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- Variable (multiple spikes) within its short duration
- With/without extended emission (E.E.) (Norris & Bonnell 2006)

- No soft short GRBs (Kouveliotou 1993, Sakamoto 2006)

Hardness

Prompt Emission Properties of s-GRBs
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- No spectral lag; 0 = 20 ms (Norris et al. 2001)
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Prompt emission of long and short GRBs

GRB 090510 (short)

Abdo et al. 2009, Nature 462, 331
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Afterglow of short and long GR
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X-ray afterglows are similar to those of long GRBs
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Hosts of the first three
well-localized SGRB

'GRB 050509B: Subaru Telescope

V-band  600s 2005/05/09 08:08 UT

GRB 050509B
z=10.225

GRB 050709 GRB 050724
z=0.160 z=0.258
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Optical Afterglows X-ray Afterglows Berger et al. 2007; Berger 2009
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Berger 2009
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Short GRB hosts have lower specific star
formation rates than long GRB hosts; they
trace the general galaxy population

9.2

FERT]

X
X x ¥
X ",;x ’Eg( :x:jl‘ ',*)é(‘x :xx
X >e( xXx % x %
x X o XX x§x «
x X X X 5
X % x x x)(
X
) W Short GRBs
- { ® Long GRBs 1
X z~0.3-1
I SDSS
-16 -17 -18 -19 -20 =21 -22
M(B) (mag)

Short GRB hosts have higher
metallicities than long GRB hosts; they
trace the general galaxy population

10




A WGRBDIRAN DALE & BT

1 I I I
1 T
i Short GRBs 16 cut-off
0.9 Long GRBs 0.9}
0.8} ]
v Bloom et al. 1999 ¥
é 0.7 ===== Fryeretal. 1999 08
8 ‘== == Belczynski et al. 2006 21
5 06 A 507
o A R = AR
g 05 e « g \‘\ N
| % @ 0.6 N
2> | o NN
€ oal 0 gl RN
O - 2 0.5
0.2f 9
35 !
0.1 g 04 \
o
O

L

o o
D w

Short GRBs |

\

08 \
: \ ; | | 1N —— Long GRBs _
\%0.6— § ; é &l = SUpernovae
@ 04 \\w-,.;Iﬁg. ""' .\ \ 2 / 00 01 02 03 '9.4 0.5 flo.ﬁ 07 08 09 1
2 NGy 4 i ot
0 \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ ”/////////////////// ral:co:; 0Be?*ger & Fox 2009
10 ’ ’

0.1
Offset (kpc)

Fong, Berger, & Fox 2009 Short GRBs trace the light distribution of

their host galaxies 17



Lack of Supernova Association
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Short GRBs
Recent Statistics



"‘Complete Sample of Swift SGRB”

D’Avanzo et al. 2014

Swift Short GRBs:

- =10% of the Swift GRBs

- fainter than long duration GRBs
- only 1/3 with redshifts

Criteria: (~ 2013/06 )

1) A,<0.5& prompt Swift-XRT =» 36 SGRBs, 15 (42%) with
redshift

2) Bright prompt (15-150 keV) emission (64ms peak flux > 3.5 ph/
cm2/s)
=» 16 SGRBs, 11 (69%) with redshift (0.12 < z< 1.30; “Complete
sample”)



"‘Complete Sample of Swift SGRB”

Amati et al.

D’Avanzo et al. 2014

Yonetoku et al.
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“Complete Sample of Swift SGRB”
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"‘Complete Sample of Swift SGRB”

D’Avanzo et al. 2014
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"‘Complete Sample of Swift SGRB”

cumulative fraction

redshift

n: merging delay time distribution index

fr (t) o t"

D’Avanzo et al. 2014

:
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Figure 8. Distribution of the intrinsic X-ray absorbing column
densities for the SGRBs of the complete sample (filled histogram)

and of the LGRB with z <
from Campana et al. 2012).

1.3 of the BAT6 sample (data taken



SGRB rate from BATSE data using E-L, relation

Yonetoku et al. 2014

SGRB Ep-Lp relation (Tsutsui 7 —————r
et al. 2013)
- 8 Swift GRBs with redshift
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SGRB rate from BATSE data using E-L, relation

Yonetoku et al. 2014
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Cumulative Number N(>L)
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SGRB rate from BATSE data using E-L, relation

Yonetoku et al. 2014

| SGRB formation rate history
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Luminosity Function
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Absolute SGRB Rate (events Mpc-2 yr-)
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64msec Peak Luminosity (1052 erg s-') Redshift (1+z)
2) (1+ 27 for (1 +2) < 1.67,
PSGRB const. for (1 +7) > 1.67,

osGrB(0) = 6.3133'.19 x 10719 events Mpc =3 yr~!



