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All-sky map by Fermi Gamma-ray Space Telescope
using nine years of data collected from 2008 to 2017

Image credit:
NASA/DOE/Fermi LAT Collaboration

>5000 sources (FL8Y)



Unresolved issues in
cosmic y-ray bservation
(GeV/sub-GeV band)

Image credit:
NASA/DOE/Fermi LAT Collaboration
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Unprocessed map of 1.0

GeV Excess (dark matter ?)

Uncovering a gamma-ray excess at the galactic center

residual
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better resolution is needed

3.16 GeV gamma rays

Vela _ .
X-ray images by Chandra

Image credits:

Pavlov, G. G. et al. ApJ. 591, 1157 NASA/CXC/ASU/J. Hester et al.



Unresolved issues in
cosmic y-ray bservation
(GeV/sub-GeV band)

Image credit:
NASA/DOE/Fermi LAT Collaboration
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GRAINE: Gamma-Ray Astro-Imager with Nuclear Emulsion 9

Balloon-borne emulsion gamma-ray telescope

Attitude monitor Y repeat
(Star Camera) -, Converter long duration flight
Y| (Emulsion Film Stack)

@ Time stamper -
(Multi-stage shifter)

Fermi LAT | GRAINE
Angular resolution @ 100MeV 6.0° x 6 1.0° .
------- gular resolution @ 100MeV e WOTIA’S highest resolution
Angular resolution @ 1GeV 0.90° x 95 0.1° o
Polarization sensitivity — Yes world’s first in GeV band
Effecti 100MeV .25m? 2.1m2 % ,
....... ec'vearea@e O% world’s largest aperture
Effective area @ 1GeV 0.88m? x 3, 2.8m?2 % % 10M2XE 0 XE o XE g




Gondola rotation become
1 deg/sec in bad case.

For pointing in mrad accuracy,

Converter

10

(emulsion film stack)

Sub second time resolution required.

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 power consumption, dead time free

S. Takahashi et al.
NIM A620(2010) pp.192-195

Time stamper
(emulsion)

Emulsion Film/Stack
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GRAINE roadmap

2004- Development on ground GRAINE 2011

S.Takahashi et al. NIMA 620, 192 (2010) - 2011/Jun/8
K.Ozaki et al. NIMA 833, 165 (2016) :

201 1/Jun: 1st Balloon exp.

* Hokkaido, Japan
- Aperture 0.013m?

 Confirmation of feasibility - 1.6hr@35km
H.Rokujo et al. NIMA 701, 127 (2013).
S.Takahashi et al. PTEP 2015 043HO1 GRAINE 2015
Demonstration phase w/ 0.38m? - 2015/May/12

201 5IMay an Ba"OOn exp' - - Alice Springs, Australia

* Establishment of experimental flow

; e - Aperture 0.38m?
» Demonstration of the detector performance P

K.Ozaki et al., JINST 10, P12018 (2015) + 11.5hr@36-37km
S.Takahashi et al. PTEP 2016, 073F01
H. Rokujo et al. PTEP 2018, 063H01 GRAINE 2018 |

S.Takahashi et al. Adv.Space Res. 62 2945-2953

2018/Apr: 3rd Balloon exp. (&2

_ _ -y - Alice Springs, AustraligJ s

» Celestial source detection NS \‘ Averture 0.38m? e
H. Rokujo et al. JINST 14, P09009 (2019) periure &.2em
Y. Nakamura et al. PTEP 2021, 123H02 " 14.7hr@35-38km |

\____S.Takahashi et al. PTEP (2021) submitted _
GRAINE 202120 <o
- 2023/Mar,Apr/ due‘oo

2023/Mar,Apr:
* Alice Springs, Australia

- 2018/Apr/26

« Commissioning scientific observation
« Approved 2.5m? X 2 flights (=5m?2)

— 10m? aperture and longer duration flight
(in future)

- Aperture 5m?— 2.5m?

