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Gamma-ray Observation (sub-GeV/GeV region)

Detected 60MeV-2GeV
Telescope '
sources
1990- -GRET
e
2001 spark chamber
Fermi-LAT
2008- >5000
SSD tracker
All-Sky Map
via gamma-ray

above 1 GeV’
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‘Galactic center



Gamma-ray Observation (sub-GeV/GeV region)

Detected 60MeV-2GeV
Telescope .
sources
1990- | EGRET
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2001 spark chamber
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via gamma-ray
above 1 GeV

......



Infrared

~ de - . :

YN a s ""a

- Vo . YN ~ .

- m? 3 ‘. ’ cl.'

- o t'f n"
>/

\\./H'--

» .
AR ~
T Ay

ol

- - 5 . .
2 S 3
W 0>
[ -l‘ .\ -
. ; g3 .
‘f- ‘. Y ) A S «
S “h

‘A
»
.
»

Visible

x

Imaging performance of telescopes
(Angular resolution)

Yy ray >iGev
Crab Nebula Fermi-LAT)
(M1:SN1054)
e .
AOKRES

BEICRT 5




6

Unsolved issues in gamma-ray observation

 Unknown gamma-ray emission in the galactic center region

Fermi observation subtracted 6.0 x 1074

all photons —known sources 4.5

> -BG (model) 3.0
% gt 'Q) 1.5
= 4 0.0
— Galactic 15
Center Excess 3.0

Annihilation of DM ? unresolved astrophysical object ?

Understanding spacial distribution is important for model verification
=limited by the current angular resolution (1 deg.)

GRAINE realizes high-resolution observation
at the galactic center region (<0.1 deg.)



GeV-y excess Observation near the galactic center
Differential Flux for each distance (b) from the center

Density increases sharply near the center
— Gamma Radiation increases
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= ¢ Hooper&Goodenough 2010 Calore+ 2014
GeV excess emission ¢ Boyarsky+ 2010 Fermi coll. (preliminary)
- at £ =2 GeV ¢ Hooper&Slatyer 2013 -+++  contracted NFW ~ = 1.26
= 10-5 1 Gordon+ 2013 Fermi Bubbles (extrapolated)
C% - NFW(D ¥ Abazajian+ 2014 HI + H2 (at z < 0.2 kpc)
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0.1° (GRAINE) DOIL:10.1103/PhysRevD.91.063003




Angular Resolution [deg.]

Angular Resolution for Gamma Ray

o

A/®: GRAINE2018 DATA (internal-vy, tanﬂy 1 0/0 1)
A/ O :MC with high-speed scan system (tan0vy:1.0/0.1)
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Angular Resolution [deg.]

Angular Resolution for Gamma Ray

A/®: GRAINE2018 DATA (internal-vy, tanﬂy 1 0/0 1)

10 =|A/O :MC with high-speed scan system (tan0+vy:1.0/0.1) =

m T -

_ el -

K te. ]
TTeg Fermi-LAT

1 L i R (P7SOURCE_V6 o

front + back)

[ TTT1T71
/
/
/
/
-@E>
¢5-
P :
r
ow) -
©)
/
/
/
/
d
/
H
o
o)
>
o2
Il
&

o

-|High-speed system

/
I IIIIII|

cannot achieve

Oldeg

in the GeV ban <.
O-O-I_I_IIII | | IIIII| | | I\.\JIIII

g
g
Y
/
|

100MeV 1GeV 10GeV
Gamma-ray Energy



10

Precise measurement of electron pair track

High-speed scanning
Detects straight lines
from hit information

in 16 layers
)
Y
| * '
emulsion :A

base

emulsion \

Precise scanning
Measures 3D positions
of each silver grain to
maximize the information
lcontained in Emulsion

o
con L A= I;-"t Manual measurement of
~15um(~0.04% Xo) : A silver grain positions
g .| % Ey:581MeV
~ 160 T ~06um (Ee+e-: 35, 546M9V)
150 7
1407 GRAINE2018
1307 flight data event

120 -

48

52.5
50.0
47.5
0425 45.0

40.
37.5
38 32.5 35.0

Expected to improve angular resolution (x1.5-3)
(Demonstration is already proven in beam test+manual meas. )




