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GW170817 / GRB 170817A
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Ep- Eiso for short GRBs
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Fig. 10.— Ei, as a function of E, in the burst frame for a sample of sGRB taken from
Zhang et al. (2009). The red star is GRB 170817A. The solid line is the Spearman linear fit
together with its 20 confidence level.



Isotropic peak luminosity Lis, [erg s™1]

Ep- Liso for short GRBs
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» Other sGRBs T tx
® GRB 170817a ®
® GRB 170817a on axis

L LT
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Murguia-Berthier et al. (2017). ApJL
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Figure 4. Location of GRB 170817A in the E, and E,;, plane, from
Savchenko et al. (2017) and LIGO Scientific Collaboration & Virgo
Collaboration et al. (2017). Also shown is the location if GRB 1708 17A were
on-axis under the assumption of a misaligned, sharp-edged jet. This assumes a
Lorentz factor of I =~ 50 and I'(6,,s — 6p) =~ 5 (Section 4.2). The data for the
other sGRBs are taken from Tsutsui et al. (2013) and D’Avanzo et al. (2014).
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Off-Axis jet model



Off-Axis Jet Model of XRFs

The X-ray flashes (and the soft GRBs) are the typical GRBs observed from off-
axis viewing angle.

v F Yy X-ray band Y -ray band

/ XRFs

relativistic beaming
effect

= — v
relativistic Doppler
effect
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DELAYED FLASHES FROM COUNTERJETS OF GAMMA-RAY BURSTS
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ABSTRACT

If X-ray flashes are due to the forward-jet emissions from gamma-ray bursts (GRBs) observed at large
viewing angles, we show that a prompt emission from a counterjet should be observed as a ““ delayed flash ™
in the UV or optical band several hours to a day after the X-ray flash. The Ultraviolet and Optical Telescope
on Swift can observe the delayed flashes within ~13 Mpc, so that (double-sided) jets of GRBs can be directly
confirmed. Since the event rate of delayed flashes detected by Swift may be as small as ~6 x 1073 events yr—!,
we require more sensitive detectors in future experiments.

Subject headings: gamma rays: bursts — gamma rays: theory



Prediction of Jet Model : Delayed Flash

Delayed Flash

L~1074-107° ¢m

L/c ~ * hours- 1 day

Line of sight

0..1

XRF/low-L GRBs



Observed frequency : v ,.=v,/r(1-Bcosé ,)

6,~0 = v .~ 200keV :GRB
ré,~10 = v .~ 2keV :X-ray flash

8, ~nrt =v,~ 5eV :Delayed flash
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FiG. 1.—Light curves of the XRF as a function of the normalized FiG. 2.—Light curves of the DF as a function of the normalized observed
observed time 7'/(ro/c37*), where we adopt ro/fBcy? =1 s. We choose time T/(ro/c/3y?), where we adopt ry/Bcy? = 1 s. We choose vy = 100,
YAG =5, ap = —1, g = =3, 4 = 200 keV, and D = 1 Gpc. The flux is YAG =5, ag = —1, fBg = —3, 7/, =200 keV, and D=1 Gpc. Our jet
proportional to D2, model predicts that the flux of the DF be almost constant

(F ~2x 10—'9Daic ergs s ~! cm—2) with both the observed time and the
viewing angle.



log[F(T;1.9-7.3eV) /ergs s~! ecm2]

log[T/sec]

FiG. 3.—Light curves of the XRF afterglow in the UV band, shown by
varying the viewing angle 6,. We fix parameters as A6 = 0.05, n = 1 cm—3,
p=225E=2x 105%ergs, e, =0.1,e3 = 0.01,and D = 1 Gpc. Boxes rep-
resent the light curves of the DF in the same band. We choose a canonical
set of parameters as v = 100 and ro/Bcy? = 1s. The light curve of the DF
does not depend so much on the viewing angle 6,. For comparison, we show
the light curves of the DF with one of the fiducial parameters changed. Note
that all the flux is proportional to D2, and the flux and the duration of the
DF are proportional to (ro/8cy?) " and ro /Be+?, respectively.



