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Supernova = Giant Parity Breaker
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o “a—RU/EHIHHITE ~ T T | cm (pn ~1015 g/lcm3).

o “a—hU/YE =71 ZILiE (Uy~200 MeV » T~10 MeV)
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Chiral magnetic effect
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Chiral vortical effect
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FRigP 4 +F2 (PNS)

Masada, Kotake, Takiwaki, Yamamoto, arXiv:1805.10419
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o 17ICHITSDH71 ZIJLMHD (p, er, ev):
Op+ V- (pv)=0
d¢(pv) + V - (pvv) = —VP + J x B + (BUEIE)

OB =V x (vx B)+nV?B+nV x ((£gB)
CME

8tn5 (V x B — gBB) B
272

=ETEH
o Setup (100 MeV =1):
0o =5.0, Py =1.0, M =10.0, égo =4 x 1072, n =100
(Rigp 207 =8 E)




Movies of 3D simulations are available at:
http://www.kusastro.kyoto-u.ac.jp/~masada/movie.mp4



http://www.kusastro.kyoto-u.ac.jp/~masada/movie.mp4

TRILF—ARYT N

Masada et al,, arXiv:1805.10419; see also Brandenburg et al., arXiv:1707.03385
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Inverse Energy Cascade in Three-Dimensional Isotropic Turbulence

Luca Biferale,' Stefano Musacchio,? and Federico Toschi’

'Department of Physics & INFN, Universita Tor Vergata, Via della Ricerca Scientifica 1, 00133 Rome, Italy
>CNRS, Laboratoire J. A. Dieudonné UMR 7351, Parc Valrose, 06108 Nice, France
Department of Physics and Department of Mathematics and Computer Science, Eindhoven University of Technology, 5600 MB
Eindhoven, The Netherlands & CNR-IAC, Via dei Taurini 19, 00185 Rome, Italy
(Received 2 November 2011; published 20 April 2012)

We study the statistical properties of homogeneous and isotropic three-dimensional (3D) turbulent
flows. By introducing a novel way to make numerical investigations of Navier-Stokes equations, we show
that all 3D flows in nature possess a subset of nonlinear evolution leading to a reverse energy transfer:
from small to large scales. Up to now, such an inverse cascade was only observed in flows under strong
rotation and in quasi-two-dimensional geometries under strong confinement. We show here that energy
flux is always reversed when mirror symmetry is broken, leading to a distribution of helicity in the system
with a well-defined sign at all wave numbers. Our findings broaden the range of flows where the inverse
energy cascade may be detected and rationalize the role played by helicity in the energy transfer process,
showing that both 2D and 3D properties naturally coexist in all flows in nature. The unconventional
numerical methodology here proposed, based on a Galerkin decimation of helical Fourier modes, paves
the road for future studies on the influence of helicity on small-scale intermittency and the nature of the
nonlinear interaction in magnetohydrodynamics.
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NRE S — & BerryBER

o T(S?)=+| = p=0 TDE./R—JL

o T/IR—IL“BH" = BerryliZE Q, = :2|§|3
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Son,Yamamoto (2012); Stephanov,Yin (2012), ...
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Neutrino chiral radiation hydro
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Conclusion
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