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String Theory motivates exotic cosmologies in the Early Universe

Image from ESA

Huge opportunity for ST !Unconstrained by current observations

THE FIRST HALF OF THE UNIVERSE (ON A LOG SCALE)

This talk:    consequences for perturbations & cosmic strings/GWs



A NON-STANDARD PICTURE

[Cicoli,Conlon,Maharana,Quevedo,Parameswaran,Zavala ’23] [Apers,Conlon,Copeland,Mosny,FR ’24]
Figure  from:

+ trackers

Example of full cosmological history compatible with ST 

Candidate/example: volume modulus in LVS

(In general        inflaton!)    E.g. waterfall field                                               6=
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[Burgess,Quevedo ’22]



COSMOLOGICAL PERTURBATIONS 1

Figure taken from [Baumann ’22] 

Most general metric and matter pert. + gauge  invariance

Newtonian gauge*: “Gravitational potential”

Gauge invariant variables (
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COSMOLOGICAL PERTURBATIONS 2

Solve perturbed Einstein Eqs

+ scalar field EOMs

Sub-horizon Super-horizon
Analytical

solutions



COSMOLOGICAL PERTURBATIONS - RESULTS 

Matter Tracker: 

+ various analytical results for transient epochs

k⌘ � 1
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Unlike matter domination, depends on 

LVSLVS

Very similar to radiation domination, O(1) diffRadiation Tracker:

Kination:
Very fast!

�
<latexit sha1_base64="ovjkXD3txH8g63F1jybxCBJHQIY=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgasjUjra7ghuXFewD2qFkMpk2NPMgyQhl6Ee4caGIW7/HnX9j+hBU9EDgcM655N7jp4IrjfGHVVhb39jcKm6Xdnb39g/Kh0cdlWSSsjZNRCJ7PlFM8Ji1NdeC9VLJSOQL1vUn13O/e8+k4kl8p6cp8yIyinnIKdFG6g6EiQZkWK5gu9HANaeBsO1iXK1fGoIvqnXXRY6NF6jACq1h+X0QJDSLWKypIEr1HZxqLydScyrYrDTIFEsJnZAR6xsak4gpL1+sO0NnRglQmEjzYo0W6veJnERKTSPfJCOix+q3Nxf/8vqZDutezuM00yymy4/CTCCdoPntKOCSUS2mhhAqudkV0TGRhGrTUMmU8HUp+p90qraDbee2Vmm6qzqKcAKncA4OXEETbqAFbaAwgQd4gmcrtR6tF+t1GS1Yq5lj+AHr7ROnE4+8</latexit><latexit sha1_base64="ovjkXD3txH8g63F1jybxCBJHQIY=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgasjUjra7ghuXFewD2qFkMpk2NPMgyQhl6Ee4caGIW7/HnX9j+hBU9EDgcM655N7jp4IrjfGHVVhb39jcKm6Xdnb39g/Kh0cdlWSSsjZNRCJ7PlFM8Ji1NdeC9VLJSOQL1vUn13O/e8+k4kl8p6cp8yIyinnIKdFG6g6EiQZkWK5gu9HANaeBsO1iXK1fGoIvqnXXRY6NF6jACq1h+X0QJDSLWKypIEr1HZxqLydScyrYrDTIFEsJnZAR6xsak4gpL1+sO0NnRglQmEjzYo0W6veJnERKTSPfJCOix+q3Nxf/8vqZDutezuM00yymy4/CTCCdoPntKOCSUS2mhhAqudkV0TGRhGrTUMmU8HUp+p90qraDbee2Vmm6qzqKcAKncA4OXEETbqAFbaAwgQd4gmcrtR6tF+t1GS1Yq5lj+AHr7ROnE4+8</latexit><latexit sha1_base64="ovjkXD3txH8g63F1jybxCBJHQIY=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgasjUjra7ghuXFewD2qFkMpk2NPMgyQhl6Ee4caGIW7/HnX9j+hBU9EDgcM655N7jp4IrjfGHVVhb39jcKm6Xdnb39g/Kh0cdlWSSsjZNRCJ7PlFM8Ji1NdeC9VLJSOQL1vUn13O/e8+k4kl8p6cp8yIyinnIKdFG6g6EiQZkWK5gu9HANaeBsO1iXK1fGoIvqnXXRY6NF6jACq1h+X0QJDSLWKypIEr1HZxqLydScyrYrDTIFEsJnZAR6xsak4gpL1+sO0NnRglQmEjzYo0W6veJnERKTSPfJCOix+q3Nxf/8vqZDutezuM00yymy4/CTCCdoPntKOCSUS2mhhAqudkV0TGRhGrTUMmU8HUp+p90qraDbee2Vmm6qzqKcAKncA4OXEETbqAFbaAwgQd4gmcrtR6tF+t1GS1Yq5lj+AHr7ROnE4+8</latexit><latexit sha1_base64="ovjkXD3txH8g63F1jybxCBJHQIY=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgasjUjra7ghuXFewD2qFkMpk2NPMgyQhl6Ee4caGIW7/HnX9j+hBU9EDgcM655N7jp4IrjfGHVVhb39jcKm6Xdnb39g/Kh0cdlWSSsjZNRCJ7PlFM8Ji1NdeC9VLJSOQL1vUn13O/e8+k4kl8p6cp8yIyinnIKdFG6g6EiQZkWK5gu9HANaeBsO1iXK1fGoIvqnXXRY6NF6jACq1h+X0QJDSLWKypIEr1HZxqLydScyrYrDTIFEsJnZAR6xsak4gpL1+sO0NnRglQmEjzYo0W6veJnERKTSPfJCOix+q3Nxf/8vqZDutezuM00yymy4/CTCCdoPntKOCSUS2mhhAqudkV0TGRhGrTUMmU8HUp+p90qraDbee2Vmm6qzqKcAKncA4OXEETbqAFbaAwgQd4gmcrtR6tF+t1GS1Yq5lj+AHr7ROnE4+8</latexit>



TIME-DEPENDENT COUPLINGS

Cycle volumes can vary with time

Example:

