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Classes of GRBs

Long gamma-ray burst Short gamma-ray burst GRB 21121 IA (Rastinejad et al. 2022)
(>2 seconds’ duration) (<2 seconds’ duration) GRB 230307A (Levan et al. 2023)
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Jet launching

P, = Mc*ng(a)ngy (¢)

M — Mass accretion rate
N, — Spin efficiency

ne — Field efficiency
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See also Tchekhovskoy & Giannios 2015
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Short cbGRB
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Need for more

Most BNS mergers (incl. GW170817) have M;,; = 2.75 M — HMNS remnant

On the axis, centrifugal enhancement of neutrino winds is minimal, allowing I' = 70

If B is generated in the disk, P; ~ B> ~ P ~ p ~ M, — lighter disks power fainter IbGRBs

cbGRBs have a bimodal distribution
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What happens after HMNS collapse?

Not drawn to scale

Collapsing star
Small magnetic loops
fall towards accretion disk

Rotating accretion disk
Accretion disk anchors

the PNS’s field to the BH

Small magnetic loops

Gamma-ray burst jet

Large-scale poloidal field |
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Challenges with alternative lbGRB models

Massive disks must produce long-duration jets, reducing necessity for alternative models

» WD—NS &WD—BH mergers (Yang et al. 2022; Sun et al. 2023; Lloyd-Ronning et al. 2024):

tace > tgrp With Lj K Lgrp (Moran-Fraile et al. 2024)

e M <1073 MTQ — too low for red KN (Margalit & Metzger 2016; Moran-Fraile et al. 2024)

Emag ® Eafterglow (Beniamini & Lu 2021) and Ey,,5 > Exy (Wang et al. 2024)
» Accretion-induced collapse forming magnetars (Metzger et al. 2008; Cheong et al. 2024):
Evmag > Eafterglow and Emag > Exn

* WD needs to spin near breakup velocity prior to collapse




Short GRBs:

Black Holes vs. Neutron Stars?

Courtesy of ChatGPT




GRB—Kilonova connection

* Brightness: Luminosity o« Ejecta mass « Disk winds =~ 0.3 My
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» IbGRBs — bright kilonovae

Mg

» BH-powered sbGRBs — faint kilonovae ~ OR NS-powered sbGRBs — bright kilonovae
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Conclusions

First theoretical framework to connect binary mergers, GRBs and kilonova properties
Long binary GRBs (IbGRBs) are powered by black hole with massive disks from unequal
mass binaries or following short-lived HMNSs

Black holes with less massive disks power faint IbGRBs

Standard short GRBs are powered by long-lived HMNSs
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The model allows to constrain fundamental physics

IbGRBs/sbGRBs

Perna, Gottlieb, Shukla & Radice 2024




