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W H AT  D O  W E  K N O W  A B O U T  G R B S ?

• The are cosmological 

• They are the most energetic sources in the Universe 

• Exhibit a variety of spectral and temporal properties
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G R B  1 3 0 4 2 7 A

F L U E N C E :  ( 2 . 4 ± 0 . 1 )×1 0 - 3  E R G  C M - 2  

D U R A T I O N :  ~ 3 5  S  
M O S T  F L U E N T  G R B  E V E R  D E T E C T E D  

F I R S T  P U L S E :  ~ 2 . 5  S  
B R I G H T E R  T H A N  M O S T  G R B S !
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α β
The Band function is the 
canonical function used to 
fit both time-resolved and 
time integrated GRB 
photon spectra
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Highly flexible AND fits 
nearly all GRB spectra well. 

No physical basis. None, 
nada.
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C O N N E C T I N G  T H E  P H Y S I C A L  
T O  T H E  E M P I R I C A L
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Grouping the 
parameters from 
spectral fits to all GRBs. 
One can easily see 
characteristic features… 
but are they physical?



S Y N C H R O T R O N

slow-cooling

fast-cooling



S Y N C H R O T R O N

Slow cooling Fast coolingMarginally fast cooling

see Beniamini & Piran (2013)
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Low-energy indices are not the best way 
to infer models!!
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H I G H  E N E R G Y  C O R R E L A T I O N S

G U I R I E C  E T  A L  2 0 1 5

Correlations can also 
be related to 
cosmology. It may be 
possible to use them 
to obtain redshifts.



G U I R I E C  E T  A L  2 0 1 1

In several GRBs, two 
emission components 
have been observed. 
One of them well 
modeled as a 
blackbody 
(photosphere) and the 
other is consistent 
with a Band function.

M U LT I - C O M P O N E N T  S P E C T R A



G U I R I E C  E T  A L  2 0 1 5

M U LT I - C O M P O N E N T  S P E C T R A

Even more 
components can be 
seen in some GRBs 
including and extra 
power law.



B U R G E S S  E T  A L  2 0 1 4

M U LT I - C O M P O N E N T  S P E C T R A
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If the non-thermal emission is synchrotron and a 
blackbody is present, fitting with only a band function 
would recover an alpha as hard as ~0.  Using the Band 
function with a blackbody can leave a lot of freedom 
below Ep resulting in swapping of flux between the 

components.

α ≈ 0

α ≈ -.3

α ≈ -.66

Blackbody

‘Synchrotron’

Alpha typically steepens 
with the introduction of the 

blackbody making the 
synchrotron scenario much 

more plausible.

Ep is moved to higher 
energies instead of being 
forced to compensate for 
the vFv peak made up by 

the two unresolved 
components.

M U LT I - C O M P O N E N T  F I T T I N G



I S  T H E  
B L A C K B O D Y  R E A L ?

•  A Poisson likelihood (Castor 
statistic) is used to compute the 
significance of the blackbody 
component 

• The likelihood ratio test (maximum 
likelihood) is not valid for additive 
components that are null on the 
boundary. 

• Must use simulations to test 
significance. 

• We find that the blackbody is very 
significant (~5σ) in many cases!
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Compute synchrotron emission via first 
principles. Kernel is convolved with a 
variable electron distribution in real 
time. 

B U I L D I N G  A  P H Y S I C A L  M O D E L
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• S Y N C H R O T R O N  C O O L I N G :  
• I N J E C T E D  P O W E R - L A W  E - :

• C O N T I N U I T Y  E Q U AT I O N :

• S Y N C H R O T R O N  C O O L I N G  R AT E :

• R A D I AT I V E  T I M E  S C A L E  < <  D Y N A M I C  T I M E  S C A L E
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R E T U R N  T O  S U B P H O T O S P H E R I C  
D I S S I PAT I O N
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Beginning to fit 
physical 
subphotospheric 
dissipation models to 
data.  

However, currently 
both models can fit 
the data

A H L G R E N  I N  P R E P.

Photosphere

Non-thermal energy 



VA R I A B I L I T Y
G O L K H O U  &  B U T L E R  2 0 1 5

Variability provides clues 
to central engine activity 
as well has source size. 
Provides constraints on 
several aspects of GRB 
physics.



VA R I A B I L I T Y

G A O  E T  A L  2 0 1 2
Several methods to 
measure variability.  

Difficult to decide which 
method to use and what 
the values mean.



S U M M A R Y

• Things to explore 

•Spectral shapes and physical models: What is 
the correct spectrum? 

•Spectral/Flux correlations: What do these tell 
us about the intrinsic GRB physics? Can they 
inform us about cosmology? 

•Variability: What is the best way to measure 
variability? What does it tell us about the 
source?


