
GRAINE計画： ( ≳10MeV )

エマルション望遠鏡による宇宙ガンマ線の観測計画
GRAINE = Gamma-Ray Astro-Imager with Nuclear Emulsion

第1回MeVガンマ線天文学研究会
2017/Feb/27,28

神戸大学 青木茂樹
for GRAINE collaboration
神戸大学，名古屋大学，ISAS/JAXA, 
愛知教育大学，岡山理科大学

photo: 
GRAINE 2015
2015/May/12

Alice Springs, 
Austraria

©JAXA



>3000 sources (3FGL)

Image credit: NASA/DOE/Fermi LAT Collaboration

Fermi's Five-year View of the Gamma-ray Sky
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>3000 sources (3FGL)

Image credit: NASA/DOE/Fermi LAT Collaboration

Fermi's Five-year View of the Gamma-ray Sky

SNR W44
Abdo et al., Science, 2010
Color : 2-10GeV gamma-ray (Fermi LAT)
Contour : IR(Spitzer)
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Powerful tracking device
>High spatial resolution : ~1micron
>Small radiation length : 0.002Xo
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High angular resolution for gamma-ray 
Sensitive to gamma-ray polarization
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GRAINE
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Converter
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Fermi LAT GRAINE

Angular resolution @100MeV 6.0deg (105mrad) 1.0deg (17mrad)

@1GeV 0.90deg (16mrad) 0.1deg (1.7mrad)

Energy range 20MeV - 300GeV 10MeV - 100GeV

Polarization sensitivity No Yes

Effective area @ 100MeV 0.25m2 2.1m2 *

@ 1GeV 0.88m2 2.8m2 *

Dead time 26.5μsec(readout time) Dead time free

Gamma-Ray Astro-Imager with Nuclear Emulsion

* 10m2*εtrans*εconv*εdet
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Emulsion Film

Gamma-Ray Astro-Imager with Nuclear Emulsion

γ
10μm

300µm
(.002X0)

Emulsion
Film

30mm

Si 400µm
(.004X0)

W foil
100µm
(.030X0)

228µm
pitch

c.f. Fermi-LAT

before  and  after
of  development



Angular resolution

1film

2films
3films

Total
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Back

SPring-8 LEPS
UVSOR

Fermi-LAT (2008- )
(P7SOURCE_V6)

GRAINE (MC)
emulsion film(70,180,70)

GRAINE2011
Zenith : 0-47deg
(Preliminary)

100MeV 1GeV 10GeV 100GeV

1mrad

1arcmin

New SUBARU

SPring-8

GRAINE 2011
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EGRET (1991-2000)



Polarization 
measurement
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Polarization 
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Azimuthal Angle ω

K. Ozaki et al. NIM A833 (2016) 165-168 

Consistent with expected

Azimuthal Angle

SPring-8 
Linearly Polarized Beam
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Multi-stage shifter
( time stamper )

S. Takahashi et al.
NIM A620(2010) pp.192-195

Shifter (1)

Shifter (2)
time

time

Shifter (1)

Shifter (2)
))

))))

Converter

time

Shifter (3)Shifter (3) ))))))

dx

dx

dx

dx
Simple
Compact
Light
HV free
Low power consumption
Dead time free



2nd multi stage shifter
for GRAINE2015

1st multi stage shifter for GRAINE2011
Aperture area : 125cm2

Time resolution : 0.15s

25cm

37.75cm

Aperture area: 3800cm2

W66cm×D145cm×H10cm
Weight： 65kg
Power consumption: 17W(typ.)
Aiming ~10msec for Vela obs.

emulsion film 

Co-developed with 
Mitaka Kohki.Co.,Ltd



GRAINE roadmap (R&D has started in 2004)

• Prototype Phase 
2011(done), TARF, JAXA Scientific Ballooning
125cm2 aperture area, 4.3hours (1.6hours@34.7km) flight
– Working test for each element
– Connection test between elements
– Measurement of atmospheric gamma-rays

• Demonstration Phase
2015(analyzing), Alice Springs, JAXA International Scientific Ballooning
3850cm2 aperture area, 14h22min (11h32min@36.0-37.4km) flight
– Overall test by detecting known gamma-ray source (Vela pulser)

