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Gutline

* Chira effects (CSE &CVE, CME not discussed)
* FiniteT &M QFT in corred + electromagnetic background

* Axial current and anomaly
* Anomaly at global equilibrium
*Summary



Chiral effect
* Massless fermionic fluid with 4-velocityU=

Chemical potentialMo , temperatureTo
CSE CVE

M-
(j)=(IVI)>MMM
BMsurNu magnetic field

aghul varticity



Chiral effect
* Question : Are both aVE & CSE anomaly choluced ?

* Our goal : Compute Chinal anomalyat local aglobal
equilibrium (MD),Tra), with gravitational&
electromagnetic background, with fluid 4-velocity.



Finiten &T QFT

Flat spacetime

* Mousless fermion Y(V) :Elix-XL MEEtiy

* Imaginany-time formalism :

Z=Tr eBo(H-SaceMom)
/

ju=Is



Finiten &T QFT

Flat spacetime

* Mousless fermion Y(V] :Elix-XI] MeEtity

* Imaginany-time formalism :

=TreBoM-Semom) -Jege2-
ju=Is ↳V= Vn-SMote)

↳ b.c : [Liß) =-y(0), IliBo=-Ecoly



Finiten &T QFT

* Electric field + chemical potential= electro-chemicalpotential
ef:J.Newman, N.P. Balsana

Mo = &[0] with Et = Nt +Mo =Mec Electrochemical systems
↑ P 2021

Arbitraryseparation



Finiten &T QFT

* Electric field + chemical potential= electro-chemicalpotential
ef:J.Newman, N.P. Balsana

Mo = &[0] with Et = Nt +Mo =Mec Electrochemical systems
↑ P 2021

Arbitraryseparation

Reference point : eq Vele = V-USE=) , E= gredVels

M =Mo+ VlE=

= Mec= VelecM



Finiten &T QFT

* Electric field + chemical potential= electro-chemicalpotential
ef:J.Newman, N.P. Balsana

Mo = &[0] with Et = Nt +Mo =Mec Electrochemical systems
2021

*z =SAISJPe(intidV) -Vu



Finiten &T QFT

↓
Eurved spacetime

Gravity
-~~⑳-M-



Finiten &T QFT

o
Eurved Spacetime-

Gravity Fluid velocity un zur =( -2-2-a)
-~~⑳-M-



Finiten &T QFT

o
Eurved spacetime↳

Gravity Fluid velocity Un fur =( -2. a)
-

⑤ ↓it~⑳
=(,Gu=fr
Fluid rest frame



Finiten &T QFT
the time-direction

* Foliation :

*:
norma

~It :Et= ce 3

* Z =TreSatin (+M Br -MIN)
Landar
, Lifshits
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Finiten &T QFT
the time-direction

* Foliation :

:
norm

~It :Et= ce 3
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* Z =TreSatin(-M) Landar
, Lifshits/ fan

Energy-momentum I
tensor

4-temperature
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Finiten &T QFT
the time-direction

* Foliation :

:
norm

~It :Et= ce 3
-

* Z =TreSatin(-M) Landar
, Lifshits/ I

Energy-momentum I
-

fau

tensor
4-temperature

Reference Bu= Un , B2=1

temperature-T Tag2



Finiten &T QFT
the time-direction

* Foliation :

:
norm

~It :Et= ce 3
-

* Hydrostatk gauge:

S
tr lo

C temperature
Choose coordinate sit

Brath where BM 1

Be=+MI
Fo -Tae2

RK : Tra=To but notglobal equilibriumTa
M
. Hongo 2016



Finiten &T QFT

* Z =TreSatin(TMBr-Mir)

=Lazare
SofoliNti-UV: -- Med

b .C



Finiten &T QFT

* Z =TreSatin(TMBr-Mir) rectorgargefield

=SageSofoliNti-UV: -UraMed
E

I I
Spin-connection electro-chemical

b .C potentiaf T

RK: Differ-invariant measure== g44. Fujikawa 811

I = ge4 To Toms 87'



