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Manifestation of the jet photosphere
during the prompt phase in GRBs

Felix Ryde
KTH Royal Institute of Technology
Stockholm

On behalf of the Fermi GBM and LAT teams

Wednesday, 13 November 13



enesday, 13 Noveber 13

Bottom Line

1. Band crisis

The Band function 1s not the universal GRB
spectrum. What does 1t mean?

2. Appearance of the photosphere
Blackbody, BB+nonthermal, broadened functions

3. GRB jet properties are variable.
Lorentz factor decreases over individual
pulses while the flow nozzle increase
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Spectral shapes of Fermi GRBs

The most well-observed bursts, i.e. most fluent and within the LAT FoV

Exponential cut off Additional power law
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Spectral shapes of Fermi GRBs

The most well-observed bursts, i.e. most fluent and within the LAT FoV
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GBM+LAT joint spectral fits during “GBM” time window

THE BEST SPECTRAL MODEL FOR THE GRB DURING THE GBM INTERVAL, ORDERED BY

FLUENCE

Fluence
10 keV - 10 GeV
(10 7 (:rg,/cxuz)

Best model

100724B
090902B
090926 A
080916C
090323

100728A
100414A
090626

110721A
090328

100116A

1665 — 76
4665 10

4058 52
25
22257 28
1795 41
1528 41
1203 27
1098
927 15
876, 5g
817

Band with exponential cutoff
Comptonized 4 Power law
Band 4 Power law with exponential cutoff
Band 4 Power law

Band

Comptonized

Comptonized 4 Power law
Logarithmic parabola
Logarithmic parabola

Band

Band

7]

deg

48.¢

50.8 Tetsted models:

48.1 *Band function
*Comptonized (cutoff p-l)

48.8 .
*Additional power laws

57.2 *Cut-offs

59.9 (Possible photospheric

69.0 Fomponent not included
in the catalogue)

18.3

40.3

64.6

26.6

Ackermann et al. 2013, ApJS, 209, 11

The phenomenological Band model, implemented for BATSE GRB observations up to a few MeYV,
does not seem to describe bright or well-observed LAT-detected GRBs sufficiently.

McEnery's talk
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GBM+LAT joint spectral fits during “GBM” time window

THE BEST SPECTRAL MODEL FOR THE GRB DURING THE GBM INTERVAL, ORDERED BY

FLUENCE

Fluence
10 keV - 10 GeV
(10 7 crg,/cqu)

Best model

100724B
090902B
090926 A
080916C
090323

100728A
100414A
090626

110721A
090328

100116A

4665

—
o
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Band with exponential cutoff
Comptonized 4 Power law

Band 4 Power law with exponential cutoff
Band 4 Power law

Band

Comptonized

Comptonized 4 Power law

Logarithmic parabola

ogarithmic parabola
Log tl bol
Band
Band

7]

deg

48.¢

50.8 Tetsted models:

48.1 *Band function
*Comptonized (cutoff p-l)

48.8 .
*Additional power laws

57.2 *Cut-offs

59.9 (Possible photospheric

69.0 .component not included
in the catalogue)

18.3

40.3

64.6

26.6

Ackermann et al. 2013, ApJS, 209, 11

The phenomenological Band model, implemented for BATSE GRB observations up to a few MeV,
does not seem to describe bright or well-observed LAT-detected GRBs sufficiently.

Band function is not a universal form of GRB spectra

McEnery's talk
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GBM+LAT joint spectral fits during “GBM” time window

THE BEST SPECTRAL MODEL FOR THE GRB DURING THE GBM INTERVAL, ORDERED BY

FLUENCE
Fluence Best model 7]
10 keV - 10 GeV deg
(10 7 cr:_',,/(:xu2 )
100724B 4665 | ;g Band with exponential cutoff 48.9
0909028 4058 . gé Comptonized 4 Power law 50.8 Tetsted models:
090926 A 2225 | ég Band 4 Power law with exponential cutoff 48.1 *Band function
° i -
080916C 1795, 37 Band + Power law  48.8 Comptonized (cutoff p-I)
44 *Additional power laws
090323 1528 , 44 Band 57.2 eCut-offs
100728A 1293 | ‘2?;; Comptonized 59.9 (POSSib|e photospheric
100414A 1098 %f Comptonized 4 Power law 69.0 Fomponent not included
"1 . ' in the catalogue)
090626 927 , 17 Logarithmic parabola 18.3
110721A B76 gg Logarithmic parabola 40.3
090328 817 o Band  64.6
100116A 638 20 Band  26.6

Ackermann et al. 2013, ApJS, 209, 11

The phenomenological Band model, implemented for BATSE GRB observations up to a few MeYV,
does not seem to describe bright or well-observed LAT-detected GRBs sufficiently.

