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What is a GRB Observational appearance

Gamma-ray bursts: observational appearance

Gamma-ray detector (spectral range: few keV to several MeV) on spacecraft
Swift/BAT

Fermi/GBM

CGRO/BATSE
N2

N
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What is a GRB Observational appearance

Gamma-ray bursts: observational appearance

Once every few days detector gets triggered by burst

diverse lightcurves
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What is a GRB Observational appearance

Gamma-ray bursts: observational appearance

Bimodal duration distribution

—— BATSE
Swift

"SHORT"
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What is a GRB Observational appearance

Gamma-ray bursts: observational appearance

SGRBs harder on average

70
non-thermal spectra @

50

# GRBS

Fermi/GBM spectral ranges

# GRBS

100 1(I)1 1(I)z
EkeV]
[Spectral fits to Fermi/GBM data] e

[Nava+12]
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What is a GRB Observational appearance

GRB afterglow: observational appearance

1 keV X-ray Flux Density (uJy)

Radio Flux Density (uly)
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What is a GRB progenitors

Gamma-ray bursts: progenitors

Massive star collapse

Compact binary merger?

(supernova association) (possible macronova association)
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What is a GRB central engine

The central engine

Accretion disk / torus

Relativistic BH remnant

Jet
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The central engine

GRB prompt emission
(internal dissipation
process)

on-axis only Accretion disk / torus

Relativistic BH remnant

Jet
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What is a GRB central engine

The central engine

GRB prompt emission
(internal dissipation
process)
on-axis only

Relativistic
Jet

Afterglow emission
(external shock in ISM)
possibly detectable
off-axis ("orphan")

Accretion disk / torus

BH remnant
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NS-NS or NS-BH feasibility

Conditions for jet launching: satisfied in post-merger?

Low baryon pollution

Large scale
ordered magnetic
field

- 15
B~10"G Accretion disk / torus

Mgisk > 0

Relativistic BH remnant

Jet
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NS-NS or NS-BH feasibility

Conditions for jet launching: satisfied in post-merger?

Low baryon pollution

Large scale
ordered magnetic
field
B~ 110G
MRI & KHI
amplification

[Rosswog+02,

Accretion disk / torus
Maisk > O

BH remnant
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NS-NS or NS-BH feasibility

Conditions for jet launching: satisfied in post-merger?

Low baryon pollution

Large scale

ordered magnetic 0 = My = 0.2 Mys

[Foucart+12, Giacomazzo+13,

field Kyutoku+15,Kawaguchi+16,
B~ 101G Dietrich+17]
MRI & KHI Accretion disk / torus

Mgisk > 0

”

amplification
[Rosswog+02,

BH remnant
Jet
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NS-NS or NS-BH feasibility

Conditions for jet launching: satisfied in post-merger?

Low baryon pollution

Large scale

ordered magnetic 0 = My = 0.2 Mys

[Foucart+12, Giacomazzo+13,

field Kyutoku+15,Kawaguchi+16,
B~ 101G Dietrich+17]
MRI & KHI Accretion disk / torus

Mgisk > 0

”

amplification
[Rosswog+02,

BH remnant

NS, SMNS, HMNS
[Shibata+03 +06,
Margalit+15, Piro+17]

Jet
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NS-NS or NS-BH feasibility

Conditions for jet launching: satisfied in post-merger?

Low baryon pollution
Choked jets
[Murguia-Berthier+14,

Just+15]

Large scale
ordere% magnetic 0 = My = 0.2 Mys
. [Foucart+12, Giacomazzo+13,
field Kyutoku+15,Kawaguchi+16,
B~ 101G Dietrich+17]
Accretion disk / torus
MRI & KHI /

Mgisk > 0

”

amplification
[Rosswog+02,

BH remnant

NS, SMNS, HMNS
[Shibata+03 +06,
Margalit+15, Piro+17]

Jet
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NS-NS or NS-BH feasibility

Conditions for jet launching: satisfied in post-merger?

