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Gamma-Ray Burst: standard model
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Recent hints from the observations

Oganesyan et al., 2017, ApJ
Oganesyan et al., 2018, A&A

Analyzing 34 long GRBs down to the X-rays:

62% of the prompt spectra display a break

Ravasio et al.,
Ravasio et al.,

2018, A&A
2019, A&A

Analyzing 10 long GRBs at y-ray energies:

* 70% of the prompt spectra display a break

between 20 and 300 keV
« the spectral indices are <a,>=-0.58 £ 0.16

between 2 and 30 keV
- the spectral indices are <a,>=-0.51 +0.29

and <o,>=-1.54 +0.26
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Recent hints from the observations

Ravasio et al., 2019, A&A

LONG GRBs SHORT GRBs
TWO BREAKS NO ADDITIONAL
i BREAK
_A
- B
= VIV
J
> > E
E o, disappears
<a > = -0.58 (o= 0.16)
<a,> =-1.52 (o= 0.20) <o > = -0.78 (¢=0.23)

> In both cases, photon indices from empirical fits consistent with synchrotron predictions \/

> DireCt teSt Of the SynChrOtron mode| Wlth data [Ronchi M., Fumagalli F., Ravasio M.E. et al, 2020, A&A ; /
Oganesyan et al. 2019 ; Burgess et al. 2020]
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Recent hints from the observations

Ravasio et al., 2019, A&A

LONG GRBs SHORT GRBs
TWO BREAKS NO ADDITIONAL
BREAK

B

[WIN

o, disappears

<o,> = -0.58 (0= 0.16) ;
<a,> =-1.52 (o= 0.20) <o > = -0.78 (¢=0.23)

> In both cases, photon indices from empirical fits consistent with synchrotron predictions \/

> Direct teSt Of the SynChrOtron mode| Wlth data [Ronchi M., Fumagalli F., Ravasio M.E. et al, 2020, A&A ; /
Oganesyan et al. 2019 ; Burgess et al. 2020]
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GRB 211211A: long GRB with a kilonova
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[Rastinejad et al, (...) . : : : , . :
Ravasio et al, 2022, ° 0 % ime since BAT trigger (seconds) ” "
submitted to Nature]
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GRB 211211A: long GRB with a kilonova
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GRB 211211A: long GRB with a kilonova
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Bothv__andv__ evolving from gamma- to X-rays

cool

- First time synchrotron cooling [Gompertz, Ravasio et al, 2022,
found in a merger-driven GRB! under revision by Nature Astronomy]
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Theoretical implications

i At th itti i
Particles do not cool completely! t the emitting region

IE E > Marginally fast cooling regime
break peak E .
[Kumar & McMahon 2008, Daigne 2011,
Beniamini & Piran 2013]

GRB Standard Model:
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Theoretical implications

i At th itti i
Particles do not cool completely! t the emitting region

T Vmin ~1—10 B 10 F—l/?) obs 1/3 tObS_Q/S G

V100kev s

>E Marginally fast cooling regime
[Kumar & McMahon 2008, Daigne 2011,
Beniamini & Piran 2013]

Consequences of a low magnetic field

In the leptonic scenario: /
LR~10%-10%cm Y Lo T
/
(standard model) UB LS yn

Not observed!
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Theoretical implications

At the emitting region

1/3 obs_Q/3

Particles do not cool completely!

~1—10 |B'~

10 F‘l/?’ %)Ske\/ tls G

> Marginally fast cooling regime

Beniamini & Piran 2013]
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[Kumar & McMahon 2008, Daigne 2011,

VAN

Consequences of a low magnetic field

in the leptonic scenario:
13 14 U, L
- R -~ 10 - 10 cm rad _ C
/
(standard model) UB LS yn

Not observed!

- R~ 10"-10" cm|- variability timescale??

- very large I

Afterglow??




Theoretical implications

& { A possible solution: the prompt emission
- may be produced by synchrotron from

protons rather than electrons

| Ghisellini et al., A&A,
G | 2020
\/

Require higher magnetic field of B~10" G
in a ‘standard’ emitting region at R~10" cm

with ‘standard’ bulk Lorentz factors M~10?

