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Plan :

1) Historique — les principaux faits observationnels
2) Quelgues observations récentes d'intérét particulier
3) Les contraintes de base pour construire un modele de sursaut gamma

4) Le scénario « standard »

5) Quelques questions sur la composition du jet
6) Le mécanisme pour I'émission du sursaut gamma proprement dit

/) En conclusion, quelques mots sur tout ce dont je n'ai pas parlé...
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Principaux faits observationnels



Treaty Banning Nuclear Weapon Tests in the Atmosphere, in Outer Space and under Water
Signed by the Original Parties, the Union of Soviet Socialist Republics, the United Kingdom of Great Britain
and Northern Ireland and the United States of America at Moscow: 5 August 1963

The Governments of the United States of America, the United Kingdom of Great Britain and Northern Ireland, and
the Union of Soviet Socialist Republics, hereinafter referred to as the "Original Parties,"

Proclaiming as their principal aim the speediest possible achievement of an agreement on general and complete
disarmament under strict international control in accordance with the objectives of the United Nations which would
put an end to the armaments race and eliminate the incentive to the production and testing of all kinds of weapons,

including nuclear weapons,

Seeking to achieve the discontinuance of all test explosions of nuclear weapons for all time, determined to continue
negotiations to this end, and desiring to put an end to the contamination of man's environment by radioactive
substances,

Have agreed as follows:
Article 1

1. Each of the Parties to this Treaty undertakes to prohibit, to prevent, and not to carry out any nuclear weapon test
explosion, or any other nuclear explosion, at any place under its jurisdiction or control:

(a) in the atmosphere; beyond its limits, including outer space; or under water, including territorial waters or high
seas; or




Vela 4a Event — July 2, 1967
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OBSERVATIONS OF GAMMA-RAY BURSTS OF COSMIC ORIGIN
Ray W. KLEBESADEL, IAN B. STRONG, AND Roy A. OLSON

University of California, Los Alamos Scientific Laboratory, Los Alamos, New Mexico
Received 1973 March 16, revised 1973 April 2

ABSTRACT

Sixteen short bursts of photons in the energy range 0.2-1.5 MeV have been observed between
1969 July and 1972 July using widely separated spacecraft. Burst durations ranged from less than
0.1 s to ~30 s, and time-integrated flux densities from ~10—95 ergs cm—2 to ~2 X 10—% ergs
cm—2 in the energy range given. Significant time structure within bursts was observed. Directional
information eliminates the Earth and Sun as sources.

Subject headings: gamma rays — X-rays — variable stars
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Spectrum
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Localization (1) IPN
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Localization (2) BATSE

s

©
L
by —
w
: JL
>
N
=
=

Temps

Intensité @

Temps



Localization (3) Swift
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The coded mask of Swift




1994 : The Great Debate




GRB sky map (BATSE, 1994)




Nearby stars : isotropy + proper motion
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Planetary nebulae : Galactic disk

£ .“.':.;/;::E :Z: : ..: RIS W S\ 2 Lo o 3
[N e s i A
S\ e




Globular clusters : ~ spherical halo — The Sun is not at the center
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Nearby stars : large structures
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GRB sky map (BATSE final catalog)




1997 : The first afterglow
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Lightcurve of the first afterglow
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Afterglow spectrum : GRB 970508 (radio to visible)
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Afterglows : the host galaxy of GRB 970228

Gamma Ray T || R R 1] HST « STIS
Burst Y
GRB 970228

PRC97-30 « ST Scl OPO « September 16, 1997 « A, Fruchter (ST Scl) and NASA



F, 107* erg ecm™ s™'

The first spectrum of a GRB optical afterglow : GRB 970508 and its host galaxy
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Redshift distribution
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Association of long GRBs with massive stars :
the case of GRB 030329 (HETE2)
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Quelgues observations récentes :

Swift puis Fermi viennent compliquer la situation...



Swift: les rémanences ne sont plus ce qu’elles étaient.

XRT and (extrapolated) BAT light curves z_2—4
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Swift: les rémanences ne sont plus ce qu’elles étaient.

XRT and (extrapolated) BAT light curves z_2—4
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Un cas extréme d’émission « prompte » dans le visible :

the naked eye burst

KW Count Rate (counts/64ms)
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40 60 30 100
GRB 080916C (Abdo et al. 2009)
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Construire un modele physique

des sursauts gamma



Introduction Minimum requirements

= Cosmological distances (z=0.01 - 8...) : Huge isotropic equivalent radiated energy E,_4

= Small timescales (t,..=ms - 1005) : Small emitting region (< c t

var var)

= Non-thermal spectrum : Relativistic outflow (I, > 100 ?)

min

the different observed phases in gamma-ray bursts (prompt,

afterglow) are associated to events in the life of a ultra-relativistic outflow produced by a
newly formed compact source.

Hopefully, the evolution of the relativistic jet can be understood without knowing the
details of the central engine (central source + acceleration mechanism).



Introduction Frames

Lorentz Comoving frame = emitting matter at rest

Emission at time t

R _° photons

Central source
Source frame (or fixed frame or lab frame) : source at rest

Light propagation
+ Cosmology

> Obs

Observer frame :

Reception at time
tops / (1+2) =t —(R/c)cos O

Using the convention

(t=0; R=0) = t,,, =0



Introduction Compactness problem

Source size : R=<ct

Opacity T, —> e*e : T, is very large



Introduction Compactness problem

Expanding source : Lorentz factor I'

(i) in the comoving frame of the emitting material, the photon
energy is divided by I', therefore less photons are above the
threshold for pair creation.

A I meCZ A E I meCZ
v F, I v F, S SN
Comoving :
Observed spectrum
spectrum

v



Introduction Compactness problem

Expanding source : Lorentz factor I'

(i) in the comoving frame of the emitting material, the photon
energy is divided by I', therefore less photons are above the
threshold for pair creation.

(ii) because of the relativistic beaming, the size of the emitting
region can be multiplied by I'.
.

Observer

»
»

AR=R(1-cos9)=R /2172
4>tvarNAtobs=R/ZF2C




Introduction Compactness problem

Expanding source : Lorentz factor I'

(i) in the comoving frame of the emitting material, the photon
energy is divided by I', therefore less photons are above the
threshold for pair creation.

(ii) because of the relativistic beaming, the size of the emitting
region can be multiplied by I'.

For large Lorentz factors (typically 100 or above), T,, < 1.

See for instance Lithwick & Sari 2001.



Introduction Compactness problem

Do Fermi-LAT observations really imply very large Lorentz factors in GRB outflows ?

Fermi collaboration : I' =887 in GRB 080916C (Abdo et al. 2009)
I" ~ 1000 in GRB 090902B (Abdo et al. 2009)
I'=1200in GRB 090510 (Ackermann et al. 2010)
I'=720in GRB 090926A (Ackermann et al. 2011)

These estimates are based on single zone models.

