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MeV Gamma-Ray Astronomy

Photo ) _
Absorption Complon Pair Creation

------ P E--=--p === ===

10%ev 10° 10° 10° 10" 10° 10° 10" 10" 10"

keV MeV GeV TeV
10 erg cnfls EGRET
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COMPTEL Results

Intense Diffuse Galactic and Extra Galactic gamma-rays

-3 MeV Cyele 1—8 SKYMOS/Cray T3E d—10 MeV Cyele 1—-6 SKYMO0S/ Cray T3E




Expected Sources in MeV Region

+ Black Hole; Binaries, Galactic Center,
AGNSs, Primordial BH, 511keV

+ Pulsars

+ AGN jets; OVV( ), Blazar

+ Galaxies; 11 Y peak due to Cosmic Ray
+ SNRs; Al, Ti, Nuclear Gamma

+ Diffuse; Extra and Galactic

+ Gamma Ray Bursts; Polarization




ADAF (Advection Dominated Accretion Flow)

1. Low Radiation Rate B
2. High Temperature € B
g B [
TE ot ].U K »
Tion ~ 10"°K (> 100MeV)
~ %mp (Virial velocity) s~ - - mER
GMm, = = i
Tsw 7
: _ _ Y
3. Expansion Thick Disk I
o InCcrease

SlimDisk T.: 10°~10"K (Keplar Motion)
Example. Sgr.A*, M87
Vey Low X-ray Intensity B.H

Thermal y Expected
Corresponding to field
around Event Horizon!

—
=] o=

Log[Flux (photonp em~ s MaV-'}]
= [
ra

1
=
-

Log{Flux (photons em-¥ a—' Ma¥-1}]

1 | 1
| & =03 4, - 086
a=03 iy =

=8
B

1 |
ey
[=1 7]
=
&

ZEG J1748—2852
EGRET

SgrA*

-, Loutm, )

FAose = 0.8 2EC J1748- 2802

I EGRET
s

SgrA*
+ shock

||||||||

Log(E, MeV) '
Mahadevan & Narayan (1997



2. MeV-y Imaging Detectors
Yo source i

1.Collimator +Position Sensitive Detector

Narrow FOV
Background from collimator
Energy < 1MeV

2.Compton Camera

-
-
-

Low-Z
i 3 events are required
i Diffuse gamma-ray source X
Background
Single Compton
= .
i‘zﬂ\ : W
" isemiconductor
. W
- J 2
e ——

Multiple Compton Compton event circle
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Background of COMPTEL  sren

- y -r ay bac kg round (Astronomy with radioactivities, 2003)

| P
\ N A, B internal y

\ C
7
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4
// D random coincidence
A
\\ 4 ,/ B
\\ "/
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E: proton-induced vy

— D

\
\\ + Other background
' e neutron

* electron



Our Detector

+ Full Tracking of the Compton process

Micro-TPC (Gas detector) for a recoiled election
+
Pixel Scintillator for a scattered gamma-ray
- Full reconstruction

- Kinematical cut (a -cut)
~IMeVY ~10MeV Y

. Track image, dE/dx g

g Drift plane
. Low energy sensitivity 100 keV ?-’-3} % /J |
- Large field of view ( ~2str) L
+ 30cm-cubic prototype Detector \ #
* For balloon borne exp.(2006) 5
« ~3000y from Crab (8hrs.)
_Ll-F'"__./( / \



Reconstruction

SCHEMATICS
S ol RECONSTRUCTION

@ ~10MeV Y
Drift plane

-

Scintillator

1y 1 direction
a backaround rejection



U-PIC Detector

Micro Pixel Chamber

256anode + 256 cathode strips

Fine position resolution
High gain
Discharge damage: little

cathode

polyimide ¢

anode




L-PIC detector : performance

v ga; gam (Ar:C,Hg; 8:2) high gain (~15000)

15x 104 stable operation
10* | . - (1000 hours with gain
c | . 5000)
107 " ’

500 520 540 EED EBD EDD EED EdD EED
anode voltage[V|

+Spectroscopy v €)oo

on

¢ energy resolution
FWHM30% @5.9ke




LI-PIC Detector: X-ray imaging
+ Test chart image spatial resolution

: : knife edge test
(Xe-‘C2H6 7:3) | 160p m resolution

: - --
Ty e




Micro-TPC (3D-Track Imaging)
”Jq' ‘

E_ﬁ

o

+» Fleld cage
8cm drift length

0.4 kV/cm electric fiel |

+10x 10cm? p-PlI (i) LI I P

-




Micro-TPC : trackm% performance
proton track(~0 8GeV) electron track (*°Sr,Qg 2.3MeV)
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 Drifttime Depth information
dE/dx  track direction

TPC gas gain + clock up more precise track !