Proton-synchrotron scenario:

...still under investigation
(see Florou et al. 2021, Begué, Samuelsson, Pe'er 2021 )
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High energy observation
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GRBs as relativistic sources

— e e
* The variability timescales Ot i

imply that the source is compact - L%
A4
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If the emitting matter is moving relativistically

* The spectrum is non-thermal and with a bulk Lorentz factor I

made by high energies photons
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il sl Piran 1999]
Photon Energy (MeV) [Lithwick & Sari 2001]
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Searching for compactness sighature in Fermi data
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Ravasio et al., in prep.
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Searching for compactness sighature in Fermi data
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Ravasio et al., in prep.
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Searching for compactness sighature in Fermi data
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Ravasio et al., in prep.
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Results of the joint analysis: high-energy cutoff

- In 10/22 bursts, the spectral data significantly required the presence of an
exponential cutoff at high energies, with E_ __ between ~ 14 and 298 MeV
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Ravasio et al., in prep.
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Theoretical interpretation: pair-production

Interpreting the cutoff as the sign of the

opacity to pair-production and
assumingt = 0.1 s for each burst

Z 2

140 < T < 330

R Pair-production (this work)
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Consistent with values derived from the same opacity
argument applied in a few bursts present in the literature

[e.g. Ackermann et al., 2012, Tang et al. 2015, Vianello et al., 2018]

Ravasio et al., in prep.
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Pair-production & afterglow onset

Ravasio et al., in prep.

[ Afterglow onset (wind)
10 - Afterglow onset (ISM)

B Pair-production (this work) 140 < r < 330
o] [ =1 >
> 6 - consistent with the distributions of I'
derived from the afterglow deceleration
4 - peak
2 [Ghirlanda et al. 2018]
0 I ™

107
L'y

But we can go beyond the comparison of the I values...
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Inferring the distance R from the central engine

Ravasio et al., in prep.
Compactness e Be

B
AfteTgl()w onset Combining the two R X LiSO CU.tOff F_Q_QBG
methods - El_BG

Tyy(IR) =1 peak
['| onset

Method to restrict
the parameter
space for the

prompt emission

Afterglow
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Inferring the distance R from the central engine

C'ompactness
Aft(??“gl()w onset Combining the two

Ravasio et al., in prep.

methods
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Inferring the distance R from the central engine

Compactness Ravasio et al., in prep. E/B H 2 2

Afterglow onset combining the two ROC Liq, (iut% I Pe
methods €

T~(T,R) < 1 peak

I'| onset RY 13 15 e
prRElNARY | R s 101 100 s

afterglow onset
time (but without
cutoff)

Apply to every GRB
with:

- I from the afterglow
— prompt emission
spectrum up to LAT
energies

Method to restrict
the parameter
space for the

prompt emission

Afterglow
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Inferring the distance R from the central engine

Ravasio et al., in prep.
Compactness i Eﬁ f 0 98
cuto -
Afterglow onset combining the two Roc L, I’ ¢
methods 1 66
(I R) =1 peak
13 15 For the ?nrllyz
GRBs of the
L] onset PRE\—‘M\NARY R > 10 — 10%em s
— fime (but witho
—— Obs ddlrkrfd ) prompt emission Cuwﬁ)
+ o — e e Method to restrict
logR =13.69 + 0.5 the parameter
, - RECENTLY space for the
favouring the proton-sync  : APPLIED TO prorFr)lpt emission
scenario! B . GRB 220101A
[Mei, Oganesyan, Tsvetkova,
Ravasio et al., 2022] 1o
1(]12 4_“
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Results of the joint analysis: high-energy slope

8 - =1 Al fits —— —

10% —
This work n

Bmedjan =-2.43 |
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102 -

10110l 102 10° 104 10° 106 107 8 -~ L £ Alfits =
E [keV] . i
) ] ] ) ) 6 This work L
> distribution of p is quite broad ] Do = 2.86 i
: Z 1 n
> extending towards steep values | i
Useful for theory of acceleration process f ] I
0 ] | 1 ] 1 |
Ravasio et al., in prep. 2 3 4 5 5 6 7
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Conclusion

* GRB Prompt emission: —#»Is it synchrotron? It looks like synchrotron,
it smells like synchrotron, BUT...