Relevant for close-to-critical couplings? Higgs mass, quartic…

Time dependent couplings

Relevant for DM and baryogenesis

Hallmark of String Theory: couplings depend on moduli

�i ! �i(t)
<latexit sha1_base64="KvFVmNfuc36kNJlptbYwmwNU11U=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFiEeimJCHosePFYwX5AE8Jmu2mXbjZhd6KU0IsX/4oXD4p49T9489+4bXPQ1gcDj/dmmJkXpoJrcJxvq7Syura+Ud6sbG3v7O7Z+wdtnWSKshZNRKK6IdFMcMlawEGwbqoYiUPBOuHoeup37pnSPJF3ME6ZH5OB5BGnBIwU2Mdec8gDjj3FB0MgSiUPeC7V4Cywq07dmQEvE7cgVVSgGdhfXj+hWcwkUEG07rlOCn5OFHAq2KTiZZqlhI7IgPUMlSRm2s9nX0zwqVH6OEqUKQl4pv6eyEms9TgOTWdMYKgXvan4n9fLILrycy7TDJik80VRJjAkeBoJ7nPFKIixIYQqbm7FdEgUoWCCq5gQ3MWXl0n7vO46dff2otpoFHGU0RE6QTXkokvUQDeoiVqIokf0jF7Rm/VkvVjv1se8tWQVM4foD6zPH5T+l/U=</latexit><latexit sha1_base64="KvFVmNfuc36kNJlptbYwmwNU11U=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFiEeimJCHosePFYwX5AE8Jmu2mXbjZhd6KU0IsX/4oXD4p49T9489+4bXPQ1gcDj/dmmJkXpoJrcJxvq7Syura+Ud6sbG3v7O7Z+wdtnWSKshZNRKK6IdFMcMlawEGwbqoYiUPBOuHoeup37pnSPJF3ME6ZH5OB5BGnBIwU2Mdec8gDjj3FB0MgSiUPeC7V4Cywq07dmQEvE7cgVVSgGdhfXj+hWcwkUEG07rlOCn5OFHAq2KTiZZqlhI7IgPUMlSRm2s9nX0zwqVH6OEqUKQl4pv6eyEms9TgOTWdMYKgXvan4n9fLILrycy7TDJik80VRJjAkeBoJ7nPFKIixIYQqbm7FdEgUoWCCq5gQ3MWXl0n7vO46dff2otpoFHGU0RE6QTXkokvUQDeoiVqIokf0jF7Rm/VkvVjv1se8tWQVM4foD6zPH5T+l/U=</latexit><latexit sha1_base64="KvFVmNfuc36kNJlptbYwmwNU11U=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFiEeimJCHosePFYwX5AE8Jmu2mXbjZhd6KU0IsX/4oXD4p49T9489+4bXPQ1gcDj/dmmJkXpoJrcJxvq7Syura+Ud6sbG3v7O7Z+wdtnWSKshZNRKK6IdFMcMlawEGwbqoYiUPBOuHoeup37pnSPJF3ME6ZH5OB5BGnBIwU2Mdec8gDjj3FB0MgSiUPeC7V4Cywq07dmQEvE7cgVVSgGdhfXj+hWcwkUEG07rlOCn5OFHAq2KTiZZqlhI7IgPUMlSRm2s9nX0zwqVH6OEqUKQl4pv6eyEms9TgOTWdMYKgXvan4n9fLILrycy7TDJik80VRJjAkeBoJ7nPFKIixIYQqbm7FdEgUoWCCq5gQ3MWXl0n7vO46dff2otpoFHGU0RE6QTXkokvUQDeoiVqIokf0jF7Rm/VkvVjv1se8tWQVM4foD6zPH5T+l/U=</latexit><latexit sha1_base64="KvFVmNfuc36kNJlptbYwmwNU11U=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFiEeimJCHosePFYwX5AE8Jmu2mXbjZhd6KU0IsX/4oXD4p49T9489+4bXPQ1gcDj/dmmJkXpoJrcJxvq7Syura+Ud6sbG3v7O7Z+wdtnWSKshZNRKK6IdFMcMlawEGwbqoYiUPBOuHoeup37pnSPJF3ME6ZH5OB5BGnBIwU2Mdec8gDjj3FB0MgSiUPeC7V4Cywq07dmQEvE7cgVVSgGdhfXj+hWcwkUEG07rlOCn5OFHAq2KTiZZqlhI7IgPUMlSRm2s9nX0zwqVH6OEqUKQl4pv6eyEms9TgOTWdMYKgXvan4n9fLILrycy7TDJik80VRJjAkeBoJ7nPFKIixIYQqbm7FdEgUoWCCq5gQ3MWXl0n7vO46dff2otpoFHGU0RE6QTXkokvUQDeoiVqIokf0jF7Rm/VkvVjv1se8tWQVM4foD6zPH5T+l/U=</latexit>

time dependent !ms ⇠
MPp
V(t)

<latexit sha1_base64="cpEKL9TWgarbwXv79rs0tCXG1+k="></latexit><latexit sha1_base64="cpEKL9TWgarbwXv79rs0tCXG1+k="></latexit><latexit sha1_base64="cpEKL9TWgarbwXv79rs0tCXG1+k="></latexit><latexit sha1_base64="cpEKL9TWgarbwXv79rs0tCXG1+k="></latexit>

See talk 

by Joe Conlon

THE coupling

in String Theory



 COSMIC SUPERSTRINGS 

Conventional wisdom:

cosmic superstrings  excluded by Gµ =

✓
ms

MP

◆2

< 10�7

<latexit sha1_base64="lTYc2IuaU7aVpPRbsp/Aa53SZ6I=">AAACGnicbVBNS8NAEN34bf2KevSyWAQ9WJIi6EGh4EEvQgVbhSaGzXbTLt1Nwu5EKCG/w4t/xYsHRbyJF/+N2zYHvx4MPN6bYWZemAquwXE+ranpmdm5+YXFytLyyuqavb7R1kmmKGvRRCTqJiSaCR6zFnAQ7CZVjMhQsOtwcDryr++Y0jyJr2CYMl+SXswjTgkYKbDdM+zJDJ9gT7AIdr1IEZrLQBf5RdAssKd4rw97t3V8jF3nNt8/LAK76tScMfBf4pakiko0A/vd6yY0kywGKojWHddJwc+JAk4FKypepllK6ID0WMfQmEim/Xz8WoF3jNLFUaJMxYDH6veJnEithzI0nZJAX//2RuJ/XieD6MjPeZxmwGI6WRRlAkOCRznhLleMghgaQqji5lZM+8SkAybNignB/f3yX9Ku11yn5l4eVBuNMo4FtIW20S5y0SFqoHPURC1E0T16RM/oxXqwnqxX623SOmWVM5voB6yPLwELnvE=</latexit><latexit sha1_base64="lTYc2IuaU7aVpPRbsp/Aa53SZ6I=">AAACGnicbVBNS8NAEN34bf2KevSyWAQ9WJIi6EGh4EEvQgVbhSaGzXbTLt1Nwu5EKCG/w4t/xYsHRbyJF/+N2zYHvx4MPN6bYWZemAquwXE+ranpmdm5+YXFytLyyuqavb7R1kmmKGvRRCTqJiSaCR6zFnAQ7CZVjMhQsOtwcDryr++Y0jyJr2CYMl+SXswjTgkYKbDdM+zJDJ9gT7AIdr1IEZrLQBf5RdAssKd4rw97t3V8jF3nNt8/LAK76tScMfBf4pakiko0A/vd6yY0kywGKojWHddJwc+JAk4FKypepllK6ID0WMfQmEim/Xz8WoF3jNLFUaJMxYDH6veJnEithzI0nZJAX//2RuJ/XieD6MjPeZxmwGI6WRRlAkOCRznhLleMghgaQqji5lZM+8SkAybNignB/f3yX9Ku11yn5l4eVBuNMo4FtIW20S5y0SFqoHPURC1E0T16RM/oxXqwnqxX623SOmWVM5voB6yPLwELnvE=</latexit><latexit sha1_base64="lTYc2IuaU7aVpPRbsp/Aa53SZ6I=">AAACGnicbVBNS8NAEN34bf2KevSyWAQ9WJIi6EGh4EEvQgVbhSaGzXbTLt1Nwu5EKCG/w4t/xYsHRbyJF/+N2zYHvx4MPN6bYWZemAquwXE+ranpmdm5+YXFytLyyuqavb7R1kmmKGvRRCTqJiSaCR6zFnAQ7CZVjMhQsOtwcDryr++Y0jyJr2CYMl+SXswjTgkYKbDdM+zJDJ9gT7AIdr1IEZrLQBf5RdAssKd4rw97t3V8jF3nNt8/LAK76tScMfBf4pakiko0A/vd6yY0kywGKojWHddJwc+JAk4FKypepllK6ID0WMfQmEim/Xz8WoF3jNLFUaJMxYDH6veJnEithzI0nZJAX//2RuJ/XieD6MjPeZxmwGI6WRRlAkOCRznhLleMghgaQqji5lZM+8SkAybNignB/f3yX9Ku11yn5l4eVBuNMo4FtIW20S5y0SFqoHPURC1E0T16RM/oxXqwnqxX623SOmWVM5voB6yPLwELnvE=</latexit><latexit sha1_base64="lTYc2IuaU7aVpPRbsp/Aa53SZ6I=">AAACGnicbVBNS8NAEN34bf2KevSyWAQ9WJIi6EGh4EEvQgVbhSaGzXbTLt1Nwu5EKCG/w4t/xYsHRbyJF/+N2zYHvx4MPN6bYWZemAquwXE+ranpmdm5+YXFytLyyuqavb7R1kmmKGvRRCTqJiSaCR6zFnAQ7CZVjMhQsOtwcDryr++Y0jyJr2CYMl+SXswjTgkYKbDdM+zJDJ9gT7AIdr1IEZrLQBf5RdAssKd4rw97t3V8jF3nNt8/LAK76tScMfBf4pakiko0A/vd6yY0kywGKojWHddJwc+JAk4FKypepllK6ID0WMfQmEim/Xz8WoF3jNLFUaJMxYDH6veJnEithzI0nZJAX//2RuJ/XieD6MjPeZxmwGI6WRRlAkOCRznhLleMghgaQqji5lZM+8SkAybNignB/f3yX9Ku11yn5l4eVBuNMo4FtIW20S5y0SFqoHPURC1E0T16RM/oxXqwnqxX623SOmWVM5voB6yPLwELnvE=</latexit>