Band function is not a universal form of GRB spectra McEnerys talk

Extrapolating the Band function from LOW to HIGH energy 1s really a BAD 1dea!
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Which spectral fit 1s the correct one?
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Band function 1s not a universal form of GRB spectra

Solution: Fit theoretical models directly to the data!
Examples: Titarchuck et al. 2012, Burgess et al. 2013

A theoretical model should, after convolution with the response,
fit a Band function. Model deviations from a
Band function 1s thus possible!

In Burgess et al. 2013 1t was showed that synchrotron emission
spectra that are fitted with a Band function has « values centered

around —0.81 = 0.1 and not the expected -2/3.

Wednesday, 13 November 13



enesday, 13 Noveber 13

Bottom Line

1. Band crisis
The band function 1s not the universal GRB
spectrum. What does 1t mean?

‘Z 2. Appearance of the photosphere
Blackbody, BB+nonthermal, broadened functions

3. GRB jet properties are variable.
Lorentz factor decreases over individual
pulses while the flow nozzle increase




Basic framework: the fireball model

ANATOMY OF A BURST

When a black hole forms from a collapsed stellar core, it

generates an explosive flash called a y-ray burst. Contrary
to earlier thinking, evidence now suggests that the glowing

fireball produces more y-rays than do the shock waves
from the blast. Synchrqtron
radiation
Thermal
radiation

1 FIREBALL 2 FIREBALL IS 3 SHOCK WAVES 4 ELECTRONS HIT

IS OPAQUE TRANSPARENT ACCELERATE ELECTRONS  INTERSTELLAR
Electron-photon Thermal radiation y-rays are emitted by MEDIUM

interactions includes y-rays accelerated electrons and They rapidly decelerate,
prevent light emitted by high- boosted to high energies emitting optical light
from escaping. temperature plasma. through scattering. and X-rays.
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I. Single Planck function bursts

GRB930214

Trigger 2193; t=6¢ Trigger 2193; t=40s

s 8

E Fg (keV cm2 s-1)
o

Sigma
O N
1

g W

100 1000
Energy (keV) Energy (keV) Ryde 2004

Spectra from temporally resolved pulses observed
by BATSE over the energy range 20-2000 ke V.

2 Ryde (2004): Blackbody through out the pulse

CGRO BATS EZ 6 observed bU_I'StS 2 Ghirlanda e; al. (2003): Blackbody in initial

phase of burst
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I. Single Planck function bursts

GRB930214

Rayleigh Jeans’ slope
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Spectra from temporally resolved pulses observed
by BATSE over the energy range 20-2000 ke V.

CGRO BATSE: 6 observed bursts

100 1000
Energy (keV) Ryde 2004

2 Ryde (2004): Blackbody through out the pulse
2 Ghirlanda et al. (2003): Blackbody in initial
phase of burst
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I. Single Planck function bursts

GRB930214

Rayleigh Jeans’ slope
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2 Ryde (2004): Blackbody through out the pulse
C GRO BAT S E . 6 Ob serve d bU_I'StS 2 Ghirlanda et al. (2003): Blackbody in initial

phase of burst
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I. Single Planck function bursts

Fermi1 Gamma Ray Space Telescope
GRB100507

Times: 1.750: 2.625 s
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I. Single Planck function bursts

Fermi1 Gamma Ray Space Telescope
GRB100507

Times: 1.750: 2.625 s
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Void of photons
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Abdo et al. (2009), Ryde et al. (2010) Zhang et al. (2010)

GRB090902B
T1me resolved spectrum (11 608-11.880 s)
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GRBOQOQOZB Abdo et al. (2009), Ryde et al. (2010) Zhang et al. (2010)
Time resolved spectrum (11.608-11.880 s)
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Time resolved spectrum (1

GRB090902B

Times: 11.606: 11.880 s

10000 |~

- a=0.55+/-0.16 Wm
- | ' k‘. II\
o < P - b
J N \4

D A N
! P \
: uf FWHM < | dek
S iz
° A |
< o A
X g4 \
12 N
c ‘ |
..9 “;(5: f H \
o V"‘IIYH —
g "% > LS v |
e B ¢ (CHUBRITE \

