZ4LYhEy/Jz2ukVkxcoQyzd2thA2opsy6jEouhGDx5WXSPKsGfjW4O6/UrvM4inAEx3AKAVxADW6hDg1gIOEZXuHN096L9+59zFsLXj5zCH/gff4AaEKPeg==</latexit><latexit sha1_base64="nVdGhJrJKgedV8EHAk9vZx6H2c8=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGSHGFvM5cs2d07dveEEPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMi1LBjfX9b6+wsrq2vlHcLG1t7+zulfcPmibJNMMGS0SiWxE1KLjChuVWYCvVSGUk8CEa3kz9hyfUhifq3o5SDCXtKx5zRq2THjsRWkquSNAtV/yqPwNZJkFOKpCj3i1/dXoJyyQqywQ1ph34qQ3HVFvOBE5KncxgStmQ9rHtqKISTTieHTwhJ07pkTjRrpQlM/X3xJhKY0Yycp2S2oFZ9Kbif147s/FlOOYqzSwqNl8UZ4LYhEy/Jz2ukVkxcoQyzd2thA2opsy6jEouhGDx5WXSPKsGfjW4O6/UrvM4inAEx3AKAVxADW6hDg1gIOEZXuHN096L9+59zFsLXj5zCH/gff4AaEKPeg==</latexit><latexit sha1_base64="nVdGhJrJKgedV8EHAk9vZx6H2c8=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGSHGFvM5cs2d07dveEEPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMi1LBjfX9b6+wsrq2vlHcLG1t7+zulfcPmibJNMMGS0SiWxE1KLjChuVWYCvVSGUk8CEa3kz9hyfUhifq3o5SDCXtKx5zRq2THjsRWkquSNAtV/yqPwNZJkFOKpCj3i1/dXoJyyQqywQ1ph34qQ3HVFvOBE5KncxgStmQ9rHtqKISTTieHTwhJ07pkTjRrpQlM/X3xJhKY0Yycp2S2oFZ9Kbif147s/FlOOYqzSwqNl8UZ4LYhEy/Jz2ukVkxcoQyzd2thA2opsy6jEouhGDx5WXSPKsGfjW4O6/UrvM4inAEx3AKAVxADW6hDg1gIOEZXuHN096L9+59zFsLXj5zCH/gff4AaEKPeg==</latexit><latexit sha1_base64="nVdGhJrJKgedV8EHAk9vZx6H2c8=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGSHGFvM5cs2d07dveEEPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMi1LBjfX9b6+wsrq2vlHcLG1t7+zulfcPmibJNMMGS0SiWxE1KLjChuVWYCvVSGUk8CEa3kz9hyfUhifq3o5SDCXtKx5zRq2THjsRWkquSNAtV/yqPwNZJkFOKpCj3i1/dXoJyyQqywQ1ph34qQ3HVFvOBE5KncxgStmQ9rHtqKISTTieHTwhJ07pkTjRrpQlM/X3xJhKY0Yycp2S2oFZ9Kbif147s/FlOOYqzSwqNl8UZ4LYhEy/Jz2ukVkxcoQyzd2thA2opsy6jEouhGDx5WXSPKsGfjW4O6/UrvM4inAEx3AKAVxADW6hDg1gIOEZXuHN096L9+59zFsLXj5zCH/gff4AaEKPeg==</latexit>

Emax = 1020eV
<latexit sha1_base64="Olo0o8acaToCiimJMExvOkStcEg=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KpMi6EYoiuCygn1AG8NkOmmHziRhZiKWkI0bf8WNC0Xc+g/u/BsnbRbaeuDC4Zx7ufceP+ZMaYS+rYXFpeWV1dJaeX1jc2vb3tltqSiRhDZJxCPZ8bGinIW0qZnmtBNLioXPadsfXeZ++55KxaLwVo9j6go8CFnACNZG8uyDKy/tSQEFfsjgOXTQXVpDGcwl2vLsCqqiCeA8cQpSAQUanv3V60ckETTUhGOlug6KtZtiqRnhNCv3EkVjTEZ4QLuGhlhQ5aaTLzJ4ZJQ+DCJpKtRwov6eSLFQaix80ymwHqpZLxf/87qJDs7clIVxomlIpouChEMdwTwS2GeSEs3HhmAimbkVkiGWmGgTXNmE4My+PE9ataqDqs7NSaV+UcRRAvvgEBwDB5yCOrgGDdAEBDyCZ/AK3qwn68V6tz6mrQtWMbMH/sD6/AHBMpbM</latexit><latexit sha1_base64="Olo0o8acaToCiimJMExvOkStcEg=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KpMi6EYoiuCygn1AG8NkOmmHziRhZiKWkI0bf8WNC0Xc+g/u/BsnbRbaeuDC4Zx7ufceP+ZMaYS+rYXFpeWV1dJaeX1jc2vb3tltqSiRhDZJxCPZ8bGinIW0qZnmtBNLioXPadsfXeZ++55KxaLwVo9j6go8CFnACNZG8uyDKy/tSQEFfsjgOXTQXVpDGcwl2vLsCqqiCeA8cQpSAQUanv3V60ckETTUhGOlug6KtZtiqRnhNCv3EkVjTEZ4QLuGhlhQ5aaTLzJ4ZJQ+DCJpKtRwov6eSLFQaix80ymwHqpZLxf/87qJDs7clIVxomlIpouChEMdwTwS2GeSEs3HhmAimbkVkiGWmGgTXNmE4My+PE9ataqDqs7NSaV+UcRRAvvgEBwDB5yCOrgGDdAEBDyCZ/AK3qwn68V6tz6mrQtWMbMH/sD6/AHBMpbM</latexit><latexit sha1_base64="Olo0o8acaToCiimJMExvOkStcEg=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KpMi6EYoiuCygn1AG8NkOmmHziRhZiKWkI0bf8WNC0Xc+g/u/BsnbRbaeuDC4Zx7ufceP+ZMaYS+rYXFpeWV1dJaeX1jc2vb3tltqSiRhDZJxCPZ8bGinIW0qZnmtBNLioXPadsfXeZ++55KxaLwVo9j6go8CFnACNZG8uyDKy/tSQEFfsjgOXTQXVpDGcwl2vLsCqqiCeA8cQpSAQUanv3V60ckETTUhGOlug6KtZtiqRnhNCv3EkVjTEZ4QLuGhlhQ5aaTLzJ4ZJQ+DCJpKtRwov6eSLFQaix80ymwHqpZLxf/87qJDs7clIVxomlIpouChEMdwTwS2GeSEs3HhmAimbkVkiGWmGgTXNmE4My+PE9ataqDqs7NSaV+UcRRAvvgEBwDB5yCOrgGDdAEBDyCZ/AK3qwn68V6tz6mrQtWMbMH/sD6/AHBMpbM</latexit><latexit sha1_base64="Olo0o8acaToCiimJMExvOkStcEg=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KpMi6EYoiuCygn1AG8NkOmmHziRhZiKWkI0bf8WNC0Xc+g/u/BsnbRbaeuDC4Zx7ufceP+ZMaYS+rYXFpeWV1dJaeX1jc2vb3tltqSiRhDZJxCPZ8bGinIW0qZnmtBNLioXPadsfXeZ++55KxaLwVo9j6go8CFnACNZG8uyDKy/tSQEFfsjgOXTQXVpDGcwl2vLsCqqiCeA8cQpSAQUanv3V60ckETTUhGOlug6KtZtiqRnhNCv3EkVjTEZ4QLuGhlhQ5aaTLzJ4ZJQ+DCJpKtRwov6eSLFQaix80ymwHqpZLxf/87qJDs7clIVxomlIpouChEMdwTwS2GeSEs3HhmAimbkVkiGWmGgTXNmE4My+PE9ataqDqs7NSaV+UcRRAvvgEBwDB5yCOrgGDdAEBDyCZ/AK3qwn68V6tz6mrQtWMbMH/sD6/AHBMpbM</latexit>

Emax = 1021eV
<latexit sha1_base64="1tBoCdlzrcNSG7FG2Z4MMbj9MLo=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4Kpki6EYoiuCygn1AG8NkOmmHziRhZiKWkI0bf8WNC0Xc+g/u/BsnbRbaeuDC4Zx7ufceP+ZMacf5thYWl5ZXVktr5fWNza1te2e3paJEEtokEY9kx8eKchbSpmaa004sKRY+p21/dJn77XsqFYvCWz2OqSvwIGQBI1gbybMPrry0JwUU+CGD5xA5d2kNZTCXaMuzK07VmQDOE1SQCijQ8OyvXj8iiaChJhwr1UVOrN0US80Ip1m5lygaYzLCA9o1NMSCKjedfJHBI6P0YRBJU6GGE/X3RIqFUmPhm06B9VDNern4n9dNdHDmpiyME01DMl0UJBzqCOaRwD6TlGg+NgQTycytkAyxxESb4MomBDT78jxp1arIqaKbk0r9ooijBPbBITgGCJyCOrgGDdAEBDyCZ/AK3qwn68V6tz6mrQtWMbMH/sD6/AHCvpbN</latexit><latexit sha1_base64="1tBoCdlzrcNSG7FG2Z4MMbj9MLo=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4Kpki6EYoiuCygn1AG8NkOmmHziRhZiKWkI0bf8WNC0Xc+g/u/BsnbRbaeuDC4Zx7ufceP+ZMacf5thYWl5ZXVktr5fWNza1te2e3paJEEtokEY9kx8eKchbSpmaa004sKRY+p21/dJn77XsqFYvCWz2OqSvwIGQBI1gbybMPrry0JwUU+CGD5xA5d2kNZTCXaMuzK07VmQDOE1SQCijQ8OyvXj8iiaChJhwr1UVOrN0US80Ip1m5lygaYzLCA9o1NMSCKjedfJHBI6P0YRBJU6GGE/X3RIqFUmPhm06B9VDNern4n9dNdHDmpiyME01DMl0UJBzqCOaRwD6TlGg+NgQTycytkAyxxESb4MomBDT78jxp1arIqaKbk0r9ooijBPbBITgGCJyCOrgGDdAEBDyCZ/AK3qwn68V6tz6mrQtWMbMH/sD6/AHCvpbN</latexit><latexit sha1_base64="1tBoCdlzrcNSG7FG2Z4MMbj9MLo=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4Kpki6EYoiuCygn1AG8NkOmmHziRhZiKWkI0bf8WNC0Xc+g/u/BsnbRbaeuDC4Zx7ufceP+ZMacf5thYWl5ZXVktr5fWNza1te2e3paJEEtokEY9kx8eKchbSpmaa004sKRY+p21/dJn77XsqFYvCWz2OqSvwIGQBI1gbybMPrry0JwUU+CGD5xA5d2kNZTCXaMuzK07VmQDOE1SQCijQ8OyvXj8iiaChJhwr1UVOrN0US80Ip1m5lygaYzLCA9o1NMSCKjedfJHBI6P0YRBJU6GGE/X3RIqFUmPhm06B9VDNern4n9dNdHDmpiyME01DMl0UJBzqCOaRwD6TlGg+NgQTycytkAyxxESb4MomBDT78jxp1arIqaKbk0r9ooijBPbBITgGCJyCOrgGDdAEBDyCZ/AK3qwn68V6tz6mrQtWMbMH/sD6/AHCvpbN</latexit><latexit sha1_base64="1tBoCdlzrcNSG7FG2Z4MMbj9MLo=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4Kpki6EYoiuCygn1AG8NkOmmHziRhZiKWkI0bf8WNC0Xc+g/u/BsnbRbaeuDC4Zx7ufceP+ZMacf5thYWl5ZXVktr5fWNza1te2e3paJEEtokEY9kx8eKchbSpmaa004sKRY+p21/dJn77XsqFYvCWz2OqSvwIGQBI1gbybMPrry0JwUU+CGD5xA5d2kNZTCXaMuzK07VmQDOE1SQCijQ8OyvXj8iiaChJhwr1UVOrN0US80Ip1m5lygaYzLCA9o1NMSCKjedfJHBI6P0YRBJU6GGE/X3RIqFUmPhm06B9VDNern4n9dNdHDmpiyME01DMl0UJBzqCOaRwD6TlGg+NgQTycytkAyxxESb4MomBDT78jxp1arIqaKbk0r9ooijBPbBITgGCJyCOrgGDdAEBDyCZ/AK3qwn68V6tz6mrQtWMbMH/sD6/AHCvpbN</latexit>

Hillas Plot Emax / RB
<latexit sha1_base64="SwtKwQLig0bIZI5sHhbb7syDFcs=">AAACAHicbVDLSgMxFM34rPU16sKFm2ARXJUZEXRZKoLLKvYBnWHIpGkbmmRCkhHLMBt/xY0LRdz6Ge78G9N2Ftp6IHA4515uzoklo9p43reztLyyurZe2ihvbm3v7Lp7+y2dpAqTJk5Yojox0oRRQZqGGkY6UhHEY0ba8ehq4rcfiNI0EfdmLEnI0UDQPsXIWClyD6+jLFAccvSYw0CqRJoE3sF65Fa8qjcFXCR+QSqgQCNyv4JeglNOhMEMad31PWnCDClDMSN5OUg1kQiP0IB0LRWIEx1m0wA5PLFKD/YTZZ8wcKr+3sgQ13rMYzvJkRnqeW8i/ud1U9O/DDMqZGqIwLND/ZRBG3LSBuxRRbBhY0sQVtT+FeIhUggb21nZluDPR14krbOq71X92/NKrV7UUQJH4BicAh9cgBq4AQ3QBBjk4Bm8gjfnyXlx3p2P2eiSU+wcgD9wPn8An/SVwg==</latexit><latexit sha1_base64="SwtKwQLig0bIZI5sHhbb7syDFcs=">AAACAHicbVDLSgMxFM34rPU16sKFm2ARXJUZEXRZKoLLKvYBnWHIpGkbmmRCkhHLMBt/xY0LRdz6Ge78G9N2Ftp6IHA4515uzoklo9p43reztLyyurZe2ihvbm3v7Lp7+y2dpAqTJk5Yojox0oRRQZqGGkY6UhHEY0ba8ehq4rcfiNI0EfdmLEnI0UDQPsXIWClyD6+jLFAccvSYw0CqRJoE3sF65Fa8qjcFXCR+QSqgQCNyv4JeglNOhMEMad31PWnCDClDMSN5OUg1kQiP0IB0LRWIEx1m0wA5PLFKD/YTZZ8wcKr+3sgQ13rMYzvJkRnqeW8i/ud1U9O/DDMqZGqIwLND/ZRBG3LSBuxRRbBhY0sQVtT+FeIhUggb21nZluDPR14krbOq71X92/NKrV7UUQJH4BicAh9cgBq4AQ3QBBjk4Bm8gjfnyXlx3p2P2eiSU+wcgD9wPn8An/SVwg==</latexit><latexit sha1_base64="SwtKwQLig0bIZI5sHhbb7syDFcs=">AAACAHicbVDLSgMxFM34rPU16sKFm2ARXJUZEXRZKoLLKvYBnWHIpGkbmmRCkhHLMBt/xY0LRdz6Ge78G9N2Ftp6IHA4515uzoklo9p43reztLyyurZe2ihvbm3v7Lp7+y2dpAqTJk5Yojox0oRRQZqGGkY6UhHEY0ba8ehq4rcfiNI0EfdmLEnI0UDQPsXIWClyD6+jLFAccvSYw0CqRJoE3sF65Fa8qjcFXCR+QSqgQCNyv4JeglNOhMEMad31PWnCDClDMSN5OUg1kQiP0IB0LRWIEx1m0wA5PLFKD/YTZZ8wcKr+3sgQ13rMYzvJkRnqeW8i/ud1U9O/DDMqZGqIwLND/ZRBG3LSBuxRRbBhY0sQVtT+FeIhUggb21nZluDPR14krbOq71X92/NKrV7UUQJH4BicAh9cgBq4AQ3QBBjk4Bm8gjfnyXlx3p2P2eiSU+wcgD9wPn8An/SVwg==</latexit><latexit sha1_base64="SwtKwQLig0bIZI5sHhbb7syDFcs=">AAACAHicbVDLSgMxFM34rPU16sKFm2ARXJUZEXRZKoLLKvYBnWHIpGkbmmRCkhHLMBt/xY0LRdz6Ge78G9N2Ftp6IHA4515uzoklo9p43reztLyyurZe2ihvbm3v7Lp7+y2dpAqTJk5Yojox0oRRQZqGGkY6UhHEY0ba8ehq4rcfiNI0EfdmLEnI0UDQPsXIWClyD6+jLFAccvSYw0CqRJoE3sF65Fa8qjcFXCR+QSqgQCNyv4JeglNOhMEMad31PWnCDClDMSN5OUg1kQiP0IB0LRWIEx1m0wA5PLFKD/YTZZ8wcKr+3sgQ13rMYzvJkRnqeW8i/ud1U9O/DDMqZGqIwLND/ZRBG3LSBuxRRbBhY0sQVtT+FeIhUggb21nZluDPR14krbOq71X92/NKrV7UUQJH4BicAh9cgBq4AQ3QBBjk4Bm8gjfnyXlx3p2P2eiSU+wcgD9wPn8An/SVwg==</latexit>

Iron

Proton
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Webb’s evidence of neutron star in SN1987A

• Structure resulting from the explosion of a star in a 
SN of type I (white-dwarf accretion) or II (core-
collapse)


• Expanding material ejected in the explosion and 
shocking the ISM along the way 


• Strongly magnetised shocks 25 — 1000 µG

Sharma+ 2207.02695

Supernova remnants
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• Pulsars are rapidly rotating neutron stars with extremely 
high densities


• Emit beams of electromagnetic radiation (radio, X-ray, 
gamma-ray) from their magnetic poles through 
synchrotron and curvature radiation 


• Dipolar magnetic field with strengths from 108 to 1015 G 

Harding+ ApJ’21

Crab pulsar 

Pulsars and PSR wind nebulae
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• Large fraction of the total luminosity of an active 
galaxy is non-thermal (accretion disk and 
collimated jet)


• Emitted by the nuclei of the galaxy

• Complex B fields structure (poloidal and toroidal) 

of O(103 G)
SED of Mrk 421

Abdo+ ApJ’11

Active galactic nuclei



The Fermi-LAT gamma-ray sky
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Lella, FC+ In preparation 

[For a review see: Hill+ App. Spectrosc.’18]

• CRB & CMB: Primordial background 
subtracted by Galactic foregrounds @ 2.7255 
K


• CIB: Emission of dust heated by stars within 
unresolved galaxies, difficult to clean from 
Galactic foregrounds


• COB: Emission from stars, difficult to clean 
from Galactic foregrounds


• CUB: From all sources of ionising photons 
such as star-forming galaxies and quasars


• CXB: Dominate by bremsstrahlung in the hot 
accretion disks around AGNs 

• CGB: Superposition of several source 
classes (AGNs, star-forming galaxies) and 
Galaxy emission

Common element: Mostly of extra-galactic 
origin, as superposition of faint photon 

emitters 

Cosmic photon background



49

Unresolved sources and the Fermi IGRB

Ackermann+ ApJ’15
Fornasa & Sanchez-Conde Phys. Rep’15

https://arxiv.org/pdf/1502.02866.pdf
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Dinsmore+ JCAP'22

Galactic unresolved sources

https://arxiv.org/pdf/2112.09699.pdf
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Diffuse emission from TeV to sub-PeV
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Galactic longitude [deg] 

Beckman, MM Astronomy ‘21
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Point sources at TeV energies 
Despite small FoV IACTs can perform effective surveys

Galactic plane full of TeVatrons!

HAWC: Sources up to 100 TeV!
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Point sources at sub-PeV energies 

12 PeVatrons
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Diffuse emission: from TeV to sub-PeV

De la Torre Luque+ arXiv:2203.15759



Sources of cosmic particles: 
Exotic (astro)physics

55
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Why do we want to look for new physics?

1. Physics BSM is strongly motivated  
2. It already happened in the past to find some surprise in astro data which led to major 

discoveries (e.g. neutrino oscillations) 
3. Anomalies in astroparticle observables do exist and BSM physics may be the answer 
4. You expect astrophysical signatures of BSM physics. If you don’t find them you can 

set constraints onto the relevant parameter space

Astroparticle observables can be either a discovery tool or a constraint-setting one
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Challenges
Unusual scales of density, temperature, size, time, energy… if 

compared with what achievable in Earth laboratories!

Conceivable that some physics extrapolations may fail, 
highlighting new phenomena/regimes

We do not control the environment. This requires effort to understand 
astrophysics to devise ‘robust’ new physics signatures and validation tests

Main goal: Help you to schematise some research direction in dark matter/BSM searches
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• From a fundamental theory or more EFT approaches couplings with SM and new 
particles induce specific phenomenological signatures


• We are interested here in signatures of dark matter particles in high-energy 
astrophysics 

What I consider as HE astro? What is a signature?

