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Scattered Short
Gamma-rayBursts



GW170817 / GRB 170817A Abbott+	17
Goldstein+	17
Savchenko+	17

Duration (T90)	:	
Time	delay :	
Distance :	
Viewing	angle :	

~	2	� 0.5	sec
~	1.7	sec
~	40	Mpc

<	~30�

Association	probability	:	~5.0�10-8

Detection	of	GW	and	EM	signals.
NS-NS	merger	=	γ-ray	transient	(L~1046 erg	s-1)



Swift/BAT

Off-axis, low-luminosity population

Fermi/GBM

Jet

Lamb	&	Kobayashi	17

Abbott+	17 Lien+	16

Most	are	off-axis	event.
Low-L	events	may	not	be
identified	because	of	unknown-z.
Then,	GW	&	EM observations	will	
increase	a	number	of	the	NS-NS	
merger	origin	γ-ray	transients.	



Kasliwal+	17

CShort	GRB	off-axis	emission	

CScattered	short	GRB		

CLow-luminosity	short	GRB	

CCocoon	shock	breakout	

Ioka &	Nakamura	01,	17,	Murguia-Berthier+	17b,	
Abbott+	17,	Kim+17,	Lamb	&	Kobayashi	17,	Granot+	17

SK+	17

Murguia-Berthier+	17b,	Zhang+	17

Kasliwal+	17,	Gottlieb+	17,	Bromberg+	17

γ-ray emission scenarios



Scattered emission

Eichler &	Levinson	99

Nakamura	98
Eichler &	Levinson	99
SK,	Ioka &	Nakamura	15
SK,	Ioka,	Kashiyama	&	Nakamura	17

Scattering	in	GRBs	as	a	mechanism	
to	make	wide-angle	emission.	

Detection	of	scattered	emission

Activities
Cprompt	emission
Cextended	emission
Cplateau	emission

Scatterers
Crelativistic	scatterer
Csub-relativistic	scatterer



Surrounding materials
Cocoon	is	formed	during	the	jet	propagation.

Nagakura+	14,	Murguia-Berthier+	14,	17
Nakar &	Piran 17,	18,	Bromberg+	18,	
Lazzati+	17,	Xie+	18

Relativistic	component �c ⇠ 1� 10
<latexit sha1_base64="MM6ILk2HA4npzqv0sRO2nfkZ07Q="></latexit><latexit sha1_base64="MM6ILk2HA4npzqv0sRO2nfkZ07Q="></latexit><latexit sha1_base64="MM6ILk2HA4npzqv0sRO2nfkZ07Q="></latexit><latexit sha1_base64="MM6ILk2HA4npzqv0sRO2nfkZ07Q="></latexit>

Sub-relativistic	component �ej ⇠ 0.4
<latexit sha1_base64="C0Avp+7sqq+Qub3WOf5iW7PGXwk="></latexit><latexit sha1_base64="C0Avp+7sqq+Qub3WOf5iW7PGXwk="></latexit><latexit sha1_base64="C0Avp+7sqq+Qub3WOf5iW7PGXwk="></latexit><latexit sha1_base64="C0Avp+7sqq+Qub3WOf5iW7PGXwk="></latexit>

Mej ⇠ 10�2M�
<latexit sha1_base64="e3aaDb9GupTbZlyDwsvfFbwOf7U="></latexit><latexit sha1_base64="e3aaDb9GupTbZlyDwsvfFbwOf7U="></latexit><latexit sha1_base64="e3aaDb9GupTbZlyDwsvfFbwOf7U="></latexit><latexit sha1_base64="e3aaDb9GupTbZlyDwsvfFbwOf7U="></latexit>

Mc ⇠?
<latexit sha1_base64="8N524AVH7V8bqe4VuEzRenRSPNc="></latexit><latexit sha1_base64="8N524AVH7V8bqe4VuEzRenRSPNc="></latexit><latexit sha1_base64="8N524AVH7V8bqe4VuEzRenRSPNc="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="3kd4ZgNVhbQ8iYND8DXPh6S3gao="></latexit><latexit sha1_base64="3kd4ZgNVhbQ8iYND8DXPh6S3gao="></latexit><latexit sha1_base64="9RBjdOK8kFxGhIr4vh/YGXA4toc="></latexit><latexit sha1_base64="8N524AVH7V8bqe4VuEzRenRSPNc="></latexit><latexit sha1_base64="8N524AVH7V8bqe4VuEzRenRSPNc="></latexit><latexit sha1_base64="8N524AVH7V8bqe4VuEzRenRSPNc="></latexit><latexit sha1_base64="8N524AVH7V8bqe4VuEzRenRSPNc="></latexit><latexit sha1_base64="8N524AVH7V8bqe4VuEzRenRSPNc="></latexit><latexit sha1_base64="8N524AVH7V8bqe4VuEzRenRSPNc="></latexit>

(Ioka &	Nakamura	17)



Engine activities
Prompt	emission

Extended	emission

Plateau	emission

Prompt
emission

Extended
emission

Gompertz+	13

Plateau
emission

Sharp	decay

Flat	evolution

L
iso

⇠ 1050 � 1051erg s�1

<latexit sha1_base64="cwelnuTTE3zGnN3iCcn0J5xGNYI="></latexit><latexit sha1_base64="cwelnuTTE3zGnN3iCcn0J5xGNYI="></latexit><latexit sha1_base64="cwelnuTTE3zGnN3iCcn0J5xGNYI="></latexit><latexit sha1_base64="cwelnuTTE3zGnN3iCcn0J5xGNYI="></latexit>

L
iso

⇠ 1047 � 1050erg s�1

<latexit sha1_base64="TX9dhZ66OSRLmIasJ4NlA69zIpU="></latexit><latexit sha1_base64="TX9dhZ66OSRLmIasJ4NlA69zIpU="></latexit><latexit sha1_base64="TX9dhZ66OSRLmIasJ4NlA69zIpU="></latexit><latexit sha1_base64="TX9dhZ66OSRLmIasJ4NlA69zIpU="></latexit>

L
iso

⇠ 1043 � 1047erg s�1

<latexit sha1_base64="hgnwhdjj9F98mPUHN3HA8YLNhH0="></latexit><latexit sha1_base64="hgnwhdjj9F98mPUHN3HA8YLNhH0="></latexit><latexit sha1_base64="hgnwhdjj9F98mPUHN3HA8YLNhH0="></latexit><latexit sha1_base64="hgnwhdjj9F98mPUHN3HA8YLNhH0="></latexit>

Tdur ⇠ 104 � 105 sec
<latexit sha1_base64="IzfG1vioz4NhDcx+ImebHdCOmfo="></latexit><latexit sha1_base64="IzfG1vioz4NhDcx+ImebHdCOmfo="></latexit><latexit sha1_base64="IzfG1vioz4NhDcx+ImebHdCOmfo="></latexit><latexit sha1_base64="IzfG1vioz4NhDcx+ImebHdCOmfo="></latexit>

Tdur ⇠ 102 � 103 sec
<latexit sha1_base64="4Eh3OkhV6CSrcLy6ZjtiLL3wIhw="></latexit><latexit sha1_base64="4Eh3OkhV6CSrcLy6ZjtiLL3wIhw="></latexit><latexit sha1_base64="4Eh3OkhV6CSrcLy6ZjtiLL3wIhw="></latexit><latexit sha1_base64="4Eh3OkhV6CSrcLy6ZjtiLL3wIhw="></latexit>

Tdur ⇠ 0.1� 1 sec
<latexit sha1_base64="3Pb5LLxGl52dhus+WX87iUDuL5o="></latexit><latexit sha1_base64="3Pb5LLxGl52dhus+WX87iUDuL5o="></latexit><latexit sha1_base64="3Pb5LLxGl52dhus+WX87iUDuL5o="></latexit><latexit sha1_base64="3Pb5LLxGl52dhus+WX87iUDuL5o="></latexit>

