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MeV gamma-ray Astronomy with Line gammas

New Astrophysics due to Deep Sky Survey with <1mCrab
*Super Nova Explosion, and Nucleosynthsesis (>100 SNe Observation)
*Detection of early GRBs with >z~10, Population-ITI GRB
Proof of Proton Acceleration, Origin of Cosmic-Ray ( line gammas of C,O )
Polarization =>Another presentation
*Chemical evolutions of Galaxies and AGNs (MeV extragalactic background)
Compact objects, Pulsars, Black Hole candidates,

Particle accelerations in Solar and Geomagnetic sphere
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Line gammas from SN Ia SN2014J (INTEGRAL-SPI)

Broad band SN2014J spect d the model (day 75
rose e spectrum andthe model {9V 73] opT: Codded Mask 19 xGe ~ FoV ~1 str

Fluxes of 847 and 1238 keV lines + continuum below 511 keV
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#of Photons ; 5x10-0x65cm?x30keVx5x100s ~4x10% N

From ~4c detection BG Estimation ->~108y at 60keV band =6

If BG were reduced by 3 orders o

BG ~10° => 4x104//(10%) > 100c
PSF (radius=2°) -> ~10-3 of = sr A0 ~120degree




I'maging Spectroscopy based on Optics

+ Visible & X rays: can be focused by lens and refractor
+ Focus in Optics, transformation of two incident angles to two positions

XEOEE
f(C,n) = x #i8
g(C,m)=y o

Intensity of rays in dQ is converved
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Points A and B are separated by

focusing. et : ;
Ability of the separation is defined ~ Ability of Imaging Spectroscopy is
by Point Spread Function (PSF) determined by PSF defined by

geometrical optics



Electron Tracking Compton Camera

gamma-ray

30cm-cubic Gas Time Projection Chamber
--- tracking of recoil electron ---
well-defined PSF based ARM & SPD
dE/dx + kinematical test using a

y Scintillator Array for scattered y

Conventlonal method Electron Tracking method
Focus image
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Structure of ETCC

Timing Projection Chamber (TPC)

Gas Ar 95%+quencher
1 atm

650:6d,5i04(Ce)

11%@ 662 keV
(FWHM)

u-PIC
Micro Pixel Chamber GSO Pixel

Mn54(835keV) +CT
Thyroid

Gain pPIC x6000
GEM x3

~6em Q/ lever

myocardium ™N
bladder

Middle animal imaging

(I-131-MIBG) Injection point (tail)




dE/dx Nose reduction in intense Background

140MeV P beam
@ RCNP

p (140 [MeV)

920cm ——
water

Shield Ela're

1¥7Cs (o 7 MBq)
olostic Sciptil

30cm

Trigger rate:
300~1000 Hz

100cm

30cm

r S‘ =
i 102 £ = .
6 3. .| lorder
* @ 10% reduced i e
E 2 E. ‘, ZFIW
B + f-:— - o
: 10 n>o 10 En " _}'"Il *‘ ki ' .'. o
’ £ hat I ‘.....in,’r.{rfﬁf.:i_t..iﬂgf‘.{s?m&:;‘.4.*.."?"*:::.:..H.":H:.:_.:"'. b
C > " ()4 i bt 5 ¢ Hop
4 i L} i HI_ I .
1.4 —. ... . S i . 1L
" Particle ID by dEfdx . Eopil— i
srnliy I- . LW}
085 5" oo RIS ] 662 keV
Og (Energy DeDOSIt [keV]) 101 IR 1 ') | | 1 1 1 1 L L L I
0 200 400 600 800 1000 1200

Energy [keV]
Fast Neutron = ~1 similar to radiation condition of Space

Gammas

Intense Radiation ( >x4 in Space)

M Same analysis is used, and keep same efficiency as that
with no beam

use e- -frack

_no use e ’rrack

Old Data
SPD =190°

“Lleads oree A ead
shield shield



Well-defined PSF in ETCC and leakage in CC
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Case S/N ~1:
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a peak density of CC increases by ~3 times due to the leakage
of background to the source position



PSF of ETCC and CC
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Point Spr'ead Function in CC
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PSF (<2°) is inevitable to reach ImCrab sensitivity @106s & a few 100cm?



Noise Reduction by Imaging Spec.

FoV 4sr (~60°Radius) oo q Ge: dE/E0.96% (@
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COMPTEL Analysis.