= 24hr to observe Vela and Galactic Center
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vy — e* e Event Selection

H. Rokujo et al.
PTEP, 2018, 063H01

30 mm x 30 mm

Small area of the real data from GRAINE2015



Vela pulsar imaging @GRAINE2018

GFOAINE 2018, Flight data analysis, Timestamper, T|mestampmg
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GRAINE roadmap

2004- Development on ground
S.Takahashi et al. NIMA 620, 192 (2010)
K.Ozaki et al. NIMA 833, 165 (2016)

201 1/Jun: 1st Balloon exp.

 Confirmation of feasibility
H.Rokujo et al. NIMA 701, 127 (2013).
S.Takahashi et al. PTEP 2015 043HO01

Demonstration phase w/ 0.38m?
2015/May: 2nd Balloon exp.
* Establishment of experimental flow 288
» Demonstration of the detector performance
K.Ozaki et al., JINST 10, P12018 (2015)
S.Takahashi et al. PTEP 2016, 073F01
H. Rokujo et al. PTEP 2018, 063HO01
S.Takahashi et al. Adv.Space Res. 62 2945- 2953

2018/Apr: 3rd Balloon exp. &2

* Celestial source detection
H. Rokujo et al. JINST 14, PO9009 (2019)
Y. Nakamura et al. PTEP 2021, 123H02
S.Takahashi et al. PTEP (2021) submitted

2023/Mar,Apr: (
« Commissioning scientific observation
« Approved 2.5m? X 2 flights (=5m?2)

— 10m? aperture and longer duration flight
(in future)

GRAINE 2011
+ 2011/Jun/8

* Hokkaido, Japan

- Aperture 0.013m?

- 1.6hr@35km

GRAINE 2015

- 2015/May/12

* Alice Springs, Australia
- Aperture 0.38m?

- 11.5hr@36-37km

GRAINE 2018 |
» 2018/Apr/26
- Alice Springs, AustraligJ s

- Aperture 0.38m? Lin
- 14.7Thr@35-38km

GRAINE 20212023 7+
+ 2023/Mar,Apr/ due‘oo

* Alice Springs, Australia

- Aperture 5m?— 2.5m?

= 24hr to observe Vela and Galactic Center



Development of Large Aperture Telescope
for Scientific Observation

realization of 10m? aperture telescope

- Mass-production emulsion gel and film and development process
(converter film 1000m? and shifter film 100m?2)

15



Emulsion film production facility @Nagoya univ.”

7 AR e, as
= 2021 May.- c
T - M. | Roll-to-roll emulsion film i
; ' L R SSOIRAR Y SR Y IR coating facility i

2/ ) ./ o al \ e o ms' Started practical operation
. f}‘ ﬁ Jls J g, AN ._ "~ (Real productlon in the dark)

Gel prodution

.i- f
_’___

".ﬂ‘

louble-sided emulsion film
after two processes

Particle physics, muon radiography, gamma-ray telescope etc.

Next balloon-borne experiment
total emulsion film surface area ~600m?
Oct 2021, Converter rehearsal @Mt. Norikura

30 times machine s installed May 2022, Started mass-production




5.6 m2/process

Large Scale Development Facility

s equiv. (40¢6+500} f ;
eveloping fpr 1 -2 mot




Development of Large Aperture Telescope A

for Scientific Observation

realization of 10m? aperture telescope

- Mass-production emulsion gel and film and development process
(converter film 1000m? and shifter film 100m?2)

- Improvement of Hyper Track Selector

1 Area of emulsion layer
#:2 Area of the films with 24 hour shift

Evolution of the Scanning Speed
"’2500m2/yea?62

y vt Speed in cm?/ hour*? P —
, ~500m?/year ALY

10000
1000
100

_

72

0.1

0.01

0.001
TS(TTL)  NTS(CPLD) UTS(FPGA) S-UTS(FPGA)  HTS-1 HTS-2
1983 1994 1998 2006 (GPGPU)  (GPGPU)

2015- Developing




Development of Large Aperture Telescope A
for Scientific Observation

realization of 10m? aperture telescope

- Mass-production emulsion gel and film and development process
(converter film 1000m? and shifter film 100m?2)