A detailed calculation taking into account a time, space and direction dependent radiation
field leads to a reduction by a factor ~ 2.5

If in addition GeV and MeV photons are not produced at the same place, the constraint is
even weaker.

see Granot & Cohen-Tanugi 2008 ;
Hascoét, Daigne, Mochkovitch and Vennin to be submitted



Introduction Compactness problem
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htroducton

the different observed phases in gamma-ray bursts (prompt,

afterglow) are associated to events in the life of a ultra-relativistic outflow produced by a
newly formed compact source.

= Geometry and composition of the outflow ?
(e.g. spherical vs jet vs ... ;
matter vs Poyting flux vs ...)

= Nature and role of the environment ?
(e.g. uniform density medium vs stellar wind vs plerion vs ... ;
internal vs external mechanisms )

= Energy reservoir and extraction mechanism associated to each observed phase ?
(e.g. thermal vs kinetic vs magnetic vs ... energy ;

photosphere vs internal shocks vs magnetic reconnection vs ... )
= Microphysics and radiative processes at work ?
(e.g. shock acceleration ; magnetic field amplification ; ...

synchrotron radiation vs IC vs ... )

= etc.



htroducton

= Large similarities in the emission from short and long GRBs

short and long GRBs are due to different progenitors leading to the
same succession of events : formation of a compact object and ejection of a relativistic

outflow. Differences in the two classes of bursts (prompt/afterglow) are then due to different

initial/boundary conditions (energetics and lifetime of the central engine, circumburst
environment, ...




Introduction Fireballs

The physics of relativistic ejections by a compact source is complicated and not well
understood... The fireball model is a useful toy model but one should recall that the real jet
evolution could be rather different, especially if the magnetic field plays a dominant role in
the acceleration mechanism.

= Paczynski 1986; Goodman 1986
*Energy (E,) injected in matter (M,) very close to the central engine (R,)
= Adiabatic expansion and hydrodynamical acceleration

= If E, > M, c? : relativistic motion (I"..= E, / M, c? for 100% efficiency).

= No magnetic fields

= No gradual energy injection

= No complex composition (e.g. neutrons + protons)

= No dense external medium (e.g. collapsing progenitor star, ...)
= No collimation



Introduction

energy flux
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Introduction Fireballs

= Acceleration radius (or saturation radius) :

'
Roce ~ Rol's, ~ 3 x 108
0 X (100) CIn

= Spreading radius :

T\ /A /c
Repread ~ T2 Ag ~ 3 x 10'? .
pread 0=2 (100) ( 10 ) e




Introduction Central engine

= Long GRBs : collapsar

= Short GRBs : NS+NS or NS+BH merger ?



Introduction Relativistic ejection




Introduction Relativistic ejection




Introduction « Standard » scenario

Log(R) [meters] R

« jet-break » ?: 1/T' >0

(@ Forward (external) shock = afterglow ?
® Contact discontinuity
(® Reverse shock = optical flash ?

14

@ Internal dissipation = prompt emission ?

[Shocks or magnetic dissipation ?]

® Photosphere - thermal emission ?

2 Terminal Lorentz factor : I' > 100



Introduction « Standard » scenario

Log(R) [meters] R
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Effect of the external medium (1) Forward (external shock)

The afterglow is usually interpreted as the signature of the deceleration of the relativistic
outflow by the external medium.

Contact
discontinuity

Density
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Reverse Forward
shock

e Radius
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Effect of the external medium (1) Forward (external shock)

The afterglow is usually interpreted as the signature of the deceleration of the relativistic
outflow by the external medium.

Forward shock :

= Dynamics : Blandford & McKee 1976

= Microphysics : €, p, €

= Synchrotron radiation : Sari, Piran, Narayan 1998
= Effect of a stellar wind : Chevalier & Li 2000

= Jet vs spherical outflow : Rhoads 1997



Effect of the external medium (1) Forward (external shock)

Strong shock in ultra-relativistic limit : « Rankine Hugoniot » jump conditions

Shocked region:
Pu; Pe; T > 1

m
*
|

2
I.c”,

Shock: rShock > 1 41‘\ p
*M

Shock \/él—‘* ’

D
. |2

Unshocked region:
p;PLpc?;v=0



Effect of the external medium (1) Forward (external shock)
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Effect of the external medium (1) Forward (external shock)

" Deceleration radius : Pext = ﬁ Riee >~ (

= Uniform medium:s=0;A=n m,

EO n _% FO _%
cc = 1.2 x 107 ( ) (e
Ha X 107 em (1053 erg) lcm—3 (100)

= Stellar wind : s =2 ; A=A.x5x10!! g.cm™!

E, AN /Ty \ ?
oe ~ 1.8 x 1016 -
fia e (1053 erg) <0.1> (100)

W=




Effect of the external medium (1) Forward (external shock)

Standard parametrization of microphysics in shocks
(magnetic field amplification ; particle acceleration)

U [erg.cm_?’] — Px€x

. g —-37 _ B2 _
= Magnetic field : up [erg.cm } = 8—7T — |EB/U
B = \/87‘('6]3[)*6*'
= Shock-accelerated electrons : ugcc [erg.cm_?’] — €Ul
_ _ P
- n2¢ [e”.cm™3] =
nzexic,lnj (’Y) e [ } Cmp
o nacc v _@
? pacein (y) = (p— 1) fory > Ty
I'm \I'm
>y




Effect of the external medium (1)

Forward (external shock)

Synchrotron radiation (A) Single electron

= Power : P () = 6—32 2
s
syn € 2
= Spectrum : VYR () = Y- ch
syn 2 4
Psyn(,y) _ P (7)(1)( v ) ~ OTMeC B x 5(
SR () pSyn 3e
PR

1/3

()

)ity < v(y)
otherwise



Effect of the external medium (1) Forward (external shock)

nacc,inj ("Y)

eu
\

Synchrotron radiation (B) Power-law distribution of electrons

= Electron distribution :

o acc —p >y
) = -0 (L) fory =T .
= Spectrum : Vi = Vgyn (Fm)
( 1/3 ;
391 2 (ﬁ) orv < Uy
Pﬁynz—p 10Tmc Bng x < o1
dp—3 e (VL) © forv > vy,
\ m
Py
-(p-1)/2
1/3




Effect of the external medium (1) Forward (external shock)

Competition between synchrotron radiation and adiabatic cooling :
Sari, Piran, Narayan 1998

= Dynamical timescale = adiabatic cooling timescale : Tdyn

omrmec 1
= Critical Lorentz factor : I'e = B2
T tdyn
= Cooling frequency : Ve = Vsyn (FC)
= Spectrum :
— y SVI 4
)] 5 (p-1)/2
- p_
Slow cooling 1/3
Ie> 1Ty
-p/2
- U
Uy Ve

Only high-energy electrons radiate effiently



Effect of the external medium (1) Forward (external shock)

Competition between synchrotron radiation and adiabatic cooling :
Sari, Piran, Narayan 1998

= Dynamical timescale = adiabatic cooling timescale : Tdyn

omrmec 1
= Critical Lorentz factor : I'e = 5
oT B tdyn

= Cooling frequency : Ve = Vsyn (FC)
= Spectrum :
—acc 4 syn 4

(0+1) Fast cooling 1/3

- p+

I -
— 7Y - UV
I'. ', Ve Vm

All electrons radiate effiently



Effect of the external medium (1) Forward (external shock)

Observed lightcurves at a given frequency :

= Observed flux (fast cooling regime) : .

