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|_et’s start with a plot
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Plan

How this gap can be populated

What cosmological observations tell us about these
possibilities

How the gap can be probed



How could this gap be
populated?

Dark Matter decay:
LD -ANLHN —yNy¢ +h.c. - - N —yNy¢ + h.c.

4

Odd under e.qg. Zo, lightest is stable

Imagine degeneracy in dark sector |mg — my| <K mg

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

14
Neutrinos redshift until today B, ~ (mg — my) ~2c

Qtoday



_et's make it even simpler

(Some of the) Dark Matter weakly coupled to
neutrinos, similar to majoron

Lint = —gJVV + h.c. 4
This state decays to (only) neutrinos J — — -
—15 12
= 2T 910 % 109 yr |2 <ﬂ> "
gl*m g m

Again, neutrinos redshift until today E, =~ MJ Sdecay

2 Qtoday

What sort of flux can we imagine”



Constraints on this scenario

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

0. Before BBN ;=1 s: neutrinos thermalize, no effect
1. After BBN, before recombination 1 ssz;s4x10° yr:
neutrinos contribute to Neff measured in CMB

2. After recombination r,=4x10° yr: J acts as
decaying DM component, affects CMB




Number densities

Assuming that J is nonrelativisitic
before decay, its number density is
ny(t) = ijcr’o (@>3 e /I

™m. g a

_625 QJ/Qdm ﬂ (@>3 iy
~cm3 \ 0.05 m; ) \a) ©

The number density of the
neutrinos from J is then dn - 3HT, — 2ng

~ 2 QJpCI',O 1 — e_t/TJ
= y(l) = -
™m.j a

125 Q5 /Qam eV\ 1—e t/
~ cm? 0.05 m. a3




1. Decays before recombination

—nergy density in neutrinos
from J Is important quantity

nere

p,/ ﬁ QJ TJ QJ T
Pyt 2 QL \ 4, (Qdm> \/ 103 yr g

5 1.0 x 1072 /[ ANgg\ (100 keV 103 yr
or n, =
cm3 0.28 ™. g TJ
Strong constraint on neutrinos from J
decays betore CMB last scattering

mjn.j

dpy _
-4Hp, =
dt P T

Typical energy today: E;" ~1eV (10311‘;\/) %O?yr



2. Decays after recombination

Now J acts a decaying DM component & impacts CMB
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Roughly 5% of DM allowed to decay
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2. Decays after recombination

Now J acts a decaying DM component & impacts CMB

Poulin, Lesgourgues,
Serpico, arXiv: 1606.02073 |

- 0.024 —I
0 L | | | |

| | | | |
0.01 0.033 0.057 0.08 0.1 0.13 0.15 0.1 0.25 0.4 0.55 0.7 0.85 1
f dedm f dedm

Roughly 5% of DM allowed to decay
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Focus on this case



2. Decays after recombination

Now J acts a decaying DM component & impacts CMB
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Focus on this case



Back to the plot
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About the CvB s

Thermal relics that decoupled  GZ% 5 T
when T=3-4 MeV T T Mpy

Slightly colder than CMB L\ 1/3
sincephotons heated by 1v = <ﬁ> T, =19K=17x10"%eV
e* e-anninilation

Number density

Ny, =
per flavor

3
4

T,\" 3/ 4\ /411 119
T,\" 3[4 (4L _
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~ — Eend + m, + El/ ~ IVend + 2m,

T
_. ’./\_j/_f/or nonrel. neutrinos
W-E, W Eq

Need incredible energy resolution...

12



CvB capture on Tritium

VN A € . | |
@ <. p-decays with long lifetime
=
t1/2 ~ 12 yI

PTOLEMY Experiment:
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CvB capture on Tritium
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Tiny rates but a crucial target
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dR/dK,[yr'eV~1(100 ¢)!]

v from DM decay on Tritium
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- The KAMIOKA Nucleon Decay Experiment

| esson from History”
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A Lesson from History”

-

Events from SN1987
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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 so that we don't miss
anything—only nature gets a vote
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"IF YOU BUILD IT}"
THEY WILL COME.
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KEVIN«COSTNER

FIeLD oF DREAMS
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Back up

It JIs “the” majoron

Lint —

1M,

Jvr + h.c.
f

7'JN1()9 yr < f ~ 100 TeV for mjy ~ eV

Model building exercise to get right mass/abundance

Flavor content:

normal ordering
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