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Crab emission
Abstract

Long-duration y-ray bursts (GRBs) are the most luminous
sources of electromagnetic radiation knownin the
Universe. They arise from outflows of plasma with
velocities near the speed of light that are ejected by newly
formed neutron stars or black holes (of stellar mass) at
cosmological distances'2. Prompt flashes of

megaelectronvolt-energy y-rays are followed by a longer-

lasting afterglow emission in a wide range of energies

In the first 30 seconds of observation,
GRB190114C was the brightest source to date at 0.3 TeV,
with flux about 100 times higher than from the Crab Nebula.



Highest energy from a GRB
~1TeV
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The spectrum from T0+68s - T0+2454s shows a roughly equal
distribution of the power in the 0.2-1TeV band, without break or cutoff.

Energy flux emitted @ sub TeV about half of the one emitted
in X-ray (between 60-2454s)



Observations

- £=0.4245 (Some TeV absorption)

+ Lpeak!sc = 1.6 x1033 erg/sec

. Elso ~3x1 OSBerg




A Gamma-Ray Burst Model

Credit: Tsvi Piran
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Accompanying Photospheric Internal External
Supernova emission Shocks Shock

Numerous attempts to reveal the conditions within the
emitting regions of the Afterglow - but usually degeneracy



A Gamma-Ray Burst Model

Accompanying Photospheric Internal External
Supernova emission Shocks Shock

Numerous attempts to reveal the conditions within the
emitting regions of the Afterglow - but usually degeneracy



The Model

Energy dissipation Q/
. occurs at shocks internally to the Prompt ? \4/)\ I
jet ==

Single Zone scenario



Origin of TeV? Leptonic?

Synchrotron burn-off limit
(Acc. time =cooling time)

Eoburn-off = I'meC2 /aa =~ 1'100 MeV too low
The energies detected by MAGIC are much above

the synchrotron burn off limit .

Bypass burn off ||m|t acceleratlon |n a Weak flel
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Synchrotron Self-Compton

The extra component is generated by the synchrotron photons Compton up-
scattered by the same electrons accelerated in the shocks.

To model the MAGIC data other 2 processes need to be considered: Klein-Nishina
Effect (suppression of the highest energy photons) and photo-absorption (y-y
absorption).
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SSC also suggested in Derishev & Piran (2019), Wang et al. (2019), Fraija et al. (2019), Zhang et al. (2019)



Synchrotron Self-Compton: SSC

1. The model optimised for the very high energy data slightly
over-predicts the optical and radio components.

2. While a model optimised for the low energies fails to predict
the VHE data.

3.1t may explam the TeV emlssmn for the GRB parameters Sk
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Synchrotron Self-Compton: SSC

From the modelling the values of few physical parameters
that describe the outflow can be derived.

.Isotropic energy in synchrotron component (68-110s): 1.5x10°? erg
Isotropic energy in SSC component (68-110s): 6.0x10~" erg
sImportant fraction of energy in SSC, missed up to now o

>no equipartition values!
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Gamma-ray Bursts as particle accelerators

{ hadronic model
%

M on ~1 Solar Mass BH
Relativistic Outflow

['-300 i
e- acceleration In

/ LilisTatiaas socks

e- Synchrotron— MeV
Y'S
L ~10>?erg/s

UHE p Accéleration

[Meszaros, ARA&A 02;
Waxman, Lecture Notes in Physics 598 (2003).]
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Hadronic model for the TeV emission

Ghigliardini, Celli, Guetta Zegarelli, Capone, Campion, DiPalma
Submitted to PRL, astro-ph/2209.01940

Head-on collision of MeV-photon and PeV-proton through photo-meson interaction in the
internal shocks
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We have considered the photo-meson interaction and
the spectra of secondary particles emerging from these
Interactions

we additionally simulated the electromagnetic absorption
that gamma rays undergo in the IS shell.

The spectrum of escaping photons thus obtained has
been compared to the intrinsic source spectrum derived
by deconvolving MAGIC observations of GRB 190114C
In the EBL

We get the best fit parameters of the model by
comparing the predictions with the observations



MAGIC OBSERVATION

MAGIC observations In

different time intervals

[V. A. Acciari et al.].