(CMB)

OK if after CMB 

Cosmic F-strings

[Ghoshal,FR,Villa’24]Can be tested with Gravitational Waves 

[Witten ’85][Polchinski ’88][Copeland,Myers,Polchinski ’05]

V & 105 � 106
<latexit sha1_base64="aCgCppDsxKxJY9vasT1//f20jSg=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWBLxtSy4cVnBPqCJZTKdtEMnkzBzI5TQlRt/xY0LRdz6De78GydtFtp6YYbDOedy7z1BIrgGx/m2FhaXlldWS2vl9Y3NrW17Z7ep41RR1qCxiFU7IJoJLlkDOAjWThQjUSBYKxhe53rrgSnNY3kHo4T5EelLHnJKwFBd+8CLCAwoEVlzjL0+GGeEXef+/MR8F1274lSdSeF54Baggoqqd+0vrxfTNGISqCBad1wnAT8jCjgVbFz2Us0SQoekzzoGShIx7WeTM8b4yDA9HMbKPAl4wv7uyEik9SgKjDNfWs9qOfmf1kkhvPIzLpMUmKTTQWEqMMQ4zwT3uGIUxMgAQhU3u2I6IIpQMMmVTQju7MnzoHladZ2qe3tWqdWKOEpoHx2iY+SiS1RDN6iOGoiiR/SMXtGb9WS9WO/Wx9S6YBU9e+hPWZ8/KDCXlw==</latexit><latexit sha1_base64="aCgCppDsxKxJY9vasT1//f20jSg=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWBLxtSy4cVnBPqCJZTKdtEMnkzBzI5TQlRt/xY0LRdz6De78GydtFtp6YYbDOedy7z1BIrgGx/m2FhaXlldWS2vl9Y3NrW17Z7ep41RR1qCxiFU7IJoJLlkDOAjWThQjUSBYKxhe53rrgSnNY3kHo4T5EelLHnJKwFBd+8CLCAwoEVlzjL0+GGeEXef+/MR8F1274lSdSeF54Baggoqqd+0vrxfTNGISqCBad1wnAT8jCjgVbFz2Us0SQoekzzoGShIx7WeTM8b4yDA9HMbKPAl4wv7uyEik9SgKjDNfWs9qOfmf1kkhvPIzLpMUmKTTQWEqMMQ4zwT3uGIUxMgAQhU3u2I6IIpQMMmVTQju7MnzoHladZ2qe3tWqdWKOEpoHx2iY+SiS1RDN6iOGoiiR/SMXtGb9WS9WO/Wx9S6YBU9e+hPWZ8/KDCXlw==</latexit><latexit sha1_base64="aCgCppDsxKxJY9vasT1//f20jSg=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWBLxtSy4cVnBPqCJZTKdtEMnkzBzI5TQlRt/xY0LRdz6De78GydtFtp6YYbDOedy7z1BIrgGx/m2FhaXlldWS2vl9Y3NrW17Z7ep41RR1qCxiFU7IJoJLlkDOAjWThQjUSBYKxhe53rrgSnNY3kHo4T5EelLHnJKwFBd+8CLCAwoEVlzjL0+GGeEXef+/MR8F1274lSdSeF54Baggoqqd+0vrxfTNGISqCBad1wnAT8jCjgVbFz2Us0SQoekzzoGShIx7WeTM8b4yDA9HMbKPAl4wv7uyEik9SgKjDNfWs9qOfmf1kkhvPIzLpMUmKTTQWEqMMQ4zwT3uGIUxMgAQhU3u2I6IIpQMMmVTQju7MnzoHladZ2qe3tWqdWKOEpoHx2iY+SiS1RDN6iOGoiiR/SMXtGb9WS9WO/Wx9S6YBU9e+hPWZ8/KDCXlw==</latexit><latexit sha1_base64="aCgCppDsxKxJY9vasT1//f20jSg=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWBLxtSy4cVnBPqCJZTKdtEMnkzBzI5TQlRt/xY0LRdz6De78GydtFtp6YYbDOedy7z1BIrgGx/m2FhaXlldWS2vl9Y3NrW17Z7ep41RR1qCxiFU7IJoJLlkDOAjWThQjUSBYKxhe53rrgSnNY3kHo4T5EelLHnJKwFBd+8CLCAwoEVlzjL0+GGeEXef+/MR8F1274lSdSeF54Baggoqqd+0vrxfTNGISqCBad1wnAT8jCjgVbFz2Us0SQoekzzoGShIx7WeTM8b4yDA9HMbKPAl4wv7uyEik9SgKjDNfWs9qOfmf1kkhvPIzLpMUmKTTQWEqMMQ4zwT3uGIUxMgAQhU3u2I6IIpQMMmVTQju7MnzoHladZ2qe3tWqdWKOEpoHx2iY+SiS1RDN6iOGoiiR/SMXtGb9WS9WO/Wx9S6YBU9e+hPWZ8/KDCXlw==</latexit>