[ | SR $ \

& i) 1 i U

L § 31 Wi \

' 43
S B < P ot \
z | \

E T L
Vb (Y]] 15 F" I li \
PSR 16> I,_,[ N
H AH & N - r-——————————r———— s—————=
P itk
“\. Eii \
:H \
i \
\
! \
10 R R | P

BGO_00 +
BGO_01
NAI_00 O —

;=

]
i

-
T
il

|
gl

Sigm
s N O N oD
—=

1.608-11.880 s)

Abdo et al. (2009), Ryde et al. (2010) Zhang et al. (2010)

%10°
3 n
% _

Observations of a Planck spectrum means that the spectrum was formed while
the outflow was photon dominated (below the saturation radius) or that

dissipation ended during the Planck or Wien part of the flow (Beloborodov 2011)

Wednesday, 13 November 13



II. Blackbody + additional component

Band only
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E Fg (keV cm2 s71)

Sigma

II. Blackbody + additional component

Band only
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II. Blackbody + additional component
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g Photosphere in GRBI100724B csr

o
“ssermi
Gd?' ma-ray
g/ Space Tetescope Limiting the band width to 8 keV - 1500 keV (Comparmg the BATSE fits)
“ | CGRO BATSE fits of GRB981021
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g Photosphere in GRBI100724B csr

o
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g/ Space Tetescope Limiting the band width to 8 keV - 1500 keV (Comparmg the BATSE fits)
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/~ Photosphere in GRBI00724B o
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~ Photosphere in GRBI100724B csr

o
_—sserml
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_ Two components needed; a Band function :ﬁ:_g (1) 2—) ')f GRB231021
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1000
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10 U U OO0 0101010
S L . Energy (kev) . .
Having identified the photospheric emission allows the determination of the physical properties of the outflow and its

photosphere Pe’er+07), Daigne+07.
In this case we find that the bulk Lorentz factor I" ~325 and photospheric radius Ry, = 5.6 x 10" cm
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Examples of multi-peaked spectra observed by Fermi:

The photospheric component is modelled by a Planck function.
Is expected to be broadened to some extent.

Times: 9.216: 13.312 s
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Energy (keV)

Guiriec et al. 2013 Iyyani et al. 2014

Two component spectra: Blackbody component typically 5-10% of total flux.

But many cases with 40-60 %.
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Examples of multi-peaked spectra observed by Fermi:
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Multiple components in the short burst GRB120323A

@ | &0-20kV | = One of the strongest bursts seen in the GBM
= = Low energy spectral index of the Band function
; —_i _I | L | L I 1 1 | L I 1 | L 1 I | L 1 1 I 1 1 | L I 1 | L 1 I | L 1 I_
=t = - Rayleigh-Jeans -
< mi'(i;)f L 200-1500keV -
@ =)y SR - .
- [ _ -
s E = -
S a00— —] i
3 “E . Band only -
£ 200— — - -
e 0 wdlWaan g = .
o._.-l- --------- I IIII.II.III-I--I--IIII'- --------- e .--IIIII-.II.IQII'I.-IIIT-.. ||||| .T_ _
soE-f00 ' " 150.0-300.0keV = ~
3 M E ' .
= . B -
8 S0E = -1 ]
§ aof = _ i
3 E : :
o 20E = C ]
5 1o: = _1.5 | _
= = -I L1 11 I L1 1 1 I L1 o1 1 1 11 : L1 1 |-
:: (d) 300.0 - 1000.0 keV 5 _ _ ; ; _ o6 5.7
10 Time from T, (s)

Guiriec et al. 2013

2E- =
o ;---IIIIIIIIIIIIII----------lIIl-I..II-IIII-l--l--I-l‘-I.Il-Il.I--I--lIfl
-El PO ST SR SN N NN TN SN TN NN T SUN SN SH S SN SU SH S S SU SU S SH S SH S SH S S S S ._a
0 01 Gffne since %Bu triggelif seconad> 06 0.7

Rate (counts/s/keV)
[++]

Wednesday, 13 November 13



Multiple components in the short burst GRB120323A

One of the strongest bursts seen in the GBM
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Multiple components in the short burst GRB120323A

One of the strongest bursts seen in the GBM
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Multiple components in the short burst GRB120323A

10+ T,+0.022s to T,+0.044s
[
2 10"
£
: Changes the
é [} [ ]
< interpretations!
107 10 10? 10° 10 10° 1. Change 111 Epeak
Energy (keV) .
o T +0.0225 to T,+0.044s 2. Change 1n alp.ha.(synchrotron?)
3. Change 1n emission zones
|
o
<
X
10° 10 10? . 103 . ~.104 GUH'leC et al. 2013
Energy (keV)
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Omitting the Band function
The best procedure 1s to fit a physical model directly to the data:

Burgess et al. (2013) fit a synchrotron spectrum from a distribution of
electrons 1n addition to a Planck spectrum (modelling the photosphere)

in 8 well separated pulses.

