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Cosmic Gamma rays (sub-GeV/GeV)

This band has been advanced
by Fermi-LAT (2008-)
and AGILE (2007-2024)
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Cosmic Gamma rays (sub- GeV/GeV)

This band has been advanced 5000
by Fermi-LAT (2008-) > sources

and AGILE (2007-2024) | | (FLBY) Hipe

Cosmic Ra
p (CR) + H (ISM)

= of [N e A
n'O —>

Galactic plane

SN .

Galactic center

Cosmic gamma-ray data has”
produced scientific results -
across a variety of fields. ~ Fundamental/Particle Phys.




Unresolved issues in gamma-ray observation
* Unknown gamma-ray emiion in the Galactic c_entr region
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Unresolved issues in gamma-ray observation
- _Angular profile of the Galactic Center GeV Excess

Francesca Calore, llias Cholis, et al.,Phys. Rev. D 91, 063003
DM Density increases near the center
— Gamma-ray emissions sharply increase

The most central region is interesting to confirm this trend with more reliable
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Imaging Performance
of Fermi-LAT
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Nuclear Emulsion

A photographic film that can record the trajectories
of charged patrticles in 3D with high resolution.
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NAGOYA Univ. is the only one institute developing

nuclear emulsion in the world.
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We self-produce nuclear emulsion
to meet our own research requirement.
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Nuclear Emulsion

) A photographic film that can record the trajectories
of charged patrticles in 3D with high resolution.

. . > . T v - o” -
% '. * * > @ . .0 . 2
‘ . . . . ..

%= + _ Microscopic view P &l ;. <>
Gammaray _ g ) 5 o : 10um
Y EEEEEmEm . ® ' { r o " @ _ . -

‘ : > C l o ". “ o :.‘-...‘.“.0 O:bo W. oo.o-. T
Pair Creation g * " . —_s . o L e
. . » v' 5 e 2 4 . e-. o‘ . .. g
Emulsion functions a converter and tracker at the same time. - .' Y - N

% < - " “ e -



Angular Resolution for Gamma Ray
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Comparison w/ Post- Ferml (AMEGO/APT)
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Measurement of gamma-ray polarization

in the pair production mode

—Detect a slight bias in the azimuthal angle distribution
of the accumulated events

E> gamma-ray
direction
A <

Azimuth angle
w=0° (D=900

Measuring the azimuthal direction is extremely challenging
due to multiple Coulomb scattering in detector 14



Demonstration of Polarimetry w/ Acc. Beam

Emulsion functions a converter and tracker at the same time.

layer

*  Emulsion Plastc ~ Emulsion Azimuthal angle dist. 2 ndf 153215
layer layer p0 170.5

*gzzo_lIIIIIIII.IIIIIIIII[I]IIp1 0.14
% : LEPS/SPrmg'S p2 110.1
5 200— - i
S H0E 11, =2.4GeY :
£ 1801~
=]
z L
160F
........................................ 140F
| 120 -
E N(0)= pOjl+ pl-cos2(o- p2-90°)] -
80— —
0° ot Y0 ot 160°
" 0 20 40 60 80 100 120 140 160 180
(l) Azimuthal angle [degree]

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

Micrographs(0.13um/pixel) Modulation Factor = 0.21:8:4%
(P1=0.14 at <P.D>=66%)




Balloon-borne

Emulsmn Gamma-ray Telescope
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GRAINE2018:
First Imaging
of Vela pulsar |8
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Initial Scientific Targets

Bright and southern hemisphere observable sources, and attractive science

Galactic Center Vela pulsar

Precise meas. of excess components The first significant pioneering obs.
w/ the world's highest angular res. (0.1°) of polarlzatlon in the 0.1-GeV band
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Towards Scientific Observation

Larger aperture area & repeated balloon flights

Unitized emulsion telescope (aperture: 1.25 m2)

to facilitate further large-area deployments.
by arranging the units in the gondola

Roller-driven timeamp mechanism

M.Oda et al., PTEP. 2022 113H03 — 25m2 ~730 kg

G RAI N E2023 7 6.6 times larger than the previous one

starts scientific observation with the newly developed models



Research & Development for GRAINE2023

Day time
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2 sets of 2.5m? telescope for GRAINE2023 D902022)

Due to price-up of Helium caused by Ukraine.issug,
JAXA couldn’t prepare enough gas.
Only 1 set was exported and 1 set was left at Nagoya.
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| Detector
" a , .. Assembling
7 in Alice

y | v Springs, AUS
(Feb.-, 2023)

Deploying a part of Emulsion converter ,
90 films in a pack, 1 m x 25 cm, 3 cm thick, 16kg
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Balloon successfully

E mu ISiO n released by JAXA team
Telescope




Google Earth

Data SIO, NOAA, U.S. Navy, NGA, GEBCO
Image Landsat / Copernicus

1600 km

Latitude, Iongltude altitude and time taken by JAXA




Celestial regions observed
by the Emulsion Telescope (FoV +45°)

e Vela pulsar
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successfully observed full coverage of the Vela pulsar and G.C.



