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LetOs start with a plot
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LetOs start with a plot
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How could this gap be
populated?

Dark Matter decay:
L O —A\LHN — yNx¢ +h.c. -+ = N — yNy¢ + h.c.

7/

Odd under e.g. Z 2, lightest Is stable

Imagine degeneracy in dark sector |mg — M, | < Mg

Heavy state, e.g. ¢, could be b_ _ _
metastable, decay to neutrinos N

Neutrinos redshift until today £ ! (m- " my



LetOs make it even simpler

(Some of the) Dark Matter weakly coupled to

neutrinos, similar to Majoron
(See JulianOs talk yesterday)

L D gJvey |

This state decays to (only) neutrinos J - - -

vV

Again, neutrinos redshift until today B, ~ =2 Zdecay

2 Qtoday

What sort of [3ux can we imagine?



Constraints on this scenario

Roughly speaking there are three possibilities
for DM lifetime v (two are interesting)

0. Before BBN zn! 1 S: neutrinos thermalize, no effect
1. After BBN, before recombination 1 s! zn! 4110 ° yr:
neutrinos contribute to Neff measured in CMB

2. After recombination zn" 4110 ° yr: J acts as
decaying DM component, affects CMB



Number densities

Assuming that J is nonrelativisitic
before decay, its number density IS
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The number density of the
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1. Decays before
recombination

Energy density in neutrinos dp,

- 4Hp, = L
from J Is important quantity at P TJ
here
My VO B QT B
T — — =0.14 —— = 0.23ANg
= Lt ! U1 # 2 Oty Odm 103 yr |

or i 1.0! 1072 /ANcg\ (100 keV 103 yr
n, =
cm? 0.28 m.j T

This Is a strong constraint on neutrinos
from J decays before CMB last scattering



2. Decays after
recombination

Now J acts a decaying DM component impacts CMB
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2. Decays after
recombination

Now J acts a decaying DM component impacts CMB
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2. Decays after
recombination

Now J acts a decaying DM component impacts CMB
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Back to the plot

Flux is given by
d(a*n,)
dE, la=2E,/m,
2Q) peroe /™
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About the CvB

Thermal relics that decoupled G2, 5 T
when 7=3-4 MeV 7 N - Mpy

Slightly colder than CMB Y
sincephotons heated by 1 = <ﬁ> T,=19K=17! 107% eV
et e-annihilation

Number density

Ny, =
per [3avor

3
4

T,\" 3/ 4 411 112

- n — - - _—

T, T4\ 11 cms cms
N

(fermions)

Huge number density but extremely low
energy and challenging to detect "



Detecting the CvB

PHYSICAL REVIEW VOLUME 128, NUMBER 3 NOVEMBER 1, 1962

Universal Neutrino Degeneracy

A very old idea

STEVEN WEINBERG*
Imperial College of Science and Technology, London, England

(Received March 22, 1962)

vt+n— pte
Neutrino capture on neutron
(nucleus), no threshold
e— = Pena +my + E, 1 Eepg + 214,

_. ’./\j/_f/or nonrel. neutrinos
W-E, W Fe

Need incredible energy resolutionE
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CvB capture on Tritium

p-decays with long lifetime
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PTOLEMY Experiment:
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CvB capture on Tritium

p-decays with long lifetime
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Tiny rates but a crucial target .



v from DM decay on Tritium

N Py
Q@ N Q@ The electron energy gap can be
@ @ larger In this case
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v from DM decay on Tritium

@ ¢

The electron energy gap can be
larger In this case
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v from DM decay on Tritium
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v from DM decay on Tritium
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Wrap up

Cosmic neutrino background is an extremely
Important target to probe cosmology

PTOLEMY experiment hopes to explore this area

Interestingly, could also be sensitive to decaying
dark matter, what else?

Important to be open minded about possible
signs of new physics (beyond 3x3) so that we
donOt miss anythingNonly nature gets a vote



