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- Short Gamma-Ray Bursts & Their Characteristics
 X-ray/gamma-ray Observations for 3 GW detections
- Event Rate of GW detection from SGRB observation

 Future Mission (micro-satellite Kanazawa-SAT3)



|_() ng & Sho rt G R BS Gamma-Ray Bursts (GRBs): The Long and Short of It
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LGRBs (T > 2 sec) | s
- Massive star explosion (M>40M,,)
- Associated with Supernovae : The resulting torus

has at its center

(energetic Hypernovae) Torus a powerful

black hole

Black Hole & relativistic jet

SGRBs (T < 2 sec)

“ Coalescence of NS-NS/NS-BH (?)

Strong GW is radiated. e "

-Black Hole & relativistic jet (?) Gamma rays

*Possibly neutron stars.




Prompt Gamma-Ray Spectrum Band et al. 1993
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X-ray Afterglow Optical/NIR Afterglow &
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Fate of Compact Binary System SGRB

Bartos et al. (2013) -
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Fate of Compact Binary System

Bartos et al. (2013) Relatw_'“'? Jet
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Electro-Magnetic (X- & gamma-ray) counterpart

LIGO/VIRGO Scientific
> Localization Collaboration Paper 8h
* Multi-wavelength follow-up observations  12h 7 e, : 2 str
- Deep understanding of astrophysical object "
and strong gravitational field
* Luminosity distance from both GW and EM

90% corj:fi(-j-é'h'ce.,_
region of GW 150914 #

» Timing
 To improve S/N ratio of GW detection
... Event rate of GW sources

- Black hole formation and jet launch L Ne” | 600 deg?
) ) - southern sky

* Velocity of GW (graviton mass scale) 20hﬁ 24h

bl ® Black Hole Formation Mechanism N

Coalescence of —T1 Direct Formation of Black Hole \|J> 10 — 100 msec difference

NS-NS/NS-BH — Hyper-massive NS — Black Hole between GW and EM)
"
¥l @ Energy Source of Relativistic Jet

Black Hole Formation—1— Neutrino Driven 1 — 10 msec difference
. — Magnetic Field Driven between GW and EM )




Location of short G

RBs
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Projected Physical Offset 6R (kpc)

€ No SGRBs in star forming region

Origin is not massive star (No SN association)
@ A few SGRBs occur in elliptical galaxy
@ Typical offset from host galaxy : ~ 10 kpc

Long time scale
kick velocity ~ 100 km/s =

~ 0.1 Gyrs

Coalescence of NS-NS/NS-BH is an acceptable scenario -



X-ray/ vy -ray Observations for 3 GW sources
(GW 150914, LVT 151012, GW 151226)



Current GRB Mission

Fermi (2008 ~)
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X-ray/ v -ray Counterpart (?) of GW 150914
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No coincidence with known astrophysical, _
solar, terrestrial, or magnetospheric activities. NON detection from the same data

Fermi-GBM event must be Background Fluctuation | .




LVT 151012
Fermi-GBM  Racusin et al. (2016) |
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Event Rate of GW detection from SGRB observation



L, [erg/sec]

E

10°" 10%2 10%° 10%

10°°

peak
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|

LGRBs
SGRBs

5/ '+ SGRBs: 64 msec
' peak luminosity

DY et al. (2004, 2010) for LGRBs

Tsutsui, DY + (2013) for SGRBs

— Luminosity Correlation of LGRBs/SGRBs

LGRB (DY et al. 2004, 2010)

L, = 4nd}F, = A[E,(1 + 2)]*°

d? A 1.6
E> (1+ 2)1.6 = E (Epeak)

SGRB (Tsutsui et al. 2013)
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|
10*
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d? B 1.6
|:> (1+ LZ)1.6 = E(Epeak)

We can use the correlation as
the Luminosity/Distance indicator.

15



. 2704 BATSE Gamma-Ray Bursts
Event selection

*6:‘ X Tg‘ SRR 2ty
P 1‘:,[3;"* }(r —* o> P‘(‘ “ b
X ,.,'.’"--' "’A:/ \ E

AR ol
CGRO/BATSE current burst catalog 2k 3"’ a'*"{ AT T A S

(1) 100 brightest SGRBs with Tqo < 2 sec R S e

(2) Spectral parameters are obtained — - :
for 72 SGRBs. B once. 50,300 ke erie.c 10
(for remaining 28, poor statistics
and variable BGD condition)

(3) We succeeded in calculating the pseudo-z
for all 72 SGRBs.

