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Jet collides with

Credit: NASA | . | ambient medium
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Classification: Short GRBs versus Long GRBs
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‘Short GRBs | Long GRBs

NSNS + NSBH Collapsars
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Short GRBs | Long GRBs

NS-NS + NSBH + Collapsars + Collapsars + NSBH + NSNS + NSWD +
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Long GRB Supernova Connection

ATypelc-BLT e.g, SN1998bw (Galama et al. 1998)
ANo correlatlon Wlth gamm&ray energy over 7 orders of magnitude
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Short GRB Kilonova Connectig! 2 e it Yw? ¢ 2 R

Time since GRB 130603B (days)

1 10

21 \—\\\ | ]'X—r'ay E
ig\} GRB 130603B TR o

22 | % *F160W

AB—magnitude
I\N) V) ) N
o () IN &}

A}
2

28

29

\
Lo ol

104 108 108
Time since GRB 130603B (s)

Tanvir et al. 2013
Berger et al.2013

10—11

1 1012

1 10-18

= 10~

X-ray flux (ergs s-! cm2)

Flux [p Jy]

10

0.1

0.01

GRB 160821B

- —— Kilonova

Forward Shock

Zz band

nIR

I
i F110W
B Fi60W
Ks .

[ | band tjet

| Ll L L ol

0.1 1 10
Time [d]

Troja et al. 2019
Kasliwalet al. 2017: Lamb et al. 2019




é%uum¢ﬁivm7czﬁﬁ

Long GRB Kilonova Conneciti
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ngh RedShlft GRBS Less than 1 Gyr after Big Bang!

Detected during the Epoch of Reionize %

Salvaterra et al. 2009

Neutral hydrogen fraction, UV Tanvir et al. 2009

escape fraction, metallicity of
ISM/IGM, Pop Ill stars?
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12 GRBs have been urovered at z>6 in the last 20 years
SVOM/EP may increase this rate!
(and in the future, THESEUS)



SVOM GRB 250314Alat X&

Rapid near-infrared imaging and

. . The high hif ?
spectra are required to find these GRBS! e highest redshiit supernova
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X-ray Flashes (XRFs)
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Low luminosity GRBs and XRFs
dominate the volumetric rate of events
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EP redshifts match
long GRBSs! Likely
majority collapsars.
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FXTs/XRFs with Supernovae

Nature of early optical decay:
Cocoons? Different progenitors?
Extended stellar envelopes?
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What Is the Nature of Ultlang GRBs?

55 T TTTTm T TTTI T TTTTI T TTTI T TTTTI I IIIIIII| | IIIIIII| I IIIIIIII I_ A Selectlon effects')
GRB 121027A - A Gamma-ray telescopes are not designed
q to detect these ultra -long events

GRB 111209A | A Requires interconnection, e.g., IPN
o _
-: A How do their progenitors differ?

GRB 101225A  — Blue supergiant collapsars?
Extended stellar envelopes/CSM?
Magnetars?

Helium core (HeC) wBH mergers?
Micro-TDES?

IMBH-WD TDES?

Etc?
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A At least some are collapsarsé ol
(Greiner et al. 2015)

Levan et al. 2014




GRB 250702&( P8t O

10 arcsec

The Longest of All Time{EOAT?)

K, 8 July

FI60W. 15 July

= 3

Levan et al. 2025

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

A Multiple gamma -ray triggers

A 25ks gamma-ray emission (Neights et al. 2025)
A Short ~1 s minimum variability timescale

A Early EP Xray detection ~1 day before the
first GRB trigger (Li et al. 2025)
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GRB 250702B-¥ay Properties
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Short timescale flaring requires an
internal dissipation process and

prolonged central engine activity

! NuSTAR

1,25 7 |t xRT
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0.50
0.25

120 140 160

Time (ks)

A New GRB Progenitor?
HeC-BH merger? Neightset 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
l el RUNDWg6 Wl Rt #2tt RYUB




55 T TTTTT T IIIII|T| T TTTI T TTTITm UL T IIIII|T| T |IIIIII| T IIIIIII| T

Major Open Questions : o 2078
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~ 45 - GRB101225A |
A Improved GRB classification? Lﬂ
AxYUnDW2t WESYI qlURt WY 2 D 40 - )
— B Galactic sources |
A Central engine: BH or Magnetar? 00101 1 10 1001000104 105 106
too (5) Levan et al. 2014
A Earliest GRB progenitors (Pop 111?) at z>5 cras0704a 5 EP24031388,
. . I : o® T %L T > 1055} B
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GRBs are detectable over extreme distances!

GRBs are detectable outto z 9 and potentially higher!
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Burns et al. 2023



] Less than 1 Gyr after Big Bang!

Exquisite Probes of Relonizatior

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

of cosmic SFR at faint end of galaxy luminosity function,

S.O Redshift (z)
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YD A

Pop Il stars?
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Made with astropy using Planck model (2018).
Background adapted from: @ ESA, ©Planck Collaboration.

Age of the Universe (yr)




SVOM GRB 250314Al4t

Rapid near-infrared imaging and
spectra can detect high redshift GRBs!
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Long GRB KN are Notably Rare!

GRB 230307A is theecond brightest GRB behind GRB 221009A and GRB
211211A was thesecond brightest Swift GRB behind GRB 130427A
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X-rayLightcurve®f XRFs and Low Lum|n03|ty GF
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More Peculiar Fastbay Transients:
Relation to Orphans/Dirty Fireballs?

A Are EP FXTs related to dirty fireballs? Lower Lorentz factor outflows BVialte Bysmann i
without prompt gamma -rays? (e.g., Rhoads et al. 1997, 2003) Grad sdent, LM

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

A 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

h cent EP sources. ) e
and many others on re Busmann,8 K 9 Y U &t ¥ll 2025



