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Study of nucleon structure using hadron beam at J-PARC
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Abstract. Recently, 30-GeV proton beam became available at the high momen-
tum beamline of the J-PARC Hadron Experimental Facility. A following project
of beamline upgrade will make available negative and positive secondary π/K/p
beam up to 20 GeV/c. We will study the nucleon partonic structure utilizing the
high-momentum hadron beams. The generalized parton distributions (GPDs)
of nucleon can be accessed by various single diffractive hard exclusive pro-
cesses (SDHEPs): a pure hadronic process (p + p → p + π + B), a diphoton
production process (π− + p → γ + γ + n), and an exclusive Drell-Yan process
(π− + p→ µ+ + µ− + n). Measurements of these reactions give complementary
information of nucleon GPDs to one from lepton-induced exclusive reactions.

1 Introduction

Although the standard model has been well established, there are many unknowns about the
composite particles of quarks and gluons; namely hadrons. For example, a comprehensive
understanding of mass and spin of the nucleon based on its partonic components is miss-
ing. The generalized parton distributions (GPDs) of the nucleon provides the information of
multi-dimensional distributions of its partons [1, 2]. The second moments of GPDs yield the
gravitational form factors and total angular momentum of partons. These information will
help to access the origin of mass and spin of hadrons [1, 2]. There are four nucleon GPDs;
H, E, H̃ and Ẽ, related with processes without a parton helicity flip. H and E are unpolarized
GPDs, and H̃ and Ẽ are polarized ones. GPDs are described as a function of x, ξ and t, which
indicate the average momentum fraction carried by the struck parton, the fraction of longitu-
dinal momentum fraction transferred to the struck parton, and the squared four momentum
transfer, respectively.

GPDs can be accessed via measurements of hard exclusive reactions. There have been
measurements of Deeply Virtual Compton Scattering (DVCS), Deeply Virtual Meson Pro-
duction (DVMP) reactions and Timelike Compton scattering (TCS), utilizing high-luminosity
lepton and gamma beams [3]. We plan to measure GPDs with novel hadron induced reactions
at the high momentum beamline of J-PARC. These reactions are categorized as single diffrac-
tive hard exclusive processes (SDHEPs) [4, 5]; a pure hadronic process (p + p→ p + π + B)
[6], a diphoton production process (π−+p→ γ+γ+n) [7], and an exclusive Drell-Yan process
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(π− + p → µ+ + µ− + n) [7–10]. Via measurement of these reactions, we can access the x-
dependence of GPDs in the Efremov-Radyushkin-Brodsky-Lepage (ERBL) and Dokshitzer-
Gribov-Lipatov-Altarelli-Parisi (DGLAP) regions. These measurements are complementary
to those with the lepton beams.

2 Experimental setup

At J-PARC, there is a proton synchrotron with a maximum beam energy of 30 GeV. There
are several secondary beamlines in the Hadron Experimental Facility (HEF). At the HEF, the
high momentum (“high-p”) beamline, which delivers 30-GeV primary protons from the Main
Ring with an intensity of 1010/spill, has been constructed recently. The spill duration is 2.0
sec and the repetition cycle is 5.2 sec.

In addition, high momentum secondary beam will be delivered by installing a production
target at the branching point of the high-p beamline [11]. The secondary beamline to con-
struct is called π20 beamline. At the π20 beamline, negative and positive π/K/p beam with
2-20 GeV/c will be delivered. The intensity of beam varies depending on particle and mo-
mentum. The maximum intensity will be 108/spill for π− and 106/spill for K− [12]. The beam
momentum is to be measured using a Focal Plane Fiber Tracker (FPFT) with a resolution of
∆p/p=0.1%. Unseparated beam will be delivered and identification of beam particle will be
performed by a beam Ring Imaging Cherenkov (bRICH) detector.

At the π20 beamline, a multi purpose spectrometer will be installed. The schematic draw-
ing of the spectrometer is shown in Fig.1. It consists of a FM magnet with the field strength
of 1 T. Two Beam Fiber Trackers (BFT) measure tracks of charged beam particles. The tracks
of scatted particles are measured with two Scatter Fiber Trackers (SFT) and four Drift Cham-
bers (DC). The produced particles are identified with time-of-flight (TOF), threshold type
Aerogel Cherenkov (AC), Ring Imaging Cherenkov (RICH) detectors and a muon identifica-
tion system [13]. The TOF detectors consist of T0 [14], Multi-gap Resistive Plate Chambers
(MRPCs) [15] and scintillating detectors [16]. The muon ID system consists of TOF-tracker
MRPCs and a hadron absorber[13]. Streaming system will be used for data acquisition [17].

