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The standard model (SM) of particle physics pro-
vides unprecedented numerical accuracy for quantities
such as the anomalous magnetic moment of the elec-
tron (g − 2)e. Hence, measurements that lie outside
SM predictions warrant a special investigation. One
such result is the measured value of (g − 2)µ, which
deviates from SM calculations by 3.6σ. An intriguing
explanation for this discrepancy has been proposed by
adding a “dark photon”1). This possibility has recently
gained more relevance because it provides a simultane-
ous explanation of various beyond-the-standard-model
phenomena in addition to (g−2)µ. These includes the
positron excess observed by PAMELLA, FERMI, and
AMS-2 satellite experiments.

A simple formulation of the dark sector postulates
a “dark photon” U of mass mU that mixes with the
QED photon via the “kinetic coupling” term in the
Lagrangian

Lmix = −ε

2
FQED
µν Fµν

dark,

where ε parameterizes the mixing strength. Dark pho-
tons can then mix with the QED photon through all
processes that involves QED photons.

The PHENIX experiment searched for possible de-
cays of π0, η → γU , U → e+e− by examining the
invariant mass mee of e+e− pairs in a large sample
of Dalitz decays, π0, η → γe+e− for 30 < mU < 90
MeV/c2 in the dark photon parameter space. The
weak coupling of the dark photon with the QED pho-
ton implies that the natural width of the dark photon
is very narrow. Thus if the dark photon mass is in this
range, a clear dark photon signal should appear as a
narrow peak in the e+e− mass spectrum.
We used the data set of p + p collisions in the 2006

and 2009 runs and d+Au collisions in the 2008 run,
at

√
sNN = 200 GeV, but did not find any significant

signal. Thus, we set the upper limit on the mixing
parameter ε2 as a function of the dark photon mass
mU .
Fig.1 shows the limits determined by the PHENIX

along with the 90% confidence level (CL) limits from
other experiments and the 2σ upper limit theoreti-
cally calculated from (g− 2)e. The band indicates the
range of parameters that would allow the dark pho-
ton to explain the (g − 2)µ anomalies with 90% CL.
The PHENIX experiment limits exclude the values of
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Fig. 1. A compilation of the limits of the Uγ mixing pa-

rameter, showing the PHENIX results, together with

other experiments and the band indicating the range of

mass and coupling parameters favored by the (g − 2)µ
anomaly at 90% CL. Also shown is the 2σ upper limit

obtained from (g − 2)e.

the coupling favored by the (g − 2)µ anomaly above
mU > 36 MeV/c2. Recently, BaBar reported stricter
limits from a search of the reaction e+e− → γU,U →
l+l−, excluding values of the preferred (g− 2)µ region
for mU > 32 MeV/c22). As a result, nearly all the
available parameter space that would allow the dark
photon to explain the (g − 2)µ results are ruled out
at 90% CL by independent experiments. The entire
parameter space to explain the (g − 2)µ anomaly by
the dark photon can be excluded at 85% CL by the
PHENIX data alone. The level of compatibility be-
tween our data and the coupling strength favored for
the (g − 2)µ anomaly is 10% with a statistical test.

In summary, the PHENIX results set limits for the
coupling of a dark photon to the QED photon over the
mass range 30 < mU < 90 MeV/c2. Combining with
the BaBar results, the dark photon is ruled out at
90% CL as an explanation for the (g − 2)µ anomaly
for mU > 32 MeV/c2, leaving only a small remaining
part of the parameter space in the region 29 < mU <
32 MeV/c2.
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E906/SeaQuest experiment at Fermilab
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E906/SeaQuest is a Drell–Yan experiment at
Fermi National Accelerator Laboratory (Fermilab).
SeaQuest aims to measure the flavor asymmetry of
antiquarks (d̄/ū) in protons at large Bjorken x more
accurately than the E866 experiment, which is the
Drell–Yan experiment conducted previously at Fermi-
lab.1) The flavor asymmetry is derived from the ratio
of the Drell–Yan cross sections in proton-proton (pp)
and proton-deuteron (pd) reactions, as shown below:

σpd

2σpp
∼ 1

2

[
1 +

d̄

ū

]
. (1)

We use a 120-GeV proton beam extracted from Fermi-
lab Main Injector and liquid hydrogen and deuterium
as targets. Carbon, iron, and tungsten are also used
as targets for measuring nuclear effects on the parton
distribution. The Drell–Yan process creates a µ+µ−

pair, and therefore the muons are measured to count
the number of Drell–Yan events. SeaQuest acquired
data for 10 months in 2013 and 2014 (called “Run 2”).
Data acquired over two months of the data were an-

alyzed as an initial step. Results of the analyzed data
and prospects are discussed in this report.
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Fig. 1. Reconstructed di-muon mass distribution with all

the targets (black points). It is fitted with four compo-

nents (red, green, yellow, and black lines).

We succeeded in reconstructing the mass distribu-
tion of di-muons with all the targets as shown in Fig. 1.
The mass distribution was fitted with four compo-
nents, Drell–Yan events, J/ψ events, ψ′ events, and
random backgrounds. The distribution shapes of the
Drell–Yan, J/ψ, and ψ′ events were simulated, while
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that of random backgrounds was estimated using real
data. The experimental data ware fitted reasonably
well to simulated events and estimated backgrounds,
which suggests the detectors and the algorithm of di-
muon reconstruction work as expected. The Drell–Yan
events were selected with a di-muon cut-off mass of 4.2
GeV. We evaluated the cross-section ratio using the
yields of the Drell–Yan events in the pp and pd inter-
actions. The flavor asymmetry (d̄/ū) was derived from
the cross-section ratio using Eq. 1. The magnitude and
systematic error of d̄/ū are currently being evaluated.
Thus, Fig. 2 shows only the statistical errors of d̄/ū
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Fig. 2. Plot of d̄/ū vs Bjorken x obtained by E866 (blue

points), and the size of statistical errors expected in the

SeaQuest experiment (red points) and that obtained

using the analyzed data (green points).

using the analyzed data, together with the previous
measurement results. The amount of analyzed data at
small x is approximately the same as that of the E866
data.

We started acquiring another set of data for two
years in November 2014. After data acquisition, we
will obtain 20 times more statistics than the set of data
we analyzed. The result that will be obtained using in
the SeaQuest experiment will considerably improve the
understanding of the internal structure of protons.
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