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1. MeV emission - prompt emission mechanism

2. GeV emission - (mainly) afterglow component Poster highlights
3. GRBs at VHE

Will CTA detect Gamma Ray Bursts?
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Gamma Ray Bursts

Isotropic equivalent energy 1052 erg/s ; z=0.01-9.3; single or double stellar origin
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Prompt y-ray emission: how it appears

CTA Symp. - Bo 2019
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Prompt y-ray emission: should be synchrotron

-~

E—3/2' e Prompt should be synchrotron [Rees & Meszaros 1994; Katz 1994;
990123 5
Tavani 1996; Sari et al. 1996, 1998]
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[e.g. Ghisellini et al. 2000]

Below the cooling frequency
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Prompt y-ray emission: doesn’t look synchrotron

E_3/2 GRB 990123

-
-~

10™ E
-
> 0.5
— ?10‘
= 5
= 5 L
E4/3 — 0.01 T e a0 100 '
Photon Energy (MeV) g
2. -0.5
: e
1. Inconsistency of spectral slopes z 1Y
L
>
2. Spectral peak too narrow compared to synchrotron g -15
-2.0
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. Prompt desn’t look like synchrotron [Preece et al. 1998;
) 1 3 Ghirlanda et al. 2002; Kaneko et al. 2006; Frontera et al. 2006; Vianello et al.
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Fermi GBM spectral catalog
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G Prompt should be synchrotron [Rees & Meszaros 1994; Katz 1994;
3 Tavani 1996; Sari et al. 1996, 1998]

—— s S — + S— d
: I 1 t :
. : ‘+ \ b
: | l { ' :
- ? 34| :
i i | |8 i . i
. l ol o 1M1 Tel 'SP I® Tl Foly o
i QT ‘I B LN | FA!W i
5 e Alh f ' 7
. U "M‘ {Q *-
i y | -
: "?’!ﬁ :
- N ‘J E:L&’
— ' —
|

I | . +¢ i
i l ¢ i

. | | | s 32l 2 2 2 2 2zazal 2

0.1 1.0 10.0 100.0 1000.0

T, |sec]



Prompt y-ray emission: does look like synchrotron !

Oganesyan et al 2017 14 br1ght GRBS detected by SW1ft
Oganesyan et al. 2017a: 34 GRBs detected by Swift (14 with Fermi1 GBM data)

CRT 4 BAT ' Bandcut
0.8 350 _ 10
I
0.7~ GRB 111123A : Ji
g0_6_ 7z—=3.15106 Tm 10° |
% 0.5 £
C?g 0.4- 510'1 A .
> £a i peak
Tm 0-3r H \ Ebreak
£0.2- I | Phot sp. slope = -2/3
S 102 [ e
0.1 i N’ N
0.0 w @® 1l ‘
g | Hl I [ |
~50 0 50 100 % Orr il i ‘ i
Tlme[ ] r -1 ‘
- — 2| | \ I

;¢ 62% of GRBs
v Show two spectral breaks (new: low energy break 3-20 keV)
| v The average photon indices below and above the break are -2/3 and -3/2 V

10"
Energy [keV]




Prompt y-ray emission: does look like synchrotron !!

Fermi/GBM - GRB 160625 [Ravasio et al. 2018]
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"+ Confirmed with 10 brightest Fermi GRBs (Ravasio et 1. 20 - pcl fuio

* Single peaked Fermi ever_lts (Burgess et al 2018; Ogy al. 219) - snton iio
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Prompt y-ray emission: does look like synchrotron !!!

Oganesyan et al. 2019: 21 GRBs with optical-X- -ray spectra
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60
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e Synchrotron consistent from Optical to gamma -rays
e Optical to 1 keV 1s single component

e Optical exclude thermal (BB) + non-thermal
components
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Prompt y-ray emission 1s synchrotron: parameter space

Oganesyan et al. 2019

12T T

slow

10 £ cooling
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Lower limits
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['g > 500
5G< B <30G

101 cm < R . < 10! cm

PB1: compactness required for variability

PB2: If mini jets then IC would dominate



Prompt y-ray emission 1s synchrotron: parameter space

Oganesyan et al. 2019
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GeV emission of GRBs: origin?