Distinctive new pheno from time dependent tension                             µ(t)
<latexit sha1_base64="ER8eRKJvYMrzDypwK8XfsYVZUM4=">AAACHHicbVDLSgMxFM34rPU16tJNsAgVpGT60HZXcOOygn1AO5RMmrahmcyQZIQyzIe48VfcuFDEjQvBvzGddqGtBwIn59x7c3O8kDOlEfq21tY3Nre2MzvZ3b39g0P76LilgkgS2iQBD2THw4pyJmhTM81pJ5QU+x6nbW9yM/PbD1QqFoh7PQ2p6+ORYENGsDZS3y5B2POjfBz30lldOfLcGBVqNVR2apeoUEGoWL0yBJWK1Uol0Uly0bdz5p4CrhJnQXJggUbf/uwNAhL5VGjCsVJdB4XajbHUjHCaZHuRoiEmEzyiXUMF9qly43ShBJ4bZQCHgTRHaJiqvzti7Cs19T1T6WM9VsveTPzP60Z6WHVjJsJIU0HmDw0jDnUAZ0nBAZOUaD41BBPJzK6QjLHERJs8syYEZ/nLq6RVLDio4NyVc/X6Io4MOAVnIA8ccA3q4BY0QBMQ8AiewSt4s56sF+vd+piXrlmLnhPwB9bXD8GxnV4=</latexit><latexit sha1_base64="ER8eRKJvYMrzDypwK8XfsYVZUM4=">AAACHHicbVDLSgMxFM34rPU16tJNsAgVpGT60HZXcOOygn1AO5RMmrahmcyQZIQyzIe48VfcuFDEjQvBvzGddqGtBwIn59x7c3O8kDOlEfq21tY3Nre2MzvZ3b39g0P76LilgkgS2iQBD2THw4pyJmhTM81pJ5QU+x6nbW9yM/PbD1QqFoh7PQ2p6+ORYENGsDZS3y5B2POjfBz30lldOfLcGBVqNVR2apeoUEGoWL0yBJWK1Uol0Uly0bdz5p4CrhJnQXJggUbf/uwNAhL5VGjCsVJdB4XajbHUjHCaZHuRoiEmEzyiXUMF9qly43ShBJ4bZQCHgTRHaJiqvzti7Cs19T1T6WM9VsveTPzP60Z6WHVjJsJIU0HmDw0jDnUAZ0nBAZOUaD41BBPJzK6QjLHERJs8syYEZ/nLq6RVLDio4NyVc/X6Io4MOAVnIA8ccA3q4BY0QBMQ8AiewSt4s56sF+vd+piXrlmLnhPwB9bXD8GxnV4=</latexit><latexit sha1_base64="ER8eRKJvYMrzDypwK8XfsYVZUM4=">AAACHHicbVDLSgMxFM34rPU16tJNsAgVpGT60HZXcOOygn1AO5RMmrahmcyQZIQyzIe48VfcuFDEjQvBvzGddqGtBwIn59x7c3O8kDOlEfq21tY3Nre2MzvZ3b39g0P76LilgkgS2iQBD2THw4pyJmhTM81pJ5QU+x6nbW9yM/PbD1QqFoh7PQ2p6+ORYENGsDZS3y5B2POjfBz30lldOfLcGBVqNVR2apeoUEGoWL0yBJWK1Uol0Uly0bdz5p4CrhJnQXJggUbf/uwNAhL5VGjCsVJdB4XajbHUjHCaZHuRoiEmEzyiXUMF9qly43ShBJ4bZQCHgTRHaJiqvzti7Cs19T1T6WM9VsveTPzP60Z6WHVjJsJIU0HmDw0jDnUAZ0nBAZOUaD41BBPJzK6QjLHERJs8syYEZ/nLq6RVLDio4NyVc/X6Io4MOAVnIA8ccA3q4BY0QBMQ8AiewSt4s56sF+vd+piXrlmLnhPwB9bXD8GxnV4=</latexit><latexit sha1_base64="ER8eRKJvYMrzDypwK8XfsYVZUM4=">AAACHHicbVDLSgMxFM34rPU16tJNsAgVpGT60HZXcOOygn1AO5RMmrahmcyQZIQyzIe48VfcuFDEjQvBvzGddqGtBwIn59x7c3O8kDOlEfq21tY3Nre2MzvZ3b39g0P76LilgkgS2iQBD2THw4pyJmhTM81pJ5QU+x6nbW9yM/PbD1QqFoh7PQ2p6+ORYENGsDZS3y5B2POjfBz30lldOfLcGBVqNVR2apeoUEGoWL0yBJWK1Uol0Uly0bdz5p4CrhJnQXJggUbf/uwNAhL5VGjCsVJdB4XajbHUjHCaZHuRoiEmEzyiXUMF9qly43ShBJ4bZQCHgTRHaJiqvzti7Cs19T1T6WM9VsveTPzP60Z6WHVjJsJIU0HmDw0jDnUAZ0nBAZOUaD41BBPJzK6QjLHERJs8syYEZ/nLq6RVLDio4NyVc/X6Io4MOAVnIA8ccA3q4BY0QBMQ8AiewSt4s56sF+vd+piXrlmLnhPwB9bXD8GxnV4=</latexit>

[Conlon,Copeland,Hardy,Sanchez Gonzalez’24] 

Growing loops

[Ghoshal,FR,Villa’24]

Also relevant for QFT strings (ex. axion strings) ?

