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Fermi's Five-year View of the Gamma-ray Sky
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Fermi's Five-year View of the Gamma-ray Sky

What has Fermi found: The LAT two-year catalog

Supernova

-

"’ remnants Globular clusters,

Pulsars 4%
6%

ass binaries,

\ |/ nnnnn | galaxies
and more
Non-blazar

active galaxies —,
1%

Unkﬂde“
31%

Un-Identified

Credit: NASA/Goddard Space Flight Center

' *
Crab .

|| INTEG

' A. J. Dean, et al., Science,

Image credit: NASA/DOE/Fermi LAT Collaboration

>3000 sources (3FGL)



Nuclear emulsion " * Microscopicview

10micron
- \
o .
.
- . . - +/
Gamma-ray oW, - . EF . 8
----------- ) ‘.J Pen . $.. '. TR » » e . A ®
L ] - - ... - R - maa
e
. v o
Cross sectional view of an emulsion film 2 : .
"\Gamma-ray Powerful tracking device
Y >High spatial resolution : ~1micron
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GRAINE

Gamma-Ray Astro-Imager with Nuclear Emulsion

Converter
Emulsion + Copper foil

Timestamper
Multi-stage shifter

Calorimeter
Emulsion + metal plate

Attitude monitor
Star camera

\ |
—
C— : | |
* 10m €trans €conv Edet

Fermi LAT | GRAINE

Angular resolution @100MeV 6.0deg (105mrad) x_1$6 1.0deg (17mrad)
@1GeV 0.90deg (16mrad) X122 0.1deg (1.7mrad)
Energy range 20MeV - 300GeV 10MeV - 100GeV
Polarization sensitivity No Yes
Effective area @ 100MeV 0.25m? _xg 2.1m?2 %
@ 1GeV 0.88m? X3 28m2x
Dead time 26.9 [ SeC(readout time)_r Dead time free




Gamma-Ray Astro-Imager with Nuclear Emulsion
W foil

100um : :
‘ (030X,) c.f. Fermi-LAT
Emulsion | 5 I 300um Si 400
Film | L | EUHM
T (.002X,) I (.004X,) .
Emulsion Film 228um 30mm
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before and after
of development
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Polarization
measurement

Cross-sectional view of Emulsion Film
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Polarization
measurement

Cross-sectional view of Emulsion Film
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Multi-stage shifter

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

( time stamper )

dx a

Shifter (1)

dx a Shifter (2)
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time
[/ shierm)  \} I g, shifter (3
Simple n
Compact ‘
JAYAVAYAVAYAY.
HV free t|me

Low power consumption

Dead time free
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GRAINE roadmap (rso has started in 2004)

Prototype Phase

2011(done), TARF, JAXA Scientific Ballooning

125cm? aperture area, 4.3hours (1.6hours@34.7km) flight
— Working test for each element
— Connection test between elements
— Measurement of atmospheric gamma-rays

Demonstration Phase
2015(analyzing), Alice Springs, JAXA International Scientific Ballooning
3850cm? aperture area, 14h22min (11h32min@36.0-37.4km) flight

— Overall test by detecting known gamma-ray source (Vela pulser)

Working Phase

2021~ (planning)
2 to 10m? aperture area, ~36 hours flight duration
— Starting scientific observation
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GRAINE 2011 Flight data analysis

rAnguIar resolutron
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GRAINE roadmap (rso has started in 2004)

Prototype Phase

2011(done), TARF, JAXA Scientific Ballooning

125cm? aperture area, 4.3hours (1.6hours@34.7km) flight
— Working test for each element
— Connection test between elements
— Measurement of atmospheric gamma-rays

Demonstration Phase
2015(analyzing), Alice Springs, JAXA International Scientific Ballooning
3850cm? aperture area, 14h22min (11h32min@36.0-37.4km) flight

— Overall test by detecting known gamma-ray source (Vela pulser)

Working Phase

2021~ (planning)
2 to 10m? aperture area, ~36 hours flight duration
— Starting scientific observation
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GRAINE-2015 Detector

P, o ,eetc Flatness alignment films
| Alhoneycomb +3 films

Converter

_ base 180um
emulsion 70 u M(double sides)

§ 100 films(Thickness:32mm)
g Con+rter r 0.53 Xo, €conv. = 34%
a
& e-ll e+ Time stamper
“Multi-stage shifter” (3 stages)
I ',,’,1' 0t =0.5s (Vela obs. mode: 0.015s)
3 Caforimeter __|Calorimeter
§ 17 films+16 SUS plates(1 mm thick)
Ea sandwich structure, thickness19.3mm, 0.90 Xo

<




Film Read-out by HTS@Nagoya U.