Counterjet emission of short GRBs
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Prompt emission from the counter jet of a
short gamma-ray burst

Ryo Yamazakil**, Kunihito Ioka?, and Takashi Nakamura?

! Department of Physics and Mathematics, Aoyama-Gakuin University, Kanagawa 252-5258, Japan
2 Center for Gravitational Physics, Yukawa Institute for Theoretical Physics, Kyoto University,
Kyoto 606-8502, Japan

3 Department of Physics, Kyoto University, Kyoto 606-8502, Japan

* E-mail: ryo@phys.aoyama.ac.jp

The counter jet of a short gamma-ray burst (sGRB) has not been observed yet, while
recent discoveries of gravitational waves (GWs) from a binary neutron star (NS) merger
GW170817 and the associated sGRB 170817A have demonstrated that off-axis sGRB
jets are detectable. We calculate the prompt emission from the counter jet of an sGRB
and show that it is typically 23-26 magnitude in the optical-infrared band 10-103
sec after the GWs for an sGRB 170817A-like event, which is brighter than the early
macronova (or kilonova) emission and detectable by LSST in the near future. We also
propose a new method to constrain the unknown jet properties, such as the Lorentz
factor, opening angle, emission radii and jet launch time, by observing both the forward
and counter jets. To scrutinize the counter jets, space GW detectors like DECIGO is
powerful by forecasting the merger time (< 1 sec) and position (< 1 arcmin) (~ a week)
before the merger.

Subject Index E32, EO1, E02, E37



Counter-jet Emission

Counter jet

Observer




Time coordinate, t, and Observer time, T

Time coordinate in Lab frame

t=20 GW emission ends.
t=1j Relativistc jets are launched from r = 0.

t =7;+tyo Jet emissions start.

t=r71; +t. Jet emissions end.

Observer time

T=0 GW detection ends.

T = Ts(tfgrt Forward-jet emission starts.
T = Ts(tcgrt Counter-jet emission starts.
T = Te(lflzi Forward-jet emission ends.
T = Tézzl Counter-jet emission ends.
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Fig. 1 Light curves of counterjet emission in the r-band for fiducial parameters (v = 100,
Af = 20°, hyvh = 500keV, rg = 1 x 1012 cm, ap = —1, fp = —3,s = 1, tg = r9/cf, k = 1.3,
and Eig on = 8.2 x 10°%erg) with varying 6, (= 0°, 20°, 30°, and 40°, from right to left). The
source is located at D = 40 Mpc.
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Pulse starting time and ending time constrains
viewing geometry and the emission radius.



Too early?

No problem!

Seto et

al. (‘01),

Takahashi & Nakamura (‘03)
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FIG. 1. Sensitivity (effectively S/N = 1) for various detectors
(LISA. DECIGO, LIGOIIL, and a detector 10> times less sensitive
than DECIGO) in the form of A, (solid lines). The dashed
line represents evolution of the characteristic amplitude 4. for
NS-NS binary at z = 1 (filled triangles: wave frequencies at
I and 10 yr before coalescence). The dotted lines represent
the required sensitivity for detecting stochastic background with
Qcw = 1071% and Qgw = 1072° by 10 yr correlation analysis
(S/N = 1).



Early Macronova Emission

Kisaka et al. (2015), “thin-diffusion” regime

Nuclear heating rate: £, () = 2 x 101°(¢/1 day)~ 13 erg s~1g~1
(ethér(t)tp(t’ vrna,x) ) 1/4

a

Blackbody temperature: Tpp(t) =
Bolometric luminosity:

1/2
ct :
Lbol(t) ~ 47((1}maxt)2 (Hp( )) p(tsvma}:)eth‘gr(t)

t‘ ) Uma..\’

cNTV2 0 M\
— 1.5x10%2 erg 57! - 31
X €rg S (10 C1112 g—l 0033\[{\,

Vinin \ 025 /0 1025 /£ \ 702
X
(O.lc) (0.40) 102 s
3.5

(for heating rate £ X T 13 and ejecta profile : Pej X t3 0 )