Scaling regime? High freq. GWs 



GRAVITATIONAL WAVES FROM COSMIC SUPERSTRINGS 

⇢strings =
µ

L2
<latexit sha1_base64="Tvsw3iepaiNAFTM6Di573Djm4n0=">AAACDnicbVC7SgNBFJ31GeNr1dJmMASswm4QtBECNhYWEcwDsmuYncwmQ+axzMwKYdkvsPFXbCwUsbW282+cJFto4oELh3Pu5d57ooRRbTzv21lZXVvf2Cxtlbd3dvf23YPDtpapwqSFJZOqGyFNGBWkZahhpJsognjESCcaX039zgNRmkpxZyYJCTkaChpTjIyV+m41UCPZzwLFM20UFUOd5/ASBrFCOAt4mmc39/W871a8mjcDXCZ+QSqgQLPvfgUDiVNOhMEMad3zvcSEGVKGYkbycpBqkiA8RkPSs1QgTnSYzd7JYdUqAxhLZUsYOFN/T2SIaz3hke3kyIz0ojcV//N6qYkvwoyKJDVE4PmiOGXQSDjNBg6oItiwiSUIK2pvhXiEbBLGJli2IfiLLy+Tdr3mezX/9qzSaBRxlMAxOAGnwAfnoAGuQRO0AAaP4Bm8gjfnyXlx3p2PeeuKU8wcgT9wPn8APkWc0w==</latexit><latexit sha1_base64="Tvsw3iepaiNAFTM6Di573Djm4n0=">AAACDnicbVC7SgNBFJ31GeNr1dJmMASswm4QtBECNhYWEcwDsmuYncwmQ+axzMwKYdkvsPFXbCwUsbW282+cJFto4oELh3Pu5d57ooRRbTzv21lZXVvf2Cxtlbd3dvf23YPDtpapwqSFJZOqGyFNGBWkZahhpJsognjESCcaX039zgNRmkpxZyYJCTkaChpTjIyV+m41UCPZzwLFM20UFUOd5/ASBrFCOAt4mmc39/W871a8mjcDXCZ+QSqgQLPvfgUDiVNOhMEMad3zvcSEGVKGYkbycpBqkiA8RkPSs1QgTnSYzd7JYdUqAxhLZUsYOFN/T2SIaz3hke3kyIz0ojcV//N6qYkvwoyKJDVE4PmiOGXQSDjNBg6oItiwiSUIK2pvhXiEbBLGJli2IfiLLy+Tdr3mezX/9qzSaBRxlMAxOAGnwAfnoAGuQRO0AAaP4Bm8gjfnyXlx3p2PeeuKU8wcgT9wPn8APkWc0w==</latexit><latexit sha1_base64="Tvsw3iepaiNAFTM6Di573Djm4n0=">AAACDnicbVC7SgNBFJ31GeNr1dJmMASswm4QtBECNhYWEcwDsmuYncwmQ+axzMwKYdkvsPFXbCwUsbW282+cJFto4oELh3Pu5d57ooRRbTzv21lZXVvf2Cxtlbd3dvf23YPDtpapwqSFJZOqGyFNGBWkZahhpJsognjESCcaX039zgNRmkpxZyYJCTkaChpTjIyV+m41UCPZzwLFM20UFUOd5/ASBrFCOAt4mmc39/W871a8mjcDXCZ+QSqgQLPvfgUDiVNOhMEMad3zvcSEGVKGYkbycpBqkiA8RkPSs1QgTnSYzd7JYdUqAxhLZUsYOFN/T2SIaz3hke3kyIz0ojcV//N6qYkvwoyKJDVE4PmiOGXQSDjNBg6oItiwiSUIK2pvhXiEbBLGJli2IfiLLy+Tdr3mezX/9qzSaBRxlMAxOAGnwAfnoAGuQRO0AAaP4Bm8gjfnyXlx3p2PeeuKU8wcgT9wPn8APkWc0w==</latexit><latexit sha1_base64="Tvsw3iepaiNAFTM6Di573Djm4n0=">AAACDnicbVC7SgNBFJ31GeNr1dJmMASswm4QtBECNhYWEcwDsmuYncwmQ+axzMwKYdkvsPFXbCwUsbW282+cJFto4oELh3Pu5d57ooRRbTzv21lZXVvf2Cxtlbd3dvf23YPDtpapwqSFJZOqGyFNGBWkZahhpJsognjESCcaX039zgNRmkpxZyYJCTkaChpTjIyV+m41UCPZzwLFM20UFUOd5/ASBrFCOAt4mmc39/W871a8mjcDXCZ+QSqgQLPvfgUDiVNOhMEMad3zvcSEGVKGYkbycpBqkiA8RkPSs1QgTnSYzd7JYdUqAxhLZUsYOFN/T2SIaz3hke3kyIz0ojcV//N6qYkvwoyKJDVE4PmiOGXQSDjNBg6oItiwiSUIK2pvhXiEbBLGJli2IfiLLy+Tdr3mezX/9qzSaBRxlMAxOAGnwAfnoAGuQRO0AAaP4Bm8gjfnyXlx3p2PeeuKU8wcgT9wPn8APkWc0w==</latexit>

L = ⇠t
<latexit sha1_base64="Oe5J7kVBPkEy7iuEluCnAPkq3yM=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2FhYRDAfkhxhb7OXLNm9O3bnxHDkV9hYKGLrz7Hz37hJrtDEBwOP92aYmRckUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUEW+gQMnbieZUBZK3gtH11G89cm1EHN3jOOG+ooNIhIJRtNLDLbki3SdBsFeuuFV3BrJMvJxUIEe9V/7q9mOWKh4hk9SYjucm6GdUo2CST0rd1PCEshEd8I6lEVXc+Nns4Ak5sUqfhLG2FSGZqb8nMqqMGavAdiqKQ7PoTcX/vE6K4aWfiShJkUdsvihMJcGYTL8nfaE5Qzm2hDIt7K2EDammDG1GJRuCt/jyMmmeVT236t2dV2q1PI4iHMExnIIHF1CDG6hDAxgoeIZXeHO08+K8Ox/z1oKTzxzCHzifP1Hij2w=</latexit><latexit sha1_base64="Oe5J7kVBPkEy7iuEluCnAPkq3yM=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2FhYRDAfkhxhb7OXLNm9O3bnxHDkV9hYKGLrz7Hz37hJrtDEBwOP92aYmRckUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUEW+gQMnbieZUBZK3gtH11G89cm1EHN3jOOG+ooNIhIJRtNLDLbki3SdBsFeuuFV3BrJMvJxUIEe9V/7q9mOWKh4hk9SYjucm6GdUo2CST0rd1PCEshEd8I6lEVXc+Nns4Ak5sUqfhLG2FSGZqb8nMqqMGavAdiqKQ7PoTcX/vE6K4aWfiShJkUdsvihMJcGYTL8nfaE5Qzm2hDIt7K2EDammDG1GJRuCt/jyMmmeVT236t2dV2q1PI4iHMExnIIHF1CDG6hDAxgoeIZXeHO08+K8Ox/z1oKTzxzCHzifP1Hij2w=</latexit><latexit sha1_base64="Oe5J7kVBPkEy7iuEluCnAPkq3yM=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2FhYRDAfkhxhb7OXLNm9O3bnxHDkV9hYKGLrz7Hz37hJrtDEBwOP92aYmRckUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUEW+gQMnbieZUBZK3gtH11G89cm1EHN3jOOG+ooNIhIJRtNLDLbki3SdBsFeuuFV3BrJMvJxUIEe9V/7q9mOWKh4hk9SYjucm6GdUo2CST0rd1PCEshEd8I6lEVXc+Nns4Ak5sUqfhLG2FSGZqb8nMqqMGavAdiqKQ7PoTcX/vE6K4aWfiShJkUdsvihMJcGYTL8nfaE5Qzm2hDIt7K2EDammDG1GJRuCt/jyMmmeVT236t2dV2q1PI4iHMExnIIHF1CDG6hDAxgoeIZXeHO08+K8Ox/z1oKTzxzCHzifP1Hij2w=</latexit><latexit sha1_base64="Oe5J7kVBPkEy7iuEluCnAPkq3yM=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2FhYRDAfkhxhb7OXLNm9O3bnxHDkV9hYKGLrz7Hz37hJrtDEBwOP92aYmRckUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUEW+gQMnbieZUBZK3gtH11G89cm1EHN3jOOG+ooNIhIJRtNLDLbki3SdBsFeuuFV3BrJMvJxUIEe9V/7q9mOWKh4hk9SYjucm6GdUo2CST0rd1PCEshEd8I6lEVXc+Nns4Ak5sUqfhLG2FSGZqb8nMqqMGavAdiqKQ7PoTcX/vE6K4aWfiShJkUdsvihMJcGYTL8nfaE5Qzm2hDIt7K2EDammDG1GJRuCt/jyMmmeVT236t2dV2q1PI4iHMExnIIHF1CDG6hDAxgoeIZXeHO08+K8Ox/z1oKTzxzCHzifP1Hij2w=</latexit>

