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At Elbereth 2019:
talk on the GW170817 event!




Event rate (counts/s)

On August 17t 2017...
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Structured jets in GRBs

<
/ Core initially beamed
{/ away from observer

GRB170817:

afterglow photometry

+ VLBI imagery

= Jet structure mapped!
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Structured jets in GRBs

GRB17/0817:

e
afterglow photometry / Core initially beamed
+ VLBl imagery:  / away from observer
= Jet structure mapped!
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GRB afterglow plateaus: discovery

prompt afterglow
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Flux density mJy

GRB afterglow plateaus: observations
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v Chromatic behavior
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v" No evidence for spectral
evolution during plateau
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GRB afterglow

plateaus: statistics
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v Plateaus present in ~50% of GRBs
v' Correlations of plateau properties
v' Plateau—prompt correlations




GRB afterglow plateaus: models

central engine
;
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Reverse Shock
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gl i early steep decay |
| K plateau |« Late-time energy injection
gl b / } Beniamini&Mochkovitch17

regular decay Physical motivation? Prompt-plateau link?

. » Reverse shock emission Hascoét+14
Reverse shock in magnetized ejecta?

'« Delayed shock deceleration shen&Matzner+12
Requires slow shock, compactness puzzle?

- * Prompt high-latitude emission tail
Oganesyan+19

2 3 4 5 6 Does not explain absence of spectral evolution

log (T/s) « Structured jets Fichler&Granot06
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Plateaus from structured jets

. : 10% ISM
« GRB observed until maximum angle
Omax < 2 6; (e.g. Beniamini & Nakar 19)
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Model features
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Caveats and puzzles

- Doesn’t the core spread? T AN
P r-band 3-GHz data from 170817

L
10 f —— 3 GHz
F — 1 keV

« Doesn’t a steep structure
turn off the line-of-sight
material?

“Fioure courtesy of C. Pellouin

e Yes but 170817’s
structure was shallow

103

Consistent picture
i>of 170817-like jet: 4



Discussion

« Plateau statistics: "/éRB+ at
- Insight on core/wings and GRB dissipation? plateau
- Short vs. long GRB jet structures? {

-
R

« Fraction of solid angles: 02 _ g2
max J

~ (.5,
Ormax

« From plateau correlations to jet structures:
Should we expect more events with

detailed jet studies? N/ New (%)
- Population study! Pop. model G16 | WP15

GW+KN afterglow 100 | 100
GW+KN+JAG(p) photometry 38 11
GW+KN+JAG(e) + VLB] 15 2.6
GW+KN+JAG(e)+KNAG 3.0 1.5

of GW+KN+JAG (e)+VLBI 14 | 1.9

6 GW+KN+JAG(e)+KNAG+VLBI [ 29 [ 1.3

= GW+GRB 1.7 | 1.7

Sty



Conclusion

Purely geometric interpretation of plateaus in GRB X-ray
afterglows

Able to reproduce light-curves and observed correlations with
reasonable parameters

Gives insight on GRB statistics and GRB jets

Future

Fitting of individual plateaus

Relationship of plateau correlations to jet structure (universal jet?)
- Quantitative comparison of short-long GRB jets structures?
Exciting prospects of GW counterparts

- Jet studies with afterglows without prompt?



E; ren-trame (K€V)

GRB1/081/A

Not a regular short GRB! Alternative model:
Shock break-out (Nakar 2012)
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Shock breakout from jet in merger ejecta

Initial jet propagates within merger Light-curve:
ejecta, and breaks out , #10¥
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Emergence of jet structure post-breakout

Jet/ejecta interaction may or may not give rise to collimated jet!
- Depends on jet energy, opening angle, ejecta velocity profile

~_

« Chocked jet

« Cocoon

e Shallow structured
outflow

VS.

-> Structured jet!

rl

N

Successful jet

Structured jet
Core+wings/sheath
Mildly-relativistic outflow
Steep structured outflow

o

Levinson & Eichler, 1993:
Structured outflow as
solution to baryon loading
puzzle

N\

Mooley+2018




Was there a jet in GRB1 /7081 /7A?

Early expectations: angular VS. radial

v Jet hydro and analytic estimates (uffel+18)
-> Yes, most jets are successful!
+ if jet can break-out, then jet successful
+ negligible thermal energy deposited by jet ir
ejecta
v' short GRB statistics (eniamini+18)
-> Yes, most mergers result in collimated jets
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« Information from afterglow: 0.0}
Either 1) Dominated by LOS material and there 05

IS energy injection (radial structure)
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Both work well!
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see also Lazzati+17/,
Margutti+18, Lamb+17,...




Jet formation & in-jet physics

- Conical
_ _ . expansion
Gottlieb+2018: Link of jet-
cocoon interaction with : 4 [:
photospheric emission 1Ri1 | weak
/ & collimation
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What now?

N/New (%)
cvents with detatled ot Pop. todl G16 | WP15
StUdieS? ) GW+KN afterg|ow 100 100
-> Population study! GW+KN+JAG(p) photometry 38 11

GW+KN+JAG(e) + VLB| 15 2.6
GW+KN+JAG(e)+KNAG 3.0 1.5

of GW+KN+JAG(e)+VLBI 14 | 1.9

. 2 GW+KN+JAG(e)+KNAG+VLBI || 29 | 1.3
. 2 GW+GRB 1.7 | 1.7

3298 BNS/G pC3:/ VI (Abbott+2018)

One spectacular event and then nothing?
No... now we have new [ " EAS!




Von Kienlin GRBs

GAR 17081 A
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Cosmological GRBs

von Kinelin+2019: Fermi GBM short GRBs similar to
GRB170817A (double peak: hard then soft)
=> Consistent with shock break-out radiation?
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