1/3
(li_‘o;)/s) Vobs K FVé
N, _ormec? N-1/2
F, .. num. factor} 47TD2F 366 B’ x { (?32) Iy, < Vops < TV,
\ J I// —1/2 —p/2
% () )"

Fyobs ,max

= Observed flux (slow cooling regime) :

( 1/3
(e Vobs < T,
N, _ormec? ~(p—1)/2
F, .. = {num. factor} 47TD2F 3 Bj’x 3 %1))/2 ) TV < Vops < TV,
—(p —p
v L@ ) rc

FVobs ,ymax

= Principle :

(1) Compute Fo .. maz , Vm,obs = I'v) and Veobs = FVé as function of tops

obs)

(2) Deduce the observed flux at a given frequency from formulae above



Effect of the external medium (1)

Forward (external shock)

Observed lightcurves at a given frequency :

= An example of such a calculation for s=0 (uniform medium) and s=2 (stellar wind)

Panaitescu & Kumar 2000

= Additional effects :

- Synchrotron self-absorption (radio)

- Inverse Compton scattering

(high-energy + electron cooling,

see e.g. Sari & Esin 2001)

- Precise calculation using a full integration
over equal-arrival time surfaces

= Late time evolution :
jet break — non relativistic regime

APPENDIX B
HOMOGENEOUS EXTERNAL MEDIUM (s =0)

By substituting the equations for the break frequencies and equation (64) in equations (65) and (66) and taking into account
the above correction factors for the remnant curvature, the following fluxes are obtained:

F, = 03D5(Y, + 1) 'ny ezl i Ty, mly, (B1)

F, - 10D33(Y, + 1PPEI ny ey 2 vile T2 mly, (B2)

F, - 40D(Y, + 1) EL ey Vv 8 TV miy (B3)

F, = 1041 -098D33(, + 1)) B a2 3V vl T 00 B my (B4)
F, I;. 30D Eifn e, vy T mly, (BS)

F, = D33 B3 mi3e 20 el vl T, mly (86)

Fu 2104174903 B W nh e, dp il I T M mly (87
Fo = 1007 08D5 B 00 L o v T 00 2y, (89)

(Ha)
F‘ = 102e TPt O.HNS ND;;II':I’];.”- p-_-n"il Nz .|€;g'~ ;p_.c p|£|;' -; Pr2pt -.;)1 (L] v T,.;;., T"|,\lp aytiNe-pi Y!L'}'

2<p<3). (B9
The case given in equation (B9) and labeled (8a) corresponds to the same frequency ordering as for case (8), but the cooling
break v, evolution (eq. [45]) is determined by the IClosses;le, T, <« T< T and ¥, > L.
APPENDIX C
WIND EXTERNAL MEDIUM (s =2)

Following the same exercise as above and using the relevant equations, the following results can be obtained for the wind
model:

F, = 003D, + 1) 'Eqs A 60?650 0¥, T3, mly, )

F, l: TOD3(Y, + 1PPES AL ey 2 ¥38 Ty 27 mly (C2)

F, = 007D Eey A ey, vy T, mly, (©3)

F, ';' 9D ENS Age, 2 ey viF T mly, (C4)

F, l:' 1033 3-20D 2 B IV 4, g2 7Y 6l IV yp S VAT 02 08 e (©5)

(Ha)
1.9p2 ~8.6p+ 4114~ 5 2 pip 218, p-2 INI ) LGN -2 v 2praNING vy i3 Spiey s - .
F‘ = 10199 » 1 ’D:n E,', (A‘ P 'C‘,‘: l- P &y X P .) El ',”.rs T.," ‘r 21 Pk mJ}

2<p<3). (C6



Effect of the external medium (1) Forward (external shock)

Jet break :
(Rhoads 1997)

Geometrical effect :
jet break is achromatic

Flux

» QObserver time

Obs

v

Early phase /

I' = cst>>1/0,

Deceleration
r>1/6, I'<1/6,



Effect of the external medium (1) Forward (external shock)

Confronting the forward shock model to afterglow observations
= Pre-Swift era : very promising results (multi-wavelength fits) but already some problems

= Nice fits :

10°

[ T T T TTTTT T T T TTTTT T T \lf\ll‘ T 1] g\\\‘ T T \I\llll T T |f|\]\‘ ] T \l\lf? ] \|||\|| T T T TTTT T T ||||\|| T
L RADIO] C 7 OPTICAL 7 i 10F X-RAY
oL (8.5GHz) _ % (R band) | - OF (3 or 5 keV)).
~F 3 O R = = - ]
B 1 TE 3 - -2 .
L . ] = !"i 3 5 \E‘ .
- i OF " e i o | A 7 ; | i } ii ]
oy L = 2F % = E T %, ]
- 1 F Sy o, 1o |F /10*} i
i aF, . 1 -7 o ) il"x!i 1 ©E o EEE ]
oL e ek | oE 3 ? E C 3 A ]
<7F Rex,n T = TE A R S * i :
=2 L2 ity 1.7 b R 1 | 3 |
E P . 4 e = 2 E
>‘To = { Hﬁi I = ‘_E =, \ 1'1, L b #O = E —
L —E } } 3T g Seg fa : 1 TE o ]
B 1 TE = § : 7 - 1 -
oF b = [ «980519 i A S |
e £/5 parenetodl; 1 o b 990123 &% el
S A 1 2E - 990510 5 I oF b o E
o [ EA00 3 3 1 [+ 991208 % 1 ~E } § ]
OF .2 I = o [ +991216 i 1 F :
=F f h f 1 ©E+000301c E ’ 0 .
- [ 1 TE. 000926 3 | |
1 [ | l St w] e [P | P K | 1 |
B 10° 10’ 10° 2 10" 10° 10’ 10° 2 10°" 10° 10'
time (day) time (day) time (day)

(Panaitescu & Kumar 2001)



Effect of the external medium (1) Forward (external shock)

Confronting the forward shock model to afterglow observations

= Pre-Swift era : very promising results (multi-wavelength fits) but already some problems

= Nice jet breaks :

‘V ~‘\ ~ MT’ . | ’%L
GRB 990510 : B
v S | A S ~ Wm
Harrison et al. 1999 S s N
c € M
= “ ot
| . : A
‘ By v
| %
24|




Effect of the external medium (1) Forward (external shock)

Confronting the forward shock model to afterglow observations
= Pre-Swift era : very promising results (multi-wavelength fits) but already some problems

= Potential problem : a low density uniform medium is usually found when a stellar wind or
high density medium is expected for long bursts...

