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The prompt emission of GRB

Magnetar association
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The lightcurve of prompt emission
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FRED shape pulse

Fast Rise and Exponential Decay

A typically asymmetric pulse have FRED shape
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In general, FRED pulses shows spectral lag like:
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 softer-wider
 softer-later
Pulse width w(€) « E%, a~0.3-0.4

Norris, et al., APJ, 1996
Dan kocevski, Felix Ryde and Edison Liang, APJ, 2003
Norris, et al.. APJ. 2005
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Pulse in different model

Central engine

Internal shock
Prompt emission

External shock
Afterglow

T ternal Shock ICMART

Dominating energy Kinetic energy Magnetic energy

Local turbulenc induced

Shock acceleration . .
magnetic reconnection

Particle acceleration

Lightcurve profile One shock, one pulse One mini-jet, one spike

(G ravitational)

Fireball model

(Spin Ifinetic))

ICMART model
Dissipative photoshere model

Initially magnetized internal shock model

( Thermal )(

(Poynting flux)

Magnetic dissipation
Thermal Ve
acceleration Kinetic
Shock
dissipation
\\ H Radiation Js J/ ")
Photoshpere emission: Magnetic dissipation

Reprocessed from The Physics of Gamma-Ray Bursts, Zhang, 2018



GECAM & HEBS & GTM

Gravitational wave high-energy Electromagnetic Counterpart All-sky Monitor
High Energy Burst Searcher
Gamma-ray Transient Monitor

GECAM-A/B 2020-12-10 LEO, ~600 kM
GECAM-C (HEBS) 2022-07-27 SSO, ~500 kM
GECAM-D (GTM) 2024-03-13 DRO, ~380,000 kM

Main payload: GRD and CPD
« GECAM-A/B: 25 LaBr; GRDs, 8 CPDs
« GECAM-C: 6 LaBr; GRDs, 6 Nal GRDs, 2 CPDs
« GECAM-D: 5 Nal GTPs(i.e. GRDs)

GECAM is designed to have the highest time resolution among GRB monitors (0.1ps)

Shuo Xiao, et al., MNRAS, 2022
Shuo Xiao, et al., APJS, 2023



Overview of GRB 230307A

15:54:06:650 UTC GECAM-B in-flight trigger
15:54:06:671 UTC Fermi/GBM in-flight trigger

16:53 the extremely brightness and preliminary flux is reported by GECAM (GCN #33406)

’17 :10 the extremely brightness is verified by GBM (GCN #33407)

]23:33 IPN triangulation (GCN #33413)\
’12:57 tiled Swift observations‘
’20:16 improved IPN localization (GCN #33425)‘
’23 :17 two X-ray counterpart candidates by SwiftIXRT‘

’15:14 possible optical counterpart(GCN #33439)‘

03: 37 verify of the optical counterpart(GCN #33447)

’measure of red-shift(GCN #33485)‘
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 The lightcurve from BeiDou navigation system shows a roughly FRED shape

0 100

« GECAM-B firstly reported that this is an extremely bright GRB leading a global observation campaign to this event
« Both GECAM-B & GECAM-C have high quality observation data, neither of them suffered from data saturation




Overview of GRB 230307A
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TYPE-II (collapsar original)
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The extremely brightness of GRB 230307A provide an laboratory to test the dissipative processes of GRB!

Hui Sun, et al., submitted, 2023
Andrew J. Levan, et al., Nature, 2023



Counts Rate

Overview of GRB 230307A
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Several features:

« An overall FRED shape, especially in low time resolution lightcurve(slow component)
« Many spike in high time resolution lightcurve (fast component)

« A precursor and a significant dip
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FRED & Dip across mission
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The lightcurve in multi-E bands act as a single pulse

Scaled net count rate
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New FRED formulation with one less dof
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Self-similarity of the pulse

Scaled net count rate
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Scaled net count rate

Fast component

e Norris05 —— High time resolution lightcurve

New FRED —— Low time resolution lightcurve o0
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An analogy

How to identify the shadow is :
 a big mother fish with many baby fishes
« a school of small fishes



An analogy

~18 s dip

No underlying big mother fish,
but the school of baby fishes coordinate themselves to mimic one big fish



“DIP” or “GAP”
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With the standard IS scenario (IS-caseA)

| M/\\fw\ﬂme

hard-to-soft tracking
of individual pulse l
% central engine
 There is no underlying elementary slow pulse

U v
2 Fast components = typical broad pulse, R,s~(3x10'4cm)(l'/100)2(6t/1s)

« advantage: can produce dip structure

« disadvantage: no overall shape-E dependence



With an variant IS scenario (IS-caseB)

central engine

« There is an underlying elementary slow pulse

 Fast components: R~(3x1074cm)(I/100)2(6t/15s)
Slow components: R,~(1.2x107%cm)(I'/100)2(At/40s)

- advantage: overall shape-E dependence

« disadvantage: cannot produce dip structure



With the ICMART scenario

h time correlated overall trend

IJ v local mini-jets lf S 1
due to random
magnetic I
| g A
. ’

i 'T P
expanding fluid
with magnetic
turbulence
central engine

« There is no underlying elementary slow pulse
2 Fast components = typical broad pulse, R,cpart~(1.2%x10'cm)('/100)2(At/40s)

« advantage: overall shape-E dependence and can produce dip structure




Simulation result

IS-caseA
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Summary

 Overall light curve of GRB 230307A is a broad FRED pulse with classic shape-E dependence
« The broad FRED pulse is assembled by many fast pulses, with self-similarity

e The “dip” structure in GRB 230307A could be explained by a “gap”

« ICMART is more favored than IS model in GRB 230307A

« provide strong evidence for a Poynting-flux-dominated jet composition of this bright GRB
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Comments and suggestions are welcome
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Figure 1. An illustration of the secondary particles produced by cosmic rays hitting the satellite and observed by all 14 detectors on board GECAM-C simultaneously
at UTC 2022-10-06T06:16:01.84390998 (red dotted line). The vertical coordinate represents the detector serial number: 1 to 12 represent GRDs, whereas 13 and 14
represent CPDs. The different colors represent different energies; note that there are eight GRDs recorded with energies higher than 10,000 keV due to the very high
energy of the cosmic rays. Note their ime difference is less than 0.3 ps.



