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Magnetic knots of deconfined CP-odd matter
in heavy-ion collisions
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We point out that metastable knots of deconfined hot quark matter may exist in the quark-gluon
plasma due to local parity violating effects. These knots are stabilized by strong magnetic fields
which induce electric currents via the chiral magnetic effect. The magnetic field in the knot
resembles the spheromak plasma state which appears in the nuclear fusion devices. The size of
the knot is inversely proportional to the chiral conductivity of the plasma, and the parity (P) and
charge-parity (CP) symmetries are broken inside the knot. We argue that these knots may be
created in noncentral heavy-ion collisions.
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Magnetic knots of deconfined CP-odd matter in heavy-ion collisions

Noncentral heavy-ion collisions may generate very strong magnetic field with the strength of
the order of the hadronic scale. In LHC Pb-Pb collisions the strength of the magnetic field may
reach the value eBmax

LHC & 15m2
π , where mπ ≈ 140MeV is the pion mass [1]. A magnetic field of

such strength should affect dynamics of the charged constituents of the quark-gluon plasma and
consequently lead to several observable effects in heavy-ion collisions. For example, the quark-
gluon plasma may contain parity-violating domains due to instanton and sphaleron transitions.
In the parity-violating background the external magnetic field B leads to generation of a quark’s
electric current ~j via the so called chiral magnetic effect (CME) [2]:

~j = σχ
~B , (1)

where σχ is the chiral electric conductivity which depends on properties of the quark-gluon plasma
(the external electric field is assumed to be absent, ~E = 0). The first evidence of the existence of
this exotic effect was recently reported by the STAR collaboration at the RHIC facility [3].

The transport law (1) leads to existence of certain nontrivial metastable states. A combination
of Eq. (1) with the classical Maxwell equations provides us with the well known system of equa-
tions which plays an important role in usual (electromagnetic) plasma physics. Solutions of this
system are usually called Chandrasekhar-Kendall states in astrophysical plasmas [4]. In the theory
of nuclear fusion devices, the solutions are known as Taylor (“spheromak”) states [5], which are the
“natural-end configurations” in the plasma equilibrium. We suggest that due to the parity violating
effects similar states may arise in the quark-gluon plasma created in heavy-ion collisions [6].

Figure 1: Typical structures formed by the lines of the magnetic field (the illustration is from Ref. [6]).

The spheromak state is a complicated compact structure of selflinked (knotted) magnetic lines.
The simplest state (we call it as “knot”) is a spherial solution of the finite radius R ∼ 1/σχ . Typical
lines of the magnetic field in these knots are illustrated in Figure 1. In heavy-ion collisions the knots
may probably be formed in the parity-broken domains. Further details can be found in Ref. [6].
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