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Gamma-Ray Astro-lrf‘rqger with Nuclear Emulsion
Y

Converter
Emulsion + Copper foil

Timestamper
Multi-stage shifter

Calorimeter
Emulsion + metal plate

\ |
-
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Attitude monitor o — /
Star camera g * 10M> g0 € cony * Eet
Fermi LAT | GRAINE
Angular resolution @100MeV 6.0deg (105mrad) 3{6 1.0deg (17mrad)
@1GeV 0.90deg (16mrad) E/Q 0.1deg (1.7mrad)
Energy range 20MeV - 300GeV 10MeV — 100GeV
Polarization sensitivity ——— Yes
Effective area @ 100MeV 0.25m? —X; 2.1m?2 %
@ 1GeV 0.88m? x3 2.8m? *
Dead time 26.5 U seC(readout time)T Dead time free




Observation of transient sources

[ Large collection area, 10m?
[Effective area@100MeV, 2.1m? (3.6 x Fermi LAT, cf. 0.58m? (psr2_TRANSIENT020_V6) ) ]

0 Wide field of view, >2.2sr (17.5% of all sky)
[ High angular resolution, 1.0deg(17mrad)@100MeV
[ Polarization sensitive
[0 Dead time free
—>High sensitivity incl. “Unexplored region”
—>High photon statistics
-Energy spectrum
-Light curve
-Polarization observation
- Good localization ~0.1deg @100photons

B Not continuous survey
B Not real time
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-Changed AgBr vol. occupancy ABPlYiHE testy

In emulsion gel 55%—45%. It
makes improvement of long
term stability with keeping
high sensitivity

*In dark room for production

-Mass production of emulsion
films(handmade) is continued
for 4 months. Produced more
than 600 films (>57m?2)

-Made 4 converters in Japan
after resetting process. Each
of them iIs consisted 100
emulsion films.




w/ Mitafa kehiF Co., Ltd.
5 K

Aperture area 2500cm294000cr§ﬁFA
CFRP backed film pack
Fixed stage \

Moving direction play,

Stage coupling play\,

Origin sensor blade of 3'4 stage —>

Bl S48 S8 T8 —

heg

Co-develofied —=

Gap controlling & reduction = S/NM(>~x2)

Material reduction - Effective area’I*(~20%@100MeV)
Flatness T

Gap controlling & reduction to the shifter > S/NTM(>~x2)
Working accuracy

At temperature change, return-to-origin repeatability TN(~x2)

Tests & Preparations

~Mechanical test
~ 5000um stroke, 50um/s
—{600s/cycle w/ 3 stages)
->=2cycle

N N w
[=) (4] [=)

iy
1%

# of return-to-origin / 0.1 um
)

4]

=)

stage RMS
— 1t 0.075um | |-
— 2" 0.074 um
— 37 0.093 um

* The shifter improving w/ Mitaka Kohki Co., Ltd. (19t Apr. 2017 — ), CFRP
arranging (20t Apr.—)
Emulsion film tests: CFRP, pack, initialization, drying, fading, long-term
stability, real-scale (May —)
Mechanical tests (7t — 18t Aug)
Film-on tests (8th — 10th)
Environmental Mechanical tests (215t — 23 Aug)
Environmental Film-on tests in partial (24th — 25t Aug)

w/ environmental chamber @balloon group/ISAS/JAXA
Implementation to the gondola (Oct)
Compatibility check and EMC check w/ balloon systems (30t, 315t Oct)
Emulsion film production (Oct, Nov)
Environmental Film-on tests in full (12/7 — 10)
Final adjustment, finishing, packing and shipping (11* Dec — 5" Jan)
Decision of Initialization and Drying condition. Initialization, Drying and

]
-t

-0.5 0 0.5

Repeatability of return ;co-origin [um] | -

1 Packing of emulsion films for the experiment (Jan, Feb)
The films etc. shipping by airfreight (15 Feb)




R

Digital Interface

System configuration

F1.4). CCD(2/3|nch (8.8x6.6mm2), 1920x1440px, 2x2 binning), ControIIer/DAQ
3 star cameras w/ 90deg azimuth each