SK,	Ioka &	Sakamoto	17



Prompt
emission

Extended
emission

Plateau
emission

Relativistic
scatterer

Sub-relativistic
scatterer

re ⇠ 109 � 1010cm
<latexit sha1_base64="PKxzflwyeaM0CDMaALSySukmjQM="></latexit><latexit sha1_base64="PKxzflwyeaM0CDMaALSySukmjQM="></latexit><latexit sha1_base64="PKxzflwyeaM0CDMaALSySukmjQM="></latexit><latexit sha1_base64="PKxzflwyeaM0CDMaALSySukmjQM="></latexit>

Mc & 10�12M�
<latexit sha1_base64="CQUQmR4sHoScKg9lhsDniX3SWBY="></latexit><latexit sha1_base64="CQUQmR4sHoScKg9lhsDniX3SWBY="></latexit><latexit sha1_base64="CQUQmR4sHoScKg9lhsDniX3SWBY="></latexit><latexit sha1_base64="CQUQmR4sHoScKg9lhsDniX3SWBY="></latexit>

Mc & 10�6M�
<latexit sha1_base64="ewH5UZL6SqyWe9QKoYC39gwHrgc="></latexit><latexit sha1_base64="ewH5UZL6SqyWe9QKoYC39gwHrgc="></latexit><latexit sha1_base64="ewH5UZL6SqyWe9QKoYC39gwHrgc="></latexit><latexit sha1_base64="ewH5UZL6SqyWe9QKoYC39gwHrgc="></latexit>

Mc & 10�2M�
<latexit sha1_base64="qGnz3uaQrOlwjwVOaxDAxXcMs0Y="></latexit><latexit sha1_base64="qGnz3uaQrOlwjwVOaxDAxXcMs0Y="></latexit><latexit sha1_base64="qGnz3uaQrOlwjwVOaxDAxXcMs0Y="></latexit><latexit sha1_base64="qGnz3uaQrOlwjwVOaxDAxXcMs0Y="></latexit>

re & 1012cm
<latexit sha1_base64="9mTxh4GxFCzzjjcuQtN3CuRNvdI="></latexit><latexit sha1_base64="9mTxh4GxFCzzjjcuQtN3CuRNvdI="></latexit><latexit sha1_base64="9mTxh4GxFCzzjjcuQtN3CuRNvdI="></latexit><latexit sha1_base64="9mTxh4GxFCzzjjcuQtN3CuRNvdI="></latexit>

re ⇠ 1010 � 1012cm
<latexit sha1_base64="Gv9O1oOpO9Ak7zR5GVAvv809unE="></latexit><latexit sha1_base64="Gv9O1oOpO9Ak7zR5GVAvv809unE="></latexit><latexit sha1_base64="Gv9O1oOpO9Ak7zR5GVAvv809unE="></latexit><latexit sha1_base64="Gv9O1oOpO9Ak7zR5GVAvv809unE="></latexit>

re . 1014cm
<latexit sha1_base64="2ii41G1UznVxVlyQNa9V2eTPPtc="></latexit><latexit sha1_base64="2ii41G1UznVxVlyQNa9V2eTPPtc="></latexit><latexit sha1_base64="2ii41G1UznVxVlyQNa9V2eTPPtc="></latexit><latexit sha1_base64="2ii41G1UznVxVlyQNa9V2eTPPtc="></latexit>

�c ⇠ 1� 10
<latexit sha1_base64="xV4jFmkTobTqIlPI6h2ZrV9rB0w=">AAACe3ichVHLSgMxFD0dX7W+qoIIbopFEdFyRxTFleBCl/VRFayUmTHV4LyYmRZq9Qf8AReuFESk/oUbf8CFnyAuFdwoeDsdEBX1hiQnJ/fcnCS6a0o/IHqIKU3NLa1t8fZER2dXd0+yt2/Dd0qeIXKGYzrelq75wpS2yAUyMMWW6wnN0k2xqR8s1vc3y8LzpWOvBxVX7Fjani2L0tACpgrJgfySZllaoZr3rJRxnPelpU6qVE imKUNhpH4CNQJpRJF1klfIYxcODJRgQcBGwNiEBp/bNlQQXOZ2UGXOYyTDfYFjJFhb4izBGRqzBzzu8Wo7Ym1e12v6odrgU0zuHitTGKF7uqZnuqMaPdLbr7WqYY26lwrPekMr3ELPyeDa678qi+cA+5+qPz0HKGIu9CrZuxsy9VsYDX358PR5bX51pDpKF/TE/s/pgW75Bnb5xbhcEatnSPAHqN+f+yfYmMqolFFXptML09FXxDGEYYzxe89iAcvIIsfnHuECNdzE3pW0Mq5MNFKVWKTpx5dQZj4AZEGSLQ==</latexit><latexit sha1_base64="xV4jFmkTobTqIlPI6h2ZrV9rB0w=">AAACe3ichVHLSgMxFD0dX7W+qoIIbopFEdFyRxTFleBCl/VRFayUmTHV4LyYmRZq9Qf8AReuFESk/oUbf8CFnyAuFdwoeDsdEBX1hiQnJ/fcnCS6a0o/IHqIKU3NLa1t8fZER2dXd0+yt2/Dd0qeIXKGYzrelq75wpS2yAUyMMWW6wnN0k2xqR8s1vc3y8LzpWOvBxVX7Fjani2L0tACpgrJgfySZllaoZr3rJRxnPelpU6qVE imKUNhpH4CNQJpRJF1klfIYxcODJRgQcBGwNiEBp/bNlQQXOZ2UGXOYyTDfYFjJFhb4izBGRqzBzzu8Wo7Ym1e12v6odrgU0zuHitTGKF7uqZnuqMaPdLbr7WqYY26lwrPekMr3ELPyeDa678qi+cA+5+qPz0HKGIu9CrZuxsy9VsYDX358PR5bX51pDpKF/TE/s/pgW75Bnb5xbhcEatnSPAHqN+f+yfYmMqolFFXptML09FXxDGEYYzxe89iAcvIIsfnHuECNdzE3pW0Mq5MNFKVWKTpx5dQZj4AZEGSLQ==</latexit><latexit sha1_base64="xV4jFmkTobTqIlPI6h2ZrV9rB0w=">AAACe3ichVHLSgMxFD0dX7W+qoIIbopFEdFyRxTFleBCl/VRFayUmTHV4LyYmRZq9Qf8AReuFESk/oUbf8CFnyAuFdwoeDsdEBX1hiQnJ/fcnCS6a0o/IHqIKU3NLa1t8fZER2dXd0+yt2/Dd0qeIXKGYzrelq75wpS2yAUyMMWW6wnN0k2xqR8s1vc3y8LzpWOvBxVX7Fjani2L0tACpgrJgfySZllaoZr3rJRxnPelpU6qVE imKUNhpH4CNQJpRJF1klfIYxcODJRgQcBGwNiEBp/bNlQQXOZ2UGXOYyTDfYFjJFhb4izBGRqzBzzu8Wo7Ym1e12v6odrgU0zuHitTGKF7uqZnuqMaPdLbr7WqYY26lwrPekMr3ELPyeDa678qi+cA+5+qPz0HKGIu9CrZuxsy9VsYDX358PR5bX51pDpKF/TE/s/pgW75Bnb5xbhcEatnSPAHqN+f+yfYmMqolFFXptML09FXxDGEYYzxe89iAcvIIsfnHuECNdzE3pW0Mq5MNFKVWKTpx5dQZj4AZEGSLQ==</latexit><latexit sha1_base64="xV4jFmkTobTqIlPI6h2ZrV9rB0w=">AAACe3ichVHLSgMxFD0dX7W+qoIIbopFEdFyRxTFleBCl/VRFayUmTHV4LyYmRZq9Qf8AReuFESk/oUbf8CFnyAuFdwoeDsdEBX1hiQnJ/fcnCS6a0o/IHqIKU3NLa1t8fZER2dXd0+yt2/Dd0qeIXKGYzrelq75wpS2yAUyMMWW6wnN0k2xqR8s1vc3y8LzpWOvBxVX7Fjani2L0tACpgrJgfySZllaoZr3rJRxnPelpU6qVE imKUNhpH4CNQJpRJF1klfIYxcODJRgQcBGwNiEBp/bNlQQXOZ2UGXOYyTDfYFjJFhb4izBGRqzBzzu8Wo7Ym1e12v6odrgU0zuHitTGKF7uqZnuqMaPdLbr7WqYY26lwrPekMr3ELPyeDa678qi+cA+5+qPz0HKGIu9CrZuxsy9VsYDX358PR5bX51pDpKF/TE/s/pgW75Bnb5xbhcEatnSPAHqN+f+yfYmMqolFFXptML09FXxDGEYYzxe89iAcvIIsfnHuECNdzE3pW0Mq5MNFKVWKTpx5dQZj4AZEGSLQ==</latexit>

