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Outline of the Talkwhat will or will not be covered

A GRB: select highlights from the recent decade

GRBA7081A/GW170817 1sStEM-GW counterpart§GRBkilonova afterglow),
r-process elements synthesjset angular structure & large oHxis viewing angle

Polarization GWL70817ULt constraintson B-field structurein the afterglowshock;
GRB B:reverseto forward shocktransition; afterglowpol. from structuredjets

Prompt GRBdissipationIS/rec), emissio(syn/Comp{SSC/hadjRahaman)
TeV emission from nearby GRBsafterglow, reverse shock, prompt? )
GRB221009A (B.O.A.T)bright in TeV, shallow je6-12MeV line(3A | A /EE A

A Einstein Probexray transients: mostly GRBs, start earlier, last lor{gemidan)
A ULGRE50702: ~day long, unclear origin (some type of collapsar or TDE?)

A Magnetars / FRB: FRBs from a Galactic magnetar, 3885+2154(28.4.2020)
Persistent Radio Sourcd3RS) associated with repeating Fast Radio BulSig)
Extragalactic Magnetar Giant Flaresrrent sample and prospects



GW170817 / GRB170817A: NS -NS merger

AFirst electromagnetic counterpart to a GW event
X Theshort GRBL70817A (very undetuminous, 1.74s ~GWdelay)
x Optical(IRto UV)kilonovaemission(1st clear-cut) for a few weeks
x X-ray (> 9 d; still barely detected) to radio (>16 diterglow

AFirst NSNS merger detected in gravitational waves (GW'"~ i —— NEY

Farmi, INTEGRAL, Astrosart, IPN, rasghe +OIMT, Swift, AGILE, CALET. HE § 8, HAWC, Konus-Wind

AFlrst directsGRB NSNS merger associatiofEichler+ 1989 xa
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AThe »GW1.74s delay constrains GW spee|e|— p‘ M1 ¢p T —~

S I I sOthS:aavv\l oL .ROS2, HST, Las Cumbros, SkyMapper, VISTA, MASTER. Magean, Suban n-ssumf"fl/i;‘_._.

A e R 8 ; IHost galaxy | e = Xj? ] Twﬁm”fﬁ»mfé’mﬁ?" ’""”w‘f»““o%mw* sl LU LN 1' A |
IS elliptical: m 8 B8ElT "H v ] e ] . Ra:o R mwmwwm“ WL Lm0
(O 8 ) 1l fidm Lool el \ IR t= 160 o " s st w\ e CAnmmn Wone

. . . | R " 1 -100 -50 _0-750 102 10" 100 10"
host center in prOJectlon | L7 "\\\\ AT Hoidarm) |

G b z I el . - % | [iM2H Swope DLT40 VISTA Chandra

NGC 4993 . z : _b * | _. =

T io-el T - t= 15 4 _| . g : X \ ; B a
. é xle—"7 - R b of . b - »
Thml - “, T~ \%?% N . - v o =
HST/WFC3 F475W/F606W/F814W| B o 10 86h ' 1:‘ '08h‘ V._W*v,___l! :11 24h 7*)‘/-]!_(: 9d X-ray
(M argutti et aI 20 18) 1 [MASTER [DECam Las Cumbres JVLA
Radi - _ .
Lo-1o : o::tll::al/NIR Tt~ _t=9 4 | |
® X—rays RN # o q k _ 9 X
- ----Afterglow: F,_ ~» " 9°¢ \T N " g ‘ " .
| .KlanoYa | . | . | . | | ' - 1 -
10" o™ 1 quencs Tiim 1ot 10 l413th.  wit140n izl11.57n w  16.4d Radio




GW170817 / GRB170817A: Kilonova

AObservations require two components The Origin of the Solar System Elements
x Firstblue/fast, lanthanidepoor -7

(3]

