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Galactic Center Region in MeV band
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lack of knowledge of MeV band
data ~ 5-10 x theorical line (IC)
IC: Inverse Compton between cosmic electron
and cosmic optical-infrared-microwave background

Possible Candidate

® unidentified point sources ?
® nuclear gamma-rays ?

® light dark matter ?

We cannot decide the emission sources

10" 1 10 10° 10° 10* 10° using the observations data until now.

Energy, MeV
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Problems of Observation in MeV band

Photo

Difference in Sky maps
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G. Principe et al. (2018)

lower sensitivity in MeV band Requirements for the next-generation observation :

-Contaminations of point sources
(Half Power Radius < several ten degrees)
-huge backgrounds (S/N < 10-2)

« High S/N and High-resolution Image
« Wide-energy-band detection
* Large Field of View
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Electron -tracking Compton Camera : ETCC

gamma-ray

ARM RS ,, . ® Gaseous TPC: Scattering Target
track and energy of recoil electron

A
® Scintillator : Absorber
30 em b PICA O position and energy of scattered gamma ray
v ¥

- measure all the parameters
of Compton-scattering kinematics

scintillator

Conventional image ETCC image
(without e- track info. ) (with e- track info.)
- 300¢

* 1 photon — direction and energy
 Large field of view
 strong noise reduction
- Compton kinematical test with a angle
- Particle identification with dE/dx ratio

2000 3000
¥ [mm]
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SMILE Project

SMILE-I @ Sanriku (Sep. 15 2006) 10 cm cubic, Xe+Ar 1 atm
» Confirmation of operation at the high altitude
» Observation of diffuse cosmic/atmospheric gamma-ray
-> ETCC was operated stably @ 35 km A. Takadar, ApJ, 2011
Results were consistent with past observations
(30 cm)? prototype only ground tests 30 c¢m cubic, Ar 1 atm
» Ground cal. -> eff. area : ~1 cm? @ <300 keV
ARM : 5.3° SPD : ~100° @ 662 keV

-> PSF . ~15° 662 keV T. Tanimori+, ApJ, 2015
SMILE-2+ @ Alice Springs (Apr. 2018) | 30 cm cubic, Ar 2 atm

» Observation of bright objects .. region & crab nebula
> eff.area: ~1cm? @ 300 keV PSF : ~30° @ 662 keV
-> detected G.C region (~10c) and Crab nebula (~3.5¢c)

SMILE-3 30 cm hexagonal column, CF, 3 atm
I » Scientific observation loaded on a long duration balloon

> eff.area . ~10 cm? @ <300 keV
PSF : ~9° @ 511 keV
All skv survev with a satellite 50 cm cubic, CF, 3 atm
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Aim and Flight Overview of SMILE 2+

Aim:
certification of the imaging spectroscopy
of ETCC, using celestial objects
Targefts:
511 keV line and Diffuse gamma rays
from Galactic Center Region,
Cosmic diffuse gamma-rays,
and Crab nebula

Launched from Alice Spring%inE?i‘cl”.i’%‘rralia level flight ~26 hours, 40 km jé}éﬁi ac
o - crab nebula ~6 hours g0
c - galactic center ~8hours Sac
Mer%eme -~ o o é_
~150 m i
5 6 B \ /
Yuloara - g v' ' .
o t 7
©google ondadola = 2
Map cata ©2018 Google 100 km g agfbon’ 07-08h- 0712k’ 0748h" ‘08-bOh" '08-06h° 081z

time on April, 2018 (ACST)

We succeeded in the balloon flight as planned.
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Detector and Performance of SMILE-2+
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» near RI, energy selected (experiment)

O near RI. energy selected (simulation)

parallel light, energy seleclea tsmulaiuon}
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energy [MeV]

GEM®

(100 jun LEP)

Effective area: ~1 cm?®@ 0.3 MeV

PSF: ~30 deg. @ 0.6 MeV
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Obtained tracks of charged Dart/c/es

zenith 4 electron candidate | ‘b air prod ucilon/;
- andidate /)
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Our gas detector succeeded in getting charged particles.
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Method of Data Analysis

Low-energy event High energy event

l - damimma-ra
We have Two types of event analysis. \ gamma-ray \ g y

. gasl detecto
Here we mainly present Low-energy event. o- track
> e- track
o
. hit pixel hit pixel
Event selection e perer
pixel scintillator arrays pixel scintillator arrays

i
o
™~
TT

1. single scintillator hit

1035

length [cm]
[even

2. fully contained electron selection

10:—

3. certification of Compton kinematics

using a angle selection

* Only simple selection

-‘0—1 L O Ol LW 1 L1l 1 { S o 1A -4
10° 10 107 1
energy [MeV]

* No heavy veto for gamma-rays
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Light curve after event selections
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Light curve after event selections
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Light curve after event selections
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ON/OFF Analysis and Deconvoluted Spectrum
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Future work in SMILE-3

> Unresolved celestial objects ? ‘ Celesﬂal—obJecTs.orlgln -> concentrate To.galqcﬂc plane
-> (Crab @ 6.C.) x O(100)

» Convolution of some gamma-ray lines ?

-> de-excitation lines are not discovere ..
@®next balloon observation: SMILE-3
» Others ? Carr+ (2010)

-> evaporation of primordial black holes Effective area ~5 cm* @ 0.5 MeV

-> annhihilation of dark matters Ann+(20085) Spa‘rial resolution ~10deg. @ 0.5 MeV
Altitude 40 km, 30 days, Sothern hemisphere

Dark matter origin -> like mass-distribution

sensitivity [erg/s/cm?]

- / T.,..=10s @ SMILE-3 will get 10% -10° times data than SMILE-2+.
B8 SMILE-I _ . o) . . .
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- ‘~'f'.:.:.:,"'{f’ \,/ T. Siegert+, A&A (2016)
1011 SPL EGRET 3.6° X1.8" /pixel

E 100 ¥

- --7IBIS N Fermi E
1012}z Expected detection sensitivity of SMILE-3 will ’"Crab . (Byears) S,

E  be better than that of COMPTEL. —~ .

= Inthe next decade, we will try the sky survey 50

~ using some balloons.
10—13 1 1 ||||||| | | ||||||| | 1 II\\Ill l | I\Ill\l I 11 11111

107 107 1 10 10

10° | , . = ; o s . . . i
energy MeV] @ SMILE-3 will reveal how the annihilation line distfibutes.
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Summary

In MeV band in the GCR, observation data is higher than theorical line (IC).
The candidates which make the enhancement are unidentified point sources,
nuclear gamma-rays, and light dark matter etc..

ETCC provides Imaging Spectroscopic and high S/N (~1) observations.

The aim of SMILE-2+ is to certificate imaging performance of ETCC using celestial objects.
Observation times of the galactic center region were ~8 hours.

Because of High S/N, the light curves have the peaks whose times are consistent with the culmination.
We expect to reveal both Spectra and Intensity map in SMILE-2+ data.

Next Balloon observation, SMILE-3 is long duration balloon (one month).
The sensitivity of SMILE-3 is 5-10 times better than COMPTEL.
We will get 10? -10° times data for Galactic diffuse continuum and annihilation line,

Thank you.

and reveal how the annihilation line distributes.
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