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Supernova = Giant Parity Breaker

p+e = mn+tve

Ohnishi,Yamamoto (2014); Grabowska, Kaplan, Reddy (2015); Sigl, Leite (2016), ...



Chiral magnetic effect
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Vilenkin (1980); Nielsen, Ninomiya (1983); Fukushima, Kharzeev,Warringa (2008), ...



Chiral vortical effect
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Vilenkin (1979); Erdmenger et al. (2009); Banerjee et al. (201 |);
Son, Surowka (2009); Landsteiner et al. (201 1)



Sources for “chiral magnetic effect”
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o 111 ZILIBFNER (CVE) ICKBTMAEAND T« (BFHFEDT)

Yamamoto, PRD (2016)

o FFFHE_a1—KhU/EDEELICELD E(f) (BFHFEIF7AN)

Matsumoto, Yamamoto, Yang, PRD (2022);Yamamoto, Yang, PRL (2023)
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Dehman, Pons, 2408.0528 |
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lTop-down approach

—
\

N7

x (BN FDIZE.

RA[F DIRAE

l

INU T« DIENZZE 1 Z)UIEE

l

FEHTE DRI FRYE

il

I

FEIFE

2 o

A ZILEBEmIE DA ZIL7 /XY — =B

Son,Yamamoto, PRL, PRD (2012); Stephanoy,Yin, PRL (2012); Chen et al., PRL (2012)
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Effective Chiral Magnetic Effect
= ¢{pB ’ é
_ G

FEFE — 12— Y/ D backreaction I &5
% CMEEEW ps [FAE (Wu DEER & [FITR)

@) je=0 (b) je#0

Yamamoto, Yang, PRL (2023)

1 V ]-_ _e 1% . .
— (g% +393)Gr(n / dt / p°dp L Ay T L= fe)f + (antiparticle’s)

—Hp) 1 — eB(kp—Hn)

{p =

473

Za—KYU/IBADEZE ST A VBT (8| ~ 0.1-1MeV

Yo~04, p~10Pg-cm™, T ~ 10" K, py — pp ~ 3MeV, t ~ 0.1s



Other chiral effects

o v 11 ZILiEBZNE (CVE) :

L= ——=u' / dp pf, + (antiparticle’s), T%° = ——uw’ / dp p?f, + (antiparticle’s)
27T2 0 27T2 0
o vAEVR—ILMR
: 1 . .
Jv = / 2P (p x VV) f, + (antiparticle’s) Yamamoto, Yang, PRD (2024)
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Chiral MHD equations

Masada, Kotake, Takiwaki, Yamamoto, PRD (2018); Matsumoto, Yamamoto, Yang, PRD (2022)

Oi(pv) + V - (pvv) = =V P + J X B + (dissipation)

0B =V x (vx B)+nV?B+nV x ((gB)

OH(¢p) = ——(V x B—¢5B)- B

22

see also Rogachevskii et al. (2017), Brandenburg et al. (2017), Schober et al. (2018)



Chiral Plasma Instability
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O PSP S5)

d , e
figure taken from arXiv:2305.01234
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Joyce, Shaposhnikov, PRL (1998), Akamatsu, Yamamoto, PRL (201 3)
—RRAEXIFNE & DEE - e S A DFEE




CPIIC & 235 1ENE

Matsumoto, Yamamoto, Yang, PRD (2022)
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B see also Brandenburg et al. (2017)
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g L 10_1 Masada et al. (2018); Matsumoto et al. (2022);
B,ini see also Brandenburg et al. (2017)
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o IHSREZ 1 v ~ 100 (1015 G) km/s Chugai (1984),Vilenkin (1995), ...
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Yamamoto, Yang, PRD (2021)
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Summary & Outlook
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