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wyrd

Beowulf, line 455b;

GỄð Ŗ wyrd  «µŖ rū~ «śkz.

êFate  ^zµ^·« q~k« ^« s® {¯«®Îë

By J. R. Skelton - Marshall, Henrietta Elizabeth 
(1908) Stories of Beowulf, T.C. & E.C. Jack

"He knew his days upon this earth were past"

Wiglaf speaking to Beowulf after his battle  with the dragon. 
Beowulf is mortally wounded
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Two distinct populations

SHORT LONG

Data from the BATSE satellite
GRBs have a 
statistically  significant 
bimodal  distribution of log10 T90 

An extragalactic origin, and a 
required ultra-relativistic "fireball"

Cataclysmic accretion powered 
transient

1. Core collapse of massive 
stars (long)

2. Merger of binary neutron 
stars (short)

T90: The duration from 5% to 95% for the 
arrival of the total energy, at the detector

2 s



An Aside: Understanding the engines
ÅGRB prompt emission is measured at the detector as a fraction 

of the total flux; typically, the duration for the central 90% to 
arrive is used (5% to 95%). This is the T90

ÅThis timescale sets the minimum timescale that the engine is 
active
ÅT90/(1 + z) = tduration in the lab frame*

*(1 + z) corrects for cosmological time dilation

Engine on 

for time, t r = c t
Size

Emits while travelling 
with Lorentz factor,ɾ

Observed time is, tobs = R /  (2 2͊ c) andr = c t, 
tobs = R /  (2 2͊c) = r 2 2͊ /  (2 2͊ c) = r / c = t
tobs = t

r = R / 2 2͊

R= 2 2͊c t

Note; static engine relativistic emission region

The observed duration/(1+z) = the (minimum) engine duration



Understanding the engines

ÅAnalytically, accretion timescale can be described 
by a Shakura-Sunyaev -haccretion disk 1 model

o Turbulent, viscous accretion disks

o Dimensionless parameter,  h~ 0.01 to 0.1, and 
represents the "efficiency of angular momentum 
transport via turbulence "

o Viscosity is parameterized as v* =  hcs H, where cs is the 
sound speed and H is the disk scale height

ÅThe lifetime of a disk is the viscous time (tvisc)

tvisc = R2 / v* = R2 / (  hcs H)

1 see Shakura& Sunyaev 1973, 1976 etc.



Engine basics

Short duration bursts

ÅT90 < 2s, typically 0.6s
ÅMerger of neutron stars,total 

mass ~3 Mu
ÅSmall disk mass, 1-10% Mu
ÅCompact size, 10-100 km

Long duration bursts

ÅT90 > 2s, typically ~30s
ÅCore-collapse of massive star, 

~20-40 Mu
ÅDisk mass can be several Mu
ÅDisk is large, ~106 km

tvisc = R2 / v* = R2 оШы͈ШĦƚШcьШ
The viscous time is typically the longest timescale for an accretion disk and sets the maximum lifetime
Generally, the timescale is ordered, dynamical time  < thermal time  < viscous time
The radius, R, has the strongest dependence on this timescale å short GRBs are small, long GRBs are much larger

Note - Disks as GRB engines have turbulence that is likely driven by magneto-rotational 
instabilities (MRI) - this is a distinct mechanism when compared to the hydrodynamical, 

viscous process ofɻ-disks. However, theɻ-disk description still provides an effective 
prescription, and timescale arguments remain the same.



Relativistic disk

Short, merger GRB

ÅDisk, R ~ 100 km
tvisc ~ R оШы͈ШĦьШӈШыΝΜΜШťůьШоШыΜЮΝ× 3×105 km/s)

tvisc ~100 / 30,000 s ~ 0.003 s

Extremely short timescale consistent with the 
minimum variability timescale in short duration 
bursts

Long, collapsar GRB

ÅDisk, R ~ 106 km
tvisc ~ RоШы͈ШĦьШӈШыΝΜ6 km) / (0.1× 3×105 km/s)

tvisc ~ 1,000,000/30,000 s ~ 33 s

A timescale that aligns perfectly with long GRB 
timescales

ÅNewtonian Keplerian motion is invalid near the innermost stable circular 
orbit
ÅRequiresrelativistic angular velocity from General Relativity* . However, 

order -of-magnitude  comparison is sufficient

Here we assume͈ШӀШΜЮΝ

The duration of the GRB is fundamentally set by the size of the 
accretion disk, which is a direct consequence of the progenitor system

*For a Kerr black-hole,
̡ШӀШы]Ш~и)½ / [R3/2 + a (G Mи)½ ]
Where 0 << aӅШΝЯШŉŸƖШċШ]Å7ШĲŰŊŔŰĲ
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order -of-magnitude  comparison is sufficient

Here we assume͈ШӀШΜЮΝ

The duration of the GRB is fundamentally set by the size of the 
accretion disk, which is a direct consequence of the progenitor system

*For a Kerr black-hole,
̡ШӀШы]Ш~и)½ / [R3/2 + a (G Mи)½ ]
Where 0 << aӅШΝЯШŉŸƖШċШ]Å7ШĲŰŊŔŰĲ

*it isn't the same disk material as a 

collapsar, so why the same viscosity?



