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A/A-polarization from Chiral Effects in Heavy lon Collisions

» CSE for free fermions [Vilenkin (1980), Metlitski & Zhitnitsky
(2005)]

- - N-u =
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A/A-polarization from Chiral Effects in Heavy lon Collisions

» CSE for free fermions [Vilenkin (1980), Metlitski & Zhitnitsky
(2005)]

- - Nep
Ge) = (a5 Te) = 55 aH,

» CVE (and CSE) in HIC [A.Sorin, O.Teryaev, Phys.Rev.C95
011902 (2017)] as spin polarization

Ne
(N8) = (o) @5 = () 55 [ Pxulx)en(x)
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A/A-polarization from Chiral Effects in Heavy lon Collisions

» CSE for free fermions [Vilenkin (1980), Metlitski & Zhitnitsky
(2005)]
2w Nep 5n
Us) = (qus7¥) = 5 5 a7 H,

» CVE (and CSE) in HIC [A.Sorin, O.Teryaev, Phys.Rev.C95
011902 (2017)] as spin polarization

ma
Napy

Ne
)08 = () 5% [ dxidiwol)

(ng) =
» CSE susceptability in Lattice QCD points from [Brandt et al.

arXiv:2212.02148]

2y-1 dJ2
Cese(T) = (NCHZ ar) dn
f

u=0
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Hot and Dense QCD as a model for QGP
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CSE in Cold Dense QCD

» Local renormalized axial current density (using Wigner-Weyl
fomralism [Suleymanov & Zubkov Nucl.Phys.B938 171
(2019)])

D
200 = /M (;’W)”Dtr 25Gw (. p)p, Qu(x, )]
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CSE in Cold Dense QCD

» Local renormalized axial current density (using Wigner-Weyl
fomralism [Suleymanov & Zubkov Nucl.Phys.B938 171
(2019)])

D
200 = - /M (;’W)’;tr [5G (x, p)p, Qu (x. p)]

» As the linear response to Fjj at T =0

.._/E(X) = (T,'ij,‘j5,u,

1 d*p 3 5[~(0) (0) (0)

X * (8Pj]QE/(|J/)) * GE/?/)} Doy QE/VO))
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CSE in Cold Dense QCD

» As the linear response to ;v and Fjjat T =0

.._/E(X) = (r,-ij,-j(Sp,

1 d3p 0 0 0
= [ o [ P ([0 0, -
0 0 0
X x (8Pj]QE/V)) * GE/V)} 3ka(W))
where Weyl symbols and Moyal product are

Quix.p)= [ dae(p-+a/200lp~ a/2), = (5.5-5,7.)
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CSE conductivity as a topological invariant

The conductivity

N
Tjjk = —€jjk0CSE[/2, OCSE = 52

is a topological invariant if G (anti)commutes with s

1
N = / /d3xtr |:’y5Gw*de*Gw/\*de*Gw*/\dQW
487T2V pa
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CSE conductivity as a topological invariant

The conductivity

Ojjk = —€ijkOCSE/2, OcSE = 52

is a topological invariant if G (anti)commutes with s

1
N = / /d3xtr [’}/5Gw*de*Gw/\*de*Gw*/\dQW
487T2V pay

» ocse at T =0 is immutable and renorm-invariant in
Chiral-symmetric phase
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CSE in Hot QCD with the Field Correlator Method
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Field Correlators in QCD
Background Perturbtaion Theory: A= B + a

<...>:/DA...:/DBDa...:<<...>a>B,

(...) — a gauge-invariant(!) operator
2 E E
g oD oD
& (0005 (w0he = 0; | DF(u) + DE () + 2 50% | + iy %
c
2 H H
g _,0D oD
e Hi(0)®H;j(u)®")p = 6 [DH(U) + Df (u) + 3512 ] - UinTulg :
(o
2 EH
g oD
ﬁc<tr H,'(O)CDEJ'(U)CDT>B = Eiij4uk78L}2 .

