G RAI N ErOjeCt gray observations by balloeborne emuls

angular resolution, polarization sen

Satoru TakahasliKobe Uni

University, Okayama University of S

for GRAINE collaboratio
Aichi University of education, ISAS/
3

a0
B SNR W44

Simulation

'F;Inulsiorgray telescope

1/100mm .



Fermi's Five-year View of the Gamma-ray Sky (>1GeV)
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phol
SNR'ﬁr < Ogy

Abdo et al., Science, 2010

Un-ID

What has Fermi found: The LAT two-year catalog
' Contour : IR(Spitzer)

Color : 2-10GeV gamma-ray (Fermi LAT)
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High angular resolution for gamnray
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GRAINE

GammaRayAstro-lni@ger withNuclearBmulsion

Converter
Emulsion + Copper foll

Timestamper
Multt stage shifter

Calorimeter
Emulsion + metal plate

Attitude monitor

\ |
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Star camera
Fermi LAT X1|/6 GRAINE

Angular resolution @100MeV| 6.0deg (105mrau—» 1.0deg (17mrad)

@1GeV 0.90deg (16mra1-)£/9 0.1deg (1.7mrad)

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

Polarization sensitivity Yes
Effective area @ 100MeV 0.25m —Xg 2.1n%*
@ 1GeV 0.88nf X3 2.8m»
Dead time (readout time)T Dead time free
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Polarization sensitivity
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GRAINE 2011 Flig
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+Low energy threshold (<50MeV)
Large iIncidentangle (>45deg)-
ngh reliability (>97%) ;.

12.5cm
ackground measurement

This work, 8GV

© Fichtel ot al, (1968), 4.5GV
Valdoz ot ok (1970), 45GV

’ Dshibacka o al. (1973), 4.8GV
Stalb ot al, (1573), 4.5GV

> Schonfelder et al, (1580), 4.5GV
a Stalb ot al, (1973), 12GV
- Kinzer et al. (1974), 11.5GV
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Nt data analysis

: gAnguIar resolution — -
Kldeg@lOOl\/le

Time resolution
*"RMS: 0.21[sec]
* Reliability: 99%
s EY:45-245[MeV]

By : 0-47[deg]
2

ey GRAINE First Light

Exposure
- 000
83 111 139 167 [cm? hour]

B Feasibility demonstration
S. Takahashi et al., PTEP 043HO1 (2018okijoet al., NIM A 701, 127 (2013)
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GRAINE-2015 Detector
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Flathess alignment films
/ Al honeycomb + 3 films

Converter

 base 180um
emulsion 70 mM(double sides)

100 films(Thickness:32mm)
0.53 XO , €conv. = 34%

Time stamper

“Multi-stage shifter” (3 stages)
0t =0.5s (Vela obs. mode: 0.015s)

Calorimeter

17 films+16 SUS plates(1 mm thick)
_sandwich structure, thickness19.3mm, 0.90 Xo




GRAINE 2015, Flight data analysis
Emulsion track readut

After film development, surface treatment, thickness tuning, scanning parameter tut

Emulsion reaeut system
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GRAINE 2015, Flight data analysis, Converter
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GRAINE 2015, Flight data analysis, Converter
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GRAINE 2015, Flight data analysis, Converter

Achieved improvements

-Emulsiorfilm S/N ratioX~2Q data size-1/20
-Trackfinding inefficiency in a single filri/10
-Reductionloadfor gray event detection ~1/200

ray event detection
S e All Tracks
S 10° =
> =
™ L
T 105 =
;" L
I 10° et asenen 0y, st et st mestessest e ensnenenens, STAMING from middle
= F =
:CJ 103;_ Mwme_pair candidate
8 = (with partner track)
0 107 =
S -  Completed for 75% (2830¢&/8780cn?(aperture basis))
I“_E 10 = (~30nt/40m?(film area basiy
1:_...|...|...|...|...|
0 20 10 60 80 100
Down Stream Plate Up Stream Plate Iane 1<1.0
gray event detection can be performed for a large area



GRAINE 2015, Flight data analysis, Converter
reconstruction with MCS
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GRAINE 2015, Fllght data analy'Elmestamper
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GRAINE 2015, Flight damalysisConverter+Timestamper
Measurement of atmg-ray flux
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GRAINE 2015, Flight dataalysisConverter+Timestamper
gray Imaging performance

w/ hadron induced yra events
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. i Q
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7
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E o - S
>3 C
_0.05 Sproj = 0.5deg (8mrad)
Angular resolution 0.7deg
| electron /
/| pair /
—0.1
Z
7

yd

Callbratlonsorce

(direction, timing, energy, polarization, efficiency)

—0.1 —0.05 0 0.05 0.1
Atan8,

Highgray imaging performance was being obtained.



GRAINE 2015, Flight dataalysisConverter+Timestamper+Attitude
Eastwesteffect (Preliminary)
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GRAINBGcientific observatioroadmap

2018

Alice Springs

<~10g/cn altitude
Commissioning flight

-Scientific model establishment
(size, weight)

-Flight duration

-Performance demonstration

-Scientific obs. starting

2021-

AliceSprings
>~1n? aperture, >~36hours flight duration 10n¥ aperture, >~36hours flight duration

<~10g/cni altitude

Scientific f

light

Vela pulsar
Polarization observation

(<50%

Pioneering polarization
observation for high

energygrays

e

SNRWN44(<200MeV, >200Me

Precisespectrummeasure
Highresolutionimaging

3

ment

Studying cosmic ray
sources

Galactic Center
Obs.with ~arcminresoluti

a8

on

Resolving Ge¥fray
excess at galactic cente
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: . L . Model prediction
Pioneering polarization observation— 7+~
_ Polarization characteristic

for hlgh energ)g-r_ayg _ [ of the clirvature radiation
Approaching emission mechanisgr:| inthe outer gap |

