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What are Gamma-ray bursts ?

★ Gamma ray bursts (GRBs) are brief, sudden, intense flashes of gamma-ray 

radiation.  

★ They are brightest EM transients (Eiso~ 1050 to 1055 erg) in the Universe.

★ Lasts from ms to thousands of seconds.

★ Redshift z = 0.0085 to 9.4 (Cosmological origin).

2

Kumar & Zhang 2015

Phases of GRBs: GRBs emission can be divided into two phases:  
1. Prompt emission : MeV              2. Afterglow : VHE to radio bands

Classification of GRBs:

1. Short-duration GRBs: T90 ≤  2 sec 

2. Long-duration GRBs: T90 > 2 sec                                                                             

short/hard

long/soft

Fireball Model
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GRBs key discoveries: from Discovery to Multi-Messenger Era  
GRBs: The brightest electromagnetic cosmic stellar transients.
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Importance of GRBs study 
GRBs ?

Physics in extreme conditions

Cosmology

Multi-messenger Astronomy

Cosmic mines of Gold/heavy elements
GRB 050904, z=6.29 FIRST AT z>6

Detected in short exposures by 25 cm 
robotic telescope



Light Curve

5Erratic GRB central engine activities

-Non-thermal spectrum 

-Band function (Band et al., 1993) 

-No physical meaning

𝝰 Ep
��

Prompt Emission Spectrum
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Light Curve SpectrumAfterglow Emission 

Bright synchrotron emission in the afterglow phase.

The external shocks can be divided 
into two forms: a long-lived forward 
shock that propagates into the 
circumburst medium and produces a 
broadband afterglow, and a 
short-lived RS that propagates into 
the ejecta and produces a short-lived 
optical flash. 



3.6m Devasthal Optical Telescope (DOT) 

❖ India’s largest optical telescope

❖ Installed at Devasthal observatory

❖ Altitude of ~2450 m above msl

❖ India has longitudinal advantage (lies in 

between the Canary Islands and Eastern 

Australia) for transients follow-up 

observations. 



Observation Strategy : Optical afterglows
Detection of bright 

GRB by Fermi & 
Swift missions: 

Using  GCN Email 
Alert 

Observable from 
Devasthal sky ?

No

Yes

Request to trigger collaborative 
facilities over the globe

Instantly trigger 
DFOT for early 

observations for 30 
mins in R filter

Optical 
afterglow is 

detected. 
Report GCN

Observe using DOT in 
UBVRI/riJHK filters for 30 -40 
mins each, and if afterglow is 

bright enough, trigger 
spectroscopy + observe the 

Landolt standard stars (approx 
4-5 hours)

Report GCN

No Trigger DOT in R/r 
filter for 30 mins 

for deeper search

Yes Optical 
afterglow is 
detected in 

stacked image. 
Report GCN

No

If, afterglow is slow decaying and 
detectable, continued follow-up 

observation in successive nights using 
DOT in VRI/JHK filters for 1 hours each 
+ observe the Landolt standard stars 

(approx 4 hours)

Search for Dark 
nature / use limits 

to constrain 
afterglow model 

parameters

Detection of bright 
GRB with an optical 

counterpart by Fermi 
& Swift missions: 
Using GCN Email 

Alert 

Observable from 
Devasthal sky ?

No

Yes

Finally, create a well 
sampled broadband 

light curve and perform 
detailed afterglow 

modeling.
Report the results in a 

refereed journal.

Yes

We trigger ARIES telescopes for ~ 60 GRB afterglows follow-up observations (since cycle 2020C2)



GRB 211211A : A long gamma-ray burst……. 

Detected by Swift BAT on 11 December 2021 at 13:59:09 UTC.

Its optical, ultraviolet (UV) and X-ray counterparts were 
localized within minutes, close to a nearby galaxy, SDSS, at a 
distance of 346 Mpc.

The burst was independently observed by the Fermi, 
INTEGRAL, and CALET satellites.

We obtained multi-band photometry observations 
using DOT from 0.37 to 4.4 days post detection.



   A long gamma-ray burst from a merger of compact objects

Troja et al. (RG, AK, AA, KM, SBP), 2022, Nature

GRB 211211A



The long-active afterglow of GRB 210204A: Detection of the 
most delayed flares in a Gamma-ray burst
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Kumar & Gupta et al. 2022, MNRAS

       Multiwavelength light curve  
                 Forward shock !!

Discovered by the Fermi with an error circle of 4 
degrees.



3.6m DOT observations of the bright long duration afterglows 
of GRB 200412B and GRB 210207B
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Pandey et al. 2023, in prep. 
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Central engines of GRBs



Tale of GRB 171010A/SN 2017htp and GRB 171205A/SN 
2017iuk: Magnetar origin?