• Emission of astrophysical sources 
from X (~keV) to gamma rays (PeV) 


• Astrophysical diffuse backgrounds 
at multiple wavelengths 

• It is a sizeable modification of 
standard astrophysical signals


• Modification of spectral and spatial  
distributions of event counts, and/or 
polarisations

Detection vs constraints

A poor phenomenologist perspective



~kpc 

(1019 m)

Dark matter astro/cosmo evidence
Cosmic microwave 


background

Large Scale 

Structures

Galaxy clusters ~Mpc

Astro/cosmo observations at multiple scales 
are instrumental in showing that an unknown 
ingredient of matter in the universe exists 
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~Gpc

Galaxies

Precise measurement of how much DM is 
present at cosmological scales (CMB)

Inferred properties that DM should 
possess point to new physics beyond 

standard theories 

⌦CDM ⇠ 0.26 Planck 2018, 68% CL



The dark matter landscape
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Vast parameter space in mass and interaction strength

10�19 eV
<latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit>

0.1 eV
<latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit>

keV
<latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit>

103 M�
<latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit>

10M�
<latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit>

µeV
<latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit>

MeV
<latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit>

GeV
<latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit>

10�16 M�
<latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit>

102 TeV
<latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit>
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Primordial black holes“Particle” dark matter

10�19 eV
<latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit>

0.1 eV
<latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit>

keV
<latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit>

103 M�
<latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit>

10M�
<latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit>

µeV
<latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit>

MeV
<latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit>

GeV
<latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit>

10�16 M�
<latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit>

102 TeV
<latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit>

“Wave-like”  
dark matter (bosonic)
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Axions & ALPs

• Identification strategies are necessarily 
(more or less) model dependent 

• The theoretical prejudice in dark matter 
searches is also set by what we can 
probe with available data


• You always need some sort of signature 
of your model!

Credit: J. Alvey, EuCAPT Symposium 2021

10�19 eV
<latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit>

0.1 eV
<latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit>

keV
<latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit>

103 M�
<latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit>

10M�
<latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit>

µeV
<latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit>

MeV
<latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit>

GeV
<latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit>

10�16 M�
<latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit>

102 TeV
<latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit>

Primordial BHsSterile WIMPsQCD axion/ALPsFuzzy DM ⌫
<latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit>

The dark matter landscape



Dark matter indirect detection
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What dark matter does



10�19 eV
<latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit>

0.1 eV
<latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit>

keV
<latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit>

103 M�
<latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit>

10M�
<latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit>

µeV
<latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit>

MeV
<latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit>

GeV
<latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit>

10�16 M�
<latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit>

102 TeV
<latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit>

PBHSterile WIMPsQCD axion/ALPsFuzzy DM ⌫
<latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit>

Super-radiance

NS heating

CMB SD CMB SD CMB SD

GW EMRI dephasing PBH mergers & SGWB

Microlensing Microlensing

Radio, X &    rays�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

X &    rays�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

X rays , cosmic rays & ⌫<latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

X-ray linesRadio lines

Structure formation Structure formation

GW NS mergers

Astroparticle observables for dark matter
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10�19 eV
<latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit>

0.1 eV
<latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit>

keV
<latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit>

103 M�
<latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit>

10M�
<latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit>

µeV
<latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit>

MeV
<latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit>

GeV
<latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit>

10�16 M�
<latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit>

102 TeV
<latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit>

PBHSterile WIMPsQCD axion/ALPsFuzzy DM ⌫
<latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit>

Super-radiance

NS heating

CMB SD CMB SD CMB SD

GW EMRI dephasing PBH mergers & SGWB

Microlensing Microlensing

Radio, X &    rays�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

X &    rays�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

X rays , cosmic rays & ⌫<latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

X-ray linesRadio lines

Structure formation Structure formation

GW NS mergers

Astroparticle observables for dark matter
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10�19 eV
<latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit>

0.1 eV
<latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit>

keV
<latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit>

103 M�
<latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit>

10M�
<latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit>

µeV
<latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit>

MeV
<latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit>

GeV
<latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit>

10�16 M�
<latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit>

102 TeV
<latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit>

PBHSterile WIMPsQCD axion/ALPsFuzzy DM ⌫
<latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit>

Super-radiance

NS heating

CMB SD CMB SD CMB SD

GW EMRI dephasing PBH mergers & SGWB

Microlensing Microlensing

Radio, X &    rays�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

X &    rays�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

X rays , cosmic rays & ⌫<latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

X-ray linesRadio lines

Structure formation Structure formation

GW NS mergers

Astroparticle observables for dark matter
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10�19 eV
<latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit>

0.1 eV
<latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit>

keV
<latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit>

103 M�
<latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit>

10M�
<latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit>

µeV
<latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit>

MeV
<latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit>

GeV
<latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit>

10�16 M�
<latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit>

102 TeV
<latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit>

PBHSterile WIMPsQCD axion/ALPsFuzzy DM ⌫
<latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit>

Super-radiance

NS heating

CMB SD CMB SD CMB SD

GW EMRI dephasing PBH mergers & SGWB

Microlensing Microlensing

Radio, X &    rays�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

X &    rays�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

X rays , cosmic rays & ⌫<latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

X-ray linesRadio lines

Structure formation Structure formation

GW NS mergers

Astroparticle observables for dark matter
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10�19 eV
<latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit>

0.1 eV
<latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit>

keV
<latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit>

103 M�
<latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit>

10M�
<latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit>

µeV
<latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit>

MeV
<latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit>

GeV
<latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit>

10�16 M�
<latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit>

102 TeV
<latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit>

PBHSterile WIMPsQCD axion/ALPsFuzzy DM ⌫
<latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit>

Radio, X &    rays�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

X &    rays�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

X rays , cosmic rays & ⌫<latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

X-ray linesRadio lines

Travelling messengers 

65



Common astrophysical ingredients

�DM / nDM
<latexit sha1_base64="YM8/SYhiEdM0R9mG3emwldh9ajk=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwVWZE0GVRF26ECvYBnWHIpJk2NI8hyQhl6NaNv+LGhSJu/QN3/o1pO4i2HggczrmXm3PilFFtPO/LKS0tr6yuldcrG5tb2zvu7l5Ly0xh0sSSSdWJkSaMCtI01DDSSRVBPGakHQ8vJ377nihNpbgzo5SEHPUFTShGxkqRC4PGgEZ5oDi8uhnDIFUyNRKKHylyq17NmwIuEr8gVVCgEbmfQU/ijBNhMENad30vNWGOlKGYkXElyDRJER6iPulaKhAnOsynScbwyCo9mEhlnzBwqv7eyBHXesRjO8mRGeh5byL+53Uzk5yHORVpZojAs0NJxqDNOqkF9qgi2LCRJQgrav8K8QAphI0tr2JL8OcjL5LWSc33av7tabV+UdRRBgfgEBwDH5yBOrgGDdAEGDyAJ/ACXp1H59l5c95noyWn2NkHf+B8fAOVGJmc</latexit><latexit sha1_base64="YM8/SYhiEdM0R9mG3emwldh9ajk=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwVWZE0GVRF26ECvYBnWHIpJk2NI8hyQhl6NaNv+LGhSJu/QN3/o1pO4i2HggczrmXm3PilFFtPO/LKS0tr6yuldcrG5tb2zvu7l5Ly0xh0sSSSdWJkSaMCtI01DDSSRVBPGakHQ8vJ377nihNpbgzo5SEHPUFTShGxkqRC4PGgEZ5oDi8uhnDIFUyNRKKHylyq17NmwIuEr8gVVCgEbmfQU/ijBNhMENad30vNWGOlKGYkXElyDRJER6iPulaKhAnOsynScbwyCo9mEhlnzBwqv7eyBHXesRjO8mRGeh5byL+53Uzk5yHORVpZojAs0NJxqDNOqkF9qgi2LCRJQgrav8K8QAphI0tr2JL8OcjL5LWSc33av7tabV+UdRRBgfgEBwDH5yBOrgGDdAEGDyAJ/ACXp1H59l5c95noyWn2NkHf+B8fAOVGJmc</latexit><latexit sha1_base64="YM8/SYhiEdM0R9mG3emwldh9ajk=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwVWZE0GVRF26ECvYBnWHIpJk2NI8hyQhl6NaNv+LGhSJu/QN3/o1pO4i2HggczrmXm3PilFFtPO/LKS0tr6yuldcrG5tb2zvu7l5Ly0xh0sSSSdWJkSaMCtI01DDSSRVBPGakHQ8vJ377nihNpbgzo5SEHPUFTShGxkqRC4PGgEZ5oDi8uhnDIFUyNRKKHylyq17NmwIuEr8gVVCgEbmfQU/ijBNhMENad30vNWGOlKGYkXElyDRJER6iPulaKhAnOsynScbwyCo9mEhlnzBwqv7eyBHXesRjO8mRGeh5byL+53Uzk5yHORVpZojAs0NJxqDNOqkF9qgi2LCRJQgrav8K8QAphI0tr2JL8OcjL5LWSc33av7tabV+UdRRBgfgEBwDH5yBOrgGDdAEGDyAJ/ACXp1H59l5c95noyWn2NkHf+B8fAOVGJmc</latexit><latexit sha1_base64="YM8/SYhiEdM0R9mG3emwldh9ajk=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwVWZE0GVRF26ECvYBnWHIpJk2NI8hyQhl6NaNv+LGhSJu/QN3/o1pO4i2HggczrmXm3PilFFtPO/LKS0tr6yuldcrG5tb2zvu7l5Ly0xh0sSSSdWJkSaMCtI01DDSSRVBPGakHQ8vJ377nihNpbgzo5SEHPUFTShGxkqRC4PGgEZ5oDi8uhnDIFUyNRKKHylyq17NmwIuEr8gVVCgEbmfQU/ijBNhMENad30vNWGOlKGYkXElyDRJER6iPulaKhAnOsynScbwyCo9mEhlnzBwqv7eyBHXesRjO8mRGeh5byL+53Uzk5yHORVpZojAs0NJxqDNOqkF9qgi2LCRJQgrav8K8QAphI0tr2JL8OcjL5LWSc33av7tabV+UdRRBgfgEBwDH5yBOrgGDdAEGDyAJ/ACXp1H59l5c95noyWn2NkHf+B8fAOVGJmc</latexit>

Flux proportional to DM number density

⇢DM ⌘ nDM ⇥mDM
<latexit sha1_base64="k2e9E1Qf6Gwlig4bKjOS7MRaax8=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyyCqzIjgi6LunAjVLAX6AxDJs20obmMSaZQhj6HG1/FjQtF3Ikb38b0gtTWHwI/3zmHk/PHKaPaeN63s7S8srq2Xtgobm5t7+y6e/t1LTOFSQ1LJlUzRpowKkjNUMNIM1UE8ZiRRty7GtUbfaI0leLeDFISctQRNKEYGYsi1w9UV0Z5oDi8vh3CgDxktA/FDDGUEw35L4ncklf2xoKLxp+aEpiqGrmfQVvijBNhMENat3wvNWGOlKGYkWExyDRJEe6hDmlZK5DdF+bj04bw2JI2TKSyTxg4prMTOeJaD3hsOzkyXT1fG8H/aq3MJBdhTkWaGSLwZFGSMWgkHOUE21QRbNjAGoQVtX+FuIsUwsamWbQh+PMnL5r6adn3yv7dWalyOY2jAA7BETgBPjgHFXADqqAGMHgEz+AVvDlPzovz7nxMWpec6cwB+CPn6wdNUqBi</latexit><latexit sha1_base64="k2e9E1Qf6Gwlig4bKjOS7MRaax8=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyyCqzIjgi6LunAjVLAX6AxDJs20obmMSaZQhj6HG1/FjQtF3Ikb38b0gtTWHwI/3zmHk/PHKaPaeN63s7S8srq2Xtgobm5t7+y6e/t1LTOFSQ1LJlUzRpowKkjNUMNIM1UE8ZiRRty7GtUbfaI0leLeDFISctQRNKEYGYsi1w9UV0Z5oDi8vh3CgDxktA/FDDGUEw35L4ncklf2xoKLxp+aEpiqGrmfQVvijBNhMENat3wvNWGOlKGYkWExyDRJEe6hDmlZK5DdF+bj04bw2JI2TKSyTxg4prMTOeJaD3hsOzkyXT1fG8H/aq3MJBdhTkWaGSLwZFGSMWgkHOUE21QRbNjAGoQVtX+FuIsUwsamWbQh+PMnL5r6adn3yv7dWalyOY2jAA7BETgBPjgHFXADqqAGMHgEz+AVvDlPzovz7nxMWpec6cwB+CPn6wdNUqBi</latexit><latexit sha1_base64="k2e9E1Qf6Gwlig4bKjOS7MRaax8=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyyCqzIjgi6LunAjVLAX6AxDJs20obmMSaZQhj6HG1/FjQtF3Ikb38b0gtTWHwI/3zmHk/PHKaPaeN63s7S8srq2Xtgobm5t7+y6e/t1LTOFSQ1LJlUzRpowKkjNUMNIM1UE8ZiRRty7GtUbfaI0leLeDFISctQRNKEYGYsi1w9UV0Z5oDi8vh3CgDxktA/FDDGUEw35L4ncklf2xoKLxp+aEpiqGrmfQVvijBNhMENat3wvNWGOlKGYkWExyDRJEe6hDmlZK5DdF+bj04bw2JI2TKSyTxg4prMTOeJaD3hsOzkyXT1fG8H/aq3MJBdhTkWaGSLwZFGSMWgkHOUE21QRbNjAGoQVtX+FuIsUwsamWbQh+PMnL5r6adn3yv7dWalyOY2jAA7BETgBPjgHFXADqqAGMHgEz+AVvDlPzovz7nxMWpec6cwB+CPn6wdNUqBi</latexit><latexit sha1_base64="k2e9E1Qf6Gwlig4bKjOS7MRaax8=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyyCqzIjgi6LunAjVLAX6AxDJs20obmMSaZQhj6HG1/FjQtF3Ikb38b0gtTWHwI/3zmHk/PHKaPaeN63s7S8srq2Xtgobm5t7+y6e/t1LTOFSQ1LJlUzRpowKkjNUMNIM1UE8ZiRRty7GtUbfaI0leLeDFISctQRNKEYGYsi1w9UV0Z5oDi8vh3CgDxktA/FDDGUEw35L4ncklf2xoKLxp+aEpiqGrmfQVvijBNhMENat3wvNWGOlKGYkWExyDRJEe6hDmlZK5DdF+bj04bw2JI2TKSyTxg4prMTOeJaD3hsOzkyXT1fG8H/aq3MJBdhTkWaGSLwZFGSMWgkHOUE21QRbNjAGoQVtX+FuIsUwsamWbQh+PMnL5r6adn3yv7dWalyOY2jAA7BETgBPjgHFXADqqAGMHgEz+AVvDlPzovz7nxMWpec6cwB+CPn6wdNUqBi</latexit>

DM energy density for non-relativistic particles (CDM)

vc = (218� 246) km/s
<latexit sha1_base64="MPNXeficGTYH7JZvbB3/tbEAFec=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQQWtSinYjFN24rGAf0IQwmU7q0JkkzEwKJXTlxl9x40IRt36DO//GaZuFth64cDjnXu69x48Zlcqyvo3c0vLK6lp+vbCxubW9Y+7utWSUCEyaOGKR6PhIEkZD0lRUMdKJBUHcZ6TtD24mfntIhKRReK9GMXE56oc0oBgpLXnm4dDD8AqWKnYNnsFK9eIEOqfQERwO+Ln0zKJVtqaAi8TOSBFkaHjml9OLcMJJqDBDUnZtK1ZuioSimJFxwUkkiREeoD7pahoiTqSbTt8Yw2Ot9GAQCV2hglP190SKuJQj7utOjtSDnPcm4n9eN1FBzU1pGCeKhHi2KEgYVBGcZAJ7VBCs2EgThAXVt0L8gATCSidX0CHY8y8vklalbFtl+65arF9nceTBATgCJWCDS1AHt6ABmgCDR/AMXsGb8WS8GO/Gx6w1Z2Qz++APjM8fHbWVFA==</latexit><latexit sha1_base64="MPNXeficGTYH7JZvbB3/tbEAFec=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQQWtSinYjFN24rGAf0IQwmU7q0JkkzEwKJXTlxl9x40IRt36DO//GaZuFth64cDjnXu69x48Zlcqyvo3c0vLK6lp+vbCxubW9Y+7utWSUCEyaOGKR6PhIEkZD0lRUMdKJBUHcZ6TtD24mfntIhKRReK9GMXE56oc0oBgpLXnm4dDD8AqWKnYNnsFK9eIEOqfQERwO+Ln0zKJVtqaAi8TOSBFkaHjml9OLcMJJqDBDUnZtK1ZuioSimJFxwUkkiREeoD7pahoiTqSbTt8Yw2Ot9GAQCV2hglP190SKuJQj7utOjtSDnPcm4n9eN1FBzU1pGCeKhHi2KEgYVBGcZAJ7VBCs2EgThAXVt0L8gATCSidX0CHY8y8vklalbFtl+65arF9nceTBATgCJWCDS1AHt6ABmgCDR/AMXsGb8WS8GO/Gx6w1Z2Qz++APjM8fHbWVFA==</latexit><latexit sha1_base64="MPNXeficGTYH7JZvbB3/tbEAFec=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQQWtSinYjFN24rGAf0IQwmU7q0JkkzEwKJXTlxl9x40IRt36DO//GaZuFth64cDjnXu69x48Zlcqyvo3c0vLK6lp+vbCxubW9Y+7utWSUCEyaOGKR6PhIEkZD0lRUMdKJBUHcZ6TtD24mfntIhKRReK9GMXE56oc0oBgpLXnm4dDD8AqWKnYNnsFK9eIEOqfQERwO+Ln0zKJVtqaAi8TOSBFkaHjml9OLcMJJqDBDUnZtK1ZuioSimJFxwUkkiREeoD7pahoiTqSbTt8Yw2Ot9GAQCV2hglP190SKuJQj7utOjtSDnPcm4n9eN1FBzU1pGCeKhHi2KEgYVBGcZAJ7VBCs2EgThAXVt0L8gATCSidX0CHY8y8vklalbFtl+65arF9nceTBATgCJWCDS1AHt6ABmgCDR/AMXsGb8WS8GO/Gx6w1Z2Qz++APjM8fHbWVFA==</latexit><latexit sha1_base64="MPNXeficGTYH7JZvbB3/tbEAFec=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQQWtSinYjFN24rGAf0IQwmU7q0JkkzEwKJXTlxl9x40IRt36DO//GaZuFth64cDjnXu69x48Zlcqyvo3c0vLK6lp+vbCxubW9Y+7utWSUCEyaOGKR6PhIEkZD0lRUMdKJBUHcZ6TtD24mfntIhKRReK9GMXE56oc0oBgpLXnm4dDD8AqWKnYNnsFK9eIEOqfQERwO+Ln0zKJVtqaAi8TOSBFkaHjml9OLcMJJqDBDUnZtK1ZuioSimJFxwUkkiREeoD7pahoiTqSbTt8Yw2Ot9GAQCV2hglP190SKuJQj7utOjtSDnPcm4n9eN1FBzU1pGCeKhHi2KEgYVBGcZAJ7VBCs2EgThAXVt0L8gATCSidX0CHY8y8vklalbFtl+65arF9nceTBATgCJWCDS1AHt6ABmgCDR/AMXsGb8WS8GO/Gx6w1Z2Qz++APjM8fHbWVFA==</latexit>

Local circular velocity

�v =
p

3/2 vc
<latexit sha1_base64="upgiITuHHanD/LWrLBjny7p/X3A=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBhdSkCroRim5cVrAPaEKYTCft0JlJnJkUSujGjb/ixoUibv0Hd/6N0zYLrR64cDjnXu69J0wYVdpxvqzCwuLS8kpxtbS2vrG5ZW/vNFWcSkwaOGaxbIdIEUYFaWiqGWknkiAeMtIKB9cTvzUkUtFY3OlRQnyOeoJGFCNtpMDe9xTtcRQM4SX01L3U2elJdQy9YzgMcGCXnYozBfxL3JyUQY56YH963RinnAiNGVKq4zqJ9jMkNcWMjEteqkiC8AD1SMdQgThRfjb9YgwPjdKFUSxNCQ2n6s+JDHGlRjw0nRzpvpr3JuJ/XifV0YWfUZGkmgg8WxSlDOoYTiKBXSoJ1mxkCMKSmlsh7iOJsDbBlUwI7vzLf0mzWnGdint7Vq5d5XEUwR44AEfABeegBm5AHTQABg/gCbyAV+vRerberPdZa8HKZ3bBL1gf32a6lzQ=</latexit><latexit sha1_base64="upgiITuHHanD/LWrLBjny7p/X3A=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBhdSkCroRim5cVrAPaEKYTCft0JlJnJkUSujGjb/ixoUibv0Hd/6N0zYLrR64cDjnXu69J0wYVdpxvqzCwuLS8kpxtbS2vrG5ZW/vNFWcSkwaOGaxbIdIEUYFaWiqGWknkiAeMtIKB9cTvzUkUtFY3OlRQnyOeoJGFCNtpMDe9xTtcRQM4SX01L3U2elJdQy9YzgMcGCXnYozBfxL3JyUQY56YH963RinnAiNGVKq4zqJ9jMkNcWMjEteqkiC8AD1SMdQgThRfjb9YgwPjdKFUSxNCQ2n6s+JDHGlRjw0nRzpvpr3JuJ/XifV0YWfUZGkmgg8WxSlDOoYTiKBXSoJ1mxkCMKSmlsh7iOJsDbBlUwI7vzLf0mzWnGdint7Vq5d5XEUwR44AEfABeegBm5AHTQABg/gCbyAV+vRerberPdZa8HKZ3bBL1gf32a6lzQ=</latexit><latexit sha1_base64="upgiITuHHanD/LWrLBjny7p/X3A=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBhdSkCroRim5cVrAPaEKYTCft0JlJnJkUSujGjb/ixoUibv0Hd/6N0zYLrR64cDjnXu69J0wYVdpxvqzCwuLS8kpxtbS2vrG5ZW/vNFWcSkwaOGaxbIdIEUYFaWiqGWknkiAeMtIKB9cTvzUkUtFY3OlRQnyOeoJGFCNtpMDe9xTtcRQM4SX01L3U2elJdQy9YzgMcGCXnYozBfxL3JyUQY56YH963RinnAiNGVKq4zqJ9jMkNcWMjEteqkiC8AD1SMdQgThRfjb9YgwPjdKFUSxNCQ2n6s+JDHGlRjw0nRzpvpr3JuJ/XifV0YWfUZGkmgg8WxSlDOoYTiKBXSoJ1mxkCMKSmlsh7iOJsDbBlUwI7vzLf0mzWnGdint7Vq5d5XEUwR44AEfABeegBm5AHTQABg/gCbyAV+vRerberPdZa8HKZ3bBL1gf32a6lzQ=</latexit><latexit sha1_base64="upgiITuHHanD/LWrLBjny7p/X3A=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBhdSkCroRim5cVrAPaEKYTCft0JlJnJkUSujGjb/ixoUibv0Hd/6N0zYLrR64cDjnXu69J0wYVdpxvqzCwuLS8kpxtbS2vrG5ZW/vNFWcSkwaOGaxbIdIEUYFaWiqGWknkiAeMtIKB9cTvzUkUtFY3OlRQnyOeoJGFCNtpMDe9xTtcRQM4SX01L3U2elJdQy9YzgMcGCXnYozBfxL3JyUQY56YH963RinnAiNGVKq4zqJ9jMkNcWMjEteqkiC8AD1SMdQgThRfjb9YgwPjdKFUSxNCQ2n6s+JDHGlRjw0nRzpvpr3JuJ/XifV0YWfUZGkmgg8WxSlDOoYTiKBXSoJ1mxkCMKSmlsh7iOJsDbBlUwI7vzLf0mzWnGdint7Vq5d5XEUwR44AEfABeegBm5AHTQABg/gCbyAV+vRerberPdZa8HKZ3bBL1gf32a6lzQ=</latexit>

DM velocity dispersion 
(Maxwell-Boltzmann 
distribution) 

=> Decay or self-interactions of DM in the halo of galaxies at z=0 occur at rest 
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Galactic rotation curveSimulations w/ baryons & 
semi-analytical models

[1.5 kpc ≃ 10o]

Schaller,FC+ MNRAS’16; FC+JCAP’15; 
Stref & Lavalle PRD’17 

Iocco+ Nature Phys.’15

• The distribution of DM in galaxies is 
affected by large uncertainties

• Unavoidable modelling 
uncertainty to account for when 
deriving constraints on DM models

• Rely on simulations of galaxy 
formation to get small-scale density 
profile and sub-halo distribution

• Less of an issue in dwarf galaxies

[All profiles normalised by measure of local DM density at RSun]

Common astrophysical ingredients
Halo dark matter density
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!c = vc/R

Iocco+ Nature Physics’15
Milky Way rotation curve
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Pato&Iocco+ ApJ’15

Non-parametric reconstruc0on: approach free of profile assumpFons, but uncertainFes are large and 
hinder discriminaFon power between different radial behaviours. 

