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Origin of prompt emission?



Large samples

    FERMI GBM GRBS IN FIRST FOUR YEARS OF OPERATION 

Lightcurves of individual GRBs vary a lot

Spectra remarkably similar - similar emission processes?

With large samples we can probe general properties
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Line of death of synchrotron emission

Burgess et al. 2014

Line of death is at α = -0.8 
(Burgess et al. 2014)

Synchrotron emission is not well represented by the Band function

Preece et al. 98



Guriec et al. (2013)
Guiriec et al. 2013

Changes the 
interpretations!

1. Change in Epeak
2. Change in alpha (synchrotron?)
3. Change in emission zones

Multiple components in the short burst GRB120323A

Adding an extra component 
can change the interpretation 
- alpha becomes compatible 
with synchrotron.

Might solve the problem for 
some GRBs, but dependent 
on spectral model used…

Extra component is 
blackbody: likely 
photospheric emission

Line of death of synchrotron emission
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Spectral width?

• The Band function does not provide a 
physical interpretation - but does give 
a good “geometrical” description. 

• The W parameter does not depend 
on any spectral model - all models 
giving a good fit will give similar W. 

• W does not depend on Epeak - 
important since Epeak evolves 

• Spectral evolution during integration 
time will act to increase W, so the 
measured one is an upper limit (finite 
bin size)



The study
• Analysed Band-function fits to GRBs 

in BATSE (1970) and Fermi/GBM 
(943) spectral catalogs. 

• Use peak flux spectra for GBM: 64ms 
for short GRBs and 1.024s for long. 
In BATSE, all spectra were 2.048s.
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therefore provide welcome information to help probe the dif-
ferences in progenitor mechanisms.

In this paper we present results based on the two largest
samples of broad-band GRB spectra: the Burst and Tran-
sient Source Experiment (BATSE) on the Compton Gamma-
ray Observatory (CGRO) and the the Gamma-ray Burst
Monitor (GBM; Meegan et al. 2009) onboard the Fermi
Gamma-ray Space Telescope. We will use the standard peak
flux spectral fits to constrain the emission mechanisms based
on the overall shape of the spectra. This can be derived from
the Band function fits irrespective of their lack of physical
motivation, and thus provide a model independent test. We
will focus on the width of the EFE spectra, as this is a
well-defined and easily calculated property. We begin by de-
scribing the data analysis and definition of width in Sect. 2.
Thereafter we present our results, as well as comparisons to
spectra from basic radiative processes, in Sect. 3. Finally, we
discuss our results.

2 DATA ANALYSIS

In this study we use the peak flux spectral fits presented
in the 2nd GBM catalog (Gruber et al. 2014). The catalog
contains 943 GRB spectra, detected by Fermi/GBM in the
energy range of 8 keV to 40MeV between 2008 and 2012. As
part of the standard procedure, all spectra are fit using the
Band function and we use these parameters to determine the
shape of the spectrum. Although the Band function does
not provide any clues as to the physical processes behind
the emission, in this step we are focused on finding a good
description of the spectral shape in the energy range where
most of the power is radiated. We choose the spectral fits
made of the peak flux spectra in order to minimize the e↵ect
of spectral evolution. The integration time for these spectra
are 1.024 s for long GRBs and 64ms for short GRBs (Gruber
et al. 2014).

Augmenting the Fermi/GBM results, we also analyse
1970 GRB observations from BATSE. Not only does this
make our results more instrument independent, but the en-
ergy ranges and the mean energy of the spectra are slightly
di↵erent (the BATSE range is 20–600 keV). We use the sam-
ple presented in Goldstein et al. (2013). As in the case of
Fermi/GBM, we analyse peak flux spectra (the integration
time is 2.048 s for all BATSE spectra) and the methodology
used is the same for both catalogs.

In our analysis, we separate long and short GRBs. This
is done based on the T90 duration, i.e. the time during which
90% of the emission is measured. Following standard classi-
fication we separate long and short GRBs at 2 s.

2.1 Definition of width

As measurement of the width of the spectra, we use the full
width half maximum (FWHM) of the EFE versus E spectra.
As the absolute width is dependent on the location of the
spectral peak, we define the width W as

W = log
⇣
E2

E1

⌘
, (1)

where E1 and E2 are the lower and upper energy bounds
of the FWHM range, respectively. With this measure, W
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Figure 1. Distribution of spectral width parameter W for

the sample of spectra from long GRBs. The two histograms

show the 1279 BATSE bursts and the 594 GRBs observed with

Fermi/GBM. Solid lines show the kernel density estimation, a

non-parametric way to estimate the probability density function.

