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Kouveliotou+93

Long gamma-ray bursts
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Perfect as probes of star formation in the early Universe!

> 2 s

Observable up to large z + host galaxy actively star-forming 

mailto:aishwarya.thakur@inaf.it
https://ui.adsabs.harvard.edu/abs/1993ApJ...413L.101K/abstract
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Quantitative estimation by fitting absorber models

GRB X-ray afterglow spectra

Difference below 1 keV

mailto:aishwarya.thakur@inaf.it
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But why X-ray?

GRB X-ray column density probes the entirety of the material along LOS

Watson+07,Schady+11

~ 10x discrepancy when 
comparing optical & X-ray 
absorption columns

mailto:aishwarya.thakur@inaf.it
https://iopscience.iop.org/article/10.1086/518310
https://www.aanda.org/articles/aa/full_html/2011/01/aa15608-10/aa15608-10.html
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Piro+02, D’Elia+09 , Krongold+13, Heintz+18

GRB are intrinsically transient, 
non-equilibrium sources:

GRBs are time-evolving sources!

mailto:aishwarya.thakur@inaf.it
https://iopscience.iop.org/article/10.1086/342226
https://ui.adsabs.harvard.edu/abs/2009ApJ...694..332D/abstract
https://iopscience.iop.org/article/10.1088/0004-637X/774/2/115
https://academic.oup.com/mnras/article/479/3/3456/5032799
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Piro+02, D’Elia+09 , Krongold+13, Heintz+18

GRB are intrinsically transient, 
non-equilibrium sources:

Illuminated gas is out of photoionisation equilibrium: Need for time-evolving modelling!

GRBs are time-evolving sources!

mailto:aishwarya.thakur@inaf.it
https://iopscience.iop.org/article/10.1086/342226
https://ui.adsabs.harvard.edu/abs/2009ApJ...694..332D/abstract
https://iopscience.iop.org/article/10.1088/0004-637X/774/2/115
https://academic.oup.com/mnras/article/479/3/3456/5032799
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TEPID: Code outline
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i. Lightcurve
ii. Gas density
iii. Initial ionic abundances

2. Time evolving computations:1. Input quantities:

Temporal evolution of the ionisation and 
temperature of the surrounding ISM

3. Absorption spectrum:

Time-resolved optical to X-ray spectra as a function of the ISM density and distance (or NH)

Time (s)

Time-Evolving PhotoIonisation Device 
Luminari+23

mailto:aishwarya.thakur@inaf.it
https://www.aanda.org/articles/aa/pdf/forth/aa45600-22.pdf
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Unique distribution of ionic abundances 

Direct consequence of temporal evolution of the GRB ionising flux

Non-negligible contributions of 
several ionic stages 

Observed abundance pattern is 
unique for specific number density

Luminari+23

mailto:aishwarya.thakur@inaf.it
https://www.aanda.org/articles/aa/pdf/forth/aa45600-22.pdf
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And now we fit!

NHTBabs = 9e20 cm-2

NHTEPID = 9e21 cm-2

logn0 = 2.8 cm-3

● Computations per GRB

● XMM ‘Golden Sample’, 

○ Known z

● Neutral column from optical

mailto:aishwarya.thakur@inaf.it
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All burst-fits independently recover a best-fit region of size ~ 10 pc

What does this mean?

mailto:aishwarya.thakur@inaf.it
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Bigger picture?

Improved energy resolution and sensitivity for study of high-z medium: 

● Composition? Metallicity?  Progenitors: Pop-III v/s Pop-II?

Barret+22, Piro+22

z = 7

NewATHENA

mailto:aishwarya.thakur@inaf.it
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Conclusions

● TEPID: Time-integrated X-ray spectra as a function of number density and distance

● Fits to CCD spectra of ‘Golden Sample’ of XMM afterglows

➢ Environment consistent with star-forming region: n = 102-4 cm-3 , r ~ 6 - 20 pc 

● Application to high-resolution calorimeter X-ray spectra

➢ Diagnostics of star-forming environment at high z

And keep an eye out for these papers:

● The TEPID model: 
Luminari A, Nicastro F,  Krongold Y, Piro L, Thakur AL, accepted August 2023, A&A

● TEPID for GRBs: 
Thakur AL, Piro L, Luminari A, Nicastro F et al., 2023, in prep

● TEPID for hi-resolution X-ray spectroscopy: 
Piro L, Thakur AL, Nicastro F, Luminari A et al., in prep 

mailto:aishwarya.thakur@inaf.it
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Backup slides
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Distribution of ionic abundances & columns
GRB060729

NHTEPID = 9e21 cm-2

mailto:aishwarya.thakur@inaf.it
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Model spectra
GRB060729

Several narrow absorption lines, but cannot be resolved in CCD spectra

mailto:aishwarya.thakur@inaf.it
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But why so high?
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Chrimes+22

Medium is cleared by progenitor wind up to a distance inversely scaling with pre-burst number density 

mailto:aishwarya.thakur@inaf.it
https://academic.oup.com/mnras/article/515/2/2591/6620853

