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~5 hPa
(~5 g/cm2)

γ 
(Signal)

γ 
(BG)

Cosmic
Ray

>35 km

Gamma-ray 
source

• via π0 decay

• Checking source for 
• Low energy CR Int. model
• Low energy π0 (≒ν) Prod.

• Unique data by Balloon Exp.

Calculation by

HKKM model

(for atm. ν)

GRAINE2015
(Previous Exp.)

GRAINE2011
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70’s Balloon Exp.

Calibration using Internal γ raysπ0不変質量算出によるエネルギー決定の妥当性評価 
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1つのハドロン反応にマッチングしたγ線数

π0不変質量を算出

 22

1次宇宙線 
陽子など
コンバーター

ハドロン反応

電子対生成反応

π0→2γ

γ→e+e-

γ→e+e-

θ

E1
E2

π0不変質量 
=√2E1E2(1-cosθ)ハドロン反応とガンマ線の 

時間情報が一致(時間幅40分)
Internal γ rays
—> Identification / removal / use

不変質量[MeV/c2]

MeV/c2

Primary CRs
(protons, etc.)

π0→2γ

BG subtract

 X

Ene Res.: 37.7±6.9%

Mean:133.1±8.2 MeV

135 MeV

Hadronic 
Interaction

Internal 
γ rays

Converter

Ⅱ. Balloon Exp. in 2018

Radial profile (q2 distribution)

9 7.4s firm detection (Gaussian approx. Æ Poissonian)

9 0.51+0.16
-0.09 deg 68% containment radius

9 Point-like source

BG sim.

PS sim.

0.5deg 1deg

>80MeV

✓ Detection of Vela pulsar (7.4σ)
✓ World’s Highest imaging 
0.51deg 68%radius (>80MeV) 

0.4m2 telescope

Balloon Flight in AUS

Flight duration ~17h

JAXA Balloon Program

 X

Ⅰ. GRAINE Project

Gamma-ray

e+e-

Emulsion

Emulsion

Plastic
base

0.3mm
(0.002Xo)

����������������!��"�����������

Nuclear Emulsion

Gamma-ray e+/-

e-/+

10micron
Microscopic view

Angular resolution

1film

2films
3films

Total
Front

Back

SPring-8 LEPS
UVSOR

Fermi-LAT (2008- )
(P7SOURCE_V6)

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

GRAINE2011
(Zenith : 0-47deg)

100MeV 1GeV 10GeV 100GeV

1mrad

1arcmin

New SUBARU

SPring-8

GRAINE 2011

UVSOR
New SUBARU

EGRET (1991-2000)

OUR ENERGY REGION

■ Emulsion γ-ray Telescope 

๏High Angular Resolution
๏Polarization Sensitive
๏Large Aperture Area

　 Fermi LAT GRAINE
Angular res.@100 MeV 6.0° (105 mrad) 1.0° (17 mrad)
              @1 GeV 0.90° (16 mrad) 0.1° (1.7 mrad)
Energy range 20 MeV-300 GeV 10 MeV-100 GeV

Polarization sensitivity No Yes
Effective area @100 MeV 0.25 m2 2.1 m2 *
                 @1 GeV 0.88 m2 2.8 m2 *

Dead time 26.5μsec(readout time) Dead time free
������*εtrans*εconv*εdet

x1/6

x8

x3

x1/9

To detect Vela pulsar 
& demonstrate 
overall-performance 
of emulsion 
telescope

Energy Determination
(by Multiple Coulomb Scattering)

 46 M
eV/c (Recon.)

129 M
eV/c (Recon.)
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最大40枚 角度L-proj.を使用

0 200 400 600 800 1000
Gamma-ray Energy [MeV]

0

10

20

30

40

50 )[
%

]
tru

e
E

tru
e

-E
Re

co
n

E
RM

S(
 

Max.40 films 
using L-proj. Angles

MC MC

• RMS(ΔE/E) ~35%
• Reliability   >95%
• Energy determination Eff. 
- ~100%@<500MeV
- ~80%  @>750MeV
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Staib et al.(1973)@Mildura, 4.5 GV, 1967