dE

dt
= �Gµ2

<latexit sha1_base64="hRLPMad7UlKBmM51j3uhVmP9Cjg=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCIJSZIuhGKIrUZQV7gc5YMmmmDU0yQ5IRyjAP4cZXceNCEbcu3Pk2pu0I2vpD4OM/53By/iBmVGnH+bIWFpeWV1YLa8X1jc2tbXtnt6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLwc11v3RCoaiVs9ionPUV/QkGKkjdW1j71QIpymnuSwl8Gr7Ad1Bs+hV0OcI1iDHk/uKl275JSdieA8uDmUQK561/70ehFOOBEaM6RUx3Vi7adIaooZyYpeokiM8BD1ScegQJwoP50clcFD4/RgGEnzhIYT9/dEirhSIx6YTo70QM3WxuZ/tU6iwzM/pSJONBF4uihMGNQRHCcEe1QSrNnIAMKSmr9CPEAmJW1yLJoQ3NmT56FZKbtO2b05KVUv8jgKYB8cgCPgglNQBdegDhoAgwfwBF7Aq/VoPVtv1vu0dcHKZ/bAH1kf3y/AnZk=</latexit><latexit sha1_base64="hRLPMad7UlKBmM51j3uhVmP9Cjg=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCIJSZIuhGKIrUZQV7gc5YMmmmDU0yQ5IRyjAP4cZXceNCEbcu3Pk2pu0I2vpD4OM/53By/iBmVGnH+bIWFpeWV1YLa8X1jc2tbXtnt6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLwc11v3RCoaiVs9ionPUV/QkGKkjdW1j71QIpymnuSwl8Gr7Ad1Bs+hV0OcI1iDHk/uKl275JSdieA8uDmUQK561/70ehFOOBEaM6RUx3Vi7adIaooZyYpeokiM8BD1ScegQJwoP50clcFD4/RgGEnzhIYT9/dEirhSIx6YTo70QM3WxuZ/tU6iwzM/pSJONBF4uihMGNQRHCcEe1QSrNnIAMKSmr9CPEAmJW1yLJoQ3NmT56FZKbtO2b05KVUv8jgKYB8cgCPgglNQBdegDhoAgwfwBF7Aq/VoPVtv1vu0dcHKZ/bAH1kf3y/AnZk=</latexit><latexit sha1_base64="hRLPMad7UlKBmM51j3uhVmP9Cjg=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCIJSZIuhGKIrUZQV7gc5YMmmmDU0yQ5IRyjAP4cZXceNCEbcu3Pk2pu0I2vpD4OM/53By/iBmVGnH+bIWFpeWV1YLa8X1jc2tbXtnt6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLwc11v3RCoaiVs9ionPUV/QkGKkjdW1j71QIpymnuSwl8Gr7Ad1Bs+hV0OcI1iDHk/uKl275JSdieA8uDmUQK561/70ehFOOBEaM6RUx3Vi7adIaooZyYpeokiM8BD1ScegQJwoP50clcFD4/RgGEnzhIYT9/dEirhSIx6YTo70QM3WxuZ/tU6iwzM/pSJONBF4uihMGNQRHCcEe1QSrNnIAMKSmr9CPEAmJW1yLJoQ3NmT56FZKbtO2b05KVUv8jgKYB8cgCPgglNQBdegDhoAgwfwBF7Aq/VoPVtv1vu0dcHKZ/bAH1kf3y/AnZk=</latexit><latexit sha1_base64="hRLPMad7UlKBmM51j3uhVmP9Cjg=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCIJSZIuhGKIrUZQV7gc5YMmmmDU0yQ5IRyjAP4cZXceNCEbcu3Pk2pu0I2vpD4OM/53By/iBmVGnH+bIWFpeWV1YLa8X1jc2tbXtnt6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLwc11v3RCoaiVs9ionPUV/QkGKkjdW1j71QIpymnuSwl8Gr7Ad1Bs+hV0OcI1iDHk/uKl275JSdieA8uDmUQK561/70ehFOOBEaM6RUx3Vi7adIaooZyYpeokiM8BD1ScegQJwoP50clcFD4/RgGEnzhIYT9/dEirhSIx6YTo70QM3WxuZ/tU6iwzM/pSJONBF4uihMGNQRHCcEe1QSrNnIAMKSmr9CPEAmJW1yLJoQ3NmT56FZKbtO2b05KVUv8jgKYB8cgCPgglNQBdegDhoAgwfwBF7Aq/VoPVtv1vu0dcHKZ/bAH1kf3y/AnZk=</latexit>

⌦GWh2 ⇠ f5
<latexit sha1_base64="HzoMsgN5LdRiAmS+XNL4bevgFog="></latexit><latexit sha1_base64="HzoMsgN5LdRiAmS+XNL4bevgFog="></latexit><latexit sha1_base64="HzoMsgN5LdRiAmS+XNL4bevgFog="></latexit><latexit sha1_base64="HzoMsgN5LdRiAmS+XNL4bevgFog="></latexit>

 

i)  Information on cosmic history                                
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loop production

redshift

oscillator  modes

energy in GWs

E.g. volume kination

ii) GW emission extended in time                            signal extends to low frequencies*

Long strings Loops decay to GWs

Dynamical attractor:  scaling regime                          “quasi” scaling



Exotic epochs from ST: vast and unexplored territory 

Kination

GWs Anomalous perturbation growth

Primordial Black Holes

time dependent 

couplings

Trackers
Dynamical system 


approach

Radiation seed / self perturbations

DM, baryogenesis

Axion dynamics

OUTLOOK & FUTURE DIRECTIONS



THANK YOU FOR YOUR ATTENTION!



WHAT ABOUT THE DISTANCE CONJECTURE?

[Ooguri, Vafa ’06]

[Ooguri,Palti,Shiu,Vafa ’19]

Distance conjecture: 

KK modes become light, but so do  
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GW FROM COSMIC STRINGS
[Ellis, Lewicki,Lin,Vaskonen ’23]

Different fits to Nanograv

for cosmic superstrings

Gµ ⇠ 10�11 � 10�12
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Early matter domination up to BBN

For LVS treh ⇠ 1
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Predicts deviation!



