Precursors from Compact Binary
Mergers

Simone Dichiara

sbd5667@psu.edu

PennState

GRBs and Central Engine Powered Transients Workshop - Playa Del Carmen - December 2, 2024


mailto:sbd5667@psu.edu

Cts/s/det [15-150 keV]

Precursors signals in binary neutron

L I ' I ' I ! I I
of  SwifBAT I
ofF : : 081024A 3
Sk N :
C I, |
Sk M1 .
- |
o
1 111 1 1 1
-4 2 0 2 4
— . — —
Swift/BAT 090510

Troja+2010

Time since BAT trigger [s]

Cts/s/det [15-150 keV]

0.2

0.1

star mergers

0.1

T T T T T T

T T

_142 —140 -138

080702A

' 1 L 1 1 L 1 1
-100 -50
Time since BAT trigger [s]




i

Precursors signals in binary neutron
star mergers

GRB 200522A

1.0

0.8

0.6/

0.4

Count rate (cts s~ 1 det™1)

—— 15-350 keV

-0.5 0.0

0.5

1.0 1.5

Time since BAT trigger (s)

O’Connor+2021

Counts [cts/bin]

1751

150+

1251

100+

~
(9]

50 1

GRB 230906A

25 bl fokh A
P y y

—— 8-100 keV
400-10000 keV

0.75 1.00 1.25

Time since GBM trigger [s]

Dichiara+2024 in prep



Precursors signals in binary neutron

_/(counts/bin)]

main

log [Flux

N

—

o
T

star mergers

7
e
e
7
7
e
d
4
4
e
7
'd
rd
| P
l P
7
1
L
|
1

S -IogFqupre=IogFqumain

Linear Fit

log [Fluxpre/(counts/bin)]

0 ' 1 ' 2 ' 3

Zhong+2019



Long GRBs related to binary mergers
GRB 211211A
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Long GRBs related to binary mergers
GRB 211211A
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Number of GRBs

The bright GRB 230307A
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EM counterpart from BNS mergers
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GRB 230307A

Another long GRB with Kilonova (see Levan+2023, Yang+2023)
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Average RSF luminosity (erg/s)

Possible interpretations:
Resonant Shattering Flare
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Possible interpretations:
Other scenarios

e Pre-merger: Strongly magnetized binary NS e Post-merger: rapidly spinning, highly
system connected by a magnetic flux tube magnetized NS remnant




Summary

Short signals preceding the main emission were found in the light curves of short GRBs
and long GRBs associated with kilonovae (GRB 211211A and GRB 230307A)

The combination of soft spectrum and short variability deviates from the general trend
of prompt GRB emission mmp precursor signal powered by a different mechanism

Possible explanations:
o Pre-merger models (as the one invoking a Resonant Shattering Flare) require
the merging NS to retain a high magnetic field (> 10" G) within its core.
o Post-merger models invoke a rapidly spinning, highly magnetized NS, where
the rotational energy is extracted by some MHD processes and then released into
a high-entropy fireball

what is the origin of precursor?

an enigma for multi-messenger astronomy!!!! ¢umm

Simultaneous detection of gravitational waves would dispel any doubt about the nature
of the signals and it could be used to constrain the properties the tidal resonant
shattering, the magnetic field and the equation of state of dense matter



Thank you!

https://arxiv.org/abs/2307.02996
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