Large
ordered r
fie

B~1
MRI §
amplifi
[Rossw

MacFady
Kiuchi-H

Low baryon pollution
Choked jets

[Murguia-Berthier+14,

Jet launching efficiency
(“jettiness”)
N’e S

N mergers

(unlikely that 100% of mergers

Relai

produce a successful jet)

Just+15]
hisk < 0.2 Mys
P, Giacomazzo+13,
5,Kawaguchi+16,
ptrich+17]
n disk / torus

Mgisk > 0

remnant

, SMNS, HMNS
[Shibata+03 +06,
Margalit+15, Piro+17]
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SGRB population

SGRB population <= NS-NS population
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SGRB population properties: fitting all observables

GBM Peak Flux (64ms;10-1000 keV) " Swilt Redshift
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SGRB population properties: fitting all observables
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SGRB population properties: fitting all observables

Find most likely instrinsic parameters that reproduce the observed
distributions: MCMC approach

Fe
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SGRB redshift distribution

101 . . . .
T
5
lU
(=W
O, 100
= Ghirlanda+16 SGRB rate
% (no assump. on progenitor)
~
Z,
o
10-1 I I I ]
0 1 2 3 4 5
V4

[data from Ghirlanda+16]
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SGRB redshift distribution
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SGRB redshift distribution
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SGRB local event rate
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SGRB local event rate
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SGRB local event rate
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SGRB population Redshift distribution

SGRB local event rate
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SGRB energy distribution
log(EK iso/€rg) (assuming 1= 0. 4)
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SGRB population Energy distribution

SGRB energy distribution

log(Ek, iso/erg) (assuming 1= 0. 4)
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Hotokezaka+16: predictions about Radio orphan afterglows detectability (as EM
counterparts of NS-NS mergers)
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SGRB energy distribution
log(Ek, iso/erg) (assuming 1= 0. 4)
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SGRB population Energy distribution

SGRB energy distribution

log(EK iso /erg) (assuming n=0. 4)
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SGRB energy distribution

log(Ek, iso/erg) (assuming 1= 0. 4)
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The follow-up problem

EM counterparts are dim
— need to go deep

BUT

Localization areas are large
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The follow-up problem

EM counterparts are dim
— need to go deep

BUT

Localization areas are large

Need for optimized follow-up strategies
(advertisement time!)
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Follow-up strategy Detectability Maps

From CBC parameters to SGRB afterglow lightcurve

18h 16h 14h 12h 10h 8h 6h 4h 2h Oh 22h

[Salafia+17]
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Follow-up strategy Detectability Maps

Posterior samples — lightcurves

[Salafia+17]
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Follow-up strategy Detectability Maps

Fraction of lightcurves above threshold

[Salafia+17]
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Follow-up strategy Detectability Maps

Where and when

Can be used to optimize follow-up
(see the “where and when"” paper [Salafia+17])
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Test example

Test example: Optical search

40°

=
30 Afterglow in "VST" Field of View on t~3 days.
20° Telescope time used: 7 hours.

10°
00
-10°
-20°
-30°

Dec

30m 1h 30m Oh 30m 23h  22h30m

1 2 3.01 4.01 5.01
scheduled time of observation [days]
[Salafia+17]
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Test example

Test example: Radio search

0°

-10°

Afterglow in "MeerKAT" Field of View on t~5 days.
Telescope time used: 5 hours.

-30°
Oh 45m 30m 15m 23h 45m 22h30m
RA
I L TS
1 3.77 6.54 9.32 12.1
scheduled time of observation [days]
[Salafia+17]
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Test example

Test example: IR search (Macronova)

Macronova in "VISTA" Field of View on t~6 days.
Telescope time used: 15 hours.

30m  15m Oh 45m 30m 15m 23h  45m 22h30m

1
1 2.78 4.56 6.33 8.11

scheduled time of observation [days]
[Salafia+17]
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Test example increase/decrease association confidence

Post-detection: association confidence assessment

Even if not used for follow-up optimization:
increase/decrease confidence in GW-EM association
(details in future work)
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Conclusions

Concluding remarks

e A CBC involving at least one NS is a viable SGRB progenitor, but
unlikely 100% of mergers produce a jet

e The intrinsic redshift distribution of SGRBs is compatible with the
expected shape of CBC redshift distribution

e The intrinsic rate of SGRBs is 50+500 times lower than Dominik+13
NS-NS rate (this accounts for beaming factor & jettiness). Not very
encouraging for SGRB-GW association

e Intrinsic energy distribution of SGRBs: better (larger average energy)
than previously expected, but still most jets are weaker than the
observed population: need deep EM follow-up for (orphan) afterglow
detection

e follow-up can be optimized using info from GW signal (see
[Salafia+17]). Works for other candidate EM counterparts as well!
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Conclusions

THANK YOU!
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