The -͈disk- it hides all 
our physics
Stress (turbulence/magnetic) : Sr͝

Pressure (gas + radiation) : P

So,͈ШӀSƖ ͝/ P

Merger disk: mostly neutrons

- Low opacity т poor radiative cooling

- Low ionization fraction т reduced MRI

Both SƖ a͝nd P can be lower

- Low ionization = high magnetic 
diffusivity, and suppressed MRI

Without another source of turbulence,SƖ ͝
will by much smaller for a neutron 
dominated disk and so͈ШĦċŰШĤĲШƚůċũũĲƖ

The 3D snapshot atὸὸmergerɭʆʆsin a domain of Ḑ103ʆʆkmand Ḑ102ʆʆkm. The rest-mass 
density (contours), magnetic-field lines penetrating the apparent horizon (lines), and the 
outflow in the magnetosphere (arrows) are shown. The black sphere at the center shows 
the apparent horizon.

Hayashi et al. 2025



TYPE I

ÅDuration is < 2 s, SHORT

ÅShort spike then extended emission

ÅNo supernova

ÅLarge offset from host

ÅHost has low star-formation rate

ÅUniform medium

ÅSmall energy

ÅDuration is > 2 s, LONG

ÅSpectral lag

ÅSupernova

ÅNo offset from host

ÅHost has high star-formation rate

ÅUniform or wind medium

ÅLarge energy

TYPE II

Two types of GRB т our favourite assumptions



A walk back over the last couple of years...

ÅThe resurgence of the x-ray burst т some Einstein Probe events
o High redshift transients
o Nearby x-ray rich bursts
o GRBs and XRBs
o Fast X-ray Transients (FXTs)

ÅThe continued finds of Luminous Fast Blue Optical Transients (LFBOTs т not GRBs 
but quite distracting)
ÅLong GRBs, short GRBs, and long GRBs that are really "short" GRBs т and the other 

way



The rise of the Luminous Fast 
Blue Optical Transients 
(LFBOTs) - what is it?
ÅSee poster by Conor Omand

(week 5), AT2024wpp "whippet"

Omand (incl. Lamb) et al. 2026

Luminosity

Radius

Temperature

Conor OmandWOMBAT



EP241021a

ÅNo gamma-rays 
ÅA redshift ofz=0.75
ÅAn anomalous rebrightening 

that is too rapid,̍ÑоÑШӃШϽШ
ÅAnd a supernova!

o I tried so many different ideas: 
refreshed and strong shocks, 
reverse shock, hot-spots, 
multiple mini-jets, structured 
jet(s), an energetic ring... 

Quirola-Vasquez (incl. Lamb) et al. 2026

1. 2. 3.

1.

2.3.



EP250207b

ÅAt a redshift, z=0.082
...maybe...
ÅOr a redshift, z =2.1824
ÅGalaxies at both

o Chance alignment higher for 
z=0.082

o Offset for z=2.18,~50 kpc

ÅBoth cases likely non-
collapsar origin

o No supernova, z=0.08
o High offset,z=2.18

ÅNo gamma-rays from GECAM
o Fermi GBM Earth occulted

Jonker (incl. Lamb) et al. 2026

Model prefers slightly off -axis**, v͏iew / c͏ = 1.375



EP241217a

ÅRedshift, z=4.59
ÅBelow gamma-ray 

detection 
threshold
ÅLikely long (type II) 

GRB with a bump 
т is this a 
termination 
shock!?*

*you can model this as a refreshed shock, but the post refreshed decline is a bit steep Zhou (incl. Lamb) et al. 2025



EP240801a/XRF 240801B

ÅRedshift, z=1.67
ÅLong duration
ÅTwo-component jet 

used  to model т 
maybe like the BOAT

Jiang (incl. Lamb) et al. 2025

Energetic, off-axis 
and narrow core -.-.-.