tdur ⇠ 102 sec
<latexit sha1_base64="HVD99XHdm4AzUigh8sxOI6uvVYQ="></latexit><latexit sha1_base64="HVD99XHdm4AzUigh8sxOI6uvVYQ="></latexit><latexit sha1_base64="HVD99XHdm4AzUigh8sxOI6uvVYQ="></latexit><latexit sha1_base64="HVD99XHdm4AzUigh8sxOI6uvVYQ="></latexit>

tdur ⇠ 104 sec
<latexit sha1_base64="NrQ9PbV5r9RZ2JEjuzoVIxmp34s="></latexit><latexit sha1_base64="NrQ9PbV5r9RZ2JEjuzoVIxmp34s="></latexit><latexit sha1_base64="NrQ9PbV5r9RZ2JEjuzoVIxmp34s="></latexit><latexit sha1_base64="NrQ9PbV5r9RZ2JEjuzoVIxmp34s="></latexit>

Conditions

E
iso

⇠ 1051erg
<latexit sha1_base64="FE8bM2aIL58pQTu3zL9RkRiww4A="></latexit><latexit sha1_base64="FE8bM2aIL58pQTu3zL9RkRiww4A="></latexit><latexit sha1_base64="FE8bM2aIL58pQTu3zL9RkRiww4A="></latexit><latexit sha1_base64="FE8bM2aIL58pQTu3zL9RkRiww4A="></latexit>

tdur ⇠ 1 sec
<latexit sha1_base64="ISoh5ZL7dnRadMwo1Ghwpoof02s="></latexit><latexit sha1_base64="ISoh5ZL7dnRadMwo1Ghwpoof02s="></latexit><latexit sha1_base64="ISoh5ZL7dnRadMwo1Ghwpoof02s="></latexit><latexit sha1_base64="ISoh5ZL7dnRadMwo1Ghwpoof02s="></latexit>

E
iso

⇠ 1051erg
<latexit sha1_base64="FE8bM2aIL58pQTu3zL9RkRiww4A="></latexit><latexit sha1_base64="FE8bM2aIL58pQTu3zL9RkRiww4A="></latexit><latexit sha1_base64="FE8bM2aIL58pQTu3zL9RkRiww4A="></latexit><latexit sha1_base64="FE8bM2aIL58pQTu3zL9RkRiww4A="></latexit>

E
iso

⇠ 1050erg
<latexit sha1_base64="goopdGvEC2W4tr/2oADfMd8xqA4="></latexit><latexit sha1_base64="goopdGvEC2W4tr/2oADfMd8xqA4="></latexit><latexit sha1_base64="goopdGvEC2W4tr/2oADfMd8xqA4="></latexit><latexit sha1_base64="goopdGvEC2W4tr/2oADfMd8xqA4="></latexit>

Mej ⇠ 0.01M�
<latexit sha1_base64="Tsb24CKxRiLoeB3oVvF27EyiyBQ="></latexit><latexit sha1_base64="Tsb24CKxRiLoeB3oVvF27EyiyBQ="></latexit><latexit sha1_base64="Tsb24CKxRiLoeB3oVvF27EyiyBQ="></latexit><latexit sha1_base64="Tsb24CKxRiLoeB3oVvF27EyiyBQ="></latexit>

�ej ⇠ 0.1� 0.3
<latexit sha1_base64="c8HlxGilukAwdnwnSnEaoipBgPs="></latexit><latexit sha1_base64="c8HlxGilukAwdnwnSnEaoipBgPs="></latexit><latexit sha1_base64="c8HlxGilukAwdnwnSnEaoipBgPs="></latexit><latexit sha1_base64="c8HlxGilukAwdnwnSnEaoipBgPs="></latexit>

Mc . 10�12M�
<latexit sha1_base64="qVXCuH610DN3qFRTfL88RA9wWYc="></latexit><latexit sha1_base64="qVXCuH610DN3qFRTfL88RA9wWYc="></latexit><latexit sha1_base64="qVXCuH610DN3qFRTfL88RA9wWYc="></latexit><latexit sha1_base64="qVXCuH610DN3qFRTfL88RA9wWYc="></latexit>

Mc . 10�6M�
<latexit sha1_base64="dZFvzFSA+KYNbTAbO989UbmaJLI="></latexit><latexit sha1_base64="dZFvzFSA+KYNbTAbO989UbmaJLI="></latexit><latexit sha1_base64="dZFvzFSA+KYNbTAbO989UbmaJLI="></latexit><latexit sha1_base64="dZFvzFSA+KYNbTAbO989UbmaJLI="></latexit>

�j(⇠ ⌘) & 103
<latexit sha1_base64="tQEB0ndl2HftnTcBgSqpUkFnFSw="></latexit><latexit sha1_base64="tQEB0ndl2HftnTcBgSqpUkFnFSw="></latexit><latexit sha1_base64="tQEB0ndl2HftnTcBgSqpUkFnFSw="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="+xdQ17DSuRmZtguhilY+3CI9I6A="></latexit><latexit sha1_base64="+xdQ17DSuRmZtguhilY+3CI9I6A="></latexit><latexit sha1_base64="U/dnFWVZt5kQRMB6JULHHAt3+4A="></latexit><latexit sha1_base64="tQEB0ndl2HftnTcBgSqpUkFnFSw="></latexit><latexit sha1_base64="tQEB0ndl2HftnTcBgSqpUkFnFSw="></latexit><latexit sha1_base64="tQEB0ndl2HftnTcBgSqpUkFnFSw="></latexit><latexit sha1_base64="tQEB0ndl2HftnTcBgSqpUkFnFSw="></latexit><latexit sha1_base64="tQEB0ndl2HftnTcBgSqpUkFnFSw="></latexit><latexit sha1_base64="tQEB0ndl2HftnTcBgSqpUkFnFSw="></latexit>

�j(⇠ ⌘) & 20
<latexit sha1_base64="bLrPEygakBNevQIBFAoo1M1QaPM="></latexit><latexit sha1_base64="bLrPEygakBNevQIBFAoo1M1QaPM="></latexit><latexit sha1_base64="bLrPEygakBNevQIBFAoo1M1QaPM="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Dx9qzd6gqaG3tb0MhRqfEqwvxcQ="></latexit><latexit sha1_base64="Dx9qzd6gqaG3tb0MhRqfEqwvxcQ="></latexit><latexit sha1_base64="uGS7oxBM4ZjOmyk/5xCUMG6By4A="></latexit><latexit sha1_base64="bLrPEygakBNevQIBFAoo1M1QaPM="></latexit><latexit sha1_base64="bLrPEygakBNevQIBFAoo1M1QaPM="></latexit><latexit sha1_base64="bLrPEygakBNevQIBFAoo1M1QaPM="></latexit><latexit sha1_base64="bLrPEygakBNevQIBFAoo1M1QaPM="></latexit><latexit sha1_base64="bLrPEygakBNevQIBFAoo1M1QaPM="></latexit><latexit sha1_base64="bLrPEygakBNevQIBFAoo1M1QaPM="></latexit>

