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Ansatz of the Wigner function, taking

into account the thermal vorticity
tensor

Generators of Lorentz transformations of spinors
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Ansatz of the Wigner function
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« Limit of zero thermal vorticity tensor
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Axial current

The axial current is expressed in terms of an integral with the
Wigner function

Y 1 d3p Qo v "\
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Can be calculated analytically
outside perturbation theory
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It is convenient to introduce scalar combinations constructed from
the thermal vorticity tensor
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Trace calculation

Particles & ~5  Antiparticles
« Expand in Taylor's series tr (XZVB) : - tr (quﬁ)
Common sign
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« Use the properties of gamma matrices
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 One can find a trace in each term of the series
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Axial current, mass is not zero
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The convergent 1-
dimensional integral
from an elementary
function
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Axial current, mass is not zero

j5(Q)/m?3 oy =0
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Typical behavior of the axial current as a function of temperature for arbitrary
parameter values in comparison with conventional CVE

* The axial current increases due to the growth of WA with an increase of
the rotational speed
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Axial current, mass is not zero
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Coefficient in axial current as a function of temperature and chemical potential, normalized to

normal CVE at zero speed of rotation

L[/ coincides with the result M. Buzzegoli, E. Grossi and F. Becattini,
JHEP 1710 (2017) 091 doi-10.1007/JHEP10(2017)091 [arXiv:1704.02808 [hep-th]].

» The step at a chemical potential equal to the mass
» The step smoothes with increasing temperature
 Asymptotically tends to the normal CVE at zero mass at a temperature and chemical

potential much larger than the mass ﬂ



Axial current, mass is not zero
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The coefficient in the axial current, as a function of the rotation speed and chemical potential,
normalized to the formula at zero temperature and mass

« Plateau, where the axial current is zero, bounded by the straight line {2 = 2(m — )

« Asymptotically tends to the result at zero mass and at a temperature and speed of
rotation much larger than the mass




The limit of massless fermions

The momentum integrals are analytically expressed in terms of polylogarithms

T3

(gpi) = I (P 1 &) ((91 +igo)Lig(—e? 792 78) — (g1 — igo)Lig(—e 9278 +
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A remarkable property of polylzogarithms
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« A simple analytic formula for an axial current, derived outside the perturbation theory.

 Members of higher orders are reduced in terms of chemical potential, temperature, and thermal vorticity.
« Maximal order of acceleration and rotation speed: 3.
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The limit of massless fermions

comparison with other approaches

T N

A normal CVE, a term along he third-order term in :’hhee:_e;gé)lfe?;gg:f along
the vorticity of the first order ‘ég:?:sltyonds o leads to a nonzero
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Non-conservation of
axial charge
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The covariant Wigner function

conclusion

* The result obtained is in full accordance with all known theoretical calculations of

the CVE (the same conclusion in M. Buzzegoli, E. Grossi and F. Becattini, JHEP 1710 (2017) 091
doi:10.1007/JHEP10(2017)091 [arXiv:1704.02808 [hep-th]].).

« The simplicity of the formula obtained.

 The cubic term for the vorticity exactly coincides with the other two conclusions for
the axial current made by A. Vilenkin.

« Symmetry between vorticity and acceleration.

« Non-conservation of the axial charge in the case when the acceleration and the
rotation speed are not equal to zero and not perpendicular.

 An ansatz for the Wigner function is used.

 An approximation is used for the Wigner function.

I

AN ADDITIONAL INDEPENDENT APPROACH FOR THE INSPECTION OF THE
OBTAINED RESULT SHOULD BE USED

ﬂ




The second approach: the

equilibrium density operator

 Thermodynamics can be derived from field theory, constructed in terms of the path
integral in imaginary time
* The central role is played by the density operator
 General covariant form of the density operator for a medium in local
thermodynamic equilibrium _
Maximum

5= %exp [— /E i, (fw/(x)@,,(x) ~ g(x)ju(x))]:> S = —tr(plog p)

D.N. Zubarev, A.V. Prozorkevich and S.A. Smolyanskii, Derivation of nonlinear generalized
equations of quantum relativistic hydrodynamics, Theor. Math. Phys. 40 (1979) 821.
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global thermodynamic equilibrium
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The density operator for a medium with

a thermal vorticity tensor

Global equilibrium conditions

V.B, +V.,6,=0 V.. =0 Thermal vort|C|t
n~=v vVHEun T v —

tensor

The form of the density operator for a

medium with rotation and acceleration F Becattini and E. Grossi, Phys. Rev. D 92
1 1 r (2015) 045037 [arXiv:1505.07760] [INSPIRE].
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Mean value of the physical

quantity operator

Mean in terms of the path integral

?) — 5 (. Statistical sum: reduction of disconnected
(O)) tI'(iO (x) )ren/ correlators

