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Very Massive Star (VMS)
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Alternative model for GW
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Parameter study -

Simplified PWP EQOS fitted from S. Fujibayashi

with ', = 4/3 for photon radiation 1%
No microphysics, composition, nuclear burning
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Should be valid for direct collapse to BH o)
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- GW signature from BH disk instability
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simplified toy model

(In prep.)
Numerical result from S. Fujibayashi
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Numerical Setup

* Initial Data: R

(M. Shibata, et al., Astrophys.J. 996 (2026) 1, 57)
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« SACRA-2D: Axisymmetric numerical relativity code
Cartoon method for Z4c
+ GRHD (HLLC Riemann solver) in cylinderical
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Numerical Result - S20
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BH + disk formation
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White dwarf bounce ?

t = 123679.471 (ms)

40000

30000
S20 =
=)
------ 0.9975  ------ 0.87 " 20000
------ 0.95 == 0.85
------ 0.90 - (.84 10000
10" e
iii‘! Core Radius ~ 10*%km :
1013 B with r /1., % 2/3 Ry 0000 20000 30000 40000
O i x (km) 5
= i
%‘1011 :iiﬁi
SY i . :
= gt « SpinT= Centrifugal support T large enough
E’ 10° before p. ~ 10° g/cm’
£ 107 i
(:c /,”0.
o %*
ST __‘,.w" CAVEAT!!
____________________________________ | Neutrino cooling reduce P at p ~ 10’ g/cm’ |
0 SE =0 —E 00 TOF TE0 == | Numerical artifact from PWP fitting = over estimated P. 7




r.lr

A~
¢
O

o1

e

-
—
)

[W—

O
[—Y
[—

Central Density p,. [g/cm?]

1

—
O
&

e

-
—
o

[—
-
(o

et
-
\]

Centrifugal bounce
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Centrifugal bounce - S20 1, /r, . = 0.85
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GW from VMS collapse

o After BH formation in 2D simulation = 3D simulation for disk instability/GW

-SACRA-3D +D extension from SACRA-2D
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o Simplified picture of collapse of rotating VMS to BH

» Rapidly spinning BH + compact massive disk can form ypy = 0.95

* Centrigufal force could be important

g 3 4 ; AthenaK Summer School 2026
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Application Deadline: 15 Feb

o Spiral-arm instability found in 3D |
VMS collapse: potential alternative source of GW |

 Microphysics & Nuclear burning is necessary......