Pato&Iocco+ ApJ’15; Salucci+A&A’10

Milky Way DM density

�tot = �baryon + �dm

⇢dm(< R) =
!2
dm

4⇡G

⇣
3 +

d ln!2
dm

d lnR

⌘Spherical symm.
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Parametric reconstruc0on: strong profile 
assumpFons,  “global” method to derive local DM 
density.

Pato+ JCAP’15

e.g: Pato+ JCAP’15; McMillan+ MNRAS’16; Iocco&Benito PDU’17 

Milky Way DM density
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DM density in haloes

Springel+ MNRAS’08

CDM

⇢tot(R) = ⇢s exp

⇢
� 2

↵

✓
R

rs

◆↵

� 1

��



FIRE
Chan+MNRAS’15

Challenges

How to select a good MW halo candidate?


How to extrapolate the profile down to smaller scales?

Aq-D5

Marinacci+MNRAS’14

AREPO

EAGLE

Schaller, FC+MNRAS’16

R [kpc]
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Wang+MNRAS’12; Gottloeber+2010; FC+JCAP’15

Common astrophysical ingredients
Halo dark matter density: Inner galaxy
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Springel+ MNRAS’08

CDM

Host halo

Dark matter sub-haloes  
or sub-structures

• Low-mass DM haloes, do not trigger star 
formation => do not contain stars (dark 
haloes)


• Their mass distribution depends on 
fundamental properties of DM (warm vs 
cold)


• CDM predicts abundance down to Earth-
sized objects (10-6 MSun)*


• Their distribution leads to specific angular 
signatures of the DM signal (sub-halo 
searches, anisotropies, x-correlation)

* In WIMP and non-thermal axion models
Grand & White MNRAS’21

Common astrophysical ingredients
Dark matter substructures
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Particle dark matter
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Particle dark matter emission 

ECM = N mDM , N = 1 (decay), 2 (annih)
<latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit><latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit><latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit><latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit>

Centre of mass energy  Signal energy '<latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit><latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit><latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit><latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit>

(DM)DM ! SM SM
<latexit sha1_base64="+3eno7HZNoF9/quQMfe1UTz8cN0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUoigi6LduEmUKl9QBPKZDpph04mYWailNCdG3/FjQtF3PoL7vwbp20W2nrgwuGce7n3Hj9mVCrL+jZyS8srq2v59cLG5tb2jrm715RRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7ye+K17IiSN+J0axcQLUZ/TgGKktNQ1D0tV5wS6p7DqQFfQ/kAhIaIHWHe0Vne6ZtEqW1PARWJnpAgy1Lrml9uLcBISrjBDUnZsK1ZeioSimJFxwU0kiREeoj7paMpRSKSXTv8Yw2Ot9GAQCV1cwan6eyJFoZSj0NedIVIDOe9NxP+8TqKCSy+lPE4U4Xi2KEgYVBGchAJ7VBCs2EgThAXVt0I8QAJhpaMr6BDs+ZcXSfOsbFtl+/a8WLnK4siDA3AESsAGF6ACbkANNAAGj+AZvII348l4Md6Nj1lrzshm9sEfGJ8/B1+W3w==</latexit><latexit sha1_base64="+3eno7HZNoF9/quQMfe1UTz8cN0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUoigi6LduEmUKl9QBPKZDpph04mYWailNCdG3/FjQtF3PoL7vwbp20W2nrgwuGce7n3Hj9mVCrL+jZyS8srq2v59cLG5tb2jrm715RRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7ye+K17IiSN+J0axcQLUZ/TgGKktNQ1D0tV5wS6p7DqQFfQ/kAhIaIHWHe0Vne6ZtEqW1PARWJnpAgy1Lrml9uLcBISrjBDUnZsK1ZeioSimJFxwU0kiREeoj7paMpRSKSXTv8Yw2Ot9GAQCV1cwan6eyJFoZSj0NedIVIDOe9NxP+8TqKCSy+lPE4U4Xi2KEgYVBGchAJ7VBCs2EgThAXVt0I8QAJhpaMr6BDs+ZcXSfOsbFtl+/a8WLnK4siDA3AESsAGF6ACbkANNAAGj+AZvII348l4Md6Nj1lrzshm9sEfGJ8/B1+W3w==</latexit><latexit sha1_base64="+3eno7HZNoF9/quQMfe1UTz8cN0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUoigi6LduEmUKl9QBPKZDpph04mYWailNCdG3/FjQtF3PoL7vwbp20W2nrgwuGce7n3Hj9mVCrL+jZyS8srq2v59cLG5tb2jrm715RRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7ye+K17IiSN+J0axcQLUZ/TgGKktNQ1D0tV5wS6p7DqQFfQ/kAhIaIHWHe0Vne6ZtEqW1PARWJnpAgy1Lrml9uLcBISrjBDUnZsK1ZeioSimJFxwU0kiREeoj7paMpRSKSXTv8Yw2Ot9GAQCV1cwan6eyJFoZSj0NedIVIDOe9NxP+8TqKCSy+lPE4U4Xi2KEgYVBGchAJ7VBCs2EgThAXVt0I8QAJhpaMr6BDs+ZcXSfOsbFtl+/a8WLnK4siDA3AESsAGF6ACbkANNAAGj+AZvII348l4Md6Nj1lrzshm9sEfGJ8/B1+W3w==</latexit><latexit sha1_base64="+3eno7HZNoF9/quQMfe1UTz8cN0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUoigi6LduEmUKl9QBPKZDpph04mYWailNCdG3/FjQtF3PoL7vwbp20W2nrgwuGce7n3Hj9mVCrL+jZyS8srq2v59cLG5tb2jrm715RRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7ye+K17IiSN+J0axcQLUZ/TgGKktNQ1D0tV5wS6p7DqQFfQ/kAhIaIHWHe0Vne6ZtEqW1PARWJnpAgy1Lrml9uLcBISrjBDUnZsK1ZeioSimJFxwU0kiREeoj7paMpRSKSXTv8Yw2Ot9GAQCV1cwan6eyJFoZSj0NedIVIDOe9NxP+8TqKCSy+lPE4U4Xi2KEgYVBGchAJ7VBCs2EgThAXVt0I8QAJhpaMr6BDs+ZcXSfOsbFtl+/a8WLnK4siDA3AESsAGF6ACbkANNAAGj+AZvII348l4Md6Nj1lrzshm9sEfGJ8/B1+W3w==</latexit>

Coogan+ JCAP'20

Narrow line signal 

mDM . MeV
<latexit sha1_base64="sZLZ+R4Gi3Bj8FRS4qMhyRFcDS0=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwVBIR9FjUg5dCBfsBTQib7bRdupuE3Y1QQg9e/CtePCji1R/hzX/jps1BWx8MPN6bYWZemHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYVnEqKbRozGPZDYkCziJoaaY5dBMJRIQcOuH4Ovc7DyAVi6N7PUnAF2QYsQGjRBspsCsiyDwp8E1jij0OSikmcC40oB3YVafmzICXiVuQKirQDOwvrx/TVECkKSdK9Vwn0X5GpGaUw7TspQoSQsdkCD1DIyJA+dnsiSk+MUofD2JpKtJ4pv6eyIhQaiJC0ymIHqlFLxf/83qpHlz6GYuSVENE54sGKcc6xnkiuM8kUM0nhhAqmbkV0xGRhGqTW9mE4C6+vEzaZzXXqbl359X6VRFHCVXQMTpFLrpAdXSLmqiFKHpEz+gVvVlP1ov1bn3MW1esYuYI/YH1+QOaYJdo</latexit><latexit sha1_base64="sZLZ+R4Gi3Bj8FRS4qMhyRFcDS0=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwVBIR9FjUg5dCBfsBTQib7bRdupuE3Y1QQg9e/CtePCji1R/hzX/jps1BWx8MPN6bYWZemHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYVnEqKbRozGPZDYkCziJoaaY5dBMJRIQcOuH4Ovc7DyAVi6N7PUnAF2QYsQGjRBspsCsiyDwp8E1jij0OSikmcC40oB3YVafmzICXiVuQKirQDOwvrx/TVECkKSdK9Vwn0X5GpGaUw7TspQoSQsdkCD1DIyJA+dnsiSk+MUofD2JpKtJ4pv6eyIhQaiJC0ymIHqlFLxf/83qpHlz6GYuSVENE54sGKcc6xnkiuM8kUM0nhhAqmbkV0xGRhGqTW9mE4C6+vEzaZzXXqbl359X6VRFHCVXQMTpFLrpAdXSLmqiFKHpEz+gVvVlP1ov1bn3MW1esYuYI/YH1+QOaYJdo</latexit><latexit sha1_base64="sZLZ+R4Gi3Bj8FRS4qMhyRFcDS0=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwVBIR9FjUg5dCBfsBTQib7bRdupuE3Y1QQg9e/CtePCji1R/hzX/jps1BWx8MPN6bYWZemHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYVnEqKbRozGPZDYkCziJoaaY5dBMJRIQcOuH4Ovc7DyAVi6N7PUnAF2QYsQGjRBspsCsiyDwp8E1jij0OSikmcC40oB3YVafmzICXiVuQKirQDOwvrx/TVECkKSdK9Vwn0X5GpGaUw7TspQoSQsdkCD1DIyJA+dnsiSk+MUofD2JpKtJ4pv6eyIhQaiJC0ymIHqlFLxf/83qpHlz6GYuSVENE54sGKcc6xnkiuM8kUM0nhhAqmbkV0xGRhGqTW9mE4C6+vEzaZzXXqbl359X6VRFHCVXQMTpFLrpAdXSLmqiFKHpEz+gVvVlP1ov1bn3MW1esYuYI/YH1+QOaYJdo</latexit><latexit sha1_base64="sZLZ+R4Gi3Bj8FRS4qMhyRFcDS0=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwVBIR9FjUg5dCBfsBTQib7bRdupuE3Y1QQg9e/CtePCji1R/hzX/jps1BWx8MPN6bYWZemHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYVnEqKbRozGPZDYkCziJoaaY5dBMJRIQcOuH4Ovc7DyAVi6N7PUnAF2QYsQGjRBspsCsiyDwp8E1jij0OSikmcC40oB3YVafmzICXiVuQKirQDOwvrx/TVECkKSdK9Vwn0X5GpGaUw7TspQoSQsdkCD1DIyJA+dnsiSk+MUofD2JpKtJ4pv6eyIhQaiJC0ymIHqlFLxf/83qpHlz6GYuSVENE54sGKcc6xnkiuM8kUM0nhhAqmbkV0xGRhGqTW9mE4C6+vEzaZzXXqbl359X6VRFHCVXQMTpFLrpAdXSLmqiFKHpEz+gVvVlP1ov1bn3MW1esYuYI/YH1+QOaYJdo</latexit>

mDM & MeV
<latexit sha1_base64="8d/G8RddH3SITfSJ8jXWwK6cmGo=">AAACA3icbVDLSgMxFL3js9bXqDvdBIvgqsyIoMuiLtwUKtgHdIYhk6ZtaDIzJBmhDAU3/oobF4q49Sfc+Tdm2llo64HAyTnnktwTJpwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJxKQpsk5rHshFhRziLa1Exz2kkkxSLktB2OrnO//UClYnF0r8cJ9QUeRKzPCNZGCuxDEWSeFOimPkHeQJugQPm9TluBXXGqzhRokbgFqUCBRmB/eb2YpIJGmnCsVNd1Eu1nWGpGOJ2UvVTRBJMRHtCuoREWVPnZdIcJOjFKD/VjaU6k0VT9PZFhodRYhCYpsB6qeS8X//O6qe5f+hmLklTTiMwe6qcc6RjlhaAek5RoPjYEE8nMXxEZYomJNrWVTQnu/MqLpHVWdZ2qe3deqV0VdZTgCI7hFFy4gBrcQgOaQOARnuEV3qwn68V6tz5m0SWrmDmAP7A+fwDKe5b0</latexit><latexit sha1_base64="8d/G8RddH3SITfSJ8jXWwK6cmGo=">AAACA3icbVDLSgMxFL3js9bXqDvdBIvgqsyIoMuiLtwUKtgHdIYhk6ZtaDIzJBmhDAU3/oobF4q49Sfc+Tdm2llo64HAyTnnktwTJpwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJxKQpsk5rHshFhRziLa1Exz2kkkxSLktB2OrnO//UClYnF0r8cJ9QUeRKzPCNZGCuxDEWSeFOimPkHeQJugQPm9TluBXXGqzhRokbgFqUCBRmB/eb2YpIJGmnCsVNd1Eu1nWGpGOJ2UvVTRBJMRHtCuoREWVPnZdIcJOjFKD/VjaU6k0VT9PZFhodRYhCYpsB6qeS8X//O6qe5f+hmLklTTiMwe6qcc6RjlhaAek5RoPjYEE8nMXxEZYomJNrWVTQnu/MqLpHVWdZ2qe3deqV0VdZTgCI7hFFy4gBrcQgOaQOARnuEV3qwn68V6tz5m0SWrmDmAP7A+fwDKe5b0</latexit><latexit sha1_base64="8d/G8RddH3SITfSJ8jXWwK6cmGo=">AAACA3icbVDLSgMxFL3js9bXqDvdBIvgqsyIoMuiLtwUKtgHdIYhk6ZtaDIzJBmhDAU3/oobF4q49Sfc+Tdm2llo64HAyTnnktwTJpwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJxKQpsk5rHshFhRziLa1Exz2kkkxSLktB2OrnO//UClYnF0r8cJ9QUeRKzPCNZGCuxDEWSeFOimPkHeQJugQPm9TluBXXGqzhRokbgFqUCBRmB/eb2YpIJGmnCsVNd1Eu1nWGpGOJ2UvVTRBJMRHtCuoREWVPnZdIcJOjFKD/VjaU6k0VT9PZFhodRYhCYpsB6qeS8X//O6qe5f+hmLklTTiMwe6qcc6RjlhaAek5RoPjYEE8nMXxEZYomJNrWVTQnu/MqLpHVWdZ2qe3deqV0VdZTgCI7hFFy4gBrcQgOaQOARnuEV3qwn68V6tz5m0SWrmDmAP7A+fwDKe5b0</latexit><latexit sha1_base64="8d/G8RddH3SITfSJ8jXWwK6cmGo=">AAACA3icbVDLSgMxFL3js9bXqDvdBIvgqsyIoMuiLtwUKtgHdIYhk6ZtaDIzJBmhDAU3/oobF4q49Sfc+Tdm2llo64HAyTnnktwTJpwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJxKQpsk5rHshFhRziLa1Exz2kkkxSLktB2OrnO//UClYnF0r8cJ9QUeRKzPCNZGCuxDEWSeFOimPkHeQJugQPm9TluBXXGqzhRokbgFqUCBRmB/eb2YpIJGmnCsVNd1Eu1nWGpGOJ2UvVTRBJMRHtCuoREWVPnZdIcJOjFKD/VjaU6k0VT9PZFhodRYhCYpsB6qeS8X//O6qe5f+hmLklTTiMwe6qcc6RjlhaAek5RoPjYEE8nMXxEZYomJNrWVTQnu/MqLpHVWdZ2qe3deqV0VdZTgCI7hFFy4gBrcQgOaQOARnuEV3qwn68V6tz5m0SWrmDmAP7A+fwDKe5b0</latexit>
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2<latexit sha1_base64="91JxTotvsyELjl2fWH9OXix5QbU=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVZIi6EYoPsCNUsE+oClhMp20Q2cmYWYilJC1G3/FjQtF3PoF7vwbp20W2nrgwuGce7n3niBmVGnH+bYKC4tLyyvF1dLa+sbmlr2901RRIjFp4IhFsh0gRRgVpKGpZqQdS4J4wEgrGF6M/dYDkYpG4l6PYtLlqC9oSDHSRvLt/Svf6yPOETyDXigRTm8h91NPcnh5k2VpNfPtslNxJoDzxM1JGeSo+/aX14twwonQmCGlOq4T626KpKaYkazkJYrECA9Rn3QMFYgT1U0nr2Tw0Cg9GEbSlNBwov6eSBFXasQD08mRHqhZbyz+53USHZ52UyriRBOBp4vChEEdwXEusEclwZqNDEFYUnMrxANkAtEmvZIJwZ19eZ40qxXXqbh3x+XaeR5HEeyBA3AEXHACauAa1EEDYPAInsEreLOerBfr3fqYthasfGYX/IH1+QPFf5mt</latexit><latexit sha1_base64="91JxTotvsyELjl2fWH9OXix5QbU=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVZIi6EYoPsCNUsE+oClhMp20Q2cmYWYilJC1G3/FjQtF3PoF7vwbp20W2nrgwuGce7n3niBmVGnH+bYKC4tLyyvF1dLa+sbmlr2901RRIjFp4IhFsh0gRRgVpKGpZqQdS4J4wEgrGF6M/dYDkYpG4l6PYtLlqC9oSDHSRvLt/Svf6yPOETyDXigRTm8h91NPcnh5k2VpNfPtslNxJoDzxM1JGeSo+/aX14twwonQmCGlOq4T626KpKaYkazkJYrECA9Rn3QMFYgT1U0nr2Tw0Cg9GEbSlNBwov6eSBFXasQD08mRHqhZbyz+53USHZ52UyriRBOBp4vChEEdwXEusEclwZqNDEFYUnMrxANkAtEmvZIJwZ19eZ40qxXXqbh3x+XaeR5HEeyBA3AEXHACauAa1EEDYPAInsEreLOerBfr3fqYthasfGYX/IH1+QPFf5mt</latexit><latexit sha1_base64="91JxTotvsyELjl2fWH9OXix5QbU=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVZIi6EYoPsCNUsE+oClhMp20Q2cmYWYilJC1G3/FjQtF3PoF7vwbp20W2nrgwuGce7n3niBmVGnH+bYKC4tLyyvF1dLa+sbmlr2901RRIjFp4IhFsh0gRRgVpKGpZqQdS4J4wEgrGF6M/dYDkYpG4l6PYtLlqC9oSDHSRvLt/Svf6yPOETyDXigRTm8h91NPcnh5k2VpNfPtslNxJoDzxM1JGeSo+/aX14twwonQmCGlOq4T626KpKaYkazkJYrECA9Rn3QMFYgT1U0nr2Tw0Cg9GEbSlNBwov6eSBFXasQD08mRHqhZbyz+53USHZ52UyriRBOBp4vChEEdwXEusEclwZqNDEFYUnMrxANkAtEmvZIJwZ19eZ40qxXXqbh3x+XaeR5HEeyBA3AEXHACauAa1EEDYPAInsEreLOerBfr3fqYthasfGYX/IH1+QPFf5mt</latexit><latexit sha1_base64="91JxTotvsyELjl2fWH9OXix5QbU=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVZIi6EYoPsCNUsE+oClhMp20Q2cmYWYilJC1G3/FjQtF3PoF7vwbp20W2nrgwuGce7n3niBmVGnH+bYKC4tLyyvF1dLa+sbmlr2901RRIjFp4IhFsh0gRRgVpKGpZqQdS4J4wEgrGF6M/dYDkYpG4l6PYtLlqC9oSDHSRvLt/Svf6yPOETyDXigRTm8h91NPcnh5k2VpNfPtslNxJoDzxM1JGeSo+/aX14twwonQmCGlOq4T626KpKaYkazkJYrECA9Rn3QMFYgT1U0nr2Tw0Cg9GEbSlNBwov6eSBFXasQD08mRHqhZbyz+53USHZ52UyriRBOBp4vChEEdwXEusEclwZqNDEFYUnMrxANkAtEmvZIJwZ19eZ40qxXXqbh3x+XaeR5HEeyBA3AEXHACauAa1EEDYPAInsEreLOerBfr3fqYthasfGYX/IH1+QPFf5mt</latexit>
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Light dark matter decay: lines