- Improvement of Hyper Track Selector
- New Pressure Vessel and Gondola

Large, Light, Thin
(<0.3 atm)

Next model |
(2.5m2 mounting) |

—+Gondola weight per aperture are
“80kg/m? (75% lighter than
Ring beams (position, number, shay
Ring edge (edge cutting)
Suspension point (shape), strip plate (mBts)
Bolt (diameter, number of bolts)

Shell membrane (configuration) k& e " -
=Airtight membrane (shape, original atior ) - L



Development of Large Aperture Telescope 20

for Scientific Observation

realization of 10m? aperture telescope

- Mass-production emulsion gel and film and development process
(converter film 1000m? and shifter film 100m?)

- Improvement of Hyper Track Selector

- New Pressure Vessel and Gondora gg et film pack
O,

- New Multi Stage Shifter
scroll multi-stage shifter

GRAINE2018 telescope ;fv |

o
b e Ll

-\ , I B

'

Size [m?] 1.5x0.7 1.8x1.4

Aperture [m?] 0.38 1.25 ;
# of stages (w/o fixed stg.) 3 ﬁp 4 0
Gap [mm] (P2 #sesra 1(0.5) X2, 05 1 /3 Welg ht per

Weight [ke] 65 2B - aperture area

Weightw 1.25m2-ap [kg] 214 27 go
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Scalable telescope assembling identical units

2 units

— 1 flight : |
in GRAINE2023 telescope unit

4 units

J—

8 units

x 2 flights
in GRAINE20267



GRAINE2023 is now on going = .-

oR D !

fgpan 2022 Dec: export Gondola and parts ~ June: L;rge Scale Scanning
South Korea ) JAPAN by Sea Container @ Nagoya Univ.
2023 Jan: export Emulsion films L . | T

Eest by Air Cargo ‘t

May: Large Scale
Development Process
@ Gifu Univ.

m  Philippines

ndonesia
Banda See | Phpua New
: - uinea
Lona Reach E Mid Feb: Installation & Construction
A g : Alice ! Compatibility Test April:
. %r ik Springs  Mid Mar: Rehearsal
Allcg A R ! Waiting for Good Wind Recovery @ Alice Springs
Springs /7" 2 Early Apr: Launch or
7 ( Recovery @ Long Reach
: i 22
| 1000 mi l o New :
| 2000 km | Zealand Map data @2013 Google, Tele Atlas, INEGI, MapLink



Hangars in
Balloon Launching Station
at Alice Springs, Australia

BLSZ 5 v 7 ORISRk LTHBLENS
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F|Im Installatlon (Shlfter & Converter)

Thermal Insulation

Crush Pad (paper honeycomb) ¢
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Hanging & Radio Test
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Field of view transition in 24 hours

. _ Vela set 11:51 LST >100MeV Flux (2FGL)
GCrse14:25 LS~ 1 Vela 1.0 PSR
2 Geminga 0. 389 PSR
3 Crab 0.254 PSR

4 3C454.3  0.219 BZQ
5 J1709-4429 0.144 PSR
1 PKS1510-08 0.091 BZQ
9 W44 0.073 SNR
10 GC 0.066 spp

" Vela rise 5:1 LST Elevation Angle

. . o , o , ——3C454.3 — Crab —— GEeminga —a—\/ela
@Alice Springs: 133° 50" E 23°40'S |
—— PKS1510-08 PSR —a-— Galactic center — W44
90 CCi Galactic center
_:, s Vela PKS1510-08
K=l
z 60
o - 3C4543 Geminga
5 % Crab
30
15
0 . -— - - -— —

