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Abstract

Experimental manifestation of P-odd effects related to the vorticity and hydrodynamic helicity in non-central heavy
ion collisions at MPD@NICA and BM@N detectors is discussed. For the NICA and FAIR energy range charac-
terized by the large baryonic charge of the forming medium the effect should manifest itself in the specific neutron
asymmetries. The polarization of strange particles probing the vorticity and helicity is also discussed.
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1. Introduction

A search for local violations of discrete (C and P)
symmetries from the discovery of the famous Chiral
Magnetic Effects (CME) [1] is a subject of intense the-
oretical and experimental studies. Here we concentrate
on the effects related to the P-odd ”mechanical” effects,
like the orbital angular momentum, vorticity and helic-
ity.

In particular, we address to the neutron angular asym-
metries [2], effects of the helicity separation [3, 4] and
baryon polarization [2, 3] as well as the emergence of
momentum correlations (handedness) [4]. We discuss
the manifestation of these effects at the NICA and FAIR
energy range as well as new theoretical ideas on the role
of maximal helicity (Beltrami) relativistic flows.

2. Generalized Chiral Vortical Effect (CVE) and
neutron asymmetries [2]

It was shown [5] that CVE provides another source
for the observed consequences of CME. On the other
hand, CVE leads also to the separation of charges dif-
ferent from the electric one [2].

In particular, the large baryonic chemical potential
appearing in the collisions at comparatively low ener-
gies at NICA and FAIR (and possibly SPS and RHIC at

low energy scan mode) may result in the separation of
the baryonic charge. A special interest is manifestation
of this separation in neutron asymmetries with respect
to the production plane, as soon as neutrons, from the
theoretical side, are not affected by CME and, from the
experimental side, there is a unique opportunity to study
neutron production and asymmetries at MPD@NICA.

3. Hydrodynamical helicity separation [3, 4]

The helicities ~v · rot~v in gold-gold collisions at dif-
ferent impact parameters were evaluated in different do-
mains. The helicity calculated with inclusion of the all
particles is zero (see Fig.1, blue online). For the parti-
cles with the definite sign of the velocity components,
which are orthogonal to the reaction plane (and may
be selected also experimentally), the helicity is nonzero
and changes a sign for the different signs of these com-
ponents (red and green lines, respectively). The effect is
growing with the growing impact parameter and it rep-
resents a sort of the saturation in time. This effect holds
in both QGSM [3] and HSD [4] models.
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Figure 1: (color online) Time dependence of helicity

4. Baryon polarization [2, 3]

Such a polarization can emerge due to the anomalous
coupling of vorticity to the (strange) axial quark current
via the respective chemical potential, being very small
at RHIC but substantial at NICA and FAIR energies. In
that case the Λ polarization at NICA due to the trian-
gle anomaly can be explored in the framework of the
experimental program of polarization studies at NICA
performed in the both collision points.

5. Momentum correlations [4]

One may introduce the following ”handedness” pseu-
doscalars: ∑

( ~p3, ~p2, ~p1),

where ( ~p3, ~p2, ~p1) - triple product

( ~p3, [ ~p2, ~p1]),

~p1, ~p2, ~p3 - momenta of pion in the final state. Momenta
in each triple product were sorted in the following way:

|p3|
2 < |p2|

2 < |p1|
2.

The following quantity was computed:

η =

∑
( ~p3, ~p2, ~p1)∑
|( ~p3, ~p2, ~p1)|

,

where the sums are over all such triplets. As the re-
sult, the indications of small but nonzero correlations at
NICA energy range were obtained.

6. Relativistic Beltrami flows

Chaotic Beltrami flows producing Lagrangian turbu-
lence of streamlines play an essential role in the the-
ory of dynamical systems, astrophysics, plasma physics,
etc. (see, e.g. [6] and references therein). Quite re-
cently, Beltrami equation was studied in the context of
Chiral Magnetic Effect in heavy ion collisions (HIC)
[7, 8]. As Beltrami flows obviously possess the maxi-
mal hydrodynamic helicity, their relevance for HIC also
emerges due to the recently discovered phenomena of
helicity separation and baryon polarization [2, 3]. Also,
the chaotic streamlines of such flows [6] may provide
an interesting mechanism of fast thermalization.

