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Are GRBs Bactrian camels or dromedaries?
Are there one or two components?

energy 
per photon 

energy

photon energy

synchrotron
synchrotron 
self-Compton?

radio - optical - X ray - MeV gamma rays GeV - TeV gamma rays

In the standard one-zone model, a single magnetic field strength is assumed for both acceleration and cooling.

Emax
max synchrotron photon energy 

in the one-zone model
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Are GRBs Bactrian camels or dromedaries?
GRB 190829A is better fit (>5σ) by a single component than by two

This suggests that we can start to move beyond the standard one-zone models.

max synchrotron photon energy 
in the one-zone model

Abdalla et al., Science 372 (2021)

https://ui.adsabs.harvard.edu/abs/2021Sci...372.1081H/abstract
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Are GRBs Bactrian camels or dromedaries?
What about GRB 190114C?

This very bright GRB was observed by MAGIC, and was announced as having an inverse Compton peak.

Our aim is to examine this result and test its stability.

Acciari et al., Nature 575 (2019)

https://ui.adsabs.harvard.edu/abs/2019Natur.575..459M/abstract
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GRB 190114C: a rich multiwavelength data set

Acciari et al., Nature 575 (2019)
For the next few slides: Focus on the first time bin. 

  First: Best-fit power law for each instrument on its own. 

  Then: Full likelihood analysis of the multiwavelength 
  data set, using a reduced afterglow radiation model. 

  Finally: Examine the significance of this result and 
  test its stability under perturbations.

https://ui.adsabs.harvard.edu/abs/2019Natur.575..459M/abstract
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GRB 190114C: a rich multiwavelength data set
Let’s first fit each instrument’s data set on its own with a power law

Swift/BAT 
15-150 keV
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GRB 190114C: a rich multiwavelength data set
Let’s first fit each instrument’s data set on its own with a power law

Swift/BAT 
15-150 keV

Fermi/GBM 
8 keV - 40 MeV

For these time bins, the lower 
energy limit is actually 50 keV, due to 
partial blockage by the spacecraft 
[M. Ajello et al 2020 ApJ 890 9]

https://iopscience.iop.org/article/10.3847/1538-4357/ab5b05
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GRB 190114C: a rich multiwavelength data set
Let’s first fit each instrument’s data set on its own with a power law

Swift/BAT 
15-150 keV

Fermi/GBM 
50 keV - 40 MeV

Fermi/LAT 
>100 MeV

-2 ± 1
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GRB 190114C: a rich multiwavelength data set
Let’s first fit each instrument’s data set on its own with a power law

Swift/BAT 
15-150 keV

Fermi/GBM 
50 keV - 40 MeV

Fermi/LAT 
>100 MeV

MAGIC 
0.3 - 1 TeV

-2 ± 1
Acciari et al., Nature 575 (2019)

https://ui.adsabs.harvard.edu/abs/2019Natur.575..459M/abstract
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GRB 190114C: a rich multiwavelength data set
Let’s first fit each instrument’s data set on its own with a power law

Swift/XRT 
0.3-10 keV

Swift/BAT 
15-150 keV

Fermi/GBM 
50 keV - 40 MeV

Fermi/LAT 
>100 MeV

MAGIC 
0.3 - 1 TeV

-2 ± 1
Acciari et al., Nature 575 (2019)

-1.75 ± 0.07

https://ui.adsabs.harvard.edu/abs/2019Natur.575..459M/abstract
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GRB 190114C: a rich multiwavelength data set
Putting it all together

In the first time bin, 
there seems to be a 
preference for an 
additional component. 

Can we quantify this?

Swift/XRT 
0.3-10 keV

Swift/BAT 
15-150 keV

Fermi/GBM 
50 keV - 40 MeV

Fermi/LAT 
>100 MeV

MAGIC 
0.3 - 1 TeV
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GRB 190114C: a rich multiwavelength data set
How stable is this result?

In the first time bin, there is a strong preference for SSC over synchrotron-only.

preference for SSC
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GRB 190114C: a rich multiwavelength data set
How stable is this result?

What happens to the Bayes factor if something is perturbed?

preference for SSC

The LAT data doesn’t seem to 
have much of an effect on 
the fit results
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Note: How well do we understand our instruments?
A brief interlude about instrumental uncertainties

For instruments with overlapping energy ranges, the need for some kind of additional uncertainty is ~obvious.

allow for an 
effective area correction

Depending on the spectrum, this can manifest as e.g. offsets in index and/or flux.

Madsen et al 2017 AJ 153 2

For instruments with disjoint energy ranges, we should at least allow for systematic uncertainties.
Krimm et al 2013 ApJS 209 14, Bissaldi et al 2011 ApJ 733 97, Fermi-LAT P8R3_V3 caveats, Ahnen et al. 2017 Astroparticle Physics 94

Tsujimoto et al. 2011 A&A 525

https://iopscience.iop.org/article/10.3847/1538-3881/153/1/2
https://iopscience.iop.org/article/10.1088/0067-0049/209/1/14
https://iopscience.iop.org/article/10.1088/0004-637X/733/2/97
https://fermi.gsfc.nasa.gov/ssc/data/analysis/LAT_caveats.html
https://www.sciencedirect.com/science/article/pii/S092765051730110X
https://www.aanda.org/articles/aa/full_html/2011/01/aa15597-10/aa15597-10.html


Sylvia J. Zhu | Multiwavelength emission of GRB 190114C | TeVPA 2022 | arXiv:2202.11148 16

GRB 190114C: a rich multiwavelength data set
How stable is this result?

What happens to the Bayes factor if something is perturbed?

no more preference for SSC

When we allow for systematic uncertainties within the best understood limits, the preference for SSC vanishes.
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GRB 190114C: a rich multiwavelength data set
How stable is this result?

What happens to the Bayes factor if something is perturbed?

no more preference for SSC

The XRT data is driving the requirement for two components.

no floating norms
max 15% floating norms
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Summary
Is GRB 190114C a Bactrian camel or a dromedary?

Takeaway messages: 
The statistical preference for two components vanishes if instrumental effects are properly accounted for. 
When we encounter such a rich dataset, we should treat it as carefully as possible.
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backup
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Full set of posterior distributions
time bin 1 (67.71 - 110s), SSC default fit
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Full set of posterior distributions
time bin 1 (67.71 - 110s), synchrotron only
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Full set of posterior distributions
time bin 2 (110 - 180s), SSC default
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Full set of posterior distributions
time bin 2 (110 - 180s), synchrotron-only