Assuming that the high

energy photons production

can be attributed to the

prompt phase of GRB,

characterized by the

_ ] parameter Tgg = 116s, we

m re . v B ] decided to compare our

i L, 10 simulated data with the first
Interval 68-110 s due to the
overlap with the Tgp.
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MONTE CARLO SIMULATION astro-ph/2209.01940

Photo-meson interaction between: ( b+ 0
_ dNo o -2 "
Accelerated proton ( dEE oc E~%) P+ Viarget — At — -

- Target photon, Band Function

— 10

THH'.‘H'H‘\\H‘\H\‘HH‘HH‘HH‘HH
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S
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o = —1.058, 8 = 3.18,
Epeak = 998.6 keV in (0 -38.15) s Figure: Distribution of simulated events
[Fermi-GBM Collab. (2019)] exceeding the photo-meson threshold in

the IS frame ir =100 and tya,r = 1




MONTE CARLO SIMULATION: Setting parameters

We decided to consider variability time tyar and Lorentz factor [ as a
free parameter.The MC simulation has been run for different set of
parameters, tyar = 1, 3, 6 ms, and [ in the range 60-120 with aAl' = 20
for each ty5, value.

Tgo = 116 s (50-300 keV)

F, = 3.99 X 104 erg cm~2 (10-1000 keV)
Eso ' 3 X 10°3 erg

a = —1.058

6 = —3.18

E,eak = 998.6

Silvia Gagliardini
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I =70, t, =6ms
I=80,t =3ms
var

I=100,t =1ms
var

MAGIC data 68-110 s corrected for EBL attenuation
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Comparison between the MAGIC EBL-deconvolved

SED in the temporal interval 68-110 s , and the simulated

photon SEDs arising from the m°-decay, after accounting for
Internal gamma-ray absorption, for different parameter values, as
Indicated in the legend.



A direct proof of the hadronic origin of the
observed TeV radiation might come from
coincident neutrino observations.

y+Ppo>N+x, oS> u +v, e VY, Y,

Both the ANTARES and IceCube Collaborations have searched for coincident
neutrino-induced signals from the direction of GRB 190114C. No events were
observed in extended time windows, covering both the prompt and the
afterglow phase of the GRB, leading to upper limits on the expected neutrino
fluence.

ANTARES: the 90% confidence level integrated limit 1.6 GeV/cm2

IceCube: the 90% confidence level integrated limit 0.44 GeV/cm2



EXPECTED NEUTRINO EVENTS

e - Te70, soms 095 020 Expected signal events
N u induced by muon neutrino
e v " l“‘ i Mr ) 1 interactions during
ol el o GRB 190114C, within
: J\ different telescopes. The
l computations refer to
- instrument effective areas for
I I the source declination
10"j‘ B e e A (ANTARES
log(E/1GeV)) ANTARES Caoallab. (2012)],
Detector Declination band  Nevyents _ceCube
ANTARES _ 450« §< (Q° 1 %X 10—3 lceCube Collab. (2014)],
iceCube ~30°< §< 0° 2x10-2 and KM3NeT
KM3NeT/ARCA Mean 1 X 10—1 [KM3N€T Collab. (2016)]).




Expected number of events from GRB
190114C
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Conclusions leptonic model

» Basic parameters s
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* Physical model
Afterglow SSC with comparable
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Conclusions hadronic model

1. Confirmation of the hadronic origin of sub-TeV radiation
might in principle
arise from neutrino observations.

2. In the context of the parameters that better reproduce
MAGIC data, however

| I
A c o ] W Lhsel IS =SAN e RS S 1 - B s wsnl (e | BeOns I Daem == =T 5~ . R A SPTr sy 25 h ¥ Sl 4. i B (ST OET P e T N P A o e T b P e —— S o e A RVEO= § aw=- A alliRd=\ =
.."‘,.-«_ Rt ...L.‘,-. S Ay __._:. e ‘h.' el _1‘ afe = .h—' Al y el I R 345 e l:‘,‘ \{',&‘1.. z. .x.,v/ A 'f, o A e ‘EE-;:'::" o Nty SR ,'.'.—,‘_‘:'“t_* ’(o?L_ ’:lt""—'ﬁ)“ Pl =i ‘?.\ e _,,:- LGS :"‘; a8 = a’{?y__
AN S 2, A A . IR £ T Sl =N . ) T oo s | 159044 ] g 3R g e b e T Sk ol =3 Ise st R FOX. S A4 = oyt P 3
e L A3 f"“‘:'._.,:__:__ "o ") g .= r:-?-: RSSO SR % e el .(,",,' ':’i": RN E «:qe.d“_.:y"J‘, PSR f“_"i‘!"'-w-i'iu R LS WA SOl b I V) il e :_-_,f‘- BRI rlfar P re f' iy Y O -,3\?'. S S | B e £V e e _l_--'._'?“,_'. rixs ‘Z;-_':?._,{.;’ & g
NCE TS PR = Tiva Vo PO B dhty Ty g < B BT S di A sy sty et I e T ettt STl s Sl R T R o 1Y i O | PR R e WS SA LT RELTELpe == WYL IRCORND RS A [ - FRCS Sty




Conclusions

1. Both leptonic and hadronic interpretations of the
TeV data cannot be excluded

2. Extended studies about the entire sample of
observed TeV GRBs are required to understand
the physical mechanisms responsible for the TeV

emission.




