
33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013
THE ASTROPARTICLE PHYSICS CONFERENCE

GRAINE project : The observation of cosmic gamma-rays with balloon-borne
emulsion telescope
SATORU TAKAHASHI1 FOR GRAINE COLLABORATION: SHIGEKI AOKI1, KANAME HAMADA2 , TOSHIO HARA1,
KATSUMI ISHIGURO3 , ATSUSHI IYONO4, KEIKI KAMADA1, HIROAKI KAWAHARA3 , NOBUKO KITAGAWA3 , KOICHI
KODAMA5, RYOUSUKE KOMATANI3, MASAHIRO KOMATSU3, MOTOAKI MIYANISHI3, FUKASHI MIZUTANI1, SAKI
MIZUTANI1, KUNIHIRO MORISHIMA3 , NAOTAKA NAGANAWA3, TATSUHIRO NAKA3 , RYO NAKAGAWA1, YUJI
NAKATSUKA3 , MITSUHIRO NAKAMURA3 , TOSHIYUKI NAKANO3 , KIMIO NIWA3 , KEITA OZAKI1 , HIROKI ROKUJO3 ,
TAKASHI SAKO3 , YOSHITAKA SAITO2 , OSAMU SATO3, YOSHIHIRO SATO6 , ATSUMU SUZUKI1, KAZUYA SUZUKI3 ,
SATORU TAKAHASHI1 , KEISUKE TAMURA2, IKUO TEZUKA6 , JUNYA YOSHIDA3 AND TETSUYA YOSHIDA2

1Kobe University, 2ISAS/JAXA, 3Nagoya University, 4Okayama University of science, 5Aichi University of education, 6Utsunomiya
University

satoru@radix.h.kobe-u.ac.jp

Abstract: We are promoting the project of 10MeV-100GeV cosmic gamma-ray observation with precise
(0.08deg@1-2GeV) and polarization sensitive large aperture area (∼10m2) emulsion telescope by repeating long
duration balloon flights. We call this project GRAINE (Gamma-Ray Astro-Imager with Nuclear Emulsion). An
overview and the status of the GRAINE project are described.
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1 Introduction
The observation of high energy cosmic gamma-rays pro-
vides us with direct knowledge of high energy phenomena
in the universe. Currently, AGILE [1] and Fermi-LAT [2]
are observing gamma-ray sky. Fermi-LAT detected 1873
gamma-ray sources [3] and gamma-ray observations are
greatly advancing. On the other hand, new issues are also
coming up. Improvement of angular resolution and polar-
ization observation strongly push the understanding of high
energy phenomena in the universe.

The interaction of high energy gamma-ray with matter is
dominated by electron-pair creation process. An electron
pair has gamma-ray information which tells arrival direc-
tion, energy, arrival timing and polarization. Suppressing
multiple coulomb scattering and precisely tracking provide
us with an accurate determination of gamma-ray direction
and sensitivity to gamma-ray polarization.

Nuclear emulsion is a powerful tracking device which
can record the 3-dimensional trajectories of charged parti-
cles within 1µm accuracy. Several important observations
have been performed with nuclear emulsion, e.g. the dis-
covery of the π meson [4], the discovery of the charmed
hadron [5] and the first observation of tau-neutrino in-
teractions [6]. By detecting the beginning of an electron
pair converted from a gamma-ray with an emulsion film
which is thin (∼ 2.0×10−3 radiation lengths) and precise
(∼submilliradian), high angular resolution for gamma-rays
and sensitivity to gamma-ray polarization can be achieved.

Emulsion techniques are seeing great progress. An emul-
sion film is a highly precise, quite uniform and mass-
producible tracking device [7]. Emulsion scanning has been
automated and the scanning speed has been increasing expo-
nentially [8]. Multi-stage shifter brings the time resolution
below a second to emulsion tracks with high reliability and
high efficiency for large scale and inaccessible emulsion
experiments [9]. Based on the latest emulsion techniques,
a high performance emulsion gamma-ray telescope can be
achieved.

We are promoting the project of 10MeV-100GeV cosmic
gamma-ray observation, with precise (0.08deg@1-2GeV)
and polarization sensitive large aperture area (∼10m2)
balloon-borne emulsion telescope by repeating long dura-
tion flights [10]. We call this project GRAINE (Gamma-
Ray Astro-Imager with Nuclear Emulsion).