The distribution is very similar for both instruments, peaking

around W ⇠ 1 and a tail extending to larger widths.

only depends on the Band function parameters ↵ and �,
corresponding to the low- and high-energy spectral index.
In order for the Band function to have a peak (and thereby
a width) in the EFE representation, ↵ must be greater than
�2 while � must be smaller than �2. To minimize e↵ects
when the values are close to their limits we apply a cut re-
quiring ↵ > �1.9 and � < �2.1, with the cut in � being
most restrictive. The reason for this is that as the peak en-
ergy approaches the upper boundary of the energy range,
the high energy part of the “turn over” disappears lead-
ing to artificially hard or unconstrained � values. Since our
spectra are at peak flux, it is more common for the peak
energy to be at a high value and therefore far away from
the low energy boundary. We further tested that our results
do not depend on the exact choice of cuto↵ values. The cut
reduced the BATSE sample by 359 and the GBM sample by
252 GRBs (20% and 27%, respectively).

From the definition in Eq. 1, it is clear that W will be
in “units” of dex. Furthermore, it is an invariant, redshift
independent quantity. As the area in the logEFE vs logE
representation indicates at what energies most of the power
is radiated, W will give a measure of how spread (or com-
pact) in energy decades that power is.

3 RESULTS

As noted above, we analyse long and short GRBs separately
for each instrument. The distribution of widths for the spec-
tra of the long GRBs are presented in Figure 1.

The distribution peaks at W ⇠ 1, although many GRBs
can be found in the tail extending towards larger widths.
Virtually no spectra have W < 0.5. The median value of W
is 1.05 for the BATSE sample and 1.07 for the GBM sample.
Looking at the tail extending to larger widths, we find that
it is for both instruments populated by spectra where � is
close to our cuto↵ value of �2.1. Due to this, we choose the
median and quartile deviation to describe the distribution
as they are robust estimators, despite the drawback that as-
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Figure 2. Distribution of spectral width parameter W for

the sample of spectra from short GRBs. The histograms show

the 332 BATSE bursts and the 87 short GRBs observed with

Fermi/GBM. Solid lines show the kernel density estimation.The

distribution is very similar for both instruments, peaking below

W ⇠ 1 and with a tail extending to larger widths.

Long Short

BATSE GBM BATSE GBM

Sample size 1279 594 332 87

Median 1.05 1.07 0.91 0.86

Quartile dev. 0.23 0.23 0.20 0.12

Table 1. Characteristics of the W distributions of the two in-

struments, separated for long and short GRBs.

sociated probability tests have to be calculated numerically,
for which we use the bootstrap method (see e.g., Press et al.
1992). We note that values of � > �2 is an artificial prob-
lem arising from the limited energy window, as a peak must
exist somewhere in the spectrum.

Testing the GBM sample against the (larger) BATSE
sample, we find that the di↵erence between the medians is
not significant. This confirms that the distribution is not
dependent on instrument, but intrinsic to the spectra them-
selves.

We now analyze the short GRBs. Figure 2 shows the
distribution of W for the short bursts in our sample, sepa-
rated for the two instruments. As in the case of long GRBs,
the distribution of W shows a unimodal distribution where
most of the values are clustered in a narrow range. In the
case of the short GRBs, this peak is slightly below a value
of 1. Again, the two instruments have very similar distribu-
tions, with a median of 0.91 for the BATSE sample and 0.86
for the GBM sample. The medians of the two distributions
are not significantly di↵erent.

The characteristics for all sample distributions are sum-
marized in Table 1. In order to estimate the mean relative
uncertainty for individual burst widths we use Monte Carlo
methods, and find that it is ⇠ 0.15.

As the integration times in the GBM data are di↵erent
for long and short GRBs, we compare the two classes using
only the BATSE bursts. We find that the chance probabil-
ity that the two samples come from the same distribution is
less than 10�6, and therefore conclude that there is a highly
significant di↵erence between the two types of GRBs. If the
di↵erence were due to spectral evolution, we would expect
short GRBs to have larger values of W , as most of their

Process W

Planck function 0.54

Monoenergetic synchrotron 0.93

Synchrotron from Maxwellian e

�
1.4

Synchrotron from power-law e

�
, index �2 1.6

Synchrotron from power-law e

�
, index �4 1.4

Table 2. Width parameters for spectra generated by thermal

emission and synchrotron emission from basic electron distribu-

tions.

duration lies within the integration time (2.048 s). The fact
that short GRB spectra are seen to be more narrow thus
strengthens the case for the di↵erence being intrinsic. The
result cannot be explained by di↵erences in the peak energy
between the two types of bursts, as we find no correlation
between peak energy and W . Neither do we see any corre-
lation with T90.

In order to confirm that the di↵erence is not due to
a binning e↵ect, we also analyze the time-integrated spec-
tra. As expected, the median width increases, with a larger
change seen in long GRBs. These spectra show an even
stronger and statistically more significant disparity between
short and long bursts (the median is 0.96 for short GRBs
and 1.26 for long).

