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inhomogeneous chiral phases

® generalized Ginzburg-Landau approach




DCDWYV; aka Chiral Spiral

Nakano, Tatsumi, PRD71(2005) | 14006

(qq) ~ cos(kz);

(qiT3y5q) ~ sin(kz)|




DCDWV; variations

Y. Takeda, HA, M. Harada, PRD97 (2018)

(o) =|og cos(2fz)
homogeneous phase (i =g sin(2f )

o)

sDCDW
(strongly shifted)
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Nucleon-meson model with parity doublet structure

+ 00

tuned so as to reproduce saturation properties of sym. nuclear matter

c.f. sY.Motohiro, Y.Kim, M. Harada,, PRC92 (2015), RRC95 (2017)




DCDW or RKC?

Im|A] A(z) =o(z) +im3(2)
0(2) +im(z) = Age'??

DCDWV; Nakano, Tatsumi

O-(Z) — \/;q Sn(qz’ V) Real Kink Crystal; Nickel, PRL0O9, PRD09



| +1dim. NJLUGN model

M. Thies, |. Phys. A2006

0 = (pp) = cos(2puz)A

it — (@) — Sl 2 0z)/A o = (pp) = Vvgsn(qz,v)
Chiral Spiral NJL.@Large N limit ‘ Real Kink Crystal
08 GN@Mean Field App.
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Plan

® inhomogeneous chiral phases

® generalized Ginzburg-Landau approach
__to Chiral crystals in the chiral i
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Ginzburg-Landau @ TCP

Minimal GL to describe the tricritical point (TCP)

Mapping




generalized Ginzburg-
Landau (gGL) expansion

Nickel, PRLO9
Abuki (2014)

9 gradient terms

aap = 0 : Lifshitz point (LP)

oz = s = 0 :Tricritical Point (TCP)




RKC: Solitonic CDWV!

7(2) = v/vgsn(gz, v)




Solito

‘Soliton energy profile




Remark (3D versus |D)

Why is DCDWV disfavored in |+3dim

Boehmer, Thies, Urlichs, PRD75 (2007)

v = 17 (2




Plan

® inhomogeneous chiral phases

® generalized Ginzburg-Landau approach
- to Chiral crystals in the chiral limit




Magnetic field

Compact stellar objects
with super strong magnetic fie




Magnetic Field & Chiral
symmetry breaking

K. Nishiyama, S. Karasawa, T. Tatsumi, PRD92 (2015)

NJL@T=0 & Chiral Limit



Including magnetic field

New couplings: 3D rotational symmetry breaking

0§

Feynman graph contributing to new deriv. coupling
o T3

~is(p) = Lt

(p+p)?




Including magnetic field

New couplings: 3D rotational symmetry breaking

0§

= b-(m3Vo —oVnr3)

“Universal’ coupling

1 aa4 B NC f(e_lu/T)

8 Ou  8m2T

1 1
/Ty — = TrahD) _H
flent7) = oty (2 Z%T)

Tatsumi, Nishiyama, Karasawa, PLB (2015)
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Mass vs Magnetic field

0§ . (m3Vo — oVms) —

h :mass term

chiral SU(2)xSU(2) = isospin SU(2)

g . AT MY £ Sk R R e A T R TN 7




The fate of LTCP

i. No magnetic field:

Lifshitz TCP
& RKC phase

g —kvsn(lz 1)

ii. Magnetic field on:

Chiral spiral covers
a whole region
magnetically indu ed T pld?
DCDW, Spiral

Only second order
phase transition!




Why so drastic?
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Why so drastic?
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Mass vs Magnetic field
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h :mass term

chiral SU(2)xSU(2) = isospin SU(2)




Mass vs Magnetic field

i. Only mass term on:

nearly x SR Crossover,

Lifshitz point &
RKC phase

pseudo Lifshitz
o CP (2.28,-2.25)




Mass vs Magnetic field

i. Only mass term on:

nearly xSR

Crossover,
Lifshitz point &
RKC phase

ii. Magnetic field on:
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Mass vs Magnetic field

i. Only mass term on:

nearly xSR

Crossover,
Lifshitz point &
RKC phase

ii. Magnetic field on:
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Summary

® GL is powerful tool

® |n 3D, RKC is the strongest structure

® |n chiral limit, infinitesimal magnetic field makes
RKC totally replaced by DCDWY phase (spiral)




Outlook

® Use of lattice models (including fluctuations)

Role of fluctuations:
Lee, Nakano, Tsue, Tatsumi, Friman, PRD92 (2015)
Hidaka, Kamikado, Kanazawa, Noumi, PRD92 (2015)

® Static and dynamic elastic properties of
inhomogeneous chiral phase

I i rab)

- — Neutron star merger |
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Remark 2 (off chiral limit)

M. Buballa, S. Carignano, PLB791 (2019)

scalar mode

is already unstable
before the instability
develops in PS channel




P. de Forcrand, U.Wenger, hep-lat/06101 |7

|+1 dim. Lattice GN model at large N limit
with staggered fermion, Nt = 80 (fixed)

I phase béundary, G = o(x) e
phase boundary, c = const. e

2+| dim. Lattice GN model at large N limit
. . M.Winstel, Jonas Stoll, M.Wargner,
“T] om0 | q arXiv:1909.00064
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