In the leptonic scenario In the hadronic scenario
B ~ 10 Gauss B ~ 10’ Gauss
Hard to reconcile with Feasible but limited
the standard model parameter space
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Conclusion

* GRB Prompt emission: —#»Is it synchrotron? It looks like synchrotron,
it smells like synchrotron, BUT...

In the leptonic scenario In the hadronic scenario
B ~ 10 Gauss B ~ 10’ Gauss
Hard to reconcile with Feasible but limited
the standard model parameter space

* High-energy: - I from compactness (independent from the radiative process)

140 < T <330

— Slope of the particles distribution
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Conclusion

* GRB Prompt emission: ——»|s it synchrotron? It looks like synchrotron,
it smells like synchrotron, BUT...

In the leptonic scenario In the hadronic scenario
B ~ 10 Gauss B ~ 107 Gauss
Hard to reconcile with Feasible but limited
the standard model parameter space

* High-energy: —|I from compactness (independent from the radiative process)

140 < T < 330

— Slope of the particles distribution

* High energy prompt spectra + afterglow lightcurves - |distance R

 more HE and VHE observations needed to fully uncover the prompt GRB parameter space

Ravasio et al., in prep.

VanarEavigenRavasio) xadpeud Unv, = VicongressolNazonale G, ieste=—12/09/2022



Thanks for your attention



Back-up slides



Gamma-Ray Burst: standard model

| # red-giant
¥ star collapses

— . onto its core.... Open pI‘Ob|em Jet collides with

ambient medium
1

(external shock wave)

What is the radiative process b, _
) . - J High-energy
responsible for the prompt emission? gamma rays

‘ SL%VeVITF . GRB 990123
Low-energy .
gamma rays _‘ . Val v;%
B
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Synchrotron” E
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[Katz 1994]
[Rees & Meszaros 19 WA\

[Sari & Piran 1997]
Black hole [Ghisellini et al. 2000]

engine

~
3
=
‘o
2
Y
€
S
@
c
i)
S
&
&
e
%
2
i

E2Ng (erg - cm™.s7")

S H O RT P rom p 'I' : : Photon Energy (MeV)
GRB emission
binary system

be gﬂtu&-plrﬁl Af‘rerglow

VanarEavigenRavasio) xadpeud Unv, = VicongressolNazonale G, ieste=—12/09/2022



Theoretical expectations

10°

> Observed £ wz,"%‘:..._ IEj | IGRB9901;3 ]
GRB Standard Model: non-thermal |

S peCtru m 0“§ e \ BATSE SDO %% EB ]

5 102 = BATSE SD1 !
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[Briggs et al., 1999] I ‘o.lo1 o1 i 10 100

Photon Energy (MeV)

> accelerated electrons in a
magnetized region

[Katz 1994] i
[Rees & Meszaros 1994]
[Sari & Piran 1997] Syn Ch rotron?

[Ghisellini et al. 2000]
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Theoretical expectations

A Fast cooling synchrotron
2l3 Observed slopes

X
= 3/2
% - L ]
c LONG GRBs: <o> ~ -1
O
5 SHORT GRBs: <a>~-0.4
< -(p+1)/2
: p 020
cool Vm v L
e e 0.15}
.+ GRB 990123 _
= =l e 1 I
2 10'f e " 1 Sl
;‘!’ 10°F : 1
g B AJoT _ 1
S 10"f F 4 [ 0 M X
g 10°F |2 GATsELkoo S : 0.00| MY 7 e |
o BATSE SD4 H ]
g 3 x OSSE : - -3 —2Z -1 0 1 2
s |iSEmEem) | T
B ol 1999 Coqo*f |- cGRETTASC | i —1—_I_1 0
riggs et al., : y ;
S i S R R e A [Ghirlanda et al., 2009]
[Ghisellini et al. 2000] 0.01 0.1 1 10 100 [see also Preece 1998, Kaneko 2006, Nava 2011, Goldstein 2012,
Photon Energy (MeV) Gruber 2014]
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Recent hints from the observations

Ravasio et al., 2019, A&A A

o, LONG GRBs

=)
10 brightest SHORT GRBs =
detected by Fermi/GBM =

RSN

E\ B SHORT GRBs
NO ADDITIONAL = y\ o_disappears
BREAK! i :