Mc . 10�2M�
<latexit sha1_base64="FFJwWSI/9EnP9QWYUTVtCOh3wIY="></latexit><latexit sha1_base64="FFJwWSI/9EnP9QWYUTVtCOh3wIY="></latexit><latexit sha1_base64="FFJwWSI/9EnP9QWYUTVtCOh3wIY="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="bfX0Wi1gIm/JL8ok+h/dO+NcTMM="></latexit><latexit sha1_base64="bfX0Wi1gIm/JL8ok+h/dO+NcTMM="></latexit><latexit sha1_base64="mq/a8SiYXeTNXX3j+70YXp4IG3w="></latexit><latexit sha1_base64="FFJwWSI/9EnP9QWYUTVtCOh3wIY="></latexit><latexit sha1_base64="FFJwWSI/9EnP9QWYUTVtCOh3wIY="></latexit><latexit sha1_base64="FFJwWSI/9EnP9QWYUTVtCOh3wIY="></latexit><latexit sha1_base64="FFJwWSI/9EnP9QWYUTVtCOh3wIY="></latexit><latexit sha1_base64="FFJwWSI/9EnP9QWYUTVtCOh3wIY="></latexit><latexit sha1_base64="FFJwWSI/9EnP9QWYUTVtCOh3wIY="></latexit>

C Emission	region		rph <	re <	rsc
C Optical	depth	τc ~	1

�j(⇠ ⌘) & 102
<latexit sha1_base64="CATv6Emk6DsPRxhTLy8eX3rpYBI="></latexit><latexit sha1_base64="CATv6Emk6DsPRxhTLy8eX3rpYBI="></latexit><latexit sha1_base64="CATv6Emk6DsPRxhTLy8eX3rpYBI="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="kis07xdsItnCPVB7+M5M35smmeY="></latexit><latexit sha1_base64="kis07xdsItnCPVB7+M5M35smmeY="></latexit><latexit sha1_base64="RjxWQx4gQk47PtW5Y9yvdDSmIAU="></latexit><latexit sha1_base64="CATv6Emk6DsPRxhTLy8eX3rpYBI="></latexit><latexit sha1_base64="CATv6Emk6DsPRxhTLy8eX3rpYBI="></latexit><latexit sha1_base64="CATv6Emk6DsPRxhTLy8eX3rpYBI="></latexit><latexit sha1_base64="CATv6Emk6DsPRxhTLy8eX3rpYBI="></latexit><latexit sha1_base64="CATv6Emk6DsPRxhTLy8eX3rpYBI="></latexit><latexit sha1_base64="CATv6Emk6DsPRxhTLy8eX3rpYBI="></latexit>

re & 109cm
<latexit sha1_base64="vKmcueHEmlMYdZcZ5b2DApDeQTI="></latexit><latexit sha1_base64="vKmcueHEmlMYdZcZ5b2DApDeQTI="></latexit><latexit sha1_base64="vKmcueHEmlMYdZcZ5b2DApDeQTI="></latexit><latexit sha1_base64="vKmcueHEmlMYdZcZ5b2DApDeQTI="></latexit>

r
ph

⇠ L
iso

�
T

4⇡m
p

c3⌘�2

j

<latexit sha1_base64="sfUCup/cXH3V9rUJIl2blJJF/jQ="></latexit><latexit sha1_base64="sfUCup/cXH3V9rUJIl2blJJF/jQ="></latexit><latexit sha1_base64="sfUCup/cXH3V9rUJIl2blJJF/jQ="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="f+um3ed6klRoqoFD/+sC7XjGLTE="></latexit><latexit sha1_base64="f+um3ed6klRoqoFD/+sC7XjGLTE="></latexit><latexit sha1_base64="wzK7MIds6B3gIWuyrvKpiq+GqLU="></latexit><latexit sha1_base64="sfUCup/cXH3V9rUJIl2blJJF/jQ="></latexit><latexit sha1_base64="sfUCup/cXH3V9rUJIl2blJJF/jQ="></latexit><latexit sha1_base64="sfUCup/cXH3V9rUJIl2blJJF/jQ="></latexit><latexit sha1_base64="sfUCup/cXH3V9rUJIl2blJJF/jQ="></latexit><latexit sha1_base64="sfUCup/cXH3V9rUJIl2blJJF/jQ="></latexit><latexit sha1_base64="sfUCup/cXH3V9rUJIl2blJJF/jQ="></latexit>



Isotropic radiation energy

πΔθ2

2πΔθ/Γj

Δθ
1/Γj

:	Observed	duration

tdur : Intrinsic	engine	activity	timescale

Tdur,sc ⇠ max{tdur,�T}
<latexit sha1_base64="NY7RsX2LSgVNrjX93VfCX9T3RXQ="></latexit><latexit sha1_base64="NY7RsX2LSgVNrjX93VfCX9T3RXQ="></latexit><latexit sha1_base64="NY7RsX2LSgVNrjX93VfCX9T3RXQ="></latexit><latexit sha1_base64="NY7RsX2LSgVNrjX93VfCX9T3RXQ="></latexit>

�T ⇠ rsc
2c�c�2

c
<latexit sha1_base64="ar3vKwsXeo5aKVOya3eWYZ+bHxY="></latexit><latexit sha1_base64="ar3vKwsXeo5aKVOya3eWYZ+bHxY="></latexit><latexit sha1_base64="ar3vKwsXeo5aKVOya3eWYZ+bHxY="></latexit><latexit sha1_base64="ar3vKwsXeo5aKVOya3eWYZ+bHxY="></latexit>

(��1
c > ✓v ��✓)

<latexit sha1_base64="Eku7OpjIJtDVDjiMJ/zkw/z/EPQ="></latexit><latexit sha1_base64="Eku7OpjIJtDVDjiMJ/zkw/z/EPQ="></latexit><latexit sha1_base64="Eku7OpjIJtDVDjiMJ/zkw/z/EPQ="></latexit><latexit sha1_base64="Eku7OpjIJtDVDjiMJ/zkw/z/EPQ="></latexit>

