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— Edo Berger “Short GRBs: Progenitors, r-Process Nucleosyntheis, and Gravitational Waves”
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GRB050709 localized by HETE-2
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15=150 keV (counts s~! per detector)

o

15=25 keV (counts s~! per detector)
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GRB050724 localized by Swift

,
- ' .
0 I J
Chandra
-1 0.5 0 0.5 1 1.5 2
0.02

Figure 2 | VLT optical image'” showing the association of GRB050724

with the galaxy. The blue cross is the position of the optical transient'®"”
| The XRT (red circle) and Chandra (green circle) burst positions are
0.01 superimposed on a bright red galaxy at redshift z = 0.258 (ref. 5), implying:
low-redshift elliptical galaxy as the host. The XRT position has been furthe
revised from the position of ref. 15 by astrometric comparison with object:
in the field. The projected offset from the centre of the galaxy corresponds tc
A ~4kpc assuming the standard cosmology with Hy = 71kms ™' Mpc ™" anc
0 (2m> 24) = (0.27, 0.73).
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Optical Afterglows X-ray Afterglows
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Confirmed hosts — E:SF = 2:1 |

Berger et al. 2007; 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
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Prompt emission of long and short GRBs

GRB 090510 (short) Abdo eﬁﬁgog%ggzcggzgms
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Abdo et al. 2009, Nature 462, 331 8 260keV
GBMNals i i TR ; . —
£ 150F (3 260 keV) | i 115000§ 1500 |- (8 ke v250k ev) e s %ooom Ja000
§ 100F i i 4100003 1000 | T 3™ i : 32000 %
5 i 3 S ! ! % 5 10 © ] 5
s 50F : 15000 3 > i \I'—Ewoo 3
0 ; - . 0 pee ’ b 10
200 GBM BGOS | N R ' e, " J1000
§15o-(0.26—5MeV): TR 0.26-5MeV . TH e 2 D
; ; 1 T i3 g
‘S' 100 ! : ' : '8 %
8 so0F S
0 1
| LAT i P B £ 300 ]
£ 40[-(All events) : A I BT :gzoo Jeoo
2 . ! : = Vil i g 100 Jao
L i ' ] ; q b £
3 f i | Jaovo 2 e * | L |
3 - i i i 1 8 1o : : ! ! : w8
ol | dme g s, A S A R o by it efiditfto
LAT ’ i i b i ' e 10 ' HE
5 aL(> 100 Mev) | P >1OO I\/IeV S TR i Jﬂ”w s
i i Y [ - JuA R
- ' 1 - 1 . @
: ; | Tw £ 7 iy, e =
o i ] o 1 Time si trigger (s) (= 8
© E| | | I © i P
g‘l_AT : ( , : Jo
c i i
& ,i>1Gev) | i >1GeV AV g T I
2 ! P ; I o I T PR
E | - . F g RN i 1]
[&] 0 ! 1 1 ' Il I i l I I 1 3 & : : ' I : I I III I | | : Time since trigger (s) : o
La 1 0 o
-0.5 0 05 1.5 2 20 — 20 70 %0 80 100
Time since GBM trigger (263607781 97) (sec) Time since trigger (s)

Delay in HE onset: 0.1-0.2 s Delay in HE onset: ~4-5 s

FFEIRE LS S, BHTELUD> EREOYEBEFIFTEALEREL




HEN—IAFDIR

ETILEDHE
487 i SEWT | MR

REEEORHD HWNE
BENRERICES | (MEAFL | ERRESE >10%

KIRTE )

E0E
@RS TR N
o2 | FLTH | BEEER |,

EABE

BORHFRES: | L g | EMRCRE
TSV OHR—ILD (BT 54~ %: <17
BE DN RADE NN

17/4/28



19

HEN—IAFDIR

— ke N
ETILEDLEER £V -k
4% i SEWT | R
XEREORMO | [ BVE
EhmmIcis | (WEHEM ) EwmEs || s0m
KIB% T)
Y
ERUBETE \l Z....
pR2tkmE || D 0 ) (BEAES |
EAME
BT RES: | SRR
ETS5vIHR—ILD (S PE A ~ ; ¢
sRomERN | AT | g 2
FAWE . £oTh

17/4/28



20

Ho<EN—Z DR
ETILEDLEE EHLV/I—XF

17/4/28

HAaH i BT | AR

XEBEQBHO | Eu

EANEICLD | SErEy | ERp&s | S
KI5 )

ST W

DELUMMN | DDA | BEREEE [y
A

BORHFEEL | L o | EEReRR

(T S5voR—ILD BT T4~ %: <15

gEonEEN |, FT7E | gaoEHEp.
£BEE i 2] ey




SHTOTETFEEE

J.H. Taylor and R.H Hulse
1993 Nobel Prize in Physics

Gravitational waves
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After neutron star binary merges...