11

Precise measurement of electron pair track

High-speed scanning
Detects straight lines
from hit information

in 16 layers
)
Y
| * '
emulsion :A

base

emulsion \

Precise scanning
Measures 3D positions
of each silver grain to
maximize the information
lcontained in Emulsion

@
()
von L / I"" Manual measurement of

..1 5 umi(~0.04%Xo) : ". silver grain positions
o d o| % E,:581MeV
1604 ~0.6um (Ee+e-: 35, 546MeV)
150 7
140 1 GRAINE2018
130 flight data event

120 -

48

0 52.5

50.
47.5
0425 45.0

40.
37.5
38 32.5 35.0

Expected to improve angular resolution (x1.5-3)
(Demonstration is already proven in beam test+manual meas. )

e-pair event selection (high-speed scan)
— Event-by-event Re-analysis(precise scan)

Development (for high statistics, large area telescope) .
Automation & Combined analysis scheme
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Mlcroscope for premse measurement

The FoV is narrow, but
higher resolution microscope
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Development of automated measurement of silver grain positions

~Tomographic image acquisition, XY position measurement~.

High-speed(0.45um/pixel)
‘ micrograph binarization
o ®
emulsion B
(75pm) @
~30um
<< >
Precision(0.15um/pixel)
micrograph Brightness center
Y e
base '
_(180pm) ~30pm
< >
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Development of automated measurement of silver grain positions

~Continuous image acquisition, Z-position measurement-~.

@ ' Captures tomographic images
’ at 0.5-ym intervals
emulsion (=High speed: ~4-uym intervals)
(75pm) @ S

Interval
w/ high-speed

g

[—
[\
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-y
=
=]

A
- A
A

Brightness
(BG subtracted, B&W inverted)
2 E

=
(=

Obtained brightness center
Determine Z position and eliminate
out-of-focus components

30 32 34 36 38 40

Z positon(Depth)[pm]
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Development of automated measurement of silver grain positions

-Result of automatic 3D position measurement-

40

528 grains/~38*38*50 pms3

30
- . 3 g consistent with expected value

20 10 from manual measurement
20

10 55 X
30

0 -+ + + + + + + + 35

0 5 10 15 20 25 30 35
y

The 3D coordinates of silver grains in the emulsion layer
can be automatically obtained
from the continuous tomographic image.
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Development of automated measurement of silver grain positions
-Result of automatic 3D position measurement-

40

30

20

10

10 15 20 25 30 35

Red:High-momentum track

selected from

‘1_%0 high-speed scanning data
15

70
25 X
30
35

The 3D coordinates of silver grains in the emulsion layer car

be automatically obtained

from the continuous tomographic image.
— Evaluate position accuracy using high momentum tracks
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Development of automated measurement of silver grain positions
-Result of resolution of 3D position measurement-

Compare data with simulations assuming position accuracy and estimate measurement accuracy

% _||||||||||||||||||Entries 189 é -_t|||||||||||||||||||||||||||||||||||||Entries 189
% 40 Mean  0.06704 % a5 — ] Mean 0.2307
StdDev 001913 40— StdDev  0.09003
35
using ~200 tracks
] 35 -
30 - 5
i ] 301 g
251~ — o - -
Oxy: 0.067+0.001 pm- 31 022 0.231+0.007um -
“t(=High-speed :0.21um): »/(ZHigh-speed:1.98um):
i MR ; -
B 15 .
10— — :_l_
10— —]
i ; z
S —]
0_i||||||||||||||||||||: reE ERERE ERENl AN RN AR RN AR RN a AR RRA RRRRA AT
0.02 0.04 0.06 0.08 0.1 0.12 005 01 015 02 025 03 035 04 045

O X,y(min. x) 0 z(min. x)
Achieved automation of precise 3D position measurement of silver grains

(measurement accuracy improved by ~1 order of magnitude)
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Evaluation of gamma-ray angular resolution
| with Re-analysis scheme
primary

cosmic rays

(p,He,...) Using flight data y-rays from GRAINE2018

Converter

Angular difference distribution (high speed scan data)
Hadronic E,:500-700MeV. tan6,:0.8-1.0
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Randomly selected 30 event in signal region
(Estimated contamination BG: 1.4 events)
and Re-analysis the angle w/ Precise scan