The First operation for real m:_-l- t | 4] E
experlmental data taking o Ola M / :
b ot} i R .--'- y p) 0 - ' = 3001 =
e = : 2005 gt -
-10— / =
= e E
Y 7 HTS E

B update
! 015:’109:'01 l l ?.D(:llt:::’[ll.-'{)l I ! 2016/101/01

current speed 5000 cm?2/h
(final designed value 9000 cm?2/h)
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y—e*e Selection
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Track Follow Down

y—e*e Selecti
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13x9cm?
Detected Events[/10MeV]

Energy Reconstruction
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Pe+Pp = ReconstructEnergy[MeV]
/4% of total events are analyzed
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GRAINE-2015 Detector

P, o ,eetc Flatness alignment films
| Alhoneycomb +3 films

Converter

_ base 180um
emulsion 70 u M(double sides)

§ 100 films(Thickness:32mm)
g Con+rter r 0.53 Xo, €conv. = 34%
a
& e-ll e+ Time stamper
“Multi-stage shifter” (3 stages)
I ',,’,1' 0t =0.5s (Vela obs. mode: 0.015s)
3 Caforimeter __|Calorimeter
§ 17 films+16 SUS plates(1 mm thick)
Ea sandwich structure, thickness19.3mm, 0.90 Xo
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GRAINE 2015, Fllght data analy5|s Tlmestamper

i 3(}:E Altitude & Track rate 35 kmZ
$ -
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8: 30 T 9, T ‘ 1@30 e
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: r f / ] 2 203 |
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> ¢ /;/ :_
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OF J scale — 5|
i 457 | |
a.— 10cm o 9 = | o E=n e P
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Phase-resolved analy5|s for pulsars is capable .z sage sosiion

e.g. 89msec period of Vela pulsar



Time stamp to Gamma-ray event

€4 Gamma-ray event rate
, : Stability check
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GRAINE 2015, Flight data analysis, Converter+Timestamper+Attitude
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Cosmic-ray o, mtiplicity:ad
- R by M.Morishita
Interaction Study

All charged par/cles are recorded
in emulsion chamber with dead /me free.

0(10°) events are detected, and under analysis.




Cosmic-ray multiplicity:44

3 / by M.Morishita
Interaction Study e
All charged par/cles are recorded '\"\_:!""; e e

in emulsion chamber with dead /me free.

0(10°) events are detected, and under analysis.

y-ray imaging performance

w/ hadron induced y-ray events
E >130MeV, tan@, ., <0.5 s

Preliminary

by H.Kawahara
GRAINE(MC) Fermi-LAT(data) :
1 Film ---&--- Back

~ 2 Films o--- Total
—o— 3 Films ---o---

A£00°0) / SIuaAa Aes-4 jo #

Oproj = 0.5deg (8mrad)
Angular resolution 0.7deg

e

e

0.1 0
AMan8,

Calibration sorce
(direction, timing, energy, polarization, efficiency)

High y-ray imaging performance was being obtained.



GRAINE 2015, Flight data analysis, Converter+Timestamper

"atm. y-ray flux
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’ht data analy5|s Converter+Timestamper j 4 525 2R3 8
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GRAINE roadmap (rso has started in 2004)

Prototype Phase

2011(done), TARF, JAXA Scientific Ballooning

125cm? aperture area, 4.3hours (1.6hours@34.7km) flight
— Working test for each element
— Connection test between elements
— Measurement of atmospheric gamma-rays

Demonstration Phase
2015(analyzing), Alice Springs, JAXA International Scientific Ballooning
3850cm? aperture area, 14h22min (11h32min@36.0-37.4km) flight

— Overall test by detecting known gamma-ray source (Vela pulser)

Working Phase

2021~ (planning)
2 to 10m? aperture area, ~36 hours flight duration
— Starting scientific observation




GRAINE Scientific observation roadmap
2018, Demonstration 2021-, Scientific flight

