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Outline of the Talk: what will or will not be covered

ÂGRBs: select highlights from the recent decade 
É GRB170817A/GW170817: 1st EM-GW counterpart (sGRB, kilonova, afterglow),      

r-process elements synthesis, jet angular structure & large off-axis viewing angle 

É Polarization: GW170817 UL ᵼ constraints on B-field structure in the afterglow shock; 
GRB B: reverse to forward shock transition; afterglow pol. from structured jets

É Prompt GRB: dissipation (IS/rec), emission (syn/Compt/SSC/had) (Rahaman)

É TeV emission:  from nearby GRBs ς afterglow, reverse shock, prompt? ( )

É GRB 221009A (B.O.A.T): bright in TeV, shallow jet, 6-12 MeV line (3ÁÌÁÆÉÁ)

Â Einstein Probe X-ray transients: mostly GRBs, start earlier, last longer (Hamidani)

Â ULGRB 250702B: ~day long, unclear origin (some type of collapsar or TDE?)

ÂMagnetars / FRBs: FRBs from a Galactic magnetar, SGR 1935+2154 (28.4.2020)

É Persistent Radio Sources (PRSs) associated with repeating Fast Radio Bursts (FRBs) 

É Extragalactic Magnetar Giant Flares- current sample and prospects



GW170817 / GRB170817A: NS -NS merger
ÁFirst electromagnetic counterpart to a GW event
× The short GRB 170817A (very under-luminous, 1.74 s ♬-GW delay)

×Optical (IR to UV) kilonova emission (1st clear-cut) for a few weeks

×X-ray (> 9 d; still barely detected) to radio (>16 d) afterglow

ÁFirst NS-NS merger detected in gravitational waves (GW)

ÁFirst direct sGRB - NS-NS merger association (Eichler+ 1989)

ÁThe ♬-GW 1.74 s delay constrains GW speed: ρṂτɇρπ  

(Abbott et al. 2017)

(Margutti  et al. 2018)
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GW170817 / GRB170817A: Kilonova
ÁObservations require two components:
× First blue/ fast, lanthanide-poor                             
ὓ ρϷ ςϷὓἄ , ὺ πȢς πȢσὧ

×Second red/slow, lanthanide-rich                        
ὓ σϷ υϷὓἄ , ὺ πȢπυ πȢςὧ

ÁSynthesized large amounts of heavy 
elements (may dominate the cosmic r-process 
nucleosynthesis, heavy metals e.g. gold, platinum)

(Kasen et al. 2017)



GW170817 / GRB170817A: Remnant Type

ÁM1,2 = pre-merger NS Mgravitational

Ápost-merger total mass: Mi = M1 + M2

ÁFinal mass Mf Ғ лΦфоai due to:

×GW & neutrino energy losses

×Mass ejection during the merger

ÁA stable NS or SMNS ᵼ P0 Ғ м ms  ᵼ Erot ṃ 1052.5 erg, 
† ςπὄ  ÄÁÙÓ ᵼ would contradict afterglow 
observations (also what produces the GRB/afterglow?)

ÁThe argument can be reversed to constrain NS EoS & 
ὓ ṂςȢρχὓἄ (Margalit & Metzger 2017; Rezzolla et al. 2018)

(Abbott+ 2017)
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GRB170817A: Afterglow Observations

F˄  θ  ˄ ҍ0.61t0.78±0.05 

(Mooley et al. 2018)



GRB170817A: Afterglow Observations

F˄  θ  ˄ ҍлΦсмt0.78±0.05 

(Mooley et al. 2018)

A rise lasting > 100 days 
is very unusual!!!



Analogy to rising Ὂ : X-ray Plateaus

ÂPossible solutions:

É Evolution of shock microphysical 
parameters (JG, Konigl & Piran 2006)

É Energy injection into external shock:

1.long-lived relativistic wind

2.slower ejecta catching up                   
(Sari & Meszaros 00; Nousek+ 06; JG & Kumar 06)

(Vaughan et al. 2006)
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(JG et al. 2002)

Analogy to rising Ὂ : Off -Axis Viewing

ÂThe emission is initially strongly 
beamed away from our L.o.S

ÂὊ rises as beaming cone widens

ÂWhen beaming cone reaches LoS 
Ὂ peaks & approaches on-axis Ὂ

ÂThe rise is much more gradual 
for hydrodynamic simulations 
due to slower matter at the jetôs 
sides with non-radial velocities

(JG et al. 2001)

semi-analytic 
top-hat jet

(JG, Ramirez -Ruiz & Perna  2005)



Outflow  Structure:  Breaking  the  Degeneracy  (Gill  &  JG  18)