-

E

<o > = —0.78 (0=0.23)
Consistent with the synchrotron value -2/3

[- but the long merger-driven GRB 211211A shows two breaks, see Gompertz, Ravasio et al. 2022]



Recent hint

Synehrotron model
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Oganesyan et al., 2019

10

Synchrotron model
successfully fits the
spectral data

/ \ GRB 180720B
k 10 E
c E
> 10244
s
glol.
e
W
100 102 10 100 105
E [keV]

Ronchi M., Fumagalli F., Ravasio M.E. et al, 2020,
A&A

- see also synchrotron model fit by Burgess et al. 2020
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Multi-component models: the addition of a blackbody

el ' & “ac?j? ]
| e T
il The spectrum could be a combination of
thermal and non-thermal emission
& BAND

gl , : — Physically motivated as the emission from the
wﬁtﬁgﬁﬁﬁjﬁ‘j’ﬂ*ﬂ+++++ﬂ+ﬁ+++ﬁ fireball photosphere, demonstrated to be

3t = ol — present In few cases (Ghirlanda et al., 2003)

Energy (keV)

) C _ o ﬁ} d ++++ _}_{aco_oo!:_; N
%#%% The addition of a blackbody (BB) can produce
' a hardening of the low energy part of the
L ' BAND +BB | spectrum

il ‘ The addition of a BB has been
s " ﬁ pedl o widely used in literature
§L2:‘ gﬁﬁtﬁ t}% *ﬁi‘#‘hﬂﬂﬂ* - ++++“'“++ (Ryde et al. 2010, Guiriec et al. 2011,2013,2015, 2016, 2017)

Energy (kev)

E.g. from Guiriec et al. 2011



Comparison of the fitting functions
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GRB1606258B:
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GRB 211211A: long GRB with a kiloneva

* Time-resolved analysis with 2 s time resolution of Swift and Fermi data

Count Rate

Tested: Band, Band+BB, 2SBPL

2500 1

2000 A1

— =
=] w
(=] (=]
o o

(%]
=
o

— [S*]
v o
L .

Count Rate
=
o

—— 10 - 900 keV (GBM)

= 15 -150 keV (BAT)

= Band
- Band + BB
= 2SBPL
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Time since BAT trigger (seconds)

1044 Epeak
r:"l Ebreak
=
o
S
o
| -
@ 103-
>
(1
> P —— BAND
A —— BAND+BB
/ \ —
F b 2SBPL
102 e
10! 102 103 104
E [keV]

— ¥ Both strongly disfavored,

especially in the brightest pulses

[Gompertz, Ravasio et al, 2022,
submitted to Nature Astronomy]



Recent hints from the observations

IPC 0-2s 6 - 8s 10 - 12s
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- First time
synchrotron cooling
found in a merger-driven
GRB!

Energy (keV) Energy (i Energy (keV)
. . - —— 10 - 900 keV (GBM)

GRB 211211A
long GRB

I 202 —— 15 - 150 keV (BAT) .
with a KN o o e : e . . [Gompertz, Ravasio et al,
[Rastinejad et al, (...) =7]: : Do Lo ; : 2022, submitted to Nature
Ravasio et al, 2022, 2"|: | o P : : | Astronomy]
submitted to Nature]
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Maria Edvige Ravasio, Radboud Univ. — V Congresso Nazionale GRB, Trieste — 12/09/2022



Recent hints from the observations

IPC 0-2s 6 - 8s 10 - 12s
101 T T 1 I T | T T
+  nlo 1 | 1 nlo + bo
- I 1
i ! ! n2 +  BAT
% 1078 ] !
=] 1
2 ] i
P i 1
2 10:¢ : !
w2 i i
Y ] 1
1 1
1077 e T L T S a0
10 100 1000 100 1000 i 10000
=)y N Energy (keV) H H
Energy (keVy N EI’l-Pl"". _ : gy N FlrSt tlme
2500+ ¢ - . . —— 10 - 900 keV (GBM)

synchrotron cooling
found in a merger-driven

GRB 211211A GRB!

long GRB
with a KN 20 :

o .
I_5215‘:
- .