E
iso,sc

E
iso

(✓
v

= 0)
⇠ L

sc

T
dur,sc

L
iso

t
dur

<latexit sha1_base64="a0LAs99yrfZKRrPitwOCwuLbI/o=">AAAC1HichVHPSxtBFH5ZTdWoNa2XQi/BoEQo4W0pWAqFQBF68OCvRCErYXec6OD+YmYSsOueihcPvfbgSaGU0j+jF/8BD/4J4lHBgx582V2MrbR9w8x873vve/NmxgldoTTiWc4YGMw/GRoeKYyOjT+dKD573lBBRzJeZ4EbyHXHVtwVPq9roV2+Hkpue47L15ydD734WpdLJQJ/Ve+GfMOzt3zRFszWRLWKgdWWNovmW5ElvZ JQwSvF4viBH1csvc21nRLd+D3OxpYSXqpbSGnSrKZosyPTCgv9Cvo+FMetYhmrmFjpMTAzUIbMFoPid7BgEwJg0AEPOPigCbtgg6LRBBMQQuI2ICJOEhJJnEMMBdJ2KItThk3sDq1b5DUz1ie/V1MlakanuDQlKUswjaf4Ay/xBH/iOd7+tVaU1Oj1sku7k2p52Jo4eLFy/V+VR7uG7b7qnz1raMPbpFdBvYcJ07sFS/XdT18vV94tT0czeIwX1P8RnuEvuoHfvWLflvjyIRToA8w/n/sxaLyumlg1l96Ua7XsK4bhJUxBhd57DmrwERahTueewk1uMJc3Gsae8dnYT1ONXKaZhN/M+HIH/Da2Mg==</latexit><latexit sha1_base64="a0LAs99yrfZKRrPitwOCwuLbI/o=">AAAC1HichVHPSxtBFH5ZTdWoNa2XQi/BoEQo4W0pWAqFQBF68OCvRCErYXec6OD+YmYSsOueihcPvfbgSaGU0j+jF/8BD/4J4lHBgx582V2MrbR9w8x873vve/NmxgldoTTiWc4YGMw/GRoeKYyOjT+dKD573lBBRzJeZ4EbyHXHVtwVPq9roV2+Hkpue47L15ydD734WpdLJQJ/Ve+GfMOzt3zRFszWRLWKgdWWNovmW5ElvZ JQwSvF4viBH1csvc21nRLd+D3OxpYSXqpbSGnSrKZosyPTCgv9Cvo+FMetYhmrmFjpMTAzUIbMFoPid7BgEwJg0AEPOPigCbtgg6LRBBMQQuI2ICJOEhJJnEMMBdJ2KItThk3sDq1b5DUz1ie/V1MlakanuDQlKUswjaf4Ay/xBH/iOd7+tVaU1Oj1sku7k2p52Jo4eLFy/V+VR7uG7b7qnz1raMPbpFdBvYcJ07sFS/XdT18vV94tT0czeIwX1P8RnuEvuoHfvWLflvjyIRToA8w/n/sxaLyumlg1l96Ua7XsK4bhJUxBhd57DmrwERahTueewk1uMJc3Gsae8dnYT1ONXKaZhN/M+HIH/Da2Mg==</latexit><latexit sha1_base64="a0LAs99yrfZKRrPitwOCwuLbI/o=">AAAC1HichVHPSxtBFH5ZTdWoNa2XQi/BoEQo4W0pWAqFQBF68OCvRCErYXec6OD+YmYSsOueihcPvfbgSaGU0j+jF/8BD/4J4lHBgx582V2MrbR9w8x873vve/NmxgldoTTiWc4YGMw/GRoeKYyOjT+dKD573lBBRzJeZ4EbyHXHVtwVPq9roV2+Hkpue47L15ydD734WpdLJQJ/Ve+GfMOzt3zRFszWRLWKgdWWNovmW5ElvZ JQwSvF4viBH1csvc21nRLd+D3OxpYSXqpbSGnSrKZosyPTCgv9Cvo+FMetYhmrmFjpMTAzUIbMFoPid7BgEwJg0AEPOPigCbtgg6LRBBMQQuI2ICJOEhJJnEMMBdJ2KItThk3sDq1b5DUz1ie/V1MlakanuDQlKUswjaf4Ay/xBH/iOd7+tVaU1Oj1sku7k2p52Jo4eLFy/V+VR7uG7b7qnz1raMPbpFdBvYcJ07sFS/XdT18vV94tT0czeIwX1P8RnuEvuoHfvWLflvjyIRToA8w/n/sxaLyumlg1l96Ua7XsK4bhJUxBhd57DmrwERahTueewk1uMJc3Gsae8dnYT1ONXKaZhN/M+HIH/Da2Mg==</latexit><latexit sha1_base64="a0LAs99yrfZKRrPitwOCwuLbI/o=">AAAC1HichVHPSxtBFH5ZTdWoNa2XQi/BoEQo4W0pWAqFQBF68OCvRCErYXec6OD+YmYSsOueihcPvfbgSaGU0j+jF/8BD/4J4lHBgx582V2MrbR9w8x873vve/NmxgldoTTiWc4YGMw/GRoeKYyOjT+dKD573lBBRzJeZ4EbyHXHVtwVPq9roV2+Hkpue47L15ydD734WpdLJQJ/Ve+GfMOzt3zRFszWRLWKgdWWNovmW5ElvZ JQwSvF4viBH1csvc21nRLd+D3OxpYSXqpbSGnSrKZosyPTCgv9Cvo+FMetYhmrmFjpMTAzUIbMFoPid7BgEwJg0AEPOPigCbtgg6LRBBMQQuI2ICJOEhJJnEMMBdJ2KItThk3sDq1b5DUz1ie/V1MlakanuDQlKUswjaf4Ay/xBH/iOd7+tVaU1Oj1sku7k2p52Jo4eLFy/V+VR7uG7b7qnz1raMPbpFdBvYcJ07sFS/XdT18vV94tT0czeIwX1P8RnuEvuoHfvWLflvjyIRToA8w/n/sxaLyumlg1l96Ua7XsK4bhJUxBhd57DmrwERahTueewk1uMJc3Gsae8dnYT1ONXKaZhN/M+HIH/Da2Mg==</latexit>

⇠ 2

�j�✓
⇥ �2

c ⇥ ✏sc ⇥
�✓2

2
<latexit sha1_base64="BDW3cCq57f2Wr/Er9l5sJBUytIU="></latexit><latexit sha1_base64="BDW3cCq57f2Wr/Er9l5sJBUytIU="></latexit><latexit sha1_base64="BDW3cCq57f2Wr/Er9l5sJBUytIU="></latexit><latexit sha1_base64="BDW3cCq57f2Wr/Er9l5sJBUytIU="></latexit>

< �✓ >⇠ 0.3 rad
<latexit sha1_base64="VdrMoZ6pCWJKgWc20OSlOxvMTn8="></latexit><latexit sha1_base64="VdrMoZ6pCWJKgWc20OSlOxvMTn8="></latexit><latexit sha1_base64="VdrMoZ6pCWJKgWc20OSlOxvMTn8="></latexit><latexit sha1_base64="VdrMoZ6pCWJKgWc20OSlOxvMTn8="></latexit> Fong+	15CGeometrical	effect



Isotropic radiation energy

(��1
c > ✓v ��✓)

<latexit sha1_base64="Eku7OpjIJtDVDjiMJ/zkw/z/EPQ="></latexit><latexit sha1_base64="Eku7OpjIJtDVDjiMJ/zkw/z/EPQ="></latexit><latexit sha1_base64="Eku7OpjIJtDVDjiMJ/zkw/z/EPQ="></latexit><latexit sha1_base64="Eku7OpjIJtDVDjiMJ/zkw/z/EPQ="></latexit>