(Chevalier, Li & Fransson 2004)

GRB 030329

Apr 1.13UT

Apr4.27 UT

n~0.01-10cm™3
(Panaitescu & Kumar 2001)

- Apr6.15 UT

Apr7.25UT

e.g. GRB030329 : uniform medium withn~2 cm3 !
(Berger et al. 2003)

—-2.5 log(f;) + Constant

Apr8.13 UT

||||||| Lo by b bvnvnn i T

4000 5000 6000 7000 8000
Observed Wavelength (A)




Effect of the external medium (1) Forward (external shock)

Confronting the forward shock model to afterglow observations

= Pre-Swift era : very promising results (multi-wavelength fits) but already some problems

= Potential problem : the slope of the electron distribution is found to be p < 2 in many
cases whereas shock acceleration theory would predict 2<p<2.57?

p~1.4-2.8 (Panaitescu & Kumar 2001)



Effect of the external medium (1) Forward (external shock)

Confronting the forward shock model to afterglow observations
= Pre-Swift era : very promising results (multi-wavelength fits) but already some problems

= Potential problem : the radio afterglow temporal decay is often in contradiction with the
theory.

991208
IO LI ll”lll 1 lll.lllll 1 llll”ll | LR
(Panaitescu & Kumar 2004) t0-15‘--2‘4-’
. ~0.97(.07)
10 R —a=_
S _
107 O= \
—— E ‘ "
> F i} ~1.78(.09)
£ 107 L 21 .
wo o F :
10 E i =
- . s
']0-;1 E
IO-S j | . | lIllllI L1 lllllll L1 Illllll_) L e .
107 10° 10' 10° 10°

time (day)



Effect of the external medium (1) Forward (external shock)

Confronting the forward shock model to afterglow observations
= Pre-Swift era : very promising results (multi-wavelength fits) but already some problems

= Swift era : new problems, especially with the early afterglow...



Effect of the external medium (1) Forward (external shock)

Possible additional effects :

" Pre pair-enrichment of the circumburst medium by the prompt gamma-ray flash : delay of
the deceleration and different prediction for the early afterglow.

= Detailed calculation of the electron cooling (N, ?)

= Structured jets (= angular structure)

= Inhomogeneities in the circumburst medium : low amplitude variability

= Realistic environments : structured medium due to the interaction between stellar winds
and ISM ?

= Orphan afterglows ?

= Counter-jet ?



Effect of the external medium (2)

Due to the interaction with the surrounding medium, a reverse shock propagates within the
ejecta. It is usually believed to contribute to the prompt emission (optical flash) and/or the
early afterglow.

= For a uniform shell : reverse shock is short-lived

" If Rypread << Ryec (=thin shell =low-density external medium )

sprea dec

- RS is non-relativistic
- RS crosses the relativistic shell at R .

" If Rpread >> Ryec (=thick shell=high-density external medium)

dec

- RS is initially non-relativistic +

—_ ~ 3—s p—1 —°

- RS becomes ultra-relativisticat RN (Rdec spread) 1

_ « o s ~ 3—8 4—s
RS crosses the relativisticshellat R_ "~ (Rdec spread)



Effect of the external medium (2)

= Optical flash like in GRB 990123 ? Problem : such optical flashes are rare
(Sari & Piran 1999)

GRB990123 / ROTSE (Akerlof et al. 1999)
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Effect of the external medium (2)

= When discussing the Reverse Shock, one often forgets that this shock wave is more similar
to Internal Shocks tha to the Forward Shock.

= RS microphysics parameters = IS microphysics parameters # FS microphysics parameters

= |S contribute mostly in gamma-rays, why RS should produce optical ?

= |f the outflow is variable, RS can be much more complicated than this simple picture, and
can even be long-lived...



Effect of the external medium (3)

= X-ray plateaux (Swift)

t

Flux

tbmak1 tbmakz

time
Nousek et al. 2006

Problems with afterglow theory...
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Effect of the external medium (3) Problems with afterglow theory. ..

= X-ray plateaux (Swift)

This plateau cannot be reproduced by the simplest version of the external shock model.

Most discussed possibility : late energy injection (Sari & Meszaros 2000)

-> Efficiency crisis ?

This scenario requires to add a large amount of energy to the FS.
(Panaitescu et al. 2006)

It is not really consistent with internal shocks (requires > 90 % efficiency !)

- Models of the central engine ?



Effect of the external medium (3) Problems with afterglow theory. ..

= Where are the jet breaks ?
(Burrows & Racusin 2007)

Real achromatic breaks are rare in the Swift era...

= What are chromatic breaks ? 2 T
(Panaitescu 2006) 050401

050802

Difficult to explain
in FS model
(varying microphysics ?)

|
t 050319 050807

10° &

10 107 10 10 10° 10°° 107 10 10 10°
time (hours) time (hours)



Problems with afterglow theory...

Effect of the external medium (3)

= X-ray flares (Swift)
(Burrows et al. 2006)

Usually interpreted as late time activity of the central engine.

Forward shock : rise and decay are too steep.

Internal shocks : duration seems very long.

10* =

| : GC;" ]
_ 10 e . 4
= H 2 E
o S ES GRB 050502k
= 10° — b *® E
s . 0t E
= —~+ iy ]
=2 -~ IS t . i . 4
=2 10 90 + . £
= ’0—'—FS.7 N ++**+*++ ]
S 107™ % i 4
S .. E
= - % Pt ]
>< 10 °, E
T ]
10 oa~6 —

10* 10° 10* 10° 10°

Time Since BAT Trigger (sec)

(Burrows et al; Falcone et al, 2005)



Effect of the external medium (3) Problems with afterglow theory. ..

= Short GRB afterglows are also complex (plateau, soft bumps, ...)

Requirements such as late energy injection could be even more difficult for short burst
central engines.

P 10*
' - .
v 1000
g - .
© 100 - It
g 2 i
o 10 1N
- E 1N
' 1
2 1 1IN
‘; o
T 0.1 1| |
N 1.
e e
3 0.01 e
= e s
10_3 n 1 bl | | T | Lol 1 l‘Jllilil L
10 100 1000 10* 10°

Time (s @ z=0.258)

e.g. GRB 050724
(Campana et al. 2006)



Effect of the external medium (3) Problems with afterglow theory. ..

" Proposed solutions in the standard FS model are not fully satisfactory

- Constraints on the central engine

- Constraints on the energy budget

= Other possibilities :

Two components (Ghisellini et al. 2007)

Long-lived reverse shocks (Uhm & Beloborodov 2007 ; Genet, Daigne & Mochkovitch 2007)

Requirements :

- FS is radiatively inefficient
(problems with shock acceleration/magnetic field amplification in ultra relativistic shocks ?)

- Tail of low Lorentz factor material



Effect of the external medium (3) Problems with afterglow theory. ..

