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Summary

Broadband modelling of 
GRB160131A afterglow

Rich, broadband, and 
accurate data set

GRB Afterglows in a nutshell : why are they interesting to study?
Broadband modelling of this GRB afterglow
Discussion of our results

Credits: www.astronomy.com

Marongiu et al., 2022, A&A



Discovered by Swift satellite
(Page & Barthelmy 2016)

T90 ∼ 330 s (Cummings et al. 2016)

Broadband data from:
• VLA (radio band)
• Optical telescopes
• Swift UVOT and XRT (UV and X-ray)

z = 0.972 (Malesani et al. 2016; de Ugarte Postigo et al. 2016)

Long-GRB

Identity card of GRB160131A
GRB160131A
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𝐄𝛄,𝐢𝐬𝐨 = 𝟖. 𝟑 ∙ 𝟏𝟎𝟓𝟑 𝐞𝐫𝐠 (Tsvetkova et al. 2016)

Marongiu et al., 2022, A&A



Why do we study GRB afterglows?

Jet properties

Physics of the prompt emission
Relevant 

contributions Shock microphysics

Relevant 
contributions

in RADIO

Reverse shock

Nature of progenitors of GRBs
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GRB afterglows - science

The radio frequencies are very important, 
but GRB radio afterglows are faint sources!
Radio detection rate of GRB afterglows is only 30%



Jet properties

Inverse Compton

Synchrotron

Optical extintion

Radio scintillation

More phenomena, more complexities!

Physical phenomena
correlated Energy injection
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Broadband modelling: more complete physical 
information about GRB afterglows!

Broadband modelling



Modelling strategy
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Empirical approach

We modelled SEDs and light curves with simple 
empirical functions (single power-law, broken 

power-law, and double broken power-law)

Constraint of the behaviour of the GRB 
afterglow emission, in terms of the main 

observational features (breaking frequencies 
and possible jet break time) and the kind of 

CMB (ISM-like vs. wind-like).

Modelling approaches



Modelling strategy
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Marongiu & Guidorzi, 2021

Modelling approaches
Physical approach

We modelled the data set of the GRB afterglow 
emission through a Python code called sAGa

(Software for AfterGlow Analysis)

sAGa performs a simultaneous broadband data 
analysis in a single iteration through a new 

approach that consists in the manipulation of 
all the data, both at each observing epoch and 

observing frequency, considering different 
radiation processes and other aspects



Jet properties (uniform)
✓ pure edge effect (e.g. Panaitescu et al. 1998; Granot 2007)
✓ sideways expansion effect (e.g. Rhoads 1999; Sari et al. 1999)

Inverse Compton
(Sari & Esin 2001; Piran 2004; Zhang et al. 2007; Laskar et 
al. 2014, Granot & Sari 2002)

Synchrotron: forward shock 
(Granot & Sari 2002, and the 
references therein)

Dust extinction in the host galaxy along the sightline
(Pei 1992)

Energy injection
(Zhang & Mészáros 2002; 
Granot & Kumar 2006; Gao 
et al. 2013; Nousek et al. 
2006; Liang et al. 2007; 
Margutti et al. 2010; 
Hascoët et al. 2012)
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Non-relativistic/Newtonian ejecta
(Wijers et al. 1997; Zhang 2019; Waxman 1997; Chevalier & Li 
2000; Livio & Waxman 2000; Zhang & MacFadyen 2009; Frail et 
al. 2000; van Eerten et al. 2010; Leventis et al. 2012)

Interstellar 
scintillation effect
(Rickett 1990; Goodman 
1997; Walker 1998; Frail et 
al. 1997, 2000; Goodman & 
Narayan 2006; Granot & van 
der Horst 2014; Misra et al. 
2021; Laskar et al. 2014)

UV absorption by neutral hydrogen (from z > 1)
(Madau 1995)

Photoelectric absorption for X-ray data
(Morrison & McCammon 1983)

Modelling strategy



Optical/X-ray data
Results – Empirical approach

Temporal index -1.25:
Forward shock

Empirical model: double broken power-law
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Temporal index -1:
Energy injection

Temporal index -1.8:
Jetted emission

1. ISM-like CBM
2. The transition between fast and slow cooling 

regime is not constrained by optical/X-ray 
observations

3. p = 2.2
4. Both νc and νm lie below optical frequencies

νopt = 3 x 1014 Hz already at 10-3 d
5. A milder jet break model (pure edge effect) is 

in accordance with the optical/X-ray data



VLA radio data - SEDs
Results – Empirical approach
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1. The slow-cooling regime occurs at times less than 0.8 d
2. At 12.7 d the self-absorption frequency is about 7 GHz