2 Emulsion gamma-ray telescope
Fig.1 shows a schematic view of an emulsion gamma-ray
telescope. The telescope consists of converter, timestamper,
calorimeter and attitude monitor. Converter consists of an
stack of emulsion films (with metal foils). The beginning
of electron pairs is detected at the converter. Timestamper
consists of multi-stage shifter which gives a time resolution
below a second to converter events. Calorimeter consists
of a stack of emulsion films with metal plates. Gamma-ray
energies above several GeV are measured with calorimeter
by measuring electro-magnetic shower or by measuring
momenta of electron pair with multiple coulomb scattering.
Gamma-ray energies below several GeV are measured
with converter by measuring momenta of electron pair
with multiple coulomb scattering. The attitude monitor
consists of a star camera. By combining the attitude monitor
information and the event timing, the gamma-ray direction
relative to the celestial sphere is determined.

3 Performance
Table 1 shows the performance of emulsion gamma-ray
telescope. Emulsion telescope has high angular resolu-
tion, polarization sensitivity, wide energy range, large
effective area, wide field of view and no dead time.
By repeating balloon flights of 7day flight duration, e-
quivalent exposure to Fermi-LAT can be achieved e.g.
2.1m2×7days×10flights=147m2day∼1.6years Fermi-LAT
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Fig. 1: The schematic view of emulsion gamma-ray tele-
scope

exposure (0.25m2a×365days×1.6).

Table 1: The performance of emulsion gamma-ray tele-
scope

Energy range 10 MeV - 100 GeV
Angular resolutionb

100MeV 0.93 deg (16mrad)
1GeV 0.10 deg (1.7mrad)

Polarization sensitivity Yes
Energy resolution 10% - 20%
Effective areab,c

100MeV 2.1 m2

1GeV 2.8 m2

Field of view > 2.2 sr
Time resolution <1s
Dead time No

Notes.
bNormal incidence
cEffective area was considered with 10m2 aperture area,
transmittance at 5g/cm2 atmospheric depth, conversion
efficiency at 0.54 radiation lengths and detection efficiency
for each energy.

3.1 Angular resolution
We did test experiments to demonstrate angular resolu-
tion by using accelerator gamma-ray beam. Inverse comp-
ton scattering gamma-ray beams were exposed to emul-
sion chambers at SPring-8 (Max.2.4GeV) and at UVSOR
(Max.47MeV). Obtained results were plotted on Fig.2.
Fig.2 also shows simulated angular resolution of emul-
sion gamma-ray telescope and post-launch performance of
Fermi-LATa. Angular resolution is much better than Fermi-
LAT and this was demonstrated experimentally.

3.2 Polarization sensitivity
Polarization sensitivity is being studied with emulsion
chamber exposed linear polarized gamma-ray beam at
SPring-8 (Max.2.4GeV). Azimuth angles of electron pairs
were measured. Fig.3 shows azimuth distribution. The
results were consistent with the expected properties of the
beam.

Fig. 2: Angular resolution as a function of gamma-ray
energy compared with Fermi-LAT is shown. The dots with
error bar show experimental data. The solid lines show the
simulation of emulsion gamma-ray telescope. The dashed
lines show post-launch performance of Fermi-LAT.

Fig. 3: Azimuth distribution is shown. The dots with error
bar show the data. The solid line shows fitted curve with
N(ω) = p2{1+ p0 ·cos2(ω− p1−90)}where N(ω) is the
number of events, ω (in degree) is azimuth angle of electron
pair, p0 is amplitude, p1+ 90 (in degree) is polarization
direction and p2 is base line.

a. P7SOURCE V6



ICRC 2013 Template
33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013

3.3 Energy range
Systematic detection of electron pairs using an emul-
sion chamber is essential for the proposed gamma-ray
telescope. Test experiments in various energy ranges
demonstrated electron pair detection using an accelera-
tor gamma-ray beam at SPring-8 (Max.2.4GeV) and at U-
VSOR (Max.47MeV) and using atmospheric gamma-rays
at Norikura Observatory (2770m a.s.l.) around 100MeV and
at balloon altitude (35.8km) with MSC [11] above 10GeV.
Systematic detection of electron pairs down to 50MeV was
performed with the test experiment at Norikura Observato-
ry. Further study for the detection of electron pairs down
to 10MeV is ongoing. Fig.4 shows the event topology da-
ta of typical electron pairs at each energy detected in test
experiments.