BATSE life time = 9.2 years

Fraction of sky coverage = 0.483

Trigger efficiency > 99.988 % for F = 1 ph/cm?/s
Effective life time = 4.4 years




64msec peak luminosity (10°2 erg/s)

Number

Redshift Distribution
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o [3] — Long We used a non-parametric method.
L S b e aher (Lynden-Bell 1971, Petrosian 1993, etc.)
14} =
ol =] Local Rate including geometrical factor
wop [ ] SN > 1.2 x 10”7 events/Mpc3/yr (Lower Limit)
8y 2 > 4.0 event/yearin (200Mpc)® (Lower Limit)
i 5 [[FF]  Fongetal. 2013 | Event rate of GW detection
2._Ei- §L_‘ 16 events/year : NS-NS in (200 Mpc)3
o=l == 1 Bl =[] 600 events/year : NS-BH in (670 Mpc)3 17

SGRB Formation Rate
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Flux (10-2 erg cm2s")

Photon Index

N,, (102cm-)

Recent Nearby SGRB 160821B (z=0.16) e.g. GRB 080905A (z = 0.1218)

200
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0 0.02 0.04

= 15 kpc offset from host galaxy

- Epeak — Lp — Eiso property is normal
* No kilonova information up to now,

but some important results coming soon
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How to find EM counterparts of GW sources



X-ray Transient Monitor for GW Sources
aboard Kanazawa—SAT?

Launch TargEt D. Yonetoku, T. Sawano
End of FY2018 S. Yagitani, Y. Kasahara, T. Imachi,

M. Ozaki, Y. Goto, R. Fujimoto

(Kanazawa Univ.)
T. I\/Jihara, K. Kyutoku (RIKEN)

K. Yoshida, Y. Kagawa, K. Kawai, M. Ina,
K. Ota, Y. Minami (Kanazawa Univ.)

KANAZAWA
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ST B 1R RAA | (A BRI ) (1R R AH, H25 ~H28)




Apparent Brightness of SGRBs Vie

Countrate (counts s™')

.. -3
Gamma-ray emission of short GRB 10
, Jet opening angle: 5~10 degree
~ 104 Short GRB i
31 o & . :
= —
R N
L E o LE)]_O-S
T o ~
. ; 0
g i 8 g :_l 1 1 1 _: i 3
S
0 50 100 150 200 v10°
Time since SGRB trigger (sec) l cC
| | . | [l g
Extended soft X-ray emission | @™ . -5
o : : : 10
Rather wider or isotropic ?
| |
1 S S—TH . Bagoly et al. 2003
Time since SGRB trigger (sec) 10

Tqq (seC)
Expected photon flux : 10 erg/cm? ~ 300 photon/cm?
Extended Emission (o< E1~E2, 1~10 keV):

Extended emission of nearby SGRBs is enough bright.
We can observe them by small instruments with 100 cm?.
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Transient Localization Experiment (T-LEX) AT’

KANAZAWA

X-ray Imaging

Better sensitivity for Epeak < 10 keV
(Extended Emission, X-ray Flash, etc...)

shift index along Y-axis

Radio Isotope
ang. resolution ~ 15 arcmin

shift index along X-axis

- | Kanazawa-SAT3/T-LEX :
100 cm?, 1 — 20 keV ]

© 1 10 100 1000

% &1 Sensitivity

F: .
o 3 ]
f-; o | /
3 Swift-BAT |
§ 5200cm? |
§ 15-150 keV
e

3

&

Typical Energy (Epeak) (keV)

We will also install

a gamma-ray trigger detector.
~ 100 cm?, 20 — 1,000 keV

24aSR-4 ;ZE7EFE (T. Sawano)

a

» | 24aSR-5 AR IEH (M. Ina)
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Mission Overview AT

(2) (Quasi) Real Time Alert
= Packet transfer with Iridium satellite
- Downlink with UHF/VHF

(3) Information Sharing

!ollow-up Observation

Transients

(1) Wide Field X-ray Monitor
Gamma-Ray Trigger Sys.

Localization / Timing

of X-ray transients

......

Kanazawa-SAT3

Launch in Late FY2018 Multi-wavelength Obs.
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Summaries

(1) Short GRB is a probable candidate of EM counterpart of GW sources.

(2) At present, no significant X-ray/gamma-ray was detected from BH binaries.
Fermi-GBM result for GW 150914 is still in debate, and will be revealed
in LIGO O2 run.

(3) Event rate of GW detection is estimated from the Epeak — Lp correlation
of SGRBs
16 events/year : NS-NS case in (200 Mpc)3
600 events/year : NS-BH case in (670 Mpc)3

(4) We are developing a wide field X-ray imaging detector (T-LEX)
aboard a micro-satellite. Launch target is the end of FY2018.

KANAZAWA
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