Indirect Dark Matter Search using MeV Gamma-Ray

o o
Observations of the Galactic Center )
S. Deguchi ¥, A. Takada®, H. Yoneda®, T. Sato®, H. Onoda®, S. Okumura ®, K. Matsunaga ®, M. Abe ®, T. Nakamori®, H. liyama®, S. Suzuki®, 0 =28
T. Sawano 9, Y. Munakata ©, K. Okamoto ©, Y. Mizumura 9, M. Mori 9, T. Oka?, K. Hamaguchi ®, J. Kushida™, S. Kurosawa?, K. Miuchi?, T. Tanimori ¥ =5
Kyoto University , Yamagata University ®, Kanazawa University ©, ISAS/JAXA Y, OMU ©, JMU Y, UMBC 9, N

Tokai University ™, Nagoya University Y, Kobe University), Kitasato University ¥

Primordial Black Hole(PBH)

> Black holes formed in the early universe from quantum density fluctuations

Why use MeV Gamma-rays?

Particle Dark Matter

» Motivation for Indirect Detection
» Constrains parameters different from direct detection
(e.g., annihilation cross-section)
 Enables validation across multiple targets
(e.g., Milky Way and external galaxies)
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MeV Gap

> MeV Band : Insufficient Sensitivity
Difficulty in focusing photons (A ~ 10-12m)

» Dominance of Compton scattering
» High background generated

in structural materials

(structural mass >> detector mass)
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(R. Laha et al., 2020, PRD)

Challenﬂes in MeV Gamma rax Observation and the ETCC Solution

» The unique candidate for directly observing Hawking radiation
o Tgy~10.6 MeV X (10 g /M)
5 T~13.8 Gyr X (M/M.)3 (M* = 5.1 X 10*g: 1 = age of the Universe)
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Our Strategy

» Spatial Distribution Analysis
» Utilizing few-MeV continuum and positron annihilation in Galactic Center region
» Astrophysical sources: Distributed along the Galactic plane

(Sources characteristically bright in the MeV band remain unidentified)
* Dark matter decay / PBH Hawkmg radiation o« p
« Dark matter anmhlla‘rlon x p?

Essential o develop a next-generation detector with
high spatial resolution capability

Conventional Methods (Compton Camera)

Y .
\ event circle
~

Incident Gamma-ray
ARM

L
Recoil electron energy
+ Compton scattering position

5, o =Ring-like event reconstruction
Scatter (low Z) All Sky N\Gp

Scattered Gamma-ray

Absorber (High Z) g By

Gamma-ray energy + position

Schematic view of conventional
Compton Camera

gamma-ray-b

+77(J. M. Ryan, 2004, New A Rev.)

A w-ws]  Electron Tracking Compton Camera (ETCC)
“ / > Measures recoil electron track and energy using gaseous TPC
(Enables use of momentum conservation)
\,/ =>Point-like event reconstruction
- g N ke
T = gamma-ray g
R A SPO_ i .
. L e e AR TTEe-Cveny " ok
30 detection sensitivity for - nt.?_{_f’c/e
the continuum spectrum I o §
(A Takada et al., 2022, APJ) Elezc-l-rron — V E |den'|'|f|ca1'|on :
T NS 0 Fully contain electron event| -
. e : T I
.'. ener [MeV]
No recoil electron direction info Cloctrfiiffacker | ETCC Reconstructed Eneray loss o
(Cannot use momentum conservation) 2 s image of point source acquired by ETCC
E i} Gaseous TPC (T. Tanimori et al., 2020, JPCS) (A. Takada et al., 2022, ApT)
| 1 (electron tracker) E—— .
- Il - TR BIEEES TR o 10° ”“/4
Point Source | 4 g s~ cgsa is determined via fwo methods:
=Reconstructed AP T O -~ Y%s | geometrical and kinematical.
wn’rh spread P|X€|IZ€d Scm’rllla’ror' Array £ |
= =8 ' (absorber) v BT VeendeninEE SETE Signal-to-noise ratio of ETCC
Qamma r'ay burst measured by Schematic view of ETCC = — within the FOV
""""C'-O.nvenihonal Compfon Camera (T. Tanimori et al., 2020, JPCS) Energy (keV) °

using atmospheric gamma-ray
(T. Ikeda et al., 2023, PRD)

@F#g,. ......

SMILE (Sub-MeV/MeV gamma-ray Imaging Loaded-on-balloon Experiment) o

» Past flight: Demonstration of the ETCC

e  SMILE-T (2006, sanriku, Japan, 32-35 km, 4 hours) (A. Takada, et al., 2011, ApJ)
o Demonstration of strong background rejection

capability of the ETCC
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» SMILE-3: Scientific Observation Flight
(First flight of SMILE-3 is planned for 2028, Alice Springs, Australia, 1 day )
» Scientific Targets: Galactic diffuse gamma-ray emission
and positron annihilation

(To constrain the existence of Dark Matter and PBH)
* Requirements for SMILE-3

» Effective area: ~ 5 cm?

* Point spread function: ~ 10" at 0.5 MeV

1 pixel : 6 mmx 6 mm
Left : 13 mm thick (si
Right : 26 mm th

- Spectrum from fest operation
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