• Working Phase
2021∼ (planning)
2 to 10m2 aperture area, ~36 hours flight duration 
– Starting scientific observation







GRAINE roadmap (R&D has started in 2004)

• Prototype Phase 
2011(done), TARF, JAXA Scientific Ballooning
125cm2 aperture area, 4.3hours (1.6hours@34.7km) flight
– Working test for each element
– Connection test between elements
– Measurement of atmospheric gamma-rays

• Demonstration Phase
2015(analyzing), Alice Springs, JAXA International Scientific Ballooning
3850cm2 aperture area, 14h22min (11h32min@36.0-37.4km) flight
– Overall test by detecting known gamma-ray source (Vela pulser)

• Working Phase
2021∼ (planning)
2 to 10m2 aperture area, ~36 hours flight duration 
– Starting scientific observation







2015/09/01 2015/11/01
Date

201/01/01

N
um

be
r 

of
 S

ca
nn

ed
 P

la
te

s

0

50

100

150

200

250

300

350

400

Film Read-out by HTS@Nagoya U.

current speed 5000 cm2/h
(final designed value 9000 cm2/h)

25x38cm2

The First operation for real  
experimental data taking



2 mm x 2 mm of  single film

Flight
data



density ~400 tracks/mm2
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data





Flight data





0 20 40 60 80 100
plate

tr
ac
ks 
of

nu
mb
er

1

10

102

103

104

105

106
Eliminate penetrating 

Starting from middle

e-pair candidate
(with partner track)

Tr
ac

ks
 p

er
 U

ni
t A

re
a 

(1
3x

9c
m

2 )

1 /2000

|tanθ|<1.0

γ→e+e- Selection

All Tracks

Up Stream PlateDown Stream Plate



0 20 40 60 80 100
plate

tr
ac
ks 
of

nu
mb
er

1

10

102

103

104

105

106
Eliminate penetrating 

Starting from middle

e-pair candidate
(with partner track)

Tr
ac

ks
 p

er
 U

ni
t A

re
a 

(1
3x

9c
m

2 )

1 /2000

|tanθ|<1.0

γ→e+e- Selection

All Tracks

Track Follow Down
to the Bottom

→ Connection to Time Stamper

Up Stream PlateDown Stream Plate

Track Follow Down



Energy Reconstruction
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Detected event

Checking 
DATA⇔MC

(w/ detector response)







Time stamp to Gamma-ray event

Gamma-ray event rate
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Cosmic-ray  
Interaction Study

multiplicity:44
by M.Morishita

All charged par/cles are recorded
in emulsion chamber with dead /me free.



Cosmic-ray  
Interaction Study

by H.Kawahara

multiplicity:44
by M.Morishita

Useful calibration source !
• Angular resolu/on of gamma rays.
• Detec/on efficiency.

All charged par/cles are recorded
in emulsion chamber with dead /me free.







• 口径面積3780cm2(約30倍, 新型エマルションフィルム, 総面積48m2)
• フライト時間14.4hour (11.5hour@36.0–37.4km (約7倍))
• オーストラリア気球実験scheme & flow を確立

• 飛跡読み出し総面積41m2w/ HTS
• エマルションフィルムのS/N比~20倍、データサイズ~20分の1
• フィルムあたりの飛跡inefficiency~10分の1
• ガンマ線事象検出のためのデータリダクションロード~200分の1
• 全有効面積データ処理口径面積2830cm2(総面積30m2)
• ガンマ線源の結像性能<~1.0deg cf. 角度分解能1.0deg@100MeV
• 時間分解能0.01秒(約10倍)
• スターカメラ感度改善

2015年気球実験

2011年気球実験から大きく前進
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Emulsion gamma-ray Telescope
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* 10m2*εtrans*εconv*εdet

Balloon-borne,  
Large Area
Telescope

10m2, ~2t

Detector preparation

Observation(balloon flight)
several days - 1 week Recovery of detector

Scanning  
(2nd data taking)

Analysis
Flow of experiment
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