Â The lightcurves leave a lot of degeneracy between models

Â The degeneracy may be lifted by calculation the afterglow images & 
polarization (e.g. Nakar & Piran 2018; Nakar et al. 2018)

ÂWe considered 4 different models including both main types
ÉSph+Einj: Spherical with energy injection E(> u = ɱ̡ ύ θ  uҍс, 1.5 < u < 4

ÉQSph+Einj: Quasi-Spherical + energy injection E(>u) θ  uҍs, umin,0 = 1.8  umax,0 = 4, 

   s = 5.5, y = 0.1



Outflow  Structure:  Breaking  the  Degeneracy  (Gill  &  JG  18)

Â The lightcurves leave a lot of degeneracy between models

Â The degeneracy may be lifted by calculation the afterglow images & 
polarization (e.g. Nakar & Piran 2018; Nakar et al. 2018)

ÂWe considered 4 different models including both main types
ÉGJ: Gaussian Jet (in ʁ  Ґ dE/dʍ, ɱ0ҍ1) ɱc = 600, ̒ c = 4.7°

ÉPLJ: Power-Law Jet; ʁ  Ґ ʶcɸ
ҍa, ɱ0ҍ1 Ґ όɱcҍ1)ɸҍb, ɸ Ґ ώ1Ҍόʻκʻc)

2]1/2, ɱc = 100, ̒ c = 5°, a = 4.5, b = 2.5

Â As there is a lot of freedom we fixed: p = 2.16, ʁ B = n0 = 10ҍ3, ̒ obs = 27°



Outflow  Structure:  Breaking  the  Degeneracy  (Gill  &  JG  18)

Â Tentative fit to GRB170817A afterglow data (radio to X-ray)
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Outflow  Structure:  Breaking  the  Degeneracy  (Gill  &  JG  18)

Â New data that came out established a peak at ὸ  ͯ ρυπ ÄÁÙÓ
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Outflow  Structure:  Breaking  the  Degeneracy  (Gill  &  JG  18)

Â The jet models decay faster (closer to post-peak data: Ὂᶿὸ Ȣ)
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Afterglow Images:  Flux Centroid, Size, Shape

Â The flux centroid motion: a potentially powerful diagnostic

Â It may be hard to tell apart models based on the image size 
alone, but a much higher axis-ratio is expected for jet models
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Afterglow Images:  Flux Centroid, Size, Shape

Â The flux centroid motion: a potentially powerful diagnostic

Â It may be hard to tell apart models based on the image size 
alone, but a much higher axis-ratio is expected for jet models

(Ghirlanda 
et al. 2018)

ɓapp = 4.1 ±  0.5

(Mooley et
al. 2018)



Afterglow Images:  Flux Centroid, Size, Shape

Â The flux centroid motion: a potentially powerful diagnostic

Â It may be hard to tell apart models based on the image size 
alone, but a much higher axis-ratio is expected for jet models

(Gill & JG 2018) (JG, De Colle & Ramirez -Ruiz 2018)

(Gill & Granot  
2018)

(Granot et al.  2018)

Agree with radio afterglow images from simulationsRadio flux centroid motion: semi-analytic



GRB Polarization probes the B-field & Jet structures:
ÁPrompt GRB: hard X-ray ς soft ♬-ray                                                                           
ᵼ hard to measure ᵼ no clear detections

        (stay tuned: POLAR-2, LEAP, COSI, eXTP)

ÁReverse Shock: also probes original ejecta, but in optical to radio ᵼ detections

×Probes B-field structure & turbulence in the ejecta near the deceleration epoch

×Radio UL ɩȢ ρ ÄÁÙχϷ ᵼ rules out ordered B-field (coherent over — ṃρȾɜ) or 
toroidal B-field + ὨὉȾὨɱᶿ—  structured jet; allows — Ṃρπ  patches (JG & Taylor 2005)

×RINGO2 GRB120308A: ɩ ςτπσςσ Ó ςψτϷ ᵼ ordered B-field (Mundell et al. 2013)

×ALMA GRB190114C: ɩ Ȣ нΦн ỉ рΦн ƘǊ лΦф ỉ лΦс҈  with ɝ— нΦн ỉ рΦн ƘǊ υτЈ 

(first GRB radio polarization)  ᵼ  favors patches with — ρͯπ  (Laskar et al. 2019)

ÁAfterglow: optical & radio ς probes jet angular structure & B-field structure in 
collisionless relativistic shocks



GRB 170817A: polarization UL ᵼ post-shock B-field
ÁJet angular structure & —  well constrained ᵼ breaks degeneracies