SGRB rate from BATSE data using E-L, relation

Yonetoku et al. 2014

0sGrB(0) = 6.3133'.19 x 10719 events Mpc =3 yr~!

beaming angle ~ 6° 2
rate including off-axis events > 1 x 10~/ events Mpc=3 yr3

GW event detection rate
- if SGRB=NS-NS - 15.6*7°_, . GW events yr! ( d< 200 Mpc)
- if SGRB=NS-BH > 608*3%___. GW events yr! ( d< 680 Mpc)



Number of GRBs

BAT 3rd GRB Catalog Lien, Sakamoto et al. in prep,

120 — e
Bl 2004-2014

100r, 778 GRBs (331 with redshifts)
— 717 L-GRBs (92%) (T90=25s)
80 — 61 Short GRBs (8%)
« 10 SGRBs with EE
60 |
40}

20}




Number of GRBs
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(Littlejohns et al. 2013)

1. The instrumental effect (sensitivity of the instrument)
2. Energy dependency of the pulse-width (Fenimore effect)
3. Cosmological time dilation (1+z effect)
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S(50-100 keV)/S(25-50 keV)

Duration vs. Hardness
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Short GRBs with
Extended
Emission

Slide by T. Sakamoto; GW workshop
@ Tokyo Tech
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HETE: GRB 050709

Villasenor et al. 2005, Fox et al. 2005

HST image
b
Afterglow: X-ray and optical
| e » o Host g.alaxy: late-type spiral galaxy
‘ ] ' Redshift of HG: 0.16
10-25 keV
m No supernova association: > 27.5 mag
§ 6-40 keV

1200] lr'” TR Nﬁqwﬂ "M"'W ’ | Afterglow light curve

2,000
d

1,800 |- 32-400 ke’ - 1o . ' ' ] Consistent with a
1,600 |- - radio
ool ; standard external
200 “WW“WWW 107 shock emission
=200 -1100 (J) 1(1)0 260 =
Time (s) g 104}
. - X-ray flare?
Duration: 106}
Initial peak (IP) : 0.2 s (2-25 keV); . )
EE - 130 s (2-25 keV) | Possible jet break:
Prompt spectrum: J ‘ ‘ ‘ ~ 4.3 deg
IP: Band-like spectrum (o =-0.53, E, = 84 keV) 10° 102 1‘1‘(‘days) 10 10°

EE: Simple power-law (o = -2)
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Swift: GRB 050724

Barthelmy et al. 2005, Berger 2005, Malesani et al. 2005

1.5 . .
" VLT optical image
g 1 Afterglow: X-ray, optical and radio
g Host galaxy: elliptical galaxy
2 45 Redshift of HG: 0.258
> No supernova association
8 op
-1 -0.5 0 0.5 1 1.5 2
b
é 0.02 TTTT TTTT TTTT TTI TTTT TTTT
$ 10t U B
o ¢ :
2 10° o i
~ M’\ -
3 3 10 s Standard external shock
3 o 100 i ¢ : emission without a jet
- H dr.
: : B 100 . e g break?
’ ° 'Ir')i(r)ne sin:;((iomgge:?g) e 0 § 101 BAT '{F&PBJ i. %
. 10- 1 keV BT R
Duration: % vos N A X-ray flare at T,+41.8 ks
Initial peak (IP) : 0.44 s (15-150 keV); = 1072 it m:\jg
EE : 106 s (15-150 keV) oo b2 3 5 '}
Prompt spectrum: * 8.46 GHz I: T Ny
IP: Simple power-law (o0 = -1.38) 1074 oo ol o i
EE: Simple power-law (o =-2.13) 10! 102 10% 104 10% 108 107
Lag: -4.2 (+8.2/-6.6) ms Time since burst (s)
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Counts per second per determination

Swift: GRB 060614

Gehrels et al., Fynbo et al, Gal-Yam et al., Della Valle et al.

15-25 keV 4
25-50 keV 1
——
50-100 keV -
100-150 keV
0 A TAT A WS W
1F 15-150 keV 1
0.5F (sum of four panels above) ]
0 ___________________
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—— ’[ime since the BAT trigger (s)

15-150 keV
(64-ms binning)

N

-_

Counts per second
per determination
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Time since the BAT trigger (s)

Tyo: 102 sec
Variable initial episode +
extended emission

R-band magnitude
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- Redshift of 0.1254
- Typical long GRB host
- No supernova signature

Short GRB class?

Slide by T. Sakamoto; GW workshop @ Tokyo Tech
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Rotes (count/s)
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Search for S-GRBs E.E. in BATSE GRBs

(Norris et al. 2006; Bostanci et al. 2012)

Bostanci et al. 2012

- 19 S-GRBs E.E. candidates (out of 296 GRB samples)
- No significant spectral lag for initial spike
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Comparison of Spectral Properties

15-150 keV Energy Fluence [erg cm™]

Long vs. Short vs. Short E.E.

Short GRB
EE. (Initial)

Short GRB-E.E.
(E.E.)

