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Scientific background




Scientific background

Prompt emission phase:
Energy range: keV-MeV

Variability time-scales: ms-s
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Prompt emission phase:
Energy range: keV-MeV

Variability time-scales: ms-s
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The steep decay phase

Observed flux density (Jy)
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The

Prompt emission

spectral evolution during the steep decay phase

Prompt tail

curves 1s
of prompt

in XRT 1light
fading tail

The steep decay
considered as the
emission pulses

Flux and spectral evolution 1in this phase
should shed 1light on the cooling of
particles once the acceleration mechanism
takes over
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Observed flux density (Jy)
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Light curve

The alpha-F relation

alpha-F relation
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The alpha-F relation

XRT band Fi(t) ~ Fo(t) E*~®
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Interpreting the alpha-F relation

We need to define two time scales:

R
2cI2

Tfr'a/d — min (TSyn, TIO, ...) Tdyn JE—

and two regimes:

Radiative regime Adiabatic regime

7}ad'<<’nhﬁz 7%ad:2>7ﬂyn

The tail emission i1s dominated by

the last emitting surface The spectrum undergoes to an
intrinsic shift due to the

adiabatic cooling of particles
Spectral softening dominated by the

Doppler shift due to high latitude
emission




The high latitude

emission
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The high latitude emission
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The high latitude emission
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The high latitude emission

Counts
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The high latitude emission

XRT band
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The high latitude emission

XRT band
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The high latitude emission

XRT band
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Interpreting the alpha-F relation

Radiative regime
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What if the spectrum is not the same along the jet surface?
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Adiabatic cooling

Conservation of entropy For a synchrotron spectrum

<7>3V’ — const Vp X <7>ZB

Prescription for B evolution
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Adiabatic cooling

Conservation of entropy For a synchrotron spectrum
: 3y/7!
> (v)?V' = const v, < (7)*B
: Prescription for B evolution
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Adiabatic cooling

Conservation of entropy For a synchrotron spectrum

> (v)*V' = const v, < (7)*B

Prescription for B evolution
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Table 1 Results of the parameter estimation via MCMC,
adopting the adiabatic cooling model.

GRB Epeak (keV) A Tad (S)
090621A 1813 2.1179-2¢ 244137
100619A >129 0.47+071 0.3%55
110102A 46715 0.61+0-10 5.8717
140512A >323 0.48t8;§§ 0.975;
161117A 80753 0.697571 6.2153
170906A 13514294 0.661 00 3.0
180325A >122 0.39+3:96 0.8 5%
1906048 5412% 0.45%5% 3.57%73

The confidence intervals and the lower limits represent the 16th, 50th, and 84th percentiles of
the samples in the marginalized distributions (i.e., 16 level of confidence).
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Rule of thumb estimation of the expected wvalues of A

From the fit of alpha-F relation:
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The extended sample

102
>
>
+
Z 1073
Q
©
X
=
Y
2104
c
()]
(Vp)]
O
O
10753

- F maz'$,_ . XRT
_ : Mm _
N * t _/8 -
: WMF(@ T (%>
: { ﬁ%*
I
3 : hf{ MMJ{ E
: oy
- HH$*£~
e N
: | l E 1 | 1 M . l M .s | :
100 200 300 400

time since BAT trigger (s)

19

Photon Index

w
o

N
Ul

N
o

(-
Ul

-
=)

O
Ul

0.0

090621A
100619A
110102A
140512A 7
161117A
170906A
180325A -
190604B
060729
060904A _
101023A
120922A
150323A
160119A |
190106A
190219A

oL
e brais




For more details, check our paper here:

https://doi.org/10.1038/s41467-021-24246-x
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A RT I C LE W) Check for updates

Spectral index-flux relation for investigating the
origins of steep decay in y-ray bursts

1,2,3 4,5,6

Samuele Ronchini , Gor Oganesyan® 23, Marica Branchesi'?3, Stefano Ascenzi
Maria Grazia Bernardini® 4, Francesco Brighenti® !, Simone Dall'Osso® 4, Paolo D'Avanzo?,
Giancarlo Ghirlanda® %/, Gabriele Ghisellini4, Maria Edvige Ravasio® %/ & Om Sharan Salafia®3
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https://doi.org/10.1038/s41467-021-24246-x

Conclusions

*The spectral evolution during the steep decay of prompt-
like ©pulses 1n GRBs 1s characterised by a unique
relation

eThe standard high 1latitude emission scenario cannot
account for the spectral evolution during the steep
decay.

eOQur results disfavour an efficient particle cooling

eThe 1inclusion of adiabatic cooling of particles well
explains the observed alpha-F relation

eThe inefficient radiative cooling of particles 1in GRB
outflows 1s 1n contrast with energy dissipations from
electrons, suggesting a proton-synchrotron origin of the
emission
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Perspectives for the future
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Perspectives for the future
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Perspectives for the future

— 6,=0° i
—— 6,=25%x0,=5"
— 6,=5%x6,=10°

— 6,=15%x6,=30" 3

Osolls

TRANSIENT HIGH ENERGY SKY AND EARLY UNIVERSE SURVEYOR

XGIS: 2 keV - 20 MeV
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At the moment we do not have a wide-field
telescope capable to monitor the X-ray emission
during the first instants after the trigger
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SXI: 0.3 - 5 keV
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Thanks for your attention!
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