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» Gradient expansion.
Zeroth order - ideal fluid. First order - transport terms.

Examples of transport terms

» Shear viscosity - TA" = —2nmH”.
» Conductivity - JZ' = 0% (Ef — TVIEE)

Two approaches for finding transport terms

» Second law of thermodynamics - Vs > 0.

» Kubo formulas - 2-point correlators in thermal QFT.
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(Non-abelian currents.)

Relevance

> Nuclear and QCD fluids - neutron stars, early universe, heavy ion
collisions...

» Condensed-matter shenanigans (probably not for anomalies).

Task:

» Find the transport terms that follow from these new possibilities.
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Anomalies in normal fluid

Son,Surowka 0906.5044, YN,Oz 1011.5107, Amado et.al. 1102.4577
Chiral magnetic effect

Jgﬂ — B[l)t (Cabc'uc _ %%dec,ucﬂd>

Chiral vortical effect

S =wh (C P pppc — £55C deMbHcHd)

Capbe - JJJ anomaly coefficient. Omitted the terms from JTT anomaly.
Kubo formulas

> Jg, = - % I

» j@ and j* - combinations of QFT correlators (JJ), (JT), (TT).

Nice structure emerges

> 9 O = C2S(BE + 2pcwh)
> D" [Opa = C¥pp(BE + 2pcwh)
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Superfluid hydrodynamics

Framework

» Spontaneously broken symmetry.
> Additional variable - the vacuum phase gradient &;.
> Josephson condition - {7 ut = ;i + corrections.

Transport terms in collinear limit, {Z ~ Uy,

» Known since Landau.

Transport terms in general case

» Work in progress, spurred by holography.
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Bhattachary(y)a,Minwalla,Yarom 1105.3733
Results from second-law constraints

» Corrections to T, J5 and to the Josephson condition.
» The corrections involve e#"#?u,§, - vanish in collinear limit.
» Proportional to 7, orto EZ — TV, =2

» Also, some unspeakable things.

In particular - Chiral Electric Conductivity
JZ—M = XabCE“”pguufg (Egt') - TVO'L'[Q) v Xabc = Xbac



|dentifying the anomaly in the new terms

Educated guess: J2/' arises from the JJJ anomaly

Precise form of the coefficient strongly hinted at by the existing results:

JH = Cede (53 _n ua) (5b "biu) €M7 1 (Eb — TV, L)



|dentifying the anomaly in the new terms

Educated guess: J2/' arises from the JJJ anomaly

Precise form of the coefficient strongly hinted at by the existing results:
Jz_“ — (cde (53 _n w) (5b "biu) eHvpo gc ( — TV, ub)

Structural components of the guess

» Upgrade p?uy, in the anomalous normal-fluid result to &;.
» BY + 2u,w* and

El —Vuu® —pfa, ~ (5"’ K ) (Eb TVM“—;) are the
magnetic and electric fields for the gauge potential A7 + p?uy,.
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