COMPTEL Analysis

V. Schonfelder+ 1993 —> Maximum Entrotpy Maximizat (MEM)

However, MEM was used only for image in early phase

All quantitative results were derived using Maximum LikeliHood Method with
3D-PDF including 6

There seems little descriptions describing the detail of MLHM

Scattering S”9|e Oceiy COMPTEL data spaceevent circle
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The cone semiangle is 45°. In practice, the cone mantle is blurred because \‘\\
of measurement inaccuracies. —

After COMPTEL there may be no discussion about 3D-PSF,
But Maximum Likelihood Expectation Maximization (MLEM) ? ?



Optimization Algorithm for Compton Imaging

Maximum likelihood Expectation Maximization (MLEM
(G)Tammom et aI 2017) Scientific. Rep
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How to reach PSF of ~1°

e-energies | SMILE 2+ => SPD ~25°
50 keV
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Gas optimization for Compton Scattering

Used gas : Ar(95%)+isoC,H,,(2%)+CF,(3%)
i\ )

\
|
function: Penning Fast Drift Velocity

——
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Energy Resolution

Used gas Ar+CF,+isoC,H,, @1atm

Another trial

Ne(50%)+CF,(50%)@1atm
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S: signal

0: PSF

Significan ce «

BG dominated
2. Significance o«
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Possibility of <1m Crab
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e Effective Area several 100 cm? :
gas (3atm CF,) and Si in Im3 cube is possible.
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For above eff. Area, Sharp PSF 6= 1~2° is needed !!

+  Minimum Back Ground => Cosmic MeV background
+ dE/dx and Kinematical test for complete rejection of
cosmic-rays, neutron and accidental events.

Sharp PDF : Gas (3D-tracking with 1mm sampling) is possible,

wide range to 10MeV =>

Sivery difficult for 3D tracking with 1um sampling)

e Energy resolution : inorganic scintillator is inevitable for both gas or to cover the
determined by scintillator a few %.@1MeV

=>Gas electron tracking is a most promising solution for 1mCrab.
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Contamination Area

Tomono et al., (2017), Scientific Reports
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Upgrade to SMILE-II+

» Wide band & sharp PSF 15°-> ~7 o ;*“

€ GSO ( 2x longer ) inside the vessel

higher energy electron OK
from 150keV to a few MeV SPD~20°

> Larger Effective Area

High density packing of GSO in vessel
2atm Ne+Ar+CF, Gas

—
o
o

> Stability

@ Gas purification sysem
€ All Ethernet DAQ system
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Expected Sensitivity based on well-defined PSF

Sensitivities area are calculated from effective area and PSF determined by
ARM and SPD
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Expected image ofGlactic 511keV

SMIL@E/}:(\)?% . [evenl’;sg Sl kel mop (PL/INTEGRAL)
~3 cm? ; . :

PSF :
~10°
£ 80S5RT

1 day

80

40

SMILE-3 COBE DIRBE 1.25um "o POBE DIRBE“240m e
. Star tracer (K and M giants) Dust (T ~12K) tracer
Eff.Area :

~10 cm?

Obs. times
30 days

Satellite
Eff. Area : o
~200 cm?2 p(‘e'\\
PSF :
45°
Obs. Time :

BRS REE 25um COBE DIRBE 240um
1 year‘ Dust (T.~120K)/AGB star tracer Dust (T ~12K) tracer




Line gammas from SN Ia
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Extragalactic Diffuse
Gamma(EDG)

E? dJ/dE (keV¥/(cm’-s-keV-sr)

Madified for M. Pohl (1998)
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New Method for GRB

Luminosity Trigger to Fluence (Real Imaging) Trigger
9 g EAeCs _ EAeCs il
! JEAe(Cs+BGAg?) JEAsCs

@ Noise area = (Ad X Ad)
AP/AB =10 Noise reduction -> 1/102~1/103
Wide band frigger in vFv (70keV ~>10MeV)

sl Wide range of accumulation time 0.1-10°s
- Position Accuracy ~20gammas <0.5°
GRB(z~3)

Noise area = A8 x A6
Lumios. Trigger
AQ ~120degree r!eg|on GRB(ZNZO)

Luminosity Trigger
Same fluence GRBs A
Fluence Trigger
region
>

High Lumi.
GRB(z~
Z  |ow Lumi.

it o B el SRR R 10keV 100kev ~ IMeV
/ : 4 gamma
/ | v dilation

L\ztl\/(l"z) time insensitive for dilation
—r little sensitive for E,.. and Redshift

fluence = [ L. dt: cancels a dilation effect



Fluence Trigger for long GRB

48 (2015))

Satellite-ETCC (Tyy: 10-100 sec)

