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NS binary

Metzger	&	Berger	12

NS BH

NS

NS

6#&*#&1'712#.%&'+13%)&14,+)&,#0

e.g., G‰Localization
G‰Origin of short GRBs
G‰Equation of state
G‰r-process enrichment

EM counterparts to GW sources are 
important to maximize scientific returns 
from the detection of GWs.



Hotokezaka+	13 Bounded mass

Ejecta mass

Ejecta velocity

Homologous expansion

r-process nucleosynthesis
Neutron-rich Ejecta
⇒

Wanajo+	14

vej ⇠ 0.1� 0.3c

Rej ⇠ vejt

Tn�capture < T! �decay

Mej ! 10! 1M"

NS-NS:
BH-NS:

6#&*#&1!8#$%)

Mej ⇠ 10�4 � 10�2M�

Md ⇠ 10�1M�
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NS	or	BH
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G‰Rotation energy:  

G‰Disk gravitational energy: 

G‰Ejecta kinetic energy: 

G‰Radioactivity: 

G‰Magnetic field: 
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Metzger	&	Berger	12

NS	or	BH

G‰Gamma-ray Bursts 
t < 106 s
Rotation/disk grav. energies

G‰Macronovae/Kilonovae
t ~ 10 day
Radioactivity (?)

G‰Remnants of Merger Ejecta
t ~ yr
Ejecta kinetic energy
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cf. Prompt emission
L ~ 1050 - 1051 erg/s
T ~ 0.1 – 1 s

Gompertz+	13

Pr
om

pt
 e

m
is

si
on

Total energy is comparable  
~ 1050 - 1051 erg

Extended emission : L ~ 1048 erg/s, T ~ 102 s
Plateau emission : L ~ 1045 erg/s, T ~ 104 s

<,*=%1-.&>#

2310$#+)&,'(Gompertz+	13)	

(Propeller	→ wind)
4?10$#+)&,'(SK	&	Ioka 15)
(BZ	jet	+	B-field	evolution)
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Model	:	SK	&	Ioka 15
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Model	:	SK	&	Ioka 15
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Model	:	SK	&	Ioka 15
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Model	:	SK	&	Ioka 15
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Model	:	SK	&	Ioka 15
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Model	:	SK	&	Ioka 15
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Extended emission : L ~ 1047-1050 erg/s, T ~ 102 – 103 s
Plateau emission : L ~ 1043-1047 erg/s, T ~ 104 – 105 s
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G‰Emission region locates inside the ejecta, re < r.
G‰Optical depth τ >> 1.

Emission region

Ejecta
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SK,	Ioka &	Nakamura	15
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Isotropically scattered case : ! ⇠ 5⇥ 10! 3(" j / 0.1)2

cf.                                           (Eichler &	Levinson	99) ! ! 3 " 10! 5 # 3 " 10! 4

! = 10! 3

L scatter ! ! L pl
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Tanvir+	13
Berger+	13

Opt.
NIR

t ~ 7 day

LNIR ~  1041erg/s

T < 4000 K
(mr-mj ≥ 2.5)

Metzger	&	Berger	12
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Nuclear
decay

Jet

Torus
(or Disk)

Central
engine

Nuclear heating rate

Hotokezaka+	16
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GRB 060614 GRB 130603B 

Jin+	16
Jin+	15,	Yang+	15
Hotokezaka+	16,
Barnes+	16

GRB 050709 

3,(.")%,'+
NS-NS
BH-NS

GRB 050709
GRB 060614
GRB 130603B 

:	~	0.1
:	~	0.25
:	~	0.05	- 0.1

Mej/ME}

:	~	10-4 – 10-2
:	<	10-1

<,*=%1$.&>#17,%%,+*

Hotokezaka+	13
Kyutoku+	15	

Jin+	15

Jin+	16

Barnes+	16
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excesses are comparable.
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A single
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Physical setups
G‰Isotropic X-rays are generated

near the central source.

G‰The ejecta cover a fraction 
of solid angle.

G‰The line-of-sight to the source 
is clean for the observers.

The merger ejecta heated by the irradiation 
of X-ray emit thermal infrared radiation.

C:&)5:/'D#&#@16)$&'+'>)

SK,	Ioka &	Nakar 16



Required conditions
G‰Absorption of X-ray photons
τX > 1

G‰Thermalization
τIR > 1

G‰Escaping thermal photons
tdiff < t

G‰Temperature
T < Tmax

The merger ejecta heated by the irradiation 
of X-ray emit thermal infrared radiation.

C:&)5:/'D#&#@16)$&'+'>)

SK,	Ioka &	Nakar 16
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Metzger	&	Berger	12
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Gamma-ray Burst
Extended,	Plateau,	and	scattered	emissions	could	
be	detectable	by	current	and	planed	detectors.

Macronova
X-ray-powered	model	explains	IR	excess	and	
allow	for	broader	parameter	region	even	if	
the	ejecta	mass	is	~10-3 solar	mass.

Remnant of Merger Ejecta
CTA	could	give	constraints	on	the	ejecta
parameter	space,	which	also	explains	the	IR
excess	in	X-ray-powered	model.