Narrow line signal @ energy 
scale of the DM mass

E� =
mDM

2
<latexit sha1_base64="QN+FEuXEvLGfbvq0ZDrGqlSYMlY=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUmKoBuh+AA3QgXbCk0Ik+mkHTozCTMToYQs3fgrblwo4tZPcOffOG2z0NYDFw7n3Mu994QJo0o7zrdVWlhcWl4pr1bW1jc2t+ztnbaKU4lJC8cslvchUoRRQVqaakbuE0kQDxnphMOLsd95IFLRWNzpUUJ8jvqCRhQjbaTA3r8KvD7iHMEz6EUS4YwHmSc5vLzJ86yeB3bVqTkTwHniFqQKCjQD+8vrxTjlRGjMkFJd10m0nyGpKWYkr3ipIgnCQ9QnXUMF4kT52eSRHB4apQejWJoSGk7U3xMZ4kqNeGg6OdIDNeuNxf+8bqqjUz+jIkk1EXi6KEoZ1DEcpwJ7VBKs2cgQhCU1t0I8QCYObbKrmBDc2ZfnSbtec52ae3tcbZwXcZTBHjgAR8AFJ6ABrkETtAAGj+AZvII368l6sd6tj2lrySpmdsEfWJ8/wgCZKw==</latexit><latexit sha1_base64="QN+FEuXEvLGfbvq0ZDrGqlSYMlY=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUmKoBuh+AA3QgXbCk0Ik+mkHTozCTMToYQs3fgrblwo4tZPcOffOG2z0NYDFw7n3Mu994QJo0o7zrdVWlhcWl4pr1bW1jc2t+ztnbaKU4lJC8cslvchUoRRQVqaakbuE0kQDxnphMOLsd95IFLRWNzpUUJ8jvqCRhQjbaTA3r8KvD7iHMEz6EUS4YwHmSc5vLzJ86yeB3bVqTkTwHniFqQKCjQD+8vrxTjlRGjMkFJd10m0nyGpKWYkr3ipIgnCQ9QnXUMF4kT52eSRHB4apQejWJoSGk7U3xMZ4kqNeGg6OdIDNeuNxf+8bqqjUz+jIkk1EXi6KEoZ1DEcpwJ7VBKs2cgQhCU1t0I8QCYObbKrmBDc2ZfnSbtec52ae3tcbZwXcZTBHjgAR8AFJ6ABrkETtAAGj+AZvII368l6sd6tj2lrySpmdsEfWJ8/wgCZKw==</latexit><latexit sha1_base64="QN+FEuXEvLGfbvq0ZDrGqlSYMlY=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUmKoBuh+AA3QgXbCk0Ik+mkHTozCTMToYQs3fgrblwo4tZPcOffOG2z0NYDFw7n3Mu994QJo0o7zrdVWlhcWl4pr1bW1jc2t+ztnbaKU4lJC8cslvchUoRRQVqaakbuE0kQDxnphMOLsd95IFLRWNzpUUJ8jvqCRhQjbaTA3r8KvD7iHMEz6EUS4YwHmSc5vLzJ86yeB3bVqTkTwHniFqQKCjQD+8vrxTjlRGjMkFJd10m0nyGpKWYkr3ipIgnCQ9QnXUMF4kT52eSRHB4apQejWJoSGk7U3xMZ4kqNeGg6OdIDNeuNxf+8bqqjUz+jIkk1EXi6KEoZ1DEcpwJ7VBKs2cgQhCU1t0I8QCYObbKrmBDc2ZfnSbtec52ae3tcbZwXcZTBHjgAR8AFJ6ABrkETtAAGj+AZvII368l6sd6tj2lrySpmdsEfWJ8/wgCZKw==</latexit><latexit sha1_base64="QN+FEuXEvLGfbvq0ZDrGqlSYMlY=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUmKoBuh+AA3QgXbCk0Ik+mkHTozCTMToYQs3fgrblwo4tZPcOffOG2z0NYDFw7n3Mu994QJo0o7zrdVWlhcWl4pr1bW1jc2t+ztnbaKU4lJC8cslvchUoRRQVqaakbuE0kQDxnphMOLsd95IFLRWNzpUUJ8jvqCRhQjbaTA3r8KvD7iHMEz6EUS4YwHmSc5vLzJ86yeB3bVqTkTwHniFqQKCjQD+8vrxTjlRGjMkFJd10m0nyGpKWYkr3ipIgnCQ9QnXUMF4kT52eSRHB4apQejWJoSGk7U3xMZ4kqNeGg6OdIDNeuNxf+8bqqjUz+jIkk1EXi6KEoZ1DEcpwJ7VBKs2cgQhCU1t0I8QCYObbKrmBDc2ZfnSbtec52ae3tcbZwXcZTBHjgAR8AFJ6ABrkETtAAGj+AZvII368l6sd6tj2lrySpmdsEfWJ8/wgCZKw==</latexit>

mDM . MeV
<latexit sha1_base64="sZLZ+R4Gi3Bj8FRS4qMhyRFcDS0=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwVBIR9FjUg5dCBfsBTQib7bRdupuE3Y1QQg9e/CtePCji1R/hzX/jps1BWx8MPN6bYWZemHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYVnEqKbRozGPZDYkCziJoaaY5dBMJRIQcOuH4Ovc7DyAVi6N7PUnAF2QYsQGjRBspsCsiyDwp8E1jij0OSikmcC40oB3YVafmzICXiVuQKirQDOwvrx/TVECkKSdK9Vwn0X5GpGaUw7TspQoSQsdkCD1DIyJA+dnsiSk+MUofD2JpKtJ4pv6eyIhQaiJC0ymIHqlFLxf/83qpHlz6GYuSVENE54sGKcc6xnkiuM8kUM0nhhAqmbkV0xGRhGqTW9mE4C6+vEzaZzXXqbl359X6VRFHCVXQMTpFLrpAdXSLmqiFKHpEz+gVvVlP1ov1bn3MW1esYuYI/YH1+QOaYJdo</latexit><latexit sha1_base64="sZLZ+R4Gi3Bj8FRS4qMhyRFcDS0=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwVBIR9FjUg5dCBfsBTQib7bRdupuE3Y1QQg9e/CtePCji1R/hzX/jps1BWx8MPN6bYWZemHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYVnEqKbRozGPZDYkCziJoaaY5dBMJRIQcOuH4Ovc7DyAVi6N7PUnAF2QYsQGjRBspsCsiyDwp8E1jij0OSikmcC40oB3YVafmzICXiVuQKirQDOwvrx/TVECkKSdK9Vwn0X5GpGaUw7TspQoSQsdkCD1DIyJA+dnsiSk+MUofD2JpKtJ4pv6eyIhQaiJC0ymIHqlFLxf/83qpHlz6GYuSVENE54sGKcc6xnkiuM8kUM0nhhAqmbkV0xGRhGqTW9mE4C6+vEzaZzXXqbl359X6VRFHCVXQMTpFLrpAdXSLmqiFKHpEz+gVvVlP1ov1bn3MW1esYuYI/YH1+QOaYJdo</latexit><latexit sha1_base64="sZLZ+R4Gi3Bj8FRS4qMhyRFcDS0=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwVBIR9FjUg5dCBfsBTQib7bRdupuE3Y1QQg9e/CtePCji1R/hzX/jps1BWx8MPN6bYWZemHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYVnEqKbRozGPZDYkCziJoaaY5dBMJRIQcOuH4Ovc7DyAVi6N7PUnAF2QYsQGjRBspsCsiyDwp8E1jij0OSikmcC40oB3YVafmzICXiVuQKirQDOwvrx/TVECkKSdK9Vwn0X5GpGaUw7TspQoSQsdkCD1DIyJA+dnsiSk+MUofD2JpKtJ4pv6eyIhQaiJC0ymIHqlFLxf/83qpHlz6GYuSVENE54sGKcc6xnkiuM8kUM0nhhAqmbkV0xGRhGqTW9mE4C6+vEzaZzXXqbl359X6VRFHCVXQMTpFLrpAdXSLmqiFKHpEz+gVvVlP1ov1bn3MW1esYuYI/YH1+QOaYJdo</latexit><latexit sha1_base64="sZLZ+R4Gi3Bj8FRS4qMhyRFcDS0=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwVBIR9FjUg5dCBfsBTQib7bRdupuE3Y1QQg9e/CtePCji1R/hzX/jps1BWx8MPN6bYWZemHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYVnEqKbRozGPZDYkCziJoaaY5dBMJRIQcOuH4Ovc7DyAVi6N7PUnAF2QYsQGjRBspsCsiyDwp8E1jij0OSikmcC40oB3YVafmzICXiVuQKirQDOwvrx/TVECkKSdK9Vwn0X5GpGaUw7TspQoSQsdkCD1DIyJA+dnsiSk+MUofD2JpKtJ4pv6eyIhQaiJC0ymIHqlFLxf/83qpHlz6GYuSVENE54sGKcc6xnkiuM8kUM0nhhAqmbkV0xGRhGqTW9mE4C6+vEzaZzXXqbl359X6VRFHCVXQMTpFLrpAdXSLmqiFKHpEz+gVvVlP1ov1bn3MW1esYuYI/YH1+QOaYJdo</latexit>

X rays⇠ keV
<latexit sha1_base64="Y0JdRm7nBMzK7gbhq0wMyB+cmu0=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkd+/Y3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhLdialBwRW2LLcCO6lGKmOBj/H4duY/PqE2PFEPdpJiJOlQ8QFn1DopDA2XJNSSjLHdq9b8uj8HWSVBQWpQoNmrfoX9hGUSlWWCGtMN/NRGOdWWM4HTSpgZTCkb0yF2HVVUoony+c1TcuaUPhkk2pWyZK7+nsipNGYiY9cpqR2ZZW8m/ud1Mzu4jnKu0syiYotFg0wQm5BZAKTPNTIrJo5Qprm7lbAR1ZRZF1PFhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDFJ4hld48zLvxXv3PhatJa+YOYY/8D5/AFk/kTg=</latexit><latexit sha1_base64="Y0JdRm7nBMzK7gbhq0wMyB+cmu0=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkd+/Y3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhLdialBwRW2LLcCO6lGKmOBj/H4duY/PqE2PFEPdpJiJOlQ8QFn1DopDA2XJNSSjLHdq9b8uj8HWSVBQWpQoNmrfoX9hGUSlWWCGtMN/NRGOdWWM4HTSpgZTCkb0yF2HVVUoony+c1TcuaUPhkk2pWyZK7+nsipNGYiY9cpqR2ZZW8m/ud1Mzu4jnKu0syiYotFg0wQm5BZAKTPNTIrJo5Qprm7lbAR1ZRZF1PFhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDFJ4hld48zLvxXv3PhatJa+YOYY/8D5/AFk/kTg=</latexit><latexit sha1_base64="Y0JdRm7nBMzK7gbhq0wMyB+cmu0=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkd+/Y3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhLdialBwRW2LLcCO6lGKmOBj/H4duY/PqE2PFEPdpJiJOlQ8QFn1DopDA2XJNSSjLHdq9b8uj8HWSVBQWpQoNmrfoX9hGUSlWWCGtMN/NRGOdWWM4HTSpgZTCkb0yF2HVVUoony+c1TcuaUPhkk2pWyZK7+nsipNGYiY9cpqR2ZZW8m/ud1Mzu4jnKu0syiYotFg0wQm5BZAKTPNTIrJo5Qprm7lbAR1ZRZF1PFhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDFJ4hld48zLvxXv3PhatJa+YOYY/8D5/AFk/kTg=</latexit><latexit sha1_base64="Y0JdRm7nBMzK7gbhq0wMyB+cmu0=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkd+/Y3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhLdialBwRW2LLcCO6lGKmOBj/H4duY/PqE2PFEPdpJiJOlQ8QFn1DopDA2XJNSSjLHdq9b8uj8HWSVBQWpQoNmrfoX9hGUSlWWCGtMN/NRGOdWWM4HTSpgZTCkb0yF2HVVUoony+c1TcuaUPhkk2pWyZK7+nsipNGYiY9cpqR2ZZW8m/ud1Mzu4jnKu0syiYotFg0wQm5BZAKTPNTIrJo5Qprm7lbAR1ZRZF1PFhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDFJ4hld48zLvxXv3PhatJa+YOYY/8D5/AFk/kTg=</latexit>

mDM
<latexit sha1_base64="cXP/UplnC7upIRKjWYWyatRFd4M=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHrwIEcwDkyXMTmaTIfNYZmaFsOQvvHhQxKt/482/cZLsQRMLGoqqbrq7ooQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsaXU/91hPVhin5YMcJDQUeSBYzgq2THkUv62qBbu4mvXLFr/ozoGUS5KQCOeq98le3r0gqqLSEY2M6gZ/YMMPaMsLppNRNDU0wGeEB7TgqsaAmzGYXT9CJU/ooVtqVtGim/p7IsDBmLCLXKbAdmkVvKv7ndVIbX4YZk0lqqSTzRXHKkVVo+j7qM02J5WNHMNHM3YrIEGtMrAup5EIIFl9eJs2zauBXg/vzSu0qj6MIR3AMpxDABdTgFurQAAISnuEV3jzjvXjv3se8teDlM4fwB97nDyVDkI4=</latexit><latexit sha1_base64="cXP/UplnC7upIRKjWYWyatRFd4M=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHrwIEcwDkyXMTmaTIfNYZmaFsOQvvHhQxKt/482/cZLsQRMLGoqqbrq7ooQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsaXU/91hPVhin5YMcJDQUeSBYzgq2THkUv62qBbu4mvXLFr/ozoGUS5KQCOeq98le3r0gqqLSEY2M6gZ/YMMPaMsLppNRNDU0wGeEB7TgqsaAmzGYXT9CJU/ooVtqVtGim/p7IsDBmLCLXKbAdmkVvKv7ndVIbX4YZk0lqqSTzRXHKkVVo+j7qM02J5WNHMNHM3YrIEGtMrAup5EIIFl9eJs2zauBXg/vzSu0qj6MIR3AMpxDABdTgFurQAAISnuEV3jzjvXjv3se8teDlM4fwB97nDyVDkI4=</latexit><latexit sha1_base64="cXP/UplnC7upIRKjWYWyatRFd4M=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHrwIEcwDkyXMTmaTIfNYZmaFsOQvvHhQxKt/482/cZLsQRMLGoqqbrq7ooQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsaXU/91hPVhin5YMcJDQUeSBYzgq2THkUv62qBbu4mvXLFr/ozoGUS5KQCOeq98le3r0gqqLSEY2M6gZ/YMMPaMsLppNRNDU0wGeEB7TgqsaAmzGYXT9CJU/ooVtqVtGim/p7IsDBmLCLXKbAdmkVvKv7ndVIbX4YZk0lqqSTzRXHKkVVo+j7qM02J5WNHMNHM3YrIEGtMrAup5EIIFl9eJs2zauBXg/vzSu0qj6MIR3AMpxDABdTgFurQAAISnuEV3jzjvXjv3se8teDlM4fwB97nDyVDkI4=</latexit><latexit sha1_base64="cXP/UplnC7upIRKjWYWyatRFd4M=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHrwIEcwDkyXMTmaTIfNYZmaFsOQvvHhQxKt/482/cZLsQRMLGoqqbrq7ooQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsaXU/91hPVhin5YMcJDQUeSBYzgq2THkUv62qBbu4mvXLFr/ozoGUS5KQCOeq98le3r0gqqLSEY2M6gZ/YMMPaMsLppNRNDU0wGeEB7TgqsaAmzGYXT9CJU/ooVtqVtGim/p7IsDBmLCLXKbAdmkVvKv7ndVIbX4YZk0lqqSTzRXHKkVVo+j7qM02J5WNHMNHM3YrIEGtMrAup5EIIFl9eJs2zauBXg/vzSu0qj6MIR3AMpxDABdTgFurQAAISnuEV3jzjvXjv3se8teDlM4fwB97nDyVDkI4=</latexit>

⌫
<latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit>

⇠ meV
<latexit sha1_base64="lpEosbMI3iGZFhuqc6Rc9Isf0mU=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubuWTJ7t6xuyeEkL9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenAlurO9/e6W19Y3NrfJ2ZWd3b/+genjUNmmuGbZYKlLdialBwRW2LLcCO5lGKmOBj/HoduY/PqE2PFUPdpxhJOlA8YQzap0UhoZLEmpJJLZ71Zpf9+cgqyQoSA0KNHvVr7CfslyiskxQY7qBn9loQrXlTOC0EuYGM8pGdIBdRxWVaKLJ/OYpOXNKnySpdqUsmau/JyZUGjOWseuU1A7NsjcT//O6uU2uowlXWW5RscWiJBfEpmQWAOlzjcyKsSOUae5uJWxINWXWxVRxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgwye4RXevNx78d69j0VryStmjuEPvM8fXEuROg==</latexit><latexit sha1_base64="lpEosbMI3iGZFhuqc6Rc9Isf0mU=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubuWTJ7t6xuyeEkL9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenAlurO9/e6W19Y3NrfJ2ZWd3b/+genjUNmmuGbZYKlLdialBwRW2LLcCO5lGKmOBj/HoduY/PqE2PFUPdpxhJOlA8YQzap0UhoZLEmpJJLZ71Zpf9+cgqyQoSA0KNHvVr7CfslyiskxQY7qBn9loQrXlTOC0EuYGM8pGdIBdRxWVaKLJ/OYpOXNKnySpdqUsmau/JyZUGjOWseuU1A7NsjcT//O6uU2uowlXWW5RscWiJBfEpmQWAOlzjcyKsSOUae5uJWxINWXWxVRxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgwye4RXevNx78d69j0VryStmjuEPvM8fXEuROg==</latexit><latexit sha1_base64="lpEosbMI3iGZFhuqc6Rc9Isf0mU=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubuWTJ7t6xuyeEkL9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenAlurO9/e6W19Y3NrfJ2ZWd3b/+genjUNmmuGbZYKlLdialBwRW2LLcCO5lGKmOBj/HoduY/PqE2PFUPdpxhJOlA8YQzap0UhoZLEmpJJLZ71Zpf9+cgqyQoSA0KNHvVr7CfslyiskxQY7qBn9loQrXlTOC0EuYGM8pGdIBdRxWVaKLJ/OYpOXNKnySpdqUsmau/JyZUGjOWseuU1A7NsjcT//O6uU2uowlXWW5RscWiJBfEpmQWAOlzjcyKsSOUae5uJWxINWXWxVRxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgwye4RXevNx78d69j0VryStmjuEPvM8fXEuROg==</latexit><latexit sha1_base64="lpEosbMI3iGZFhuqc6Rc9Isf0mU=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubuWTJ7t6xuyeEkL9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenAlurO9/e6W19Y3NrfJ2ZWd3b/+genjUNmmuGbZYKlLdialBwRW2LLcCO5lGKmOBj/HoduY/PqE2PFUPdpxhJOlA8YQzap0UhoZLEmpJJLZ71Zpf9+cgqyQoSA0KNHvVr7CfslyiskxQY7qBn9loQrXlTOC0EuYGM8pGdIBdRxWVaKLJ/OYpOXNKnySpdqUsmau/JyZUGjOWseuU1A7NsjcT//O6uU2uowlXWW5RscWiJBfEpmQWAOlzjcyKsSOUae5uJWxINWXWxVRxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgwye4RXevNx78d69j0VryStmjuEPvM8fXEuROg==</latexit>

