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Abstract

The experimental confirmation of the polarization of the Lambda hyperons observed in relativistic heavy ion collisions experiments [1] has

renewed the interest in anomalous transport of fermions due to the spin-orbit coupling (e.g., through the chiral vortical effect [2]). Using a

non-perturbative technique [3], exact expressions are derived for the thermal expectation values of the stress-energy tensor (SET), vector charge

current (VCC) and axial charge current (ACC) for the case of massless rigidly-rotating fermions at finite chemical potential. Compared to the

relativistic kinetic theory analogue, the quantum corrections are expressed as constitutive equations in terms of local kinematic quantities, such

as the vorticity and acceleration.

Classical approach: Relativistic kinetic theory
@ In rigid rotation (ﬁ — QE) global equilibrium entails [3]:
u=T(8;+Q8,), TI'=(1-p*Q*) V2 T=TIT,

where p is the distance to the rotation axis (Tp = const).
@ T he acceleration a = V u, vorticity wH = %s””aﬂu,,vaug

and the fourth vector, 7# = s“”aﬁw,,aaug, are:
a = —pQZI‘zap, w = QI'?9,,

@ In rigid rotation, these vectors are mutually orthogonal.

@ We propose the following distributions for chiral fermions:
X _ 1
a/q (27)3
where p1y/4 = Iy 4,0 are the vector/axial chemical potentials,
p is the microscopic momentum and y = =1 is the chirality.

@ The vector charge current (VCC) J3;, axial charge current (ACC)
JY and stress-energy tensor (SET) T are defined through:

e(PruFuv—xpa)/T + 1} -1 :

Tt ap (P 1)
Jh | = — | xp"(fX+ ) |-
T e Y
@ It can be shown that J";/A — {I}ﬁfu“ and
T = Prxr(4utu” — gM”), where

rr HMv/aT®  pyia

V/A — 3 | 3772 (u’%//A T 3""?4/V)7
771'2T4 T2 “4 _I_ 6/~l'2 IJ’Z _I_ “4

Prxt = | 2 2y 4 TV via 4,
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T — —Q3I‘5(p298t 890)"

QF T approach: Finite temperature field theory
@ The VCC, ACC and SET operators for the Dirac field are

J‘l; — 5[\1197“\11]7 Ji — 5[\119 7“75\11]7

AN

7 ~
Ty = Z[\I” 7(/15/;\11]'

@ The thermal expectation value (t.e.v.) of a quantum operator A
can be computed by tracing over Fock space:

GAN=ZY%r(p: A, Z = tr(p),

where : A := A — (O|j|0> denotes normal ordering.
@ For rigid rotation, the following density operator is used:

ﬁ = exp —,Bo(f—I\ — sz — ,U'V;OQ\V — .UJA;OQA)} ’

where JZ and @V/A are the angular momentum and vector/axial
charge operators (B = T}, ').

@ The fielﬂ operator is expanded as ¥ = Zj(Uij + dej)
where E; = E; — {2m; > 0 is enforced when defining the
rotating vacuum state [4].

@ T he building blocks for the t.e.v.s are
(b1by) =6(j, ") [eMBrvomximan) 4 1],
(didyr) =d(j, j')[e*Frtrveximas) 4 7],

Charge currents
@ In the 3 (thermometer) frame, the t.e.v.s of the CC can be
decomposed w.r.t. ©u = I'(9; + €20,,), as follows:

T FT T W
(: J"j/A ) = Q?,/Au” + JV/AT“ + JV/Aw“,

BV/A, o0 o -
QVjs = QUM + AQuas  AQuua =" (@& +a),
- Bvia o, Bvpa ,  T?py A+
JV/A_W’ v = w2 JA_G | 22

@ AQy /4 represent quantum corrections to the charge densities.

® The conductivities oy, 4 and oY/, drive anomalous transport [5].

Stress-energy tensor
@ The SET can be decomposed as:

(: THv .y = Porr(4utu” — g"") 4+ 11" + WHU” + W¥u#,
where PQFT — PRKT —|— AP and
352 + @2 (Tz

AP =

3 T2

pd 4 ey
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represents a quantum correction.
@ T he anisotropic stress IT*¥ can be written as

II* =114 (T“T” — %2a“a,” — %w“w”)
+ Il (THw” + 77wh),
where TIy = —p 4 /372, while II; = 0 [5].

@ The heat flux can be decomposed as WH = g7"T7# + r¥wH,
where the azimuthal and vortical heat conductivities are [5]

. 1<T2 u%/+u?4)
K = — — | |

6\ 3 T2
i , , i
s :ﬂ T2 'u’A + SH’V 1 (52 &2) .
3 w2 4772

@ The results agree with those reported in Ref. [6].

Conclusion
@ An effective RKT can capture the equilibrium effects of 4.

@ The charge and energy densities receive quantum corrections
which are ~ Q2.

@ Anomalous transport is driven by the azimuthal and vortical
conductivities.
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