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Measurement of J/ψ productions in p+ d and p+ p at SeaQuest
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The partonic structure of the proton is one of the most
vital topics in hadron physics. The SeaQuest (E906) ex-
periment at the Fermi National Accelerator Lab (FNAL)
in USA is aimed at measuring the flavor asymmetry
of light antiquarks in the proton, d̄(x)/ū(x), at large
Bjorken x (≳ 0.3). It utilizes the 120-GeV proton beam
from the FNAL Main Injector and targets of liquid hy-
drogen and liquid deuterium. The preliminary result
of d̄(x)/ū(x) using the Drell–Yan process has been re-
ported.1)

The data recorded by SeaQuest include J/ψ produc-
tions. The p + d/p + p ratio of J/ψ cross sections is
sensitive to distributions of both antiquarks and gluons
through the qq̄ annihilation (qq̄ → J/ψ) and gluon fu-
sion (gg → J/ψ), as shown in Fig. 1. The qq̄ annihi-
lation dominates at large Feynman x (xF ≳ 0.4) where
SeaQuest can measure. Therefore, this measurement is
expected to provide additional constraints on parton dis-
tribution functions (PDFs), particularly of antiquarks at
the middle Bjorken x. The systematic uncertainties of
the measurement are largely reduced by taking the ratio
of the cross sections.

Muon pairs from J/ψ decays were detected by the
SeaQuest spectrometer.2)

SeaQuest acquired physics data from 2013 to 2017 to
record 1.4×1018 beam protons on targets. The first half
of the recorded data were analyzed. Figure 2 shows the
distributions of the invariant mass of muon pairs. The
yield of J/ψ was evaluated based on the fraction of the
J/ψ component in this fit. The detection efficiency of
J/ψ was corrected by simulation. The beam intensity
was measured with a secondary-electron emission mon-
itor (SEM) for normalizing the p + d and p + p cross
sections.

Fig. 1. Leading diagrams of J/ψ productions.
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Figure 3 shows the p+ d/p+ p ratio of the J/ψ cross
sections as a function of xF . The systematic uncer-
tainty of the SeaQuest result arises from the modeling
of the combinatorial background and the relative lumi-
nosity normalization between targets. The experimental
result is consistent with the two predictions as shown in
the figure. The analysis including the latter half of the
recorded data is underway.

Fig. 2. Distributions of invariant mass of muon pairs. The
points are experimental data obtained by SeaQuest. They
were fitted by the components of the four processes,
namely the Drell-Yan process, J/ψ production, ψ′ pro-
duction, and combinatorial background. The sum of the
four components is represented by the thick line. :

Fig. 3. Cross-section ratio vs. xF . The points are experimen-
tal data obtained by SeaQuest. The two lines are predic-
tions3) by the color evapolation model with different PDF
sets.
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The Electron-Ion Collider (EIC) is a great research
opportunity for Japan, and we are working to form a
Japanese group (EIC-Japan). We will form a high-
energy accelerator-based experimental group in the
field of both nuclear and particle physics. In response
to the “Call for Expressions of Interest (EOIs) for Po-
tential Cooperation on the EIC Experimental Pro-
gram” by BNL and JLab, we submitted an EOI by
the EIC-Japan group in November, 2020. The EOI is
non-binding, and its purpose is to guide expectations
and better understand the potential EIC experimental
equipment scope.

In Japan, the Science Council of Japan (SCJ) devel-
oped a master plan for large-scale research programs in
academia (Master Plan 2020) in 2019–2020. The EIC
was recognized as an important international collabo-
rative research project with a long-term research plan
by the Future Planning Committee of the Committee
on Nuclear Physics, and it was proposed to the Master
Plan. Consequently, the EIC was selected as an aca-
demic major research project although it was not yet
selected as a priority project in the Master Plan 2020.

The EIC-Japan group plans to design and con-
struct forward detectors of the EIC detector, espe-
cially calorimeters, to lead the study on forward and
very forward physics. Forward detectors are one of the
most important detectors for precisely reconstructing
certain events of the deep inelastic scattering (DIS)
process, which is the basis of all research at the EIC.
We can precisely determine the spin and internal or-
bital motion of partons in the nucleon, which is still
poorly understood, by measuring the forward and most
forward jets, hadrons, photons, and electrons and by
studying their correlations. In particular, the contri-
bution of gluons, sea quarks, and orbital angular mo-
mentum to the proton spin remains a mystery. In ad-
dition, our understanding of the most forward events
is expected to greatly enhance the development of
QCD-based event generators. Further, this will greatly
contribute to eliminating uncertainties in other high-
energy particle experiments and cosmic ray observa-
tions.

We participated in the development of the forward
hadron calorimeter,1) which is essential for forward
jet reconstruction and hadron energy measurements,
as well as triggering. Designing and developing the
calorimeter is a joint project with the EIC generic
detector R&D group eRD1 and the STAR upgrade
project. A prototype calorimeter developed as the
STAR forward calorimeter comprises 38 layers of iron
absorbers and plastic scintillator plates. A wavelength-
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shifting (WLS) plate provides uniform and efficient
light collection from all scintillation tiles along the
depth of the tower. The light from the WLS plate
is measured with SiPMs. Since the energy resolution
of this detector is 70%/

√
E(GeV)) with an additional

constant term, the one for the EIC requires higher en-
ergy resolution.

We proposed the development of a zero-degree ap-
paratus in the EIC experiment,2) and it has been ap-
proved as eRD27 this year. Zero degree detectors serve
critical roles for a number of important physics top-
ics at the EIC. We study the requirements and tech-
nologies of zero-degree detectors, and we develop a
position-sensitive zero-degree calorimeter (ZDC). In
this program, we will conduct 1) a photon detector
study at a low energy <300 MeV, cooperating with
eRD1 for crystal and glass scintillators; 2) a proto-
type study of ZDC with position sensitivity, with the
ALICE-FoCal technology and the LHC-ZDC technol-
ogy with fused silica; and 3) a radiation hardness study
of scintillators.

Subsequently, in addition to the proposals in the
master plan, we have expanded our activities as a
Japanese group to include a group interested in build-
ing a silicon tracking detector. The team is open to
new collaborators. Heavy flavor quarks are highlighted
at the EIC as the ideal probe to study open questions
in QCD, such as mass and flavor dependence of energy
loss, fragmentation and hadronization modification in
a nuclear medium, nuclear parton distributions, and
so on. Silicon sensor detectors are the key technology
employed for heavy flavor detection by observing their
decay vertex precisely. The performance of silicon sen-
sors thus plays a crucial role in pursuing the research in
heavy flavor physics at a satisfactory level. We propose
to apply a silicon sensor based on silicon-on-insulator
monolithic pixel (SOIPIX) detector technology3) that
has been developed by the KEK group. SOIPIX has
demonstrated the world’s best tracking resolution of
0.680± 0.006 µm in a silicon detector using 120 GeV
FNAL’s test beam. Further SOIPIX is employed as
the inner vertex detector of 4π silicon hybrid detector
proposed by ANL and BNL collaborators.
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