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OVERVIEW

ÅReverse shocks ïthe basics

ÅNo reverse shocks in short GRBs!?

ÅA candidate short GRB (GRB 180418A, see Becerra, R. ea 2019)

ÅGRB 160821B (short with an observed macronova, see GPL ea 2019, Troja, E. ea
2019)

ÅReverse shock emission as a gravitational wave counterpart

ÅReverse shocks in structured jets

ÅReverse shock emission at high inclination

ÅDetection prospects/challenges
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REVERSE SHOCKS
Å Propagates into ejecta shell

Å Two regimes:

ÅNewtonian

ÅRelativistic

Å Shell reaches full deceleration at the 
crossing radius ïfor both regimes

Å Probe the magnetic field towards the 
central engine

ÅMagnetization of the fireball

ÅConstrains on bulk Lorentz factor

ÅFmax, r =ũ0 Fmax, f CF RB
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REVERSE SHOCK LIGHTCURVES

RELATIVISTIC RS (THICK SHELL) NEWTONIAN RS (THIN SHELL)
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WHY NO SHORT GRB REVERSE SHOCKS?
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Lloyd-Ronning 2019



A CANDIDATE 
SHORT GRB(!?)
GRB 180418A

Å Reverse shock is clear

Å 0.3 < z < 1.3

Å No observed supernova

ÅWithout identified host, 
could be either long or 
short

6Becerra, R. ea 2019



GRB 160821B

GRB 90% duration: 0.48s

A short GRB with X-ray 
extended emission* (~300s)

Afterglow

Macronova

Late-time variability ïa 
refreshed shock

7UK Swift Science Data Centre https://www.swift.ac.uk/burst_analyser/00709357/

Prompt

Extended emission

Afterglow

*possibly a result of mass fallback eg Rosswog 2007, 
Gibson ea 2017, Kisaka ea 2017, Kagawa ea 2019

http://UKhttps:/www.swift.ac.uk/burst_analyser/00709357/


GRB 160821B ï
AFTERGLOW

Å 'Dip' below a power-law at X-
ray frequencies

ÅJet breaks at ~0.35 days

ÅShock refreshed at ~1 day

Å Excess above power-law at 
optical

ÅMacronova

8GPL ea 2019 [ApJ, 883, 48]



9GPL ea 2019 [ApJ, 883, 48], see also Troja, E. ea 2019
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GRB 160821B ïA SUMMARY

ÅEarly radio detection requires emission from a REVERSE SHOCK
Å Thin shell, where CFŸ 0.667
Å Magnetization parameter: RB = 8
Å Bulk Lorentz factor:ũ0 = 60

Å Careful treatment of the complex late afterglow reveals the best-sampled macronova (without a 
GW detection)
Å Models from Kawaguchi ea 2018 ïconsistent with no prompt collapse to black hole

Å Dynamic ejecta Ḑ0.001 Msol

Å Secular ejecta ~0.01 Msol

Å Refreshed shockï2nd outflow from fallback accretion with massḐ0.002 Msol

Å Extended emission consistent with energy dissipation from Blandford-Znajek jet (see Kisaka ea 2017)

Å More energetic second episode; resultant blast wave has ~12.5Ĭinitial energy

Å ũ2Ḑ24

10GPL ea 2019 [ApJ, 883, 48]



REVERSE SHOCK EMISSION AS A 
GRAVITATIONAL WAVE COUNTERPART

ÅTypically inclined GW detected 
mergers will reveal jet structure - GPL
& Kobayashi 2017 [MNRAS 472 4953]

ÅAfterglow to GRB 170817A was 
structured jet*, - GPL & Kobayashi 2018 [MNRAS 
478 733], Lyman, GPL, ea 2018 [Nat Ast 2 751], GPL ea 2019 
[ApJL 870 15]

ÅModels only consider forward shock

ÅHow does the reverse shock look? -
GPL & Kobayashi 2019 [MNRAS 489 1820]

11GPL & Kobayashi 2019 [MNRAS 489 1820]

Magnetisedreverse shocks from 

- GPL & Kobayashi 2019 

[MNRAS 489 1820]

*see also Alexander ea 2018, D'Avanzo ea 2018, Margutti ea 2018, 

2019, Nynka ea 2018, Resmi ea 2018, Troja ea 2018, 2019, Fong ea

2019, Ghirlanda ea 2019, Piro ea 2019, Ryan ea 2019, Salafia ea 2019



12GPL & Kobayashi 2019 [MNRAS 489 1820]

Detection limit

4 jet models at 5 GHz following the structures in GPL & Kobayashi 2017 (pre-GW170817)

Top-hat Power-law

2-component Gaussian

Scintillation limits


