Gamma-Ray Emission from GRBs
Outflows- An Overview

Caveat! The Gamma-Ray emission | will be focusing on here is the radiation observed during
the “afterglow” phase of the GRB
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What Are GRBs?
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[viewed in upstream restframe]
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Not actually isotropic outflows, but can be considered
as “quasi-isotropic” since 0;,>1/T

* |sotropic equivalent energy in gamma-rays, E;.,, around
10°*erg, is close to Gravitational binding energy limit

* Extremely efficient emitters in terms of converting

kinetic energy flux to radiation
DESY.
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Evolutionary Phases of Blastwave

Assuming shock is radiative (ie. incoming KE flux radiated away)

[R. Blandford + McKee 1976]
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Blast wave becomes non-relativistic



Temporal Compression of Observed

Signal -

For a constant density medium, “ o]

during the deceleration phase,
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Relativistic Hydro Shocks

What's the compression ratio for relativistic shocks?

downstream upstream
,Bd ﬁu

h_

Blast wave shock CBM

Mass Flux: puBul’'v = paBal’a

Momentum Flux: py + Wuﬁﬁrﬁ = P4 + wdﬁﬁrﬁ

Energy Flux: WuBul2 = waqBqal3

Y
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Rel. Hydro Shock- Downstream
Partition of the Upstream Ram Pressure
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Rel. MHD Shock- Downstream Partition
of the Upstream Ram Pressure
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Relativistic MHD Shocks

Downstream magnetic field partition of upstream ram pressure:
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Particle Acceleration and Magnetic Turbulence

downstream upstream

4 N
tacc. — Atcyc (E/AEcyc)
— tscat/ﬁz
\ J
DESY.

(Isotropisation is caused by magne}

turbulence, its rate is described by
the scattering time, which in Larmor
time unitsis n

{ Rlar J
tscat =1 c

» Scattering agent velocity B dictates
\energy gain each crossing cycle /
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One Zone Model
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[Diagram Courtesy of M. Klinger]
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Hadronic Particle Acceleration in Sources
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Cosmic Ray Source Requirements
[t Rlar\ . . A
acc 77 C/Bz . 05

. J

.

1 Not many objects appear capable of
: accelerating cosmic rays up to EeV
energies. Blackhole related

SIZE - phenomena seem most promising-
AGN and GRB
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GRB Outflows as a Cosmic Ray Sources

As the source expands, CRs can be accelerated to
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If the B-field is as large as ~G -> possibility of

UHECRSs
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Electron Spectrum Produced in
Sources

%%\V" <_TlosIs)(p) np> - Te:()p) e

I Steady state I Teff = (7'1(_):5 T Te_s}:)_l

ng, ~ QTeff

1049

<. T T T
) o - —— num. adaptive
0 1048 f side N --- analytic .
10 <o ;
o | N semi-ana. (corr.)
107 — 10%74 T N
— L
102 [ e At Vi Sl olaiialel thinia\Ncialalaiaiols latalaiel
N S 10% coasting \
LP 10 % e
g 10 — 10% N ;
i = / ) o \\ \
L 05 E
0
o
Q
w

= =
o

> I >

[} @ IS
—
A~

funy
o

\

—

4
//':
/ .
o
/ //
s

10 102
E, [MeC?]

-

o
—
/
/

DESY.

8 9 10 11 12 13 14 15
Andrew Taonr 10 10 10 10 El;) " 10 10 10
e

1016

14



Electron Acceleration with Cooling
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Maximum synchrotron energy tells us how efficient accelerator is!

Svne 2 Me Where do synchrotron cutoffs
B~ 77 B — for AGN and GRE sit in energy?
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Possible VHE Emission Processes

Weizacher-Williams approx. % 3 \
Magnetic Field Us Photon Background U’Y
(Synchrotron) (Inverse Compton)
..... Y Uy - ~,

...... v oy Uy Uy
...... . Uy o Uy Uy o
Virtual Photons Real Photons
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Efficiency Transfer Efficiency for Inverse
Compton Emission
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Afterglow GRB SED- Expected from SSC Model

electrons -
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Without KN effects, the ratio of the heights of the IC to Synchrotron

bumps would scale with U./U; (ie. €./ €g)

An SSC origin of the VHE emission has been adopted by others
to describe early time VHE emission

[Nature 575, 459-463 (2019)]
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GRB Energy Flux Histogram

*GRBs at HE and VHE:
~12 GRBs per year Fermi-LAT

eHowever, most science
learnt from brightest event-

GRB130427A: 94 GeV max
energy photon.