GBI Mol + o, m$+ SRR GBM :
PROMPT = Internal 3000 4 bl +h,, || N 430000
Ce - TR N |
dissipation i ok | o Jomnp &
g : o o : E
d  oof - : J1imo &
I :0
141 GRBs @ 12/2017 >~ 15 LAT GRBs yr-! i 7 PROMPT or AFTERGLOW?
9% are Short e | # [Internal or External?]
[e.g. Ackermann+2013] : : .
5 Y :
Poster: Bissaldi et al. !
“New LAT GRB catalog” ;
Poster: Fana Dirisra et al. - -
“LAT GRBs with z & Cosmologx” l EARLY PHASE I | EXTENDED EMISSIONJ

CTA Symp. - Bo 2019



GeV emission of GRBs: two phases ...
[in individual GRBs detected by Fermi (e.g. Abdo+2010) and in the Fermi LAT catalog: Ackermann+2013]
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GeV emission of GRBs: two phases ...

[in individual GRBs detected by Fermi (e.g. Abdo+2010) and in the Fermi LAT catalog: Ackermann+2013]

I EARLY PHASE I
DELAY

VARIABILITY

SPECTRAL
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> GeV emission (not always)
spectrally consistent with
extrapolation of GBM
spectrum
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GeV emission of GRBs: two phases ...
in individual GRBs detected by Fermi (e.g. Abdo+2010) and in the Fermi LAT catalog: Ackermann+2013]
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GeV emission of GRBs: two phases ... two zones
[in individual GRBs detected by Fermi (e.g. Abdo+2010) and in the Fermi LAT catalog: Ackermann+2013]
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The “Magical” GRB 190114C

190114C the first GRB significantly detected by MAGIC (Mirzoyan+2019) The rise and ‘.fall of the afterglow
[Ravasio et al. 2019]
2 2.5%10} E 3 10
T 2.0x10" E- =
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The “Magical” GRB 190114C

190114C the first GRB significantly detected by MAGIC (Mirzoyan+2019) The rise and ‘.fall of the afterglow
[Ravasio et al. 2019]
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POpulation SYnthesis Theory Integrated Very high Energy emission (POSYTIVE)

CTA detection and follow up of GRBs

PHYSICALLY BASED APPROACH

= &~

Theory Integrated code
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G. Ghirlanda, L. Nava, F. Longo, Z. Bosnjak, M G. Bernardini, S. D. Vergani, F. Schussler, Q. Piel, A. Carosi, E. Bissaldi, T. Stoclarzyk, P. D’ Avanzo, S. Inoue, P.
O’Brien, A. Melandri, I. Sadeh ... ... ... ...

CTA Symp. - Bo 2019



CTA detections of GW counterparts

» Simulation of mergers
and GW signal 1n local

» Phenomenological
model of VHE

i i-1
tobs > tobs E

universe ; emission, from short-
A GRB templates
. | . | » Off-axis emission
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v Optimal observation strategies : ..,
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Gamma Ray Bursts

=
|

|

500 -

o B | MM = Multi Messenger
GW/GRB 170817
e Jet physics

e Radiative mechanism
e Envurinment

MW = Multi Wavelength

. GRB 130427A, Perley+2013
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Conclusions

(1) Prompt emission spectrum (Optical/X-ray/Gamma-ray < 1MeV): moderate fast cooling synchrotron (but ...)

(2) >100 MeV emission: competing prompt and afterglow (early) then afterglow (extended).

(3) 190114C shows the rise of the afterglow during prompt

(4) CTA will unveil the GRB physics: high photon statistics

Prompt

Afterglow

GRBs as tools
GRBs as tools

Shape > nu_m
cutoff(t)
SSC

Max Energy
Variability (>>E)
Early to extended transition

EBL cutoff
Photon(E.t)

Bulk Lorentz factor
Parameter space

GeV-TeV emission alone
MW modeling

Jet acceleration mechanism
Prompt emission mechanism

Afterglow emission mechanism
Extrinsic parameters
GRB effects on the ambient

EBL
LIV
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Thermal (BB) components in Gamma Ray Burst prompt emission
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Why not betore?
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Black Boldy + Non-thermal component excluded
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Discovery and distance

Localization accuracy

What next?

XGISs

Spectral/temporal power

Physics behind (emission mechanisms, acceleration)



Theseus

https://www.1sdc.unige.ch/theseus/mission-payload-and-profile.html?
showall=1&Ilimitstart=

4 modules (composite Masks+Scintillators)

2keV-20MeV XGISs
<5 arcmin
SXlis
10°x10° 4 modules (1sr fov each)
0.7-1.8 um 0.3-5 keV

H=20 <10 arsec
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vF, (erg/cm®/s)

vF, (erg/cm?/s)

Time-integrated photon spectrum (3.3s -21.6s)
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# GRBS

Prompt y-ray emission: how does it look like?