Infrared

⇠ µeV
<latexit sha1_base64="tKZCiH+4BUG+aJTydZkZZKqKqwo=">AAAB+HicbVDLSgNBEJz1GeMjqx69DAbBU9gVQY9BLx4jmAdklzA76U2GzMwu8xBiyJd48aCIVz/Fm3/jJNmDJhY0FFXddHclOWfaBMG3t7a+sbm1Xdop7+7tH1T8w6OWzqyi0KQZz1QnIRo4k9A0zHDo5AqISDi0k9HtzG8/gtIskw9mnEMsyECylFFinNTzK5FmAkfC4kgJDK2eXw1qwRx4lYQFqaICjZ7/FfUzagVIQznRuhsGuYknRBlGOUzLkdWQEzoiA+g6KokAHU/mh0/xmVP6OM2UK2nwXP09MSFC67FIXKcgZqiXvZn4n9e1Jr2OJ0zm1oCki0Wp5dhkeJYC7jMF1PCxI4Qq5m7FdEgUocZlVXYhhMsvr5LWRS0MauH9ZbV+U8RRQifoFJ2jEF2hOrpDDdREFFn0jF7Rm/fkvXjv3seidc0rZo7RH3ifP74Hkno=</latexit><latexit sha1_base64="tKZCiH+4BUG+aJTydZkZZKqKqwo=">AAAB+HicbVDLSgNBEJz1GeMjqx69DAbBU9gVQY9BLx4jmAdklzA76U2GzMwu8xBiyJd48aCIVz/Fm3/jJNmDJhY0FFXddHclOWfaBMG3t7a+sbm1Xdop7+7tH1T8w6OWzqyi0KQZz1QnIRo4k9A0zHDo5AqISDi0k9HtzG8/gtIskw9mnEMsyECylFFinNTzK5FmAkfC4kgJDK2eXw1qwRx4lYQFqaICjZ7/FfUzagVIQznRuhsGuYknRBlGOUzLkdWQEzoiA+g6KokAHU/mh0/xmVP6OM2UK2nwXP09MSFC67FIXKcgZqiXvZn4n9e1Jr2OJ0zm1oCki0Wp5dhkeJYC7jMF1PCxI4Qq5m7FdEgUocZlVXYhhMsvr5LWRS0MauH9ZbV+U8RRQifoFJ2jEF2hOrpDDdREFFn0jF7Rm/fkvXjv3seidc0rZo7RH3ifP74Hkno=</latexit><latexit sha1_base64="tKZCiH+4BUG+aJTydZkZZKqKqwo=">AAAB+HicbVDLSgNBEJz1GeMjqx69DAbBU9gVQY9BLx4jmAdklzA76U2GzMwu8xBiyJd48aCIVz/Fm3/jJNmDJhY0FFXddHclOWfaBMG3t7a+sbm1Xdop7+7tH1T8w6OWzqyi0KQZz1QnIRo4k9A0zHDo5AqISDi0k9HtzG8/gtIskw9mnEMsyECylFFinNTzK5FmAkfC4kgJDK2eXw1qwRx4lYQFqaICjZ7/FfUzagVIQznRuhsGuYknRBlGOUzLkdWQEzoiA+g6KokAHU/mh0/xmVP6OM2UK2nwXP09MSFC67FIXKcgZqiXvZn4n9e1Jr2OJ0zm1oCki0Wp5dhkeJYC7jMF1PCxI4Qq5m7FdEgUocZlVXYhhMsvr5LWRS0MauH9ZbV+U8RRQifoFJ2jEF2hOrpDDdREFFn0jF7Rm/fkvXjv3seidc0rZo7RH3ifP74Hkno=</latexit><latexit sha1_base64="tKZCiH+4BUG+aJTydZkZZKqKqwo=">AAAB+HicbVDLSgNBEJz1GeMjqx69DAbBU9gVQY9BLx4jmAdklzA76U2GzMwu8xBiyJd48aCIVz/Fm3/jJNmDJhY0FFXddHclOWfaBMG3t7a+sbm1Xdop7+7tH1T8w6OWzqyi0KQZz1QnIRo4k9A0zHDo5AqISDi0k9HtzG8/gtIskw9mnEMsyECylFFinNTzK5FmAkfC4kgJDK2eXw1qwRx4lYQFqaICjZ7/FfUzagVIQznRuhsGuYknRBlGOUzLkdWQEzoiA+g6KokAHU/mh0/xmVP6OM2UK2nwXP09MSFC67FIXKcgZqiXvZn4n9e1Jr2OJ0zm1oCki0Wp5dhkeJYC7jMF1PCxI4Qq5m7FdEgUocZlVXYhhMsvr5LWRS0MauH9ZbV+U8RRQifoFJ2jEF2hOrpDDdREFFn0jF7Rm/fkvXjv3seidc0rZo7RH3ifP74Hkno=</latexit>

Radio

Only allowed final state is into 
photons emitted back-to-back 
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Light dark matter decay: Emissivity and flux
Qdec

� (r, E) = �� ⇥ n(r)⇥ dN�

dE
(E)

<latexit sha1_base64="JXVONhmIUahAIvUBAxPItNY6LH0="></latexit><latexit sha1_base64="JXVONhmIUahAIvUBAxPItNY6LH0="></latexit><latexit sha1_base64="JXVONhmIUahAIvUBAxPItNY6LH0="></latexit><latexit sha1_base64="JXVONhmIUahAIvUBAxPItNY6LH0="></latexit>

n(r) =
⇢(r)

m
<latexit sha1_base64="bADrOola5fXMNNZJesO1cqkM/88=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZEXQjFN24rGAf0BlKJs20oXkMSUYow7jxV9y4UMStf+HOvzFtZ6GtBy6cnHMvufdECaPaeN63s7S8srq2Xtoob25t7+y6e/stLVOFSRNLJlUnQpowKkjTUMNIJ1EE8YiRdjS6mfjtB6I0leLejBMScjQQNKYYGSv13ENRVafwCgaxQjgL1FDad57xvOdWvJo3BVwkfkEqoECj534FfYlTToTBDGnd9b3EhBlShmJG8nKQapIgPEID0rVUIE50mE0vyOGJVfowlsqWMHCq/p7IENd6zCPbyZEZ6nlvIv7ndVMTX4YZFUlqiMCzj+KUQSPhJA7Yp4pgw8aWIKyo3RXiIbJZGBta2Ybgz5+8SFpnNd+r+Xfnlfp1EUcJHIFjUAU+uAB1cAsaoAkweATP4BW8OU/Oi/PufMxal5xi5gD8gfP5AxbLlgY=</latexit><latexit sha1_base64="bADrOola5fXMNNZJesO1cqkM/88=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZEXQjFN24rGAf0BlKJs20oXkMSUYow7jxV9y4UMStf+HOvzFtZ6GtBy6cnHMvufdECaPaeN63s7S8srq2Xtoob25t7+y6e/stLVOFSRNLJlUnQpowKkjTUMNIJ1EE8YiRdjS6mfjtB6I0leLejBMScjQQNKYYGSv13ENRVafwCgaxQjgL1FDad57xvOdWvJo3BVwkfkEqoECj534FfYlTToTBDGnd9b3EhBlShmJG8nKQapIgPEID0rVUIE50mE0vyOGJVfowlsqWMHCq/p7IENd6zCPbyZEZ6nlvIv7ndVMTX4YZFUlqiMCzj+KUQSPhJA7Yp4pgw8aWIKyo3RXiIbJZGBta2Ybgz5+8SFpnNd+r+Xfnlfp1EUcJHIFjUAU+uAB1cAsaoAkweATP4BW8OU/Oi/PufMxal5xi5gD8gfP5AxbLlgY=</latexit><latexit sha1_base64="bADrOola5fXMNNZJesO1cqkM/88=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZEXQjFN24rGAf0BlKJs20oXkMSUYow7jxV9y4UMStf+HOvzFtZ6GtBy6cnHMvufdECaPaeN63s7S8srq2Xtoob25t7+y6e/stLVOFSRNLJlUnQpowKkjTUMNIJ1EE8YiRdjS6mfjtB6I0leLejBMScjQQNKYYGSv13ENRVafwCgaxQjgL1FDad57xvOdWvJo3BVwkfkEqoECj534FfYlTToTBDGnd9b3EhBlShmJG8nKQapIgPEID0rVUIE50mE0vyOGJVfowlsqWMHCq/p7IENd6zCPbyZEZ6nlvIv7ndVMTX4YZFUlqiMCzj+KUQSPhJA7Yp4pgw8aWIKyo3RXiIbJZGBta2Ybgz5+8SFpnNd+r+Xfnlfp1EUcJHIFjUAU+uAB1cAsaoAkweATP4BW8OU/Oi/PufMxal5xi5gD8gfP5AxbLlgY=</latexit><latexit sha1_base64="bADrOola5fXMNNZJesO1cqkM/88=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZEXQjFN24rGAf0BlKJs20oXkMSUYow7jxV9y4UMStf+HOvzFtZ6GtBy6cnHMvufdECaPaeN63s7S8srq2Xtoob25t7+y6e/stLVOFSRNLJlUnQpowKkjTUMNIJ1EE8YiRdjS6mfjtB6I0leLejBMScjQQNKYYGSv13ENRVafwCgaxQjgL1FDad57xvOdWvJo3BVwkfkEqoECj534FfYlTToTBDGnd9b3EhBlShmJG8nKQapIgPEID0rVUIE50mE0vyOGJVfowlsqWMHCq/p7IENd6zCPbyZEZ6nlvIv7ndVMTX4YZFUlqiMCzj+KUQSPhJA7Yp4pgw8aWIKyo3RXiIbJZGBta2Ybgz5+8SFpnNd+r+Xfnlfp1EUcJHIFjUAU+uAB1cAsaoAkweATP4BW8OU/Oi/PufMxal5xi5gD8gfP5AxbLlgY=</latexit>

Local emissivity per unit energy 
and volume

[GeV�1s�1cm�3]
<latexit sha1_base64="3qia5AxwN6wsqINWyMbeGhMQcQw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBjSVRQZdFF7qsYB+QxjKZTtqhM0mYmQglZOXGX3HjQhG3foM7/8bpY6GtB4Z7OOde7twTJJwp7TjfVmFhcWl5pbhaWlvf2Nyyt3caKk4loXUS81i2AqwoZxGta6Y5bSWSYhFw2gwGVyO/+UClYnF0p4cJ9QXuRSxkBGsjdex9ry0FuqaN++zYzZGaFCJMPc39jl12Ks4YaJ64U1KGKWod+6vdjUkqaKQJx0p5rpNoP8NSM8JpXmqniiaYDHCPeoZGWFDlZ+MzcnRolC4KY2lepNFY/T2RYaHUUASmU2DdV7PeSPzP81IdXvgZi5JU04hMFoUpRzpGo0xQl0lKNB8agolk5q+I9LHERJvkSiYEd/bkedI4qbhOxb09K1cvp3EUYQ8O4AhcOIcq3EAN6kDgEZ7hFd6sJ+vFerc+Jq0FazqzC39gff4A9qyXgw==</latexit><latexit sha1_base64="3qia5AxwN6wsqINWyMbeGhMQcQw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBjSVRQZdFF7qsYB+QxjKZTtqhM0mYmQglZOXGX3HjQhG3foM7/8bpY6GtB4Z7OOde7twTJJwp7TjfVmFhcWl5pbhaWlvf2Nyyt3caKk4loXUS81i2AqwoZxGta6Y5bSWSYhFw2gwGVyO/+UClYnF0p4cJ9QXuRSxkBGsjdex9ry0FuqaN++zYzZGaFCJMPc39jl12Ks4YaJ64U1KGKWod+6vdjUkqaKQJx0p5rpNoP8NSM8JpXmqniiaYDHCPeoZGWFDlZ+MzcnRolC4KY2lepNFY/T2RYaHUUASmU2DdV7PeSPzP81IdXvgZi5JU04hMFoUpRzpGo0xQl0lKNB8agolk5q+I9LHERJvkSiYEd/bkedI4qbhOxb09K1cvp3EUYQ8O4AhcOIcq3EAN6kDgEZ7hFd6sJ+vFerc+Jq0FazqzC39gff4A9qyXgw==</latexit><latexit sha1_base64="3qia5AxwN6wsqINWyMbeGhMQcQw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBjSVRQZdFF7qsYB+QxjKZTtqhM0mYmQglZOXGX3HjQhG3foM7/8bpY6GtB4Z7OOde7twTJJwp7TjfVmFhcWl5pbhaWlvf2Nyyt3caKk4loXUS81i2AqwoZxGta6Y5bSWSYhFw2gwGVyO/+UClYnF0p4cJ9QXuRSxkBGsjdex9ry0FuqaN++zYzZGaFCJMPc39jl12Ks4YaJ64U1KGKWod+6vdjUkqaKQJx0p5rpNoP8NSM8JpXmqniiaYDHCPeoZGWFDlZ+MzcnRolC4KY2lepNFY/T2RYaHUUASmU2DdV7PeSPzP81IdXvgZi5JU04hMFoUpRzpGo0xQl0lKNB8agolk5q+I9LHERJvkSiYEd/bkedI4qbhOxb09K1cvp3EUYQ8O4AhcOIcq3EAN6kDgEZ7hFd6sJ+vFerc+Jq0FazqzC39gff4A9qyXgw==</latexit><latexit sha1_base64="3qia5AxwN6wsqINWyMbeGhMQcQw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBjSVRQZdFF7qsYB+QxjKZTtqhM0mYmQglZOXGX3HjQhG3foM7/8bpY6GtB4Z7OOde7twTJJwp7TjfVmFhcWl5pbhaWlvf2Nyyt3caKk4loXUS81i2AqwoZxGta6Y5bSWSYhFw2gwGVyO/+UClYnF0p4cJ9QXuRSxkBGsjdex9ry0FuqaN++zYzZGaFCJMPc39jl12Ks4YaJ64U1KGKWod+6vdjUkqaKQJx0p5rpNoP8NSM8JpXmqniiaYDHCPeoZGWFDlZ+MzcnRolC4KY2lepNFY/T2RYaHUUASmU2DdV7PeSPzP81IdXvgZi5JU04hMFoUpRzpGo0xQl0lKNB8agolk5q+I9LHERJvkSiYEd/bkedI4qbhOxb09K1cvp3EUYQ8O4AhcOIcq3EAN6kDgEZ7hFd6sJ+vFerc+Jq0FazqzC39gff4A9qyXgw==</latexit>

Emissivity per sr (isotropic emission)
[GeV�1s�1cm�3sr�1]

<latexit sha1_base64="EFl6x3J1M0zTKt6YmXrAkrlDRKw=">AAACDnicbVA9T8MwEL2Ur1K+AowsFlUlFqoEkGCsYICxSPRDakPluE5r1U4i20Gqov4CFv4KCwMIsTKz8W9w0wzQ8iTr3r270/meH3OmtON8W4Wl5ZXVteJ6aWNza3vH3t1rqiiRhDZIxCPZ9rGinIW0oZnmtB1LioXPacsfXU3rrQcqFYvCOz2OqSfwIGQBI1gbqWdXOl0p0DVt3qfH7gSpWSDCxFOTyiz3enbZqToZ0CJxc1KGHPWe/dXtRyQRNNSEY6U6rhNrL8VSM8LppNRNFI0xGeEB7RgaYkGVl2bnTFDFKH0URNK8UKNM/T2RYqHUWPimU2A9VPO1qfhfrZPo4MJLWRgnmoZktihIONIRmnqD+kxSovnYEEwkM39FZIglJto4WDImuPMnL5LmSdV1qu7tWbl2mdtRhAM4hCNw4RxqcAN1aACBR3iGV3iznqwX6936mLUWrHxmH/7A+vwBmDuajA==</latexit><latexit sha1_base64="EFl6x3J1M0zTKt6YmXrAkrlDRKw=">AAACDnicbVA9T8MwEL2Ur1K+AowsFlUlFqoEkGCsYICxSPRDakPluE5r1U4i20Gqov4CFv4KCwMIsTKz8W9w0wzQ8iTr3r270/meH3OmtON8W4Wl5ZXVteJ6aWNza3vH3t1rqiiRhDZIxCPZ9rGinIW0oZnmtB1LioXPacsfXU3rrQcqFYvCOz2OqSfwIGQBI1gbqWdXOl0p0DVt3qfH7gSpWSDCxFOTyiz3enbZqToZ0CJxc1KGHPWe/dXtRyQRNNSEY6U6rhNrL8VSM8LppNRNFI0xGeEB7RgaYkGVl2bnTFDFKH0URNK8UKNM/T2RYqHUWPimU2A9VPO1qfhfrZPo4MJLWRgnmoZktihIONIRmnqD+kxSovnYEEwkM39FZIglJto4WDImuPMnL5LmSdV1qu7tWbl2mdtRhAM4hCNw4RxqcAN1aACBR3iGV3iznqwX6936mLUWrHxmH/7A+vwBmDuajA==</latexit><latexit sha1_base64="EFl6x3J1M0zTKt6YmXrAkrlDRKw=">AAACDnicbVA9T8MwEL2Ur1K+AowsFlUlFqoEkGCsYICxSPRDakPluE5r1U4i20Gqov4CFv4KCwMIsTKz8W9w0wzQ8iTr3r270/meH3OmtON8W4Wl5ZXVteJ6aWNza3vH3t1rqiiRhDZIxCPZ9rGinIW0oZnmtB1LioXPacsfXU3rrQcqFYvCOz2OqSfwIGQBI1gbqWdXOl0p0DVt3qfH7gSpWSDCxFOTyiz3enbZqToZ0CJxc1KGHPWe/dXtRyQRNNSEY6U6rhNrL8VSM8LppNRNFI0xGeEB7RgaYkGVl2bnTFDFKH0URNK8UKNM/T2RYqHUWPimU2A9VPO1qfhfrZPo4MJLWRgnmoZktihIONIRmnqD+kxSovnYEEwkM39FZIglJto4WDImuPMnL5LmSdV1qu7tWbl2mdtRhAM4hCNw4RxqcAN1aACBR3iGV3iznqwX6936mLUWrHxmH/7A+vwBmDuajA==</latexit><latexit sha1_base64="EFl6x3J1M0zTKt6YmXrAkrlDRKw=">AAACDnicbVA9T8MwEL2Ur1K+AowsFlUlFqoEkGCsYICxSPRDakPluE5r1U4i20Gqov4CFv4KCwMIsTKz8W9w0wzQ8iTr3r270/meH3OmtON8W4Wl5ZXVteJ6aWNza3vH3t1rqiiRhDZIxCPZ9rGinIW0oZnmtB1LioXPacsfXU3rrQcqFYvCOz2OqSfwIGQBI1gbqWdXOl0p0DVt3qfH7gSpWSDCxFOTyiz3enbZqToZ0CJxc1KGHPWe/dXtRyQRNNSEY6U6rhNrL8VSM8LppNRNFI0xGeEB7RgaYkGVl2bnTFDFKH0URNK8UKNM/T2RYqHUWPimU2A9VPO1qfhfrZPo4MJLWRgnmoZktihIONIRmnqD+kxSovnYEEwkM39FZIglJto4WDImuPMnL5LmSdV1qu7tWbl2mdtRhAM4hCNw4RxqcAN1aACBR3iGV3iznqwX6936mLUWrHxmH/7A+vwBmDuajA==</latexit>

Q�(r, E)

4⇡
<latexit sha1_base64="+id56q/bh9Go8hw4lUoVkyMjb70=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahgpRECrosiuCyBfuAJoTJdNIOnZmEmYlQQjdu/BU3LhRx6z+482+ctllo64ELh3Pu5d57woRRpR3n2yqsrK6tbxQ3S1vbO7t79v5BW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1Ow9EKhqLez1OiM/RQNCIYqSNFNjHXiQRzpqBN0Cco4o8h7dnk6wGvYROArvsVJ0Z4DJxc1IGORqB/eX1Y5xyIjRmSKme6yTaz5DUFDMyKXmpIgnCIzQgPUMF4kT52eyLCTw1Sh9GsTQlNJypvycyxJUa89B0cqSHatGbiv95vVRHV35GRZJqIvB8UZQyqGM4jQT2qSRYs7EhCEtqboV4iEws2gRXMiG4iy8vk/ZF1XWqbrNWrl/ncRTBETgBFeCCS1AHd6ABWgCDR/AMXsGb9WS9WO/Wx7y1YOUzh+APrM8fACSXlw==</latexit><latexit sha1_base64="+id56q/bh9Go8hw4lUoVkyMjb70=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahgpRECrosiuCyBfuAJoTJdNIOnZmEmYlQQjdu/BU3LhRx6z+482+ctllo64ELh3Pu5d57woRRpR3n2yqsrK6tbxQ3S1vbO7t79v5BW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1Ow9EKhqLez1OiM/RQNCIYqSNFNjHXiQRzpqBN0Cco4o8h7dnk6wGvYROArvsVJ0Z4DJxc1IGORqB/eX1Y5xyIjRmSKme6yTaz5DUFDMyKXmpIgnCIzQgPUMF4kT52eyLCTw1Sh9GsTQlNJypvycyxJUa89B0cqSHatGbiv95vVRHV35GRZJqIvB8UZQyqGM4jQT2qSRYs7EhCEtqboV4iEws2gRXMiG4iy8vk/ZF1XWqbrNWrl/ncRTBETgBFeCCS1AHd6ABWgCDR/AMXsGb9WS9WO/Wx7y1YOUzh+APrM8fACSXlw==</latexit><latexit sha1_base64="+id56q/bh9Go8hw4lUoVkyMjb70=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahgpRECrosiuCyBfuAJoTJdNIOnZmEmYlQQjdu/BU3LhRx6z+482+ctllo64ELh3Pu5d57woRRpR3n2yqsrK6tbxQ3S1vbO7t79v5BW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1Ow9EKhqLez1OiM/RQNCIYqSNFNjHXiQRzpqBN0Cco4o8h7dnk6wGvYROArvsVJ0Z4DJxc1IGORqB/eX1Y5xyIjRmSKme6yTaz5DUFDMyKXmpIgnCIzQgPUMF4kT52eyLCTw1Sh9GsTQlNJypvycyxJUa89B0cqSHatGbiv95vVRHV35GRZJqIvB8UZQyqGM4jQT2qSRYs7EhCEtqboV4iEws2gRXMiG4iy8vk/ZF1XWqbrNWrl/ncRTBETgBFeCCS1AHd6ABWgCDR/AMXsGb9WS9WO/Wx7y1YOUzh+APrM8fACSXlw==</latexit><latexit sha1_base64="+id56q/bh9Go8hw4lUoVkyMjb70=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahgpRECrosiuCyBfuAJoTJdNIOnZmEmYlQQjdu/BU3LhRx6z+482+ctllo64ELh3Pu5d57woRRpR3n2yqsrK6tbxQ3S1vbO7t79v5BW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1Ow9EKhqLez1OiM/RQNCIYqSNFNjHXiQRzpqBN0Cco4o8h7dnk6wGvYROArvsVJ0Z4DJxc1IGORqB/eX1Y5xyIjRmSKme6yTaz5DUFDMyKXmpIgnCIzQgPUMF4kT52eyLCTw1Sh9GsTQlNJypvycyxJUa89B0cqSHatGbiv95vVRHV35GRZJqIvB8UZQyqGM4jQT2qSRYs7EhCEtqboV4iEws2gRXMiG4iy8vk/ZF1XWqbrNWrl/ncRTBETgBFeCCS1AHd6ABWgCDR/AMXsGb9WS9WO/Wx7y1YOUzh+APrM8fACSXlw==</latexit>