THE BACKGROUND COSMOLOGY

Analytical treatment of  transition epochs

Eg: kination to 

radiation domination:

[Apers,Conlon,Copeland,Mosny,FR ’24]

Useful to analyse e.g. perturbations
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<latexit sha1_base64="5m6a9bgrHE0+NHANEAoGcrttIuI="></latexit><latexit sha1_base64="5m6a9bgrHE0+NHANEAoGcrttIuI="></latexit><latexit sha1_base64="5m6a9bgrHE0+NHANEAoGcrttIuI="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="d87cjmDfQy96ykWDDBd9kvwUPfE="></latexit><latexit sha1_base64="d87cjmDfQy96ykWDDBd9kvwUPfE="></latexit><latexit sha1_base64="iw0bmwyNVzrp6IOsn8HMyxQIx3M="></latexit><latexit sha1_base64="5m6a9bgrHE0+NHANEAoGcrttIuI="></latexit><latexit sha1_base64="5m6a9bgrHE0+NHANEAoGcrttIuI="></latexit><latexit sha1_base64="5m6a9bgrHE0+NHANEAoGcrttIuI="></latexit><latexit sha1_base64="5m6a9bgrHE0+NHANEAoGcrttIuI="></latexit><latexit sha1_base64="5m6a9bgrHE0+NHANEAoGcrttIuI="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="d87cjmDfQy96ykWDDBd9kvwUPfE="></latexit><latexit sha1_base64="d87cjmDfQy96ykWDDBd9kvwUPfE="></latexit><latexit sha1_base64="iw0bmwyNVzrp6IOsn8HMyxQIx3M="></latexit><latexit sha1_base64="5m6a9bgrHE0+NHANEAoGcrttIuI="></latexit><latexit sha1_base64="5m6a9bgrHE0+NHANEAoGcrttIuI="></latexit><latexit sha1_base64="5m6a9bgrHE0+NHANEAoGcrttIuI="></latexit><latexit sha1_base64="5m6a9bgrHE0+NHANEAoGcrttIuI="></latexit><latexit sha1_base64="5m6a9bgrHE0+NHANEAoGcrttIuI="></latexit><latexit sha1_base64="5m6a9bgrHE0+NHANEAoGcrttIuI="></latexit>



EQUATIONS OF MOTION
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<latexit sha1_base64="SEHKAFjmk4DYeoUrY98BI44bVSY="></latexit><latexit sha1_base64="SEHKAFjmk4DYeoUrY98BI44bVSY="></latexit><latexit sha1_base64="SEHKAFjmk4DYeoUrY98BI44bVSY="></latexit><latexit sha1_base64="SEHKAFjmk4DYeoUrY98BI44bVSY="></latexit>
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<latexit sha1_base64="PjW33ORiY/d6gmALsk+n63A7Sag="></latexit><latexit sha1_base64="PjW33ORiY/d6gmALsk+n63A7Sag="></latexit><latexit sha1_base64="PjW33ORiY/d6gmALsk+n63A7Sag="></latexit><latexit sha1_base64="PjW33ORiY/d6gmALsk+n63A7Sag="></latexit>

⇢̇� + 3�H⇢� = 0
<latexit sha1_base64="tUW37il7WkLU4bICAMx5gXK9X+E="></latexit><latexit sha1_base64="tUW37il7WkLU4bICAMx5gXK9X+E="></latexit><latexit sha1_base64="tUW37il7WkLU4bICAMx5gXK9X+E="></latexit><latexit sha1_base64="tUW37il7WkLU4bICAMx5gXK9X+E="></latexit>

(

<latexit sha1_base64="o8hjr7lEwgGy5Lu9W+5YN3LZEEo=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaS2tt0VdeGygn1AE8pkOk2HTiZhZiKU0I9w40IRt36PO//G6UNQ0QMXDufcy733BAlnSjvOh7Wyura+sZnbym/v7O7tFw4O2ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxlczv3NPpWKxuNOThPoRDgUbMoK1kTreJQtDL+sXio59Xq1fVOrIkFq1VK4siFNzkWs7cxRhiWa/8O4NYpJGVGjCsVI910m0n2GpGeF0mvdSRRNMxjikPUMFjqjys/m5U3RqlAEaxtKU0Giufp/IcKTUJApMZ4T1SP32ZuJfXi/Vw5qfMZGkmgqyWDRMOdIxmv2OBkxSovnEEEwkM7ciMsISE20SypsQvj5F/5N2yXYd270tFxvXyzhycAwncAYuVKEBN9CEFhAYwwM8wbOVWI/Wi/W6aF2xljNH8APW2yesxI/N</latexit><latexit sha1_base64="o8hjr7lEwgGy5Lu9W+5YN3LZEEo=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaS2tt0VdeGygn1AE8pkOk2HTiZhZiKU0I9w40IRt36PO//G6UNQ0QMXDufcy733BAlnSjvOh7Wyura+sZnbym/v7O7tFw4O2ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxlczv3NPpWKxuNOThPoRDgUbMoK1kTreJQtDL+sXio59Xq1fVOrIkFq1VK4siFNzkWs7cxRhiWa/8O4NYpJGVGjCsVI910m0n2GpGeF0mvdSRRNMxjikPUMFjqjys/m5U3RqlAEaxtKU0Giufp/IcKTUJApMZ4T1SP32ZuJfXi/Vw5qfMZGkmgqyWDRMOdIxmv2OBkxSovnEEEwkM7ciMsISE20SypsQvj5F/5N2yXYd270tFxvXyzhycAwncAYuVKEBN9CEFhAYwwM8wbOVWI/Wi/W6aF2xljNH8APW2yesxI/N</latexit><latexit sha1_base64="o8hjr7lEwgGy5Lu9W+5YN3LZEEo=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaS2tt0VdeGygn1AE8pkOk2HTiZhZiKU0I9w40IRt36PO//G6UNQ0QMXDufcy733BAlnSjvOh7Wyura+sZnbym/v7O7tFw4O2ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxlczv3NPpWKxuNOThPoRDgUbMoK1kTreJQtDL+sXio59Xq1fVOrIkFq1VK4siFNzkWs7cxRhiWa/8O4NYpJGVGjCsVI910m0n2GpGeF0mvdSRRNMxjikPUMFjqjys/m5U3RqlAEaxtKU0Giufp/IcKTUJApMZ4T1SP32ZuJfXi/Vw5qfMZGkmgqyWDRMOdIxmv2OBkxSovnEEEwkM7ciMsISE20SypsQvj5F/5N2yXYd270tFxvXyzhycAwncAYuVKEBN9CEFhAYwwM8wbOVWI/Wi/W6aF2xljNH8APW2yesxI/N</latexit><latexit sha1_base64="o8hjr7lEwgGy5Lu9W+5YN3LZEEo=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaS2tt0VdeGygn1AE8pkOk2HTiZhZiKU0I9w40IRt36PO//G6UNQ0QMXDufcy733BAlnSjvOh7Wyura+sZnbym/v7O7tFw4O2ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxlczv3NPpWKxuNOThPoRDgUbMoK1kTreJQtDL+sXio59Xq1fVOrIkFq1VK4siFNzkWs7cxRhiWa/8O4NYpJGVGjCsVI910m0n2GpGeF0mvdSRRNMxjikPUMFjqjys/m5U3RqlAEaxtKU0Giufp/IcKTUJApMZ4T1SP32ZuJfXi/Vw5qfMZGkmgqyWDRMOdIxmv2OBkxSovnEEEwkM7ciMsISE20SypsQvj5F/5N2yXYd270tFxvXyzhycAwncAYuVKEBN9CEFhAYwwM8wbOVWI/Wi/W6aF2xljNH8APW2yesxI/N</latexit>

