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The proton and neutron contain a substantial number ofcaratiks which arise from dynamical
interactions of gluons such as gluon dissociation. The EX8Quest experiment will take place
at the Fermi National Accelerator Laboratory (Fermilab) Wl investigate the light anti-quark
(u, d_) distributions in the proton using Drell-Yan process. la fitocess, a quark and an anti-quark
annihilate into a virtual photon and then it decays to a letair. The SeaQuest experiment uses
a 120-GeV proton beam extracted from the Fermilab main foje@ two-month commissioning
run took place in spring 2012. This run confirmed the fundiidy of all the detector elements.
A preliminary di-muon mass distribution was extracted assalt of the run. A two-year physics
run started in November 2013. In this paper, the physicsvatitin of the SeaQuest experiment,
the result of the commissioning run and the upgrade for thysiph run are described.
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1. Flavor Asymmetry in Light Quark Sea

The proton consists of three valence quarks and sea of quarks tiggiarks. Under a simple
assumption where sea quarks are generated from gluon dissociatidtgvitresymmetry is ex-
pected between andd. However the asymmetry betweamndd in the proton was discovered by
NMC at CERN[L[R]. They observed a violation of the Gottfried sum rulelbgp inelastic muon
scattering on the proton and neutron. This result showed that there seelthanuiin the proton.

The E866/NuSea experiment measured the ratid_/dfas a function of the nucleon momentum
fraction, Bjorkenx, over a range of @15 < x < 0.35 with a 800-GeV proton bearf][B, 4]. The
experiment used the Drell-Yan process that is described by the annihitatioass of a quark and

an anti-quarkg+q — y* — u™ + u~. This process is an ideal method to measure the anti-quark
distributions because an anti-quark is always involved in the process.

Fig. [} shows the result of E866_/u_vs Bjorkenx, where the ratio is as large as 1.7at 0.2,
and seems to be reversedxat- 0.3. Several models of the proton structure were proposed to
reproduce this behavior. In one such model known as the pion cloudintlee@roton is assumed
to be a superposition of a bare proton, pion-nucleon and pion-delta:gtaites |po) + N T) + |ATT)

[B]. The pion is produced in the following way in the protan:— " +d, d — 7 +u. Since the
amount ofu in the proton is more than that df the probability ofrr™ creation is higher than that

of i~ in the model. The Iarg&i_contribution to the proton sea can then be interpreted as a result of
the abundance af", becauset" consists ol andu. However, this model cannot reproduce the
E866/NuSea result at higher Bjorkeiix > 0.3) where the ratio becomes smaller than 1. Therefore,
it is important to measure the ratio in the highegion with a high precision.
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Figure 1: Both plots show the result mf/u_vs Bjorkenx obtained by E866/NuSe@1||§, 7]. The left plot shows
also a curve by CTEQ6 taking into account the E866/NuSedtseand expectations by the pion cloud
model. In the right plot, the red error bars show anticipatadertainties of SeaQuest. The central values
are assumed to be on the MRET[S] curve in the plot. The blug/athow bands are error bands of the result
of the MSTW parametrization before and after the prospecatsults of SeaQuest is taken into account.
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The SeaQuest experiment measures the ratio in the rad@e<0x < 0.45 with a 120-GeV
proton beam. Because the beam energy is set lower than in E866/Nu8datetlkYan cross
section becomes larger and moreover the rate of background muonsthatpcimarily from the
J/y decay becomes smaller. Thus, we will obtain more statistics by a factos0f compared to
EB66/NuSea. The accuracy is about 10 times better than that of E86&NasSean be seen in the
right plot of Fig.[].

2. Experimental Setup

The SeaQuest spectrometer is designed to detect di-muons from the Bingdkdtess. It con-
sists of the trigger system, two dipole magnets, and four detector grodiesl, ‘teacking stations”,
as shown in Fig]2. The targets used for the experiment are liquid hyalrtgeid deuterium, car-
bon, iron, and tungsten. The first magnet is placed between the taggetssnd the first tracking
station. It focuses high transverse momentum muons into the spectromedptaame and bends
low momentum muons out of the acceptance. The second magnet is used toateasnomenta
of di-muons. Each tracking station is equipped with hodoscopes for tragggedrift chambers or
drift tubes for tracking.
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Figure 2: SeaQuest spectrometer. It contains a target system, airigcosgnet, a tracking magnet, and
four groups of tracking detectors called “tracking stasibriiquid hydrogen, liquid deuterium, carbon, iron,

and tungsten are used as the targets. Each tracking staopuipped with hodoscopes for trigger and drift
chambers or drift tubes for tracking.

3. Commissioning Run

A two-month commissioning run was successfully carried out in spring 20h2. provided
beam intensity was approximately<110'! protons per second on average. At the beginning of the
run, we observed unexpected variations in the beam intensity oveasev@ers of magnitude. The
spectrometer was highly occupied with hits due to the beam with high instantwiméensity. The
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high multiplicity in the spectrometer would in turn make track reconstruction difficedtaQuest
developed a veto trigger system in order to filter out the high instantaneousiiytparts of the
beam. Using the veto system, SeaQuest succeeded in collecting valuablewtatg the last two
weeks of the run, the experiment ran in a stable condition and approximakelyillion events
were recorded. We have achieved the reconstruction of di-muon teakshe extraction of the
preliminary di-muon mass distribution. A cross-check of the reconstrucfitreanass distribution
was done by two independent tracking algorithms and their results adfieef}. shows an example
of the reconstructed di-muon event.

Production: run_002173_R002
Event: 7082
Coda Event:

¥ [em]

Figure 3: Event display of the SeaQuest. A reconstructed di-muontdgseshown. The 120-GeV proton
beam comes from the left in this figure. The red lines and the k#ctangles indicate the chamber wires and
the hodoscope paddles fired by muons. The orange lines sleo@dbnstructed di-muon.

4. Physics Run Starting Fall 2013

A two-year physics run started in November 2013. The optimization of eaciponent to-
ward the stable data accumulation is ongoing. Several upgrades werketairgince the commis-
sioning run. In the beam line, a Cherenkov detector was placed to mdahsuream intensity at
the 53 MHz RF frequency. This allows the experiment to generate a vetoiwtée high instanta-
neous intensity RF buckets of the beam, and also to measure the absolutef hgueross-section
of the Drell-Yan process. In the spectrometer, an improvement of the boples and wire cham-
bers was done. For the hodoscopes, we upgraded the existing PE&J eidls a new circuit board
to achieve higher rate capabilities. For drift chambers, one new drifibeawas installed at the
bottom half of the third station to improve the acceptance of the spectrometes ttonstructed at
Fermilab last year. About 5,300 wires were strung by SeaQuest cadietdser One more new drift
chamber will be installed at the first tracking station. This chamber also impttyecacceptance
of the spectrometer.
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5. Summary

The SeaQuest experiment will investigate anti-quark distributions in therpusiag the Drell-
Yan process. It uses the 120-GeV proton beam extracted from tmeil&lrmain injector. The
Drell-Yan process is an ideal method for studying the anti-quark distribsitiothe proton because
an anti-quark is always involved in this process. The SeaQuest spetanis optimized to detect
di-muons from the Drell-Yan process. It consists of several targetsptagnets, and four track-
ing stations. A two-month commissioning run was successfully carried outringsp012. All
the system worked well, and a preliminary di-muon mass distribution was extraétevo-year
physics run started in November 2013 and will help us to understand dixedga structure of the
nucleon.
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