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Gamma-ray Observation (Gev/sub-GeV region)
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Angular Resolution for Gamma Ray
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Microscopic view of a pair creation
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Polarization measurement
with accel. y-ray beam
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Significant & consistent result with expectation.
<P>=66%, modulation factor =0.21+-0.09

K. Ozaki, et al., NIM A 833, 11(2016)165



New technique for GRAINE
Multi-stage Shifter

(Time stamper)

consisting of emulsion film.
Low momentum threshold~10MeV/c
High reliability & efficiency
Enlargeable

Simple, compact, light weight, high-vol. free,

low consumption, dead-time free

S. Takahashi et al.
NIM A620(2010) pp.192-195
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Emulsion Gamma-ray Telescope

@Higher Angular Resol.
@Polarization Sensitive
@Large Aperture Area

Emulsion + metal plate
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Flow of experiment
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\]/ (2nd data taking)

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



GRAINE project

2004- Development on ground 5

S.Takahashi et al. NIMA 620, 192 (2010)
K.Ozaki et al. NIMA 833, 165 (2016)

2011 (Jun.) 1st Balloon-Exp.

« Checking Feasibility
H.Rokujo et al. NIMA 701, 127 (2013).

S.Takahashi et al. PTEP 2015 043H01

2015(May.) 2nd Balloon-Exp.

+ establishment of experimental flow

« demonstration of detector
K.Ozaki et al., JINST 10, P12018 (2015)
S.Takahashi et al. PTEP 2016, O/3FO01
H,Rokujo et al., PTEP (submitted)

Under Preparation
2018(Apr.) 3rd Balloon-Exp.

* Celestial source detection
2021- Start scientific

observation w/10m?2
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Data taklng by Scannlng System

= ,.' ? developed in Nagoya
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current speed 4000 cm?/n
—25000cm4/h by next generation system



Flight data
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2 mm X 2 mm of single film



Flight data
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emulsion film records all charged particles.
density ~400 tracks/mm?
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Flight data
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with another partner track.



Flight data |
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Flight data: Track 2

1 Momentum:
129 MeV/c (Recon.)
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Energy Resolution by converter
Track 1 Y (Simulation, max 20 plates)
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Gamma-ray Energy:
176 MeV (Recon.)



Recent Progress of GRAINE

s Automatic y—e+e— Selection for the whole of the chamber
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Recent Progress of GRAINE

sSelection Performance(MC)
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F.Mizutani (Kobe Univ.)

Count Rate of Cosmic Ray
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Trigger of Hadronic Interaction
Event by Timing Information

3 mm x 3mm.
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For timing Callbratlon/é/ource

—Time resolution : 9.5 msec @ E>500I\/IeV
206 msec @ E<200MeV




H.Kawahara (Nagoya Univ.)

Calibration source

for gamma-ray telescope

E.>130MeV, tanb, ,.i1y<0.5 Preliminary
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High y-ray imaging performance is being obtained.
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Calibration source
for gamma-ray telescope

hadronic
interaction
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Demonstration of Gamma-ray Imaging
Balloon Observation
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Result of gamma-ray imaging of launching plate
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the first demonstration of gamma-ray imaging
of external gamma-ray source
with balloon-borne emulsion telescope



MC simulation

_.» Incident particles
17 cm 47

<> Cosmic rays e Pa,e/+ r
(protons, etc.)

Extrapolated positions
at the height of

« 37 km @ Australia, Alice Springs
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Ago | e « Spectrum, Zenith angle distributions
B SN calculated by HKKM model (thanks to
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M Gamma-ray Flux

From Launching plate
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@ Expanse of gamma-ray image

T el R2 distribution (MC)
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2 Expanse of gamma-ray image
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we confirmed that the emulsion telescope had an excellent
angular resolution in the 100-300-MeV energy region during
the observation, as expected.



GRAINE2015

 Aperture area 3780cm? [x30] (“high-sensitive film”, total area 48m?)
* Flight time 14.4hour (11.5hour@36.0-37.4km) [x7]

 Established balloon exp. scheme & flow @ Australia

« Total read out area 41m? by HTS (First large scale trial)

« S/N ratio of “high-sensitive film” [x20] = Data size reduced [x1/20]
* Tracking efficiency of single film (.78 = .97.7) = inefficiency [x1/10]
 Data reduction load to detect gamma-ray event [x1/200]

« Data processed overall effective aperture area 2830cm? (total area 30m>?)
* Pointing accuracy of gamma-ray < 1.0deg

* Time resolution 9.8 msec [x1/10]

 Limiting magnitude of the Star Camera 6.1 = 7.5

Much improved from GRAINE2011



GRAINE Scientific observation roadmap

2018, Demonstration

Alice Springs
~0.4m? aperture

Approved
by JAXA

~18hours flight duration

<~5g/cm? altitude

Vela pulsar detection, Imaging,

Alice Springs
10m? aperture

2021-, Scientific flight funded

by JSPS

>~36hours flight duration

<~10g/cm? altitude

Vela pulsar

High resolution imaging

Galactic Center
Obs. with ~arcmin resolution

Test of fundamental symme
Transient sources

Obs. w/ high sensitivity

& high photon stats

Search for y-ray correlation wit

Polarization observation (<50%)

SNR W44 (<200MeV, >200MeV)
Precise spectrum measurement

Pioneering polarization
observation for high
energy y-rays

Studying cosmic ray
sources

Resolving GeV y-ray
excess at galactic center

es beyond the Planck scale

Studying transient
sources & w/ ones

iant Radio Pulses from pulsars

Search for GeV y-ray Pair Halo = Constraints on IGMF




Emulsion Film Production 9%~

Conventional New (under development)
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Kobe Univ.

Multi-stage Shifter

GRAlNEZO] 3 Model Top View | ftsep R 57— j‘>  HERT=Y o

N E .
I
“ 2omm I
0y I
| .

reducing the materials of the stage
to increase the low momentum track efficiency.

Co-developed with Mitaka Kohki Co., Ltd.
ger aperture area

ger flight duration
2 wnth a hlgher timing resolution

Next generation
multi-stage shifter

GRAINEZ2021 Model

light-weight multi-stage shifter unit.

J| <lum repeatablejaccuracy
| (preliminary)

il | | 137cm x 116 20 l
" > IV a4V LA Size : cm X cm x ~20cm ;
g g Weight : <~90Kg ' Conventional: 2.6ton/10m?
, Electric consumption: ~25W 3 2
Aperture area - 8550cm? New: 0.4ton/10m?2 (Prospects)
NZHLAR—F Gap between stages : ~0.5mm :

Total thickness of aperture area : 5mm Oct. 2014 Started

we plan to set 8 units on the balloon gondola



Pressure Vessel Gondola

Nagoya Univ.

To keep vacuum-packed
emulsion chambers
at observation altitudes
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Summary & Prospects

« GRAINE project

— Precise observation by balloon-borne emulsion gamma-ray telescope
-~ High angular resolution, Polarization sensitive, L arge effective area

« 2015-Balloon experiment in AUS
- Flight, Scanning, and Analysis were established.

- Achieved 9.8 ms of time resolution by multi-stage shifter.

— Demonstrated gamma-ray imaging performance @100-300 MeV as expected
o Prospects
- GRAINE2018 (scheduled in next April.)

- The goal is confirming the overall performance by detecting a
celestial gamma-ray source(Vela pulsar).

. GRAINEZ2021:
. Start Scientific Observations with 10-m2 Telescope
. Polarimetry, SNR, Galactic center, un-ID sources, Burst events



