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Abstract:
We present the first two-dimensional axisymmetric Newtonian magnetohydrodynamic simulations of accretion-induced collapse
(AIC) of rotating white dwarfs (WDs) with self-consistent initial magnetic progenitors and neutrino leakage. Our findings show

that with initial surface magnetic field strength constrained by isolated WD observations, the protoneutron star can reach field
strength consistent with magnetar observations. Our results suggest that single degenerate WDs can form magnetars via AIC.
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Outline

* Motivation
* Magnetars and mystery on its formation
» Accretion-induced collapse of White Dwarf

* Methods

* Progenitors
* Evolution

* Results and Conclusion
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Magnetar

* Neutron Stars with strong magnetic field
(~ 101* G)

 Found 30
* Unclear formation mechanism
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Accretion-Induced Collapse of WD

* Alternatively, theoretically possible (Nomoto 1991)

* Instead of carbon ignition or thermonuclear runaway (SN Type Ia)
* WD gains mass by accretion or merging y

* Rapid electron capture at center (p, = 10°7 g/cc)

* Triggering collapse to form protoneutron star (PNS)

RN G N Dynamically collapsed
Electron capturing occurs in the center ynamically collapse
A proto-neutron star formed

v
O

Electron pressure < gravity
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Self-consistent Initial Condition

* Solving a magneto-hydrostatic system
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Simulation Setup

* Axisymmetric (2D), in spherical coordinate (Eastern hemisphere)

 MHD + GR-inspired modification (Marek+ 2006, Obergaulinger+ 2020)

* Nuclear EOS: STOS

* Parametrized deleptonization in the collapsing phase (Liebendorfer 2005)
* Rosswog leakage in the post bounce phase

e N, = 200 (Uniform until ~¥30 km); Ng = 60 (Uniform 8)

* Domain: [0, 1.1]Ryp X [0, ]

* OpenMP
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Magnetic Energy Component

Model Mini t max(Bini) max(Bsu)  Qini Tini Mpns11 Mens,10 max(Bpns)  Tens

(Mo) (ms) (G) (G) s7H () (M) (Mo) (G) (ms)
B11 1.484 32.86 2.00 x 10'* 1.67 x 10'! 10.847 0.58 1.216 1.385 1.49 x 10'%  1.245
B10 1.470 32.69 5.50x 10" 1.71 x 10'° 9.611 0.65 1.226 1.384 3.47 % 10" 1.518
B9 1.484 32.86 4.85x 101 4.69 x10° 10.847 0.58 1.217 1.385 4.02 x 10'*  1.288
B8 1.434 3230 1.28 x 10'° 4.56 x 10®° 4.084 1.54 1.252 1.379 9.74 x 10"*  3.120
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Maximum Field Strength

Model Mini t max(Bini) max(Bsur) Qi Tini Mpns11 Mens,10 max(Bpns)  Tens

(Me) (ms) (G) (G) 7 () (M) (Mo) (G) (ms)
B11 1.484 32.86 2.00 x 10'* 1.67 x 10'! 10.847 0.58 1.216 1.385 1.49 x 10'%  1.245
B10 1.470 32.69 5.50x 10" 1.71 x 10'° 9.611 0.65 1.226 1.384 3.47 % 10" 1.518
B9 1.484 32.86 4.85x 1010 4.69x10° 10.847 0.58 1.217 1.385 4.02 x 10'*  1.288
B8 1.434 3230 1.28 x 10'° 4.56 x 10®° 4.084 1.54 1.252 1.379 9.74 x 10"*  3.120
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Conclusion

* B field amplifed as strong as observed magnetars

* Both toroidal and poloidal fields are amplified
* Toroidal is the strongest component after bounce due to -effect

* With a self-consistent initial surface maximum magnetic field constrained by
White Dwarf observation, AIC is a possible pathway to form a protoneutron
star with a magnetic field strength consistent with magnetar observations

Peter Cheung(CUHK) Magnetar Formation via Accretion-Induced Collapse of White Dwarf (in prep) 3/27/25

Pirsa: 25030146 Page 14/14