G. Jansky Very Large Array (VLA)
Frequencies : 5-40 GHz

Epochs : 0.8-150 d

Ignore peaks
Compare the resulting 

spectral indices with those 
expected from the 

synchrotron emission of GRB 
afterglows



Results – Empirical approach
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The radio data set is composed of three spectral components
“A” is connected with the continuum associated with FS emission

Consider peaks
Multi-component approach

VLA radio data - SEDs
G. Jansky Very Large Array (VLA)

Frequencies : 5-40 GHz
Epochs : 0.8-150 d



Results – Empirical approach
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1. The passage of νm occurs at 𝐭 ≲ 𝟑 𝐝 in the 8 – 26 GHz light curves
2. The passage of νc occurs after 45 d in the 8 – 14 GHz light curves
3. The passage of νc occurs at 𝐭 ∼ 𝟏𝟐𝟎 𝐝 in the 14 – 26 GHz light curves 

Radio light-curves help to 
constrain the jet opening angle

VLA radio data - Light-curves
G. Jansky Very Large Array (VLA)

Frequencies : 5-40 GHz
Epochs : 0.8-150 d



Results – Physical approach
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Modelling with sAGa

Starting
points
𝐩 = 𝟐. 𝟐
𝛆𝐁 = 𝟎. 𝟎𝟏
𝛆𝐞 ~ 𝟎. 𝟏

𝐧𝟎 = 𝟏 𝐜𝐦−𝟑

𝐄𝐤,𝐢𝐬𝐨,𝟓𝟐 = 𝟓𝟎
𝐀𝐕 = 𝟎. 𝟏
𝐭𝐣 = 𝟏 𝐝

𝐦 = 𝟎. 𝟐

Iterative analysis



Results – Physical approach
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Modelling with sAGa
From optical to X-rays



Results – Physical approach
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Modelling with sAGa
From radio to X-rays



Discussion

Time varying shock micro-physics parameters, as suggested 
for the afterglow emission from GRB190114C (Misra et al., 2021)

Problematic features at radio frequencies
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Possible assumptions for the 
afterglow of GRB160131A

The transition from different CBM a wind-like to ISM-like CBM
as in the case of the afterglow of GRB140423A (Li et al., 2020)

Another jet model, in light of the evidence of other jet models
used to interpret the broadband data for several GRB
afterglows (two-component, structured, or other more
complex regimes) (e.g. Kangas et al., 2021)
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Discussion

Energy injection
Re-brightening of the GRB afterglow connected with the injection 

from the central engine of ejecta into the blastwave shock
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The pronounced optical 
flattening could be 
interpreted as: 
➢ Change of the CBM

(Gendre et al. 2010)
➢ Reverse shock

(Gendre et al. 2010)
➢ Two-component jet

(Kann et al. 2018)

Discussion

Energy injection



Discussion – Radio peaks

Insterstellar scintillation effects
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The presence of peaks in 
radio SEDs had already been 
observed in other sources, 
and the main candidate to 
explain this pronounced 

radio variability is the ISS
(e.g. Horesh et al. 2015)



Discussion – Radio peaks

Reverse shock
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Excluded…why?

1. Theoretical prescriptions taken up by the RS literature
(e.g. Laskar et al. 2018)

2. The typical peaks connected with RS emission are much
broader (∆𝛎/𝛎 ~ 3) than what we find (∆𝛎/𝛎 ~ 0.5)

3. The CBM density typically associated with the broadband
detections of RS emission (𝐧𝟎 ≲ 𝟏𝟎−𝟐 𝐜𝐦−𝟑) is lower
than our lower limit estimated with sAGa (𝐧𝟎 ≳ 𝟓 𝐜𝐦−𝟑)



Conclusions

Take-home messages

➢ The inclusion of radio data in the broadband set of GRB160131A 
makes a self-consistent modelling barely attainable within the 
standard model of GRB afterglows

➢ Radio frequencies are crucial to better constrain the spectral slope 
of the GRB afterglow emission

➢ We need more complete models, data and facilities to explain the 
broadband emission from GRB afterglows
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Thank you for your attention!
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