= A possible test to distinguish between the models : the high energy afterglow

= Fermi : long lasting emission is seen in a few LAT GRBs

but ...

there are no cases with a simultaneous multi-wavelength Swift-like observation...



« Internal processes » Energy reservoir and extraction mechanism

Short timescale variability is difficult to explain with the external shock. Therefore, the
prompt emission must have an internal origin, i.e. be produced from dissipative processes
within the relativistic outflow itself.

Energy reservoir &

_ _ . S
Possible energy reservoirs extraction mechanism

and extraction mechanisms : . .
Microphysics ?
= Thermal energy o ,
Photospheric emission Radiative processes
= Kinetic energy

Internal shocks + shock acceleration ,
Matter dominated

[] Magnel—lc energy VS magnel'lc OU‘L‘HOW r

Magnetic dissipation (e.g. reconnection) h | emission ?
ermal emission *

Shock waves ?

L ion ?
Note that a large magnetization Reconnection :

probably exclude internal shock waves.
Synchrotron ? IC ? ...



Prompt emission (1) : The End ? High (co-)latitude emission

Due to the curvature of the emitting surface, the « internal » activity of the outflow should
not stop instantaneously : the observed flux decays as the observer detects photons emitted
at larger (co-)latitudes (these photons are less and less Doppler-boosted).

= Bolometric flux decays as t,, >

" Predict a X-ray tail at the end of the prompt (Kumar & Panaitescu 2002)

= Observed by Swift ? Too steep decay ?

GRB0O50814
¢
| ¥ 'Fi"""l' +

\

0.3—10 keV flux (erg em™2 5™ 1)

0.1 1 10 100 1000 10* 10°
time since burst (s)

O’Brien et al.



Prompt emission (1) : The End ?

High (co-)latitude emission

= Anisotropic emission in the comoving frame ?
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Figure 2. Same as in Figure 1 but for the angular distribution A5(8) (electrons accelerated preferentially perpendicular to B).

Beloborodov, Daigne, Mochkovitch & Uhm 2010



Prompt emission

@ Magnetization : Polarization measurements in y-rays still difficult
(see however Willis et al. 05; Kalemci et al. 07; McGlinn et al. 07; Gotz et al. 09; McGlinn et al. 09)

@ Lorentz factor : high values to avoid a strong yy annihilation
-pre-Fermi era: I' > 50-100
-Fermi: I' may be much larger — e.g. GRB 080916C: I" ~ 900 (Abdo et al. 2010)

-More realistic estimates reduce I', ., by at least a factor ~ 2-3
(Granot et al. 08 ; Aoi et al. 10 ; Zou et al. 10 ; Hascoét et al. 2011)

@ Radius : estimate from early X-ray steep decay (Swift/XRT)
-high latitude emission? R > 6.10*> (I'/100)%2cm
(Lyutikov 06; Lazzati & Begelman 06; Kumar et al. 07; Genet & Granot 09)
-measure the radius at the end of the prompt emission
-effect of comoving anistropy ?
(Lyutikov 06; Beloborodov, Daigne, Mochkovitch & Uhm 10)

~R/2I%c

>
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Prompt emission Standard « fireball »
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Internal
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Initial energy release :

negligible magnetization

Energy content



Prompt emission Standard « fireball »
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Prompt emission Standard « fireball »
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Prompt emission Standard « fireball »
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Prompt emission Standard « fireball »
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Prompt emission Standard « fireball »

Rdec
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Photosphere : internal energy Rph\;fs éi%%i; /
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Prompt emission Standard « fireball »
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Prompt emission Standard « fireball »
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Prompt emission Standard « fireball »
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Prompt emission (2) Photospheric emission

At the photosphere, the outflow becomes transparent for its own radiation. If its internal
energy content has not be entirely converted into kinetic energy, it can be radiated.

Fireball model :

= Above R.,,, opacity is dominated by Thomson diffusion on ambient electrons

= Photospheric radius :

E I
R ~59x 102 —
ph 8 10°2 erg.s—! (100) Cm

= Temperature and luminosity at the photosphere :

—2/3
R h . 1/4 _1/2
kT v ~ kT P ~ E Mpn M
ph 0 Rsat kTO ~ 1.3 1052 erg.s_l 10 M® eV

—2/3 - g ( Msu I’y

. Rph Reat ~ 9 x 10 <1OM@> (100) cm

Lph ~ F
Rsat




Prompt emission (2) Photospheric emission

At the photosphere, the outflow becomes transparent for its own radiation. If its internal
energy content has not be entirely converted into kinetic energy, it can be radiated.

= If the outflow is variable, each region has its own photospheric radius, ... : the
photospheric emission is variable and trace the history of the relativistic ejection.
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Daigne & Mochkovitch 2002



Prompt emission (2) Photospheric emission

At the photosphere, the outflow becomes transparent for its own radiation. If its internal
energy content has not be entirely converted into kinetic energy, it can be radiated.

= If the outflow is variable, each region has its own photospheric radius, ... : the
photospheric emission is variable and trace the history of the relativistic ejection.
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Prompt emission (2) Photospheric emission

At the photosphere, the outflow becomes transparent for its own radiation. If its internal
energy content has not be entirely converted into kinetic energy, it can be radiated.

= For purely thermal fireballs, the photospheric emission is more efficient than the non-
thermal emission from internal shocks : « cold » magnetic outflows to avoid thermal
spectra?

_ | _
102 |- Thermal .
- acceleration .
~' 100 -

£ - 3
Q o 1
~ L /’ v
> L , i
v i # |
—_ 7 \
Ve \
s ; ]
1 _— // Z=1 -
= / -
- / EE=200 keV .
o/ a=-1.0; p=-2.25 ]

II| // 1 1 1 IIIIII 1 1 1 IIIII| 1 1 1 IIIII|
1 10 102 102

(Daigne & Mochkovitch 2002) E [keV]



Prompt emission (3) Internal shocks

The central engine is expected to be highly variable on different timescales (dynamical time
—> accretion time). Therefore, the ejected mass flux and energy flux should also vary on
similar timescales : different regions in the outflow have initially different Lorentz factors.
This leads to the formation of shock waves (« internal shocks », Rees & Meszaros 1994).

= As relative velocities are small (ultra-relativistic outflow), internal shocks form at large
distance from the central source : usually R, > R .

= The observed variability in the lightcurve is a miror of the central engine activity.

= Dynamics :

Kobayashi et al. 1997 (discrete « shells » ) ;

Daigne & Mochkovitch 1998 ( discretization of a continuous outflow) ;
Daigne & Mochkovitch 2000 (1D relativistic hydro)

= Radiation : Daigne & Mochkovitch 1998 ; Bosnjak, Daigne & Dubus 2009



Prompt emission (3) Internal shocks

= Hydro : « two shell » collision
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Prompt emission (3) Internal shocks

The central engine is expected to be highly variable on different timescales (dynamical time
—> accretion time). Therefore, the ejected mass flux and energy flux should also vary on
similar timescales : different regions in the outflow have initially different Lorentz factors.
This leads to the formation of shock waves (« internal shocks », Rees & Meszaros 1994).