Pulsars, AGNs, Flares, GRBs E o4

| Spectrum: P1 0.2
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=10 E 0 I
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Vela pulsar, polarization sensitivity

'+I- MDP = 38.\/ |:seeff + |:BGVV
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Minimum Detectabld”olarization(3s)

0.7 *es
10me aperture . e, l
5g/cn¥ atmospheric depth
0.6 Signal: Vela pulsar (3FGL)
- BG: Atmospherigammarays
Kinzeret al. (1974), 4.5GV, 11.5 GV
Staibet al. (1973), 4.5GV, 12V
. (>100MeV10x12.5cm (3.5cmthick),
0.5 e Bas_e“_n_é45deg zenith, precise measurements)
Optimizing polsens.eval
) Enlargind=oV(6odeg zenith)
0.4 Optimizing energy bang2oomev)
Enlarging unit siz@ox50cn(3.2cm thick))
Total
0.3
0 1 2 3 4 5 6
Alice Springs # of Crosses of a source ira field of view of thetelescope

Apr. 15th,19:39(ACS'IE:)uImination with diurnalrotation (roughly corresponding tllight day9



Minimum Detectabldolarization(3s)
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Optimizing kinematical citMHAH
- MDP = 1N Precise measurindp
w//%ﬁc off "-- , Scattering suppressétiMHAH

Aperture area : 10ﬁ1 Recoilmomentumcorrelation tMHH

Modulationfactor : R=0.1 — ; '
B BG ;Staibet al. (1973), 4.SGV, 12GV T

7days

x10

fight X194 s6v

—_— 12GV

-+ = = . =12GVGrain by Grain

10°® 5x106

10° Flux (>100MeV)ffcm2sy]
12FGL?Monitored Source List Light Curves



p® emission Direct evidence of . FEZaY

proton acceleration

SNRs
200MeV
T |Laueiee w44
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2 10" T
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w F Sys. error ' i
Z “
5 L
o L -t+-- Best-fit broken power law
L ®| Fermi-LAT
10-12 — * AGILE (19)
= ——— n°-decay
= =t=: Bremsstrahlung
C —— |- Bremsstrahlung with Break
IIIII il IIIIIIII 1 IIIIIIII III

Energy

M. Ackermann et a,ISC|ence 339, 807 (2013)
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Spatial structure: &
Emission mechanis

20

>200MeV, investigating spatial structure Abdoet al., Scieqce, 2010

Cdlor : 210GeVgammaray (FEfNWAY)

Contour: IR(Spitzer)

decomnVeliV/=Ye )



Precise spectral measuring
with suppressed systematerrors

W44 | | w4y
10710 7 ! .
~F __ | GRAINE(Simulation)
@2 : ' § (10n®, 7crassX10, 5g/cm
2 I Z Incl.atm g-rays)
E = 2 Tf
2 —Sys. errors <200MeV
c:,o = ---+-- Best-fit broken power law
L ® Fermi-LAT
1012 % AGILE (19)
= — n’-decay
. ==»=x Bremsstrahlung
B I_ : Bremsstlrahlung with Bre?k 14 |

16° 10° 1919 1™ 1012
Energy (eV)
W44
Abdoet al., Science, 2010
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18:56:00.0

SmearindR(Spitzer) distributiowith 0.08deg(1.4mrad)
Consideringatmospheric gammuaay(>1GeV) as BG

deconvolve

>200MeV
Investigating spatial structur



W44 detection sensitivity k.

10 Total
g Optimizing energy band2oomev)
- =@ == Reviewing BG
Cg) 8 Enlarging unit siz@oxs0cn(3.2cm thick))
3 . Enlarging=oV(sodeg zenith)
(- . (>100MeV10x12.5cm (3.5cmthick),
8 Basellr]é45deg zenith, precise measurements)
&= 6 10n¥aperture
5, 5g/cm? atmospheric depth 5s -
n can==§
- A . i ==
.9 5 T - -§-1-"‘" f
— - -
O -l ="
8 il -~ Signal: W44
2 =T 3FGI5.48x107cm?si(>100MeV)
- BG Atmospheric gammaays
1 - Thompson, (1974), 4.5G\-{8g/cn?)
2% Kinzer et al. (1974), 4.5GV, 11.5 GV
0 « Staibet al. (1973), 4.5GV, 12 GV
_ 0 1 P 3 4 5 6
Alice Springs # of Crosses of a source ira field of view of thetelescope

Apr. 15th, 6:04(AC$EuImination with diurnalrotation (roughly corresponding tllight days)



GeVgray excess at galactic center regic

Galactic Center | Residual
1.0-3.16GeV
Total flux

T.Daylan et al., arXiv:1402.6703v1

GeVgray observations at galactic center region
with ~arcminresolution




Simulation of GeWYray excess at galactic center rec
w/ high angular resolution

10n%, 420hours >1GeV

Dark matter scenario
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= Millisecond pulsar scenario
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Galactic center region, detection sensitiv
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Test of fundamental symmetries
beyond the Planck scale
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Yonetoku et al., ApJ, 2011

By polarization observatiofor high energyg

rays(e.g. > 100 MeV) fromistant AGNs and
GRBdy emulsiongray telescopemuchstrict
(five order of magnitude bettenalidation of

CPT symmetrganbe performed.

K. Tomeet al.,PRL 109, 241104 (2012)




Improvements and preparations
for scientific balloo#iborne experiments



Emulsion film production

Automatic emulsion gel pouring
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Quite uniform and mas$roducibleemulsion film production
can beperformed.