Gamma-ray (or neutrino) 
differential energy flux��(E) ⌘ d��

dE
=

Z

�⌦
d⌦(`, b)

Z

l.o.s
ds

Q�(r(s, `, b), E)

4⇡
<latexit sha1_base64="sgjRSegzwsoZNYFkFmmxiiWzhWM="></latexit><latexit sha1_base64="sgjRSegzwsoZNYFkFmmxiiWzhWM="></latexit><latexit sha1_base64="sgjRSegzwsoZNYFkFmmxiiWzhWM="></latexit><latexit sha1_base64="sgjRSegzwsoZNYFkFmmxiiWzhWM="></latexit>

[GeV�1s�1cm�2]
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Light dark matter decay: Flux

78
Flux from all galaxies: you need to integrate over redshift and galaxies’ redshift distribution 
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Sterile neutrinos X-ray lines
Model prediction 

• X-ray lines for sterile neutrinos in the keV to MeV mass range

• Loop mediated radiative decay 
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Sterile neutrinos X-ray lines
X-ray telescopes and spectral analysis 
Starting from early 2014: 


‣ Detection of an unidentified line at 3.5 keV: XMM-Newton (6 Ms) & Chandra, Perseus 
cluster; XMM-Newton, M31; Suzaku, Perseus; etc


‣ Constraints from Chandra M31; XMM-Newton/Chandra 80 galaxies; blank  field 
pointings Chandra and XMM-Newton, etc

Leading limits: Dessert+ Science’ 20

Review: K. N. Abazajian, Phys. Rept. 711-712, 1 (2017)

https://arxiv.org/abs/1705.01837


Quick ID: 

• Light pseudo-scalar particle 

• Minimal coupling with gluons to solve the strong 

CP problem

• Production through Peccei-Quinn symmetry 

breaking at the energy scale 


• Viable cold dark matter candidate over a large 
mass range


• Induced coupling with photons
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�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

a

Primakoff conversion Decay 81

The QCD axion
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Broadening the landscape 
Axion-like particles

[Wave-like DM is even broader: more generally, light scalars or vectors]

Axion-like particles: (pseudo-)scalar particles, masses as low as ZeV, very weak couplings 
with SM, coupled with photons as QCD axions

Quick ID:

• Common in many extensions of the SM 
from the spontaneous breaking of 
approximate global symmetries  

• Mass is not determined by QCD effects 

• They do not solve the strong CP 
problem  

• They can be viable dark matter 
candidates

https://github.com/cajohare/AxionLimits
Chang+ PRD 2000; Turok PRL 1996; Arvanitaki+ PRD’10

VHEPU 202482
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ALPs dark matter
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a

• ALPs can be good DM candidates in some 
portions of the parameter space

Preskill+ PLB 1983; Sikivie International Journal of Modern Physics ‘10
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• If DM, ALPs distributed in 
galaxies according 
standard DM density 
distributions (e.g. NFW)


• Search for narrow lines in 
DM-rich environments 
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Constraints on eV ALPs
IR - optical wavelengths

Todarello+ JCAP’24

Search for narrow lines in IR and optical 
data

• MUSE: search in the direction of 5 
known dwarf galaxies 

• VIMOS (Visible Multi-Object 
Spectrograph): galaxy clusters Abell 
2667 and 2390

• JWST:  public blank sky observations 
from the NIRSpec IFU 

Grin+ PRD’06

Janish & Pinetti 2310.15395

Janish & Pinetti 2310.15395
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Constraints on keV - MeV ALPs

https://github.com/cajohare/AxionLimits

Heavy ALPs DM decay 
Search for narrow lines in X and gamma-
ray data

• XMM-Newton: 5-16 keV, archival data 
=> No evidence found for unassociated 
X-ray lines

• NuSTAR: 7-Ms/detector deep blank-sky 
exposures

• Integral-SPI: new analysis of 16yr data 
with dedicated search for DM 
component in continuum Galactic 
emission

XMM-NewtonXMM-Newton

Integral-SPI
Foster+ PRL’21

Berteaud, FC+PRD’22; FC+ MNRAS’23

NuSTAR

Roach+ PRD’23

X-ray and soft gamma rays energies
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Particle dark matter emission* 
ECM = N mDM , N = 1 (decay), 2 (annih)

<latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit><latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit><latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit><latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit>
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Centre of mass energy  Signal energy '<latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit><latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit><latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit><latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit>

[*Dark matter = Weakly interacting massive particles, WIMPs]

mDM & MeV
<latexit sha1_base64="8d/G8RddH3SITfSJ8jXWwK6cmGo=">AAACA3icbVDLSgMxFL3js9bXqDvdBIvgqsyIoMuiLtwUKtgHdIYhk6ZtaDIzJBmhDAU3/oobF4q49Sfc+Tdm2llo64HAyTnnktwTJpwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJxKQpsk5rHshFhRziLa1Exz2kkkxSLktB2OrnO//UClYnF0r8cJ9QUeRKzPCNZGCuxDEWSeFOimPkHeQJugQPm9TluBXXGqzhRokbgFqUCBRmB/eb2YpIJGmnCsVNd1Eu1nWGpGOJ2UvVTRBJMRHtCuoREWVPnZdIcJOjFKD/VjaU6k0VT9PZFhodRYhCYpsB6qeS8X//O6qe5f+hmLklTTiMwe6qcc6RjlhaAek5RoPjYEE8nMXxEZYomJNrWVTQnu/MqLpHVWdZ2qe3deqV0VdZTgCI7hFFy4gBrcQgOaQOARnuEV3qwn68V6tz5m0SWrmDmAP7A+fwDKe5b0</latexit><latexit sha1_base64="8d/G8RddH3SITfSJ8jXWwK6cmGo=">AAACA3icbVDLSgMxFL3js9bXqDvdBIvgqsyIoMuiLtwUKtgHdIYhk6ZtaDIzJBmhDAU3/oobF4q49Sfc+Tdm2llo64HAyTnnktwTJpwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJxKQpsk5rHshFhRziLa1Exz2kkkxSLktB2OrnO//UClYnF0r8cJ9QUeRKzPCNZGCuxDEWSeFOimPkHeQJugQPm9TluBXXGqzhRokbgFqUCBRmB/eb2YpIJGmnCsVNd1Eu1nWGpGOJ2UvVTRBJMRHtCuoREWVPnZdIcJOjFKD/VjaU6k0VT9PZFhodRYhCYpsB6qeS8X//O6qe5f+hmLklTTiMwe6qcc6RjlhaAek5RoPjYEE8nMXxEZYomJNrWVTQnu/MqLpHVWdZ2qe3deqV0VdZTgCI7hFFy4gBrcQgOaQOARnuEV3qwn68V6tz5m0SWrmDmAP7A+fwDKe5b0</latexit><latexit sha1_base64="8d/G8RddH3SITfSJ8jXWwK6cmGo=">AAACA3icbVDLSgMxFL3js9bXqDvdBIvgqsyIoMuiLtwUKtgHdIYhk6ZtaDIzJBmhDAU3/oobF4q49Sfc+Tdm2llo64HAyTnnktwTJpwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJxKQpsk5rHshFhRziLa1Exz2kkkxSLktB2OrnO//UClYnF0r8cJ9QUeRKzPCNZGCuxDEWSeFOimPkHeQJugQPm9TluBXXGqzhRokbgFqUCBRmB/eb2YpIJGmnCsVNd1Eu1nWGpGOJ2UvVTRBJMRHtCuoREWVPnZdIcJOjFKD/VjaU6k0VT9PZFhodRYhCYpsB6qeS8X//O6qe5f+hmLklTTiMwe6qcc6RjlhaAek5RoPjYEE8nMXxEZYomJNrWVTQnu/MqLpHVWdZ2qe3deqV0VdZTgCI7hFFy4gBrcQgOaQOARnuEV3qwn68V6tz5m0SWrmDmAP7A+fwDKe5b0</latexit><latexit sha1_base64="8d/G8RddH3SITfSJ8jXWwK6cmGo=">AAACA3icbVDLSgMxFL3js9bXqDvdBIvgqsyIoMuiLtwUKtgHdIYhk6ZtaDIzJBmhDAU3/oobF4q49Sfc+Tdm2llo64HAyTnnktwTJpwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJxKQpsk5rHshFhRziLa1Exz2kkkxSLktB2OrnO//UClYnF0r8cJ9QUeRKzPCNZGCuxDEWSeFOimPkHeQJugQPm9TluBXXGqzhRokbgFqUCBRmB/eb2YpIJGmnCsVNd1Eu1nWGpGOJ2UvVTRBJMRHtCuoREWVPnZdIcJOjFKD/VjaU6k0VT9PZFhodRYhCYpsB6qeS8X//O6qe5f+hmLklTTiMwe6qcc6RjlhaAek5RoPjYEE8nMXxEZYomJNrWVTQnu/MqLpHVWdZ2qe3deqV0VdZTgCI7hFFy4gBrcQgOaQOARnuEV3qwn68V6tz5m0SWrmDmAP7A+fwDKe5b0</latexit>
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Particle dark matter emission
ECM = N mDM , N = 1 (decay), 2 (annih)

<latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit><latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit><latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit><latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit>

Centre of mass energy  Signal energy '<latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit><latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit><latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit><latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit>
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Particle dark matter emission
ECM = N mDM , N = 1 (decay), 2 (annih)

<latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit><latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit><latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit><latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit>

Centre of mass energy  Signal energy '<latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit><latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit><latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit><latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit>
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Particle dark matter emission
ECM = N mDM , N = 1 (decay), 2 (annih)

<latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit><latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit><latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit><latexit sha1_base64="4Y/mUMPXNUlCMLNKLwFc7QjlxIA="></latexit>

Centre of mass energy  Signal energy '<latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit><latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit><latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit><latexit sha1_base64="FRetEMjoakfAgHDhL814oR4Ui0k=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98Qm24kvd2lGKY0L7kMWfUOqnRMTzBx26p7Ff8GcgyCXJShhy1bumr01MsS1BaJqgx7cBPbTim2nImcFLsZAZTyoa0j21HJU3QhOPZtRNy6pQeiZV2JS2Zqb8nxjQxZpRErjOhdmAWvan4n9fObHwVjrlMM4uSzRfFmSBWkenrpMc1MitGjlCmubuVsAHVlFkXUNGFECy+vEwa55XArwR3F+XqdR5HAY7hBM4ggEuowi3UoA4MHuAZXuHNU96L9+59zFtXvHzmCP7A+/wBsZuPMQ==</latexit>
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Dark matter spectrum: prompt photons

Numerical codes for computation of DM spectra:  
DarkSUSY http://www.fysik.su.se/~edsjo/darksusy/ 

Gondolo+ JCAP’04   
MicrOMEGAs https://lapth.cnrs.fr/micromegas/ 

Belanger+ JCAP’05

PPC 4 DM ID http://www.marcocirelli.net/PPPC4DMID.html 
Cirelli+ JCAP 2012 

Analytical fitting functions: 
Fornengo, Pieri, Scopel, PRD 2004

Cembranos et al., PRD 2011

For dependence on event Monte Carlo 
generators see, e.g.,  

Cembranos+ JHEP’13

Emission from hadronic decays 
and cascades

Bergström et al., JCAP’05 

EM and EW correcFons

gamma-ray lines

Bringmann, FC+ JHEP’08; Ciafaloni+ JCAP’11; Bringmann&FC PRL’14

dNX

dx
⌘ m�

dNX

dE

http://www.fysik.su.se/~edsjo/darksusy/
https://lapth.cnrs.fr/micromegas/
http://www.marcocirelli.net/PPPC4DMID.html
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<latexit sha1_base64="EjykW3kEjJaqWX8CFJn4MXUXdlw="></latexit><latexit sha1_base64="EjykW3kEjJaqWX8CFJn4MXUXdlw="></latexit><latexit sha1_base64="EjykW3kEjJaqWX8CFJn4MXUXdlw="></latexit><latexit sha1_base64="EjykW3kEjJaqWX8CFJn4MXUXdlw="></latexit>

Qann
� (r, E) = h�vi ⇥ npairs(r)⇥

X

f

Bf
dNf

�

dE
(E)

<latexit sha1_base64="UuXuCL4ltxMIvu1zM+Qg2OuaLqk="></latexit><latexit sha1_base64="UuXuCL4ltxMIvu1zM+Qg2OuaLqk="></latexit><latexit sha1_base64="UuXuCL4ltxMIvu1zM+Qg2OuaLqk="></latexit><latexit sha1_base64="UuXuCL4ltxMIvu1zM+Qg2OuaLqk="></latexit>

npairs(r) = s⇥ ⇢2(r)

m2
<latexit sha1_base64="Lt2msW7VszaJswQXmLST9guYhhY=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0Wom5oUQTdC0Y3LCvYBTVom00k7dGYSZiZCCfkMN/6KGxeKuO3Ov3HaZqGtBy4czrmXe+8JYkaVdpxvq7C2vrG5Vdwu7ezu7R/Yh0ctFSUSkyaOWCQ7AVKEUUGammpGOrEkiAeMtIPx3cxvPxGpaCQe9SQmPkdDQUOKkTZS374Q/dSTHMaISpVV5Dm8gcrTlBPlhRJhY46iXs0YWcp7taxvl52qMwdcJW5OyiBHo29PvUGEE06Exgwp1XWdWPspkppiRrKSlygSIzxGQ9I1VCCz2U/nj2XwzCgDGEbSlNBwrv6eSBFXasID08mRHqllbyb+53UTHV77KRVxoonAi0VhwqCO4CwlOKCSYM0mhiAsqbkV4hEyeWiTZcmE4C6/vEpatarrVN2Hy3L9No+jCE7AKagAF1yBOrgHDdAEGDyDV/AOPqwX6836tL4WrQUrnzkGf2BNfwAeb5/O</latexit><latexit sha1_base64="Lt2msW7VszaJswQXmLST9guYhhY=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0Wom5oUQTdC0Y3LCvYBTVom00k7dGYSZiZCCfkMN/6KGxeKuO3Ov3HaZqGtBy4czrmXe+8JYkaVdpxvq7C2vrG5Vdwu7ezu7R/Yh0ctFSUSkyaOWCQ7AVKEUUGammpGOrEkiAeMtIPx3cxvPxGpaCQe9SQmPkdDQUOKkTZS374Q/dSTHMaISpVV5Dm8gcrTlBPlhRJhY46iXs0YWcp7taxvl52qMwdcJW5OyiBHo29PvUGEE06Exgwp1XWdWPspkppiRrKSlygSIzxGQ9I1VCCz2U/nj2XwzCgDGEbSlNBwrv6eSBFXasID08mRHqllbyb+53UTHV77KRVxoonAi0VhwqCO4CwlOKCSYM0mhiAsqbkV4hEyeWiTZcmE4C6/vEpatarrVN2Hy3L9No+jCE7AKagAF1yBOrgHDdAEGDyDV/AOPqwX6836tL4WrQUrnzkGf2BNfwAeb5/O</latexit><latexit sha1_base64="Lt2msW7VszaJswQXmLST9guYhhY=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0Wom5oUQTdC0Y3LCvYBTVom00k7dGYSZiZCCfkMN/6KGxeKuO3Ov3HaZqGtBy4czrmXe+8JYkaVdpxvq7C2vrG5Vdwu7ezu7R/Yh0ctFSUSkyaOWCQ7AVKEUUGammpGOrEkiAeMtIPx3cxvPxGpaCQe9SQmPkdDQUOKkTZS374Q/dSTHMaISpVV5Dm8gcrTlBPlhRJhY46iXs0YWcp7taxvl52qMwdcJW5OyiBHo29PvUGEE06Exgwp1XWdWPspkppiRrKSlygSIzxGQ9I1VCCz2U/nj2XwzCgDGEbSlNBwrv6eSBFXasID08mRHqllbyb+53UTHV77KRVxoonAi0VhwqCO4CwlOKCSYM0mhiAsqbkV4hEyeWiTZcmE4C6/vEpatarrVN2Hy3L9No+jCE7AKagAF1yBOrgHDdAEGDyDV/AOPqwX6836tL4WrQUrnzkGf2BNfwAeb5/O</latexit><latexit sha1_base64="Lt2msW7VszaJswQXmLST9guYhhY=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0Wom5oUQTdC0Y3LCvYBTVom00k7dGYSZiZCCfkMN/6KGxeKuO3Ov3HaZqGtBy4czrmXe+8JYkaVdpxvq7C2vrG5Vdwu7ezu7R/Yh0ctFSUSkyaOWCQ7AVKEUUGammpGOrEkiAeMtIPx3cxvPxGpaCQe9SQmPkdDQUOKkTZS374Q/dSTHMaISpVV5Dm8gcrTlBPlhRJhY46iXs0YWcp7taxvl52qMwdcJW5OyiBHo29PvUGEE06Exgwp1XWdWPspkppiRrKSlygSIzxGQ9I1VCCz2U/nj2XwzCgDGEbSlNBwrv6eSBFXasID08mRHqllbyb+53UTHV77KRVxoonAi0VhwqCO4CwlOKCSYM0mhiAsqbkV4hEyeWiTZcmE4C6/vEpatarrVN2Hy3L9No+jCE7AKagAF1yBOrgHDdAEGDyDV/AOPqwX6836tL4WrQUrnzkGf2BNfwAeb5/O</latexit>

s =
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2
,
1

4

o

Majorana Dirac

Dark matter annihilation: Rate and flux
Emissivity per unit energy and 

volume
[GeV�1s�1cm�3]

<latexit sha1_base64="3qia5AxwN6wsqINWyMbeGhMQcQw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBjSVRQZdFF7qsYB+QxjKZTtqhM0mYmQglZOXGX3HjQhG3foM7/8bpY6GtB4Z7OOde7twTJJwp7TjfVmFhcWl5pbhaWlvf2Nyyt3caKk4loXUS81i2AqwoZxGta6Y5bSWSYhFw2gwGVyO/+UClYnF0p4cJ9QXuRSxkBGsjdex9ry0FuqaN++zYzZGaFCJMPc39jl12Ks4YaJ64U1KGKWod+6vdjUkqaKQJx0p5rpNoP8NSM8JpXmqniiaYDHCPeoZGWFDlZ+MzcnRolC4KY2lepNFY/T2RYaHUUASmU2DdV7PeSPzP81IdXvgZi5JU04hMFoUpRzpGo0xQl0lKNB8agolk5q+I9LHERJvkSiYEd/bkedI4qbhOxb09K1cvp3EUYQ8O4AhcOIcq3EAN6kDgEZ7hFd6sJ+vFerc+Jq0FazqzC39gff4A9qyXgw==</latexit><latexit sha1_base64="3qia5AxwN6wsqINWyMbeGhMQcQw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBjSVRQZdFF7qsYB+QxjKZTtqhM0mYmQglZOXGX3HjQhG3foM7/8bpY6GtB4Z7OOde7twTJJwp7TjfVmFhcWl5pbhaWlvf2Nyyt3caKk4loXUS81i2AqwoZxGta6Y5bSWSYhFw2gwGVyO/+UClYnF0p4cJ9QXuRSxkBGsjdex9ry0FuqaN++zYzZGaFCJMPc39jl12Ks4YaJ64U1KGKWod+6vdjUkqaKQJx0p5rpNoP8NSM8JpXmqniiaYDHCPeoZGWFDlZ+MzcnRolC4KY2lepNFY/T2RYaHUUASmU2DdV7PeSPzP81IdXvgZi5JU04hMFoUpRzpGo0xQl0lKNB8agolk5q+I9LHERJvkSiYEd/bkedI4qbhOxb09K1cvp3EUYQ8O4AhcOIcq3EAN6kDgEZ7hFd6sJ+vFerc+Jq0FazqzC39gff4A9qyXgw==</latexit><latexit sha1_base64="3qia5AxwN6wsqINWyMbeGhMQcQw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBjSVRQZdFF7qsYB+QxjKZTtqhM0mYmQglZOXGX3HjQhG3foM7/8bpY6GtB4Z7OOde7twTJJwp7TjfVmFhcWl5pbhaWlvf2Nyyt3caKk4loXUS81i2AqwoZxGta6Y5bSWSYhFw2gwGVyO/+UClYnF0p4cJ9QXuRSxkBGsjdex9ry0FuqaN++zYzZGaFCJMPc39jl12Ks4YaJ64U1KGKWod+6vdjUkqaKQJx0p5rpNoP8NSM8JpXmqniiaYDHCPeoZGWFDlZ+MzcnRolC4KY2lepNFY/T2RYaHUUASmU2DdV7PeSPzP81IdXvgZi5JU04hMFoUpRzpGo0xQl0lKNB8agolk5q+I9LHERJvkSiYEd/bkedI4qbhOxb09K1cvp3EUYQ8O4AhcOIcq3EAN6kDgEZ7hFd6sJ+vFerc+Jq0FazqzC39gff4A9qyXgw==</latexit><latexit sha1_base64="3qia5AxwN6wsqINWyMbeGhMQcQw=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBjSVRQZdFF7qsYB+QxjKZTtqhM0mYmQglZOXGX3HjQhG3foM7/8bpY6GtB4Z7OOde7twTJJwp7TjfVmFhcWl5pbhaWlvf2Nyyt3caKk4loXUS81i2AqwoZxGta6Y5bSWSYhFw2gwGVyO/+UClYnF0p4cJ9QXuRSxkBGsjdex9ry0FuqaN++zYzZGaFCJMPc39jl12Ks4YaJ64U1KGKWod+6vdjUkqaKQJx0p5rpNoP8NSM8JpXmqniiaYDHCPeoZGWFDlZ+MzcnRolC4KY2lepNFY/T2RYaHUUASmU2DdV7PeSPzP81IdXvgZi5JU04hMFoUpRzpGo0xQl0lKNB8agolk5q+I9LHERJvkSiYEd/bkedI4qbhOxb09K1cvp3EUYQ8O4AhcOIcq3EAN6kDgEZ7hFd6sJ+vFerc+Jq0FazqzC39gff4A9qyXgw==</latexit>

