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Gamma-ray bursts

PY Binary compact Internal mechanisms?
O object merger Radiation mechanisms?
~ short GRBs Dissipation mechanisms?

Afterglow phase
‘ . y-rays, X-rays, radio, ...

Prompt phase
1 soft y-rays, hard X-rays

Supernova
~ long GRBs
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A GRB light curve

The GRB gamma-ray light curve has in general three distinct phases

Prompt emission due
to internal shock waves

Precursor emission , o
due to ? | Afterglow emission due

to external shock waves

by Tk et -
Figure adapted from Willingale & Meszaros (2017)
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Many, many light curves

Rate (counts s")

Rate (counts s")

2.0010" T T

1.8010" | .

1.6+10" [ E

1.4¢10" [ :

1.2410" E

1.0010" | R

8.0010" L ! .
g 0 100 200 300

Seconds Since Trigger (921015 : 5792.3857)

.
3.0010 . . . .

25¢10" [ h

2.0010" [ ]

1.5¢10" [ ]

1.0110" [ J ]
-

5.0010° . . | L
-10 0 10 20 30 40
Seconds Since Trigger (000221 : 85150.137)

Rate (counts s")

Rate (counts s")

4.0+10"

3.0410"

2.0+10"

1.0410'

4.0010°

3.0410°

2.010° L

1.0010°

0 20 40 60 80 100 120
Seconds Since Trigger (920513 : 60779.114)

T T T T

1 1 Il 1

0 20 40 60
Seconds Since Trigger (910503 : 25452.651)

Else Magnus

Light curves have many shapes,
what do they tell us?

Study temporal features in
Fourier space by the power-
density spectrum (PDS).
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Many, many light curves
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Light curves have many shapes,
what do they tell us?

Study temporal features in
Fourier space by the power-
density spectrum (PDS).

Observed: Power-law behaviour
with slope -5/3 ~ -1.67.

Kolmogorov turbulence?
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Many, many light curves

log power

I I I I I | I .
- Beloborodov et al. (1998) - Light curves have many shapes,
4l i what do they tell us?

Study temporal features in
Fourier space by the power-
density spectrum (PDS).

Observed: Power-law behaviour
with slope -5/3 ~ -1.67.

Kolmogorov turbulence?

T T How does the slope evolve for
-2 -1 0 1 different groups or phases of
Zhang (zu 1) log frequency GRBs?
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Step by step

Dataset: Fermi-GBM GRBs with redshift observed between 2007-2023.
1. Generate the redshift-corrected light curve of each GRB;
2. Isolate the emission zones;
3. Generate the PDS of signal profile + noise profile.
Are the power-law features inherent to the gamma-ray signal?

Rate [Hz]
80001
7000
6000 1
5000 Noise
4000 profile

3000
2000
1000

0 Too 0 100 200 300 400

‘m VRIJE Time w.r.t. the trigger time [s]
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Step by step
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Long vs. short bursts

Rate [Hz?]
10° | o
All GRBs . Short GRBs kick in
/ at higher frequencies.
102 |
101/  Short GRBs Short and long GRBs
cannot be investigated
i as one group.
109
Study them separately.
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Long bursts

In general o OMAlPDSY o GRS
' Within long bursts: no significant trend.

\ All high-frequency slopes: around —1.9. 3durat|ongroup8

| 3duration groups
3 peak rate groups
3 fluence groups

3 redshift groups
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Long bursts

Signal PDS
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VUB

24 short GRBs with redshift

Short bursts

Long GRBs

Short GRBs (SPL)
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Signal PDS
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VUB

Short bursts
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VUB

Are the power-law features
inherent to the gamma-ray
emission or can they be

produced by noise as well?
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Noise profiles

Noise PDS Signal PD5

Long GRBs
Short GRBs not-z-caorr

| ShortGRBs

3 duration groups

3 duration groups

3 peak rate groups

3 redshift groups

Precursor phase

—40 -35 —-30 -25 -2.0 -15 -1.0

High-frequency power-law index By

Else Magnus

Prompt phase

3 fluence groups



Are the power-law features
inherent to the gamma-ray
emission or can they be

produced by noise as well?

The answer is no!

Except for short GRBs (not
redshift corrected) and
precursor emission... there
we don't know for sure.
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To conclude

What can we learn from the very variable GRB light curves?
' Average PDS: Power-law behaviour » Scale-free processes.
V' Suggestion of turbulent regions at the source of gamma-rays.
' Tension with -5/3 (Kolmogorov turbulence) » Adaption of Kolmogorov theory?

=| Published in
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GRB information

V' Fermi data from July 2008 — December 2023
V27 short GRBs and 187 long GRBs with redshift
1 606 short bursts between July 2008 and December 2023 without redshift.

Minimal T90: 0.048 s Minimal redshift: 0.0093 Minimal fluence: 8.2 - 1078 erg/cm?
Maximal T90: 828.672 s Maximal redshift: 8.0 Maximal fluence: 3.1 - 1073 erg/cm?
I B long GRBs 301
h 1 H B short GRBs ‘
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Step by step

Fluence 4%, | | Peakrate Redshift %,
\\\ PR ‘
© %
Duration GRB phases GRB phases
- T90 (Fermi) - Precursor - Noise
Intrinsic duration T - Prompt
Noise
romot profile
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- Investigate power-law behaviour
for 215 Fermi-GRBs with known

redshift, observed between July
2008 and December 2023..

Gamma-Ray Burst
‘Monitor (GBM)

‘Nalfdetectdrs: 8 keV — 1 MeV

Fermi Gamma-Ray
Space Telescope

: : > . ‘ , / ". > ) 4 % 1 : ’, i 4 & : - , d —",'~.‘- (!
VUB ‘ ; : : Credit: NASA's Goddard Space Flight Center s A » BTAE w L ; e WRON E
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