The Lorentz Factors

+ Y¥'mec2> Eic=> yi'=~106

- @ /0 sec and longer I'cannot be too large
=> y=104

. Not unreasonable in an external shock with

Y= f(mp/me) I (f~1/2-1/3)

. => Tevis Inverse Compton of X-rays
(Consistent with a comparable X-ray luminosity)



Opacity

- The optical depth for pair production ticx< 1
The usual opacity estimates for GRBs with Lx
as the source of absorbing photons

=> ['> 100 [' > 100 (;;u A0 )

. Somewhat different analysis if the X-rays are
from “prompt” origin.

- Even this I'requires low external density
(e.g. nsm<10cm-3)

=> cannot expect much larger I

=> cannot expect much lower y(yI> 106)



What kind of |IC?
To KN or not to KN

The usual Comptonisation energy is
Y2 Eseed




What kind of |IC?

The SSC Klein Nishina Energy

EY = Ty =T

IC

KN for I'<yl KSR

=> With the opacity limit (I" >100) the system is
close to KN but in regular Comptonization



The electron’s Lorentz factor

Combining the Opacity and KN limits:

E

Jemin — = 5
I'm.c?




Efficiency

Synchrotron Flux Fast Cooling

for * Laym [Ceaar = 1

tdyn/ tcool for td.yn. / tcgol Z

Kinetic energy flux Slow Cooling

(See also Sari, Narayan & TP 96)



Efficiency

Synchrotron Flux Fast Cooling

for * Laym [Ceaar = 1

tdyn/ tcool for td.yn. / tcgol Z

Kinetic energy flux Slow Cooling

(See also Sari, Narayan & TP 96)



Efficiency
xlso ~ 1052 erg.

totiS0 = Exlso /Esy

t coolin

AT ks =

AN S
, =

(0.25-1)




Caveats

. Ltevis underestimated because of self
absorption => vy is larger, maybe even > 1.
=> &> & and s can be smaller (but not tiny).
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Partial Summary |

- The electron’s Lorentz factor ~ 104

- The bulk Lorentz factor @100 sec = 100

- Low external density enables the sub-TeV photons to
escape
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Partial Summary |

- The electron’s Lorentz factor — 104

- The bulk Lorentz factor @100 sec = 100

- Low external density enables the sub-TeV photons to
escape

- Relatively large magnetization &> 0.005 and s~ &

.~ . Close to =1

EC slightly below the Klein Nishina regime




The Pair Balance Model

VUpstream

Distance

Derishev & TP 16



The Pair Balance Model

1) Stron
) magngetic N
b | accelergtion
2) Pair loading; L
saturation 2
around the P& e
Klein Nishina
threshold

distance

Derishev & TP 16



Partial Summary ||

+ The electron’s Lorentz factor ~ 104
- The bulk Lorentz factor @100 sec =~ 100

- Low external density enables the sub-TeV photons to escape
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see a talk by E. Moretti



see a talk by E. Ruiz-Velasco



1901014C
(MAGIC)
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~800 photons



- 68-110's

Flux (erg cm™2 s™)

110-180 s

Flux (erg cm™ s71)




Surprised?
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Breaking the Degeneracy
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Summary

- The electron’s Lorentz factor ~104

- The bulk Lorentz factor @100 sec =~ 100

- |C slightly below the Klein Nishina regime




Converter

acceleration
Derishev et a. (2003); Stern (2003)

Distance




Converter
acceleration
via high energy
(IC) photons




1) Accelerate the
flow

2) Produce
magnetic field via
Welbel Instability
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Modified
Slructure

1) Accelerate the

N flow
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Modified
Slructure

Distance

1) Accelerate the

- N\Jlow

2) Produce
magnetic field via




Modified
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GGeneration and decay of B
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Decaying magnetic
field, in the
downstream,
accelerates particles

Distance




Pairs from the
upstream increase I — T
the multiplicity of |
the downstream

Distance
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