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Dark Matter (DM)

K.Freeze (2009)
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- Evidence i e
- Rotation curves of galaxies ,
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- Bullet cluster
- Gravitational lensing

. General Feature of ¢

Radius (kpc)

- Electrically neutral/ almost neutral
- Stable/ Long-lived

» No candidate in the Standard Model (SM)
* Non-relativistic/ Massive

Still many possibility for the nature of DM such as mass and interactions.
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Annihilation (or decay)

(Indirect search) We impose only severe constraints...

How about the neutrino state?
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Dark Matter-Neutrino Interactions
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Dark Matter-Neutrino interactions

Production DM-Neutrino interactions are less constrained.

RV

DM 4—

- DM annihilation (and decay) into neutrinos:
- Neutrino telescopes can detect this signal.

- A N_g constrains the annihilation with
mpwm SJ 1 MeV_

Scattering
Directsearch .
( ) - DM scattering

1. with astrophysical v :

Astrophysical I/ flux can be modified.

DM — StV 2. with cosmic I/ :

Annihilation (or decay) The structure of the universe
(Indirect search) can be modified.
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DM annihilation into neutrinos

* Neutrino telescope can constrain the annihilation due to
- large volume detector
- less background than y -ray signal

@
°

 Next-generation neutrino detector will improve the sensitivity. @wa Q

- Super-Kamiokande with Gadolinium (2020-) A Q\}
. JUNO (2023 7-) w

- Hyper-Kamiokande (2027 ?-) Dark Matter Halo

etc...

*Schematic picture of Milky Way Galaxy
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DM annihilation into neutrinos

« Light thermal DM can increase AN.g .

oo g L DM annihilation into neutrino increases AN g
. if the annihilation occur after neutrino decoupling.
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DM decay into neutrinos pw

1030 N

Neutrino telescope can 10+

constrain DM decay.

1027 i
1026 |

The age of universe:
to ~ 4.35 x 1017 s

=

1023 5
1022 5
1021 5
1020 5
1019 5

1028 |

@ 1025 I

[ 1024 i

1
O KamLANDg ) [

l.k '

g
>

0 JUNGT[ A

.......

SK (Olivares et al.)

1072

[—
OI L
—

T /o DUNE

—_

10"

-
-
-
P

10

1C-DeepCore

——

102

10°

10t 10°
my (GeV)

100

_________________ Yz\ug(*r-fi]_)
e @ IeeCube-Gen2

YTA-SD o
QZ RNO-G

~.
.
S,

Q IceCube-EHE

" 10% 100 10" 1"
C. A. Arguelles et al. 2210.01303



11/21

DM scattering with cosmic neutrinos

« DM-Cosmic Neutrino Background (CnuB) scattering induces
the so-called DM acoustic oscillations analogous to Baryon acoustic oscillations (BAO).

C{> Suppress the primordial matter density fluctuations.

tﬂ> Affect the observation of the CMB and the structure of the universe.
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Matter power spectrum ¢ \yiinson et al. 1401.7597
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DM scattering with cosmic neutrinos

e The CMB constraints: R.J.Wilkinson et al. 1401.7597

_ MpM
opM—r S 10 28 ( GeV) cm? if the cross section is constant.

B\’ o
opM_p < 1074 (%) (?> cm? if it depends on the energy-squared.
0
To ~ 2.7 K : the current CMB temperature

« The Lyman-a constraints: R.J.Wwilkinson et al. 1401.7597

_ mpmMm m E 2
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Neutrino lines
from DM annihilations and decays
in JUNO experiment
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Neutrino lines from DM

« Neutrino production in the Milky Way (MW)

DM 1% AD
DM >< 7 dEy (I)ann15 (E _ mDM)

17
dod
DM —<_ i — 9y (E _
V 12

One-to-one correspondence
between E, and mpwm

Mpm
2

)

« Neutrino production in the whole MW

ApMm =

" ds dS2
< ann1v> nDM X le%/I

__"dsdQ ¥ .

2t~ NpM S Mg
A7

: DM number density Ppm : DM profile

P gets smaller as mpw larger.
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The largest uncertainty: DM profile ppm(7)

e Neutrino flux and DM profile in the Milky Way

1( ds dQ pov \
q)amli - <0anniv> < DM)

6 Jineofsight 47 MpMm Annihilation Decay
" ‘ 4 2 —_—
1 dsdQ _ _ [ Pom ﬁ f=[ ds dQ pi s SZ—J ds dQ ppy -
(I)dec — g 4 27 line of sight line of sight
Jline of sight r Mpm
F 102 GeViem™], 2 [102 GeVem™?]
1000 - — generalized NFW.
' : Moore Generalized NFW 2.3 2.5
; 10? —— Isothermal ]
[0 NFW 0.88 1.9
) 1 R
1 0.10! Moore 2.7 2.5
€. 0.01l | ] isothermal 053 |19
0.050.10 0.50 1 5 10 e ——

r [kpc]



16/21

JUNO

experiment

Super Kamiokande JUNO

Detection

Resolution

e Detection

Water liquid scintillator
~ 22.5kton 17 kton
~ 40 % at 1 MeV 3% at1 MeV

[Palomares-Ruiz et al. [0710.5420]] ° Wikipedia

channel: inverse beta decay (IBD) v +p — et +n

- Main channel at 10MeV < E, < 100MeV
2 E
° . . AFE EEwrnax_E'min:_1-7412f\J51\/[\/v -
Little smearing effect ot ~E e (50 MeV)
! ] dog o dN A\
@ Easy tO dIStlngUISh dE’V dE o 6(Ey mDM) dEe+ AEe+ ~ @(1 MCV)
the signal from v IBD
L background ~ _Ba E:> > 8a .
i ~. —~. e
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Backgroun
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DM
] - : . U
Result -DM annihilation to neutrinos-  ><
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* Neutrino Flux & le%/I : weaker constraint in the higher energy ™ py (MeV
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Result -DM decay to neutrinos-  om —< g
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Discussions

* Prospect for DM annihilation in HK

- HK can test test the thermal relic abundance
around mpym ~ 20 MeV .

« CMB-S4 observations have the sensitivity
with mpy S 10 MeV . N. Sabti et al. 1910.01649

JUNO, HK, CMB-5S4 will complementary improve
the MeV-DM annihilation cross section into neutrinos!

N. F. Bell et al. 2005.01950

Background and sensitivity in HK
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Conclusions

« DM annihilation, decay and scattering into neutrinos are constrained by Neutrino
Telescopes and Cosmological observations.

« Future neutrino telescopes can significantly improve the sensitivity for the DM annihilations
and decays.

« JUNO experiments may test the thermal average DM annihilation cross sections
in 10 MeV < mpy < 50 MeV , assuming the Moore or generalized NFW profile.

« JUNO also have the sensitivity for DM decay into neutrinos with 7~ 1 x 10** s
in 30 MeV < mpum < 200 MeV

Thank you!



