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Fermi two-year all-sky map (E>1GeVv)
1873 sources

Nasa

Credit: MASA/DOE/Fermi/LAT Collaboration
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#=  Microscopic view

Nuclear emulsion
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Cross sectional view of an emulsion film 3 i y
*Gamma-ray Powerful tracking device

X >High spatial resolution : ~1micron

>Small radiation length : 0.002Xo

Emulsion
: 0.3mm
Plastic (0.002Xo0)
base _\ /_ _ -
L
High angular resolution for gamma-ray

Emulsion Sensitive to gamma-ray polarization




GRAINE

Gamma-Ray Astro-Imager with Nuclear Emulsion
* Y

Converter

Emulsion + Copper foil

Timestamper
Multi—stage shifter

Calorimeter

Emulsion + metal plate

E

»

Attitude monitor

Star camera * 10m2*e,, ¥ e,

Fermi LAT _'E GRAINE

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

@1GeV 0.90deg (16mrad) X2 0.1deg (1.7mrad)

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

Polarization sensitivity No Yes
Effective area @ 100MeV 0.25m? $ 2.1m? *
@ 1GeV 0.88m? 3 2.8m?
Dead time 26.5 Ul SEC(readout time) Dead time free




High resolution imaging

w44 TEE
Abdo et al., Science, 2010

Color : 2-10GeV gamma-ray (Fermi LAT)g f

Contour : IR(Spitzer)
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-3flights (41.7m?days)
>1GeV
- Smearing IR(Spitzer) distribution
with 0.08deg(1.4mrad)
" Considering atmospheric gamma-ray(>1GeV) as BG
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Emulsion production

FUJI Janet Co., |_td Nagoya Un|v " d Gelatin1/4, Na type, Fe x 2, MIP (XAA, 20deg, 40min)
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Automated emulsion read-out system (Nagoya Univ.)

Hyper-TS: Next Generation Read-out system Scanning speed
| = ¥ , 9000cm?/h (design)
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Multi-stage shifter
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S.Takahashi et al., Nucl. Instr. And Meth. A, 620 (2010) 192-195

Consists of emulsion films with Small R.L., High pos & ang resolution
- Low P threshold, High reliability, High efficiency, Large scale
Simple component, Compact, Light, HV free, Low power consumption, Dead time free



Angular resolution

PSF at normal incidence
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Polarization sensitivity
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GRAINE roadmap

8th/June/2011, TARF, JAXA Scientific Ballooning, PI : S. Aoki (Kobe Univ.)

12.5cm x 10cm aperture area, 4.3hours (1.6hours@35km) flight duration
— Working test for each component
— Connection test between components
— Measurement of atmospheric gamma-rays

2014(Planned), Alice Springs, JAXA International Scientific Ballooning

2500cm? aperture area, 1 day flight duration
— Overall test by detecting known gamma-ray source
— Observation with highest imaging resolution

2015-

10m? aperture area, 7days flight duration
— Starting scientific observation



Emulsion chamber

Aperture area : 12.5cm x 10cm
®Flatness compensation films

Low energy High energf OPERA film x 2
Y j Y €®Converter
_: E 102 emulsion films, 91 copper foils (50um)

Héneycomb boérd
H.;)neycomb boérd

1.1kg, 35.0mm, 0.54Xo(e_,,,~ 34%)
OPERA film x 10 (go-ban part)
OPERA film x 88 + Copper foil x 88

+
Target IglggetYpe gel film x 4 + Copper foil x 3

-Precise measurement of incident direction
-0.08deg@1-2GeV, 0.93deg@100MeV
-Measurement of gamma-rays polarization
-Interface of timestamper
-Energy measurement of gamma-rays (<~GeV)
-Momentum measurement of electron pair with MCS

& Timestamper

/lst . OPERA film x 2

2nd : OPERA film x 2
3rd : OPERA film x 2

New type gel film x 1
\QCalorlmetperg

32 emulsion films, 10 (0.5mm) & 17 (1mm) lead plates

3.2kg, 31.9mm, 4.0Xo (Shower Max.@ a few GeV)
OPERA film x 5 (go-ban part)
(OPERA film + lead plate(0.5mm))x10
(OPERA film + lead plate(1mm))x17




8.0 X 103

Number of tracks

— 1500

—1 1000

Pk

60

100 120 140

80

40

20

Film#67, 1st

X [mm]



60

40

20

Number of tracks:8.0 X 108
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153events
Reliability 97%







One of gamma-ray events

Event : 716923485 /- <+ {7/

Start 4

0 g 9.748 [deg]

(PB)s  : 60 +20 -12 (25%) [MeV/c]

(PBignt : 32+ 9- 6(22%) [MeVic]

= 1 92 +22 -13 (+24% -14%) [MeV] /
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Establishment of timestamp technique
H.Rokujo, et al., NIM A, 701 (2013) | (@ GRAINE2011

“Multi-stage shifter” 1st model Track rate mesurement@35km
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*Correct operation during whole observation time
*Giving time info. to all penetrating tracks

Detection of hadron shower tracks by timing and
3-D spatial analysis

Time resolution: 0.15 sec



Hadron induced event

Ev : 2438038

Ey : 45+33-10[MeV]
Oy : 46.61[deq]
7:18:34.5 (JST)

At=+-0.5s 1
Convergence li

1.2cm x 1.2cm
x 16films il

. Conversion point

opar~y

=
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o Primary vertex
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Pointing accuracy

ABgpace - 0.65deg =

(0.0114rad)




Electron induced event >
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Angular resolution

PSF at normal incidence
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Gamma-ray timing accuracy

—Preliminary RMS : 0.15[sec]

B Ey : 45-245[MeV]

O Oy : 0-47[deq]

[ 45[MeV]

C 46.61[deg]
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Attitude analysis

K. Ozaki et al.,
Proc. of Balloon Sympo.,

Daytime star camera view  Star catalog data 'S8S12-5ps-022
55 66+
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Event 111 2986322

Start #11 up
B : 26.64deg (0.5016rad)
; : 0.0058rad

Ey (Boper)  : 340MeV

JST 1 8:24:440x+0.44
. . Altitude  : 34.6km /
F I rSt L I h t Atm. depth : 6.6g/cm?
g Gal.lon.  :112.06deg /
Gal. lat. : -6.86deg
> Amﬂmm
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GRAINE roadmap

8th/June/2011, TARF, JAXA Scientific Ballooning, PI : S. Aoki (Kobe Univ.)

12.5cm x 10cm aperture area, 4.3hours (1.6hours@35km) flight duration
— Working test for each component
— Connection test between components
— Measurement of atmospheric gamma-rays

2014(Planned), Alice Springs, JAXA International Scientific Ballooning

2500cm? aperture area, 1 day flight duration
— Overall test by detecting known gamma-ray source
— Observation with highest imaging resolution

2015-

10m? aperture area, 7days flight duration
— Starting scientific observation



Flight model of multl -stage shlfter 4 Co-developed with
Mltaka KOth Co Ltd.
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