Prototype detector

Anger camera

tion Encoder Preamp ‘
y \ i

Scintillatio
Camera

micro-TPC

10x 10x 8 cm?
Arghte H, (971

Nal Tl Angur

A7 x5 188 25

No Veto or Shield ! PMTs




y -ray imaging test

Red zone :TPC
Green zone :scintillation camera
Scattered gamma-ray in Nal
@ Electron track in TPC
RI Source

Reconstructed

P ——
S 103
= ] 2
L E Y Reclonstructed
-~
_'f
RI




uplcﬁzuuauﬁ13mr5 15IIII!IIII!IIII!IIII!IIII!IIII 15IIII!IIII!IIII!IIII!IIII!IIII!IIII!IIII

file 268 avent 84

-10

= Reconstructed 10
¥ Source Position r : : : : : . : : : : : : : .
G - T T T N T T T N T T T T A O BN -7 I T N T T T O T T T T N T T N N T T N T T T T O T I

O Mal hit = -0 5 o 5 10 15 -15 -0 ] 0 5 10 15 20 25
calhode [om] drifi [cm]

M Compton point | 3D track |

'E"EE_I TT II TTTT I TTT II TTTT I TTTT II TT I_
B - . . . . Iz
£ 4 ]
E20[ g | .. ]
C : ] 1}
C : ] 5 . ]
1T T ] 5
nhit: 15 S e
s°urce: EEE.D kev ‘II:]:_ ...... ........ ........ ........ ........ ....... _: u_: e
Nal: 482.2 keV £ Q% L] : a
o = 89.6° B R bt

b = 44.6°
v =46.7° sb
al(d+y) = 0.98 :

-

L1111
1
ry
=

L
o

-10

:
.
:
1l

AasDiovaloven bvr o bvra e e
15 -0 5 a 5 10 15
rathmods FHrmil




Background rejection (a cut)
+ Redundant ar) Jem

BEFORE -

........................................................

C S'ource posrtlon
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Reconstructed Image
137Cs 662keV RI source (5cmfrom micro-TPC)

e- energy not used

E;rn_ 10 Eﬂl_ :
S5t et Suf ... Sourcel position
10r N .| 8cm move (4:0.-4,25)..
55_ , . 5: -

i [ S

o e

» « 1
1 LSO O S o 117, & | B

N Sourcejpasition

iﬂ::l.'i i |1|.t:1. ‘I'I: J'_'r | '_!l besi |1JE:..J. T

X[em]

using a cut — No ghost event !

Angular Resolution(1o )

D & 25° i o <10° (MC)
= 15° d<7° (MC)
TPC gain x 5 IT WORKS!



low energy y -ray

Imaging Test (4.0,4.25) 5.8cm from p-PICI

k

¥[cm
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Future Works
Micro-TPC

Improvement of gain (required X 5)
Study of electrodes (electron collection efficiency 30% ->95%), X
Quality control for uniformity of structure X 2
Sampling pitch 0.4mm -> 0.8mm X 2
New amplifier IC chip (Time constant 16ns ->80ns X 3) done
Xe Gas 1.5 atm dE/dx X 4.5 -

Scintillation camera

Required performance
(Res.(FWHM), 2mm,7%@662keV)
Under studying following types

shape plane Segment Segment

readout | | FP-PMT | FP-PMT Pin-D.Array

Segment Csl and Pin —D. Array 10cm X 10cm, 5mm pitch




Study of Electrodes
(height of Anode)

Collection efficiency 30 ->97%

Near pin

Cathode gap

65-> 2%

4->1%

047
cathode i i \

anode 260 m
+10um [e—
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+ 2006



* ~2006 (A)
2006 MeV (B0cmi™ g

50cm 5
50cm X n
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MeV



A(I) Angular Resolution Measure(ARM)

Angular Resolution
AO : Scatter Plane Deviation(SPD)
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Scintillator



Detection Efficiency
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