EfEAXFZZHMBHRI NI U
Keio Associated Repository of Academic resouces

Title NAZINBERRICLDEFNERER JHFHOHYE
Sub Title New physics of supernovae and the early universe due to chiral transport phenomena
Author LA, B % (Yamamoto, Naoki)
Publisher
Publication year |2019
Jtitle BEMREHDEWRRRBES (2018.)
JaLC DOI
Abstract BHNFONAZVT1ZZRBLEWIEERE, BHEITRETRENZHENRN LA ZILYNE
ISRV, TORR, BEOMETREELEVAAMTIIBERRICK 2T, BEROETS
AABENFOAAZTIT AL D TREDNATILEER®, IRILF—HFNEBAT—ILAS
REBAT—IANEERLENDEROHAAT— REAR (EHARAT—R)
EVSHULWHBBRERABAND CEEPASHICLE. T, WA BEBRE X T (BEHK)
RITTERNY (BHR) ICHIRL, B, ENBPTEBELESEOENRN PHIZIRR
(BEHREOAEVR—ILMR) ZRHEL =,
We applied the transport theory taking into account the chirality of elementary particles to
relativistic chiral matter that appears, e.g., at the core of supernovae. As a result, we found new
physical phenomena due to the chiral transport phenomena that are absent in usual matter: one is
the chiral shock wave, whose propagation direction is determined by the chirality of elementary
particles. The other is the inverse cascading turbulence, where the energy is transferred from small
to larger scales. We also extended the chiral transport theory to photons (electromagnetic waves)
and gravitons (gravitational waves). In particular, we found the splitting of the trajectories of right-
and left-handed gravitational waves in a gravitational field (spin Hall effect of gravitational waves).
Notes WRER : EFHFEB)
fFZR AR - 2016 ~ 2018
REES  16K17703
MRS RFHER
Genre Research Paper
URL https://koara.lib.keio.ac.jp/xoonips/modules/xoonips/detail.php?koara_id=KAKEN_16K17703seika

BRZBAZEZMERVRD MU (KOARA)ICEBE M TWAR OV TUY OEFIER. ThThOEEE, FLFLEHRLRTECREL. TOERBEHFEEELCELST
REENTVET, 5|ACHLE> TR, EFRELEZETLTIFALEZ L,

The copyrights of content available on the KeiO Associated Repository of Academic resources (KOARA) belong to the respective authors, academic societies, or
publishers/issuers, and these rights are protected by the Japanese Copyright Act. When quoting the content, please follow the Japanese copyright act.



http://www.tcpdf.org

(®)
2016 2018

New physics of supernovae and the early Universe due to chiral transport
phenomena

Yamamoto, Naoki

2,300,000

We applied the transport theory taking into account the chirality of
elementary particles to relativistic chiral matter that appears, e.g., at the core of supernovae. As
a result, we found new physical phenomena due to the chiral transport phenomena that are absent in

usual matter: one is the chiral shock wave, whose propagation direction is determined by the
chirality of elementary particles. The other is the inverse cascading turbulence, where the energy
is transferred from small to larger scales. We also extended the chiral transport theory to photons
(electromagnetic waves) and gravitons (gravitational waves). In particular, we found the splitting
of the trajectories of right- and left-handed gravitational waves in a gravitational field (spin
Hall effect of gravitational waves).



99%

(€D)
@ 1/2
1 2
(©))
QCD
Nambu-Goldstone
(€D)

Rankine-Hugoniot



@

®

QCD

Bose-Einstein

QCD
QCD

Youhei Masada, Kei Kotake, Tomoya Takiwaki, Naoki Yamamoto, “Chiral
magnetohydrodynamic turbulence in core-collapse supernovae,” Physical Review D 98
083018(1-17), 2018,

DOI: 0.1103/PhysRevD.98.083018

Naoki Yamamoto, “Spin Hall effect of gravitational waves,” Physical Review D (Rapid
Communication) 98, 061701(1-5), 2018,
DOI: 10.1103/PhysRevD.98.061701

Xu-Guang Huang, Kentaro Nishimura, Naoki Yamamoto, “Anomalous effects of dense
matter under rotation,” Journal of High Energy Physics 2, 69(1-15), 2018,
DOI: 10.1007/JHEP02(2018)069

Naoki Yamamoto, “Photonic chiral vortical effect,” Physical Review D (Rapid
Communication) 96, 051902(1-5), 2017,
DOI: 10.1103/PhysRevD.96.051902

Srimoyee Sen, Naoki Yamamoto, “Chiral Shock Waves,” Physical Review Letters 118,
181601(1-5), 2017,
DOI: 10.1103/PhysRevLett.118.181601

Toméas Brauner, Naoki Yamamoto, “Chiral soliton lattice and charged pion
condensation in strong magnetic fields,” Journal of High Energy Physics 4, 132(1-18),
2017,

DOI: 10.1007/JHEP04(2017)132

KEK
2019

Naoki Yamamoto, “Chiral Matter and Topology in Astrophysics,” Workshop on Recent
Developments in Chiral Matter and Topology, 2018

Naoki Yamamoto, “Chiral Transport Phenomena and Turbulence in Supernovae,”
Quantum Anomalies and Chiral Magnetic Phenomena, 2018

Naoki Yamamoto, “Chiral soliton lattice in magnetic fields and rotation,” 4th
Workshop on Chirality, Vorticity and Magnetic Field in Heavy lon Collisions, 2018




Naoki Yamamoto, “Chiral soliton lattice in strong magnetic fields,” Phases of Quantum
Chromodynamics and Beam Energy Scan Program with Heavy lon Collisions, 2017

2017 2017

Naoki Yamamoto, “Neutrino Chiral Matter in Supernovae,” Chiral Matter 2016, 2016

Naoki Yamamoto, “Chiral transport of neutrinos in supernovae,” Quarkyonic matter
from theory to experiment, 2016

Naoki Yamamoto, “Topological transport phenomena in strong and electroweak
matter,” Strong and Electroweak Matter 2016, 2016

https://sites.google.com/site/nyama0509/