E
iso,sc

E
iso

(✓
v

= 0)
⇠ L

sc

T
dur,sc

L
iso

t
dur

<latexit sha1_base64="a0LAs99yrfZKRrPitwOCwuLbI/o=">AAAC1HichVHPSxtBFH5ZTdWoNa2XQi/BoEQo4W0pWAqFQBF68OCvRCErYXec6OD+YmYSsOueihcPvfbgSaGU0j+jF/8BD/4J4lHBgx582V2MrbR9w8x873vve/NmxgldoTTiWc4YGMw/GRoeKYyOjT+dKD573lBBRzJeZ4EbyHXHVtwVPq9roV2+Hkpue47L15ydD734WpdLJQJ/Ve+GfMOzt3zRFszWRLWKgdWWNovmW5ElvZ JQwSvF4viBH1csvc21nRLd+D3OxpYSXqpbSGnSrKZosyPTCgv9Cvo+FMetYhmrmFjpMTAzUIbMFoPid7BgEwJg0AEPOPigCbtgg6LRBBMQQuI2ICJOEhJJnEMMBdJ2KItThk3sDq1b5DUz1ie/V1MlakanuDQlKUswjaf4Ay/xBH/iOd7+tVaU1Oj1sku7k2p52Jo4eLFy/V+VR7uG7b7qnz1raMPbpFdBvYcJ07sFS/XdT18vV94tT0czeIwX1P8RnuEvuoHfvWLflvjyIRToA8w/n/sxaLyumlg1l96Ua7XsK4bhJUxBhd57DmrwERahTueewk1uMJc3Gsae8dnYT1ONXKaZhN/M+HIH/Da2Mg==</latexit><latexit sha1_base64="a0LAs99yrfZKRrPitwOCwuLbI/o=">AAAC1HichVHPSxtBFH5ZTdWoNa2XQi/BoEQo4W0pWAqFQBF68OCvRCErYXec6OD+YmYSsOueihcPvfbgSaGU0j+jF/8BD/4J4lHBgx582V2MrbR9w8x873vve/NmxgldoTTiWc4YGMw/GRoeKYyOjT+dKD573lBBRzJeZ4EbyHXHVtwVPq9roV2+Hkpue47L15ydD734WpdLJQJ/Ve+GfMOzt3zRFszWRLWKgdWWNovmW5ElvZ JQwSvF4viBH1csvc21nRLd+D3OxpYSXqpbSGnSrKZosyPTCgv9Cvo+FMetYhmrmFjpMTAzUIbMFoPid7BgEwJg0AEPOPigCbtgg6LRBBMQQuI2ICJOEhJJnEMMBdJ2KItThk3sDq1b5DUz1ie/V1MlakanuDQlKUswjaf4Ay/xBH/iOd7+tVaU1Oj1sku7k2p52Jo4eLFy/V+VR7uG7b7qnz1raMPbpFdBvYcJ07sFS/XdT18vV94tT0czeIwX1P8RnuEvuoHfvWLflvjyIRToA8w/n/sxaLyumlg1l96Ua7XsK4bhJUxBhd57DmrwERahTueewk1uMJc3Gsae8dnYT1ONXKaZhN/M+HIH/Da2Mg==</latexit><latexit sha1_base64="a0LAs99yrfZKRrPitwOCwuLbI/o=">AAAC1HichVHPSxtBFH5ZTdWoNa2XQi/BoEQo4W0pWAqFQBF68OCvRCErYXec6OD+YmYSsOueihcPvfbgSaGU0j+jF/8BD/4J4lHBgx582V2MrbR9w8x873vve/NmxgldoTTiWc4YGMw/GRoeKYyOjT+dKD573lBBRzJeZ4EbyHXHVtwVPq9roV2+Hkpue47L15ydD734WpdLJQJ/Ve+GfMOzt3zRFszWRLWKgdWWNovmW5ElvZ JQwSvF4viBH1csvc21nRLd+D3OxpYSXqpbSGnSrKZosyPTCgv9Cvo+FMetYhmrmFjpMTAzUIbMFoPid7BgEwJg0AEPOPigCbtgg6LRBBMQQuI2ICJOEhJJnEMMBdJ2KItThk3sDq1b5DUz1ie/V1MlakanuDQlKUswjaf4Ay/xBH/iOd7+tVaU1Oj1sku7k2p52Jo4eLFy/V+VR7uG7b7qnz1raMPbpFdBvYcJ07sFS/XdT18vV94tT0czeIwX1P8RnuEvuoHfvWLflvjyIRToA8w/n/sxaLyumlg1l96Ua7XsK4bhJUxBhd57DmrwERahTueewk1uMJc3Gsae8dnYT1ONXKaZhN/M+HIH/Da2Mg==</latexit><latexit sha1_base64="a0LAs99yrfZKRrPitwOCwuLbI/o=">AAAC1HichVHPSxtBFH5ZTdWoNa2XQi/BoEQo4W0pWAqFQBF68OCvRCErYXec6OD+YmYSsOueihcPvfbgSaGU0j+jF/8BD/4J4lHBgx582V2MrbR9w8x873vve/NmxgldoTTiWc4YGMw/GRoeKYyOjT+dKD573lBBRzJeZ4EbyHXHVtwVPq9roV2+Hkpue47L15ydD734WpdLJQJ/Ve+GfMOzt3zRFszWRLWKgdWWNovmW5ElvZ JQwSvF4viBH1csvc21nRLd+D3OxpYSXqpbSGnSrKZosyPTCgv9Cvo+FMetYhmrmFjpMTAzUIbMFoPid7BgEwJg0AEPOPigCbtgg6LRBBMQQuI2ICJOEhJJnEMMBdJ2KItThk3sDq1b5DUz1ie/V1MlakanuDQlKUswjaf4Ay/xBH/iOd7+tVaU1Oj1sku7k2p52Jo4eLFy/V+VR7uG7b7qnz1raMPbpFdBvYcJ07sFS/XdT18vV94tT0czeIwX1P8RnuEvuoHfvWLflvjyIRToA8w/n/sxaLyumlg1l96Ua7XsK4bhJUxBhd57DmrwERahTueewk1uMJc3Gsae8dnYT1ONXKaZhN/M+HIH/Da2Mg==</latexit>
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�j�✓
⇥ �2

c ⇥ ✏sc ⇥
�✓2

2
<latexit sha1_base64="BDW3cCq57f2Wr/Er9l5sJBUytIU="></latexit><latexit sha1_base64="BDW3cCq57f2Wr/Er9l5sJBUytIU="></latexit><latexit sha1_base64="BDW3cCq57f2Wr/Er9l5sJBUytIU="></latexit><latexit sha1_base64="BDW3cCq57f2Wr/Er9l5sJBUytIU="></latexit>

E
iso,sc

E
iso

(0)
⇠ 3⇥ 10�6��1

j,3�✓�0.5✏sc,�2

<latexit sha1_base64="B8FmmXqTdFPWeHl5RuubPmsacCk="></latexit><latexit sha1_base64="B8FmmXqTdFPWeHl5RuubPmsacCk="></latexit><latexit sha1_base64="B8FmmXqTdFPWeHl5RuubPmsacCk="></latexit><latexit sha1_base64="B8FmmXqTdFPWeHl5RuubPmsacCk="></latexit>

Sub-relativistic	scatterer

Relativistic	scatterer
E

iso,sc

E
iso

(0)
⇠ 3⇥ 10�4��1

j,2�✓�0.5�
2

c,0.5✏sc,�2

<latexit sha1_base64="amZshiAIdLEpJAFoWjGKr3pi/JQ="></latexit><latexit sha1_base64="amZshiAIdLEpJAFoWjGKr3pi/JQ="></latexit><latexit sha1_base64="amZshiAIdLEpJAFoWjGKr3pi/JQ="></latexit><latexit sha1_base64="amZshiAIdLEpJAFoWjGKr3pi/JQ="></latexit> (��1
c > ✓v ��✓)

<latexit sha1_base64="Eku7OpjIJtDVDjiMJ/zkw/z/EPQ="></latexit><latexit sha1_base64="Eku7OpjIJtDVDjiMJ/zkw/z/EPQ="></latexit><latexit sha1_base64="Eku7OpjIJtDVDjiMJ/zkw/z/EPQ="></latexit><latexit sha1_base64="Eku7OpjIJtDVDjiMJ/zkw/z/EPQ="></latexit>



Sub-relativistic scatterer
Δθ =	0.2	rad	(~	11�)
Γj =	1000
Liso =	1051 erg	s-1
te =	1.0	sec
re =	3�109 cm
Mej =	10-2 Msun (0.1	≤	β	≤	0.3)
ρej� β-3

⌧jk ⇠ 0.4
<latexit sha1_base64="boLgLXyD3BM465EQReW9UNZJ11s="></latexit><latexit sha1_base64="boLgLXyD3BM465EQReW9UNZJ11s="></latexit><latexit sha1_base64="boLgLXyD3BM465EQReW9UNZJ11s="></latexit><latexit sha1_base64="boLgLXyD3BM465EQReW9UNZJ11s="></latexit>

⌧j? ⇠ 8⇥ 105
<latexit sha1_base64="00WxFf0IMjvfPinlgo/YW9Uh9jI="></latexit><latexit sha1_base64="00WxFf0IMjvfPinlgo/YW9Uh9jI="></latexit><latexit sha1_base64="00WxFf0IMjvfPinlgo/YW9Uh9jI="></latexit><latexit sha1_base64="00WxFf0IMjvfPinlgo/YW9Uh9jI="></latexit>

Photons	scattered	at	the	edge	
of	the	ejecta could	be	detectable.

unscattered
scattered

⌧c ⇠ 7⇥ 1010
<latexit sha1_base64="rJe6iX8QHMa8FJTWZ76PlVjOZic="></latexit><latexit sha1_base64="rJe6iX8QHMa8FJTWZ76PlVjOZic="></latexit><latexit sha1_base64="rJe6iX8QHMa8FJTWZ76PlVjOZic="></latexit><latexit sha1_base64="rJe6iX8QHMa8FJTWZ76PlVjOZic="></latexit>

(r = re)
<latexit sha1_base64="QKt9NdoS5h9o/TZlxG9iYoHP834="></latexit><latexit sha1_base64="QKt9NdoS5h9o/TZlxG9iYoHP834="></latexit><latexit sha1_base64="QKt9NdoS5h9o/TZlxG9iYoHP834="></latexit><latexit sha1_base64="QKt9NdoS5h9o/TZlxG9iYoHP834="></latexit>

✏sc . 10�2
<latexit sha1_base64="dvIszA3fojeDXk4QQoM1GkFXWuk="></latexit><latexit sha1_base64="dvIszA3fojeDXk4QQoM1GkFXWuk="></latexit><latexit sha1_base64="dvIszA3fojeDXk4QQoM1GkFXWuk="></latexit><latexit sha1_base64="dvIszA3fojeDXk4QQoM1GkFXWuk="></latexit>
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E
iso