= Radius of internal shocks :

o\ 2 [
Ris ~ T2cto ~ (3 x 1013 — 3 x 10%6) [ =2 var
0¢ (810 —3x10%) { 505 ) | Toms 5108 ) ™

=Efficiency of internal shocks :  f1s =~ fdyn X €e X frad Max 10 % ?

YN

10-40 % ? 0.1-1/37



Prompt emission (3) Internal shocks

The central engine is expected to be highly variable on different timescales (dynamical time
—> accretion time). Therefore, the ejected mass flux and energy flux should also vary on
similar timescales : different regions in the outflow have initially different Lorentz factors.
This leads to the formation of shock waves (« internal shocks », Rees & Meszaros 1994).

= Radiative processes: synvsIC?

Synchrotron radiation is favored but problem with slope a...

Nice features of the model :

- Variability in lightcurves
- Spectral evolution (pulse width, time lags, HIC, HFC, ...)
- GRB diversity (XRFs, XRRs, ...)



Prompt emission (3) Internal shocks

= Lightcurves = Spectral evolution
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Prompt emission (3) Internal shocks

Prompt optical emission
= Variable prompt optical emission is expected from internal shocks

(see e.g. D. GOtz et al. on GRB 041219A)

= Bright prompt optical emission
(like in the naked-eye burst) 15

is expected for highly variable outflows.
_ 10 u
(Li & Waxman 2008 ; N
Hascoét et al. 2011 in preparation) = 5

Cs0-300 Kev [ph/cm?/s]

I 1 1 1 I
40 60
(Hascoét et al. 2011)




Prompt emission Standard « fireball »

Photosphere + internal shocks

@ Photospheric emission : well understood
- very efficient
- may be more complicated than blackbody (HLE, comptonization, ...)
(Paczynski 86; Goodman 86; Shemi & Piran 90; Meszaros & Rees 00; Meszaros et al. 02;
Daigne & Mochkovitch 02; Zhang & Meszaros 02; Rees & Meszaros 05; Pe’er et al. 06, 07, 08, 10;
loka et al. 07; Beloborodov 10; Toma et al. 10; ...)

@ Internal shocks : more uncertain
- low efficiency (less than 10 % ?)
(Daigne & Mochkovitch 98 ; see however Beloborodov 00; Kobayashi & Sari 01)
- microphysics ?
- spectrum may have several components
(Rees & Meszaros 94 ; Paczynski & Xu 94; Kobayashi et al. 97 ; Daigne & Mochkovitch 98, 00, 03 ;
Meszaros & Rees 00; Pe’er et al. 06; Bosnjak, Daigne & Dubus 09; ...)

@ Main uncertainties in this scenario :
microphysics in shocks : particle acceleration, field amplification, ...



Prompt emission Standard « fireball »

Photosphere + internal shocks

@ Photospheric component is dominant except if
- internal shocks have a large efficiency
- Ry >> R, (i.e. very small size R at the base of the outflow)

(Daigne & Mochkovitch 02)

@ This is very difficult to reconcile with observations :

- BATSE spectroscopic catalog (Preece et al. 00; Kaneko et al. 06)
- indirect analysis of GRB 080916C (Zhang & Pe’er 09)
- Fermi observations of GRB 100724B (Guiriec et al. 10)

- most Fermi bursts show a strong dominant component (Band)
+ some weaker additional components at low and/or high energy
(see analysis by Zhang, B.-B. et al. 2010)

@ It remains the possibility that the main spectral component (Band) has a photospheric origin,
if the spectral shape is affected by additional processes.
(Ryde et al. 10; Pe’er et al. 10 (GRB 090902B) ; Toma et al. 10; Beloborodov et al. 10)



Prompt emission Standard « fireball »

@ Fermi observations :

VE, GRB 080916C  VF, GRB 1007248
A \ t
NT
GBM (Nal) GBM (BGO) LAT TH
> v — > v
(Abdo et al. 08) (Guiriec et al. 10)
® Model : S a— -
10° 107
- 10°
E 100 § o
3 g
= o 107"
— (]
g 10 =
Nc: o L; 10-11
T 10"
1E
10"
11 1 Lol Ll 4 Lo L L1l 1 [ 10_‘4 . d Aasul 1 ul d A Losal d
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E [keV] Obs. energy [eV]

(Daigne & Mochkovitch 02) (Pe’er et al. 06)



Prompt emission Magnetic field

A new ingredient : the magnetic field

@ Passive field : B does not play a role for the dynamics

@ Active field : B does have an influence on the dynamics
(Usov 92; Thompson 94; Meszaros & Rees 97; Spruit et al. 01; Daigne & Drenkhahn 02;
Vlahakis & Konigl 03; Giannios & Spruit 06; ...)

Poynting flux

M tization : 0= : : ineti
agnhetization Power carried by matter (internal + kinetic)

@ An extreme version : the initial energy release is purely magnetic

(0 = OO) — no photospheric emission in this case
(Blandford & Lyutikov 03)



Prompt emission (2) Photospheric emission

At the photosphere, the outflow becomes transparent for its own radiation. If its internal
energy content has not be entirely converted into kinetic energy, it can be radiated.

= For purely thermal fireballs, the photospheric emission is more efficient than the non-
thermal emission from internal shocks : « cold » magnetic outflows to avoid thermal
spectra?
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(Daigne & Mochkovitch 2002) E [keV]



Prompt emission (2)

Photospheric emission

At the photosphere, the outflow becomes transparent for its own radiation. If its internal
energy content has not be entirely converted into kinetic energy, it can be radiated.

= For purely thermal fireballs, the photospheric emission is more efficient than the non-

thermal emission from internal shocks :

spectra?

(Daigne & Mochkovitch 2002)

« cold »

103 £

—
o
o

EZ n(E) [keV/cm?]

magnetic outflows to avoid thermal

—
o
TT

Magnetic
acceleration

7 z=1 \

E,=200 keV
o=-1.0 ; [3=-2\\.25
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E [keV]
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Prompt emission Magnetized outflows : passive fields
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Prompt emission Magnetized outflows : passive fields
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Prompt emission Magnetized outflows : passive fields
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Prompt emission Magnetized outflows : passive fields

R

prompt

Photosphere : internal energy Rph\ /i %z /‘f
can be radiated.
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Prompt emission Magnetized outflows : passive fields

Non-thermal emission : R %
Internal shocks prompt
or magnetic dissipation

Kinetic

Magnetic

Energy content



Prompt emission

Magnetized outflows : passive fields

Rdec i M
Non-thermal emission : R /X/
Internal shocks prompt % \ TH NT
or magnetic dissipation