Tests and Preparations

* Working and Performance check after GRAINE 2015
* Imaging performance (<0.012deg) and Sensitivity (magnitude of >~7)

* Improving system robustness (High reliability, Stable, Recoverable)

* Power on/off, System start/shutdown, Reset, System and Storage disk separation, SLC system disk, Redundant and
Switchable storage disks, Simplified image taklng (Constant and Optimized frame rate (10FPS) ), Frame loss reduction, CPU
power line enhancement GPS data—>3SCs, GPS readout stabilization (Buffer clear, Direct connection to serial port, Bau

rate unification, Connection line revision) - [ Entries 860
700— Mean 9.945
+ Long run tests s [EMS 06415
* Environmental Long run tests w/ environmental chamber @Balloon:g oup/ISAS/IAXA
* Continuous and Stable operation for 44 hours, Environmental chambe?;_t ouble at an attempt of -60 deg test
* Implementation to the gondola (Oct) ' Frame rate efficiency: 99.5%
* Compatibility check and EMC check w/ balloon systems (30th, 3153f°§_)ct) (10FPS, 14.4hour)
* Final adjustment, Optic axis measurement, observation tests, finisfing, packing and shipping (11th Dec|— 5th Jan)
. Emf?ll packing, Shipping by airfreight (15t Feb), Optic axis analysis, Q]"%st obs. analy5|s Cold re5|stant LA!\{cabIe,
affles, etc. L

I 4 10 2
[frame/s]

Production of Power-on/off circuits etc. and Implementation of star cameras onto the gondola were supported by K. Matsumoto, Y. Yoshizawa and other staffs of
Technical Division, Graduate school of engineering, Kobe University. Baffles were designed and implemented by H. Hayashi, F-lab, Physics, Nagoya University
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yrExpandable cocoon shape
yelmprove environmental performance for long flight

yeNew development of membrane material(Strength and Temperature)
- _

| GRAINE2015 §
Sphere shape §

Sealing performance GRAINEZO] 8

o>} Cocoon shape s suitaple £

Q - e for large aperture area in future ' T A

9o S I L S N S | Improved

o f - | performance | GRAINE2015 | GRAINE2018

° - » Achieved- holding e ———

@ i ' reaking streng

g - dlfferentral pressure of over 100 hPa | | of membrane material 833 N/cm 1000 N/cm

c

= ORI /PRSP -INUIR PSSO WINPT, S Temperature range . " : -

; - 60 hours , | of membrane material -70C-+20C-70c-+60 C
R T Y A T Sl i i T t 6 )

2 0 10 20 30 40 50 60 Oi”;g:,ﬁig“[ﬁa@?g? >-b0 C >-80C

time[hour]




Pre-start-up for emulsion film development @ U of Sydney
19th Feb, Arrive at Sydney, Receive equipment, liquid(partial) and emulsion films(for test)
20t Feb — 15t Mar, Construct development facility and the process flow, Test development
with small tanks and small pieces, Study for the development condition

BACEE @7 URRTYL T RAR M E

= Mar Arrive at Alice Sprlngs 3 &
2nd — 6t Receive and unpack our equipment, Construct workmg space\Worklng check after shipg
7th — 13t Mount the instruments onto the gondola, Working check

13th — 15t Mount the emulsion films onto the multi-stage shifter, Working check

16th — 20t Fully assemble, Working check



3 AR, T5ANERE T

25t Mar, Final compatibility check, EMC check
29t midnight — 30t before dawn, Dressed rehearsal




Twice attempt of the launch

16t Apr, No go decision after compatibility check due to wind speed around ground
24t No go decision before compatibility check due to wind speed around ground etc.