BATSE-CGRO [Band+1998;Preece+2000; GG+2003], BeppoSAX [Frontera+2006]; Fermi
[Goldstein+2010; Ghirlanda+2011; Nava+2011; Gruber 2014]; Integral [ Vianello 2008]; Swift [Sakamoto
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[.orentz Invariance Violation
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Vasileiou+2013; Amelino-
Camelia+2013;
Bolmont+2008; Ellis+2008]
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Prompt y-ray emission: spectral evolution and jet structure

Ghirlanda+2009, 2010, 2011; Lu+2012
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Prompt y-ray emission 1s synchrotron: “moderate” fast cooling

Oganesyan et al. 2019
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GeV emission of GRBs: some puzzles

[in individual GRBs detected by Fermi (e.g. Abdo+2010) and in the Fermi LAT catalog: Ackermann+2013]
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GeV emission of GRBs: a brief history

EGRET - CGRO
(6 GRBs > 100 MeV)
[Sommer+1994;
Hurley+1994;
Gonzales+2003]

AGILE

GRB 080514 [G1uliani+2008]
090401B [Moretti+2009], 090510
[Giuliani+2009], 100724B [Del
Monte+2011], 130327B
Longo+2013], 130427A
Verrecchia+ 2013], 131108A
(Giuliani+2013; Giuliani+2015]
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Prompt y-ray emission 1s synchrotron: “moderate” fast cooling - parameter space

[y > 500
Oganesyan et al. 2019
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GeV emission of GRBs: Early Phase
T inindividual GRBs detected by Fermi (e.g. Abdo+2010) and in the Fermi LAT catalog: Ackermann+2013]
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GeV emission of GRBs: Late Phase
T Tinindividual GRBs detected by Fermi (e.g. Abdo+2010) and in the Fermi LAT catalog: Ackermann+2013]

[ EAREY PI—;ASE 3000 r HE GBM 3100 —————
ool + b AN
lelelele a | (1IkevaEk) o | q | EXTENDED EM I
g 2000 - | 'Y 20000 5
LAT emission during ; N | :
.. 1000 | | 10000
prmpt (MeV emission) N .
; |
) e . ONGER
DELAY m | [ | [ || I
. 4-:-1>1oomw : : i : : : : LAT 120 )
> (GeV emission start time 1S g NIE RETTRAR ‘ f—,
delayed wrt < MeV ) | “ e "
a1 JJ—-'L —— :“ SMOOTH DECAY
VARIABILITY | o Teeel, " D
10 . (no Variability)
E s 8091
n LI 3 3 19061 0 n
1 .4 S > 0909028, z=1.822 -3
SPECTRAL E | T e 090928, 2=2.106 é
CONSISTENCY F otk B .
voor L Intl ~
> GeV emission (not always) g 0.01 & B %*
spectrally consistent with i =1
extrapolation of GBM 0.001 ¥ ég%’f s L
spectrum Ghisellini+2010 |

0.01 0.1 1 10 100 1000 10¢ Ackermann+2010; Vianello 2012;
T—-T, [s. rest frame] Nava+2015



GeV emission of GRBs: Late Phase
in individual GRBs detected by Fermi (e.g. Abdo+2010) and in the Fermi LAT catalog: Ackermann+2013]
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GeV emission of GRBs: implication

[Sari&Piran 1999; ... Molinari+2006, Ghirlanda+2010; Liang+2010; Longo+2012; Nava+2016, Ghrlanda+2018]

GRB 090510 Ghirlanda+2010
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GeV emission of GRBs: implication
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POpulation SYnthesis Theory Integrated Very high Energy emission (POSYTIVE)

POpulation Synthesis PROMPT EMISSION
G. Ghirlanda 7. Bosnj ak

[Ghirlanda+2012;2015; 2016] Bosnjak et al. 2009, 2014 DETECTION

Long and Short SIMULATIONS
F. Longo; : T. Stolarczyk

AFTERGLOW EMISSION
L. Nava
Nava et al. 2014

Beniamini, Nava et al. 2015

Afterglow calibration
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