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Signatures of chiral magnetic wave in heavy ion collisions

H. -U. Yee,∗1∗2

Chiral magnetic wave1) is a collective hydrodynamic
mode of chiral charge densities in the presence of back-
ground magnetic field, as a consequence of underlying
triangle anomaly of QCD. It has a longitudinal disper-
sion relation along the direction of the magnetic field

ω = ±vχk − iDLk
2 + · · · , (1)

where the chiral magnetic velocity vχ is completely
fixed by the thermodynamic charge susceptibility χ as

vχ =
eNcB

4π2χ
, (2)

whereas the sign in front of the first term in the dis-
persion relation depends on the chirality, that is, left-
handed charge fluctuations propagate in the opposite
direction to that of the right-handed charge fluctua-
tions. Since off-central heavy ion collisions can create
magnetic fields as large as eB ∼ m2

π at RHIC and
about ten times larger at LHC, they provide an inter-
esting environment where one can potentially test pos-
sible experimental signatures of chiral magnetic wave.
One observable that might be affected by the chiral

magnetic wave is the elliptic flows of early photons and
dileptons, for which the recent experimental data from
RHIC indicate a value larger than the current theory
estimate without taking into account the presence of
magnetic fields. Earlier studies have suggested possi-
ble enhancement of the elliptic flows of photons due
to the magnetic field, but a proper account of possi-
ble effects coming from chiral magnetic wave was first
examined in Ref.2) in the framework of AdS/CFT cor-
respondence. We observed that the chiral magnetic
wave can significantly modify the elliptic flows for the
momentum p < 1 GeV. Also, the quadrupole to the
elliptic flow square ratio, v4/v

2
2 , is largely different

from a constant, violating a typical scaling v4 ∼ v22 for
charged hadrons. We also predicted a distinctive sig-
nature in the polarization of photons originating from
chiral magnetic wave. Future experiments probing the
momentum range p < 1 GeV will be interesting to
potentially see such behaviors due to chiral magnetic
wave.
Another observable of interest is the charge depen-

dent elliptic flows of pions, ∆v2 ≡ v2(π
−) − v2(π

+),
which was recently measured at RHIC. The QCD
plasma formed by heavy ion collisions naturally has a
small average positive vector charge density as a rem-
nant of the colliding two positively charged nuclei, but
one can also select events with any sign of the net
charge that exist via statistical fluctuations. Recall-
ing that QV = QL +QR and QA = −QL +QR where
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QV,A are vector (axial) charge densities and QL,R are
left (right)-handed chiral charge densities, the initial
vector charge density with average zero axial charge
corresponds to having equal amounts of chiral charges
QL and QR. Chiral magnetic wave acting on these
chiral charges will move them apart in opposite direc-
tions along the magnetic field, which leads to a net
vector charge quadrupole moment that is proportional
to the initial vector charge density. Based on this, we
predicted in Ref.3) that this quadrupole moment, in
conjunction with the radial flow developed by hydro-
dynamic evolution, will eventually result in ∆v2 pro-
portional to the initial vector charge density,

∆v2 = rA± , A± =
(N+ −N−)

(N+ +N−)
, (3)

with a positive slope parameter r, which has been con-
firmed by the experimental analysis of RHIC. The sim-
ulation in Ref.3) for r to compare with experimental
value was crude, neglecting many realistic elements
in heavy ion collisions, and in Ref.4) we significantly
improved the simulation by implementing a realistic
2+1 dimensional hydrodynamic code with isothermal
Cooper-Frye freeze out condition, as well as chiral
phase transition effect on the chiral magnetic wave.
Our result for r and its dependence on the impact pa-
rameter compare well with experiments, although our
analysis does not exclude other contributions unrelated
to triangle anomaly.
In Ref.5) we systematically classified possible P and

CP odd observables in photon and dilepton emission
rates. Since axial charge is P and CP odd, which is
a unique characterization of it, these observables must
be proportional to event-by-event fluctuations of ax-
ial charges in the QCD plasma formed in heavy ion
collisions. Our observables are related to spin (helic-
ity) alignments of the photons and dileptons, and we
have shown that they probe the imaginary part of the
chiral magnetic conductivity of the plasma at finite
momenta, which ultimately arises from the underlying
triangle anomaly of QCD.
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Dihadron Fragmentation Functions in the NJL-Jet Model†

H. Matevosyan,∗1 W. Bentz,∗2∗3 and A. W. Thomas ∗1

[QUARK FRAGMENTATION FUNCTIONS]

In order to describe the scattering of high energy
electrons on nuclear targets in terms of quark degrees
of freedom, the Nambu-Jona-Lasinio (NJL) model is
often used as an effective theory of QCD. For exam-
ple, this model was successfully applied in Ref.1) to
describe quark distribution and fragmentation func-
tions observed in semi-inclusive deep inelastic scatter-
ing (SIDIS) processes. Here we extend the model to
the description of dihadron fragmentation functions
(DiFFs), which are expected to play an important
role for extracting the transversity parton distribution
functions from SIDIS processes with two final detected
hadrons2).
The unpolarized DiFFs (Dh1h2

q (z,M2
h)) for the pro-

cess q → h1h2 depend on the sum of the light-cone
momentum fractions z = z1 + z2 and the invariant
mass squaredM2

h = (P1+P2)
2 of the produced hadron

pair. In order to calculate these functions, we use the
quark jet picture, with the elementary fragmentation
functions for q → h calculated in the NJL-jet model3).
The multihadron emissions from a high energy virtual
quark (flavor q = u, d, s) are described by using Monte-
Carlo techniques, averaging over a sufficiently large
number of events (1010 in the results shown below)
and restricting the total number of primary emitted
hadrons for each fragmentation chain to a predefined
number (equal to eight in the results below). In this
study we include the pseudoscalar π, K and vector (ρ,
ω, K∗ and φ) mesons. The strong 2-body and 3-body
decays of the primary vector mesons to secondary π

and K are also included in the simulations, and are
very important to describe the invariant mass spectra
of the final π and K pairs.

Fig.1 shows the DiFF for u → π+π−, integrated
over z in the region 0.2 to 0.8, for the cases of pri-
mary mesons only (dashed line) and the full final
states including the decay products of the primary vec-
tor mesons (solid line). The ρ0 peak around M2

h ≃

(0.78GeV)
2
, and the enhancement in the region be-

low 0.4 GeV2 coming from ω → π+π−π0 with shifted
invariant mass due to the unobserved π0, are clearly
seen in the figure. Fig.2 shows the results obtained
by performing the Q2 evolution in leading order (LO),
where we assign a typical NJL-jet scale of 0.2 GeV2

to the model results shown by the solid lines in Figs.
1 and 2. The vector meson decays have an important
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influence on the shape of the DiFFs even at very high
values of Q2.
The future development of our model will allow us

to extract also the so called interference DiFFs by con-
sidering the fragmentation of a transversely polarized
quark, which also play an important role to extract
the transversity distribution functions from measured
SIDIS two-hadron asymmetries.
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Fig. 1. Fragmentation function for u → π
+
π
− calculated

in the NJL-jet model, including only primary (dashed

line) and full (solid line) final states.
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Fig. 2. The solid line is the same as in Fig.1, and the other

lines show the results obtained by the Q
2 evolution in

leading order (LO) to higher energy scales.
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