= 15 - 150 keV (BAT) .
: : [Gompertz, Ravasio et al,

[Rastinejad et al, (...) 2022, submitted to Nature

Energy (keV)

Energy (keV)

= .
H 5104
RavaS|O et al, 2022, 8 Astronomy]
submitted to Nature] :
0 10 20 30 50 60
Time si BAT trig (seconds)
- EE 1 Os = 34s 60s
T 1 ; ok ~ 1 I + n2 4 BAT I ¢ on2 +  BAT
3 voe] i L i
T IU_h'E - - H » - : | |
g i ! - ¥ : it i & . + 1
o ]| +ixto | | I 1 M\
o { o . i i | }
7 I 1 ¥ -
Z 1077 + | n2 I ] + ' +1 1
e + bo i i : 1
= +  BAT i : i
10 3110 o 1000 1000 100 1000 10000

Energy (keV)

Maria Edvige Ravasio, Radboud Univ. — V Congresso Nazionale GRB, Trieste — 12/09/2022



Comparison with the BB: the opticallemission

Oganesyan, Nava, Ghirlanda, Melandri & Celotti, 2019

Fit the synchrotron model
to XRT+BAT (+GBM) spectra

Prediction of the
optical flux

12500

412000 =’

11000

1500

60 80 100 120 140 160 180 200

Timels|

3000

[XR

415007 2.

count s

-14.0
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21 GRBs, 56 TIME-RESOLVED SPECTRA

__GRB 061121 [63.99-68.83 sec]
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Optical data + XRT [0.5 — 10 keV] + BAT [15 - 150 keV]



Comparison with the BB: the opticallemission

GRB 110205A
Oganesyan, Nava, Ghirlanda, Melandri & Celotti, 2019 : ,

107} Synchrotron model CPL +BB model

10°}

~ 90 % of spectra
are inconsistent with
CPL+BB model!

Synchrotron model Is
preferred

1615 1616 1617 1618 1619 10201615 1616 1617 1618 1619 1020



Recap from observations

What we have learnt:

> Long GRB - additional spectral break (both in Swift and Fermi bursts) \/

> Short GRB - no additional break (possible only with Fermi bursts) \/

> In both cases, photon indices from empirical fits consistent with synchrotron predictions \/

[Oganesyan et al. 2017,2018 ; Ravasio et al., 2018, 2019]

> Direct test of the synchrotron model with data \/

[Ronchi M., Fumagalli F., Ravasio M.E. et al, 2020, A&A ; Oganesyan et al. 2019 ; Burgess et al. 2020]
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Theoretical implications

Marginally fast cooling regime

E°N(E)

E break E

peak

WVianaEayigerRavasion radned Uny:—VAcongressorNazonalerGiRBiestie’ = 12/09/2022



Theoretical implications

Marginally fast cooling regime

[Kumar & McMahon 2008, Daigne
2011, Beniamini & Piran 2013]

Interpreting E
frequency

as the synchrotron cooling

break

jobs _ 6mmec (1 + 2)
cool — o ,yeB/Q F

7,2 _ 3mmec (1 + z)yobs
¢ 2eB’ T

At the emitting region

—1/3 obs  ~1/3 Lobs=2/3
VigokeV b1 Gauss

Ravasio et al., 2019, A&A

WVianaEayigerRavasion radned Uny:—VAcongressorNazonalerGiRBiestie’ = 12/09/2022



Theoretical implications

Consequences of a low magnetic field
in the leptonic scenario:

syn
tC 00

1017

10!

Ravasio et al., in prep.

102
I'

1 = tad, Ebreak = 100 keV, Lis, = 10°%erg/s

103

104

[From Ghisellini et al., 2020]

log(Bsyn)

- R~ 102-10%cm

(standard model)

10

;ad: LC T
U/B LSyn

Not observed!

I I 1 I 1 | 1 1 1
L,=10% erg/s, I'=100

v, =30 keV, v, =10v, ]

VanarEavigenRavasio) xadpeud Unv, = VicongressolNazonale G, ieste=—12/09/2022 7



Theoretical implications

tovor = tad, Ebreak = 100keV, Lig, = 1052erg/s

1017 C0O

10!

Ravasio et al., in prep.

