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My own evolution

Star Formation Khang - Observer GRB Khang – Theory (Modelling)



GRB 221009A – the 
knowns
• Brightest of all time (BOAT) LGRB 

(~600s) - a once in 10,000 years event 

(Burns+23)

• Isotropic gamma-ray energy output ~ 

1055 erg (between 20 keV – 10 MeV, 

Rhodes+24) 

• Peak emission produces very-high-

energy photons of up to hundreds of TeV 

(Dzhappuev+22)

• z ~ 0.151 (de Ugarte Postigo+22)

• Affected heavily by foreground extinction 

– on-sky location is near Galactic plane 

(Levan+23)
X-ray image from NASA/Swift



X-Shooter & 
JWST 
spectra

● X-Shooter spectra 
obtained by 
Malesani+23.

● Wavelength ranges 
from 0.3 - 2.0 
microns

● JWST spectra 
obtained by 
Levan+23

● Wavelength ranges 
from 0.6 – 13.1 
microns



X-Shooter & JWST spectra



Viable Afterglow Models
(Granot & Sari 02) 



SBPL1 – Smoothly Broken Power Law 1 –

Synchrotron Peak, 𝜈m

SBPL2 - Smoothly Broken Power Law 2 

– Cooling Break, 𝜈c



GRB 221009A – the BOAT’s extinction kerfuffle



Most favourable extinctions



Refined evidences (zoomed-in)
PL SBPL2SBPL1



Visual Extinction vs. Spectral Index



Break frequency time evolution

Consistent with shocks travelling through 

uniform ISM, not wind medium

These points are fitted on the ‘wrong’ side of the power-

law curve, hence pushing the breaks to the edges



Double Smoothly-Broken Power Law



Parameters do fit…

With the new data, the joint analysis fits the four epochs being considered with 

β = 0.447 (wind - 0.425) extinction AV = 4.402 (wind - 4.326)

The value for the electron index, p = 1.894 (wind - 1.85) and consistent with p < 2

Given a post-jet-break decline, the optical and the x-ray temporal index should 

be, α1 = 1.48 (wind - 1.73), and α2 = 1.73 (wind - 1.48)



Summary
● X-Shooter & JWST data re-analysis 

for modelling the afterglow (with 
careful treatment of extinction) 

● Double Smoothly Broken Power Law 
employed to fit a coherent solution 
for both X-Shooter & JWST

● β = 0.447 (wind - 0.425) 
p = 1.894 (wind - 1.85) 

Extinction AV = 4.402 (wind - 4.326)

● Light curve analysis needed of the 

BOAT, combining optical, X-rays and 
radio
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