Kumar, Pandey, & Gupta et al. 2022



Early optical afterglow of VHE detected GRB 201015A and 
GRB 201216C: onset of the external forward shock
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Ror & Gupta et al. 2023, ApJ (see the poster by Amit for more details)



16

“Dark” GRBs: History 
Are all GRBs accompanied by an optical afterglows (OA) ? 

With the beginning of the operation of Swift and many ground-based telescopes with fast reaction, ~25-35% GRBs are  
discovered without an OA.

GRB and afterglow (AG) statistics
https://www.mpe.mpg.de/~jcg/grbgen.html   (Upto 2021)                                     

Assuming that both X-ray and optical components are produced by synchrotron 
radiation: optical spectral index (βО) should be equal to (βX) or to βX – 0.5.

       βX– 0.5 < βОX < βX

for dark GRBs βОX < βX – 0.5

No. of 
GRBs

No. of 
X-ray AGs

No. of Optical 
AGs

No. of Radio 
AGs

No. of 
redshift

s

2311 1526 874 150 562

van der Horst+ 2009

・Intrinsically low luminosity and faint GRB (e.g., Gehrels et al. 2008)

・High redshift (e.g., Tanvir et al. 2009) Why they are “Dark”? 
・Large extinction along the line of sight to GRB (e.g., Perley et al. 2009)

In most cases the GRB is dark due to a significant absorption of the optical radiation in the medium of the host galaxy.

https://www.mpe.mpg.de/~jcg/grbgen.html


GRB 210205A: A Dark burst
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 The host extinction in I filter (AI) > 0.25 mag

The R-band finding chart of GRB 
210205A (no redshift 
measurements) obtained ∼ 1.10 
days post burst using the 3.6m 
DOT.

Revealing nature of GRB 210205A, and follow-up 
observations with the 4K×4K CCD Imager+3.6m DOT

Gupta et al. 2021b
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“Orphan” Afterglows 
Are all optical afterglows detected with a GRB? No. Afterglows of GRBs without any prompt emission detection are 
known as “orphan afterglows.”   

Possible explanations of the orphan afterglow

If the source is observed on-axis, however, the 
prompt emission of GRBs was unambiguously missed 
by space-based gamma-ray telescopes, either due to 
their limiting sensitivity or source was not in their field 
of view.

1.

2.

3. Off-axis

Dirty fireball



AT2021any/ZTF21aaeyldq: An 
orphan afterglow

19The R-band finding chart of ZTF21aaeyldq 
obtained using the 3.6m DOT.

Revealing nature of ZTF21aaeyldq (AT2021any), and follow-up 
observations with the 4K×4K CCD Imager+3.6m DOT

Gupta et al. 2021b



Observation Strategy : Host Galaxies of GRBs

GRB Host 
Galaxies

Trigger DOT for 
~ 75 mins in R 
filter to deeper 
(upto 24.5 mag) 
search the host. 

Potential host 
is detected in 

stacked image. 

Observe using DOT in optical V I and NIR JHK 
filters for around 60 mins each (exposure time 

will be decided based on its observed 
brightness in R or r filter), + observe the 

standard stars (approx 7 hours).

No
Use deep limits to 

constrain the nature 
and distance of the 

host.

Total observations time for the GRB host and standard stars: ~ 7 hours per GRB host. 

Finally, create broadband spectral energy 
distribution and perform host modeling to 

constrain redshift and other host parameters. 
Report the results in a refereed journal.

Yes



Photometric studies on the host galaxies of gamma-ray 
bursts using 3.6m Devasthal optical telescope

21

SFR vs stellar mass for a sample of GRB hosts

The SED of the host galaxy of GRB 200826A. SSFR vs stellar mass for a sample of GRB hostsSavaglio et al. 2006, 2009

Gupta et al. 2022b



Summary and Conclusion
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The discovery of GRB 211211A accompanied by kilonova emission suggests that some 
long-duration GRBs may be produced by merging neutron stars.

GRB 210204A has the most delayed flaring activity ever detected in GRBs.  

Semi-analytical light-curve modeling of GRB 171010A/SN 2017htp and GRB 171205A/SN 
2017iuk demands a spin-down millisecond magnetar as a central engine. 

Exploring the evolution of the bulk Lorentz factor can solve the problem of the jet composition 
of GRBs.

Our observations and analysis suggest that GRB 210205A and AT2021any are dark and orphan 
GRBs, respectively. 

Our results also demonstrate the capabilities of 3.6m DOT and the back-end instruments for 
the deeper photometric studies of the afterglow/host galaxies of energetic transients such as 
GRBs, supernovae, and other transients as a part of time-domain astronomy in the long run. 
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