Recovery
on May. 1st
3:30pm

took a helicopter
to search for the payload.

We collected everything
by truck the day after
this.

Three days later, the film
was shipped to Japan via
refrigerated transport.




Emulsion Data Acquisition by Scanning System
Converting Analog Tracks into Digital Data

— “*—L_ I T

= Hyper TrackSeIector 2 (2023 )

_F-ﬂr A —

.” 50 cm x 25 cm v,q "
y 1800 plates



Raw tracks

Event Selection
Analys i S reduction

~1/50000
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by

Fllght data Gamma-ray Direction
Track 1 : Track 2
Momentum: © % Momentum:

46 MeV/c (Recon.) . 129 MeV/c (Recon.)

Gamma-ray Energy:
176 MeV (Recon.)



Progress of GRAINE2023 data taking and analysis

Converter Film : 0.125m?2 x 1800 = 225m? } .
250m2 M \ol S
Shifter Film : 0.158m2x 160 = 25m? m= vVlassive volume , can
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Data processing for gamma-ray pointing has been completed.




Gamma-ray count map

GRAINE2023

Vela pulsar

15pm-21pm

overlayed circles
with a 45-deg. radius every 30min.
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Differential Flux [em™? s1 sr'l MeV™! (g/cm?)1]

BG Measurement Results
(atmospherlc gamma rays)
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Counts]/10.deg]

50 100 150 200 250 300 3<"

Incident azimuth angle[deg]

10_4 L B =
Atmospheric r flux -
I Dra;. ]
L? f{J’ Sl
107 % us 4 Ny, =
- 1 o3 GRAINEZO]S a/]/ -
10° % g:\:._l =
i @ Valdez et al.(1970)@Texas, 4.5 GV, 1967 } |
A Staib et al.(1973)@Mildura, 4.5 GV, 1967 { } %
10‘7 = 0 Dahlbacka et al.(1973)@Mildula, 4.5 GV, 1970 % CQ/ ’~.—:
- O Kinzer etal(1974)@Texas, 4.5 GV, 1969 i /7, C(//e =
: A Staib et al.(1973)@Panama, 12 GV, 1966 kk 44 bo
| | Kinzer et al.(1974) @Argentine, 12 GV, 1971
-8 L1 R l l l N
10 0.1 1
Energy [GeV]
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,,7 " b by the earth’s geomagnetic field |
Q'e/ (Atm. gamma rays is produced by )

primary proton or He)

We can measure these trends using flight data.
Subtracting as background in the astrophysical analysis



galactic latitude|deg]

GRAINE2023 Result(1): Vela Pulsar

Vela significance map (75MeV-) Vela energy flux
after BG subtraction & smoothing EW R T E
T E £
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270 268 266 264 262 260 258 256 102 10°
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(Before internal BG reduction analysis)

Detection of the Vela pulsar was
achieved with our new large telescope



GRAINE2023 Result?): Galactic Plane
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For the first time in the GRAINE experiment,
we succeeded in detecting
a significant cosmic gamma-ray signal in the GC region (3.20).



mainly sub-GeV

Integrated Flux (75MeV-10GeV) [/cm?/s]
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GRAINE2023 Result®): Galactic Center
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® We successfully measured the sub-GeV cosmic gamma-ray flux within
1° of the Galactic center with the highest angular resolution.
® This measurement is independent of Fermi-LAT and model-independent.



mainly sub-GeV

GRAINE2023 Resu

1t3): Galactic Center
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® A crucial first step toward measuring the flux of the
Galactic Center GeV Excess!!

® Multi-GeV event analysis is in progress.

® We also promote the next balloon observation (in 2028).



Gal. Center (0.1°)

Vela pulsar
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Future Upgrade Plan (under discussing): *

Idea of Emulsion-Electronics Hybrid Telescope
rﬁs’r/ "

Emuision (Japan) 1. Y s
gamma-ray detection % i
and rough timestamp 4,

Sci.Fi. Tracker (US) _ g g8 7

precise timestamp

cf. SuperTIGER
Scintillating Fiber Hodoscope
(Proc of ICRC2013, 0869)

Washington U| BLaelllrgc?n
St Louis (NASA)

We would promote a larger telescope (more than twice the size)
and longer observation flights. (e.g. 7 days from Kiruna, Sweden)
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Hybrid Telescope & &
Test Observation g2t
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Summary

e GRAINE (Gamma-Ray Astro-Imager with Nuclear Emulsion)
= Frontier of high-resolution imaging at GeV (e.g G.C.)
= Pioneer of gamma-ray polarimetry at sub-GeV (e.g vela)

= Will provide unique and impactful science that cannot be
achieved by current and future satellite missions.

e GRAINE2023:
= Started scientific observation w/ 2.5 m2 telescope.

= Measured gamma ray flux in the vicinity of the Galactic Center
with the highest angular resolution in sub-GeV band.

e Next Balloon Exp. in 2028 is pre-selected by JAXA

e Upgrade GRAINE: discussing hybrid telescope with JP-US
collaboration towards further observations and physics.
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