10MeV 1GeV 100GeV100MeV 10GeV

Fig. 4: Electron pairs at each gamma-ray energy detected
with emulsion chamber in test experiments. Chamber struc-
tures were, from left to right, a stack of emulsion films, a
stack of emulsion films and copper foils (50µm thickness),
same as previous, and a stack of emulsion films and lead
plates (1mm thickness). Each line segment shows track seg-
ments measured in each emulsion film.

3.4 Energy resolution
A gamma-ray energy below several GeV is reconstruct-
ed from momenta of electron pair measured with multi-
ple coulomb scattering. Momentum resolution directly de-
termines gamma-ray energy resolution. We did test ex-
periments to demonstrate momentum measurement with
35MeV electron LINAC at Tokai-mura. 35MeV electron
beam was exposed to emulsion chamber (a stack of emul-
sion films and 50µm thick copper foils). Fig.5 shows the
distribution of measured momenta. 35.2+6.5

−7.4MeV/c was ob-
tained showing the most probable value and the momentum
resolution with 15 emulsion films. The obtained 35.2MeV/c
most probable value absolutely agreed with beam expected
(34.6MeV/c at emulsion chamber incident) within 1.8%.
Obtained momentum resolution in relative is approximate-
ly 20% at 35MeV/c with 15 emulsion films. Adding mea-
surement films, momentum resolution is expected to im-
prove. Gamma-ray energy resolution depends on the energy
ratio of electron pairs. Gamma-ray energy resolution can
be achieved as 14% at 70MeV in even case and as 20% at
35MeV in uneven case.

4 Roadmap of GRAINE project
In the first step, the balloon experiment was performed
using a telescope with 125cm2 aperture area and 4.3hours

Momentum [MeV/c]
0 10 20 30 40 50 60 70

N
u

m
b

e
r 

o
f 

tr
a

c
k

s
 /

 (
5

M
e

V
/c

)

0

50

100

150

200

250

Fig. 5: The distribution of measured momenta is shown.

(1.6hours@35km) flight duration for each working test
for each element, connection test between elements, and
measurement of atmospheric gamma-rays. For the next step,
we plan a balloon experiment with 2500cm2 aperture area
and a 1day flight duration for an overall test by detecting
known bright gamma-ray source and the observation with
the highest imaging resolution yet possible. In the future,
by scaling up aperture area and flight duration, full-scale
observations are planned.

4.1 Balloon experiment in 2011
The balloon experiment was performed in association with
JAXA scientific ballooning (PI:S.Aoki) at TARF [12] in
Hokkaido Japan on 8th June 2011. With 12.5cm×10cm
aperture area, total flight duration was 4.3 hours. Out of 4.3
hours, 1.6 hours level flight at 34.7km altitude and 6.5hPa
residual atmospheric pressure was performed. Working test
for each element, connection tests between elements, and
measurements of atmospheric gamma-rays were performed
in this experiment. More details are described in [13][14].

4.2 Planned balloon experiment
The next balloon experiment is planned in association with
JAXA international scientific ballooning at Alice Springs,
Australia in 2014. Using a telescope with 2500cm2 aperture
area and 24hours flight duration, the overall test will be
done using known bright gamma-ray source. Observations
will be performed with the highest imaging resolution, in
the 100MeV region. Fig.6 shows the multi-stage shifter of
next flight.

5 Summary
We are furthering our GRAINE project. The effective emul-
sion gamma-ray telescope has been demonstrated on the
ground. The first high level demonstration of an emulsion
gamma-ray telescope was successfully completed in our
balloon experiment in 2011. The next balloon experimen-
t planned for 2014 is now being prepared. 2015 or later
will see full-scale observations with scaled up apertures and
longer flight durations.

Acknowledgment:This work was supported by JSPS KAK-
ENHI Grant Number 20244031 and Grant-in-Aid for JSPS Fel-
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Fig. 6: Flight models of multi-stage shifter are shown.
Left side one shows the flight model worked at bal-
loon experiment in 2011. Right side one shows next
flight model. Next flight model has 2500cm2 aperture
area (12.5cm×10cm×20units). Flight models were co-
developed with Mitaka Kohki Co., Ltd.

lows. This manuscript was corrected by D.Moore on KALCS pro-
gram.
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