Result of gamma-ray angular resolution "
w/ Re-analysis (high-speed & precision)

entries

High-speed Precision
o T = = 3 _ 5
= [ angular difference : = [ angular difference :
3 2f - 3 2 -
i ° o = - 5 -
0:— O%Q%?SDOO e —: 0:— ".;‘,? . —:
- e - - ° -
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: N | El! o
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Gamma-ray angular resolution -
w/ Re- anaIyS|s (hlgh-speed & precision)

Angular Resolution [deg.]

| | 1] | 1] | | | | | N | |_
A/®: GRAINE2018 DATA (internal-vy, tanﬂy 1.0/0.1)

10 A/ O :MC with high-speed scan system (tan0vy:1.0/0.1) =
C|A/ O :MC with precise scan system(tan0vy:1.0/0.1) =
B SHN _
g CTe. i

ol Fermi-LAT
1L : S~ (P7SOURCE_V6 _
=il § g 3 PR front + back) -
— ::%—- O~ tan0y=1.0-
.;........\..\:\.. ...... Qg.\...\. ~ae ...................»,G\..\.;..........._
- ~ <L ::é:\ ® ‘®~§\§@—
Accuracy (high-speed) . 3 g tan0y=0.1"]
0.1 i - A —
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O-O-I 1 I | l ] ] ] ] | I I | ] QII I\.\J l 1 1
100MeV 1GeV 10GeV

Gamma-ray Energy



Angular Resolution [deg.]
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Gamma-ray angular resolution
w/ Re- anaIyS|s (hlgh-speed & precision)

A/®: GRAINE2018 DATA (internal-vy, tanﬂy 1.0/0.1)

10 A/ O :MC with high-speed scan system (tan0vy:1.0/0.1) =
C|A/ O :MC with precise scan system(tan0vy:1.0/0.1) =
B o -
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@Alice Spring, AUS . . .
Mf;-A';rr'.nfozz e Commissioning towards

>15 h, 2 flights scientific observation

GRAINE-Next in 2023 (approved)

/Star cameras |

(attitude monitor) |

e The world’s largest aperture
GeV gamma-ray telescope

o e High-resolution imaging of
o = X2 gondolas Vela in GeV region
B =GRAINE2018 x13

e Observation of Gal. center
region (diffuse, point sources)

e Survey for transient sources
(~2 events/flight is expected)

~  Telescope Unit +— 3 N -

. First flight model of s
Timestam Ner new-type multi-stage shifter
‘ /

jﬁ o~ Co developediw/ MitakalKohki]
# Large Aperture

Long duration
High timing resolution 7
~_LowE threshold @727

= Am > X & L 4 i'.\_\

Pressure vesse

™

B —— i : '
A \ "“‘ﬁ‘-;, i
| -

|

o) jie coater (uf

!

| Size [m?] 1.5x0.7 1.8x1.4 > % ; o W 3 2

Aperture area [m?] 0.38 4125 N 5m Cyl J s ~ : ,y y ntanOUS 0, ~—
# Of stages s s 3 23, 4 : Super tin material (0.06 g/cm?) -0 B P LV 2gl0m? /day o
Gap [mm] (P @er 1(0.5) X1/2, o5 "’1/3 Weight per area Gondolaweight ~ 80 kb/m2(detector area) A B " & I t f ’

i Weight [kg] 65 - 80 Cf. zeia model a. 50 o ;_.;“=::._._~ S 2R A ) 201 8) L . gy m provemen o N

| Weightw 1._25m2-ap [ke) 214 == 80 ) 1578 WPl - B m\_& L5 ? s T

developing solution
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Summary

 Developed a system to automatically measure the three-dimensional
coordinates of silver particles in emulsion.
Achieved positioning accuracy ~1 order better than high speed system
axy=0.067|.|m\ 62=0.231|Jm

Angular Res. of <0.1 degree achievable with 1-1.5 GeV gamma rays

 Reanalysis of y-ray angles by precision measurements for
GRAINE2018 flight data due to hadron reactions

Result. 0.21 deq. @E,:500-700MeV, tan6y:0.8-1.0
Achieved ~2.7x improvement compared with high-speed system

(Precise measurement minimizes electromagnetic scattering
— Angular resolution improvement in sub-GeV
and polarization measurement are realized)

GRAINE 2023 with large-area x precision measurements
will start high-resolution observations of galactic centers, etc.




