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Wow…

Dziękuję , Tobias, Shota et al. !



Unresolved riddles #1. Still under-energetic …
✓3D MHD modeling possible (Swiss-made IDSA+detailed opacities!)

Nakamura, Takiwaki, KK  (2022),  Matsumoto et al. submitted
✓ 9-20 solar mass progenitors (Sukhbold et al. (2016),  Initial B-field: 1010 G (uniform), Non-rotation) 



Matsumoto, Asahina, Takiwaki, KK, Takahashi (2022)



See Ko Nakamura’s talk ! (including MM signals)

✓Shall boost the 3D models:  Revolution needed !



3D models (non-rot/rot) around the globe in vogue 

ApJ 2020

The group 
very active!
Though, the 
models under-
energetic..



ApJ 2015.
✓Though again under-energetic..



Congratulations ! But…



Looking into more detail of Bollig et al !

✓Their successful model with SFHo no energetic !
✓ Precollapse density perturbations (Yadev+20)

allegedly assist the explosion. But.  it doesn’t
happen for Yoshida 3D  progenitor (Nakamura +in prep). 

→ Need a miracle (Quicker turbulent O/Si layer 
drops postbounce, works better)



Switching gears to rotating 3D models! 

MNRAS (2022)



Even for “moderately” rotating 3D models, it works !

ApJ 2018

At most 
0.1 Bethe…



Short summary: Recent status of 
3D non-rotating/rapidly rotating models

✓ No “1-Bethe” models 
except the miracle  (Bolling+20)

Any ideas ?!!!  
→ Some booster apparently needed 

to confront observations !
→    To obtain “1-Bethe model” needed for

quantitative GW/neutrino predictions 



Candidates and Candidates to chin up 3D models?
personal perspective in pink

Spice1. Rotation + B fields (even weak) : rather solid
(see talks by Foglizzo, Takiwaki)

Spice2. QCD phase transition : possibly 
(see talk by Kuroda)

Spice3. Axion                              : exploratory  
(see talk by Mori)

✓Other Solid possibilities include inclusion detailed physics 
“light clusters in the postshock region” (Talk by Shibagaki)
“muonization” (Bollig, Fischer 2020, 2021)
“Collective neutrino oscillation” (talks by Takawaki, Horiuchi)
“Precollapse inhomogenities in the burning shells” (Nakamura)
and so on.

Not going into detail…..
✓Iist up unresolved riddles that we shall and can solve together  towards collaboration !



The shocking ! result from Valencia 2021, MNRAS

✓ The first 10-Bethe model (S), but requires
35OC progenitor (Ω0 ~2 rad/s) + 1012 G (dipolar)

✓ Model “P” leads to 1-Bethe but requires 
“ Ω0 =3π rad/s” (Scheidegger et al. 2009) 

→ The urgent task to validate the initial condition !



First 3D stellar evolution: what about the precollapse spiral flows ? 
(3D stellar evolution calculations: Couch et al. (2015), Mueller et al. (2016))

35C model : collapsar progenitor from 1D stellar evolution cal. by  Woosley and Heger (2007)

38Msun star
with Aguilera, 

Langer et al.
(Bonn group)

Yoshida, Agulera, Takiwaki, KK, et al. (MNRAS Letters, 2021)

Home-take message: Inclusion of B-fields in the
progenitor modeling very urgent !



Calm down, Don’t  be puzzled by  such extreme … 
✓ Given B fields initially, rotation favors explosion 

(green  vs red) 
✓ Given 

rotation 
initially,
strong 
B fields
(red) likely 
to assist
explosion
(blue) !

(Varma & 
Mueller (2022))

Matsumoto et al. in prep

✓But, along this line, it looks to me ..
in the end, we need rapid rotation     
and strong B fields (a la Martin) to get 1B

✓ Not relying on the extreme i.c.,  
we may seek something new
(or extreme again;) !
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Spice2 QCD phase transition could power explosion !!
If “first-order” phase transition to the quark-gluon phase takes place… then

1D explosion
of 50 solar-mass 
star (Fischer+
Nature Astron.
2018)

✓Original idea:
Takahara & Sato (1988)
Gentile et al. (1993)



Challenges to QCD-phase-transition-induced (Q-induced ) 
explosions !

1. Which progenitors end up with Q-induced explosions ?

Quiz:  Choose of one the following : the dividing line !
#1 A
#2 B
#3 C (+A)
#4 none 



Challenges to QCD-phase-transition-induced (Q-induced ) 
explosions !

1. Which progenitors end up with Q-induced explosions ?

2. Inclusion of rotation and B fields in 3D models and 
GW/neutrino predictions : a vast virgin territory !
Reverse engineering : From the signals, we can probe 
into the phase transition physics.
✓Nucleosynthetic studies needed ! (r-process cites ?!) 

3. In collaboration with researchers 
who have expertise in QCD-hardon physics (like Tobias),

“first- order-phase-transition” should  be validated !

✓ We can continue collaboration in the next decade to come!
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/37

Shock Revival Assisted by ALPs

✓ アクシオンの効果で、星が球対称であるとの仮定をおけば、
元気な爆発（1051 erg)を起こすことができることを示した！

✓ Nature is３D！ → ３Dシミュレーションでは、どうなるか？
→「アクシオンで切り拓く革新的な超新星爆発モデルの構築」を実行！

g=2×10-9 GeV-1g=4×10-9 GeV-1

ma=100 MeV

Mori, Takiwaki, Kotake & Horiuchi, PRD,(2022)

g≦1×10-9 GeV-1



Summary to chin up 3D models for GW/v predictions!

Spice1. Rotation + B fields: Multi-D progenitor modeling needed!

Spice2. QCD transition : Go to 3D modeling with GW/ v prediction
Reverse engineering to probe the PT physics
from MM (GW/v/nucleosynthetic signals)

Spice3. Axion : Go to 3D modeling with GW/v prediction
Reverse engineering to probe the axion
physics (mass, axion-gamma coupling)!

✓Other Solid possibilities include inclusion detailed physics 
“light clusters in the postshock region” (Talk by Shibagaki)
“muonization” (Bollig, Fischer 2020, 2021)
“Collective neutrino oscillation” (talks by Takawaki, Horiuchi)
“Precollapse inhomogenities in the burning shells” (Nakamura)
and so on.

Happy time is (being) on surely for the decade to tackle 
with these issues (not limited ;-) . Have fun in Wroclaw ! 
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