As the fluid velocities are essentially relativistic, a
generalization of Beltrami flows to the relativistic case
is required.

Let us rewrite the expression for isentropic flows in
the following way:

û µ
(
∂µ û ν − ∂ν ûµ

)
= 0 (1)

where ∂µ ≡ ∂
∂xµ

, uµ = γ (1 , vi
c ) is the fluid four-velocity

and the effective velocity

ûµ ≡
γw uµ
ρ

. (2)

Here, c is the velocity of light, γ = (1 − v2
j/c

2)−
1
2 ,

the Lorentz scalar n is the number density of the fluid
particle of the mass m, so that ρ = n m γ. Note that the
relativistic enthalpy (heat function) w = e + p, where
the energy density e includes the rest energy ρ c2

γ
.

The relativistic-covariant generalization of the steadi-
ness condition is

ηµ ∂µ f = 0 (3)

where η is an arbitrary constant four-vector which char-
acterizes the fluid and f is an arbitrary function. In
case when η is a time-like four-vector, in particular
η = (1 , 0 , 0 , 0 ), this condition reproduces the standard
steadiness condition.

The relativistic-covariant generalization of the
Bernoulli equation

uµ ∂µ ûν ην = 0 (4)

can be derived by contracting eq. (1) with four-vector
η and using eq. (3). It is satisfied in the whole volume
occupied by the fluid

∂µ ûν ην = 0 (5)
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if the following relativistic-covariant generalization of
the non-relativistic Beltrami condition ~v × rot~v = 0 is
valid

εµναβ η
ν û α wβ = 0 (6)

where the dual velocity strength-tensor ωνµ and the gen-
eralized relativistic vorticity ων are

ωνµ ≡ ενµαβ ∂α ûβ , ων ≡ ωνµ ηµ . (7)

This condition is fulfilled by the following relativistic-
covariant generalization of the non-relativistic Beltrami
equation:

ωνµ = φ(x)
(
ηµ û ν − ην û µ

)
, (8)

which leads to the following equation

ων = φ(x) η2
(
gνµ −

ην ηµ

η2

)
ûµ . (9)

The function φ(x) is constrained by the fluid particle-
number conservation. Calculating the divergence of
both sides of eq. (8) and using eq. (3) one gets

∂µ (φ uµ) = 0 . (10)

Comparing it with the fluid particle-number conserva-
tion

∂µ
ρ uµ

γ
= 0 , (11)

where n =
ρ
γ

is the density, one can derive expression
for φ:

φ = k
ρ

γ
, (12)

where k is an arbitrary real number. This implies (re-
call that ρ = nmγ) the following form of a relativistic-
covariant generalization of the Beltrami equation which
for constant particle density is more close in the form to
the non-relativistic case:

ωνµ ≡ ενµαβ ∂α ûβ = m
(
ηµ û ν − ην û µ

)
, (13)

ων ≡ ωνµ ηµ = ενµαβ ηµ ∂α ûβ (14)

= m η2
(
gνµ −

ην ηµ

η2

)
ûµ, (15)

where for brevity we changed the notation knm→ m. A
wide class of solutions to equation (13) for the relativis-
tic generalized Beltrami fields is:

ûµ(x) = nν
(
δαµ −

ηµ η
α

η2

)
×

(
m ηβ εανβρ ∂

ρ + gαν � − ∂α ∂ν

)
Φ(x) + c ηµ , (16)

where the function Φ(x) is constrained by

(� − m2 η2) Φ(x) = 0 , ηµ ∂µ Φ(x) = 0 , (17)

nµ is an arbitrary constant four–vector and� ≡ gµν ∂µ ∂ν.

7. Conclusions

The P-odd effects related to angular momentum pro-
vide an interesting field of the investigation at NICA.

The relativistic Beltrami flows open an interesting op-
portunity of theoretical studies of P-odd effects. They
may explain the emergence of hydrodynamic helicity
and, what is especially challenging, generate the fast
thermalization due to chaos of streamlines.
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