QCD: 0 = 0.18 GeV?, A ~1GeVh;, oM <1
as(Q? —0)~ 0.6
[Simonov Phys. Rev. D 99, 056012 (2019)]
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CSE in Hot QGP

(3(x)) = (qtr ¢,p757, 5" (x, x))
= <qtr C,D’Y5’YM([D(37 Bv A) + m);xl>a7B
~(qtr ¢ pv57,(—P(B,A) + m)xx

+oo 4447 R
« / ds £(s) (DP2)S, ™K x
0
X PFPBexp<ing-dz+iq?{.A-dz+

—1—/0 dro"? (gF,s(2,20) + qua))>B
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CSE in Hot QCD with the Field Correlator Method

» Single Line Approximation for a quark [Orlovsky & Simonov
Phys.Rev.D89, 054012 (2014)]

fcn
‘w
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CSE in Hot QCD with the Field Correlator Method

» Single Line Approximation for a quark [Orlovsky & Simonov
Phys.Rev.D89, 054012 (2014)]

| 3 J r

» Polyakov Line (numerical — from Lattice) [Simonov, Trusov
Phys.Lett.B650, 36 (2007)]

(tr L(0)L(r)) ~ exp(—BVA(r, T, ),
L = exp(—BVi(r — 400, T,1)/2), Vi ~ Vi(T > T)
175 MeV

V]_(T> TC):W, TC:160 MeV.
. C
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CSE in Hot QCD with the Field Correlator Method

» Single Line Approximation for a quark [Orlovsky & Simonov
Phys.Rev.D89, 054012 (2014)]

| 3 J r

» Polyakov Line (numerical — from Lattice) [Simonov, Trusov
Phys.Lett.B650, 36 (2007)]

L =exp(—pVi(r = +o0, T,u)/2), Vi = V4i(T > T¢)

» Color-Magnetic Confinement [Agasian, Simonov
Phys.Lett.B639, 82 (2006)]

M? = m? + C%(TH‘f(T)/ZL + AmﬁpSE, onf(T)~ c§g4(T) T?

] 11 2
2 2
T)=2bhylo 47)°byg = — N, — =N
g ( ) o 108 TEL07 ( ) 0 3 c 3 f
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Single Line Approximation

(NZtr W[ZD]) g ~ (N ltr (Pexpig / Bz, Z{™) . dZ M (7)) x
B

x (N Ltr CPexpig/B4(Z("),z£n))dz4n)(7-)>
B

~ exp(—op rS3[Z()]) L™, LM ~ (Il
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Single Line Approximation

(Nt W) = (NSt Pexpig / B(2", 2") - dZ)(r)) x
B

« (N tr P expig / Ba(Z™, 2{7)dz{" (7))
B

~ exp(—op rS3[Z(7)]) L, LM ~ LIl

/(Dz;;)a’nBeK“(Ncltr cPg exp <ig/B4d24 + iq/A4d24>>B ~

22
e s

11" exp(1unB).

~
~

d7s
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Single Line Approximation

INZLtr W] ~ (NS tr oPexpig / B(z", M) . dz) (7)) x
B

x (N2 tr CPexpig/B4(Z("),z£n))dz4n)(7')>

~ exp(—op rS3[Z()]) L, LM ~ (Il

/(D24)3’nﬂeK4<NC1tr <Pg exp <ig/ Badzs + iq/A4d24>>B ~

252
e s

~
~

d7s

Ny
e M=s

35 _—K3—m?3s o
[ 0% Dz expl - SN ~ o

LI exp(unB).

B
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CSE with Non-perturbative correction in Hot QGP

2H dly
() ~ lo, Ccse(T)= de
“+00 2 , 5
b= W(f (VP + M2+ Vi /2 — i) - (u—>—u))-

c.f. free fermions [Metlitski & Zhitnitsky (2005)]

24
/free _ e __pPap p (
b =

0 /m?+p?

p2 +m? — u)—(u—>—u))
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Comparison to Lattice QCD
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Figure: points from [Brandt et al. arXiv:2212.02148]
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CSE with Non-perturbative correction in Hot QGP

dlcsg
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Results summary

QCD Chiral-symmetric phase at T =0

» ocse = % — immutable and renorm-invariant (topological
invariant)

Hot QCD T > T,
» LO expression in as for ocsg with non-perturbative corrections

» ocse tends to the free limit at large temperatures and densities
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