Gamma-ray (or neutrino) 
differential energy flux

[GeV�1s�1cm�2]
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h�vi = a+ bv2 +O(v4), v/c ⇠ 10�3 Non-relativistic regime: if present, s-wave is dominant

Be careful! This equation holds in the s-wave approximation, i.e. of velocity dependent cross-section
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Dark matter annihilation flux
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Dark matter density profiles Spatial distribution of the signal
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Radiative emission from leptons

�-ray

Inverse Compton scattering 
on CMB, star-light, infrared-light

Bremsstrahlung 
onto gas of interstellar medium

Synchrotron radiation 
magnetic field muG for GeV-TeV electrons 

=> MHz-GHz radio signal

�-ray

G. Rybicki and A.P. Lightman, 1979, ’Radiative Processes in Astrophysics’, John Wiley & Sons Inc.; M. S. Longair, 2011, ’High Energy Astrophysics’, Cambridge University Press. 
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Inverse Compton scattering

�-ray

dark matter

Radiative emission from leptons
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Inverse Compton scattering

�-ray

dark matter

Cirelli+ PRD’ 21

Radiative emission from leptons

Secondary emission processes allow us to probe DM at much higher masses than prompt energy scales

https://arxiv.org/pdf/2007.11493.pdf


McDaniel+, JCAP’17

Radio GammaX rays

Prompt

97

Multi-wavelength particle DM emission

Example: Annihilation into b-quarks; 
mDM = 100 GeV

“Secondary” radiative emission induced by leptonic particles interacting with the environment  

https://arxiv.org/abs/1705.09384
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CM
B

Fe
rm

i+A
MS

Leane+ PRD’18

• Total cross-section sets relic abundance 
• Indirect detection provides model-

independent UL on annihilation cross-section 
for a given final state
Consistent and conservative interpretation of 
the data in the context of the generic thermal 
WIMP

few keV 100 TeV10 GeV10 MeV

BBN

CMB

Fermi-LAT, AMS-02

WIMP annihilation window

1 TeV

IACTs, HAWC, Tibet ASg 

[Low DM masses constrained by energy injection at early times and 
CMB observations Slatyer & Wu, PRD'17]



+ dedicated searches for gamma-ray lines 

+ similar targets for radio searches 

(synchrotron)
Conrad & Reimer Nature Phys. 13 (2017)
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DM

DM

�

�

J∝ 

Targets for WIMP  
gamma-ray searches
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• Guaranteed gamma-ray emission 
from astrophysical sources and 
cosmic-ray interactions with gas and 
ambient photons

• Modelling uncertainty from 
cosmic-ray propagation conditions 
and target distributions (gas, 
radiation fields)

• Careful assessment is S/B and 
systematic modelling uncertainties

Astrophysical 
Backgrounds



• Generally, the signal looks like a smooth bump (from decay/hadronization 
products) from the main, smooth, Galactic halo => Importance of 
astrophysical background modelling


• Spectral features: look for sharp (or less sharp) features at the high-end of 
the energy spectrum


• Spatial (angular) features: look for specific DM-dominated targets and/or for 
angular correlations in the sky (anisotropies/cross-correlation)

Different WIMP searches leverage on different WIMP (generic) features

=> Example: Searches for DM towards dwarf spheroidal galaxies

101

Feature-based searches 

[NB: Models are predictive => can link different observables (direct/indirect/collider) and break degeneracies]



A growing Galactic crowd

> 50 satellites


(SDSS, PanSTARRS, DES)

Known satellites of the Milky Way at ~100 kpc 
from Earth


“Clean” target for DM searches, high mass-to-
light ratio and little astrophysical emission


Credit: J.D. Simon / AR Astronomy and Astrophysics 


Winter+ ApJ’16

Dwarf spheroidal galaxies

102102



Fermi-LAT Collaboration, PRL’11
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Limits from dwarf spheroidal galaxies



Fermi-LAT Collaboration, PRL’11
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Limits from dwarf spheroidal galaxies

Credit: ESO/Fornax galaxy



Fermi-LAT Collaboration, PRL’11
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Limits from dwarf spheroidal galaxies

GRAVSPHERE 
Alvarez, FC+ JCAP’20



Fermi-LAT Collaboration, PRL’11
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Limits from dwarf spheroidal galaxies

Mazziotta+Astrop. Phys.’12



Fermi-LAT Collaboration, PRL’11
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Limits from dwarf spheroidal galaxies

Mazziotta+Astrop. Phys.’12
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Evidence for additional DM signal? 



Analysing dSphs as a group results in 
sensitivity competitive with other 
targets => Stacking technique

Fermi-LAT Collaboration, PRL’11
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Limits from dwarf spheroidal galaxies
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Gamma rays: Dwarf spheroidal galaxies
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Limits on annihilating WIMPs

~ a few GeV — few TeV 

Fermi-LAT dwarf galaxies
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Eckner et al. 22

Gamma rays: High-latitude MW halo

109

Eckner, FC+ MNRAS’22 

High-latitude  
Fermi-LAT sky

Limits on annihilating WIMPs

~ a few GeV — few TeV 

�

�

Zechlin+ PRD’18 
Chang+ PRD'18

http://2208.03312


Limits on annihilating WIMPs
Anti-protons flux from the MW
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Anti-protons
Balan+ arXiv:2303.07362 

Di Mauro+ PRD’21,  
FC+ SciPost’22

~ a few GeV — few TeV 

DM signal

Secondary anti-p 

AMS-02 data
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Synchrotron emission in the Large Magellanic Cloud
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Radio LMC
Regis+ JCAP’21

Limits on annihilating WIMPs

~ a few GeV — few TeV 
ASKAP 888 MHz
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Summary of multi-targets and MW constraints
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~ a few GeV — few TeV 

DM DM -> WW

~550h GC obs

HESS Coll. PRL'22

0.2 TeV — 50 TeV

Limits on annihilating WIMPs
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Extending the energy/mass scale
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Sub-PeV frontier 
LHAASO,Tibet ASg

~ a few GeV — few TeV 

• Cannot be thermally produced (WIMpy) DM, 
since you hit the unitarity bound

• Viable production mechanisms for PeV DM 
exist, e.g. inflation decay in low-scale 
reheating scenarios  

• The signal should come through decay and 
should appear in neutrino fluxes even before 
gamma rays 

These data often provide best bounds to 
heavy DM lifetime

Griest & Kamiomkowski, PRD’ 90

Harigaya+ 1402.2846

 Feldstein+ PRD’13; Esmaili & Serpico, JCAP’13; 

Chianese+ arXiv:2108.01678

Prospects and opportunities

Esmaili & Serpico, PRD’21; Chianese+ arXiv:2108.01678
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https://arxiv.org/abs/2108.01678
https://arxiv.org/abs/2108.01678


Application to ALPs in HE neutrino sources Eckner, FC+ PRD’22; Mastrototaro+ Eur.Phys.J.C'22

Esmaili & Serpico, PRD Letters’21

Important degeneracies broken by angular distribution 
of arrival photon directions

Dedicated LHAASO DM search at slightly higher 
latitudes       Strongest constraints on PeV DM

LHAASO Collab, Ando+ PRL’22

 UHE g rays

 GeV g rays + 
cascades

Challenges: 1. Production and propagation of UHE gamma rays; 2. DM spectra at production for ECM >> ELHC
Bauer+ JHEP’21

VHE gamma rays: PeV dark matter
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Extending the energy/mass scale
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MeV sensitivity gap 
Amego, e-ASTROGAM, GECCO, GRAMS, 

COSI, MeVCube, etc
~ a few GeV — few TeV 

Energy (eV)

Ferm

Knödleser CR Physisque’16

Prospects and opportunities
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Extending the energy/mass scale
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MeV sensitivity gap 
Amego, e-ASTROGAM, GECCO, GRAMS, 

COSI, MeVCube, etc
~ a few GeV — few TeV 

Energy (eV)

Ferm

Knödleser CR Physisque’16

Prospects and opportunities

101 102 103

mDM [GeV]

10°28

10°27

10°26

10°25

10°24

10°23

hæ
vi

[c
m

3 /
s]

Balan et al. 23

Abdalla et al. 21

Alvarez et al. 20

Calore et al. 15

Regis et al. 21

Eckner et al. 22



The data landscape

Energy (eV)

Fermi

Hard X rays and gamma-ray sky

Knödleser CR Physisque’16

CGRO Compton Telescope (COMPTEL)

Lifetime: 1991 — 2000

Energy: 0.8 MeV - 30 MeV


Large FoV: 1 sr

Angular res: 1 deg

INTEGRAL Spectrometer (SPI)

Lifetime: 2002 — present

Energy: 20 keV - 8 MeV


Good energy res

Angular res: 2.5 deg

511 keV electron-positron line
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Summary: decay
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Voyager (Boudaud et al. 2017)
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CMB

For e+e- channel, very relevant limits from Voyager 1 data Boudaud+ PRL'17

FC FIPs2022 Proceedings

Two photons e+e-

Constraints on sub-GeV dark matter 
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Summary from prompt emission

For e+e- channel, very relevant limits from Voyager 1 data Boudaud+ PRL'17

Two photons e+e-

Constraints on annihilating dark matter 
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Cirelli+ PRD’ 21

Limits on IC induced gamma-ray emission from 
XMM-Newton blank-sky observations 

Cirelli+ 2303.08854

Constraints on annihilating dark matter 
Constraining higher dark matter masses with inverse Compton

https://arxiv.org/pdf/2007.11493.pdf


Supplemental material
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(Primordial black holes)
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PBH: non-particle DM candidates

[Intermediate between unitarity bound and Planck scale: ultra-heavy dark matter]

Black holes formed via the collapse of large overdensities from inflation 
in the early universe, before matter-radiation equality

Quick ID:

•PBHs evaporate through Hawking radiation


• If M > 1014 g, PBHs have a lifetime longer 
than the age of the universe

•On cosmological scales PBH DM behaves 
like cold particle DM 

•Granularity observable at galactic scales

Villanueva-Domingo+ FrASS’21

Page & Hawking ApJ’76
dMBH

dt
/ 1

(GMBH)2
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Review & Refs in Carr+PRD’16, Green & Kavanagh J. Phys. G’21
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Limits on primordial black holes

Green & Kavanagh J. Phys. G'19

https://arxiv.org/abs/2007.10722
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Particle emission from primordial BHs

124

Hawking radiation
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Photons from PBHs

Berteaud, FC+ PRD’22 



126Green & Kavanagh J. Phys. G'19

• Dominant limits from Galactic MeV diffuse emission 
from INTEGRAL/SPI

• Photon contribution to the extragalactic gamma-ray 
and X-ray backgrounds

• Unconstrained mass range ~1017 — 1022 g, the so-
called asteroid mass gap where fPBH can be 1

Carr+ PRD’10;  Ballesteros+ PLB’20; Iguaz+ PRD'21

Berteaud, FC+ PRD’22 

Limits on primordial black holes
Evaporation of PBH and cosmic backgrounds



Anomalies and excesses
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Reinert&Winkler JCAP’18

Low-energy excess in antiproton data?
Cuoco+ PRL’17

128

~4.5𝞼

<2𝞼

Signal:  
• Excess in AMS-02 cosmic-ray antiprotons @ 10 — 

20 GeV 
• Accounting for covariance of various systematics 

the significance drops < 2𝞼  

Interpretations:  
• Dark matter annihilation with mass ~ 40 — 130 

GeV (consistent with GeV excess)  
• However, simple propagation scenarios cannot 

explain all CR data 
• Syst. uncertainties still large: pbar production 

cross section? Effects of solar modulation? 
Cosmic-ray propagation models?

Cuoco+ PRL’17; Cui+ PRL’17; Cholis+ ‘17

Cuoco+ JCAP’17

Reinert&Winkler JCAP’18; Boschini+ ApJ’17

➡Refined treatment of uncertainties is needed!



Antiproton uncertainties
Data: AMS02 antiproton from 2016 
Model: semi-analytical 
Comparison with data => discrepancy ~ few 10GV

New Physics? 
Or sys uncertainties?

Boudaud+ PRL’19129



Antiproton uncertainties

Errors on the data: Covariance matrix estimated from 
detector info  
Errors on the model:  

1. Pbar production cross-sections → Updated 
parameterisation and uncertainties 

2. Transport → Updated transport models and 
uncertainties 

3. Parents → Updated fit and contribution of high-Z 
elements

Data: AMS02 antiproton from 2016 
Model: semi-analytical 
Comparison with data => discrepancy ~ few 10GV

New Physics? 
Or sys uncertainties?
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Antiproton uncertainties
Data: AMS02 antiproton from 2016 
Model: semi-analytical 
Comparison with data => discrepancy ~ few 10GV

New Physics? 
Or sys uncertainties?

AMS-02 antiprotons are consistent with a 
secondary astrophysical origin

Residuals much more Gaussian
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No room for dark matter

FC+ SciPost’22

CR-specific parameters vs DM-specific ones

Likelihood ratio: 

1.8𝞼 local 

1. CR parameters derived from LiBeB, are good for anti-protons 
2.DM does not alter best-fit for propagation parameters since 

subdominant 
3. Uncertainty on primary antiproton flux dominated by the size 

of the diffusive halo, L
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Antiproton constraints on WIMPs
FC+ SciPost’22
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The Fermi-LAT GeV excess
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Hooper&Goodenough ’09; Vitale&Morselli ’09;  
Hooper&Linden PRD’11;   

Hooper&Goodenough PLB’11;  
Boyarsky+ PLB’11;  

Abazajian&Kaplinghat PRD’12;  
Macias&Gordon PRD’14; 

Abazajian+ PRD’14; Daylan+ ’14; 
Huang+ ’15; Carlson+ ’15; Ajello+15;   

Casandjian Fermi Symp.’14;  
de Boer+’16; Macias+’16; etc.

Daylan+ PDU’14

Residual Model (x3)Total Flux

3º

The Galactic centre GeV excess
The Galactic centre ROI
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The GeV excess
Galactic centre characterisation

excess  

Spectrum Morphology
Daylan+ PDU’14

✓ Extended excess emission above:  model for diffuse emission, Sgr A* and other point sources

✓ The spectrum might strongly suffer from background modelling

✓ Compatible to be spherically symmetric about the Galactic centre

✓ Connection with HESS TeV GC ridge

Abazjian+ PRD’14

Macias&Gordon PRD’14; Macias+ MNRAS’15
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The Galactic centre GeV excess

FC+ JCAP’15

20º

20º

The inner Galaxy ROI

 Hooper&Slatyer PDU’13; Huang+ JCAP’13; 
Zhou+ PRD’15; Daylan+ PDU’14; FC+ JCAP’15; 

Gaggero+ JCAP'15; Ajello+ 2015; Huang+JCAP ’15 
Linden+PRD’16; Horiuchi+’16; Ackermann+ApJ’17; Ackermann+2017; etc.
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The Galactic centre GeV excess

FC+ JCAP’15

20º

20º

The inner Galaxy ROI

 Hooper&Slatyer PDU’13; Huang+ JCAP’13; 
Zhou+ PRD’15; Daylan+ PDU’14; FC+ JCAP’15; 

Gaggero+ JCAP'15; Ajello+ 2015; Huang+JCAP ’15 
Linden+PRD’16; Horiuchi+’16; Ackermann+ApJ’17; Ackermann+2017; etc.

1. Almost uniform spectrum peaked at ~2 GeV

2. Extended at least up to 10 degrees
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• Established evidence for an excess emission above known 
astrophysical backgrounds (diffuse emission + point-like 
sources)


• Several independent techniques find analogous results 
(template fitting, spectral decomposition, image reconstruction)


• Template fitting - image reconstruction hybrid approach 
(SKYFACT) has been proved very powerful in disentangling 
gamma-ray emission components


• Residuals reduced significantly when (realistic) nuisance 
parameters are included in the fit

Storm, Weniger & FC JCAP’17

The GeV excess emission 

Fermi bubbles spectrum

MSP-like spectrum

Hooper+ PDU’13; Huang+ JCAP’13; Daylan+ ’14; FC+ JCAP’15; 
Ajello+ ApJ’15; Gaggero+ JCAP’15; etc

Selig+ A&A’14; Huang+ JCAP’16; de Boer+’16

Storm, Weniger & FC JCAP’17
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GeV 
excess

Unresolved point sources

Truly diffuse processes 

Constraints: 

(a) Spectrum & Morphology of the excess? (b) Emission in other wavelengths?

What is the origin of the GeV excess? 
Possible interpretations
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Gamma rays from dark matter (DM) annihilation 
Diffuse processes I
• Decay/Annihilation of DM particles would lead to the production of final gamma rays 

with specific energy and spatial distribution
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Agrawal+JCAP’15; Achterberg+JCAP’15; Bertone, FC+ JCAP’15; Liem, FC+ JCAP’16; O(>100) papers
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Cosmic rays in the GC
Diffuse processes II
• New population of cosmic rays injected at the GC (electrons mostly)

• Steady state (from star formation in CMZ) and/or time-dependent (from outburst activity 

of the GC) source term Gaggero+JCAP’15; Carlson+ PRD’16, PRL’16
Petrovic+ JCAP’14; Cholis,FC+ JCAP’15 

Carlson+ PRD‘16 Cholis,FC+ JCAP’15

Additional CR injection at the GC, accounting for 
enhanced SFR traced by H2 regions 


(5-10% of total SFR)


Time-dependent (burst) injection of leptons at the 
GC, and tuning of burst parameters (age, duration, 

injection spectrum, propagation parameters)
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Detected vs “unresolved” point-like sources
Detected sources
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Detected vs “unresolved” point-like sources

O’Leary+ 15

detected

unresolved

Detected sources
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✓ Proposed population of MSPs in the bulge (vs 
disc)


✓ Young pulsars from SF in the CMZ, but 
difficult to explain spatial extent and observed 
bright ones


✓ Bulge MSPs from tidally disrupted globular 
clusters


✓ Issues in luminosity function of observed MSP 
and LMXB-to-MSP ratio

✓ Excess spectrum compatible with 
observed millisecond pulsars (MSPs), 
and marginally young pulsars

Morphology

Hooper+PRD’14; 
 Petrovic+ JCAP’15; Yuang+ MNRAS’14;  

O’Leary+ ’15; Linden PRD’16 

Brandt&Kocsis ApJ’15; Abbate et al. 2017; Fragione 
et al. 2017; Arca-Sedda et al. 2017; 

Macias+JCAP’19 

Spectrum

✏ / r��e�r/Rcut

Rcut = 3kpc� = 2.5

Abazaijan&Kaplinghat’12
Cholis+’14; Hooper+’15; Hooper&Linden JCAP’16; 

Haggard+ JCAP’17;  Ploeg+ JCAP’17

Unresolved sources: PSR and MSPs

144



Going beyond dark matter templates
Stellar distribution in the bulge

Nuclear bulge X-shaped bulge

Wegg & Gerhard MNRAS'12
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• Red Clump stars (near-IR) used to characterise the three-dimensional density structure of the BB

• Most recent non-parametrically deconvolved bulge model w/ VISTA Variables in the Via Lactea (VVV) data

• X-shaped structure characteristic of boxy/peanut like morphology (extragalactic studies of barred galaxies and simulations)

Boxy bulge

Launhardt+A&A’02 Ness&Lang AJ’16

~20% BB mass

Coleman+ MNRAS’20
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Evidence for the stellar bulge GeV emission
Dark matter Boxy-bulge

✓ Stellar bulge model: Boxy bulge as traced by red-clump giants + 
nuclear bulge


✓ Strong evidence for additional stellar bulge model (16𝞼); no evidence 
for additional DM model (< 3𝞼)


✓ Discriminating feature: Asymmetry at ~10 deg longitude => 
Morphology of the GCE more oblate than what found before

Macias+ Nature Astronomy’18; Macias+ JCAP’19

Cao+MNRAS’13; Launhardt+ A&A’02
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Differences in the statistics of the photon counts can be quantified and used for 
model comparison