BAT time-averaged photon index
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Time History of Swift Short GRBs

10—

Short GRB

Short GRB E.E.
gl
6
4
2
0

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Number of GRBs
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Possible origin of Extended Emission

« Onset of the X-ray afterglow
(e.g., Lazzati et al. 2001, Villasenor et al. 2005)

« The formation of rapidly rotating proto-magnetar
(Metzger et al. 2008, Metzger et al. 2010)

« Mildly relativistic fireball formed via Blandforad-
/najek process
(Nakamura et al. 2014)
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Chandra Short GRB Fast ToO Program

“Identification of the Host Galaxy of Swift Short GRBs by
the Chandra Sub-arcsecond Position”

T. Sakamoto, N. Gehrels, E. Troja, J. Norris, S. Barthelmy, J. Racusin, N. Kawai, A. Fruchter

' _.GRB 090417B “*_  _
Why X-ray? Why Chandra? - o 'as LY «
- Short GRBs: 70% X-ray afterglow f o "* Swig,;.;' .y
detection, whereas, only 35% detection I‘ . .
by optical. . *
- Sub-arcsecond localization accuracy is N » & *
needed to identify the host galaxy. F' . o = .
NOT/ALFOSC R ; x
Chandra GO cycle 13, 14 and 15: . |

Trigger criteria
* Short GjRB localized by Swlﬂ/XBT Chandra response time:
. No optical afterglow confirmation 1-3 days

within 5 hr after the burst

35
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GRB 111117A: Chandra XA Detection

* No optical afterglow detection: * Chandra ToO request: T+ 6 hr
* To+2hr(GMG; Zhao et al.) * Chandra observation start time: T, + 3 days

* To+7.9hr(NOT; Andersen et al.) 3.9 o detection (wavedetect), 0.35” (1 0)

Spectrum:
Absorbed power-law
Excess N:

Photon index:

Consistent with other
Swift short GRBs
(e.g., Fong et al. 2012)

Light curve:

FI'H
v
o
=
o
oo
—
L,
>
()]
X
o
iy
™M
e
x
=)
o

- No indication of late-
time break
- Dim X-ray afterglow

1000 10*
Time since the trigger time [s] 36




GRB 111117A: Optical Afterglow Limit

2.4 m Gao-Mei-Gu (GMG): R, z 8 m Subaru: K’
2.56 m Nordic Optical Telescope (NOT): R, z 4 m UKIRT: K
3.85 m Telescopio Nazionale Galileo (TNG): R 3.5 m Canada-French-Hawaii Telescope (CFHT): J

10.4 m Gran Telescopio CANARIAS (GTC): g, r, i

Optical flux density [Wy]

10 |

0.1}

5 — T 71 T,+7.23h (TNG):
v O Short GRBs with optical detections
- o o o V¥ Short GRBs with U::lic;ll limits —E R > 247 mag
o © ¥ GRB \ TNG ]
v vo o ° ¥ GRB 111117A GTC limit 1 ( 3 0)
v o oY i
3 v L YO oY v oo 1 T,+7.89 h (GTC):
o v v ]
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i o | (3 0)
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GRB 111117A: Host Galaxy

Restframe wavelength (A)
2000 3000 4000 5000 6000 7000 8000 9000 10000
T T T T T T T T T

3x10°°

2x10°°

Flux density (Jy)

1x10°°

8x107 -

Offset between XA and host center:

6x1077 |-

r=1.0x0.2 arcsec
4000 5000 6000 7000 8000 9000 10000 15000 25000 — 8 4 + 1 7 kp C (Z=1 3)

Observed wavelength (A)

1 | | | | | 1

Minimum kick velocity:
v=r/t=80kms1

(c.f., similar to or larger than
. 9
(c.f., long GRB hosts: 0.06 Gyr and 1 x 10° M GRB 0605028; Bloom et al.

Leibler & Berger 2010) 2007)

Photometric redshift: 1.31 (+0.46/-0.23)
Star forming galaxy: © = 0.1 Gyrand 1 x 10° M.,
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Future Prospect on S-GRBs

« Increase golden s-GRB samples
— Secure redshift (redshift from an afterglow)
— Sub-arcsec location of afterglow
— Spectroscopy of s-GRB hosts
(careful investigation of E.E. emission)
« Coincidence with GW triggers
— Advance LIGO/Virgo, KAGURA era is coming

« Importance of rapid/deep/long-term IR
follow-up
— Don’t miss Kilonova emission

GW workshop @ Titech 39
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MAXI GRBs and transients (2—20 keV)
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Serino et al. (2014)

@®: only MAXI http://maxi.riken.jp/grbs/
@®: MAXI + other 41
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Currently operating transient missions
Swift/BAT (P,L,S) INTEGRAL/IBIS (P,L,S), SPI-ACS (L)

P: position, L: lightcurve, S: spectrum
49




Proposed transient missions

Lobster/ISS-Lobster
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.
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“Wide-Field MAXI” on ISS N. Kawai + WF-MAX| Team
;

Direction®
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ReFE 50 mCrab /30 s (SLC)
(ERERE 0.1°
72y h7A4—L ISS/JEM (Selection in 2014, operation 2018-)
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BEBRNS VYTV MNER

Tidal disruption Supernova /GRB Merging neutron
shock breakout star binary

Supergiant fast
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Log luminosity (erg/s)
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