Counter-jet v.s. Macronova
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Counter-jet v.s. Macronova
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(Non-rela) macronova (kilonova) ejecta

DTS ET1E10-1000sec TIZEELY,
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Fic. 2.— IR (1eV, J band) lightcurves for the model A (red,
solid), A’ (red, dashed), B (blue, solid), B’ (blue, dashed), C (black,
solid), and C’ (black, dashed).
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Figure 1. Comparison of optical (upper panel) and IR (lower
panel) data (red asterisks) for GRB 170817A to theoretical mod-
els (Kasen, Fernandez & Metger 2015, with tyyns = 300 ms)
for emission from a kilonova (brown thick line) and afterglow
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Figure 1. Afterglow lightcurves for a jet with an isotropic y-ray energy of 4.0 x 1046 erg, a vy-ray efficiency of n = 0.4, a jet bulk Lorentz
factor I' = 80, in an ambient medium of n = 0.009 cm ™2 with microphysical parameters eg = 0.01 and €, = 0.1, and a luminosity distance
of 40 Mpc. The blue dashed line shows the X-ray afterglow, the green solid line shows the optical afterglow, and the red dashed-dotted
line shows the 10 GHz radio afterglow. The shaded regions indicate the lightcurve for an efficiency 0.1 < n < 0.7. The reverse shock is
important at radio frequencies, the 10 GHz reverse shock is shown as a thin dash-dotted red line and faint shaded region for the range
of jet energies considered; the forward and reverse shock lightcurve at 10 GHz is shown as a thick black dashed-dotted line. The the red
dashed horizontal line indicates the 1pJy limit, the green horizontal dashed line indicates m g B ~ 21 magnitude, and lower-limit of the
y-axis is the X-ray sensitivity ~ 0.4 puCrab at 4 keV



Useful formulae

Counter-jet emission (optical band) :

E(SGRB)
E/ X 1S0, on I/1+QB
9
21 0
Tstart ~ Tend ~ AT ~ T
Early macronova ( T<<10%sec) :
2 2.875
‘me m 5.2
F,, X s 111;74 — T2.173V
~1/2 )/ ,y U125
K *\[ ej Umin
for heating rate : £ (X T_1'3
—3.5

: -3,
ejecta profile : Pej OC T~V



Parameter determination

6 Model parameters : y, A6, 6, ,
¥y, ¥, (emission radii),
7=t (jet launch) —t (GW end)

5 observables: 6, (<= GW analysis),
Tstart ’ Tend (<: fOI’W&I’det)

Ty > Tong (<= counter jet)

GRB spectrum + Amati (Yonetoku) relation
=> (Off-axis model Doppler factor) = y[1- cos(6,,-A46)]

5 observables & 1 relation to determine 6 model parameters.



Parameter determination 2
2DDUIINFIZIZEME (O, ~7/2) MOATNSEE,

T\ =7 = —[1—Bsin(30, + A9)],
CL
T — 7 = % 1 — Bsin(66, — AB)],
7). 7. = 2014 Bsin(06, — AG)]
startt T e : v "
Th—7; = —5[1+Bsin(60, + A0)].
CL

(6, =7/2 — 60, with 0 < 66, < 1)

T(C) Ts(tfa)urt. L T(C) T(f)

end start* end

— c c f f
(T =18 ) — (D, — T8 )

—> Tj

ETY . GWBHR T ALy BAHAETORRENHLNEME !



Radio afterglow?

Forward/counter jets Macronova dynamical ejecta
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Summary

*AO =20 deg, 0, = 30 deg (Ioka & Nakamura 2017) D &E,

Jet bulk Lorentz factor: y =50 ~200
Emission radius r, = 1-3 x 10!%cm

THNIE,

GW (merger) hio 1~10737 <5
R =22-24 mag (at D = 40 Mpc)

M counter-jet emission MR ZHMELNTELY,

J[RISFSFELLD,
cf. GRB 980425%°GRB 031203 &L Y2 7=Low-luminosity GRBs
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