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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)



Open problem of the GRB prompt emission

What Is the radiative process responsible
for the prompt emission?

* Non-thermal spectrum
* Accelerated electrons
INn a magnetized region

Synchrotron?

Rees & Mészaros 1994
Sari et al. 1996, 1998



Synchrotron prediction for prompt spectrum - fast cooling regime

- - = Sari & Piran 1997
Theoretical predictions Preece 1998

Ghisellini 2000
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From Ghirlanda et al., 2009
(see also Preece 1998, Kaneko 2006, Nava 2011, Goldstein 2012, Gruber 2014)
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Synchrotron prediction for prompt spectrum - fast cooling regime

Sari & Piran 1997

Preece 1998

Ghisellini 2000
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Theoretical predictions

E’N; (erg-cm™>.s™)

Photon Energy (MeV) =
10 =
0.05F
From Ghirlanda et al., 2009 i
(see also Preece 1998, Kaneko 2006, Nava 2011, Goldstein 2012, Gruber 2014) 0.00 i
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Recent hints from

Oganesyan et al., 2017, 2018
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Recent hints from

Oganesyan et al., 2017, 2018
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* 62% of the prom
spectra display a/break
between 2 and 30 keV

; Break at h|
I energies |

EF, [keV s~ cm™2]
=
OO

* the spectral indices
are <a>=-0.66 £ 0.35

i Fermi/lGBM
and <o,> = -1.46 *0.31 —’ - (8 keV - 40 MeV)

IS
Consistent with

synchrotron prediction!
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GRBE 1606255

Racusin et al GCN#19580 (LAT)

* The GBM light curve consists of 3 distinct
emission episodes

* Fluence = 5.7 x 10 erg/cm?
* z2=1.406

* We performed a time-resolved analysis on the
main event
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Comparison of the fitting functions
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Model independent

analytical function

> three power-laws,
allowing for the
presence of another
spectral break
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—— Nal9 8-900 keV

GRB 160625E i
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Adding a break at low energy - the fit significantly improves! o(F-test) > 8o
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Adding a break at low energy - the fit significantly improves! (F-test) > 8o
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from the time-resolved analysis .
— synchrotron consistency also found by Zhang et al. 2018



Selection of the candidates

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

—— 2SBPL

0t & e A We selected the brightest events in
the Fermi/GBM Catalogue
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Results of the time-resolved spectral analysis

10 LONG GRBs 5 0, 25BPL
- a, 2SBPL
* 30 1 41- 9 2SBPL _
BREAK N o SBPL
FOUND IN n GSBPL
8/10 GRBs =20

In most of the time resolved
spectra (139/199, ~ 70%)
the best fit model is the

2SBPL function ,
. \
Ll et /
<o,>=-0.58 (0.16) | ole—=== = . { S . S .-
-4.0 -35 -3.0 -2.5 -2.0 -15 -1.0 -0.5 0
<o > =-1.52 (0.20)
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Single break function - <o>=-1.02 (0.19)



Results of the time-resolved spectral analysis

BN o SBPL
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Short GRBs
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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

Marginally fast cooling regime | (kumar & McMahon 2008, Daigne

2011, Beniamini & Piran 2013)
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Theoretical implications

E, ——» synchrotron cooling frequency
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Theoretical implications

Interpreting the observed E, __, as the
synchrotron cooling frequency B ~ 10 Gauss

GRB Standard Model:




Theoretical implications

Interpreting the observed E as the

break

synchrotron cooling frequency

GRB Standard Model:

Afterglow?
Variability?




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

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

> We analyze its spectral evolution detected by Fermi/GBM between 10 keV and 40 MeV
GRB190114C

25000,

1 1
| — Nal3 8-900 keV

> Fifth brightest GRB
{ ever observed by

Fermi/lGBM Fermi

20000

—

'v2 15000

:8)10000 i > T90=116 s
>2=042

(Selsing et al. 2019)
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Spectral analysis of GRB 190114C

Ravasio M.E., Oganesyan G., Salafia O.S., et al., 2019, A&A
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—»| Evidence of compresence of prompt and afterglow
in the GBM energy range
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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 [', ~—2 peaking at 6 s



Spectral analysis of GRB 190114C

Ravasio M.E., Oganesyan G., Salafia O S., etal., 2019, A&A
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Estimate of the bulk Lorentz factor FO from
the peak of the afterglow lightcurve (using
equation from Nava et al., 2013):

—»| Evidence of compresence of prompt and afterglow
in the GBM energy range
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Summary

g.

Strong observational evidences in both Swift and Fermi GRBs
in favour of the synchrotron origin of GRBs spectra

Well supported by the optical data and by the
direct fit of the synchrotron model

Oganesyan et al. 2017, 2018
Ravasio et al., 2018, 2019

Oganesyan et al., 2019
Burgess et al. 2019

Ronchi et al., 2019
[submitted]
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@ * Identifying E, _, as the synchrotron cooling frequency ——p» B ~ 10 Gauss

(marginally fast cooling regime)
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@ * Identifying E, _, as the synchrotron cooling frequency ——p» B ~ 10 Gauss
(marginally fast cooling regime)

Q.

% * Next step: Find the reason why! It's time for more theoretical efforts!




Summary

g - Strong observational evidences in both Swift and Fermi GRBs | Oganesyan et al. 2017, 2018

in favour of the synchrotron origin of GRBs spectra | Ravasio etal., 2018, 2019

Well supported by the optical data and by the Oganesyan et al., 2019

/ : Burgess et al. 2019
direct fit of the synchrotron model Ronchi et al., 2019
[submitted]

@) * Identifying E, _, as the synchrotron cooling frequency ——p» B ~ 10 Gauss

(marginally fast cooling regime)

Q
% * Next step: Find the reason why! It's time for more theoretical efforts!

G? * Evidence of transition from prompt to afterglow in the GBM energy range
g « Estimate of bulk Lorentz factor | 0 (150 — 700) from the peak in the afterglow
1 lightcurve
1
4 °* Waiting for the MAGIC spectrum to give crucial information about the origin of the
C entire high energy spectrum!




Thanks for your attention!
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