Perturbation theory in the third order
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Connected correlators starting with order 4 in the approach with
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AXxial current in the third order

of perturbation theory

Axial current in the third order of perturbation theory

(73 (@))s = Ajwu? + Aza’uw? +M

The results of calculating the
coefficients 1
Al =
24|83 12 E>
Ay = -
SRS
Az =0

The axial
charge is
conserved
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Comparison with the result obtained using

the Wigner function

Calculation based on the density operator in the framework of a QFT at
a finite temperature
2 2 2 2
M) = (o A - L

Js\t) = | 2 2 2 )%

0 27 247 87
Calculation based on the Wigner function

2 2 2
(3n0 = (I T + 5 Jau + o w-a)a
K 6 4772 o272/ " 1272 K

Cubic terms coincide.

Coincide linear terms corresponding to CVE.

The second current has a term along the acceleration vector, which violates the
conservation of the axial charge. 9

The coefficients that stand before @~ W’ are different.
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2 approaches to the calculation of

the polarization of hyperons

1-st approach 2-nd approach
The fall of polarization of hyperons + Karpenko, Iu. et al. Nucl.Phys. A967 (2017) 764-767
with increasing collision energy. arxiv:1704.02142 [nucl-th]
A * Data STAR | Based on the Wigner function
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* M. Baznat, K. Gudima, A. Sorin and O. Teryaev, EPJ Vsny [GeV

Web Conf. 138 (2017) 01008.doi:10.1051/

epjconf/201713801008; arXiv:1701.00923 ¢ — uw? 4 13 N T_2 The fall of polarization is
The polarization is determined 272 6’ E> caused by the det_:rease of
by the axial charge of strange E 3 2 ik the strange chemical
quarks according to CVE Qs =N, | &’xC(r)cyy’e v; 0 Vg potential




2 approaches to the calculation of

the polarization of hyperons

It was proved that the Wigner function used in the second approach leads
to CVE.

 In this case, the CVE underlies the first approach.

 Thus, CVE is essential for both approaches, which can explain the same
polarization behavior in them.

s

There is a connection between the two approaches to
the calculation of the polarization of hyperons.

ﬂ



CVE calculation based on the covariant Wigner function
proposed by F. Becattini, V. Chandra, L. Del Zanna, E. Grossi (a

similar conclusion is given previously in M. Buzzegoli, E. Grossi and F. Becattini, JHEP
1710 (2017) 091 doi:10.1007/JHEP10(2017)091 [arXiv:1704.02808 [hep-th]].).

On the basis of the Wigner function, a formula is derived for the
axial current in a rotating and accelerated medium outside the
limits of perturbation theory.

The correspondence of two approaches to the calculation of the
polarization of A-hyperons is shown: on the basis of calculating
the axial charge of strange quarks and on the basis of the Wigner
function.

Using the quantum density operator F. Becattini, the axial current
Is calculated in the third order of perturbation theory.
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Some applications of the theory of chiral liquids

Chiral phenomena detection = check of the physics that lies behind them.

Hadron polarisation in heavy ion collisions.

Chiral batteries.
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Kupaanble fiBJieHUA KakK nposaBJieHuns

aKCUMAJIbHOU aHOMaJNIMU B 3P (PEKTUBHOU TEeopUmn
nona

A. V. Sadofyev, V. |I. Shevchenko and V. |[I. Zakharov, Phys. Rev. D 83 (2011) 105025
doi:10.1103/PhysRevD.83.105025 [arXiv:1012.1958 [hep-th]]. (¢popMynbI Ha cnange)

| XMMUUecKunii noTeHumMan Kak appeKTUBHOE BHeLIHee 3fieKTpomarHutHoe none gA* —  pub

Ll

MmaopoanHaMmuKka Kak adpcheKTuBHasi Teopust Nosisi B peaJisHOM BPeMeHu

-----------------------------------------

------------------------------------------

L1l

AKcmaﬂbHﬁﬂ aHOMaJ/InAa B rmgpoanHamMmuke
O = =5 €map (0" (A" + pu? )0 (A + ) + 0" psu” 0% ps )
1

" = —ﬁﬁuuaﬂau(z‘ly + pu”) 0% s’
KupanbHble atheKkTbl B BEKTOPHOM TOKe KupanbHble adphekTbl B akCMabHOM TOKe
-------- N A R
. IS 15 w WS R W
= nut + —wht + —=B": = nsut + wh v —— B#
J T w2 +I 2m2 J5 > v 2m2 V272




NccnepnoBaHHbIE@ BONPOCHI U MeTo A bl

 JAdhdeKTbl BpaLleHUs N YCKOPEeHNA B aKCUaJIbHOM TOKe.

« CoxpaHeHue akCua/ibHOro 3apsifa BO BpawaloLWUXCA U YCKOPEHHO
ABWXYLLUXCA CUCTeMax OTCUETA.

