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Gamma-Ray Burst: standard model
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-Non-thermal spectrum

-Band function (Band et al., 1993)
works most of the time
(sometimes a power-law or a cut-
off power-law is all that could be
constrained, depending also from
the energy range covered by the
Instrument)

From Briiis et al.| 1999



Typical observed GRB prompt spectrum
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Open problem; ofi the GRB prompt emission

What Is the radiative process responsible for the
prompt emission?

* Non-thermal spectrum
—p
» Accelerated electrons Synchrotron?
INn a magnetized region

Rees & Mészaros 1994
Sari et al. 1996, 1998



Synchrotron prediction for prompt spectrum - fast cooling regime

Theoretical predictions
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Synchrotron prediction for prompt spectrum - fast cooling regime

Theoretical predictions
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Recent hints

Oganesyan et al., 2017; 2018

- 62% of the prompt
spectra display a break
between 2 and 30 keV

- the spectral indices are : ——
<a>=-0.51+0.29 and - (8 keV - 40 MeV)

<a>=-1.54 *+0.26

'

Consistent with synchrotron
prediction!

(0.3 - 10 keV) (15 - 150 keV)



G R B 1 6 O 6 2 5 B Racusin et al GCN#19580 (LAT)

Burns et al GCN#19581 (GBM
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Comparison of the fitting functions

Empirical functions

p—
S
L=
m
e
()]
Q
=

EFe [keV-s71-cm™?]
o

102_

E [keV]




_2]

EFe [keV:-s™1-cm
s 3

[

o
N
|

| — sBPL

+ Nal6 i |
=+ Nal9 A '!"*" PP i R AL LI
+ BGOO LR |
+ BGO1 v

. l'w'

" Without the break

(standard fitting function)

N

Residuals
e

|11
il

] Jl L

AT [ nr L] i
THRATITII P T T A ,
1 f{ﬁ}“ 1 {H I Ik &

H‘\ M\JH |
Ll | ” G u L

1 ‘r I
Tl

3
U

10! 102 103 10+




GRB 160625B:Time-resolved analysis§

1 — 2SBPL Peak spectrum 2SBPL
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GRB 160625B: Time-resolved analysisj}
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DISTRIBUTION OF THE SPECTRAL INDICES
from the time-resolved analysis




Selection of the candidates

Ravasio, Ghirlanda, Nava & Ghisellini, 2019, A&A, 625, A60

—— 2SBPL
10%{ 4+ Nal6

S We selected the brightest events in
A the Fermi/GBM Catalogue

SN

EFe [keV:-s71-cm™]
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Results of the time-resolved spectral analysis
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Results of the time-resolved spectral analysis
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* It seems to exist only one component below the peak energy
* Consistent within 1o with the synchrotron value a= -2/3



Theoretical implications




Theoretical implications

A LONG GRBs Marginally fast cooling regime 2011, Beniamini & Piran 2013)
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Theoretical implications

At the emitting region
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Theoretical implications

E,. — > synchrotron cooling
frequency B ~ 10 Gauss

GRB Standard Model:




Theoretical implications

E,. — > synchrotron cooling
frequency B ~ 10 Gauss

GRB Standard Model:

Afterglow?
Variability?




GRB 190114C: the first GRB detected at VHE

Hamburg et al. GCN #23707: GRB 190114C: Fermi GBM detection

Mirzoyan et al. GCN #23701: MAGIC detects the GRB 190114C in the TeV energy domain

> Preliminary spectral analysis shows a strong statistical preference for an extra power-law component
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We analyze its spectral evolution
detected by Fermi/GBM between
10 keV and 40 MeV

T90=116 s

z=0.42

(Selsing et al. 2019)



Spectral analysis of GRB 190114C

Ravasio M.E., Oganesyan G., et al., 2019, A&A
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Evidence of compresence of prompt and afterglow
®| in the GBM energy range

vF, (ergicm®ls)

>

Fermi/GBM

Afterglow .

i i ] Modified from
A Pl ' i .| Abdo et al.,2009

The first 4 s of the burst show a typical prompt
emission spectrum, fit by a standard fitting function
with typical parameters

Starting from 4 s post-trigger, we find an additional
non-thermal component, fit by a power-law with

spectral index I ,,~—2 peaking at 6 s



Spectral analysis of GRB 190114C

Ravasio M.E., Oganesyan G., et al., 2019, A&A
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Estimate of the bulk Lorentz factor I from the
peak of the afterglow lightcurve (using equation

from Nava et al., 2013):

r,~700

r,~130

Homogeneous

medium W|th density
no=1cm

Wind medium
with: M, =10"° M/ yr
v,=10°km/s



& - Atlast, GRBs spectra— synchrotron!  Sfsheiennodeiiomndio ftuel sngle pusec

@ * Identifying E____as the synchrotron cooling frequency — B ~ 10 Gauss

(marginally fast cooling regime)