\'4

\

2 In all cases the fits are the same of better than the Band function.
> In 5 of these a BB 1s statistically required.

o

\4

GRB081224A

S

ok = = 1 P Temporal behaviour of BB and synch are

' | different

|1 B Slow-cooling synchrotron spectrum: the
electrons must undergo continuous
acceleration (magnetic reconnection events o
second-order stochastic acceleration, MHD).

vE, (erg® s~! ecm—2 keV—1)

104 104 10* 104
Energy (keV)

Burgess et al. (2013)
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Bottom Line

. Band crisis

The band function 1s not the universal GRB
spectrum. What does 1t mean?

. Appearance of the photosphere

Blackbody, BB+nonthermal, broadened functions

. GRB jet properties are variable.

Lorentz factor decreases over individual
pulses while the flow nozzle increase




GRB110721A

2 One of the ten strongest bursts: 876 28 x 10~ erg /em™

2 Best model BB+Band: < 5 sigma detection of an extra component 2 peaks at low energies

Time resolved spectrum:

Tumes 1 400 1 700 s

10000

- GRB110721200
a Nal (B keV ~ 100 kaV)

A

: ACK E & -
- Axelsson et al. 2012 e|é 5~ 0_01 Z; ] g wof 8-100 keV
= I N \T 4% TT NAI_O6 [ - S s}
n NAI_Q7 200
) 4 T NAI_O9 A | s FRem—
S 000 NAI_T1 x P 100-250 keV
E) ‘‘‘‘‘ + E § 200 k-
" ] 100:- ST
5 Y1177k
< | § ol 250-10 000 keV
“ 100 —
2 : LATLLE > 30 MoV ; v
_ s “f >30 MeV
6 [ , : , —+H ':::}: § or
41— ] .
° 2F  —- + .t t
£ I J e e T R s LW :
R R i++:H=F TR S e T P i
—4 ] g L.
-6 [E..l . Lo . Lol Lol 1] T " :
10" 102 10° 10* 10° ? ’ Time since T,

Energy (keV)

The thermal and nonthermal emission do not track each other.
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CG RO BATSE typically constant:

Fgp/Fiot

Fap/Ftot

OO ..............

But in GRB 110721A

FeB has a distinct pulse shape
VNG

e Varying adiabatic losses

ron\ ~2/3
ead J— —
T's

0.1 -

FBB
Flux ratio-
N'T
1
f
& o5
O s s 10
Time[s]
Fsp 5
FnT

e Varying photon starvation (Beloborodov 2012)

e Varying radiative efficiency

(Should though be high since luminous burst;
Cenko et al. 2010, Nemmen et al. 2012)

0.01 -

oS——m———7—7——7——7——7——1—

0.4+

03+

0.2+

0.1

0.0
0 2 4 6 8 10 12 14 16 18 20
Time[s]

Ryde & Pe’er 2009

MO721A  Fermi

1 10

Iyyani et al. 2013

Wednesday, 13 November 13



0.1 -

F
Flux ratio- ===
NT
CG RO BATSE typically constant:
e éTir;le[i]' 0 12 14 Yo 2 L1Tim;[s]6 T8 10
But in GRB 110721A
L] has a distinct pulse shape
FNT
e Varying adiabatic losses
(Tph)_Q/3 FgB 2
€Cad — —
Ts FNT

e Varying photon starvation (Beloborodov 2012)

e Varying radiative efficiency

(Should though be high since luminous burst;
Cenko et al. 2010, Nemmen et al. 2012)

0.01 -

oS——m———7—7——7——7——7——1—

0.4+

03+

Fap/Ftot

0.2+

0.1

0.0
0 2 4 6 8 10 12 14 16 18 20
Time[s]

Ryde & Pe’er 2009

MO721A  Fermi

1 10

Iyyani et al. 2013
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Photosphere model: 2 Emission zone - model

S —rhmes; 2,176: 2,752 5
s BGO 1
NAI 6 O
~ 1000 NAI 70
» NAI 9 & ]
Photosphere J RS
5 LLE X ]
>
O
=
T 100 |
$ 4
0 % SR rsrves muvsl ORI RPN
Non-thermal emission A —
10 102 10° 10* 10°
Energy [keV]

Photosphere
(No dissipation below)

Above photosphere Non-thermal component - Band function
(Optically thin) synchrotron, ICMART...