4R26H . [UBKIEK

23:15 25t Finalize for the launch
0:10 26, Show up and Briefing
0:15, Pick up payload
0:45, Move to the launch pad
2:50, Compatibility check
5:00, Inflation of the balloon

Photo by Y. Kakehashi, JAXA

6:20 26t Apr 2018



6:33AM(ACST) 26t Apr 2018, Launch



23:17, Cut ¢
23:54, Lan

“22115, Termination: Alice Sp‘nn’_g%

~ Total flight duration of 17h21min (21% of GRAINE 2015)
Level flight @38.1 — 35.4 km of 14h44min (28%" of GRAINE 2015)
Fully covered Vela pulsar in 45 deg zenith (10% T of GRAINE 2015)




Altitude [km]

= r#
=112 Level flight _

20

= . Totalfflight durationof 17h21mir (21% of GRAINE 2015

15 e LeVE flight @38.1 =354 km of 14h44min (28%1 of GRAINE 2015),
: Rully covered Vela pulsar in 45 deg zenith (103%’]‘ of GRAINE 2015)

10 __ ................... ..................... ..................... _ ................ i
E . Successfully petformed balloon flight

_I ] i ] ] i ] ] i ] ] i ] ] i ] ]
%02:00 05:00 08:00 11:00 14:00 17:00 20:00
Time [UTC+9:30]
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Timing chart of the operation

% Ex

I3

Vela obs. operation
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1st stage

based on J-PARC T60 2014 [Yama
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3rd
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Level flight _
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e operation

....................................................
____________________________________________________
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Local time (UTC+9.5)



Averaged
Pulse Height
in a frame

Averaged
Pulse Height
in a frame

Averaged
Pulse Height
in a frame
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Internal pressure of the vessel

........................................

200

ternal pressure of the vessel

1 | I ® e
0 06:00 09:00 12:00 15:00 18:00 21:00 00:00

time

Stably operated emulsion telescope during the flight




[B] R

~8:30(UTC+10) 27™ Apr, Arrive at 250 km far from Longreach by a helicopter
~4:00 28th Send emulsion films to Sydney




g @ k=——K=FE

Finalization of the emulsion films by chemical process
Microscopic image of the flight emulsion film
Zw Apr, Arrive at Sydney

Receive the emulsion films from Longreach

30t Liquid preparation for the process
15t May, Test development with the flight films -
2" — 13th Process the emulsion films s 5
w/ 489 films, 43.8(n2 in total

29, Start processes with half speed (24films/day)

4t Start processes with full speed (48films/day) i
12%, complete converter films and Test chamber films ¥ .
13t complete timestamper films ’ : .t
",
& L
o : r o
: 100pumg " ”
( N . -Mﬁ o & 'q’zs&c

Development error fraction ~0.3% (area basis)
Accumulated error fraction after development <~0.4% (area basis) (x~1/20 GRAINE 2015)

Well-controlled qualities of the emulsion films
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<~5 g/cm? altitude

Velas\ )L —D & H
RERR.

Takahashi, Aoki
%ﬁ D I\ 7‘/7 e: aal.,a,:SIIR (2(())1I7)

Iét._ﬁ'éééEIE 2021 FERR 10200

. _ 17.08.029
Alice Springs

10 m? aperture
>~36 hours flight duration
<~10 g/cm? altitude

Pioneering polarization
observation for high
energy y-rays

Vela pulsar
Polarization observation (<50%)

SNR W44 (<200MeV, >200MeV)

: Studying cosmic ray
Precise spectrum measurement
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: . . sources

High resolution imaging

Galactic Center Resolving GeV y-ray
Obs. with ~arcmin resolution excess at galactic center

Test of fundamental symmejgries beyond the Planck scale

Transient sources : :
Studying transient

Obs. w/ high sensitivity
& high photon stats sources & w/ ones
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® Conceptual design

Light, Thin, 0.3atm

5m? (4units) aperture area

w/ a single pressure vessel gondola

(~0.3ton weight)

_ 554 > <~2 ton payload (aiming)
w/ a 10 m? aperture
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