Kinetic

Flux

Energy content

\ >tobs



Prompt emission Magnetized outflows : passive fields

Photosphere + Magnetic dissipation at late times
® weak thermal component + dominant non-thermal component
@ is it possible to reconcile this scenario with large Lorentz factors ?
@ Main uncertainties in this scenario :
- physics of the magnetic dissipation process / associated emission

- efficiency ? (Thomson 94 ; Spruit et al. 01 ; Drenkhahn & Daigne 02 ;
Giannios 06 ; Giannios & Spruit 07 ; Giannios 08 ; ...)
- critical magnetization to suppress shocks (existence of IS/RS) ?
(Zhang & Kobayashi 05; Giannios, Mimica & Aloy 08)

@ Some estimates using a simple parametrization of the dissipation
- efficiency may be high
- spectrum may have several strong components

(contradiction with Fermi-LAT observations ?)
(Giannios 08)



Prompt emission Magnetized outflows : passive fields

@® Some estimates using a simple geometrical description of the dissipation (« fundamental
relativistic emitters ») : lightcurves are too symmetric ?
(Lyutikov 06; Kumar & Narayan 09; Lazar, Nakar & Piran 09)

n ~1
P
d=1;y'=10
f=1
J w Y=1/(yT)
‘ |
JJJ*A ul ‘“MNJ.“JL“}M W
0 05 N 1 15 Y )
tr%/(dR) SN
n ~0.01
p
d=10;y'~3 np\O.7
f=0.01 P
Yy~1/(yT) ?:—01(_);7 3
1 ’ V-1/(4T)
'\ HL A ﬁul ” H»J WH/"A \‘ | W‘ ' ‘« MM N
0 05 o 15 0 05 1 15
{Te/(dR) L

Lazar, Nakar & Piran 09



Prompt emission Magnetized outflows : passive fields

@ Fermi observations :

v.F, GRB 080916C  V.F, GRB 100724B

| T~ | _

NT

GBM (Nal) GBM (BGO) LAT /\ TH R

(Abdo et al. 08) (Guiriec et al. 10)
® Model : 1000

Increasing magnetization

0.0001

IIII|,l|,|,| IIlIIU,IJ IIIl|,|,|,l] IIlIlI,I,I] IIllI|,|,|] IIIllIII IIIII[I]] llIIIIII 1Ll

001 01 1 10 100 1000 10000 le+05 le+06 le+07
E (keV) (Giannios 08)



Prompt emission Magnetized outflows : active fields
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Prompt emission Magnetized outflows : active fields
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Prompt emission Magnetized outflows : active fields
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Prompt emission Magnetized outflows : active fields
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Prompt emission Magnetized outflows : active fields

vF 4
Rdec v
\ /
Non-thermal emission : R —_ ¥
Internal shocks prompt I S TH NT
and/or magnetic dissipation oy
——— A
Kinetic .-=7 7~ Flux
’ N

Magnetic
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Energy content



Prompt emission Magnetized outflows : active fields

Efficient magnetic acceleration : (photosphere) + internal shocks
@ Large Lorentz factors can be reached

@ Above the acceleration radius, the outflow is very similar to a
standard fireball, except that it is colder.
- non-thermal emission is dominant, in agreement with observations
- a weak thermal component may be seen
- diversity is possible depending on the initial magnetization

@ Main uncertainties in this scenario :

- identification of a « magnetic acceleration » mechanism
(Spruit et al. 01; Daigne & Drenkhahn 02; Spruit & Drenkhahn 02; Giannios & Spruit 06;
Tchekhovskoy, Narayan & McKinney 10 ; Granot et al. 10; etc)

- same uncertainties as in the standard fireball model (microphysics)



Prompt emission Magnetized outflows : active fields

@ Fermi observations :

v-Fy GRB 080916C V.F, GRB 1007248
A
\ ? _
NT
GBM (Nal) GBM (BGO) LAT R /\ TH R
v v
(Abdo et al. 08)

(Guiriec et al. 10)
® Model :

10 =

(Daigne & Mochkovitch 02)

1 10 102 102
E [keV]



Prompt emission (4)

GRB 990123 :
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Prompt emission (4) Radiative processes

GRB 990123 :

5.D><1D4 —— T T T T T T T T T T T T T T

: BATSE
50-300 keV 1

sox10tfE -

Rate (counts 5_‘)
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From Briggs et al. 1999
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Band et al. 1993



Prompt emission (4) Radiative processes

GRB 990123 :

5.D><1D4 —— T T T T T T T T T T T T T T

: BATSE
50-300 keV 1

sox10tfE -

Rate (counts 5_‘)
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From Briggs et al. 1999
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Q
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.,/u
B « Peak energy » E
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In most GRBs, the spectral parameters (E,, a, ...) evolve with time.



Prompt emission (4) Radiative processes

Short timescale variability in the lightcurve : internal origin of the prompt GRB emission
(i.e. : emission is radiated from the relativistic outflow)

Two questions : - physical mechanism ? Internal shocks ?
Photosphere ?
Magnetic dissipation ?

- dominant radiative process ? Synchrotron ?
SSC?
Others ?

To understand many observed features (spectral evolution, « delays », ...),
both questions must be considered simultaneously.



Prompt emission (4) Radiative processes

GBM LAT
SSC:
-Where is the strong IC2 component ?
or the strong syn component ?
-Energy crisis
Syn / IC scatt. (Thomson)
GBM LAT
Synchrotron : _ _ _
Fermi-LAT detection rate and observations
clearly favor the synchrotron process.
S

yn
\IC scatt. (Klein-Nishina)
IC

(see e.g. Bosnjak, Daigne & Dubus 09; Piran, Sari & Zou 09)



Prompt emission (4)

Radiative processes

Spectral BATSE catalog

(Preece et al. 2000; Kaneko et al. 2006)
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Prompt emission (4) Radiative processes

600 T T RERREEEES ] Y : Minimum Lorentz factor at injection
Y. : radiative timescale = dynamical timescale
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Prompt emission (4) Radiative processes
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s it possible to reconcile the synchrotron process in fast cooling regime with -3/2 <o <-17?



Prompt emission (4)

Radiative processes

Band function
a=-1.5
B=-2.25

Normalized E% N(E)
x2 B(x)
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Prompt emission (4) Radiative processes

Band function i :
a=-1.5--1 i l
B=-2.25

~ 20 % of the
radiated energy

Normalized E2 N(E)
x2 B(x)

Observed energy E / E .,



Prompt emission (4) Radiative processes

1 1 1 lllllll 1 I L L L L

Band function i g
a=-1.5--1 i l
B=-2.25 '

~ 20 % of the
radiated energy

Normalized E2 N(E)
x2 B(x)

0.1 1 10

Observed energy E / E .,

Inverse Compton in Klein-Nishina regime has an impact on the synchrotron slope o
(see Derishev et al. 01 ; BoSnjak, Daigne & Dubus 09 ; Nakar, Ando & Sari 09)



Prompt emission (4) Radiative processes

Inverse Compton in Klein-Nishina regime has an impact on the synchrotron slope o
(see Derishev et al. 01 ; BoSnjak, Daigne & Dubus 09 ; Nakar, Ando & Sari 09)

— Thomson regime : Lic ~Y = éTTFch ~ Ce
(w,<1) Lsyn 3 €B
Lic

— Klein-Nishina regime :
(w,,>1)

~Y X f(wy) with  f(w) <1 for w>1

hv!

m

— Klein-Nishina parameter : w,, = '}, 5
MeC



Prompt emission (4) Radiative processes
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Prompt emission (4) Radiative processes
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Prompt emission (4) Radiative processes
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Prompt emission (4) Radiative processes in internal shocks

To go further, one needs a physical model for the emission region.