(1) Ravasio et al., 2018, Consistency with synchrotron emission in the bright GRB 160625B observed by Fermi, Astronomy & Astrophysics
(2) Ravasio et al., 2019, Evidence of two spectral breaks in the prompt emission of Gamma Ray Bursts, Astronomy & Astrophysics
(3) Ravasio et al., 2019, GRB 190114C: from prompt to afterglow?, Astronomy & Astrophysics




& - Atlast, GRBs spectra— synchrotron!  Sfsheiennodeiiomndio ftuel sngle pusec

@ * Identifying E____as the synchrotron cooling frequency — B ~ 10 Gauss

(marginally fast cooling regime)
g@ * Next step: Find the reason why!

(1) Ravasio et al., 2018, Consistency with synchrotron emission in the bright GRB 160625B observed by Fermi, Astronomy & Astrophysics
(2) Ravasio et al., 2019, Evidence of two spectral breaks in the prompt emission of Gamma Ray Bursts, Astronomy & Astrophysics
(3) Ravasio et al., 2019, GRB 190114C: from prompt to afterglow?, Astronomy & Astrophysics




Synchrotron model found to fit well single-pulsed

g At IaSt, GRBs SPECtra_> SynCh rotron! Fermi GRBs spectra by Burgess et al. 2018

@) * Identifying E____as the synchrotron cooling frequency — B ~ 10 Gauss

(marginally fast cooling regime)

ig@ * Next step: Find the reason why!

R
1 | Evidence of compresence of both prompt and afterglow in the GBM energy range
9

0 |- Estimate of bulk Lorentz factor FO(150 — 700) from the peak in the afterglow lightcurve
1
1
4

* Waiting for the MAGIC spectrum to give crucial information about the origin of
the entire high energy spectrum!

(1) Ravasio et al., 2018, Consistency with synchrotron emission in the bright GRB 160625B observed by Fermi, Astronomy & Astrophysics
(2) Ravasio et al., 2019, Evidence of two spectral breaks in the prompt emission of Gamma Ray Bursts, Astronomy & Astrophysics

(3) Ravasio et al., 2019, GRB 190114C: from prompt to afterglow?, Astronomy & Astrophysics



Thanks for your attention!
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Multi-component models: example of the

addltlon of | blackbody

The spectrum could be a combination of
thermal and non-thermal emission

100 —

Nu F,, (photons kev cm™? s™')

. : ] Physically motivated as the emission from the
—%pm EYs Aﬁfgﬁ B bt ++++++++ﬂ-p fireball photosphere, demonstrated to be
T 16000 present in few cases (Ghirlanda et al., 2003)
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i +++ﬁ%_§§?§ The addition of a blackbody (BB) can produce a
' hardening of the low energy part of the spectrum

Nu F,, (photons kev ¢m™? ™)

BAND + BB
; _ The addition of a BB has been
5 e g > widely used in literature
& 5B 1&!« *1£t+"’+ ﬁ%ﬁﬁ’l .%_ﬁ,-s‘ﬁ#wmw@++¥+u;§ (Ryde et al. 2010, Guiriec et al. 2011,2013,2015, 2016, 2017)
- T e E.g. from Guiriec et al. 2011



Comparison of the fitting functions
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Epreak [keV]

—— GBM low energy threshold

Ebreak < 20 keV
Ebreak => 20 keV
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Results of the time-resolved spectral analysis
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SED of GRB190114C
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* LAT data taken from Wang et al., 2019

> The power-law spectral
slope that we find in the GBM
data is remarkably similar to
that found in the LAT
spectrum*

> The spectral energy
distribution obtained from
XRT+BAT+GBM+LAT data
seems to be consistent with a
single emission component

Therefore the MAGIC
spectrum will give crucial
information about the origin of
the entire high energy
spectrum




Spectral analysis of GRB 190114C

Ravasio M.E., Oganesyan G., et al., 2019, A&A
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We interpret this power-law component as
due to the afterglow emission of the burst,
deriving an estimate of the bulk Lorentz factor
I‘O , that depends on (from Nava et al., 2013):

> afterglowonset t,=6s

> blast wave kinetic energy E.

> density of the circumburst medium 71,

r',~700

I',~130

Homogeneous
medium with density
ne=1cm >

Wind medium

with:
M,=10"°M/yr
v,=10%°km/s



Fermi/GBM
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