Thermal component - Planck function (BB)

2 zone emission, various realisations

If below the saturation radius - strong black body ph 0 _ Fsp
If above saturation radius - adiabatic cooling -
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Assumptions

e The shortest observable variability time is given by rpn/2I°c? ~ 0.2 ms
(rph = 102 cm & I'=300). But, the observed variation timescale is much longer

than the time bins ( 0.1 s) used 1n spectral analysis. Light curve traces the activity
of the central engine. In each time bin, the flow 1s assumed to be quasi- static.

e Flow is thermally and adiabatically accelerated beyond ro: rpn > 15

 What we see 1s the baryonic photosphere (no subphotospheric dissipation, and
no photon starvation).

* Emission 1s dominanted by the line-of-sight emission.

* Observed part of the flow 1s approximately spherical.
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Using BB: Outflow parameters calculations

F = total observed flux

Translation of the observables to jet quantities _
Pe’er, Ryde et al. (2007) FBB =BB ﬂU.X
— r I
I T T'= temperature
Fse — rm P 12
T y (7‘ ) .. R = BB X Iph / I’
o (I's BB normalisation, osp T4

(Unknowns efficiencies, magnetisation, distance)

Also depend on unknowns

Y = inverse of the fraction of the total energy of the burst
in observed y- rays.
ggs = fraction of the fireball luminosity thermalised at ro.

If the flow 1s magnetised:
Weak dependences on the
magnetisation parameter ¢

(Hascoet et al.2013).
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Results:

1000

100

¢ [ orentz factor, I
[ (F/R)Y/*yt/4

X0 .
N N N

ON W -

() B
N
N A

W
(@)
N

1

Time (s)

10

I decreases monotonously with time

['~1000 ————> 100
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Implications

> Challenge for simplest internal shock model.

> Challenge for the magnetar model of GRB central engine.
R

X Decreasing I : Increase in baryon pollution as accretion disk
stabilises.
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e Photospheric radius, 1pn

rph X F1/4 R3/4 Y1/4

1013

-1/4
Toh Y  (cm)

1012 | %

P | 1 1 1 1 1 1 1 1
1 10

rph Increases with time but moderate variation in comparison
to other parameters
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e Nozzle radius, 1o

3/2
T0 8 R ) Fgp/F —3/2
1 Y :
o, e (10—18 ( 0.07 (€85 Y)

g ﬁ ’{ - At t=2.6 s the value
5 10¢ i | s reaches its peak.
s t '
L‘O
:O 10° 3 %T E
1050.1 | | - I‘; | | - I’IO
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e Nozzle radius, 1o

3/2
To _ .08 R Fpp/F —3/2
o, e (10—18) ( 0.07 > (e ')
10° - f | -
[ *BK ?
g # T T At t=2.6 s the value
5 10¢ i S 3 reaches its peak.
: ?
EO
2 10°F %T E
1050.1 | | - I‘; | | - I’IO

Time (s)

Considering a moderately magnetised flow, ro increases from to 107 cm.
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e Nozzle radius, 1o

3/2
T0 8 R ) Fgp/F —3/2
— =10 Y :
Lo (10—18 ( 0.07 (€85 Y)

10° b Pjﬁ 5
g # RN At t=2.6 s the value
310 i | s reaches its peak.
S| ; |
1 05¢rh; 3 '
1050.1 | | - I‘; | | - I’IO

Time (s)

Considering a moderately magnetised flow, ro increases from to 107 cm.
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e Nozzle radius, 1o

3/2
T0 8 R ) Fgp/F —3/2
— =10 Y :
Lo (10—18 ( 0.07 (€85 Y)

10° cm E |
g # RN At t=2.6 s the value
5 10¢ i S 3 reaches its peak.
: ?
1 0%€rfa; 3 '
1050.1 | | - I‘; | | - I’IO

Time (s)

Considering a moderately magnetised flow, ro increases from to 107 cm.
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e Nozzle radius, ro

3/2
T0 8 R ) Fgp/F —3/2
— =10 Y :
Lo (10—18 ( 0.07 (€85 Y)

10° cm E |
g # RN At t=2.6 s the value
5 10¢ i S 3 reaches its peak.
: ?
1 0%€rfa; 3 '
1050.1 | | - I‘; | | - I’IO

Time (s)

Considering a moderately magnetised flow, ro increases from to 107 cm.