Consequences of a low magnetic field
in the leptonic scenario:

-~ R~10%-10%cm U,  Lc T
(standard model) U /B L Syn

Not observed!

5> R~ 10*-10"cm

Variability timescale?? — very large I
Afterglow??

log(Bsyn)

102 103 104
I'

VanarEavigenRavasio) xadpeud Unv, = VicongressolNazonale G, ieste=—12/09/2022 7



Switching roles: synchrotron from protons

These new results could be explained by synchrotron
emission from protons rather than electrons

For typical parameters of the emitting region (B'~10°G):

Electrons — » %%, ~ 107 's

cool Too short!!

(we should see a complete
cooling, namely index = -3/2

below the peak)

Protons

cool e

5/2
Tr
oty (2) o e

...still under investigation
(see Florou et al. 2021)

—— 2SBPL
4 + Naie
-+ Nal8

=
=)

-
o
@

EFe [keV-s~1.-cm™2]

-

o
N

—

GRB 180720
Time-resolved spectrum
Time bin: [7.17 - 8.19 s]

Residuals
1
N O N

10! 102

10°
E [keV]

Much longer!! ~1-10 s

v

We need a higher
magnetic field of B~10" G
in a 'standard' emitting
region at R~10" cm

Ghisellini et al.,
A&A, 2020



GRBs as relativistic sources

* The variability timescales Ot

Imply that the source is compact ,
p y . GEE 92051.3 i p “ X

2000 -

R ~ cot

L 1 L
=50 0 50 100 150 200

s — The optical depth for pair-production
* The spectrum is non-thermal and

. . ferordnd® F 15
made by high energies photons AT ey ™ Ty~ ~ 10
£ R EB+2 4= for typical
i 10° ,,*«"?‘ ! parameters
: 7 ' +_T— (t_=10ms, E_=10% erg,
;‘-’; 107 ++ sk . beta=-2,5, z=2)

10-8 0101 sl

Photon Energy (MeV)

addaaal "
100

— inconsistent with observations!
(‘compactness problem’, Piran 1999)
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Selection of the sample

> Sample of GRBs whose prompt emission has
been detected up to GeV energies

91 GRBs that show emission in the
range 30-100 MeV (LLE data available)

-
o
S

—

=}
©

=

EFg [keV-s™!-cm™2]
2

\ ~
\ ~
102 . ~

Fluence GBM [erg/cm?]

10!

T T T T
10! 102 10% 10° 108 107

10t
E [keV]

—p» Sample: 22 GRBs with optimal photon statistic
both at low and at high energies

10 20 30 40 50 60

Significance of the signal in LLE data [0]

Ravasio et al., in prep.




Inferring the distance R from the central engine

Compactness For the only 2 GRBs of the sample
with measured afterglow onset time
Afterglow onset compining the two (but without cutoff):
methods 1 1
7l R) £ 1 R > 10" — 10%em
I'| onset

Apply to every GRB
with:

- I from the afterglow
— prompt emission
spectrum up to LAT
energies

Ravasio et al., in prep.

pREL\M\NARY

Method to restrict
the parameter
space for the

prompt emission

Afterglow

VanarEavigenRavasio) xadpeud Unv, = VicongressolNazonale G, ieste=—12/09/2022



Inferring the distance R from the central engine

OOmpa/CtTL@SS Ravasio et al., in prep.
Afterglow onset

For the only 2 GRBs of the sample
with measured afterglow onset time

(but without cutoff):

onset

1Tﬁ,w(r, R)<1  henoss | Rl > 1013 — 1015cm

logR =13.69 + 0.5

favouring the proton-sync
scenario!