Dahlbacka et al.(1973)@Mildula, 4.5 GV, 1970

Kinzer et al.(1974)@Texas, 4.5 GV, 1969

Staib et al.(1973)@Panama, 12 GV, 1966

Kinzer et al.(1974)@Argentine, 12 GV, 1971

Measured Flux of sub-GeV Atm. γ 

 X

GRAINE
2015 GRAINE

2018

• ~1GeV:  Tendency different from past measurements (late'60-early'70)
• ~0.1 GeV: Tendency different from HKKM model

GRAINE
2011

Calculation by

HKKM model

preliminary

Azimuth Distribution of Atm. γ-ray (EW-effect)
方位角ごとの残差の評価
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方位角ごとの残差の評価
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HKKM model
DATA

Residual Frac. <5% 

>100MeV
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Dahlbacka et al.(1973)@Mildula, 4.5 GV, 1970
Kinzer et al.(1974)@Texas, 4.5 GV, 1969
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bCALET-2 @Taiki, 8 GV, 2009
BETS @Sanriku, 9 GV, 1999
MSC @Sanriku, 9 GV, 2004
ECC @Sanriku etc., 1968-2001

• Smooth connection with Multi-GeV measurements (bCALET, BETS, 
MSC, ECC) in  the 2000’s

Comparison with Multi-GeV Measurements
GRAINE2015

GRAINE2018
preliminaryGRAINE2011

Calculation by

HKKM modelⅢ. Atmospheric γ rays
 Observation

Ⅳ.Flight Data Aanalysis

Ⅴ. Results Ⅵ. Outlook

Atmospheric γ-ray spectrum (0.1-1 
GeV) on GRAINE 2018 

~ 1 GeV: Smooth connection 
with Multi-GeV measurements
~ 0.1 GeV: Unexpected 
deviation of latest HKKM model 
(under investigation)

First observation of E-W effect of 
atmospheric γ rays at balloon 
altitude

Matches HKKM model with less 
than 5%
Systematic difference has been 
observed.

photo by  Y.Kakehashi

Observation of sub-GeV 
Atmospheric γ rays on 
GRAINE 2018 Balloon Experiment 
& Comparison with HKKM 

Gamma-ray Event Selection
GRAINE2018  

8 film x 5 mm x 5mm

38 cm
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detected 7x106 events 
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Pair  

topology

All(Raw)

Remove  
penetrating 
tracks

Raw data scanned by HTS: 
 3x104 tracks

→Full Volume process 
(100 films x 4units)

　　2x104 events

NSIG 
S Ω T ΔE εdetect εγ→e+e− Pair

F(E) = 
[cm-2 s-1 sr-1 MeV-1 (g/cm2)-1]

Emulsion Data Acquisition
by Scanning System 
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at the end 

of 2018
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Hyper Track Selector
@Nagoya University

400 Emulsion Films
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H.Rokujo(Nagoya Univ.)
for GRAINE collaboration

Checking kinematical distributions 
between data and MC.

—>Estimation of Detector response

Gamma-ray Flux calculation

 ■ High-Res. Observation
 of Galactic Center
■ Polarization 
Measurement
■ High-sensitive Burst 
Event Search

•Commissioning towards scientific observation

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

•High-resolution imaging of Vela in GeV region

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

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

Timestamper

~1/3 weight per area

cf. 2018 model

First flight model of 
new-type multi-stage shifter

Co-developed w/ Mitaka Kohki

For GRAINE 2022

Emulsion scanning system

Pressure vessel gondola
Light, Thin, 0.3atm

2.5 m2 (2 units)
700kg payload

Emulsion film
Gel production, Machine coating, Quality control

Preprocessing, Vacuum packing, Developing

Large Aperture

Long duration

High timing resolution

LowE threshold

Large vacuum packing machine
Largest vacuum packing in the balloon-borne experiments

Star cameras
(attitude monitor)

2.5m2 per gondola

PI-weight: 700kg

x2 gondolas
≒GRAINE2018 x13

1.25-m2

Telescope Unit

@Alice Spring, AUS
May.-Apr. 2022
>15 h, 2 flights

GRAINE-Next in 2023 (approved)

Developments 

Emulsion Scanning