VHE emission has been a
decades-long mystery

DESY

* Fermi-LAT detection from To to
To+10000 s (max. energy
photon >90 GeV).

 Extremely bright burst:

— 2nd brightest afterglow
measured by Swift-XRT.

Swift-XRT GRBs
energy flux distribution at 11 hours
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GRB 130427A Lightcurve
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Origin of Temporal Decay Structure

T T n, (pdapd) (pU7PU)
—> >
(downstream) I (upstream)

[viewed in upstream restframe]

Assuming n, is constant in time.....
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No Synchrotron Cutoff of GRB 130427A Seen
in X-rays and Gamma-Rays

[Kouveliotou et al., ApJL 779 (2013)]
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Energy Spectrum Information
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The effect of the EBL on the (optically thin) attenuation for a nearby
(z=0.08) source for E,<6 TeV is a softening of the spectrum by around

Ar=0.5, starting around 250 GeV.
[HESS- A. Taylor, et al., Science 2021] Q
W
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Conclusions

Fast shocks from massive energy release events are the most viable sources of
extragalactic cosmic rays

+ Synchrotron emission from long GRB tell us directly how efficient these sources
operate as cosmic ray accelerators

+ We are finally starting to probe the very high energy (TeV) gamma-ray emission
from GRB, allowing us to start probing the magnetic fields in the source

+ Whether a new component in the GRB spectrum is present remains unclear- the
VHE GRB detections appear compatible with a continuation of the synchrotron
emission beyond the expected supposed theoretical limit

DESY
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GRB 190114C (Detected by MAGIC)
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[Nature 575, 459-463 (2019)]

* remarkably flat over 9 orders of magnitude in energy!

DESY.



Evidence for a New Component?

1050 electrons 1050 photons
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* SSC spectra are mirroring a
smoothly BPL electron distribution

[M. Kinger et al., MNRAS 501 2023]

 We need more bright, nearby GRBs
(without moonlight!)

e GRB 190114C shows no clear evidence for the
iesy.  onset of a new component
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GRB 190829A- Testing the “Standard” and
Non-Standard VHE Emission Scenarios
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Non-Rel. Hydro Shock- Downstream
Partition of the Upstream Ram Pressure

Blast wave shock CBM

[viewed in shock restframe]
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Energy Transfer Efficiency for
Synchrotron Emission
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The Observational Challenges for GRBs
Absorption!

EBL absorption
Dust absorption Photoelectric absorption

absorption factor
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Attenuation through

on the EBL

E [eV]
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Pair Production
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HESS Detection of GRB 190829A

First detection of a GRB in VHE band for multiple nights

60 T
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tGBMgo ~ 60 S, tBAT90~ 60 s ] Q
z=0.078 QQQ
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MWL Energy Flux Lightcurve
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[HESS- A. Taylor, et al., Science 2021]

X-ray and Gamma-ray energy fluxes decay in
a remarkably similar way-
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When Does the Afterglow Fluence
Saturate?
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GRB 190829A- Optical Data
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GRB 190829A- Radio Data
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GRB 190114C
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Swift XRT Photon Index Distribution
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[Ajello et al., Ap. J., 863 138, 2018]
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Fermi-LAT Photon Index Distribution
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[Ajello et al., Ap. J., 878:52, 2019]
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Relativistic Shocks

Momentum Flux:
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Cold Relativistic Shocks

Momentum Flux:

y
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+ Relativistic Shocks

Momentum Flux:

P2 2 2 Y o B I'>052
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Energy Flux:
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Relativistic Shocks
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