Beyond r-process:

The Cocoon emission in the

early macronova in
GW170817

Hamid Hamidani, Kunihito loka, & Kenta Kiuchi

20195F5H22H- 24F
RFEZPETOLr7AEA




Inspiral Dynamical

X-ray/radio
precursor?

Coalescence

GW “chirp”

Accretion
Short GRB

X-ray extended
emission/plateau Neutron
precursor

(UV)

NVVVVVVVVV

GWs from remnant NS?

Fernandez Metzger 2016

Remnant

77

Blue
kilonova Red

Radio

kilonova transient

r-process

®—>

ms magnetar?
Q

L/
' i.NSx )

{

U

Seconds Milliseconds

10 ms

100 ms Minutes-hours  Hours-days

This study

>

Days-weeks Months-years




t<t, : Inspiral

(A)

Jet propagation in an
expanding ejecta

t=t,: Merger

(B)

Jet head

t,<t<t,: Mass ejection

(©)

i

t,<t<t,:Jet launch

) (1), vi(2)

Jet+Cocoon

Outer ejecta

rm(t)a vej

t=t,

Macronova:
UV-Opt-IR
(~days—weeks)

N

HH+19 in prep



Motivation

* Engine powered “Cocoon”:
What EM counterparts/signature to be expected?

Credit: Kasliwal+17
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Tool I. Numerical Simulations

Ve|0city att= 0.00s Density att= 0.00s



Tool Il. Analytic Modeling

Ram Pressure Balance
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Tool Il. Analytic Modeling

dr, (1)
dt

— A ;/-h( t)% Static medium

drh(t) | ( Vej

3—n n—2
(1) = Ar (1) 2 r.(t) 2  Expanding medium
" rm(t)> n(?) (1) T 13,(2)




|. Analytic Vs. Numerical
Breakouts
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Results I:
Engine parameters and jet dynamics
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Results I:
Engine parameters and jet dynamics
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ll. Application for
GW170817’s Cocoon



Modeling The Cocoon

Approximations/Assumptions:
Ein — 3PCVC




Results I:
GW170817°s Cocoon (preliminary)

Narrow Jet Relativistic
(68,=6.8°) Breakout

Delay < 1.7s

Delay > 1.7s

(Numerical relativity)

for M,; = 0.01M




Results I:
GW170817°s Cocoon (preliminary)

Wide Jet Relativistic
(0p=18.0°) Breakout

Delay < 1.7s

Delay > 1.7s

(Numerical relativity)

for M,; = 0.01M




The EM Counterparts
& The Cocoon



Photospheric Velocity
(preliminary)
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d Plateau Emission
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EE, and Plateau Emission
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The Different Cocoons
(preliminary)
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The Cocoon outshining R-process
(preliminary)
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The Cocoon outshining R-process
(preliminary)
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The Cocoon outshining R-process
(preliminary)
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Temperature & Color (preliminary)
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t<t, : Inspiral

The Prediction

Short GRB (E)

g X-ray/y-ray
(~sec)

Cocoon Emission:
UV-Opt-IR

N (~hours)

Macronova:
UV-Opt-IR

Cocoon
<B > ~0.3-0.4

t, <t<t,: Mass ejection

(~days—weeks)

t,<t<t,: Jet launch

HH+19 in prep



Summary

The Cocoon outshines r-process

likely to have contaminated the early macronova in
GW170817

Large Opening Angles for the central engine
are excluded

Prediction of A Bright Early Counterparts

to peak and outshine r-process in the first a few hours
(if powered by the EE/PL emission of the engine)



