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Classification: Short GRBs versus Long GRBs

– “short” vs “long” separation at 2 seconds
– But depends on instrument and observed bandpass (e.g.,Bromberg et al. 2013)

Short GRBs

Long GRBs

Kouveliotou et al. 1993



See tomorrow’s session on compact object mergers
(David Radice’s Talk)

NS-NS + NS-BH Collapsars

Short GRBs Long GRBs



Short GRBs Long GRBs
NS-NS + NS-BH + Collapsars + 
Magnetars + ???

Collapsars + NS-BH + NS-NS + NS-WD + 
WD-WD + WD-BH + IMBH-WD + HeC-BH 
+ AIC WD + ???

The true picture is much more complex!
The single duration divide is not robust.

See tomorrow’s session on compact object mergers
(David Radice’s Talk)



Long GRB Supernova Connection
• Type Ic-BL – e.g, SN1998bw (Galama et al. 1998)
• No correlation with gamma-ray energy over 7 orders of magnitude

Hjorth & Bloom 2012 Hjorth et al. 2003

GRB 030329



Tanvir et al. 2013
Berger et al. 2013

Troja et al. 2019
Kasliwal et al. 2017; Lamb et al. 2019

See also David Radice’s talk

GRB 160821BGRB 130603B

Short GRB Kilonova Connection



Long GRB Kilonova Connection
Long & Short 

GRBs with no SN

Long GRBs with KN

Troja, Fryer, O’Connor et al. 2022 – GRB 211211A
Yang, Troja, O’Connor et al. 2024 – GRB 230307A

(see also Rastinejad et al. 2022; Levan et al. 2023)

GRB 211211A

Hjorth & Bloom 2012

See also David Radice’s talk



High Redshift GRBs
Detected during the Epoch of Reionization

Salvaterra et al. 2009
Tanvir et al. 2009

12 GRBs have been uncovered at z>6 in the last 20 years
SVOM/EP may increase this rate! 

(and in the future, THESEUS)

Less than 1 Gyr after Big Bang!

GRB 090423A 
𝐳 ≈ 𝟖. 𝟏 − 𝟖. 𝟑 

Neutral hydrogen fraction, UV 
escape fraction, metallicity of 
ISM/IGM, Pop III stars?



SVOM GRB 250314A at z ≈ 7.3 

Cordier et al. 2025 Levan et al. 2025

The highest redshift supernova?Rapid near-infrared imaging and 
spectra are required to find these GRBs!



X-ray Flashes (XRFs)

Campana et al. 2006 
Soderberg et al. 2006 
Pian et al. 2006

GRB 060218

GRB 020903
HETE-2

Sakamoto et al. 2004
Amati et al. 2002

Low luminosity GRBs and XRFs 
dominate the volumetric rate of events

Amati Relation



Einstein Probe Comes on the Scene… Yuan et al. 2022, 2024, 2025

O’Connor et al. 2025a, Accepted in ApJL

EP redshifts match 
long GRBs! Likely 
majority collapsars.

Most EP Fast X-ray Transients (FXTs) have no gamma-rays



FXTs/XRFs with Supernovae

Van Dalen et al. 2024
Srivastav et al. 2024 
Sun et al. 2025

EP240414a

EP250108aNature of early optical decay: 
Cocoons? Different progenitors? 
Extended stellar envelopes?

Srinivasaragavan et al. 2025
Rastinejad et al. 2025
Eyles-Ferris et al. 2025
Li et al. 2025

Early blue 
excess

Typical 
supernova

No Gamma-rays Detected



What is the Nature of Ultra-long GRBs?

Levan et al. 2014

• Selection effects? 
• Gamma-ray telescopes are not designed 

to detect these ultra-long events
• Requires interconnection, e.g., IPN

• How do their progenitors differ?
• Blue supergiant collapsars?  
• Extended stellar envelopes/CSM?
• Magnetars?
• Helium core (HeC) – BH mergers?
• Micro-TDEs?
• IMBH-WD TDEs?
• Etc? 

• At least some are collapsars           
(Greiner et al. 2015)



GRB 250702B (z ≈ 1.036)

See also Gompertz et al. 2025; Carney et al. 2025

The Longest of All Time! (LOAT?) 

Neights et al. 2025; O’Connor et al. 2025b, Accepted in ApJL

GRB 250702D
GRB 250702B

GRB 250702E

• Multiple gamma-ray triggers

• 25 ks gamma-ray emission (Neights et al. 2025)

• Short ~1 s minimum variability timescale

• Early EP X-ray detection ~1 day before the           
first GRB trigger (Li et al. 2025)

Levan et al. 2025 



GRB 250702B X-ray Properties

O’Connor et al. 2025b, Accepted in ApJL

Short timescale flaring requires an 
internal dissipation process and 
prolonged central engine activity

A New GRB Progenitor? 
HeC-BH merger? (Neights et al. 2025)
Micro-TDE? (Beniamini et al. 2025)
IMBH TDE? (Li et al. 2025; Levan et al. 2025)



Additional Topics

VHE/TeV GRBs

Orphan afterglows

Dirty Fireballs

Off-axis jets and jet structure

R-process Supernovae

Likely more is missing so please point it out 
during the discussion…



Major Open Questions
• Diversity of Progenitors?