21:00 0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00

Local sidereal time

local time (NT) Vela Galactic Center

date rise mid set rise mid set
4/1 |8:54| 11:54 14:54 17:54 20:54 23:54 2:54 5:54 8:54

24hours




Takahashi, Aoki

GRAINE Scientific observation roadmap

et al., ASR 62
o Full scale (2018) 2945
2923:' (l:ommISSIOPITIJE(\ Alice Springs, North. hemisphere
Ahcefprlngs L 3p, 59;;0\ 10 m? aperture 28
2.5m* aperture "'OL/@O, ’?/ >~30 hour flight duration » repeated

>15 hour flight duration Ri\

. <~10 g/cm? altitude
<5g/cm? altitude .
Largest aperture in y-ray telescopes| Vela pulsar Pioneering polarization

. : observation for high
Vela pulsar in GeV range Polarization observation (<50%) energy y-rays

for highegt 128108, e

Diffuse & Point sources SNR W44 (<200MeV, >200MeV)
around Galactic Center | Precise spectrum measurement

Studying cosmic ray

_ i , sources

. High resolution imaging
Transient sources (~2 flares)
Other sources Galactic Center Resolving GeV
*Galactic diffuse (on the plane) . . . es0lVIng o€ ,:—ray

, Obs. with ~arcmin resolution excess at galactic center

Geminga
*PSRJ1709-4429 Test of fundamental symmejries beyond the Planck scale
=3C454.3 Transient sources Studving transient
*Crab Obs. w/ high sensitivity Ying

sources & w/ ones

*Moon, PKS 1510-08, W44, Sunetc.| & high photon stats

Search for y-ray correlation with/Giant Radio Pulses from pulsars
Search for GeV y-ray Pair Halo = Constraints on IGMF



Polarization Measurement
(Beam Test @ LEPS of Spring-8)

Cross-sectional view of Emulsion Film

300um
0.002Xo

emulsion i j,f’

Microscope image
Y

X

Tmicron

I\

I \

I \

TAC I \
base I 1
| \
I \
I \

emmgoni ‘

I |
! |

e e’
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Microscope image .-

Polarization Measurement v N

Cross-sectional view of Emulsion Film h_l' \ >
A ) . oy
emulsion :
A 4/ Tmicron
I\
300 1\ K. Ozaki et al. NIM A833 (2016) 165-168
m . 12 I nd 532/
H I\ Azimuthal Angle o oS
0.002Xo ||TAC 1o 20 anassas ] o4
base I \ 200 =
o H}Kg
! \ e - SPring-8 =|
] \ B 10— Linearly Polarized Beam -3
. ﬁ—é gg 1205— ) (selected 1372 event) e
v | emulsion " wE N(@)=p0-(1+pl-cos@(@—-p2)) -
I \ 80 - =
' \ oo E- Consistent with expected 3
e e R R R
Azimuthal angle [degres]




Summary & Prospects

- GRAINE project

- Precise observation by balloon-borne emulsion gamma-ray telescope
- High angular resolution, Polarization sensitive, Large effective area

- 2018 Balloon experiment in Australia
- Confirmed overall performance by imaging Vela pulsar
- 6.3 times better PSF radius, 39 times better solid angle than Fermi-LAT

- 2023 Balloon experiment in Australia
- Start scientific observation by 2.5m? (6.5 times of GRAINE2018)
- higher statistics of Vela pulsar and detection of Galactic Center

 Full scale scientific flight with 10m? aperture telescope
- Looking for longer duration flight @middle latitude
- SNR, Galactic center/plane, un-ID sources, Polarimetry, Burst events

31
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Crab
(M1:SN1054)

0.1°¢4[>

. Ml visible
(diameter 0.5°)

N

same scale
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Detection principle

e-I-
photon total cross sections as a function of energy Y - ray
(from PDG2022) ................
; %3 I [ I I I I I I I :
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Angular Resolution

68% containment radius

7
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Zenith : 0-47deg
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Y. Nakamura et al.