(0)
⇠ 3⇥ 10�6✏

sc,�2
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Sub-relativistic scatterer
Δθ =	0.2	rad	(~	11�)
Γj =	10	
Liso =	1046 erg	s-1
te =	104 sec
re =	3�1013 cm
Mej =	10-2 Msun (0.1	≤	β	≤	0.3)
ρej� β-3

Photons	can	cross	the	jet.
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⌧jk ⇠ 10�3
<latexit sha1_base64="PD92kE8gtkmM9CyDp7WIiibN9Ac="></latexit><latexit sha1_base64="PD92kE8gtkmM9CyDp7WIiibN9Ac="></latexit><latexit sha1_base64="PD92kE8gtkmM9CyDp7WIiibN9Ac="></latexit><latexit sha1_base64="PD92kE8gtkmM9CyDp7WIiibN9Ac="></latexit>

⌧j? ⇠ 0.2
<latexit sha1_base64="9BuxU8kMhdIXPMyrYgI4rxNeZRk="></latexit><latexit sha1_base64="9BuxU8kMhdIXPMyrYgI4rxNeZRk="></latexit><latexit sha1_base64="9BuxU8kMhdIXPMyrYgI4rxNeZRk="></latexit><latexit sha1_base64="9BuxU8kMhdIXPMyrYgI4rxNeZRk="></latexit>

⌧c ⇠ 7⇥ 103
<latexit sha1_base64="LYcfDY5flgXmEgEz8S+W7FxNIk0="></latexit><latexit sha1_base64="LYcfDY5flgXmEgEz8S+W7FxNIk0="></latexit><latexit sha1_base64="LYcfDY5flgXmEgEz8S+W7FxNIk0="></latexit><latexit sha1_base64="LYcfDY5flgXmEgEz8S+W7FxNIk0="></latexit>

✏sc . 10�1
<latexit sha1_base64="IbY3mOgUmfu5ixL0U5Tg/7f7WGQ="></latexit><latexit sha1_base64="IbY3mOgUmfu5ixL0U5Tg/7f7WGQ="></latexit><latexit sha1_base64="IbY3mOgUmfu5ixL0U5Tg/7f7WGQ="></latexit><latexit sha1_base64="IbY3mOgUmfu5ixL0U5Tg/7f7WGQ="></latexit>
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<latexit sha1_base64="8etS6SHEjEo7lqtwadmCmxJ2aSs="></latexit><latexit sha1_base64="8etS6SHEjEo7lqtwadmCmxJ2aSs="></latexit><latexit sha1_base64="8etS6SHEjEo7lqtwadmCmxJ2aSs="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="fvLtfGK5kqK2IJ17NfUheGftmLc="></latexit><latexit sha1_base64="fvLtfGK5kqK2IJ17NfUheGftmLc="></latexit><latexit sha1_base64="p27412ZVdFvlvf6fM3urIO80lQ0="></latexit><latexit sha1_base64="8etS6SHEjEo7lqtwadmCmxJ2aSs="></latexit><latexit sha1_base64="8etS6SHEjEo7lqtwadmCmxJ2aSs="></latexit><latexit sha1_base64="8etS6SHEjEo7lqtwadmCmxJ2aSs="></latexit><latexit sha1_base64="8etS6SHEjEo7lqtwadmCmxJ2aSs="></latexit><latexit sha1_base64="8etS6SHEjEo7lqtwadmCmxJ2aSs="></latexit><latexit sha1_base64="8etS6SHEjEo7lqtwadmCmxJ2aSs="></latexit>



Relativistic scatterer
Δθ =	0.2	rad	(~	11�)
Γj =	200
Liso =	1051 erg	s-1
re =	1012 cm
Mc =	5�10-8 Msun
Γc =	3
θint =	Γj-1
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<latexit sha1_base64="HXhny3HHifRa1/yDt7/6xO7t1wE="></latexit><latexit sha1_base64="HXhny3HHifRa1/yDt7/6xO7t1wE="></latexit><latexit sha1_base64="HXhny3HHifRa1/yDt7/6xO7t1wE="></latexit><latexit sha1_base64="HXhny3HHifRa1/yDt7/6xO7t1wE="></latexit>

⌧j? ⇠ 6⇥ 103
<latexit sha1_base64="bfTZznPxFDzb/RnHUxljqvwoPC8="></latexit><latexit sha1_base64="bfTZznPxFDzb/RnHUxljqvwoPC8="></latexit><latexit sha1_base64="bfTZznPxFDzb/RnHUxljqvwoPC8="></latexit><latexit sha1_base64="bfTZznPxFDzb/RnHUxljqvwoPC8="></latexit>
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Photons	with	wide	angle
could	be	detectable.

⌧c ⇠ 1.5
<latexit sha1_base64="KRNnslB3o/P8+y0XWlqZzT0F4Ag="></latexit><latexit sha1_base64="KRNnslB3o/P8+y0XWlqZzT0F4Ag="></latexit><latexit sha1_base64="KRNnslB3o/P8+y0XWlqZzT0F4Ag="></latexit><latexit sha1_base64="KRNnslB3o/P8+y0XWlqZzT0F4Ag="></latexit>

(r = re)
<latexit sha1_base64="QKt9NdoS5h9o/TZlxG9iYoHP834="></latexit><latexit sha1_base64="QKt9NdoS5h9o/TZlxG9iYoHP834="></latexit><latexit sha1_base64="QKt9NdoS5h9o/TZlxG9iYoHP834="></latexit><latexit sha1_base64="QKt9NdoS5h9o/TZlxG9iYoHP834="></latexit>
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<latexit sha1_base64="Hs2m7FesblXU2cgmdJdBQq+tNRM="></latexit><latexit sha1_base64="Hs2m7FesblXU2cgmdJdBQq+tNRM="></latexit><latexit sha1_base64="Hs2m7FesblXU2cgmdJdBQq+tNRM="></latexit><latexit sha1_base64="Hs2m7FesblXU2cgmdJdBQq+tNRM="></latexit>
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<latexit sha1_base64="dvIszA3fojeDXk4QQoM1GkFXWuk="></latexit><latexit sha1_base64="dvIszA3fojeDXk4QQoM1GkFXWuk="></latexit><latexit sha1_base64="dvIszA3fojeDXk4QQoM1GkFXWuk="></latexit><latexit sha1_base64="dvIszA3fojeDXk4QQoM1GkFXWuk="></latexit>
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<latexit sha1_base64="MaRAzpa/msZ7Sk+7/dMBeeT9jRk="></latexit><latexit sha1_base64="MaRAzpa/msZ7Sk+7/dMBeeT9jRk="></latexit><latexit sha1_base64="MaRAzpa/msZ7Sk+7/dMBeeT9jRk="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="aNBm/yakgJxJSGeLdKBmvA+bdGc="></latexit><latexit sha1_base64="aNBm/yakgJxJSGeLdKBmvA+bdGc="></latexit><latexit sha1_base64="GtIMr7gkEj1t3ulskdyLF6A11Yg="></latexit><latexit sha1_base64="MaRAzpa/msZ7Sk+7/dMBeeT9jRk="></latexit><latexit sha1_base64="MaRAzpa/msZ7Sk+7/dMBeeT9jRk="></latexit><latexit sha1_base64="MaRAzpa/msZ7Sk+7/dMBeeT9jRk="></latexit><latexit sha1_base64="MaRAzpa/msZ7Sk+7/dMBeeT9jRk="></latexit><latexit sha1_base64="MaRAzpa/msZ7Sk+7/dMBeeT9jRk="></latexit><latexit sha1_base64="MaRAzpa/msZ7Sk+7/dMBeeT9jRk="></latexit>
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<latexit sha1_base64="YOYSumguSEmrz/BS+GqzocHcSNY="></latexit><latexit sha1_base64="YOYSumguSEmrz/BS+GqzocHcSNY="></latexit><latexit sha1_base64="YOYSumguSEmrz/BS+GqzocHcSNY="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Hm3lOxLrfjAUSU6fepHIhLOnqBY="></latexit><latexit sha1_base64="Hm3lOxLrfjAUSU6fepHIhLOnqBY="></latexit><latexit sha1_base64="MS/d+v9I+eH1Tt1qSXy7/OscKLc="></latexit><latexit sha1_base64="YOYSumguSEmrz/BS+GqzocHcSNY="></latexit><latexit sha1_base64="YOYSumguSEmrz/BS+GqzocHcSNY="></latexit><latexit sha1_base64="YOYSumguSEmrz/BS+GqzocHcSNY="></latexit><latexit sha1_base64="YOYSumguSEmrz/BS+GqzocHcSNY="></latexit><latexit sha1_base64="YOYSumguSEmrz/BS+GqzocHcSNY="></latexit><latexit sha1_base64="YOYSumguSEmrz/BS+GqzocHcSNY="></latexit>