; PP CPO, 0 (8 TEO

Seconded/slow lanthaniderich 2 A Aﬂﬂ AAd A A
. U ob uP bg,0 (v )6 e
ASynthesized large amounts of heavy b

elements(may dominate the cosmicprocess a8 0 0 R e

nucleosynthesis, heavy metals e.g. gold, platin/Gw—— T

ttp://www.astronomy.ohio-state.edu/~jaj/nucleo/ ESA/NASA/AASNova

squeezed dynamical squeezed dynamical
v ~ 0.2c-0.3c v ~ 0.2c-0.3c

E tidal dynamical tidal dynamical
- v ~ 0.2c-0.3c v ~ 0.2¢-0.3c
disk wind disk wind

v £ 0.1c v < 0.1c

tidal dynamical
v ~ 0.2c-0.3c

disk wind
v 5 0.1c

Neutron Star + Neutron Star Neutron Star + Neutron Star Neutron Star + Black Hole
long lived neutron star remnant remnant prompt collapse to black hole black hole remnant

(Kasenet al. 2017)




GW170817 / GRB170817A:

AMl,Z = pre-merger NSVIgravitationaI
Apostmerger total massv; =M, +M,
AFinal masdl. + 51 ddbete:

x GW & neutrino energy losses

X Mass ejection during the merger

AA stable NS or SMNS P,f mst E, ml0?°erg,

T ¢t A AW ould contradict afterglow
observationgalso what produces the GRB/afterglow?)

AThe argument can be reversed to constrainBS&
U MC® Y g (Margalit& Metzger 2017Rezzollzt al. 2018

" supra-massive NS
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GRB170817A: Afterglow Observations
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GRB170817A: Afterglow Observations

/\

Frequency (GHz)



Analogy to rising ‘O : X-ray Plateaus

A Possible solutions:

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

Energy injection into external shock:

1.longlived relativistic wind

2.slower ejecta catching up
(Sari &MeszarosDO Nousel¢ 06; JG & Kumar 06)
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Analogy to rising ‘O : X-ray Plateaus

A Possible solutions:

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

Energy injection into external shock:

1.longlived relativistic wind

2|slower ejecta catching

arl & eszaro; ouse U6, JG & Kumar 06)

B ) Energy |nject|on into-
_ 1000 SN the afterglow shock ;
2 .00 amb5 (wind) E
ER: %o z
2 (3G & ' q~ /’
5> 0.10E . |

- Kumar

" 2006) ]

0.01 N C R I U n]
0.071 0.10 1.00 10.00 100.00
u=gr

Viewing angle effectgngular

2 -
T — ateay  usuaf Post
R plateal decay Jet ]
SSprapid i o4l breald

CE |

‘?O I

— |

o2
5o

o

oo 1000 .....1.04 00 10°
(Vaughan et al. 2Q98) since trigger (s)
v~3
¥~50 (e o
W
ec:l:vs'/ )
(JG, Ramirez -Ruiz & Perna 2005) 'S




Analogy to rising

A The emission is initially strongly
beamed away from oWr.0.S

A "Orises as beaming cone widens

A Whenbeamingconereache4 oS
"Opeaks& approache®n-axis'O

A The rise is much more gradual
for hydrodynamic simulations

due t o sl ower ma t

sides with nofradial velocities

'O : Off -Axis Viewing

N\ sem'ranalyticg
S\ _top-hat jet]]

(JG, Ramirez -Ruiz & Perna 2005) N



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

A The lightcurves leave a lot of degeneracy between models

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

A We considered 4 different models including both main types
Sph+E;: Sprerical with energy injectioE(>u=n) ¥ ub> ¢1.5<u<4
QSph+f;: QuaerpfencaHenergy |nject|orE(>u? ubs, umm 0—1 8 umaxO 4,
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Outflow Structure: Breaking the Degeneracy (Gil & JG 18)

A The lightcurves leave a lot of degeneracy between models

A The degeneracy may be lifted by calculation the aftergloages&
polarization(e.g. Nakar & Pira@018 Nakar et al2018
A We considered! different models including both main types
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Outflow Structure:
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Outflow Structure: Breaking the Degeneracy (Gil & JG 18)
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Outflow Structure:

Breaking

the Degeneracy

(Gill & JG 18)

A The jet models decay faster (closer to ppstik data’0® o 8)
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Afterglow Images: Flux Centroid, Size, Shape

A Theflux centroid motion a potentiallypowerful diagnostic

A It may be hard to tell apart models based on thege size
alone, butamuchhigheraxisratio isexpectedfor jet models
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Afterglow Images: Flux Centroid, Size, Shape

A Theflux centroid motion a potentiallypowerful diagnostic

A It may be hard to tell apart models based on thege size
alone, butamuchhigheraxisratio isexpectedfor jet models
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Afterglow Images: Flux Centroid, Size, Shape

A Theflux centroid motion a potentiallypowerful diagnostic

A It may be hard to tell apart models based on thege size
alone, butamuchhigheraxisratio isexpectedfor jet models
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Afterglow Images: Flux Centroid, Size, Shape

A Theflux centroid motion a potentiallypowerful diagnostic

A It may be hard to tell apart models based on thege size
alone, butamuchhigheraxisratio isexpectedfor jet models
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Afterglow Images: Flux Centroid, Size, Shape

A Theflux centroid motion a potentiallypowerful diagnostic

A It may be hard to tell apart models based on thege size
alone, butamuchhigheraxisratio isexpectedfor jet models

Radio flux centr0|d motlon semanalytlc Agree with radio afterglow images from simulations
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GRBPolarizationprobes theB—fleId & Jet structures

\>\\\‘ //?/
APrompt GRBhard %rayc soft s-ray \
+ hard to measure no clear detections = /H\\
(stay tuned: POLAR LEAP, COSKTR & I

AReverse Shoclalso probes original ejecta, but in optical to radialetections
x Probes HEfield structure & turbulence in the ejecta near the deceleration epoch

x RadioUL g (pAAU xb t rules out ordered Bield (coherent over— m p#3) or
toroidal Bfield +Q @&Om® — structured jet; allows— M p 1t patches(JG & Taylo2005

x RINGQGRB2030A:t1 (ctmoc@ ¢ ¢ tb+ ordered Bfield (Mundelletal.2013

x ALMAGRBO114:t g (H @ Hp IKHNI nd® 1@ cwith3—(H dHp dKHNJ v U
(first GRB radio polarization) favors patches with— p 1 (Laskaet al.2019

AAfterglow:optical & radiog probes jet angular structure &feld structure in
collisionlesselativistic shocks



GRB17081A: polarization ULt postshock Hield

AJet angular structure & well constrained breaks degeneracies
AAssuming a shogroduce Bfield with ok ¢(6 Y6 ) (3G &koniglos; Gill & JG 18
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GRB 170817Adolarization ULt postshock Hield

AJet angular structure & well constrained breaks degeneracies
AAssuming a shogroduce Bfield with ok ¢(6 Y6 ) (3G &koniglos; Gill & JG 18
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GRB 170817Adolarization ULt postshock Hield

AJet angular structure & well constrained breaks degeneracies
AAssuming a shogroduce Bfield with ok ¢(6- Y6 ) (3G &koniglo3; Gill & J@8)
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GRB 170817Adolarization UL+ postshock Hield

More realistic assumptions B-field incollisionlesshocksi(Gill & JG 2020)
A2D emitting shell 3D emitting volume (local BM76 radial profile)
AB—er|d evolution by faster radial expansidn® . {8 Q(7-20/(E-2k)

ABield isotropic in 3D with @ V. QSari 1999)V ¢ F(7-2K)48-2K)
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Reverse + Forward Shock Polarizationiimotoet al. 2023)
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Reverse + Forward Shock Polarizationimotoet al. 2023)
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Afterglow Polarizationfrom ShallowJetS(Birenbaum et al2024)
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Afterglow Polarizationfrom SteepJets-

Ppeaks near the jet break time 0
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ULGRB50702BAfterglow: Xray, IR, radio
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