Global equilibrium

* Global equilibrium : Z independent from the time-slic

↳ Bu Killing : Puß +Muß=02gm =0

↳En =0 th() + En = 0

Israel
,
Stewart Ag



Chiral anomaly
* L at finiteT&Mee invariant under 4=cors)

↳ Pr55 :PrlUUY)=0 E= EgOrs



Chiral anomaly
* L at finiteT&Mee invariant under 4=cors)

↳ Du j5 =PulIUUY=0 =
IciOXs

* Z is not invariant :

-SSL
=

sigueSLE]Z= 181eS ·
6 .<(4,I) 1YE 4=1085)

= IciOXs



Chiral anomaly
* L at finiteT&Mee invariant under 4=cors)

↳ Du j5 =PulIUUY=0 =
IciOXs

* Z is not invariant :

-SSoleL] Si(2-EU)
= JTO]BIA1 ez=fazarte S

b. bot
OSt= iBol=Olt=d)
- b .c unchanged



Chiral anomaly
* logo] = /Sout =logit]
Filoche
,
Quevillon, Vong ,R.L 23

=Tr
.(Projumus] + 0004

↑
Du= In+Wr+iSiVi



Chiral anomaly
* logo] = /Sout =logit]
Filoche
,
Quevillon, Vong ,R.L 23

Quevillon, R .L,23 =Trousu]
CovariatDerivative Expansider : DIn+Wu+iSV

=> log(0)=-Ce trAAn
Angi min = An+1) To -itMea



Chiral anomaly
Compute....

③
& 05

L OS

·tonin·Ex -
x=P

⑧ ⑧



Chiral anomaly
Local equilibrium axial current fanalytic continuation to real-time)

(5) =(MB + 0(23(V,MeyTe)I

~⑳
CVE CSE

Finite Needs regularisation, then finite



Chiral anomaly
Local equilibrium axial current fanalytic continuation to real-time)

(5) =(MB + 0(23(V,MeyTe)I

~⑳
CVE CSE

Finite Needs regularisation, then finite

⑪guW,
-

spin-connection

instead ofihgr



Chiral anomaly
Local equilibrium axial current : Janalytic continuation to real-time)

(5) =(MB + 0(23 (V,MeyTe)
~⑳

CVE CSE

Take eg &tgij =0 =⑪Mun
Bending ofVelocity field
ta ta)te

->0 - Fltapel -
- ülte

,se)
---

↓a
-

-6



Chiral anomaly
Local equilibrium axial current : Janalytic continuation to real-time)

(5) =(MB + 0(23(V,MeyTe)I

~⑳
CVE CSE

Take eg 28m =0 Bu Killing es Global equilibriumforT

=> Me



Chiral anomaly
Local equilibrium chiral anomaly:

=M Tu fromE

·enT
(

+0(2(g,V,Mee,TI) Acceleration au=U
* DUu



Chiral anomaly
Local equilibrium chiral anomaly:

=M Tu fromE

IenTBu②
+0(2(g,V,Ma,T) (

Acceleration au=U
* DUu

TanB+ En Br



Chiral anomaly
Local equilibrium chiral anomaly:

=M Tu fromE

frem [TCSE②
(

+0(2(g,V,Me,T) b Acceleration au=U
* DUu

Topological : arises from Tee with
= Ent-IrVn, V=Vu+SiMe



Chiral anomaly
Local equilibrium chiral anomaly:

=M Tu fromE-
·Se [+T

+0(2g,V, Me,T) Not topological
Not Corenty Invariant:2 sprin-connection
UV J&IR] fuite, no regularisation involved

Counter-terms ? Fujikawa method ?



Global equilibrium

*Sufficient conditions : Bu Killing, Su=0

=> A= 0

⑪ Global equilibrium with elatricfield

* Fujikawa , Yetwyler procedures -o same result i=0



Summary
* First computation of chiral anomaly with :

- generic background urvature & electromagnetic field
- generic fluid velocity
- local equilibrium ess &Ta

*Prantum +vocorm-2E

Quantum + floid=AE .B , 2T, am, Gr....

* Global equilibrium= A=0