Detectability
Luminosity	(Δθ=0.3rad)
Prompt	Emission	(Liso =	1051 erg	s-1)

Extended	Emission	(Liso =	1049 erg	s-1)

Plateau	Emission	(Liso =	1046 erg	s-1)
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Lsc ⇠ 3⇥ 1045 erg s�1��1
j,3 ✏sc,�2

<latexit sha1_base64="gdO+Mz431+vP0qQYWSLKNuEekPQ="></latexit><latexit sha1_base64="gdO+Mz431+vP0qQYWSLKNuEekPQ="></latexit><latexit sha1_base64="gdO+Mz431+vP0qQYWSLKNuEekPQ="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="FqvhcmY+wuI3opZVHUG533V4vD4="></latexit><latexit sha1_base64="FqvhcmY+wuI3opZVHUG533V4vD4="></latexit><latexit sha1_base64="l28oobX+S26oBvk6p6b6k5pZzaQ="></latexit><latexit sha1_base64="gdO+Mz431+vP0qQYWSLKNuEekPQ="></latexit><latexit sha1_base64="gdO+Mz431+vP0qQYWSLKNuEekPQ="></latexit><latexit sha1_base64="gdO+Mz431+vP0qQYWSLKNuEekPQ="></latexit><latexit sha1_base64="gdO+Mz431+vP0qQYWSLKNuEekPQ="></latexit><latexit sha1_base64="gdO+Mz431+vP0qQYWSLKNuEekPQ="></latexit><latexit sha1_base64="gdO+Mz431+vP0qQYWSLKNuEekPQ="></latexit>

Lsc ⇠ 3⇥ 1046 erg s�1��1
j,2 ✏sc,�2

<latexit sha1_base64="kxREqfl4qbm6DO9411ms7JIXGls="></latexit><latexit sha1_base64="kxREqfl4qbm6DO9411ms7JIXGls="></latexit><latexit sha1_base64="kxREqfl4qbm6DO9411ms7JIXGls="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="raWTpfDuDZptmFPwOKR5l9uHpYY="></latexit><latexit sha1_base64="raWTpfDuDZptmFPwOKR5l9uHpYY="></latexit><latexit sha1_base64="Xeoz2hWkCR2Ls1VDvp/4mSn8gcg="></latexit><latexit sha1_base64="kxREqfl4qbm6DO9411ms7JIXGls="></latexit><latexit sha1_base64="kxREqfl4qbm6DO9411ms7JIXGls="></latexit><latexit sha1_base64="kxREqfl4qbm6DO9411ms7JIXGls="></latexit><latexit sha1_base64="kxREqfl4qbm6DO9411ms7JIXGls="></latexit><latexit sha1_base64="kxREqfl4qbm6DO9411ms7JIXGls="></latexit><latexit sha1_base64="kxREqfl4qbm6DO9411ms7JIXGls="></latexit>

Lsc ⇠ 1045 erg s�1��1
j,1.5✏sc,�2

<latexit sha1_base64="Ut2mucUbHF/MPQB5SD6/u+EEtnY="></latexit><latexit sha1_base64="Ut2mucUbHF/MPQB5SD6/u+EEtnY="></latexit><latexit sha1_base64="Ut2mucUbHF/MPQB5SD6/u+EEtnY="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="3NgolLzVVMHpLlouPVuyiB1rZ4U="></latexit><latexit sha1_base64="3NgolLzVVMHpLlouPVuyiB1rZ4U="></latexit><latexit sha1_base64="mJK+viPb1tr6pAub+jkbUnIFPsI="></latexit><latexit sha1_base64="Ut2mucUbHF/MPQB5SD6/u+EEtnY="></latexit><latexit sha1_base64="Ut2mucUbHF/MPQB5SD6/u+EEtnY="></latexit><latexit sha1_base64="Ut2mucUbHF/MPQB5SD6/u+EEtnY="></latexit><latexit sha1_base64="Ut2mucUbHF/MPQB5SD6/u+EEtnY="></latexit><latexit sha1_base64="Ut2mucUbHF/MPQB5SD6/u+EEtnY="></latexit><latexit sha1_base64="Ut2mucUbHF/MPQB5SD6/u+EEtnY="></latexit>

Lsc ⇠ 1046 erg s�1��1
j,1.5�

2
c,0.5✏sc,�2

<latexit sha1_base64="9i60RlVFND3PEb0hb7UIxtRtyE8="></latexit><latexit sha1_base64="9i60RlVFND3PEb0hb7UIxtRtyE8="></latexit><latexit sha1_base64="9i60RlVFND3PEb0hb7UIxtRtyE8="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="1AdW7gt579TMMyQIoqCSlIPy7cQ="></latexit><latexit sha1_base64="1AdW7gt579TMMyQIoqCSlIPy7cQ="></latexit><latexit sha1_base64="gcC1nUH4tnlHwR5VkUFcg4rYbHA="></latexit><latexit sha1_base64="9i60RlVFND3PEb0hb7UIxtRtyE8="></latexit><latexit sha1_base64="9i60RlVFND3PEb0hb7UIxtRtyE8="></latexit><latexit sha1_base64="9i60RlVFND3PEb0hb7UIxtRtyE8="></latexit><latexit sha1_base64="9i60RlVFND3PEb0hb7UIxtRtyE8="></latexit><latexit sha1_base64="9i60RlVFND3PEb0hb7UIxtRtyE8="></latexit><latexit sha1_base64="9i60RlVFND3PEb0hb7UIxtRtyE8="></latexit>

Lsc ⇠ 1043 erg s�1��1
j,1.5✏sc,�1

<latexit sha1_base64="OprJKJdDqe72RGzLrLRVNsCo/bM="></latexit><latexit sha1_base64="OprJKJdDqe72RGzLrLRVNsCo/bM="></latexit><latexit sha1_base64="OprJKJdDqe72RGzLrLRVNsCo/bM="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="sLc80+H0PMbrc3vqXoPlKiXqqSE="></latexit><latexit sha1_base64="sLc80+H0PMbrc3vqXoPlKiXqqSE="></latexit><latexit sha1_base64="Oe25F8oh/ILmPUx6xI+K+BtnOpY="></latexit><latexit sha1_base64="OprJKJdDqe72RGzLrLRVNsCo/bM="></latexit><latexit sha1_base64="OprJKJdDqe72RGzLrLRVNsCo/bM="></latexit><latexit sha1_base64="OprJKJdDqe72RGzLrLRVNsCo/bM="></latexit><latexit sha1_base64="OprJKJdDqe72RGzLrLRVNsCo/bM="></latexit><latexit sha1_base64="OprJKJdDqe72RGzLrLRVNsCo/bM="></latexit><latexit sha1_base64="OprJKJdDqe72RGzLrLRVNsCo/bM="></latexit>



Summary

CGW	observations	will	increase	a	number	of	NS-NS	
merger	origin	low-luminosity	gamma-ray	transients
will	be	increased	in	near	future.

CScattering	in	short	GRBs	could	wide	angle	emission
with	luminosities	~	1045 - 1046 erg	s-1 for	prompt	and
extended	emission,	and	~1043 erg	s-1 for	plateau	emission.

CThe	detection	of	the	scattered	emission	could	give	
constraints	on	the	properties	of	the	jet	and	the	cocoon.