Generic fluid:

matter, radiation…

Gij,I = CI
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<latexit sha1_base64="OKp1haVTmaehBvDtWaLn4Ltg/zY="></latexit><latexit sha1_base64="OKp1haVTmaehBvDtWaLn4Ltg/zY="></latexit><latexit sha1_base64="OKp1haVTmaehBvDtWaLn4Ltg/zY="></latexit><latexit sha1_base64="OKp1haVTmaehBvDtWaLn4Ltg/zY="></latexit>

Asymptotics of moduli space (large Vol, CS moduli…)

Simpler expressions, analytic treatment



DYNAMICAL SYSTEM REFORMULATION

fluidaxionssaxions
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<latexit sha1_base64="y0jB9JmovMFz89SnjDEzDTtdyaY="></latexit><latexit sha1_base64="y0jB9JmovMFz89SnjDEzDTtdyaY="></latexit><latexit sha1_base64="y0jB9JmovMFz89SnjDEzDTtdyaY="></latexit><latexit sha1_base64="y0jB9JmovMFz89SnjDEzDTtdyaY="></latexit>

[Copeland,Liddle,Wands ’98], [Collinucci,Nielsen, Van Riet ’04]
[(Brinkmann),Cicoli,Dibitetto,Pedro’20 x2, 22],[Shiu,Tonioni,Tran ’23] x 3, [FR ’23]…
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<latexit sha1_base64="uCb8OsN1U+W1fPUmgH+3i8umRC4="></latexit><latexit sha1_base64="uCb8OsN1U+W1fPUmgH+3i8umRC4="></latexit><latexit sha1_base64="uCb8OsN1U+W1fPUmgH+3i8umRC4="></latexit><latexit sha1_base64="uCb8OsN1U+W1fPUmgH+3i8umRC4="></latexit>
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<latexit sha1_base64="gGFl9LF/5Ebrm3Wg05o5YYLQljs="></latexit><latexit sha1_base64="gGFl9LF/5Ebrm3Wg05o5YYLQljs="></latexit><latexit sha1_base64="gGFl9LF/5Ebrm3Wg05o5YYLQljs="></latexit><latexit sha1_base64="gGFl9LF/5Ebrm3Wg05o5YYLQljs="></latexit>
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<latexit sha1_base64="J+CcOXQkO1cKFpE3545B5L9K9mg="></latexit><latexit sha1_base64="J+CcOXQkO1cKFpE3545B5L9K9mg="></latexit><latexit sha1_base64="J+CcOXQkO1cKFpE3545B5L9K9mg="></latexit><latexit sha1_base64="J+CcOXQkO1cKFpE3545B5L9K9mg="></latexit>
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<latexit sha1_base64="fLLHahnqxWuJB2A89J6FHUNVRQw="></latexit><latexit sha1_base64="fLLHahnqxWuJB2A89J6FHUNVRQw="></latexit><latexit sha1_base64="fLLHahnqxWuJB2A89J6FHUNVRQw="></latexit><latexit sha1_base64="fLLHahnqxWuJB2A89J6FHUNVRQw="></latexit>

(

<latexit sha1_base64="o8hjr7lEwgGy5Lu9W+5YN3LZEEo=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaS2tt0VdeGygn1AE8pkOk2HTiZhZiKU0I9w40IRt36PO//G6UNQ0QMXDufcy733BAlnSjvOh7Wyura+sZnbym/v7O7tFw4O2ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxlczv3NPpWKxuNOThPoRDgUbMoK1kTreJQtDL+sXio59Xq1fVOrIkFq1VK4siFNzkWs7cxRhiWa/8O4NYpJGVGjCsVI910m0n2GpGeF0mvdSRRNMxjikPUMFjqjys/m5U3RqlAEaxtKU0Giufp/IcKTUJApMZ4T1SP32ZuJfXi/Vw5qfMZGkmgqyWDRMOdIxmv2OBkxSovnEEEwkM7ciMsISE20SypsQvj5F/5N2yXYd270tFxvXyzhycAwncAYuVKEBN9CEFhAYwwM8wbOVWI/Wi/W6aF2xljNH8APW2yesxI/N</latexit><latexit sha1_base64="o8hjr7lEwgGy5Lu9W+5YN3LZEEo=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaS2tt0VdeGygn1AE8pkOk2HTiZhZiKU0I9w40IRt36PO//G6UNQ0QMXDufcy733BAlnSjvOh7Wyura+sZnbym/v7O7tFw4O2ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxlczv3NPpWKxuNOThPoRDgUbMoK1kTreJQtDL+sXio59Xq1fVOrIkFq1VK4siFNzkWs7cxRhiWa/8O4NYpJGVGjCsVI910m0n2GpGeF0mvdSRRNMxjikPUMFjqjys/m5U3RqlAEaxtKU0Giufp/IcKTUJApMZ4T1SP32ZuJfXi/Vw5qfMZGkmgqyWDRMOdIxmv2OBkxSovnEEEwkM7ciMsISE20SypsQvj5F/5N2yXYd270tFxvXyzhycAwncAYuVKEBN9CEFhAYwwM8wbOVWI/Wi/W6aF2xljNH8APW2yesxI/N</latexit><latexit sha1_base64="o8hjr7lEwgGy5Lu9W+5YN3LZEEo=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaS2tt0VdeGygn1AE8pkOk2HTiZhZiKU0I9w40IRt36PO//G6UNQ0QMXDufcy733BAlnSjvOh7Wyura+sZnbym/v7O7tFw4O2ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxlczv3NPpWKxuNOThPoRDgUbMoK1kTreJQtDL+sXio59Xq1fVOrIkFq1VK4siFNzkWs7cxRhiWa/8O4NYpJGVGjCsVI910m0n2GpGeF0mvdSRRNMxjikPUMFjqjys/m5U3RqlAEaxtKU0Giufp/IcKTUJApMZ4T1SP32ZuJfXi/Vw5qfMZGkmgqyWDRMOdIxmv2OBkxSovnEEEwkM7ciMsISE20SypsQvj5F/5N2yXYd270tFxvXyzhycAwncAYuVKEBN9CEFhAYwwM8wbOVWI/Wi/W6aF2xljNH8APW2yesxI/N</latexit><latexit sha1_base64="o8hjr7lEwgGy5Lu9W+5YN3LZEEo=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaS2tt0VdeGygn1AE8pkOk2HTiZhZiKU0I9w40IRt36PO//G6UNQ0QMXDufcy733BAlnSjvOh7Wyura+sZnbym/v7O7tFw4O2ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxlczv3NPpWKxuNOThPoRDgUbMoK1kTreJQtDL+sXio59Xq1fVOrIkFq1VK4siFNzkWs7cxRhiWa/8O4NYpJGVGjCsVI910m0n2GpGeF0mvdSRRNMxjikPUMFjqjys/m5U3RqlAEaxtKU0Giufp/IcKTUJApMZ4T1SP32ZuJfXi/Vw5qfMZGkmgqyWDRMOdIxmv2OBkxSovnEEEwkM7ciMsISE20SypsQvj5F/5N2yXYd270tFxvXyzhycAwncAYuVKEBN9CEFhAYwwM8wbOVWI/Wi/W6aF2xljNH8APW2yesxI/N</latexit>

See talk 

by Flavio Tonioni