3.1 Comparison to emission mechanisms

As noted above, the Band function does not provide any
physical interpretation of the GRB spectrum. We have
therefore calculated the width of spectra from known physi-
cal processes. In order to make the comparison as general as
possible, we select only a few “basic” alternatives: thermal
emission and synchrotron radiation for a few electron distri-
butions. Cooling is neglected in the synchrotron calculations,
meaning the spectra are at the extreme limit for slow cool-
ing. Fast cooling synchrotron spectra are significantly wider.
We stress that these are not to be seen as models for GRB
prompt emission; rather, their simplicity make them serve
as fundamental limits to which any model including these
processes will adhere. For each of these we have calculated
W according to Eq. 1. The results are presented in Table 2.

To facilitate the comparison with the data, we overplot
some of these limits on the data in Fig. 3. Interestingly,
the peak of the distribution occurs close to the width of
monoenergetic synchrotron, which is not a physically realis-
tic scenario. Figure 3 also shows that synchrotron emission
from all electron distributions gives significantly wider spec-
tra than generally observed. Conversely, almost no observed
spectrum is more narrow than the Planck function (and all
those are consistent with W = 0.5 within our estimated un-
certainty).

We stress that the definition in Eq. 1 means that W
becomes a constant for the processes considered, and there-
fore independent of the location of the spectral peak. For
example, a Planck function will have the same value of W
for all temperatures. Similarly, for Band function fits to the
spectra, W is independent of the peak energy and only de-
pends on ↵ and �. This property is particularly valuable,
as the peak energy of GRB spectra varies throughout the
burst.

c� 2002 RAS, MNRAS 000, ??–??

• GBM and BATSE results consistent 

• Mean uncertainty is ~0.15 

• Narrow distribution! 

• No correlation with T90 or Epeak 

Results



Comparing long and short GRBs

• Two groups of GRBs based on duration 
(split at T90 = 2s).  

• Short GRBs have generally harder 
spectra and higher Epeak. 

• We find that there is a significant 
difference between W for long and short 
GRBs - short GRBs have smaller W! 

• Chance probability < 10-6. 

• Spectral evolution would broaden short 
GRB spectra more, why are they more 
narrow? Connected to the different 
progenitor scenarios?

SHORT

LONG
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78% of lGRBs and 85% of sGRBs are 
incompatible with synchrotron emission
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Comparing with emission processes



 Single Planck function bursts

 Ryde (2004): Blackbody through out the 
pulse

 Ghirlanda et al. (2003): Blackbody in initial 
phase of burst 

Rayleigh Jeans
GRB930214

Ryde 2004

Compton Gamma-Ray Observatory

20 keV               1 MeV
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 Single Planck function bursts

 Ryde (2004): Blackbody through out the 
pulse

 Ghirlanda et al. (2003): Blackbody in initial 
phase of burst 

CGRO BATSE: 6 observed bursts
out of 2200

Void of photons  

Rayleigh Jeans
GRB930214

Ryde 2004

Compton Gamma-Ray Observatory

20 keV               1 MeV



Fermi Gamma Ray Space Telescope
 Single Planck function bursts

Fermi: 2 pure BB (out of 1400)

Ghirlanda et al. 2013

Rayleigh 
Jeans’ slope 

Void of photons  

Larsson et al. 2014

Rayleigh 
Jeans’ slope 

Void of photons  
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Peak flux spectra of  1970 CGRO/BATSE  and 943 Fermi/GBM
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- 0.3% are pure blackbodies during the whole burst

- 78% are more narrow than the synchrotron function

How can we explain the data?

Problem:



- 0.3% are pure blackbodies during the whole burst

- 78% are more narrow than the synchrotron function

How can we explain the data?

Problem:

Many ways to broaden a spectrum, but not easy to 
make it more narrow!

Planck

Synchrotron
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A closer look at photospheric emission



Broadening the Planck spectrum?

• Internal shocks 
(Pe’er, Meszaros, Rees 06, Ryde+10, Toma+10, Ioka10) 

• Magnetic reconnection  
(Giannios 06, 08)

• Weak/oblique shocks 
 (Lazzati, Morsonoi & Begelman 11; Ryde & Peer 11) 

• Collisional dissipation  
(Beloborodov 10;  Vurm, Beloborodov & Poutanen 11) 

Emission from the photosphere is NOT seen as Planck !  

Heating mechanism below the photosphere modifies the spectrum

(B. Ahlgren’s talk)
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Conclusions

The spectral width W only depends on finding a good 
fit to the data, and is therefore a robust measurement 
parameter. 

There is a significant difference in W between long 
and short GRBs: a new independent measure to 
separate the classes. 

Severe difficulties for synchrotron to explain the 
majority of observed GRB spectra. Assuming a 
distribution of electrons gives spectra that are too 
wide. 

Models of photospheric emission need to include 
mechanisms to significantly broaden the spectrum. 
Can this really explain the majority of GRBs?


