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Astrophysical Big Bang Lab. 

• PI: Nagataki 

• Current PDs: H. Ito, J. Matsumoto, A. Wongwathanarat,    

                          D. Warren, S. Inoue 

• From Fall 2016: G. Ferrand, H. He, M. Ono 

• Alumni: Ono (Kyushu Univ.), Lee(JAXA), Tolstov(Kavli IPMU),  

   Mao(Yunnan Obs.), Dainotti (Stanford), Teraki (RIKEN),   

    Takiwaki (NAOJ), Wada (Company), Barkov (Potsdam/DESY) 

From 1st Apr. 2013 

2013, Aug.1 2014, Dec.17 2015, Sep.30 



• Central Engine: Nagataki (PI), Takiwaki, Barkov, Baiotti (Osaka) 

• Explosive Nucleosynthesis:Wongwathanarat, Ono, Mao 

•  Shock Breakout/Light Curve/Spectrum: Tolstov, Blinnikov 
(ITEP/Kavli-IPMU), Maeda (Kyoto), Tanaka (NAOJ) 

• Propagation of Relativistic Jet (GRBs): Matsumoto, Mizuta  

• Gamma-Ray Emission (GRBs):  Ito, Pe’er (UCC) 

• Afterglow(X-ray,Opt,Radio): Warren,  Ellison (NCSU), 
MacFadyen(NYU). 

• Remnants: Lee, Ferrand, Ono, Slane (CfA), Patnaude (CfA)  

• UHECRs, VHE-neutrinos/gamma-rays: He, Inoue, Kusenko 
(UCLA), Allard (APC) 

• GRB Cosmology: Dainotti  

• The Universe itself: Tanaka, Yokokura 

Our Group Members and Collaborators 
Small 

Radi 

Large 

Radi 
… and More! 

～Toward Full-Understanding of Supernovae and GRBs～ 

From 1st April 2013 



Slide from K. Maeda 



§Central Engine of CC-Supernovae 



Simulations of CC-SNe Using  
K-Computer of RIKEN 

Simulation by 
T. Takiwaki 
(RIKEN→NAOJ) 

京(KEI) = 10 Peta=10^16.  

Takiwaki et al. 2012 



§Supernova Ejecta Dynamics  
& 

Explosive Nucleosynthesis 



 

Reference: SN1987A: Lots of Unexpected Phenomena! 



Early Detection of Gamma-Ray Lines！ 

Matz et al. Nature 1988 



Velocity Profile of Iron（409days）！ 

Haas et al. 
1990 

Blue Shift Side: 
Toward Us 

Red Shift Side: 
Away from Us 



Lots of Ti44  was Found in SN1987A! 

Grebenev et al. Nature 12 

～ 

By INTEGRAL 

c.f. Theories: ～10−5 𝑀𝑠𝑜𝑙𝑎𝑟 
(Hashimoto 95, Thielemann+96, Nagataki 97, Rausher+02, Fujimoto+11,…) 

Doppler Shift was also 
detected (Red-Shifted). 
Consistent with [Fe II] 
(Boggs et al. 15) by NuSTAR 



Where is the Neutron Star in SN1987A? 

？ 



Asymmetric Explosion & Neutron Star Kick 

A. Wongwathanarat 
(MPA → RIKEN)  



Asymmetric Ejection of 56Ni & Neutron Star Kick 

A. Wongwathanarat 
(RIKEN) + 2013 



Rayleigh-Taylor Instabilities 

Simulation by Kifonidis, MPA. 



Successful Reproduction of 56Ni 
with High-Velocities！ 

A. Wongwathanarat 
(RIKEN)  



Great Collaborations Started  

• Radiation Transfer, including Gamma-Ray Line 
Transfer. 

Left: 
A. Wongwathanarat 
(RIKEN) 
Right: 
K. Maeda (Kyoto)  



Progenitor dependence is Huge 

Woosley et al. 
(1988) 

Shigeyama & 
Nomoto (1990) 

Woosley (2007) 
Woosley  et al. 

(1997) 

~ 3700 km/s < 2000 km/s 

Wongwathanarat et al. 
(2015) 



Comparison with SN1987A 

Woosley+ 1998 

Shigeyama 
Nomoto 90 

Woosley 07 Woosley 
et al. 97 

Preliminary 



Bipolar Explosion is Seen in SN1987A 



A Great Collaboration Started (2016-) 

From Left to Right: 
K. Nakamura (YITP) 
A. Wongwathanarat 
(RIKEN) 
M. Ono (Kyushu U.) 
M. Tanaka (NAOJ)  
+ Y. Ohtani (NAOJ) 

Polarization in Supernova Phase? 
Constraints on Asymmetry？ 



Lots of Ti44  Produced in Bipolar Explosions 

Nagataki et al. 97,  
Nagataki 00 

（1-5） 44Ti 

56Ni 4He 

Produced amount of 44Ti: 

In Jet (bipolar) region, entropy per baryon becomes high!  

Consistent with Obs. of 44Ti by NuStar 



Blue shifted 
Red shifted 

Obs. 
SN1987A 

Blue shifted 

(Pulsar Side) 

Red shifted 

Calculation: 
Iron Velocity 
Distribution 

Pulsar 
(Blue-Shifted) 

Fe, Ti 
(Red-shifted) 

SN 2000 

Asymmetry with Respect of Equatorial Plane 
Is Suggested for SN1987A. 

The Missing Neutron Star should be  
Moving toward Us (Blue-Shifted Side)! 
                  S.N   ApJS  2000.  

Wongwathanarat+ 2013 



SNR Puppis A: A Globally Asymmetric Explosion 



Composition shows 
That these are not 
ISM but SN Ejecta 
(Katsuda+ 2008). 