A0y [deg.]

Alignment films
;

::. honeycomb board
, Cosmic rays
r: {p, He, )
T2y Converter
Hadronic
3 3cm interaction
0.51 X0

o=

Time stamper
LS !

Fig. 1. Cross-sectional view of the emulsion chamber used in GRAINE2018.
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Fig. 6. Distribution of the angle difference between the expected and reconstructed gamma-ray direc-

tions.



Energy Resolution

Momentum Measurement by MCS

Angular Method

(80) gy =

by

Test with Electron Beam

3.6MeV "
13.6Mel Vx/ Xo[1+0.0381In(x/ Xo)] %91=0rb

Entries 2206

300

- Preliminary

250 —

2001

150 —

100 1/p Peak Value: 0.031

50—

Op 5ot 003 003 004 005 006 007 008
1/p L |

p[MeV] 50 40 30 25 20

Reconstructed momentum

32.1+76 _ . [MeV/c]
(preliminary)

26% error for 32 MeV/c electron

PTEP 2021, 123H02

36

Y. Nakamura et al.

Alignment films

1

honeycomb board

Cosmic rays
{p, Ha, -}

4"

Converter

Hadronic
interaction

Time stamper
b !

Fig. 1. Cross-sectional view of the emulsion chamber used in GRAINE2018.

[ Data
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2/ ndf = 2635/ 27
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Mean 1331 =82

Sigma 36.01 = 6.60
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Fig. 8. (a) Invariant mass distribution of matched two gamma rays. (b) Distribution of the data subtract-
ing the chance coincidence background and the Gaussian fitted curve.

27% error for n° mass peak
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GRAINE 2018, FI|ght data analysis, Tlmestamper Tlmestamplng
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GRAINE 2018, Flight d

Horizontal coordinates
Azimuth [deg]

ata analysis,

Complementary attitude monitoring

] E I d TR —lﬁ“]"'lw

Attitude monitor |

For Vela pulsar observation
§ Attitude determination: 98.9%
| Accuracy: 0.022deg in azimuth
) 20:00 21:00 22:00

Local time (UTC+9.5)
G2 SC1

5:00 17:00

60;//

SC3

.30

Attitude-determinabl

/ " All sky coverage

_ . s B S ( ~GRAINE 2018: >51% (>2.07[sr])
for high resolution y-ray imaging 24h flight duration: >65% (>2.67[sr]) incl. GC
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Fermi-LAT PSF (E > 100MeV)
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Vela pulsar imaging
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Spectral energy distribution
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Stably operated emulsion telescope during the flight



Other observation @GRAINE2018

All-sky map by Fermi Gamma-ray Space Tele:
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-200

Galactic diffuse

| [Observed] — [BG model*]
| *Based on atm. y-ray East-West effect dat

— >80MeV, ~300 < | [deg] < ~200

Removed Vela pulsar region
— chmv :e"_.‘_<45deg 'y Image credit NASA/DOE/Fermi LAT Collaboration
= v BG understanding w/i 1%
- v" 2.7c indication at on-plane region
— (|b|<5deg)
L v" Consistent w/ previous observations|
- .
- L ]

L ]

- -
= .
[ < & ~3 times intense around gdlactic center|region
- » Detectable w/ this aperture
I # By increasing exposure, finer analysis can be performed
— » e.g. Spatial structure study w/ highest imaging resolution
Flipd g e g g9 b pgp el g g ag.d 34 ¢l 4 p g9 ] 53
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Galactic Latitude [deg]
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Atmospheric y-ray measurements

Flux

East-West effect (y-rays, <45deg, >100MeV)
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BG and detector response understanding

v" Atm. y-ray physics (Primary, Solar activity, Geomagnetism, Atmosphere, Interaction, Secondary)