* Monapusayns A-runepoHoOB B COyAapPeHUsiX TAKENbIX NOHOB.

MeTtoabl

« KoBapuaHTHaAa pyHKUUA BurHepa ans cuctemMm, XxapakrepusyoLmnxcs
TEeH30pPOM TEPMaJIbHO 3aBUXPEHHOCTW.

« MeToq paBHOBECHOIO KBAHTOBOIO oneparopa NAOTHOCTU, YUYUTbIBAIOLLEro
adhcpeKTbl, CBA3aHHbIE C TEH30POM TEPMa/IbHO 3aBUXPEHHOCTU.

Teopusi BO3MYLLEHUIT B NPUIOXKEHUUN K TEOPUU NMOJISi NMPU KOHEUHbIX
TeMneparypax.
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Covariant Wigner function: a method of
describing a system in quantum Kkinetic

theory

F. Becattini, V. Chandra, L. Del Zanna and E. Grossi, Annals Phys. 338 (2013) 32 doi:10.1016/J.a0p.2013.07.004
[arXiv:1303.3431 [nucl-th]].

Wigner function for Dirac fields Contains
4 iky _ |:> thermodynamic
W Kap = ———7 [ dye ¢ Yalk—y/2)¥s(x +y/2) 2) information about the
(27) system

1

The interaction is weak, W has inhomogeneities only on macroscopic scales

1 [d’p 'D' _ _ _
W) = 5 [ S2(50 = UG )0 ) = 80+ )V () .9V ()
igh L1

Mean values of operators f(xa p): eB(x)-p—£(x) +1

(U(2)AY(2) @) = /d4k tr(AW (z,k))  Fermi-Dirac distribution under local

thermodynamic equilibrium
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Ansatz of the Wigner function, taking

into account the thermal vorticity
tensor

Examples of calculation of corrections for the
thermal vorticity tensor

 VVector current

jo(:z:) :2/d3p (np —np)+w(x): w(x)i/dgp np(l—np)(1 —2np) —np(l —np)(l —2np)]
o Axial current

jh(z) = ww " cvE

1 > dp T3 T,uz:

WA = / — (np(Lp — ) + np(lyp + 2p* +m?) —i— 4

272(8] J, Ep( F(Ep — ) F(Ep + 1)) (2p ) 6 + 92

............

M. Buzzegoli, E. Grossi and F. Becattini,
JHEP 1710 (2017) 091 doi:10.1007/JHEP10(2017)091
[arXiv:1704.02808 [hep-th]].

F. Becattini, V. Chandra, L. Del Zanna and E. Grossi, Annals Phys. 338 (2013) 32 doi:10.1016/j.a0p.2013.07.004 [arXiv:1303.3431 [nucl-th]



Axial current, mass is not zero

A (L, T,m,Q) -
15/ovs o ) oy, =0
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Axial current, as a function of the chemical potential at different values of the
rotational speed and temperature

 The presence of a step at a chemical potential equal to the mass

» The step is smoothed with increasing temperature or speed of rotation
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The limit of massless fermions

Diagonalization

‘“Wu  Complex superposition of acceleration
2T 27  and vorticity vectors
2
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(3 =2 im| (ST + &) + 25)e

 The symmetry between vorticity and acceleration is an
analog of the symmetry between the magnetic and electric
fields in electrodynamics
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AXxial current in the third order

of perturbation theory

Three types of admissible parity:

A 2, A 2, A A '
(J3(@))s = Ay’ + Ago™u + Ag(wa)a =7 conservation
The main points of the technique of computing of 2;2?;'

hydrodynamic coefficients
* Representation of composite operators in a split form (point splitting)
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Fermi

 Summation over the Matsubara frequencies NS
distribution
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3ansiaHUPOBaHHbIE 3ama4um

« CpaBHeHuVe ABYyX nNoaxoaoB K pacyeTty nondapusauum A-
rTMNepoHOB: BbIBO4 CBA3U NonApusauum ¢ akCuasibHbIM
TOKOM.

 iccnegoBaHue BoOMpoca O HeNnepeHOPMUPYemMoCTu
KupasibHbIX 3)heKToB B TEOPUM MOMS NMPU KOHEUYHbIX
Temnepartypax.

* ccnepgoBaHue BAUAHUA 3PeKToB, CBA3aHHbLIX C
rpraButayMm W, B YaCTHOCTW, C TrpaBUTaLUOHHON
aHoOManmneun, Ha PNU3nKy KMpasibHbIX XXNOKOCTEW.

« [lononHuTesNbHasA NPoOBepPKa COXpPaHeHUs aKCUuasibHOro
3apaga.
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AKCMaAJZIbHbLIX TOK B TpeTbeM

nopsakKke TeoOpuu BO3MYLLUEHUN
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