ÁAssuming a shock-produce B-field with ὦḳςὄ᷆ Ⱦὄ  (JG & königl 03; Gill & JG 18)
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Later: upper limit 
Plin < 12%    @
 ˄= 2.8 GHz, 

t = 244 days 
(Corsi + 2018)



GRB 170817A: polarization UL ᵼ post-shock B-field
ÁJet angular structure & —  well constrained ᵼ breaks degeneracies

ÁAssuming a shock-produce B-field with ὦḳςὄ᷆ Ⱦὄ  (JG & königl 03; Gill & JG 18)

Later: upper limit 
Plin < 12%    @
 ˄= 2.8 GHz, 

t = 244 days 
(Corsi + 2018)

0.7  b  1.5
for jet models



GRB 170817A: polarization UL ᵼ post-shock B-field
More realistic assumptions ᵼ B-field in collisionless shocks: (Gill & JG 2020)
Á2D emitting shell ỉ 3D emitting volume (local BM76 radial profile)
ÁB-field evolution by faster radial expansion: [Ωr κ [ΩʻΣ˒θ

(̝7-2k)/(8-2k) 

ÁB-field isotropic in 3D with .Ωr ỉ ˅ .Ωr (Sari 1999); ˅  Ґ ˅f  ̝
(7-2k)/(8-2k)

0.57 Ṃ ɝf Ṃ 0.89



Reverse + Forward Shock Polarization: (Arimoto et al. 2023)
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HOWPol / HONIR                         Kanata Telescope
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Reverse + Forward Shock Polarization: (Arimoto et al. 2023)

Polarization

HOWPol / HONIR                         Kanata Telescope

Á< 300 s: RS; P: 5 ỉ 1҈Σ ʻp Ғ 70°
Á0.3-2 ks: Pͯ2-8҈Σ ʻp varies
Á5-20 ks: FS; Pͯ 0.5-2҈Σ ʻp Ғ 160°
ÁRS ỉ FS dominance @ ~103 s

Á< 300 s: ejecta; Btor + turbulence 
Á0.3-2 ks: turbulence-induced P
Á5-20 ks: CSM; radial stretching



Afterglow Polarization from Shallow Jets (Birenbaum et al. 2024)
P peaks near the jet break time       ὖ ήὥȢπȢπυυÔÁÎÈπȢστ ςȢσÌÏÇ‚ πȢπς

GRB221009A 
(B.O.A.T)

ÁParticularly energetic GRBs 
seem to have shallow Jets

ÁEarlier polarimetry of the 
B.O.A.T could have helped 
constrain its jet structure & 
post-shock B-field structure
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Afterglow Polarization from Steep Jets (╪  ; Birenbaum et al. 2026)
P peaks near the jet break time       ὖ ɰὥȟή ὃÔÁÎÈὄÌÏÇ‚ ὅ Ὀ

AT2021lfa 
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ULGRB250702B: Prompt Emission:

(Neights et al. 2025)

Ὕ ςυ ËÓ (longest ever)

ὸ ρÓ, Ὁ υ -Å6 ɜ υφ
Ὁ τ -Å6 ɜ ψρ

Ὁȟ ρȢτ ρπ ÅÒÇȠ

 ὒȟ υ ρπ ÅÒÇ/s

 Ὁȟͯ ρȢυ φ -Å6

Amati relation Yonetoku relation



Ultra-Long GRBs:
Ὕ ςυ ËÓ

Ὁȟ ρȢτ ρπ ÅÒÇ

 ὒȟ υ ρπ ÅÒÇ/s

 ὒȟ ρȢρ ρπ ÅÒÇ/s

 Ὁȟͯ ρȢυ φ -Å6

(Ror et al. 2024)

(Levan et al. 2014)(Neights et al. 2025)



ULGRB250702B 
Redshift & 
Host galaxy: 

(Levan et al. 2025)

JWST: ◑ Ȣ  

(Carney et al. 2025)ÏÆÆÓÅÔυȢχ ËÐÃ 

Massive spiral 
galaxy (with dust 

lane?) or merger

VLT / HAWK-I
HST

(Carney et 
al. 2025)



ULGRB250702B Afterglow: X-ray, IR, radio

(Levan et al. 2025)

ÁExtinction: ὃ πȢψτχ ÍÁÇ (MW) + ς ω ÍÁÇ (host); ὔ σ υ ρπ ÃÍ

(OΩConnor et al. 2025)

ÁStratified external medium

ÁὉȟ  ͯ ÆÅ×  Ὁȟ

ÁNarrow jet: — ρͯπ ÒÁÄ

ÁStill many degeneracies; 
more data expected


