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Motivations.

Early universe SM probes:

« CMB: z~1100, observed and well studied

e 21-cm: z~20, soon to be observed

« CvB:z~10°, challenging detection prospects

—3 Primordial High Energy Neutrinos (PHENU) ?
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Motivations.
PHENUSs:

« Simple BSM scenario
« Emitted anywhere after neutrino

decoupling (z~10")
« A sharp signal could remain unaffected
and observable today

—3 Primordial High Energy Neutrinos (PHENU) |
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Motivations.

Few works on this topic:

« Frampton, Glashow, 80

« Gelmini, Gondolo, Sarkar 92

« Kanzaki, Kawasaki, Kohri, Moroi 07
« Ema, Jinno, Moroi 13, 14

« McKeen 18

—3» A general studyis needed

« Jaeckel, Yin 20, 21
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Sharp Spectral Features.
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Sharp Spectral Features.
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Sharp Spectral Features.
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1075 —

arp Spectral Features.
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arp Spectral Features.
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Sharp Spectral Features.

" OpPeorit / * e tBme dN
0

mPTP I\ \ E=E, (1+z)

—
T
-1

e .
N | Number of . Exponential decay
- . . Isotropy Decoylng
c‘\l neutrInOS pcrt|cle
) Integration
Hg per decay density over the line of
\
= sight
=)

—
<
%

decay rate

4
n




PHENU Nicolas Grimbaum Yamamoto
Planck - 2025

Sharp Spectral Features.
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Sharp Spectral Features.
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Sharp Spectral Features.
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1077

arp Spectral Features.

Out of equilibrium annihilation
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New type of spectral feature
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Medium interactions.
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Medium interactions.
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Medium interactions.

Z 18 ::"" — R R :
e (]Z;Z: 10k =) () - . i
F o= U Uy—r 1y U, — Ve lUe—>T T 7 :

E—— v v, e et - v, V.— BB !

ov)n : z _ ,
0 (1 _|_ Z) H( Z) < > VBG . ey — s R )

f—— v ve— put — Ve Ve tt L ]

L - — ——— e 2
F— v, ve— KK & =g 7

SL/(Zea EO) —

T

-V, Ve— DD

10"}

Average number Integration
of scattering over the line of
sight

758 10%

t?',n ¥ [

100
103%

100

/)

B [GeV]




PHENU Nicolas Grimbaum Yamamoto
Planck - 2025

Medium interactions.
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Medium interactions.
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Medium interactions.
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Sharp spectral features

mostly unaffected

Medium interactions.
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Constralnts.
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Constralnts.
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Constraints.
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Constraints.
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Constraints.
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Theoretical:

CMB anisotropies bound

BBN bound from photo and hadro disintegration of
light elements (see Sara Bianco's talk tomorrow)

Neis bound on additional neutrino energy density

Competing bounds
with observations
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Constraints.
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Constraints.
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Conclusions:

« PHENUSs could be produced in the early
universe with sharp spectral features

e Scattering on the background or with other
PHENUSs is negligible

e Region of lifetime, mass and abundance of the
relic for which sharp spectral features are
observable

Further work:
e Distortion of the spectrum
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Thank you for your
attention
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Decay Spectra.
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Decay Spectra.

A controls the width of the box. .
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Annihilation.
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Annihilation.
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Sharp Spectral Features.
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Sharp Spectral Features.

e Final state radiation broadening
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Self-scattering.
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constraints.
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BBN constraints.
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BBN constraints.
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