[Mei, Oganesyan, Tsvetkova, 1
Ravasio et al., 2022]

1014

1012

ST PRELIMINARY

—El suppr fHEl'll

—— Jet transpa

Method to restrict
the parameter
space for the

RECENTLY prompt emission

APPLIED TO
GRB 220101A

—

Viana EdyvigerRavasioy Radneud Unv: — VACongressorNazonalerGiRB, este’— 12/09/2022



0] = ¢ Swift/XRT [0.5 - 10 keV]
Optical data [R band]
4 Fermi/LAT [0.1 - 1 GeV]
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24101 4 E
o
" 100 GRB 220101A
[93.9-118.3 s]
T T e e Tor T
E [keV]

“]lr
~ the spectral cutoff in -
GRB 220101A together
with the afterglow -
observations allow to put =
tight constrains on the R-I" |
parameter space
[Mei, Oganesyan, Tsvetkova, 0*
Ravasio et al., 2022]

1012

—— Synchrotron burn-off

—— Forward shock deceleration

—— Observed cutoff in prompt emission
Early suppression of HE afterglow

-]l‘l t ransparency

Time since trigger [s]




Deceleration of the jet: observational feature

Black hole
engine

emission

.~
\

"8

Afterglow

Radius

Flux density (udy)

Count rate [cts/s]

Flux(0.01-40 MeV) [erg cm®s™]

105 ELIIIII'; T lllll!ll T T T “_E
: T GRB 060418 1
10t = o 2 -
100 £ \ D ey E
102 4
E -1 'Y 3
10! . ]
3 i ‘\“!! 3
100 L t=800 s %i 3
1071 | - R S
E ¢J eX E
10-2 i Ll ol T
10? 108 104 108

Time since burst (s)
NIR and X-ray light curves of GRB
060418 [Molinari et al., 2007]

25%10;
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0

4| HE B
10§ T Pl

107

10°F . 1
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FermilGBM (keV-MeV) light curve
of the prompt (red) and afterglow
(blue) emission of GRB 190114C

[Ravasio et al. 2019]




Deceleration of the jet: observational features

From the peak of the afterglow lightcurve, it is possible
to derive an estimate of I', that depends on:

Homogeneous ISM 1 * time of the peak lWind ISM
. g ) 4 1
I « E 180 l‘_% - blast wave kinetic I o E 150 t_ 1
5] P2 energ 3] P
nnomyc y nnomyC
- density of the

circumburst medium

Bulk Lorentz factor I' of GRBs is on average 300 and extends from ~30 to ~1000

[Ghirlanda et al.. 2018]



Count rate [cts/s]

Spectral analysis of GRB 190114C

Evidence of compresence of prompt and afterglow in the GBM energy range

4
%’3?%84 - We interpret the power-law component as
1:5><104 due to the afterglow emission of the burst
1.0x10° _
5.0x10° _, Estimate the bulk Lorentz factor [ :

OF } i [from Nava et al., 2013]

B B 6 s: Peak of
10%E JEE the PL .
- component Homogeneous
] F —~ 700 medium
ny=1 cm”®

HH
—F—

Wind medium

FN]_BO M,=10"°M/yr

v,=10km/s

Flux(0.01-40 MeV) [erg cm™ s™]
J—
o
I

0.1 1.0 10.0 100.0
Time [sec]

Ravasio et al., 2019, A&A




Comparison of the fitting functions

EFe [keV-s71-cm™?]

—

o
s

L

o

-]
L
]

Empirical functions

[

o
(]
|

101

10210
E [keV]

10

Ravasio et al., 2018, A&A

> Three power-laws,

allowing for the
presence of
another spectral
break



Comparison of the fitting functions

30
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- o;
1 o
- 8
no
noeg
F__I_ ‘
~ |
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| i
r—*—:\?“ﬂﬁi—r'_l m -

~40  -35  -30 25  -20 —1.W_0.5 0

Single break function

<

" <o> = -1.02 (0=0.19)

Toffano, Ghirlanda, Nava, Ghisellini,

Ravasio, Oganesyan et al. 2021, A&A

Yes
— S/N and the position

of the break in the
instrument band can
prevent its detection

E Fe [keV-s71-cm™2]

Is this the result of fitting
with only one powerlaw

/' below the peak?

