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Why Fast-Rotating Core-Collapse Supernovae?

& In recent years, gamma-ray bursts (GRBs) and fast radio
bursts (FRBs) have become important topics 1n high-energy
astrophysics, but their origins remain unclear.

® Magnetar 1s a possible source of FRBs (Bochenek et al., 2020)
or GRBs (Metzger et al., 2011).

& Magnetar 1s one kind of fast-rotating neutron star with a
powerful magnetic field.



Why Fast-Rotating Core-Collapse Supernovae?

Tracing the origin of FRBs and GRBs

Why 1n Binary Systems?



Why in Binary Systems?

& A magnetar may originate from a binary system. (Hu &
Zhang 2026)

& In a binary system, the accretor star can increase its rotational
speed through mass transfer, which also transfers angular
momentum.

® The majority of massive stars reside in close binaries.



Chemically Homogeneous Evolution (CHE)

& Fast rotation drives efficient global mixing.
& Suppresses standard chemical stratification (no onion structure).

& Surface hydrogen and helium are depleted at the end of core
helium burning.



Why in Binary Systems?

& A magnetar may originate from a binary system. (Hu &
Zhang 2026)

& In a binary system, the accretor star can increase its rotational
speed through mass transfer, which also transfers angular
momentum.

® The majority of massive stars reside in close binaries.



Why Fast-Rotating Core-Collapse Supernovae?

Solving the Angular Momentum Crisis for Magnetars

Why 1n Binary Systems?

Spin-up via Binary Mass Transfer



Method



Method

& Using MESA (Modules for Experiments in Stellar Astrophysics)

to sitmulate single stars and binary stars evolution. (Paxton et al.
2011, 2013,2015, 2018, 2019; Jermyn et al. 2023)

& MESA i1s a 1D stellar evolution code

& Our simulation set up follow Renzo (2021) and Wang (2024).



Initial Configurations

Binary Systems Single Stars
& Metallicity : Z = 0.001 & Metallicity : Z = 0.001

®Donor Mass (Mg ) : 25 — 65 My oStar Mass : 10 — 50 M
®Period (P;) : 8 — 18 days ®Rotation : 0.1, 0.5 writ

wWcrit 18 the critical rotation

& Mass ratio (q) : 0.5 — 0.8



Accretor Evolutionary Pathways

Binary Systems k4 Evolve to Detachment

Critic al surface ~—

Detac hed -
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Binary Evolution to Detachment

Accretor Star Mass vs Star Age Accretor Star Mass vs Star Age
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Accretor Evolutionary Pathways

Binary Systems k4 Evolve to Detachment
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Accretor Evolutionary Pathways

Take out the Accretor Evolve to Core

Binary Systems k.4 Evolve to Detachment Helium Depletion
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Accretor Evolutionary Pathways

Take out the Accretor Evolve to Core
Helium Depletion

Binary Systems k4 Evolve to Detachment

Has the accretor star
undergone CHE?
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End of helium core burning
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Accretor Evolutionary Pathways

Take out the Accretor Evolve to Core
Helium Depletion

Binary Systems k4 Evolve to Detachment

Has the accretor star
undergone CHE?



Accretor Evolutionary Pathways

Continue Evolving

Accretor Star

Has the accretor star
undergone CHE?




Accretor Evolutionary Pathways
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Accretor Evolutionary Pathways
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Accretor Star \
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Assume Common
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Accretor Evolutionary Pathways
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Accretor Evolutionary Pathways
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Accretor Evolutionary Pathways

Close Binary Systems
& Period (Pcg) : 0.3,0.4,0.5 & 1 days

_ Place Accretor into
® Compamon Mass (MC) D), = SM@ Close Binary System

& B-CE-P0.3d-M3 indicates Pcg = 0.3 days
and M. = 3Mg




Accretor Evolutionary Pathways

Single Stars
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Result and Discussion



Around Core Collapse

Central Angular Velocity at Central Density of 10° g/cm?
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Around Core Collapse

Central Angular Velocity at Central Density of 10° g/cm?
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Around Core Collapse

Central Angular Velocity at Central Density of 10° g/cm?
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Around Core Collapse

Central Angular Velocity at Central Density of 10° g/cm?

m =05 A ¢=06 ® =07 e BStd e BCIHE
® B-CHE VS B'Std B-CHE haS B-CE-P0.3d-M3
o 0.40 B-CE-P0.4d-M3
faster core rotation. B-CE-P05dMs3

0.35r © DOEPLOGMS
L s
0.30
® Pcg < 0.5d: Core spunup ik
(Faster than B-CHE & single =Rt
stars). 3 s

0.10

0.05

® Pcg = 1 d: No core spin-up.

0.00




(a)

)
©)

©)

Around Core Collapse
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Summary



Summary

& Mass transfer drives two pathways:
&B-CHE: Surface 1s H-depleted at the end of He-core burning.
¢Non-CHE (B-Std & B-CE): Retains surface Hydrogen.

& B-CHE has higher w49 and T /|W| than B-Std.

& Post-CE Tidal Spin-up: Tight orbits (Pcg < 0.5days) further spin up
the core. w49 and Jge g9 become larger than those of single stars
and B-CHE.
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