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Mass Effect on CSE & ACVE Motivation

Discussion

Quantify Mass Correction to CSE & ACVE

@ CSE & ACVE in chiral limit
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gravitational anomaly? Landsteiner, Megias, Pena-Benitez, PRL 2011

@ Mass correction exists in CSE
Metlitski, Zhitnitsky, PRD 2005; Gorbar, et al. PRD 2013; E.d.Guo, S.Lin, JHEP 2017 - - -

@ Aim: quantify mass correction to CSE & ACVE
to what extent chiral limit is valid 7
clearer view of y independent part
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Mass Effect on CSE & ACVE Motivation
Discussion

Equal results from two independent methods

By axial anomaly equation & Kubo formulas

1 o0
oB :ﬁe/o dq(f,:D(Eq —n) — fep(Eq + ,u))

_ 1
- 22

2q% + m?

oy fro(Eq — 1) + fro(Eq + ) ) ——F=——dq
E,
0 q

Shu Lin, Lixin Yang Quark Mass & Transient Field Effect on Chiral Transport



Mass Effect on CSE & ACVE Motivation
Discussion

Zero m, T, u Limits

Limits m=0 T=0 pnw=20

og/Ce I 2 —m? 0
= 2¢° + m?
ov/C | 2+ =5 /i —m? 2/ n(Eq)quq
Q q

For ACVE coefficient

00 . 2 2 + m2
ov(p=0)= 2/ n(Eq)qidq
0 Eq
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Origin? gravitational anomaly — ”3T ~oy(u=0)
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Mass Effect on CSE & ACVE Motivation
Discussion

Small m expansion at finite T & p

Mass correction oc m? only, m?In m is vanishing

1 2T2 2
ov/C= 53 (;ﬁ LI 3~ 'g) + O(m") agree with Flachi, Fukushima, PRD 2018
os)Cempt MO (Li (—e*/T) —Li (7e—W)) + O(m")
2T 9s\ 7 : =1

Radiative corrections to CSE Gorbar, Miransky, Shovkovy, X.Wang, PRD 2013

2 3/2
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3 2m3p my 12

In weakly interacting massive theory at T =0

Medium dependent part only —
Possible logarithmic corrections from vacuum contributions 7
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Mass Effect on CSE & ACVE Motivation
Discussion

Plot general m-dependence & Generalization to QCD

ovlove
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3 0 q

o = Z CeNC/ daf_(1\/q*+ m?)
P 0

m, = mg ~ 0, m; = 100MeV — Mass correction to og & oy < 1%
with 50MeV < u < 200MeV & 200MeV < T < 400MeV
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Mass Effect on CSE & ACVE Motivation
Discussion

Summary for mass effect

@ Mass suppresses CSE & ACVE coefficients with less suppression at
larger 1

@ For phenomenologically relevant case of QGP, the correction is
negligible
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Motivation
Frequency dependent Electric Conductivity Discussion

Frequency dependent conductivity

Strong & Rapid decaying B —OB=VxE, Rapid changing E

— Frequency dependent conductivity

Reaction
plane

)\,

X (defines ¥g)

Noncentral heavy ion collisions
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Motivation
Frequency dependent Electric Conductivity Discussion

CKT with Landau level basis

@ Wigner function at homogeneous B for right-handed chiral fermion
d*x’

(2m)*

=Fo® + jio!

W(X,P) =

- 1 1 1 1
e PX <¢(X - 5x’)U(A,x + 5x’,x - 5x/)q,zﬁ(x + 5x’)>

@ CKT with LL basis

Wigner transformation — Dirac equations — eigenvalue&state
{ 4

(Ay —2ipy) oW =0 Landau level basis

(AL + 2ip,) Wok =0 ESP, 0 (2, 7)
{ 4

AoF + Ajji =0 Transport egns W = Zn,s{fFD(Eig:)S — ,u)(s(po +u— Elg:)s)Wj_’:l(ﬁ)

AGF + Agji — 27 p; i = 0 + |1 fep(EL: + u)} 8(po+ -+ Exp )W (B)}

PoF — piji = 0 Constraint eqns
3D jx + piF — Poji =0 X.L.Sheng, Rischke, Vasak, Q.Wang, EPJA 2018
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Motivation
Frequency dependent Electric Conductivity Discussion

Wigner function in lowest Landau level(LLL)

@ Wigner function LLL, medium dependent part

Ep, +rp p? 10
W:erFD(Eps7”N)6(P0*rEP3) pjr 3eXP <eT 0 0

r=%

where r = =+ for particle/anti-particle = Ep, = rp3

@ Components of Wigner function W = Fo® + jio' =

N 1 T ré(Po — p3)0(rps)
(F.j) = (1.0.0.1) 5 sexp <—e> P e -

r=+
1 CKT for components

AoF +Aiji =0,  AF+ Doji —2¢%pji =0

, 1, )
PoF — piji =0, EEUkAij-ﬁ-PiF— Poji=0
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Motivation
Frequency dependent Electric Conductivity Discussion

Perturbative Wigner function & RTA

@ Perturbative homogeneous E 1 B where B > T&yu and E o e/®?
@ LL off-shell: F — F + §F, ji — ji + dji with 6F ~ §j;i ~ O(E)

oF ’ 3ji

BoF +Diji ===,  DF+ Boji—2%pj = -2
p2

0j1,2 X exp (;) — O0F&§j3oddinpr — dp=305=0
e

where 7, = ﬁ and 7 is from Relaxation Time Approximation

@ Electric charge & current density

5p :2/d4p6F, 5J; =2/d4p5j,- =

= B>p? eE 1 2 g212 1 2B x E
57 B>p? e 142 1L " s - L e ><_‘
leB| \ 2 6 275 4m2|eB|

qualitatively agree with O(hB) CKT with Berry curvature Gorbar, Shovkovy, Vilchinskii,
Rudenok, Boyarsky, Ruchayskiy, PRD 2016
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Motivation
Frequency dependent Electric Conductivity Discussion

Transverse & Hall conductivity

Generalize to QCD with an overall factor N, Zf q?