10% Epeak

10! 102 103 10



Observational biases hiding the low energy break

— We investigated this issue through both data analysis and simulation

\

* We analyzed a sample of 31 * Through spectral simulations we investigated
GRBs spectra with high fluence if bursts without an evident break can still
and high peak energy have it at the limits of the spectral energy

range

* We confirm the presence of a
statistically significant low-energy « Our results suggest that the low-energy break
break in 12 cases could be a more common feature, but hidden
behind the intrinsic shape of the Band function

Toffano, Ghirlanda, Nava, « 0 . could be a proxy for the position of the

Ghisellini, Ravasio et al. 2021 break
A&A



Observational biases hiding the low energy break
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Observational biases hiding the low energy break

GBM band
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Toffano, Ghirlanda, Nava,
Ghisellini, Ravasio et al. 2021
A&A



Observational biases hiding the low energy break

GBM band

} Toffano, Ghirlanda, Nava,
} Ghisellini, Ravasio et al. 2021
! A&A
¢ it
102 100



GREBE 1606255

15000+ i1 Nal9 8-900 keV

10000

i
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Adding a break at low energy - the fit significantly improves! a(F-test) > 8o
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Ravasio et al., 2018, A&A
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Results of the time-resolved spectral analysis

3/ T T Epeak ~1MeV | ]
30 _ E,__ ~100 keV ;//% :
TIENNNN // :
L N\ 7%// :
NB\ §\§ %//{:h_g
1.0 1.5 Z.Eog(enizy/kev?;ﬂ 3.5 4.0
Single break function - E___ ~ 300 keV

Ravasio et al., 2019, A&A




The synchrotron modeling of GRB 180720B

1015 I

101 -

10 -

109 L

E2N(E) [keV cm~2s™1]

107 -

1072 100 102 104 108
E [keV]

> We directly fit with a
synchrotron model
~ E, ..~ 80keV

L E_. ~18MeV

pea

Residuals E2N(E) [keV cm~2s™1]

ik hul|
Hh il

r'"||’m i w\ il
B 102 |

Ronchi M., Fumagalli F., Ravasio M.E. et al, 2020, A&A

- see also synchrotron model fit by Oganesyan et al. 2019 and Burgess et al. 2020



The synchrotron modeling of GRB 180720B

1015 I
:“" 109
s | 170N\ L ecesstunty o ke
11
E 10 < 1010
o 10°F
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w107 T
10I‘2 l(l)o 102 104 106 TE
E [keV] v
. %} +
i‘ .
> We directly fitwitha . 40t i 22'081 N(y)ey iN
synchrotron model i + L p~5 Y.~10
= Boreak ™ 80 kev 3 OAWWni 'yu|||i!|"' ‘ll' 'l" | HJHI'J(H%
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E [keV]

Ronchi M., Fumagalli F., Ravasio M.E. et al, 2020, A&A

- see also synchrotron model fit by Oganesyan et al. 2019 and Burgess et al. 2020



Conclusion

e Strong observational evidences in both Swift and Fermi data in favour of the
synchrotron origin of GRBs spectra [Oganesyan et al. 2017,2018,2019; Ravasio et al., 2018, 2019;

Ronchi et al., 2020, Burgess et al. 2020]
In the leptonic scenario i In the hadronic scenario
B ~ 10 Gauss B ~ 107 Gauss
Hard to reconcile with Feasible but limited
the standard model parameter space
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Conclusion

e Strong observational evidences in both Swift and Fermi data in favour of the
synchrotron origin of GRBs spectra [Oganesyan et al. 2017,2018,2019; Ravasio et al., 2018, 2019;

Ronchi et al., 2020, Burgess et al. 2020]
In the leptonic scenario i In the hadronic scenario
B ~ 10 Gauss B ~ 107 Gauss
Hard to reconcile with Feasible but limited
the standard model parameter space

* High-energy: —|I" from compactness (independent from the radiative process)

140 < T <330

Ravasio et al., in prep.
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Conclusion

e Strong observational evidences in both Swift and Fermi data in favour of the
synchrotron origin of GRBs spectra [Oganesyan et al. 2017,2018,2019; Ravasio et al., 2018, 2019;

Ronchi et al., 2020, Burgess et al. 2020]
In the leptonic scenario i In the hadronic scenario
B ~ 10 Gauss B ~ 107 Gauss
Hard to reconcile with Feasible but limited
the standard model parameter space

* High-energy: —|I" from compactness (independent from the radiative process)

140 < T <330

* high energy prompt spectra + afterglow lightcurves - | distance R | ~ 102 - 10%cm

 more HE and VHE observations needed to fully uncover the prompt GRB parameter space

Ravasio et al., in prep.
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