# of events

7 Flux and East-West effect in Sub-GeV

» Comparison w/ atm. v flux calculation
Contribution to Neutrina physics
» Advantage by balloon-borne experiments

Search for hadron showers over the detector area

Track multiplicities
— coincident w/

timing and directions
(2s, (50mrad)?,

\

1

F‘ removed local events)
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+ Data

0 2 4 & 8§ W
Multiplicity

Excess detection
beyond the expectation by chance

One of high multiplicity events (|At]<2.5s, | A8,

<25mrad)
ctor

Detector area 78cm

v Novel calibration source over the ééctor area
v" Atmospheric y-ray discriminable
w/ charged particle coincidence
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Galactic Center GeV Excess
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G.C. GeV Ex.
(DM—y, NFW,

v =1.26, 1-3GeV,
1° radius)

Known Sources
(1-3GeV)

3FGL_J1745.3-2903c

3FGL_J1746.3-2851c
3FGL_J1747.4-2958
3FGL_J1747.0-2828
3FGL_J1747.7-2904
3FGL_J1749.2-2911

3FGL_J1748.3-2815¢

: GCGE (DM—y, NFW,
Diffuse y v=1.26, 1-3GeV,
(1-3GeV, 0.1° radius)

v05_rev1)

3FGL_J1745.3-2903c

3FGL_J1745.6-2859¢c

Atmospheric y

“Fermi-LAT”

“GRAINE”
bl<1°, [Il<1° Ib|<0.1°, [I|<0.1°
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Missions @ sub-GeV/GeV band

Converter
& Tracker

Energy
Range

Angular Reso.

@100MeV

Angular Reso.

@1GeV
Polarization

Apparture
Size

Launch
Flight by

Fermi-LAT

W (0.03/0.18x0)

& SSD

20 MeV —
300 GeV

6.0°

0.9°

under study
1.96m?2 (eff.

0.25m2@100MeV)

2008
NASA

GRAINE
Emulsion

10 MeV —
100 GeV

1.0°

0.1°

Yes

10mM?2 (efr.
2 1m2 @100MeV)

2023
JAXA balloon

ASTROGAM

Double-sided
SSD

10 MeV —
3 GeV (pair)

1.5°

(requirement)

0.2°

(requirement)

?

0.9m?2

Not Yet Approved
(2037 ~)

ESA?

Double-sided

SSD

10 MeV —
) GeV(pair)

20
10
?

0.9m?

Not Yet Approved
(2028~)

NASA?

Gas TPC

MeV —
GeV

0.4°

out of study

Yes

? (eff. 0.03m?
w/ 10kg Ar)

No plan

No plan
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1.5x07 | 280%x1.5

Size [m?]

Aperture area [m?] 0.38 1.25
# of stages (w/oIF) 3 —
Gap b/w stages[mm)](&na! 1 [O.S)X_:I-E.O.S
Weight [kg] 65 80
Weight w/ 1.25m2-ap [ke] 214 X1/2. 7 g0
CD—dEUEIDpEC! Consumption [W] 25 20
w/ Migkakohki CNw/1.25m2-ap [W] g2 X1/4. 70

-

1/3 of conventional weight per aperture area

Development history

Aug. 2014, Started

Mar. 2015, Prototype(1-stage)
Feb. 2017, Pipe-roller

Feb. 2019, Prototype(5-stages)®™ s
Mar. 2020, 1% Flight Model [ 02
Feb. 2021, 2" & 3" FMs
Jul. 2021, 4t FM

Developments of the emulsion film pack
CFRP backing, L-sized vacuum packing, Envelope, B0 » 0 e g
Friction(PTFE), Elongation(FIXELON®+5SUS foil) VNN e o @l aperture area of 5m?
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Attitude monitor (Day Time Star Camera)

Optical filter

= OO pixels: 1936 x 1464, 2x2 binning

-

- CMOS Camera
TRIO28-MC (near-IR camera)
2/3 inch (11Tmm¢)