@ o, o< 1in contrast to o o T
@ High w enhancement of o

@ For large B, o, ~ O(B°)
qualitatively agree with holographic study W.Li, S.Lin, J.J.Mei, PRD 2018

@ HIC: ;—‘2 < 1.6 — higher LL to be included talk by S.Lin

~
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Motivation
Frequency dependent Electric Conductivity Discussion

Summary & Outlook

Electric conductivity in CKT with LLL & RTA

Transverse conductivity is inversely proportional to 7

High w enhancement of transverse conductivity

For large B, transverse conductivity approaches a constant
Outlook: Contribution from higher LL

Thank you!
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Motivation
Frequency dependent Electric Conductivity Discussion

Backup - Frequency sum & Dirac trace

@ Dirac trace

fijk Tr[’yufy"'yyyl,’yo]a“b” = 4i(ajbk — akbj)
ek Trlvuy vs 7y ]a b = 8i(a®b* — akb®) = 8i(axbo — apby)

@ Sum over fermionic Matsubara frequencies

un(Eq — up) — vi(Epyqg —vp) + 5 (V —u)

Ay( v(P
B < Z Q)= iwn + uEq — vEp1 4
(uEq — p) (5" — ui(Eq — up))
Ay( v(P m =
B < Z + Q)itom = iwn + uEq — vEp1 4
B (vEprqg— 1 — "Wn)(li — VA(Epyq — Viwn — vir))

iwn + uEq — vEp 14
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Motivation
Frequency dependent Electric Conductivity Discussion

Backup - Linear response in a restricted setting

@ Static inhomogeneous sources (gauge fields & metric perturbation)
b= (1,0,0,0) = B =~ A, W = — 2 Tyu, = — = ks
u_(aaa):> = —¢€ jkaw__§6 vjuk__a6 i Mok

@ Absence of pseudoscalar condensate

possibile forms: Vi - é, uNVu-d, TVT - &

ishi - tries: P-odd, T-odd, C-
Van|sh|ng V=0 {symme ries odaada, odaaq, even
mass term VT=0

o Constitutive equation for axial current

f i 1
Ji(x) = —oge’ i Ak(x) — iave”kajh()k(x)

. . HH 1 ij
M, ji(p) = —ose ipjAu(p) — Sovelip;ho(p)
transform 2
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Motivation
Frequency dependent Electric Conductivity Discussion

Backup-Perturbative Wigner function & RTA

e Background field B’ = (0,0, B) = —1elkFj,
Perturbative field E/ = (E,0,0) = Fp; o e wt
o F— F+6F, ji — ji + dj; with 5FN(5_/,NO(E)

OF (5,
DoF + Ajji = ——, AiF + Do ji — 2% pj i = el
T
2p37,F — (2eBr, + L) 2E
~ §jy—eE—" ( - Tw) 9 SF&8j; odd in pr
(ZeBTw + %) +2p3
. pga +2(2eBt, + ToF
jp = —eE—2 ( i ) pt = (p1, P2)

(2eBTw + %) + 2p3
where 7, = ;—— and we've taken Relaxation Time Approximation

2
(RTA) and dj12 o exp < ) to obtain specific solutions.
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Motivation
Frequency dependent Electric Conductivity Discussion

CSE & ACVE coefficients in massless case

@ Axial anomaly equation in massless QED

ba Lo 8
7687 6“”R“”*>

- ” » d
Dujlt = —CRE - B « Vb = ewer (é‘fé FBFS +

with fluid velocity u”, external fields

1 1
v vpo vpo
Et = FMy,, BY = 56“ PPu,Foe, W = "7 u,V,u,

@ Divergence form in static case — CSE & ACVE coefficients
eE=-Vu,V-B=2E-3,V-@=0,VT =0 in medium field
integration

o %v Js=V- (eué) V- (PO + #T0) =V - (JB§+ M)
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Motivation
Frequency dependent Electric Conductivity Discussion

Wigner function from Landau level basis(LLB)

o Background field B’ = (0,0, B) = — ek Fj,
@ LLB from Dirac equations

2
ED) = \/m2 +(pz — ps)?, ESTL = \/m2 + (W - sug,)

¢l('0)(ta F) = exp[_irE;()S)t +ipt + ipxx + szZ]§£O)(PX7 pm)’)
¢£:)(ta r) = eXp[—iI’El(,Z)st +ipt 4 ipex + iPzZ]fﬁg)(PXa Pz;Y)

o Wigner function from LLB
W(P) =Y {fro(EL) — m)d(po + 1 — ES)W)(B)

+ [1 = fep (B + )] 0po + 1+ ES)WA)(B)}

X.L.Sheng, Rischke, Vasak, Q.Wang, EPJA 2018
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