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A good fit is not conclusive 
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Photospheric emission in GRBs

Goodman 1986

Flow becomes  
transparent:  

Photospheric flash

Flow is  
opaque  

Spectral shape 
Not a Planck function!

Photosphere without shocks and energy dissipation



Photospheric emission from an undisruptive jet
What do we expect?

Fireball model: 
Lorentz factor

Magnetic 
dominated flow 

will have a 
different 

dynamics

Acceleration Coasting
=



Coasting phase spectrum  from a non dissipative jet

Beloborodov 11 
Lundman, Pe’er, Ryde13
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1. Limited band width of the GBM

Beloborodov 11 
Lundman, Pe’er, Ryde13

What do we expect for the photosphere
 in GBM observations?



Photosphere
Cut-off powerlaw 


function

Bad fit! 
Does not capture  

true α value

2. Limitations of empirical models

What do we expect for the photosphere
 in GBM observations?



Appearance of the photospheric spectra in the GBM data

Model spectrum
Simulated count spectrum

DRM



Appearance of the photospheric spectra in the GBM data

Model spectrum
Simulated count spectrum

DRM

Acuner, Ryde &Yu +19Epk of simulated spectrum

Fitted α-values
SNR = 100
SNR = 20



Distribution of 𝛼 in the GBM catalogue

Acuner, Ryde &Yu +19Epkfrom the GBM catalogue

1/4 of all burst have α-
values consistent with  

non-dissipative 
photospheres 



We do this on the 37 pulses in the catalogue of Yu+19

37 spectra are fitted with the synchrotron and the photosphere models

Distribution of αmax

68% of pulses  
have αmax > -0.67 

see also Ghirlanda+02

α from fits to CPL 



Sample of spectra from Yu et al. 2019

Compare NDP with CPL  

Photosphere in  
a photon dominated 

flow

    Well approximated by a CPL (Ryde+17)

NDP

These bursts prefer the NDP over the CPL

Non dissipative photosphere



Distribution of 𝛼 in the GBM catalogue

Subphotopsheric dissipation.

Natural slope is α =- 1.1 
(Vurm +14, Thompson & Gill +14)



Example: GRB100705

α

Rayleigh-Jeans limit

low-energy power law index:

Band function fits:



Photospheric emission from an undisruptive jet
What do we expect?

Fireball model: 
Lorentz factor

Magnetic 
dominated flow 

will have a 
different 

dynamics

Acceleration Coasting
=



Nondissipative jet, photospheres in the transition phase 
Different values of rph/rs 



GRB100507

Acceleration
 phase

The fitted sharpness of the spectrum gives an estimate of 



Conclusions

1. We created synthetic data from a non-dissipative 
photosphere (NDP), and fitted with CPL 

• 𝛼 lies in a range around 𝛼 ∼ −0.1 
• 1/4 of all GBM 𝛼-values are consistent with NDP

Acuner, Ryde, & Yu 2019, MNRAS 487, 5508 

2. This is confirmed by Bayesian model comparison of GBM 
data, between a non-dissipative photosphere and a cutoff 
power-law

Spectra with 𝛼 > -0.3 are consistent with emission from a photosphere 
where the flow is non-dissipative


