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Relativistic hydrodynamics

Description with local fluid velocity u, temperature T, chemical potential .

Derivative expansion of a current J associated to a charge:

W =nut + ogB* + 0pB* + 0 Q* + ...

1
Qr = ie’Ll’””uuﬁpug vorticity

[Sonetal. '09] O =A~E-B — op, 00 #0.



Chiral Effects

Massless Dirac fermion, axial current j£' = ¢ysy# )
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Chiral Separation Effect



Reminder on the Chiral anomaly
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Literature: unchanged by temperature and chemical potential



Compute both the anomaly and the chiral effects from the same
path-integral to understand their relation



Setting up the formalism




Partition function

e Temperature

Z=Tre M = [ DyDype l oS xvivy

AP b.c.

(Fourier: g; = (2n + 1)@T)



Partition function

e Temperature

Z=Tre M= [ DYDYy o= Jo dtJ Pxiipy
AP b.c.
(Fourier: g; = (2n + 1)@T)

e (Electro-) Chemical potential

H—poQ — V' =VF*+ b,



Partition function

e Fluid velocity and curved spacetime

Z — Tr e*fdzn/,,T/“‘Vﬁz/l 6;1, — %uu

Specific choice of coordinates to get a path-integral representation (in curved space).



Partition function

e Fluid velocity and curved spacetime
Z — Tr e*fdzn/,,T/“‘Vﬁr/ 6;1, — %uu
Specific choice of coordinates to get a path-integral representation (in curved space).

e e.gin flat space, with velocity:
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Global equilibrium

 Temperature: 3, is Killing

1
vuﬁu + vuﬁu = T*atg,uu =0
0
e Electro-chemical potential:

T&)“% =0



Computing the chiral anomaly




Computing the chiral anomaly without temperature

Infinitesimal chiral transformation 64 (x) = ia(x)yst

7= / DPDyp e/ S0P — / [ DDy el dx9F-@ars)y
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Computing the chiral anomaly with temperature

Infinitesimal chiral transformation d1(x) = ia(x)ys%, a(t =i6y) = a(t =0)

Z= / DDy e~ bt Pxiidy _ / [ DD e o° &t ] Ex(@—(Fa)s)y

detg, (i ( D5)

ol = Gt (B—(@a)e)
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Computation

log J[a] = Tr (—(Pa)ys(iB) ")

1 d*e
<J§> = % Z/ (Zﬂ)getm“% Z [An,qiw]kAn,q
neZ

kelN

Dy = Vi +w, +i6,V;

Truncate in same way as previously in  j£ = nu# + o¢E¥ + oBH + oQ* + ...

Possible from the presence of mass scales T, fiec
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Computation

e Contribution from the spin-connection w

(i£) DTZ/dgq tr "5 An,gighAn g
n

2 2
T 1
-(fm+%)® O = =3
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Computation

e Contribution from the spin-connection w

(i£) DTZ/dgq tr "5 An,gighAn g
n

2 2
T 1
-(fm+%)® O = =3

e Contribution from the electromagnetic field

) 1
(Jf—f> D) ﬁ/iecB'u
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Anomaly

" ,U'eca uMec T0,T Mz T2 L
A = v'u,<J/5> - ( 71.‘[2 + 3/ ) e'u + (2;3 + E V’u,el

1
+ Py (a;LMec - ,uecap) B#

The anomaly at finite temperature and density is modified.

Global equilibrium: A =0
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Conclusion

° <vuj§>quantum+staﬁs‘dcal 7& <V;ng>quantum

T2QH not from usual RR

e more general operator than vorticity

e interesting for condensed matter

(better understanding of what qualifies as analog gravity)

e direction to explore: impact on baryogenesis?
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Thank you for your attention!
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