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T'he basic picture: observations

EMISSION ENERGY RANGE
» Prompt keV-MeV
» Afterglow radio to soft X-rays

DURATION
0.1-10% s

days, weeks, ...

(»High Energy 0.1-100 GeV

1-10%s )

,19 © 080916009
Qi’ ® 090323002
‘tf v 090328401

T++ = 090510016

| | 'F o 090902462

Nava et al., 2014

RN LR
% 090926181 |

v 091003191 |
4 100414097 ~
4110731465 |
¢ 130427324 -

10! 10° 10! 10% 10°

‘ Light curves 10%*
, S _
lSpectra 10%3]
52|
Fermi collab, 2014 _ 10 3
: L\J:" : S TR T 5“’2? L 1051
° ’ me since GBM T, (s) 30 u @
" o
— (a)-0.1to4.§s: SBPL 2 1050
— Etc))) :.15.;:01;.35.051: l'S_BPL+PL E
< 49
< 10
]
10°® 1048
1047}
046 I
GRB 130427A ]
10 10 10 lé)nergy (kevl)o 0 10 )

10*  1c

Rest Frame Time (s)




The basic picture: the standard model

EMISSION ENERGY RANGE DURATION
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The basic picture: open issues

...... = unknown physics/quantities that can be constrained with further observations

? Internal Shocks?
? Magnetic reconnection? ? Inverse Compton?

? Synchrotron?

? Thermal contribution?

v/'synchrotron
v external shocks ? contribution from reverse
shock?
same as prompt same as prompt (+SSC)

v/ external shocks v/ synchrotron + SSC
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The basic picture: open issues
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Polarization of prompt and
alterglow radiation: theory




Theoretical predictions

+ Basic synchrotron theory

+ + B configuration (Jet? Shocks?)

+ + relativistic motion of radiating matter (beaming)
+ 4+ curvature of the emitting surface

+ 4+ conical geometry of the ejecta

+ + line of sight



Non-relativistic case
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Synchrotron

energy distribution of radiating e photon spectrum

N dN 3 A
dN = ocy Flux
& 0 @

Rybicki & Lightman, 1986



Spherical emitting surface
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Relativistic motion: beaming

Sar1 1999
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Jetted geometry
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Jet seen off-axis
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Uniform B Circular Linear

in the plane
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General expectations: Prompt vs Afterglow

Uniform B (relevant B is from - Forward shock: tangled B (relevant
the jet — shocks are adding a B is the one generated at the
tangled component) shock)

- Reverse shock: ordered B (jet)

High level of polarization - Forward shock: low level of
polarization
- Reverse shock: higher level of
polarization



Afterglow: temporal evolution

. Ghisellini & Lazzati 1999
Random field |ECEEEEEEI
[ ‘/'\ 7]
’ .
y \
/ N,
— / , -~ \’ -
T ~ /. / S \\\’\:
7 - * .
’ DS >4 /, """"""""" S J
- AR )
[ N
0.01 0.10 ,
r! Wiersema et al., 2014
S s5ha e :
55 4F :
L L $ ¢
‘_%(1):: iy . . : ¥¢<§>¢, _
150 b 0~ ===- LIS T ——————— + 6
e o 1. | W
§ 50 % Fﬁ: i
0.1 1 10

Ditterent temporal evolutions of IT and PA. are predicted in different models:
(Granot & Konigl 2003)

(Rossi et al. 2004)



Afterglow: temporal evolution

. Ghisellini & Lazzati 1999
Random field |ECEEEEEEI
[ ‘/'\ 7]
’ .
y \
/ N,
B / P \. .
T ~ /. / S \\\’\:
7 - * .
’ DS >4 /, """"""""" S J
- AR )
[ N
0.01 0.10 ,
r! Wiersema et al., 2014
g 5:_ a <> 1
55 4F :
L L $ ¢
g;; iy . . : ¥¢<§>¢, _
180 b 0~ ===- LIS T ——————— + 6
e o 1. | W
§ 50 ! Fﬁj i
0.1 1 10