Internal shocks ?

NS

Y-rays
r r
Detailed model : .
(Bo$njak, Daigne & Dubus 09) Fraction of accelerated
— Dynamics : multi-shell approximation electrons r\
— Microphysics : magnetic field (gg) ; non-thermal population of electrons (¢,,C,p)
— Radiation : solve time evolution of electrons and photons in the comoving

frame of each shocked region
(adiabatic cool.; synchrotron; syn. self-absorption; IC; yy—>e*e’)

— Observed GRB : integration over equal-arrival time surfaces



Prompt emission (4) Radiative processes in internal shocks

A single pulse burst (as a building block for more complex GRBs)

— Initial distribution of Lorentz factor :

F 1 T T T T T T T T T T T T T T T T T T T S
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— Ejection lasts for t,, = 2s
— Constant energy injection rate : L, = 2x10°% erg/s



Prompt emission (4) Radiative processes in internal shocks

A single pulse burst (as a building block for more complex GRBs)

— Dynamical evolution :
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— Constant microphysics parameters : ¢€,=¢,=1/3; =0.01; p=2.5



Prompt emission (4)

— Dynamical evolution :
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A single pulse burst (as a building block for more complex GRBs)

— Dynamical evolution :
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Prompt emission (4)

— Dynamical evolution :
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A single pulse burst (as a building block for more complex GRBs)

o |
- Lorentz factor in the shocked region:

T T T T T T -

=

E

= | 1 |
— |

1 J 1 1
| T

: Electron Lorentz factor:
=l | | I I L Il | =
l§—1 | I
Magnetic field ]
| | 1 I 1 1 | =
0 1 2 3

tope/ (1+2) [s]

£,=€3=1/3,;C=0.01; p=2.5



Prompt emission (4) Radiative processes in internal shocks

Photon flux [ph/em®/a]

EBL not included
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Full calculation with all processes (adiabatic cooling; sync; sync self-abs; IC; yy annihilation)

Dynamics : ejection I'(t)=100->400 ; duration = 1 s ; kinetic energy injection rate L,,, = 10°* erg
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Photon flux [ph/em®/a]

. EBL not included
5 =€,/1000= 0.0001 C=2x10
026 ET == = =+ T 1 O O T T~ 10-?
02 E GBM 8-260 keV : CB §
0.16 . T Lo \
0.1 ;— 3 k] 10
0.05 E =
O =+ ] & 10°
0.01 :_ GBM 280 keV-5 MeV _: %
: [
Bx10-¢ |- z e s
: : Lo
0 :_ T T T T } T } } } } i t t t : -0.5 a2 R\ =
6x107® |- LAT > 100 MeV L NN
C ] B \* ]
4x10'. I'_— =] o _1 NI/ / /444 S LLLLI T 11 \ .................. —]
oF ] & NN i
2x10 :— —: = - MK \{\\\{‘i\\\\ .
0 I'-— l_j I 1 1 1 1 T T q _1'5 -_ ------ - N \\ ------------------ "_-
-’ : I 1 T L] I L 1 L I L] L L] —: .8 &
2x1077 E- LAT > 1 GeV 3 8 ;
= E 4 A -2 |-
1.5x10°7 £ — 2 |
10-7 ;— — 8yn —; - e monmeem e EERALG LD
5%10-0 E — e 1 —25F
OB b=~ . . . i e e —— 1 10 10° 10° 10* 108 10° 107
0 5 10 B, [keV]

tove [8]

Full calculation with all processes (adiabatic cooling; sync; sync self-abs; IC; yy annihilation)

Dynamics : ejection I'(t)=100->400 ; duration = 1 s ; kinetic energy injection rate L,,, = 10°* erg



Prompt emission (4)

Photon flux [ph/em®/a]
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Another example :
Same burst with different microphysics parameters €,=1/3 or €;=0.001
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E, ~ 800 keV at the pulse peak E,~ 700 keV at the pulse peak
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® Fermi/LAT observations (rate + HE spectrum of detected GRBs) :
- synchrotron is favored

- SSC seems in contradiction with observations
(Bosnjak, Daigne & Dubus 2009 ; Piran, Sari & Zou 2009)

® |C scatterings in KN regime can affect the synchrotron slope : -3/2<a <-1
- this can reconcile the synchrotron process with most observations
- spectra with -1 < a. £-2/3 ? (marginally fast cooling regime ?)
- spectra with o > -2/3 : real problem ?
(Bosnjak, Daigne & Dubus 2009 ; Nakar, Ando & Sari 2009 ; Daigne, Bosnjak & Dubus 2011)

® Shock acceleration physics in mildly relativistic regime ? (low T ; low &)
Are microphysics parameters constant ? (may change spectral evolution)

If only a fraction of electrons are accelerated, can we detect the « thermal » electron

component ? (additional component seen in some Fermi bursts ?)
(Daigne et al. in preparation)
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® Internal shocks : spectral evolution is expected
- delayed GeV emission
- variable additional power-law component at high-energy
(additional component below 50 keV ?)

- photospheric component (magnetic acceleration ?)
" Work in progress :

- detailed modelling of LAT bursts
- test of observed hardness-intensity and hardness-fluence correlations

® Measuring the physical conditions in the relativistic outflow ?
(Lorentz factor, radius, magnetic field, etc.)



En guise de conclusion Tout ce dont je n'ai pas parlé...




En guise de conclusion Tout ce dont je n'ai pas parlé. ..

Les sursauts gamma comme accélérateurs cosmiques
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En guise de conclusion Tout ce dont je n'ai pas parlé...

Les sursauts gamma comme sondes de I’Univers lointain




En guise de conclusion Tout ce dont je n'ai pas parlé...

Et beaucoup d’autres choses...



Prompt emission (4) Radiative processes in internal shocks

3) Radiative processes in internal shocks : origin of the Band spectrum ?
High-energy emission ?



«Standard » mode

The standard picture (fireball + IS-RS-FS) can explain many features observed in
prompt GRBs and afterglows.

This scenario is however facing many difficulties with Swift (early afterglow) and
Fermi (high-energy emission) data...

- Self-consistent treatment of all emission phases (prompt, afterglow)
-More realistic assumptions (ejecta; environment) ?

-Microphysics ?

-Missing ingredients ?