The core of

the Wolf- Rayet progenitor star
(Woosley & Weaver 1995, Thompson et al. 2007).
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e Nozzle radius, ro

3/2
T0 8 R ) Fgp/F —3/2
— =10 Y :
Lo (10—18 ( 0.07 (€85 Y)

10° cm fﬁ -
g ﬁ RN At t=2.6 s the value
5 10¢ i S 3 reaches its peak.
: ?
1 0%€rfa; 1& '
1050.1 | | - I’; | | - I'IO

Time (s)

Considering a moderately magnetised flow, ro increases from to 107 cm.

The core of

the Wolf- Rayet progenitor star
(Woosley & Weaver 1995, Thompson et al. 2007).

As the jet drills through the progenitor star
oblique shocks prevents it from accelerating
strongly
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e Saturation radius, 1

rs=1 1o

1011

4 3/2
€gg  (cm)

10k

10°

7 (em)

0.1

1 10

Photospheric radius, rpn

10™ . .

1012 |

tog oty

;ﬁﬁ%

Time (s)
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0.1

ol [F

0.01

e Saturation radius, 1

rs=1 1o

_ " GRB110721200
o 800r8 keV -- 100 keV
£ 600F
T T T 8 400;_
B e ] 200F ;
9T 100 keV - 250 keV
} = 300FNal6,7,9, 11
2 f : \(Ln/
g 200
I U e e

I L] {
———=O0—
| L |
Counts/Bin

Counts/Bin

10

Energy [MeV]

Time (s)

-
ob)

& [T

-
oN

o
T T

15 20

0 5 ] 10
Time since Ty [s]

Axelsson et al.2012

Adiabatic loss 1s minimum when r; 1s closest to 7,, and Fzp becomes dominant
resulting 1n a thermal pulse.
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More Fermi bursts:

10°r

l/4
)

LY,

GRB 130427A
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| T ‘ ‘ +H'H~
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':1011 ,
Preeces talk
ﬁé* 160
Time [s] Ackermann et al. 2013
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More Fermi bursts:

GRB 130427A

10° 1 : 110
- . -
3
. ' -
"
. ‘
- i o ~~
. " 4 + + * _.101? g
S r . | Sl
"% ‘' 1 ! * H ! 1 =
—_ _ . - f | d N
* ! L ] | :‘
| d
B
' c “..‘_o ‘
¢ * +n
1 4
10%F |
! ¢
] 11
<10 P
‘ . Preeces talk
L ! ]
10! 10"
Time [s] Ackermann et al. 2013
103 ————r———— 1013 10% . : . 1012 10° p——Tr ey 104
] ....o. ‘ _51012/é\ S /g 3 ° ° te /é\
§ g % § 10° | . { 1011 ‘% é 102 | s . . ."' 4 1010 %
© T 4 1011 3 © * ., = © ‘ =
102 ol e  1g10 102 ' . el =1 1p10 10! et il g9
10-1 100 10! 102 100 10! 102 103 10—2 10-1 100 10! 102
Time (s) Time (s) Time (s)

Burgess in prep. (2013)
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Jet parameters for BATSE bursts and for GRB 100507

= 0
(E) A AA Ap A AA AA A &
— 0990413 v951228
o A930214  [0O100507
941023

3 @ | .
S A LA ApADA &AL I, generally increases
oS and lies 1n between

: 1 107and 10'°%m

E A% %MA é
- - B “BM shban a, , 4 T typically

100 F 2N 3 decreases
0 5 10 15 20 Ghirlanda et al. 2013

Time rest frame [s]
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Jet parameters for BATSE bursts and for GRB 100507

\AA AD ApADA AL & A

0990413 Vv951228
A930214 0100507

R; [em]
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" and lies 1n between
L 3 107and 10%m
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Conlusions

1. Band function is not the universal spectral shape.
More complex spectra are needed with multiple components:
photospheric emission, cut offs, and additional power laws

2. Observational appearance of the photosphere:

Planck spectrum - Broadened functions - BB-+nonthermal

s]

VF, [keV cm

W7 t t
SE_ by
0 Gk b o
,giﬂ“ﬁﬁ e
DDDDD “0‘ “02

10°
eeeeeeeeeee Energy [keV]

& \
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3. GRB jet properties are variable. Over individual pulses I’

decreases, while ro, and rs.: Increase. This causes the g and
Fiot to have different temporal profiles




