
102 103 104

keV

105

106

⌫
F

⌫
(a

rb
it
ra

ry
u
n
it
s)

� = 0.10

� = 0.33

� = 0.55

� = 0.78

� = 1.00

101 102 103 104

keV

10�18

10�17

10�16

10�15

10�14

10�13

er
g2

ke
V

�
1
s�

1
cm

�
2

10�5

FE (erg s�1 cm�2)

0.0

0.5

1.0

1.5

N
o
rm

a
li
ze

d
C

o
u
n
ts Combined

posteriors

�2 �1 0 1 2
log10 �

0

1

2

3

4

N
o
rm

a
li
ze

d
C

o
u
n
ts p=2

p=4

GRB150
213

001

GRB090
829

672

GRB091
127

976

GRB130
606

497

GRB120
102

095

GRB110
301

214

GRB160
215

773

GRB120
707

800

GRB130
704

560

GRB101
014

175

GRB150
330

828

GRB150
105

257

GRB120
711

115

GRB160
422

499

GRB160
101

030

GRB150
627

183

GRB080
817

161

GRB120
217

904

GRB131
127

592

GRB150
201

574

GRB110
921

912

GRB080
925

775

GRB130
815

660

GRB100
701

490

GRB081
215

784

GRB100
719

989

GRB091
003

191

GRB090
131

090

GRB160
530

667

GRB160
118

060

GRB110
625

881

GRB090
820

027

GRB090
809

978

GRB150
824

079

GRB160
521

385

GRB090
626

189

GRB150
314

205

GRB131
028

076

GRB080
906

212

GRB100
131

730

GRB140
209

313

GRB090
620

400

GRB140
206

304

GRB120
921

877

�1 0 1 2

↵

0.0

0.5

1.0

1.5

2.0

N
o
rm

a
li
z
e
d

C
o
u
n
ts Band

SBPL

1.0 1.5 2.0 2.5 3.0

W (dex)

80

100

120

140

160

180

✓
(d

eg
)

GRB100131730

GRB160101030

0.1 0.2 0.3 0.4 0.5

|PPC � 0.5|

However, the width of the Band function 
is determined by its power law indices 
only. We could choose a broken power 
law with an adaptable width to fit for the 
width directly in the data.

To tests this idea, we refit the brightest 
peak flux spectra from the GBM 
spectral catalog with a smoothly broken 
power law (leaving the width parameter 
free) and the Band function via 
Bayesian posterior sampling. Bayesian 
model selection is applied and we find 
all but one GRB is better fit with the 
smoothly broken power law. Moreover, 
the spectra exhibit a variety of widths 
that would not be measured via the 
Band function!

Even more interesting is that the 
directly measured widths are 
m o s t l y c o n s i s t e n t w i t h 
synchrotron emission in contrast 
with the results from Axelsson & 
Borogonov (2015) and Yu et al. 
(2015). 

Thus, Bayesian posterior sampling was 
performed on all the data with a simple 
power law electron synchrotron model. 
Using  posterior predictive checks, the 
quality of the synchrotron fits were 
assessed and several of the spectra 
were fully consistent with synchrotron 
even though they wou ld have 
previously been excluded. 
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Axelsson & Borogonov (2015) and Yu 
et al. (2015) define measures for the 
spectral width which classify pre-Band 
function-fitted GRB spectra and 
compare these measured widths with 
physical emission mechanisms.
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From these measu res , t hey 
conclude most GRB spectra are 
too narrow to be produced by 
synchrotron.

Is Spectral Width a Reliable 
Measure of GRB Emission 

Physics? 

We often want to use empirical 
measures from fits of empirical 
functions to quickly assess the 
viability of emission mechanisms in 
GRBs: line-of-death, Ep clustering, 
and now, spectral width.J. Michael Burgess

MPE
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Spectral shape of a smoothly broken 
power law as a function of width

With these results, it is pertinent 
to see if it is possible to fit GRB 
spectra wi th a synchrotron 
spectrum that were excluded as 
synch ro t ron v i a t he w id th 
m e a s u r e s o f A x e l s s o n & 
Borogonov (2015) and Yu et al. 
(2015). 
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ABSTRACT
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The spectral width and sharpness of unfolded, observed GRB spectra 
have been presented as a new tool to infer physical properties about 
GRB emission via spectral fitting of empirical models. Following the 
tradition of the ’line-of-death’, the spectral width has been used to rule 
out synchrotron emission in a majority of GRBs. This claim is 
investigated via examination of both cataloged GRB spectra as well as 
reanalyzed spectra leading to the introduction of another empirical 
characterization of the spectra: the data width. This new auxiliary 
quantity is a direct measure of the folded data’s width. Examination of 
the distribution of data widths suggests that a large fraction of GRBs can 
be consistent with synchrotron emission. To assess this prediction, a 
sample of peak-flux GRB spectra are fit with an idealized, physical 
synchrotron model. It is found that many spectra can be adequately fit 
by this model even when the width measures would reject it. Thus, the 
results advocate for fitting a physical model to be the sole tool for testing 
that model.
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