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Search for the strong magnetic field via di-electron measurement
in heavy-ion collisions at RHIC-PHENIX

T. Hoshino∗1,∗2 for the PHENIX collaboration

A strong magnetic field is expected to be created
in high-energy heavy-ion collisions. The intensity of
the magnetic field created in the collisions at BNL-
RHIC is estimated to reach about 1014 teslas. The
field creation can be considered to be due to the effect
of both of collision participants and collision spectators
and the field direction is perpendicular to the reaction
plane (Fig. 1).

The possibility of field creation was presented first
about 35 years ago1). In recent years, this began to
attract attention because achieving an increase in the
field intensity with increasing energy of the collider is
well beyond the critical field of an electron (eBc = m2

e).
The time evolution of this field is also calculated based
on theories. According to the theoretical calculation,
the field intensity decreases rapidly, but maintains for
a few fm/c above the critical magnetic field of an elec-
tron2). Chiral magnetic effects and other interesting
effects, such as non-linear QED effects, are discussed
based on the theories to be caused by the strong field.
From experimental studies, charged particle asymme-
try with respect to the reaction plane3) and direct-
photon azimuthal anisotropy4) suggest the presence of
the strong field. However, the field itself is yet to be
directly detected experimentally.

Direct detection of the field in high-energy nuclear
collisions is a very important issue. Detection of the
strongest field in the universe has a major impact in
itself. Further, the observation of the field leads to the
confirmation of the chiral magnetic effect. Moreover,
there is a possibility to verify non-linear quantum elec-
trodynamics effects such as vacuum-birefringence and
the decay of real photons.

Direct photons/virtual photons are good candidates
for probing the field detection, because they are not af-
fected by the strong interaction and they maintain the
initial information. Pi0 decay photons/Dalitz-decay
electron pairs are candidates for control probes because
they are from the later time. Combinatorial pairs from
mixed events could also be used as a control probe.

According to the calculation of photon vacuum po-
larization in a strong magnetic field, the production
rate of di-electrons from virtual photon decay depends
on the field direction5). Since PHENIX has a good
electron-identification capability, we focus on virtual
photon decays with a dependence on the magnetic field
direction. By using electron pairs from virtual-photon
decays as the probe, polarization measurement is pos-
sible without the using of a polarimeter.
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Fig. 1. Schematic image of the magnetic field creation in

heavy-ion collision

We are using the
√
sNN = 200 GeV Au+Au colli-

sions data set collected in 2004 at the RHIC-PHENIX.
Electrons and positrons are identified by RICH and
EMCal, and momentum is decided by Drift Chamber
and Pad Chamber. Global variables, z-vertex, cen-
trality and reaction plane, are decided by Beam-Beam
Counter.

We select two di-electron invariant-mass region,
0.12 < mee < 0.3 GeV/c2 and 0 < mee < 0.1 GeV/c2.
The first region contains virtual photon components,
and thus, this region is expected to contain the sig-
nal. The second is dominant Dalitz-decay di-electron,
which has no-physics effect to polarization. The po-
larization is measured using the angular distributions
of di-electron with a correlation to the reaction plane,
as a function of centrality, because it depends on the
strength of the created field. Now, we focus on polar-
izations of Dalitz-dacay pairs and combinatorial pairs,
which is important for background subtraction. We
discuss what kind of background is included, how to
subtract backgrounds, and how to extract the signal.
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One of the most significant discoveries at RHIC has
been the suppression of high pT hadrons in central
Au+Au collisions1). In pQCD models, the data con-
strain the transport coefficient, q̂2).
Currently the best measurement at RHIC is achieved

by neutral pions3). For charged hadrons, the measure-
ment is limited by a background from photon conver-
sions and random tracks, both mimicking high trans-
verse momentum tracks.

With the recent addition of a Silicon Vertexing
Tracker (VTX)4) to PHENIX, it is possible to signif-
icantly reject this background and to extend hadron
measurement to a higher pT . Tracks need to be recon-
structed with a small Distance of Closest Approach
(DCA) of the track projection on the primary vertex.
Real tracks are reconstructed with zero DCA convo-

Fig. 1. Raw DCA distribution in the transverse plane. The

peak around zero DCA is dominated by real tracks. The

underlying background comes from random tracks and

weak decays. The fall-off at ± 0.4 cm is an artifact of

the tracking algorithm.
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luted with the detector resolution, whereas fake tracks
can have any DCA.

Figure 1 shows the raw DCA distribution in the
transverse plane. A peak is observed around zero
DCA, which is dominated by real tracks, above a back-
ground of random tracks and weak decays.

Figure 2 shows the transverse momentum distribu-
tion of tracks with and without the small-DCA require-
ment. At high pT , the spectrum without the DCA re-
quirement appears unphysically flat, whereas the spec-
trum with the requirement continues to fall. This ob-
served behavior suggests that the DCA requirement
successfully suppresses the background.

These plots indicate the potential of this method.
Recently, significant progress has been made in reject-
ing misfunctioning parts of the detector and improving
the tracking algorithm. The analysis is still in progress.

Fig. 2. Uncorrected hadron pT spectra for different purity

cuts. At high pT , the spectrum without the DCA re-

quirement appears unphysically flat while the spectrum

with the DCA requirement continues to fall.
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