- ~ | s cut-on below610nm Vo 12
- Optical Filter £ ; R
Schneider Optics B+W091 BRI et e
9 (690nm) ) cg 1 5E-5 i- f
4 NS 10E-5 | . .l | Q‘DE_Q{%\
- Camera Lens E . | | i, 2
Nikon AF Nikkor 85mm F1.4D 2 508-6 = e &
diameter:/77mm 3 000 . AR s
% focal length:85mm y 200 400 600 800 1000
' N Wavelength(nm)

@ Daytime sky BG(Dietz et al,, 2002)
M : Star spectrum(M-type:3200K)

HAS—HWASRERB(BERT

= ([ N o RAmL
+ CPU board T, Rxd- .
ADVANTECH PCM-3365EW N :
g~a | - CPU:Intel Atom E3845 e
.. - J
N N Y
. $SD (17B) 3.

. Transcend SSD370S (MLC NAND) )

04 0.6 0.8 1 1

0.2 14 1.6
B« BIE#EB-V) >FL

1.8
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Galactic center region, detection sensitivity

10m? aperture

14 y
5g/cm? atmospheric depth
17 >1GeV - @
b Signal: 3FGL J1745.3-2903c & 3FGL 11745.6-2859¢ (0.1deg distance) W L
= 3FGL J1745.3-2903c¢, 3.87x10%cm2s1
3] 3FGL J1745.6-2859¢, 2.18x10-8cm2sL N B
g 10 BG: Atmospheric gamma-rays
T bCALET-2 (Taiki, 35km, 2009) o
O .
e
= 2
o]4]
‘»
c 6
O
= 56
O
+ o
O
2 : e
=== Enlarging unit size (soxs0cm2(3.2cm thick))
o - (10x12.5cm? (3.5cm thick),
O B Baseline precise measurements)
1 2 3 4 5 6
Alice Springs # of crosses of a source in a field of view of the telescope
Apr 15th 4'53{AC5T) culmination with diurnal rotation (roughly corresponding to flight days)
A , &

N =132, Ng.=78 @ 6 crosses

signal™



Simulation of GeV y-ray excess at galactic center regio
w/ high angular resolution

10m?, 420hours, >1GeV

Dark matter scenario + Millisecond pulsar scenario

dN,/dVocr8 1 Luminosity function: Hooper et al. (2016)
Energy spectrum: Daylan et al. (2016) I dn_ /dvecr?®
0.1deg@68% T 0.1deg@68%

N




Apr. 15th, 19:39(ACST) culmination

L ] [ ] L ] L ] L ] 52
Vela pulsar, polarization sensitivity
— 1 o 20 [F 5
. a E o+
g "o, vpp = e * Fi
-— \\ . g .
c 03 A NN MEF &g AL o
9 “ “ - Ce "
= \ \\ ¢ -
18] “ - .
N 08 RO
= . “ - “ - *e
© SON Tt
_0 - S - o "'._‘h - Ce, I
Q. 07 ~ TN e
L 10m?2 aperture e e P - B~ *ee.
—_— ) -y,
0 5g/cm? atmospheric depth S~ - ! | e~
E 0.6 Signal: Vela pulsar {3FGL) - - ® - - - o
O ’ BG: Atmospheric gamma-rays - - - -
E Kinzer et al. (1974), 4.5GV, 11.5 GV T -
g Staib et al. (1973), 4.5GV, 12 GV
. . . (=100MeV, 10x12.5cm? (3.5cm thick),

0.5 * Baseline 45deg zenith, precise measurements)
= == &) == Optimizing pol. sens. eval
g == & == Enlarging FoV (60deg zenith)
= 0.4 o= @ == Optimizing energy band (>200mev)
-g == 4 == Enlarging unit size (soxs0cm2(3.2cm thick))

