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1.! There are evidence for a thermal emission 
during the prompt phase of many GRBs. 

-consistent physical interpretation to the 
observed spectra  

2.! It is not possible to analyze the prompt 
phase using the same tools as for the 
afterglow ! 

3.! Thermal emission can be used to extract 
physical information on the outflow & 
progenitor  
-> Deduce Poynting dominated outflow 



We see: Photons.    Required: physical interpretation  
“Band” fit does not provide it ! 

Preece+ (1998):  

“Synchrotron line of death” 

•! Crider+ (1997) 

•! Preece+ (1998, 2000) 

•! Kaneko+ (2006) 

•! Ghirlanda, Celotti & 
  Ghisellini (2003, 2004) 

•! Gonzalez+ (2003) 

•! Bosnjak, Celotti & 

  Ghirlanda (2006) 

GRB090510 (Abdo+09) Synchrotron: Works (+-)well for AG; 
                      but not for prompt. 

Need alternative ideas !  
                             e.g.:- upscattered self-absorbed photons (Panaitescu & Meszaros 2000;  
                                                                                                      Baring & Braby (2004); Poutannen & Stern (2004)  

                                                         - jitter radiation (Medvedev 2006) 

                                                         - decaying B-field (Pe’er & Zhang 2006) 



•! Goodman (1986) 

•! Paczynski (1986)  

•! Thompson (1994) 

•! Liang (1997) 

•! Meszaros & Rees (2000) 

•! Daigne &  
  Mochkovitch (2002) 

•! Meszaros, Ramirez-ruiz, 

  Rees & Zhang (2002) 

•! Nakar, Piran &  
  Sari (2004) 

•! Rees & Meszaros (2005) 

•! Giannios (2006) High optical depth: 

!>1 

Low optical depth: !<1 

Photospheric radius: rph = 6*1012 L52 "2
-3 cm 

EG -> Ek -> E# 

In fireball model, energy is converted TWICE: 
1) Gravitational (collapse, merger) -> kinetic (jet) 
2) Kinetic -> Dissipation (Efficiency problem ) 

Photons emitted in the inner part inevitably thermalize ! 

 Natural outcome of fireball ! 



Problems:  
1) There is also non-thermal component ! 
2) Evolves in time - smeared   

Ryde (2004,2005):  

Looked at time resolved spectra 

GRB910927 

Major finding: 
characteristic decay law of Temperature 
consistent physical interpretation ! 



Temperature broken power law behavior is ubiquitous !! 

Ryde & Pe’er (2009): systematic search for thermal emission in large (56) sample of GRBs   



The thermal flux also shows broken power law behaviour  

Ryde & Pe’er (2009) 

Late time: FBB ~ t-2 



T~t-0.68 FBB~t-2 

Power law decay of Temperature and Flux are ubiquitous !!! 

Ryde & Pe’er (2009) 



   The ratio between Fbb and $T4 : R % t&, &'0.3 – 0.7: 

Ryde & Pe’er (2009) 
Distinct recurring behavior  



Key: Thermal emission must originate from the photosphere  

High optical depth: !>1 Low optical depth: !<1 

Photospheric radius: rph = 6*1012 L52 "2
-3 cm 

We know the emission radius of the thermal component 

EG -> Ek -> E# 



! 

for         " <<1;# >>1$

rph (") %
Rd

2&

1

#2
+
" 2

3

' 

( 
) 

* 

+ 
, 

Photon emission radius 

Relativistic wind 

cm103
4

1

252

17 !"#=$ L
cm

M
R

p

T
d

%

&!

! 

rph (") =
Rd

#

"

sin(")
$%

& 

' 
( 

) 

* 
+ 

Abramowicz, Novikov & Paczynski (1991) 
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Thermal emission is observed 
 up to tens of seconds ! 

Pe’er (2008) 



Thermal photons escape from a range of radii and angles 
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Photons escape radii and angles - described by probability density function P(r,() 

(Integrate over the entire space !) 
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F(t)%t-2 

Thermal flux decays at late times as t-2  
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Pe’er (2008) 
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Equal arrival time contours 

“High latitude emission from opticlly thick expanding plasma” 



Temperature decays as Tob.(t) %t-2/3-t-1/2; 

                                        R=(F/T4)1/2%t1/3-t0 

Pe’er (2008) 
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We can interpret what we see in many ways ! 

Thermal emission: 

1)! Shows repetitive behavior - both the temperature and flux 

2) Its temporal evolution - in excellent agreement with theory: 

Provides consistent physical interpretation to (part of) the spectrum  

GRB090510 (Abdo+09) 

Histograms: <Tob.>%t-0.68  ; <FBB>
 %t-2.05 ; 

Theory: Tob.%t-2/3  ; FBB
 %t-2  



Pe’er, Meszaros  
& Rees  2006 

There is “Back reaction” between e ) # 
Thermal photons serve as seed photons for IC  - Electrons rapidly cool 
“Quasi steady state”: Electrons distribution is not power law 

Real life spectra is not easy to model !! (NOT simple broken Power law)   

See also 

•! Giannios 2006, 

•! Giannios  & Spruit 2007 

•! Ioka + 2007 



GRB080916c: 
- energetic (Eiso ~ 9 x1054 erg) 
-! High energy emission: 13.2 GeV 
-! No evidence for thermal emission 



Zhang & Pe’er (2009) 

I. 13.2 GeV photons 
* lower limit on emission radius, R# ~1015-1017 cm 
* Not from the photosphere ! 

II: Liso known -> for given Rph, 
 * Tob <~50 keV, Fth are known; 
      ..but not seen 

      Additional source of energy between 
      Rph and R# ! 

No time - skip to summary 



Observed flux: 
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thermal emission: 

The wind moves relativistically;  

The Photospheric radius is constant ! 
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Known: 

1) Fob. 
2) Tob. 
3) redshift (dL) 

Emission is dominated by on-axis photons 

Dominated by high- latitude emission 

Pe’er et. al. (2007) Photospheric radius: rph = 6*1012 L52 "2
-3 cm 

Unknown: 
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Specific example: 

GRB970828 (z=0.96) 

"=305±28 

r0=(2.9±1.8)+108 cm 

Pe’er et. al. (2007) 

Measuring quantities below the photosphere - model dependent 

Using energy + entropy conservation: 
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Paczynski; Piran, Shemi & Narayan; Meszaros & Rees..… 



!!Not clear what produces prompt emission 
-> may not require (internal) shock waves at all* ! 
(*in some cases; unlike AG) 

!!No need for (significant) hadronic contribution 

!!Source & value of B field are not directly determined 
(implication for UHECRs)  



!! There are evidence for a thermal emission 
during the prompt phase of many GRBs. 

Based on: 
a) Repetitive behavior; 
b) agreement between theory & obs. 
-consistent physical interpretation to the 
observed spectra 

!! It is not possible to analyze the prompt phase 
using the same tools as for the afterglow !!! 

!! Thermal emission can be used to extract 
physical information on the outflow & 
progenitor 

Observations at early times allow a direct 
measurement of the Lorentz factor " and of  r0 

 Non detection of thermal emission in GRB080916c 
 Evidence for non-baryonic composition 

GRB970828 (z=0.96) 

"=305±28 

r0=(2.9±1.8)+108 cm 

Ryde & Pe’er, ApJ, 702, 1211 (2009) ; Zhang & Pe’er, ApJ, 700, L65 (2009);    
Pe’er, ApJ, 682, 463 (2008);   Pe’er et. al., ApJ, 664, L1 (2007) 