§Supernova Remnants 



Lots of Physics in Supernova Remnants 

X-ray Image of Puppis A by Chandra & XMM-Newton 

Morphology? 
Composition? 
Cosmic-Ray Production? 
… 



 

A Simplified  
Initial Condition. 
→ This can be improved. 

Gilles Ferrand 
(U.Manitoba→RIKEN) 



 

              Gilles Ferrand 
(U.Manitoba→RIKEN) 





Our Big Mission 
From (Takiwaki, Wongwathanarat, Reopke) To (Lee, Ono, Ferrand) 

S.H. Lee 
(RIKEN→ JAXA) 

M.Ono 
(RIKEN from Oct.16) 

Wongwathanarat (RIKEN)  

Takiwaki (RIKEN) 

G. Ferrand 
(U. Manitoba→RIKEN) 

G. Ferrand et al. (2014) 

How do they  
Evolve? 
 
Origin of  
Asymmetry? 
 
Can We find 
Legacies of 
SNe in SNRs? 

Reopke (Wurzburg U.) 



§Engine of Gamma-Ray Bursts 



Central Engine of Gamma-Ray 

Bursts is Hardly Known. 

© A. Roquette (ESO) 

？ 



A Black Hole is Formed? 
One Possibility: 
A Rapidly-Rotating 
Black Hole might be 
Formed at the Center! 

M. Barkov 
(RIKEN) 

Rotation Energy of a BH can be Extracted 
efficiently with a help of EM Field (BZ-Process). 

S. Nagataki 
(RIKEN) 

Equatorial Plane 

R
o

tatio
n

 A
xis 



S.N. 2013 

3D-GRMHD Simulation of GRBs 

～3000km 

256×256×128 
a=0.9 



a=0.9 

T～0.9sec. 

 

Same Simulations. 

Left: 3D Image. 

         Density+B-fields. 

 

Bottom: 2D Slice 

         Density+Poloidal 

                        B-Fields 

～150km 

～150km 



A Great Collaboration Started (2015-). 

Luca Baiotti （Osaka Univ.） 
A developer of Whisky Code 
Luciano Rezzolla, 
Bruno Giacomazzo 

Nagataki (RIKEN)    Barkov (RIKEN)      Takiwaki(RIKEN) 

Einstein-Eqs Solver will be attached 
To our GRB Engine Simulations! 



§Monte-Carlo Simulations of Photon-
Propagation 

For 
Photospheric Emission Model 

Ito, S.N., et al.  ApJ 777, 62 (2013) 
Ito, S.N., Matsumoto, et al. ApJ 789, 159 (2014) 
Ito, Matsumoto, S.N. et al. ApJL 814, 29 (2015) 

Hirotaka Ito Jin Matsumoto Shigehiro Nagataki 



How to Make Non-Thermal Spectrum? 

・ Dissipative Processes  
  (Shocks, Magnetic Reconnections, Proton-Neutron Flow): 
 
  Pe’er et al. 05,06, Ioka et al. 07, Levinson & Bromberg 08, Lazzati & Begelman 10, 
  Budnik et al. 10, Bromberg et al. 11 
  Giannios 06,08, Giannios & Sprite 07, Chhotray & Lazzati 15 
  Beloborodov 10, Vurm et al. 11, Vurm & Beloborodov 15 
 Ito & Levinsson 16 (in prep.) 
 
 

・ Superposition of Thermal Photons (Multi-Color Effects)  
   & (Bulk) Inverse-Compton 
   
  Morsony et al. 07, Lazzati et al. 09, Mizuta et al. 11, Nagakura et al. 11, Levinson 12, 
  Lundman et al. 13, 14, Ito et al. 13, 14, 15, Lopez-Camara+14  
 



Numerical Simulations of Photospheric Models 

Matsumoto (RIKEN) 
Ito (RIKEN) 

Special Relativistic 
Hydro Simulations 

Radiation- 
Transfer  
(Post-Process) 



α＝-1 
β＝-2.5 

log G 

A Case of Precession Model  (tpre=2s θpre = 3°) 

Precession Activities are 
Imprinted on Prompt Emissions. 

Severe Constraint Can be Drawn from 
Observations of Prompt Emissions! 



Another Possibility: Radiation Dominated Shock 
Reproduces the Band Spectrum Naturally.  

 nph / np = 105 

Gu  = 2 

Tu  = 220 eV 

 = eru / (nu  mp  c2)  
   = 7.3 × 10-2 

Ito (RIKEN) 
 
Work with 
Levinsson 
(Tel Aviv U.) 
2016,  
in prep. 

Talk on Tuesday! 



Chromatic Break is well Explained by Nonlinear DSA 

D. Warren  
(RIKEN) 

Blandford-McKee Solution + Non-Linear 
Particle Acceleration. 
Left: Broadband Spectrum 
Upper: X-ray & Optical Light Curve                       
(Chromatic break!) 

Talk on Wednesday! 



TA Hot Spot: UHECRs from M82? 

The most likely Source Position 
As a Result of Our Analysis. 

M82 is very Close  
from the most likely  
Source Position!  

Purple Lines are Source Positions 
With 1,2,3-sigma Errors. 

M82 

H. He (RIKEN from  
Sep. 2016) 

Talk on Tuesday! 
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Left:  
Post Merger BH-Torus Remnant 
Right: 
R-process Nucleosynthesis by 
Prompt+Post Merger. 
 
Simulations for Short GRBs are going on! 

NS-NS Mergers & NS-BH Mergers 

Oliver Just (MPA) 

Talk on Wednesday! 



Thank You Very Much. 
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