3 GPDs measurement at J-PARC

3.1 Pure hadronic process

Probing GPDs with a pure hadronic reaction was suggested by S. Kumano et al. in Ref.[6].
The proposed reaction is N + N → N + π + B shown in Fig.2, where N indicate a nucleon
and B can be a nucleon or ∆. The N and π in the final state are required to possess large and
nearly opposite transverse momenta. The large invariant mass of the Nπ pair is essential to
validate a dominance of small-size configuration of this reaction. The mandelstam variables
s′, t′, u′ are defined as s′ = (pπ + pNscattered )2, t′ = (pNbeam − pNscattered )2 and u′ = (pNbeam + pπ)2,
respectively, where p denotes the momentum of the corresponding particle. The cross section
of this reaction can be factorized into GPD and hadron scattering parts in the kinematical
region |s′|, |t′|, |u′| ≫ m2

N with t′/s′ = const.
Probing GPDs with this process is very unique because this process can access the kine-

matical region −ξ < x < ξ which is called ERBL region. The GPDs in this region can
not be accessed via lepton induced reactions. Hence, this measurement gives unique infor-
mation of GPDs complementary to lepton induced reactions. Moreover, we can access the
x-dependence of GPDs which also cannot be accessed with the lepton induced reactions. The
proposed reactions in Ref.[6] are (i)p + p → p + π+ + n, (ii)p + p → p + π+ + ∆0, and (iii)
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Figure 1. The schematic drawing of the spectrometer for the π20 beamline.

p + p → p + π− + ∆++. The N → ∆ transition GPDs can be accessed with the reaction (ii)
and (iii).

From the experimental perspective, the largest advantage of this reaction is the large cross
section because of a hadronic reaction. The estimated differential cross section in Ref.[6] is a
few µb/GeV4. Measurement of this reaction can be done in the early stage experiment at the
J-PARC high momentum beamline.

Figure 2. The pure hadronic p + p→ p + π + B process.

3.2 Diphoton production processes

The extraction of GPDs from the diphoton production process (π−+ p→ γ+γ+n) is recently
studied by J.-W. Qiu and Z. Yu in Ref.[7]. They argued that the scattering amplitude of this
reaction can be factorized when photons have back-to-back high transverse momenta. They
show that this process has enhanced sensitivity of the x-dependence of GPDs in the DGLAP
region (−1 < x < ξ or ξ < x < 1) near x = ±ξ. The estimated cross section at the J-PARC

3

EPJ Web of Conferences 303, 03005 (2024) https://doi.org/10.1051/epjconf/202430303005
MENU 2023



beam energy is a few tenth pb/GeV3[7]. To carry out the measurement, the γ detector, which
is not included in the current spectrometer, should be added.

3.3 Exclusive Drell-Yan process

The exclusive Drell-Yan reaction is the time-reversal reaction of the Deeply Virtual Meson
Production (DVMP). We can access GPDs from the cross section measurement of the ex-
clusive Drell-Yan reaction [7–10]. Using π− beam of the π20 beamline, we measure the
π− + p→ µ+ + µ− + n reaction. We place the muon identification system consisting of track-
ing detectors and hadron absorbers at the most downstream of the spectrometer as shown in
Fig.1. We measure momentum of dimuons using tracking detectors, located at the upstream
of the hadron absorber and examine missing mass of the π− + p → µ+ + µ− + X reaction.
The missing-mass resolution is good enough to differentiate the exclusive Drell-Yan (X = n)
processes and the inclusive ones [10]. The feasibility study for the experiment at the π20
beamline is described in Ref.[10]. The estimated cross section is a few - a few tenth pb/GeV3

[7–10].

4 Summary

In J-PARC, 30 GeV proton beam became available and secondary π/K/p beam up to
20 GeV/c will be available. Those high-momentum hadron beams can be used for explor-
ing the nucleon GPDs in several novel reactions. We plan to measure single diffractive hard
exclusive processes (SDHEPs), which are a pure hadronic process (p + p → p + π + B),
a diphoton production process (π− + p → γ + γ + n), and an exclusive Drell-Yan process
(π− + p → µ+ + µ− + n). From the measurement of these reactions, we can access the
x-dependence of GPDs in the ERBL and DGLAP regions. These measurements give com-
plementary information to the measurement of lepton induced reactions.
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