Lee+ JCAP’15

Statistics of photon counts
How to discriminate diffuse vs point-like emission
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• Exploits difference in photon statistics: 
smooth signal (DM) vs larger variance 
across pixels (PS) 


• PS fluctuations follow non-Poissonian 
statistics 


• Sensitivity to spatial distribution and 
luminosity function of PS


• Required modelling of diffuse emission 

Lee+ PRL’16

Local maxima of normalised wavelet transform 

Non-Poissonian template fitting

• Wavelet transform to look for peaks in data

• Enough peaks were found to explain the cumulative excess emission

• Evidence for unresolved PS population and constraints on luminosity function

• No modelling of diffuse emission required

Bartels+ PRL’16

Support for unresolved point sources (PS)
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The gamma-ray perspective
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Lee+ JCAP’15Truly diffuse Unresolved sources

The GeV excess nature

• Difference in statistics of photon counts can be 
quantified and used for model comparison


• Strong bias from mis-modelling of foreground diffuse 
emission and controversial results


• Nonetheless: evidence for unresolved point sources is 
there with different, independent, methods


• Stellar bulge morphology preferred over DM also 
when modelling faint point sources

Bartels+ PRL’16; Lee+PRL’16

Lee+ JCAP’15

Zhong+PRL’19; Leane&Slatyer PRL’20, PRD’20; Chang+ PRD’20, Buschmann+PRD’20

Buschmann+PRD’20; FC+ PRL'21; List+ PRL’21

Dark matter Stellar bulge

 FC+ PRL’ 21; Manconi, FC+ PRD’24
Macias+ Nature Astronomy’18; Macias+ JCAP’19

An (at least) partial stellar origin of the GeV 
excess seems to be confirmed
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Multi-messenger tests of the GeV excess
Complementary techniques and multi-wavelength searches to test the excess nature: 


✴ Radio, X-ray, and (future) gravitational waves searches  


✴ Very high-energy photons with CTA 

✴ DM constraints from gamma rays (dwarf galaxies) and cosmic-ray antiprotons

FC+ApJ’16; FC+PRL’19; Berteaud, FC+ PRD’21

Macias+ MNRAS’21

Di Mauro & Winkler PRD’21

SKA1-mid @ 1.4 GHz

FC+ApJ’16 Berteaud, FC+ PRD’21

Monte Carlo

Chandra 
catalog
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Cosmic-ray in regular B-field
dp

dt
= qE+ q

v

c
⇥B
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pz = const

vx = v0cos(⌦t)

vy = v0sin(⌦t)
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Solutions (no electric field): 

Larmor radius

µ = pz/p
<latexit sha1_base64="3YfEM4PRQONwRL95+QnI9EU7qlc=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKe6KoBch6MVjBPOA7BJmJ5NkyMzuMA8hLvkNLx4U8erPePNvnCR70MSChqKqm+6uWHKmje9/e4WV1bX1jeJmaWt7Z3evvH/Q1KlVhDZIylPVjrGmnCW0YZjhtC0VxSLmtBWPbqd+65EqzdLkwYwljQQeJKzPCDZOCkNh0TWS3aczibrlil/1Z0DLJMhJBXLUu+WvsJcSK2hiCMdadwJfmijDyjDC6aQUWk0lJiM8oB1HEyyojrLZzRN04pQe6qfKVWLQTP09kWGh9VjErlNgM9SL3lT8z+tY07+KMpZIa2hC5ov6liOTomkAqMcUJYaPHcFEMXcrIkOsMDEuppILIVh8eZk0z6uBXw3uLyq1mzyOIhzBMZxCAJdQgzuoQwMISHiGV3jzrPfivXsf89aCl88cwh94nz+QLpC1</latexit><latexit sha1_base64="3YfEM4PRQONwRL95+QnI9EU7qlc=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKe6KoBch6MVjBPOA7BJmJ5NkyMzuMA8hLvkNLx4U8erPePNvnCR70MSChqKqm+6uWHKmje9/e4WV1bX1jeJmaWt7Z3evvH/Q1KlVhDZIylPVjrGmnCW0YZjhtC0VxSLmtBWPbqd+65EqzdLkwYwljQQeJKzPCDZOCkNh0TWS3aczibrlil/1Z0DLJMhJBXLUu+WvsJcSK2hiCMdadwJfmijDyjDC6aQUWk0lJiM8oB1HEyyojrLZzRN04pQe6qfKVWLQTP09kWGh9VjErlNgM9SL3lT8z+tY07+KMpZIa2hC5ov6liOTomkAqMcUJYaPHcFEMXcrIkOsMDEuppILIVh8eZk0z6uBXw3uLyq1mzyOIhzBMZxCAJdQgzuoQwMISHiGV3jzrPfivXsf89aCl88cwh94nz+QLpC1</latexit><latexit sha1_base64="3YfEM4PRQONwRL95+QnI9EU7qlc=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKe6KoBch6MVjBPOA7BJmJ5NkyMzuMA8hLvkNLx4U8erPePNvnCR70MSChqKqm+6uWHKmje9/e4WV1bX1jeJmaWt7Z3evvH/Q1KlVhDZIylPVjrGmnCW0YZjhtC0VxSLmtBWPbqd+65EqzdLkwYwljQQeJKzPCDZOCkNh0TWS3aczibrlil/1Z0DLJMhJBXLUu+WvsJcSK2hiCMdadwJfmijDyjDC6aQUWk0lJiM8oB1HEyyojrLZzRN04pQe6qfKVWLQTP09kWGh9VjErlNgM9SL3lT8z+tY07+KMpZIa2hC5ov6liOTomkAqMcUJYaPHcFEMXcrIkOsMDEuppILIVh8eZk0z6uBXw3uLyq1mzyOIhzBMZxCAJdQgzuoQwMISHiGV3jzrPfivXsf89aCl88cwh94nz+QLpC1</latexit><latexit sha1_base64="3YfEM4PRQONwRL95+QnI9EU7qlc=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKe6KoBch6MVjBPOA7BJmJ5NkyMzuMA8hLvkNLx4U8erPePNvnCR70MSChqKqm+6uWHKmje9/e4WV1bX1jeJmaWt7Z3evvH/Q1KlVhDZIylPVjrGmnCW0YZjhtC0VxSLmtBWPbqd+65EqzdLkwYwljQQeJKzPCDZOCkNh0TWS3aczibrlil/1Z0DLJMhJBXLUu+WvsJcSK2hiCMdadwJfmijDyjDC6aQUWk0lJiM8oB1HEyyojrLZzRN04pQe6qfKVWLQTP09kWGh9VjErlNgM9SL3lT8z+tY07+KMpZIa2hC5ov6liOTomkAqMcUJYaPHcFEMXcrIkOsMDEuppILIVh8eZk0z6uBXw3uLyq1mzyOIhzBMZxCAJdQgzuoQwMISHiGV3jzrPfivXsf89aCl88cwh94nz+QLpC1</latexit>

R = p/q [GV]
<latexit sha1_base64="8Iqkc03VlbfdH5E7BqtP7qbaHMU=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgQmoigm6EogtdVrEPSEKZTKft0JlJnJkIJXTlxl9x40IRt36DO//GSZuFth64cDjnXu69J4wZVdpxvq3C3PzC4lJxubSyura+YW9uNVSUSEzqOGKRbIVIEUYFqWuqGWnFkiAeMtIMB5eZ33wgUtFI3OlhTAKOeoJ2KUbaSG171+dI9zFi6e0InsP46B76h9DzJYdXjaBtl52KMwacJW5OyiBHrW1/+Z0IJ5wIjRlSynOdWAcpkppiRkYlP1EkRniAesQzVCBOVJCO3xjBfaN0YDeSpoSGY/X3RIq4UkMems7saDXtZeJ/npfo7lmQUhEnmgg8WdRNGNQRzDKBHSoJ1mxoCMKSmlsh7iOJsDbJlUwI7vTLs6RxXHGdintzUq5e5HEUwQ7YAwfABaegCq5BDdQBBo/gGbyCN+vJerHerY9Ja8HKZ7bBH1ifP7Jfl1I=</latexit><latexit sha1_base64="8Iqkc03VlbfdH5E7BqtP7qbaHMU=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgQmoigm6EogtdVrEPSEKZTKft0JlJnJkIJXTlxl9x40IRt36DO//GSZuFth64cDjnXu69J4wZVdpxvq3C3PzC4lJxubSyura+YW9uNVSUSEzqOGKRbIVIEUYFqWuqGWnFkiAeMtIMB5eZ33wgUtFI3OlhTAKOeoJ2KUbaSG171+dI9zFi6e0InsP46B76h9DzJYdXjaBtl52KMwacJW5OyiBHrW1/+Z0IJ5wIjRlSynOdWAcpkppiRkYlP1EkRniAesQzVCBOVJCO3xjBfaN0YDeSpoSGY/X3RIq4UkMems7saDXtZeJ/npfo7lmQUhEnmgg8WdRNGNQRzDKBHSoJ1mxoCMKSmlsh7iOJsDbJlUwI7vTLs6RxXHGdintzUq5e5HEUwQ7YAwfABaegCq5BDdQBBo/gGbyCN+vJerHerY9Ja8HKZ7bBH1ifP7Jfl1I=</latexit><latexit sha1_base64="8Iqkc03VlbfdH5E7BqtP7qbaHMU=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgQmoigm6EogtdVrEPSEKZTKft0JlJnJkIJXTlxl9x40IRt36DO//GSZuFth64cDjnXu69J4wZVdpxvq3C3PzC4lJxubSyura+YW9uNVSUSEzqOGKRbIVIEUYFqWuqGWnFkiAeMtIMB5eZ33wgUtFI3OlhTAKOeoJ2KUbaSG171+dI9zFi6e0InsP46B76h9DzJYdXjaBtl52KMwacJW5OyiBHrW1/+Z0IJ5wIjRlSynOdWAcpkppiRkYlP1EkRniAesQzVCBOVJCO3xjBfaN0YDeSpoSGY/X3RIq4UkMems7saDXtZeJ/npfo7lmQUhEnmgg8WdRNGNQRzDKBHSoJ1mxoCMKSmlsh7iOJsDbJlUwI7vTLs6RxXHGdintzUq5e5HEUwQ7YAwfABaegCq5BDdQBBo/gGbyCN+vJerHerY9Ja8HKZ7bBH1ifP7Jfl1I=</latexit><latexit sha1_base64="8Iqkc03VlbfdH5E7BqtP7qbaHMU=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgQmoigm6EogtdVrEPSEKZTKft0JlJnJkIJXTlxl9x40IRt36DO//GSZuFth64cDjnXu69J4wZVdpxvq3C3PzC4lJxubSyura+YW9uNVSUSEzqOGKRbIVIEUYFqWuqGWnFkiAeMtIMB5eZ33wgUtFI3OlhTAKOeoJ2KUbaSG171+dI9zFi6e0InsP46B76h9DzJYdXjaBtl52KMwacJW5OyiBHrW1/+Z0IJ5wIjRlSynOdWAcpkppiRkYlP1EkRniAesQzVCBOVJCO3xjBfaN0YDeSpoSGY/X3RIq4UkMems7saDXtZeJ/npfo7lmQUhEnmgg8WdRNGNQRzDKBHSoJ1mxoCMKSmlsh7iOJsDbJlUwI7vTLs6RxXHGdintzUq5e5HEUwQ7YAwfABaegCq5BDdQBBo/gGbyCN+vJerHerY9Ja8HKZ7bBH1ifP7Jfl1I=</latexit>

⌦ =
qB0
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E
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Larmor frequency
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Cosmic-ray in perturbed B-field
Small-scale stochastic perturbations

dp

dt
= q

v

c
⇥ (B+ �B)
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Changes x and y component 
of the momentum 

Changes only the 
direction of pz

µ = pz/p
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Diffusive process 
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Cosmic-ray in perturbed B-field
Small-scale (k) stochastic perturbations

Collisionless Diffusion 
[i.e. scattering on inhomogeneities of 

the magnetic field]

Credit: P.D.Serpico

Diffusion coefficient K 
Describes the random change of the 

pitch angle 
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Composition of Galactic CR
Basic indicators of diffuse transport 

STABLE ELEMENTS 
Besides primary species, produced in stellar nucleosynthesis, the average 
interstellar medium hosts a population of secondary particles produced by 

primary fragmentation during propagation (spallation)

UNSTABLE ELEMENTS 
10B is beta unstable with half-life time of 1.5 Myr 

Production rate similar to other stable nuclei (9Be) 
The ratio 9Be/10Be can be used as a CR clock => residence time in the Galaxy of 

O(100) Myr => DIFFUSIVE propagation 
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Particle DM: v-dependent x-section

Non-relativistic regime: 

if present, s-wave is dominant
h�vi = a+ bv2 +O(v4), v/c ⇠ 10�3

• S-wave can be suppressed (e.g. helicity suppression) or models may allow for v-dependent 
cross sections (long-range interactions for TeV scale dark matter) 


• The connection between Early Universe and today annihilation is altered in a non-trivial way

h�vi ⌘ S(v/c)⇥ h�vi0
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S(v/c) = (v/c)n
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• n=-1: Sommerfeld-enhanced annihilation in the Coulomb 
limit


• n=0: s-wave velocity-independent annihilation

• n=2: p-wave annihilation. This scenario is relevant if DM is 

a Majorana fermion, which annihilates to Standard Model 
fermion/antifermion pairs
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Boddy et al., Phys. Rev. D 95, 123008 (2017) [1702.00408]

DM phase-space distribution
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f(v) ⌘
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<latexit sha1_base64="Mju3VsL0ibrE+Deh36K3GT2LclM=">AAACEXicbVBNS8NAEJ3Ur1q/oh69LBYhgpREBD0WvXisYFuhCWWz2bRLNx/ubgol9C948a948aCIV2/e/Ddu2yDa+mDg8d4MM/P8lDOpbPvLKC0tr6yuldcrG5tb2zvm7l5LJpkgtEkSnog7H0vKWUybiilO71JBceRz2vYHVxO/PaRCsiS+VaOUehHuxSxkBCstdU0rtHLXD9FwfIxcep+xIXJZrBAKLXGCfqxAdM2qXbOnQIvEKUgVCjS65qcbJCSLaKwIx1J2HDtVXo6FYoTTccXNJE0xGeAe7Wga44hKL59+NEZHWglQmAhd+pqp+nsix5GUo8jXnRFWfTnvTcT/vE6mwgsvZ3GaKRqT2aIw40glaBIPCpigRPGRJpgIpm9FpI8FJkqHWNEhOPMvL5LWac2xa87NWbV+WcRRhgM4BAscOIc6XEMDmkDgAZ7gBV6NR+PZeDPeZ60lo5jZhz8wPr4BWHubbg==</latexit><latexit sha1_base64="Mju3VsL0ibrE+Deh36K3GT2LclM=">AAACEXicbVBNS8NAEJ3Ur1q/oh69LBYhgpREBD0WvXisYFuhCWWz2bRLNx/ubgol9C948a948aCIV2/e/Ddu2yDa+mDg8d4MM/P8lDOpbPvLKC0tr6yuldcrG5tb2zvm7l5LJpkgtEkSnog7H0vKWUybiilO71JBceRz2vYHVxO/PaRCsiS+VaOUehHuxSxkBCstdU0rtHLXD9FwfIxcep+xIXJZrBAKLXGCfqxAdM2qXbOnQIvEKUgVCjS65qcbJCSLaKwIx1J2HDtVXo6FYoTTccXNJE0xGeAe7Wga44hKL59+NEZHWglQmAhd+pqp+nsix5GUo8jXnRFWfTnvTcT/vE6mwgsvZ3GaKRqT2aIw40glaBIPCpigRPGRJpgIpm9FpI8FJkqHWNEhOPMvL5LWac2xa87NWbV+WcRRhgM4BAscOIc6XEMDmkDgAZ7gBV6NR+PZeDPeZ60lo5jZhz8wPr4BWHubbg==</latexit><latexit sha1_base64="Mju3VsL0ibrE+Deh36K3GT2LclM=">AAACEXicbVBNS8NAEJ3Ur1q/oh69LBYhgpREBD0WvXisYFuhCWWz2bRLNx/ubgol9C948a948aCIV2/e/Ddu2yDa+mDg8d4MM/P8lDOpbPvLKC0tr6yuldcrG5tb2zvm7l5LJpkgtEkSnog7H0vKWUybiilO71JBceRz2vYHVxO/PaRCsiS+VaOUehHuxSxkBCstdU0rtHLXD9FwfIxcep+xIXJZrBAKLXGCfqxAdM2qXbOnQIvEKUgVCjS65qcbJCSLaKwIx1J2HDtVXo6FYoTTccXNJE0xGeAe7Wga44hKL59+NEZHWglQmAhd+pqp+nsix5GUo8jXnRFWfTnvTcT/vE6mwgsvZ3GaKRqT2aIw40glaBIPCpigRPGRJpgIpm9FpI8FJkqHWNEhOPMvL5LWac2xa87NWbV+WcRRhgM4BAscOIc6XEMDmkDgAZ7gBV6NR+PZeDPeZ60lo5jZhz8wPr4BWHubbg==</latexit><latexit sha1_base64="Mju3VsL0ibrE+Deh36K3GT2LclM=">AAACEXicbVBNS8NAEJ3Ur1q/oh69LBYhgpREBD0WvXisYFuhCWWz2bRLNx/ubgol9C948a948aCIV2/e/Ddu2yDa+mDg8d4MM/P8lDOpbPvLKC0tr6yuldcrG5tb2zvm7l5LJpkgtEkSnog7H0vKWUybiilO71JBceRz2vYHVxO/PaRCsiS+VaOUehHuxSxkBCstdU0rtHLXD9FwfIxcep+xIXJZrBAKLXGCfqxAdM2qXbOnQIvEKUgVCjS65qcbJCSLaKwIx1J2HDtVXo6FYoTTccXNJE0xGeAe7Wga44hKL59+NEZHWglQmAhd+pqp+nsix5GUo8jXnRFWfTnvTcT/vE6mwgsvZ3GaKRqT2aIw40glaBIPCpigRPGRJpgIpm9FpI8FJkqHWNEhOPMvL5LWac2xa87NWbV+WcRRhgM4BAscOIc6XEMDmkDgAZ7gBV6NR+PZeDPeZ60lo5jZhz8wPr4BWHubbg==</latexit>
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Particle DM: v-dependent x-section
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Gamma-ray flux 
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S=1

v-dependence of xsec can be translated in v-dependence of 

J-factors, allowing an easier recasting of limits under s-

wave assumptions
Boddy et al., Phys. Rev. D 95, 123008 (2017) [1702.00408]

Boddy et al., Phys. Rev. D 102, 023029 (2020) [1909.13197]
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Boddy et al., Phys. Rev. D 102, 023029 (2020) [1909.13197]

Particle DM: v-dependent x-section
Impact on DM limits
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The MeV diffuse Galactic emission 

Constraints on cosmic-ray transport at 
MeV energy but also on exotic emission 
mechanisms for the first-time in a self-

consistent framework

Siegert, FC+ A&A’22

New analysis of 16yr-data from SPI

30 keV — 8 MeV

Berteaud, FC+ PRD’22 ; FC+ MNRAS’23



Modelled spatial templates (30 keV — 8 MeV)


• Inverse Compton scattering of electrons off the 
interstellar radiation field


• Unresolved sources (<100 keV)

• Nuclear lines

• Positronium annihilation line+continuum

ICS Positronium 1.8 line 26Al

Berteaud, FC+ PRD’22 

160160160

Astrophysical contributions
Extraction of the Galactic diffuse emission

160

https://arxiv.org/abs/2209.06299


Modelled spatial templates (30 keV — 8 MeV)


• Inverse Compton scattering of electrons off the 
interstellar radiation field


• Unresolved sources (<100 keV)

• Nuclear lines

• Positronium annihilation line+continuum

ICS Positronium 1.8 line 26Al NFW profile 

• Additional ALPs decay signal? 

161

ALPs decay signal?

Berteaud, FC+ PRD’22 

Extraction of the Galactic diffuse emission
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https://arxiv.org/abs/2209.06299
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DM flux upper limits

Upper limits on decay rate into 2 photons, 

Decay into two photons (line-like spectrum)
No signal detected

Energy [keV]

E2
 x 

Fl
ux

  [
ke

V/
cm

2 /s
]

https://zenodo.org/record/7984451

Constraints on decaying dark matter 
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FC+ MNRAS’23

Constraints on ALPs dark matter 

Re-analysis of Integral/SPI data provides the strongest constraints on 
(light) particle and non-particle DM



Future: MeV Galactic diffuse emission
Covering the MeV sensitivity gap

0.2 - 5 MeV

100 keV - 10 MeV

0.1 - 100 MeV

0.1 MeV - 1 GeV

0.1 MeV - 1 GeV

Coogan+ JCAP’21

Aramaki+ Snowmass’21 CF

164164

https://arxiv.org/pdf/2104.06168.pdf
https://arxiv.org/abs/2203.06894


Anomalous propagation effects

165
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Astrophysical neutrino sources Earth

Galactic (kpc) or extragalactic (Mpc – Gpc) distance

Standard case: ν free-stream

(And oscillate) 

Non-standard case: high-energy ν scatter of CνB

“Secret” ν 

interactions

≡
BSM ν self-

interactions

Astro

Relic

Can change:

 ▸ Energy spectrum

▸ Flavor composition

▸ Direction

▸ Arrival times

31
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Neutrino spectrum and bounds

No statistically significant evidence for νSI in the 6-year HESE sample

Bustamante+ PRD’20
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Tests of LIV 
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Tests of LIV 