Ditterent temporal evolutions of IT and PA. are predicted in different models:
(Granot & Konigl 2003)

(Rossi et al. 2004)



Afterglow: temporal evolution

. Ghisellini & Lazzati 1999
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Polarization of prompt and
alterglow radiation: measurements




PROMPT — observations

Adapted from Covino & Gotz, 2016

80+-20%

e 1.6x10 | 0.15-2 MeV RHESSI
>35% BATSE
>50% BATSE

65+-26% 201 2.5X10 20-200 keV 0.31 IBIS
>60% 188 2.0X10 20-200 keV 1.33 IBIS
27+-11% 606 3.0X10  20keV-10MeV | 0(.71-6.84 GAP
70+-22% 107 3.6X10 10keV-1MeV | 0.21-1.09 GAP
84 393 3.5X10 10keV-1MeV | 0.45-3.12 GAP
>48% 98 2.0X10 15-350 keV 2739 IBIS

1 Pol dependency of differential cross section for Compton scattering

2 On board CGRO. Method: Scattering of gamma-ray photons by the Earth atmosphere

> Imager on board INTEGRAL, used as Compton Polarimeter
4 Spectrometer on board INTEGRAL. Method: Compton scattering
> GRB Polarimeter on board IKAROS. Method: anisotropy of differential of Klein-Nishina cross section




PROMPT — 041219A from Gz et al. 2009

differential cross section

dQ ~ 2 \Ey) \E

d 2 (E'N*(E E
d _ro( ) (—+—0—2sin290032¢

E'l

)

angle distribution

N(®) = S[1 +agcos2(¢ — ¢o)]

normalized flux

Polarization Results for the Different Time Intervals

Name I1 PA.

% (deg)
First peak <4
Second peak 43 £ 25 38 £ 16
P6 22 £+ 13 121 £ 17
P8 65 = 26 88 + 12
P9 61 &+ 25 105 £ 18
P28 42 + 42 106 £+ 37
P30 90 + 36 54 £+ 11

2.0f

1.5F

Second Peak

P =31x10""*

P28

P = 14x107%

P8

P = 1.0x10™*

P30

P = 8.6x107°

100

200 300 0

100

200 300

¢ (degrees)

Time-resolved analysis
shows evidence of
temporal variation of
polarization level IT and
polarization angle (P.A.)




AFTERGLOW - observations (not complete)

Adapted from Covino & Gotz, 2016

- e radio | VLA
<2.3% 18 hours optical NOT
1.7+-02 % | 18-21 hours optical VLT la;cfil,‘d?fgs‘} gggﬁlﬂf}fﬁ
1-3% | 1035hours optical amabilios PA condian
=2 7% optical VLT
270 5-8 hours VLT | pefin andoits st b
0.3-2.5% one month | opt. and radio \1;1;%; Strong ‘g?lréagﬂity of IT
10% 3 minutes optical LT reverse shock
up to 3% 0.13-2.3 days optical VLT (iosille otaien oy

by 90 degrees




(GRBs at MeV energies




MeV energy range: early time

MeV range

peak energy distribution:
from few keV to several MeV

cutotf due to pp opacity?
/ —> estimate [ from
detection of cutoff or from
I stringent upper limits
1

Flux




MeV energy range: intermediate times

MeV range
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synchrotron radiation?




MeV energy range: intermediate times
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MeV energy range: late time (~100s)

MeV range

Flux

Synchrotron from afterglow?

Evolution? / \




MeV energy range: late time (~100s)

MeV range

Flux

Synchrotron from afterglow?
Evolution?

1




MeV energy range: an example

MeV range
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Conclusions (1)

+ jet composition

+ jet structure

+ magnetic field configuration
+ geometry of the system

+ particle acceleration

+ radiative processes



Conclusions (2

+ cutoffs in the high-energy part of the prompt spectrum
+ nature of prompt emission radiation mechanism
+ transition from prompt to afterglow phase

+ origin of long-lasting GeV radiation detected by the LAT and
its temporal evolution

+ early afterglow from forward shock