Alice Springs Alice Springs
~0.4m? aperture 10m? aperture
~24hours flight duration >~36hours flight duration
<~5g/cm? altitude <~10g/cm? altitude
Pioneerin larization
Vela pulsar s Epaistiain

observation for high

Polarization observation (<50%)
energy y-rays

SNR W44 (<200MeV, >200MeV) : ;
, Studying cosmic ray
, , Precise spectrum measurement
Vela pulsar detection, Imaging, High resolution imaging sources

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

Transient sources
Obs. w/ high sensitivity
& high photon stats

Studying transient
sources & w/ ones




Emulsion gamma-ray Telescope

Converter
Emulsion stack ., Balloon-borne
y

Timestamper : - Large Area
Multi-stage shifter 5 2 TEIeSCOpe ﬁ

Calorimeter
Emulsion +
metal plate

Attitude monitor
Star camera

Flow of experiment
Detector preparation <— Analysis

™~ Scanning
l (2nd data taking)
Observation(balloon flight) T

several days - 1 week —3» Recovery of detector



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

Evolution of the Scanning Speed
"'2500m2/yea'r>'<'2
25000

Speed in cm?/ hour*1 r ) 5000
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GRAINE Scientific observation roadmap
2018, Demonstration 2021-, Scientific flight

Alice Springs Alice Springs
~0.4m? aperture 10m? aperture
~24hours flight duration >~36hours flight duration
<~5g/cm? altitude <~10g/cm? altitude
Pioneerin larization
Vela pulsar s Epaistiain

observation for high

Polarization observation (<50%)
energy y-rays

SNR W44 (<200MeV, >200MeV) : ;
, Studying cosmic ray
, , Precise spectrum measurement
Vela pulsar detection, Imaging, High resolution imaging sources

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

Transient sources
Obs. w/ high sensitivity
& high photon stats

Studying transient
sources & w/ ones
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Next generation . Co-developed with Mitaka Kohki Co., Ltd.
- - . 2r aperture area
multi-stage shifter | = e

ger flizht duration
with a higher timing resolution

<lum repeatablejaccuracy
(preliminary)

Size : 137cm x 116cm X ~20cm | .
Weight : <~90kg Conventional: 2.6ton/10m?

Electric consumption: ~25W New: 0.4ton / 10m2 (Prospects)

Oct. 2014 Started

Aperture area : 8550cm?

# of stages : 6

Gap between stages : ~0.5mm

Total thickness of aperture area : Smm




Pressure vessel gondola extended model based on GRAINE 2015
Conceptual design \ Light

Thin
0.3atm
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CF v >R ot o
#F T e

5m? (4units) aperture area
w/ a single pressure vessel gondola (~¥250kg weight)
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Pioneering polarization observation
Polariza{ion characteristic

fOF h|gh er‘ergy Y‘rays . | of the curvature radiation
Approachlng emission mechanlsm %6 in the oUter gap

Pulsars, AGNs, Flares, GRBs
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Vela pulsar, polarlzatlon sensitivity

Apr. 15th, 19:39(ACST) culmination
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Alice Springs # of crosses of a source in afield of view of the telescope

with diurnal rotation (roughly corresponding to flight days)
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Optimizing kinematical cut->MFT
Precise measuring—>

Scattering suppressed—>MF
Recoil momentum correlation>MF
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12FGL, 2Monitored Source List Light Curves
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<200MeV, precise spectrum measurements
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Abdo-et al., Science, 2010
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with suppressed systematic errors
>200MeV, investigating spatial structure




W44 | w44
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W44 detection sensitivity " e

10 —— Total
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GeV y-ray excess at galactic center region

Galactic Center Residual
1.0-3.16GeV
Total flux




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

10m?2, 420hours, >1GeV

Millisecond pulsar scenario
Luminosity function: Hooper et al. (2016)
dN_,,/dVecrzs

0.1deg @68%

Dark matter scenario
dN,/dvec 24

Energy spectrum: Daylan et al. (2016)
0.1deg@68%
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Galactic center region, detection sensitivity
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Alice Springs # of crosses of a source in a field of view of the telescope
pring

Apr. 15th, 4:53(ACST) culmination

with diurnal rotation (roughly corresponding to flight days)
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