EP241021a : on-axis, highly variable, 
~3+ components, and a supernova
EP250207b : mildly off-axis, possibly 
one of two redshifts,ambiguous type I 
or II, but looks more like a type I for 
both redshifts
EP241217a : wind medium and 
possible termination shock crossing, 
likely type II, high redshift
EP240801a: off-axis narrow core, 
wider second component, is this a 
BOAT analogue!?

Type II (collapsar)

Type I (merger?)

Type II(collapsar)

Type II(collapsar)

Quirola-Vasquez et al. 2026

Jonkeret al. 2026

Zhou et al. 2025

Jiang et al. 2025



Credit: Soheb Mandhai



RastinejadÏ ÒÝs|gzÎ Lamb) et al. 2022

GRB 211211A sits in the 
middle of the long-duration 
GRB population, in terms of 
duration and spectral 
hardness (ratio of high to 
low energy within the 
gamma-ray emission)

So, GRB 211211A is a 
long GRB.
And as such it should 
be near a star forming 
region... and have a 
supernova



GRB 230307A т Another long GRB
But...

Levan (incl. Lamb) et al. 2023



TYPE I

ÅDuration is < 2 s, SHORT

ÅShort spike then extended emission

ÅNo supernova

ÅLarge offset from host

ÅHost has low star formation rate

ÅUniform medium

ÅSmall energy

ÅDuration is > 2 s, LONG

ÅSpectral lag

ÅSupernova

ÅNo offset from host

ÅHost has highstar formation rate

ÅUniform or wind medium

ÅLarge energy

TYPE II

Two types of GRB



GRB 211211a т our favourite assumption, 
in a break-up story

Galaxy 1: redshift 0.0762

Galaxy II: redshift 0.4587
UV detection of 
the transient at 
10 hours

Optical 
spectroscopy slit 
position. Image in 
i-band (red)

Offset (in 
projection) is 8 
kpc for galaxy I т 
the largest offset 
for a long 
duration GRB

RastinejadЯШвыŔŰĦũЮШLamb) et al. 2022



Rastinejad (incl. Lamb) et al. 2022

Å Prompt, initial burst is >10 s
Å Duration and spectral hardness, as a long 'collapsar' GRBs
Å Afterglow has excess at red wavelengths from 4 days
Å Afterglow model subtracted, looks like AT2017gfo
Å GRB 211211A is NOT a collapsar! Merger!?



Levan (incl. Lamb) et al. 2023

Kilonova 
model

Afterglow
model

GRB 230307A tells the same story!



GRB 230307Aт and* nebular phase spectra with JWST reveals features 
that look liker-processelements

*rubbing salt in the wounds



The twoGRBs that broketraditions

GRB 211211A
ÅGRB duration: T90 = 51 s
ÅAfterglow:
ÅHost galaxy redshift, z = 0.0763
ÅSupernova:
ÅKilonova:

GRB 230307B
ÅGRB duration: T90 = 35 s
ÅAfterglow:
ÅHost galaxy redshift, z = 0.0646
ÅSupernova:
ÅKilonova:

LIGO/Virgo/Kagra were all turned off at the time of both these events



On wibbly-wobbly pre-cursors

Another distraction...



Power



A MAGNETAR DID IT!!!!



G a v i n  o n  m a g n e t a r s

Credit: ESA



See and talk to Conor Omand
He's here (looking less like a pirate) and 
hiswork is mostly onmagnetars 

Super/Kilo -nova 
Emission

Thermal 
Transient
Afterglow

Adapted from Gao et al. 2015

ÅMagnetars are highly 
magnetised, "new" neutron 
stars

Å Both collapsars and mergers 
can result in magnetar 
formation

Å Unlike a black-hole central 
engine, a magnetar will 
produce a "pulsar wind 
nebular"

Å This can create additional 
transients on the timescale of 
the afterglow

Conor Omand



T H E  T I M E  I  J O I N E D  I N . . .

Conor Omand

Omand, Sarin & Lamb 2025

Å Radio and X-ray 
transients from the 
ejecta and pulsar wind 
nebula (PWN)

Å PWN from 6 years for 
SNe-GRBs, and 100 
days for KNe-GRB

Å X-ray may contribute 
at late times from 
ejecta afterglow and 
PWN



An aside on an aside...
Searching for a magnetar after GRB 211211A



An aside on an aside...
Searching for a magnetar after GRB 211211A



An aside on an aside...
Searching for a magnetar after GRB 211211A

Log n0 = -0.26 +1.29 -1.93   Rastinejad (incl. Lamb) et al. 2022

The radio results 
are the best we 
could get...
...but even I admit 
that they're not 
the most 
constraining

Schroeder (incl. Lamb) et al. 2026



Xiao et al. 2024