• Improved GRB classification? 
• Long vs Short is overly simplified… 

• Central engine: BH or Magnetar?

• Earliest GRB progenitors (Pop III?) at z>5
• Are their supernovae different?

• Where are the orphan afterglows, dirty 
fireballs, and failed jets? (EP/Rubin?)

• Connection between EP FXTs and 
“classical” (XMM/Chandra) FXTs?

Levan et al. 2014

O’Connor et al. 2023

O’Connor et al. 2025a



Thank you!
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GRBs are detectable over extreme distances!

Burns et al. 2023

GRBs are detectable out to z ≈ 9 and potentially higher!



What are Gamma-ray 
Bursts

Exquisite Probes of Reionization
Neutral hydrogen fraction, UV escape fraction, metallicity of ISM/IGM,  measure 

of cosmic SFR at faint end of galaxy luminosity function, Pop III stars?

Less than 1 Gyr after Big Bang!



SVOM GRB 250314A at z ≈ 7.3 

Cordier et al. 2025 Levan et al. 2025

The highest redshift supernova?Rapid near-infrared imaging and 
spectra can detect high redshift GRBs!

H-band

Cordier et al. 2025



Long GRB KN are Notably Rare!
GRB 230307A is the second brightest GRB behind GRB 221009A and GRB 
211211A was the second brightest Swift GRB behind GRB 130427A

Dalessi et al. 2025
Burns et al. 2023

NS-NS + NS-BH + ???
versus
Collapsars + ??? 



X-ray Lightcurves of XRFs and Low Luminosity GRBs

Li et al. 2025
Busmann, O’Connor, et al. 2025
See Shu et al. 2025 and Gianfagna et al. 2025



More Peculiar Fast X-ray Transients:
Relation to Orphans/Dirty Fireballs?

Busmann, O’Connor, et al. 2025

Malte Busmann
Grad student, LMU

• Are EP FXTs related to dirty fireballs? Lower Lorentz factor outflows 
without prompt gamma-rays? (e.g., Rhoads et al. 1997, 2003)

• What is the nature of the early steep decay and late steep 
rebrightening? Cocoon? Refreshed shocks? Different collapsar 
progenitors (e.g., extended stellar envelope)?

• Will Rubin allow us to identify others? (e.g., Ho et al. 2022)

This is a very active area of research!

Shu et al. 2025; Gianfagna et al. 2025; 
Yadav et al. 2025; Wu et al. 2025; Sun et al. 
2025; Van Dalen et al. 2025; Srivastav et al. 
2025; Hamidani et al. 2025; Zheng et al. 
2025; Bright et al. 2025; Levan et al. 2025; 
Ricci et al. 2025; Gillanders et al. 2024; 
and many others on recent EP sources.



FXTs/XRFs with Supernovae

Van Dalen et al. 2024
See also Srivastav et al. 2024 and Sun et al. 2025

EP240414a

See also Eyles-
Ferris et al. 2025; 
Li et al. 2025

EP250108a

Nature of early steep optical 
decay: Cocoons? Different 
progenitors? Extended 
stellar envelopes?

Srinivasaragavan et al. 2025Rastinejad et al. 2025



EP/FXTs without Gamma-rays

Yadav et al. 2025 O’Connor et al. 2025a



EP240408a: Exotic GRB or Abnormal jetted TDE?
• Swift provided localization. NICER monitoring revealed long-lived transient.
• X-ray lightcurve unlike other high energy transients (e.g., GRBs, TDEs). 

O’Connor, Pasham, Andreoni, et al. 2025



GRB 250702B Gamma-ray Properties

Neights et al. 2025



GRB 250702B EP WXT+FXT Lightcurve

Li et al. 2025



GRB 250702B X-ray Variability

O’Connor et al. 2025b



GRB Jet Structure

Beniamini et al. 2019

Ryan et al. 2020 Ryan et al. 2020

Ryan et al. 2020

35



Off-axis jets and jet collimation

Spherical

Jet Break

Jet

Core

Spherical

Jet Break
Jet

• Increasing viewing angle leads to later 
peak times at lower fluxes

• The jet break tells us the jet’s half 
opening angle (the collimation)

Credit: Stan 
Woosley



The brightest gamma-ray burst of all time

• GRB 221009A outshines 
all other known GRBs in 
gamma-rays and X-rays

• Nearby explosion at 720 
Mpc (z=0.15)

• The extreme energy 
release in gamma-rays 
implies a rate of once a 
millennia
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Lack of jet-breaks in bright GRBs

• The lack of a late-time steepening 
implies a wide jet 

• Same behavior in other nearby, 
energetic GRBs 

• Common central engine and/or 
structured jet for extreme events?

See also Berger et al. 2003 or de Pasquale et al. 2016
O’Connor, et al. 2023
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