--> Fluence ~10-8 erg cm-2

10000.0 N ) E
% 10000 Al redshift ; (2-3 GRBs/year/str (z>10))
:’:" 100.0 a0y - + wide FoV >4 str
= 100 et ] --> Several GRBs/year (z >10)
,_f;% 1.0E] Uncertainty - 200 GRBS/yeGr (Z > 5)
s 3 Energy band
; 100'0 7 50-300 keV --> 50 keV-10 MeV
L i 2 1  more GRBs will be detected.
& 100 el __2-3 GRBs?¥ ;
g Lozt [yrTstrif; DOOO_OE—ELLI&CZ_EJILQQZE_—ﬁ
01 . . . ‘ . 51000_0 m— All redshifts '|
10* 107 10° 10° 100.0 b w5030 ke V ;
Peak flux [pp/cm’ 5] in the corresponding energy band e 15-150 bV 5
o 3 100K ___ _ _ 250keV .
z e 0.2-5 keV =
S 1.0
0.1E_
o — 1000.0
0.2-5keV band
Threshold 0.1 phem-2s- T
ifficult | L
Very difficult ! § o

G. Ghirlanda et al.
MNRAS 448, (2015)

0.1

107" 107 10* 10° 10"
Fluence [erg/cm’] in the corresponding energy band 26



€ ETCC provides Imaging Spectroscopic Observation for
the first time, and hence reveals the reliable way to
reach to sub mCrab sensitivity.

@ Also ETCC provides a ability of imaging polarimetory.
another my presentation in the evening.

€& SMILE-II+ will be launched at Alice Spring Australia
in Apr. 2018 to observe 511keV from Galactic center

103
 10*
£ .
o ,/
o 10°5F 0 eSS
k53 ’
8 6 a -"‘ -------
S 107° F “-: ........
é I .‘- ----- st us®]
E 107 kb ¥ TCHITC—ETCC
L an® 4
€ | tatn RSt M et BATSE |
£ AR p e ® U Lee® Fermi/GBM
- s ®*30 by COMPTEL w/ BATSE data 4
3 S 2506 by COMPTEL w/ COMPTEL data v -
Sl [l SMILE-IIl W/ ty = 100 § mimimim
ap® SMILE-IIl w/ t4 = 1000 s
COMPTEL W/ 1y = 100 S =eeuue- ]
10-10 aal i P | 2 aal

M sl M P— | M L s
0.01 0.1 1 10 100 1000 10000
time (sec)
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Deep Universe explored by GRBs

Biggest Explosion in Universe 10°2->%erg

FROM THE DARK AGES ...

After the emission of the cosmic microwave background radiation (about 400,000 years after the s
big bang), the universe grew increasingly cold and dark. But cosmic structure gradually 014 BILLION YEAR
evolved from the density fluctuations left over from the big bang. 12

4 BILLION YEARS

450 MILLION YEARS

4 MILLION YEARS

Big
bang

Emission of
cosmic background
radiation Darkages

First stars

First supernovae
and black hales

... TO THE RENAISSANCE

The appearance of the first stars and protogalaxies Protogalaxy
(perhaps as early as 100 million years after the big bang) set off mergers
a chain of events that transformed the universe. Modermn galaxies

Larson&B 02 z~>20 :
O GRE Gl First Star

Galaxy & QSO Z&L, & Galax

"4

HATSE 4E Cakalag

IHIIII T IIIIIF T TT IIIII T TTTITT ||lIIII| T 1177

Loty GRBs

DF BURSTS

# 7 Neutron Star
Merger

MLIWBER

11 INTHE] 1 I|IIII| a4l
0.ca1 0.1 2.1 1. 1 . 1000,
Tee [seConds)
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ETCC sensitivity for short GRBs

=102 . - Sensitivity of ETCC for SGRBs
o : tellite-ETCC (275, 10 ph ] : :

5 atollito ETCO Eesg; 25 Eh% __ i Case1;25ph/sin PSF, 660

= i ceao%ﬂ?sage(ggg -------- 1 0.5 ph/cm?/s (1-1000 keV)

. .50

3 0! L satellite-ETCC (130, 5 ph) | =1.3X107 erg/cm?/s, ~ 0.4°
¢ 1 Case Il 5 ph/s in PSF, 130

S 10 L | =2.6Xx108erg/cm?/s, ~ 0.9°
R 1+ X-ray Telescope -><0.1°

< I | BATSE flux limit

S 107 | 1 ~1X10°erg/cm?/s

E Fermi/GBM (Yonetoku et al. 2014)

§ , [ alpha=-05,beta=-23 Av. Epeak ~ 490 keV 1 ETCC 10 times better
e

= 10 10° 10° 10* _

Epeak (keV) Brightness fuctionoc[!

Sensitivity x10 = # Det. x10

0.02 x10 ~ 0.2 events/year within 200Mpc
In S5years Observation. ~1 coincidence event with GW is expected !

From Doctor thesis of T.Sawano