Less massive NS is
tidally deformed

Angular momentum
transfer by spiral
arm and swing-by

A part of matter is
ejected along the
orbital plane
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Electromagnetic CoUntérpiac:tsf.,' -

Jet—ISM shock (afterglow)
Optical (hours—days)

Radio (weeks—years) ® D | Stan ce

e Context
Ejecta—ISM shock
Radio (years)

e Behavior of matter

e Nature of remnant

Kilonova
Optical (t ~ 1 day)

T Expected EM emission
/ erger ejecta
,/ Tidal tail and disk wind bOth beamed and

isotropic (short GRB,
- — kilonova, ejecta/ISM
SN interaction, speculative
components)
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short GRB GRB 130603B

ITFRSMER 1.6 um

Tanvir et al. 2013
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short GRB GRB 130603B
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Corotating
Neutron Stars

To form a Black Hole

Radiate
Gravity
Waves

and Merge

Gravitational radiation from an inspiral event

M; = M,= 1.4 solar mass
Time = 0.15 seconds

L))

Slide courtesy of D. Frail
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E;:jj;’&*ﬁl— (j: ax; .
adv.LIGO, a-VIRGO,
KAGRA in 2015-16
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Possible detection of gamma-ray
emission by Fermi GBM

GBM detectors at 150914 09:50:45.797 +1.024s
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MAXI on
GW150914
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Short GRB 050709

The only short GRB observed in soft X-ray

HETE—2 Villasenor et al. 2005 HST Fox et al. 2005
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Seconds Since GF 709 Trigger

z=0.160

“Soft extended emission” SDwarf iol“rzegular/galaxy
FR=0.2M_ /yr
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S GRBO50709-

MAXI
sensitivity for o JShotpubel omBlosorbs
SGRB in .1 Extended
GW range

MAXTI could
easily detect
“short pulse” and
“soft extended
emission” of

GRB 050709
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MAXI
sensitivity for
SGRB in
GW range

~
<
&
O
=~
(2
~
(@)
—
L
x
=
L

“Soft extended
emission” or X-ray
afterglow of a short
GRB at O2 BNS
range may be
detected by MAXI
in the following

scan F y ' e d°
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Short GRB
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Syb-TU—OLMRERE |

The jet spreads
sideways quickly

The jet remains
within initial cone

Radiation is 2 10 ¢

beamed into a
narrow cone

Piran 2002
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Granot et al. 2002
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W_ N. Kawai + WF-MAXI Team

Direction“®

MAXI JEM EF

goals

* Counterparts for GW sources (adv. LIGO/VIRGO, KAGRA)
* First large-sky monitor for short soft X-ray transients

field of view

=~ 20% of the sky (covers 80% sky in 92 min)

Instruments Soft X-ray Large Solid Angle Camera (SLC: 0.7-10 keV)
Hard X-ray Monitor (HXM: 20 keV-1 MeV)
sensitivity 50 mCrab /30 s (SLC)

pos. accuracy

0.1°

platform

ISS/JEM (Selection in 2014, operation 2018-)




“iISEEP” Wide-Field MAXI

Direction®

MAXI JEM EF

goals

Localization/notification of X-ray transients
GW counterparts, black hole binaries, GRBs ---

field of view

= 10% of the sky (covers 80% sky in 92 min)

Instruments Soft X-ray Large Solid Angle Camera (SLC: 0.7-10 keV)
sensitivity 50 mCrab /100 s (SLC)
pos. accuracy 0.1°

platform

ISS/JEM (Selection in 2015, operation 2019-)
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-Instein Probe

Yuan 2015, Swift 10 years

Mission profile

<> Observing modes
<> Survey mode
< X-ray follow-up observation
<> Target of opportunity
<> Orbit:
<> 600km circular, 97min period

<> inclination <30°

<> Fast Alert downlink (to trigger multi-

wavelength follow-up world-wide)

<> The VHF network (in collab. French)

<> Chinese relay satellites
<> Mass: 380 kg (payload 150kg)

<> Power: < 450w (payload 200w)

< proposed launch: ~2020/2021
<~ Life time: 3(+2) vears

FXT

VHF

Telemetry
Antenna

credit: MicroSat
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Sackground

« Rejection of WF-MAXI / IWF-MAXI
— ASTROSAT: a complemental detector(?) is on orbit
— Shrinking budget => < $2 million

Original model of WF-MAXI  miniture version
with full-size BUS for JEM with iISEEP-BUS
Cost~ $50M Cost~ $10M

_ 80% is for Tests and Documents
« What can we do with <$2M?

7NN

eROSITA

Future missions have effective area larger than several thousands cm?!!

=> micro-satellite is too small comparing with these X-ray missions. 51



“Hibari” Microsatellite for UV Monitor

€ Recent NUV Imaging mission:
» GALEX (®1.2°)
> UVOT/Swift (17'x17") FoV is not enough for
> ASTROSAT (28)
> ULTRASAT (210 deg? 21.5mag 900s)

GW astronomy

Tokyo Tech small satellite
Caltech/JPL/Israel ) team

Only the ULTRASAT can be used for GW follow-up.
« Caltech was searching for a chance to demonstrate their detector on orbit.
« We were searching for the UV-detector.
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