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Explosion mechanism of Core-Collapse SNe
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Current results from the ab-initio calculation
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Current results from the ab-initio calculation
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Can synthesize a sufficient amount of 56Ni 7

Suwa, Tominaga, & Maeda (2019)
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the growth rate of the explosion energy of (1D-numerical
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Can synthesize a sufficient amount of 56Ni 7

(1) radiation dominant & isothermal @post-shock region,

(2) adiabatic/constant vel. expansion(rgpock = Vshock * £

Suwa, Tominaga, & Maeda (2019)
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Can synthesize a sufficient amount of 56Ni 7
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Can synthesize a sufficient amount of 56Ni 7

- NOTE :

some models in ab-initio simulations have succeeded

in producing the typical mass 0.07M of 56Ni in CCSNe,
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But ‘nickel mass problem’(Ni problem)

= unclear whether we can reproduce
sufficient 56Ni amount as a canonical nature.
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Explosion mechanism of Core-Collapse SNe
« neutrino-driven explosion = shock revival

N observed property
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aim and content of our work

« investigate the potential of the neutrino-driven wind to solve ‘Ni problem’, especially at later phases.

TR

¢ 1D (e.g.Wanajo2013) - _103: Wanajo (2013)
it is already known that 1D wind simulation could not solve Ni problem. T‘”;O_ EN

(= multi-D, especially energy injection by accretion, is important. ) EI]O': < 10—3M® E

3 E

« multi-D (e.g.,Wanajo+2018) - 107 E
it may solve the Ni problem . 10_7{)_&';' e e '||0_/

time [s]

— However, calculation time is limited.
Can it be solved if we follow it to the late explosion stage?

Neutrino-diven Wind
| Mying / 1

Build a consistent model of the neutrino-driven
wind with an accretion flow onto a PNS.

2. Investigate the possibility that neutrino-driven
wind can solve the "Ni-problem"

Neutrino-diven Wind

Z 0.01M, ejection is required for Ni problem
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aim and content of our work

the neutrino-driven wind with an accretion flow onto a PNS.
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wind mass-flow rate [Mo/s]
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result

U the neutrino-driven wind with an accretion flow onto a PNS.

. ) i . P .
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Can synthesize a sufficient amount of 56Ni 7

maximum parameter sets
¢ MPNS,O g 14MO’
© My < 1.0Mgps™!

« total ejected mass of the wind...

Mejo = [, dt Mying

« Total accretion mass < 0.7MO
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» the time evolution of the cumulative ejected mass of the wind...

te
y 0.09
Mej (te) - dt Myying 0.08
0 3 . 2 -5/2 .
~ 6.4 X 107™*Mg [1 — ( L ) ] X (t—°)< MaCC'O_l) (MPNS'O) 0.07
totte 1s 0.1M®S 1.4-M®

« Conclusion.

1. the total ejectable is determined within ~2 sec from the onset of the explosion.

2. the supplementable amount at a late phase (¢ > 1 sec) remains M,; < 0.01M,.

Cumulative ejected mass of the wind [Mg]

— difficult to solve the Ni problem

at the late phase of the explosion by the neutrino-driven wind.
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Can synthesize a sufficient amount of 56Ni 7

“The converged value of the explosion energy at infinity (with overburden subtracted) is roughly 1B and

“Our final 56Ni mass is therefore an upper limit, and we expect the actual mass to be around 0.05 M.
Nevertheless, it demonstrates that 56Ni masses in the ballpark of those of typical CCSNe can be

Our result w/Bollig+ 2020 F==3

10

Time after the wind started to blow [sec]
{Corresponding to the end time of the wind simulation)

« NOTE : | R.Bollig+ 2020
the ejected 56Ni mass up to 0.087 solar masses”
ejected in 3D neutrino-driven explosions.”
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Summary

1. a model of the neutrino-driven wind with an accretion flow onto a PNS.

« spherical wind

i"‘:fwimi.i:m ~ 8.3 % 10_3111'@.5_1

Rg,a,in

7/4 5/2
L,, Mpns
% 10°2erg s—1 4 x 10%cm 1.4Mg

2. the possibility that neutrino-driven wind can solve the "Ni-problem*

1. the total ejectable is determined within ~2 sec from the onset of the explosion.

Neutrino-diven Wind ;
l Mwind

"\ Accretion Flow
Mace

Accretion Flow /
Macc @

Mwind

Neutrino-diven Wind

2. the supplementable amount at a late phase (¢ > 1 sec) remains M,; < 0.01M,.

— difficult to solve the Ni problem

at the late phase of the explosion by the neutrino-driven wind.

wind model w/ accretion flow

Mying ~ 1.3 x 1072 Mgs™?
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