Total
0.3
0 1 2 3 4 5 b
Alice Springs # of crosses of a source in a field of view of the telescope

with diurnal rotation (roughly corresponding to flight days)
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Optimizing kinematical cut>MF
Precise measuring—>
Scattering suppressed—>MF

7days
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fllllglbltl II}EIIII 4.56.“'."“

L1 | | | [ 111 II i i

10° 5x10°6 10 Flux (>100MeV) F. [cm?s]
12FGL, ?Monitored Source List Light Curves

Aperture area : 10m? N Recoil momentum correlation>MF T
Modulation factor : R=0.1 ‘», \ 5 ;
~ BG : Staib et al. (1973), 4.5GV, 126V 1T >, YR N
. . . . . . I
[

Minimum Detectable Polarization (30)

o
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W44 w44 ~
'Iﬂ'm =
= | ® GRAINE(Sirulation)
| B [sd
' L S (10m2, 7crossX10, 5g/cm?,
£
= i < Incl. atm y-rays)
= ]
e 107 < Tf
w E ~
S E ~Sys. errors <200MeV
.:E = Best-fit broken power law PrECiSE SDECtral measuring
Farmi-LAT . .
ol | AGILE (19 with suppressed systematic error
EEE — nl-decay
N T == Bremsstrahlung
[ Bremsstrahlung with Break
| L ]J]ll]] L |IJJ|]| L | ||.|.|||.| 1 1 |.|.].|.||.|. -' il i ]ll.ll.l[ 1

10° 10° 10" 10" 10'2
Energy (eV)
w44
Abdo et al., Science, 2010 :
Color : 2-10GeV gamma-ray (Fermi LA
Contour : IR(Spitzer)

GRAINE{SlmuIatlon] | N
_lﬂm?- 100hours (41. ?mzdaﬂ,ngcm

*>1GeV, Incl. atm y-rays
A

25deg™ 2]

-

‘.::._
E

>200MeV
Investigating spatial structu

Craaring IB(Snitrar) dictribinFion with 0 N=2daol1 Arrad)



W44 detection sensitivity " N

—@&— Total
g  ==@ == Optimizing energy band (>200mev)
= =@ == Reviewing BG
8 = ={ = = Enlarging unit size (50x50cm2(3.2¢cm thick))

Enlarging FoV (sodeg zenith)
(=100MeV, 10x12.5cm? (3.5cm thick],
4@ Baseline 45deg zenith, precise measurements)

6 10m? aperture
5g/cm? atmospheric depth

10

Detection significance, n
L

|
3-- B e
- - - - a om =T - _——
’ > vy EELLED
- - . - . ..........
- _.__..-' g Signal: W44
2 o 3FGL 5.48x107cm2s{=100MeV)
BG: Atmospheric gamma-rays
1 Thompson, (1974), 4.5GV (5-10g/cm?]
Kinzer et al. (1974), 4.5GV, 11.5 GV
0 Staib etal. (1973), 4.5GV, 12 GV
0 1 2 3 4 5
Alice Springs # of crosses of a source in a field of view of the telescope

Apr. 15th 6:04(AC5T) culmination with diurnal rotation (roughly corresponding to flight d:
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— . Gf:?\\\ . : | 7 solar flares}"ﬁ,.rear}
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= i Q| o w/ h|gh photon stats
- : e\ O abams
- GRAINE sensitivity | (2.0 DY 2FAV
10-5 | (10m?, S_g,ﬂ't:r'n2 50, :bSJ_Jthuns , ‘_Er____;_ﬁ_f‘____ __|___ /4 year
= BG: Kinzer et al. (1974), Stajb et al. (1973),14.50 RS A 4547 flares
[~ = >100MeV, Odeg im== 45deg: : i (518 sources)
B >200MeV, Odeg | a5deg§
10 L= Fermi-LAT! ubserved - i _ N T e, 80
—O GRB {ApJS 209 11 {2013) ZDDS f-‘h.ug 2011 Aug, IDDMEU msev Tgu m}
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