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Physics with High-Mass Dimuons at J-PARC
Drell-Yan (at 50 GeV):
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pin physics with dimuons (mostly with polarized beam/target):

 Drell-Yan with polarized beam/target

   (Sivers parton distributions, sea-quark polarizations)
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 Unpolarized Drell-Yan decay angular distributions

   (Boer-Mulder's distribution function)
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Deep-Inelastic Scattering versus Drell-Yan

Drell-Yan cross sections are well described by
NLO calculations

DIS Drell-Yan
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Dimuon Spectrometer for FNAL E605/772/789/866

p + p(d) → µ+µ- x   at 800 GeV/c

Two components in the
µ+µ- spectrum:

(a) Continuum: Drell-Yan process

(b) Vector mesons: J/ψ, ΥFNAL E866
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/  flavor asymmetry from Drell-Yand u
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Models for          asymmetry/d u

Meson Cloud Models Chiral-Quark Soliton Model Instantons

• nucleon = chiral soliton

• expand in 1/Nc

• Quark degrees of freedom
in a pion mean-field

Theses models also have implications on

• asymmetry between           and( )s x ( )s x

• flavor structure of the polarized sea
Meson cloud has significant contributions to

sea-quark distributions



8

Comparison with models

Most models can explain

d u!
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No model can describe             at large x/d u
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/ and at large  using 50-GeV proton beamd u u x
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Modification of Parton Distributions in Nuclei

F 2
Fe

 / 
F 2

D

X

EMC effect observed in DIS

How are the antiquark distributions modified in nuclei?
F2 contains contributions from quarks and antiquarks
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Modification of Antiquark Distributions in Nuclei

Nuclear dependence of Drell-Yan

Sensitive to  distribution in nucleiu
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Quark Bremsstrahlung in Nuclear Medium
• Landau-Pomeranchuk-Migdal (LPM) effect of medium
modification for electron bremsstralung has been observed

• LPM effect in QCD remains to be identified

• Quark energy loss ΔE is predicted to be proportional to L2,
where L is the length of the medium

• Enhanced quark energy loss in traversing quark-gluon plasma

PHENIX
Collaboration

(nucl-ex/0306021)

Quark energy loss in cold nuclei needs to be better measured
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Quark Energy Loss in Cold Nuclei
Semi-inclusive DIS Drell-Yan
(PRL 89 (2002) 162301) (PRL 86 (2001) 4483)

0.5 GeV/fm
dE

dx
� 2.5  0.6 GeV/fm

dE

dx
±�

5<M<6 GeV

7<M<8 GeV

(depends on shadowing correction)
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Quark Energy Loss with D-Y at 50 GeV

Fractional energy loss
is larger at 50 GeV

Possible to test the predicted
L2-dependence from the A-
dependence measurement

PRL 90 (2003) 092302
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J/Ψ Production at 30 GeV
At 800 GeV, J/Ψ production is

dominated by gluon-gluon fusion
At 30 GeV J/Ψ production is dominated

by quark-antiquark annihilation

J/Ψ production at 30 GeV is sensitive to
quark and antiquark distributions
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Nuclear Dependence of J/Ψ Production at 30 GeV

30 GeV data would
provide crucial test
for the xF-scaling in
J/ψ production
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Determination of /  Asymmetry 

via /  Production at 30 GeV
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Spin contents of the proton
• Origin of the nucleon spin 1/2 ?

– polarized DIS experiments showed the quark-spin contribution is
only 10-30%

– gluon-spin contribution ?
• Semi-inclusive SID at DESY and CERN
• polarized p-p collision at BNL/RHIC

• will be concluded in the near future
– orbital angular momentum ?

• measurements should be developed for the final solution

PHENIX ALL of π0

Δg = 1.84

 Δg = 0.42

- excludes maximal Δg scenario
- conclusively consistent with std Δg and Δg=0

Small Δg implies significant contribution from L
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Single-spin asymmetry in polarized p-p collision
• Orbital angular momentum

– Large single-spin asymmetry in meson production in
polarized p-p: Sivers, Collins, and/or higher-twist effect?

FNAL-E704 Elab = 200 GeV RHIC-STAR √s = 200 GeV

• Why Drell-Yan?
– A simple process in hadron reactions
– No final-state effect → no Collins effect

• Why J-PARC?
– Polarized beam feasible
– High luminosity (L=2x1036/cm 2/sec)
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Spin physics with dimuons at J-PARC

Drell-Yan AN (Ji et al.)
-sensitive to Sivers effect at low qT << Q
-sensitive to higher-twist effect at high
qT ~ Q
-Sivers function in Drell-Yan is expected
to  have a sign opposite to that in DIS.

    Single-spin asymmetry (AN) measurements for orbital
angular momentum
– Drell-Yan, J/Ψ
– Open-geometry apparatus: D-meson, χc, etc.

     Other measurements
– Drell-Yan ALL for sea-quark polarization
– Drell-Yan ATT for transversity
– Unpolarized Drell-Yan for Boer-Mulders

function
– ALL for J/Ψ for gluon polarization

D-Y ALL at 50 GeV

GRSV

G-S
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• Two vertically bending magnets with PT kick of 2.47 GeV/c and 0.5 GeV/c

• A tappered copper beam dump and Cu/C absorbers in the first magnet

• Tracking is provided by three stations of MWPCs and drift chambers

• Station 4 provides muon identification and tracking

• 2 x 1012 50 GeV protons/spill is requested

Schematic View in the Horizontal Plane
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Simulation of Detector Acceptance
Expected Drell-Yan counts for a two-month p+d run at 50 GeV

• 1012 protons/spill

• 50-cm long liquid deuterium target

• Assume 50 percent efficiency
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Simulation of Detector Resolutions

Expected resolutions for Drell-Yan events
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Summary
• We propose to study high-mass dimuon production at

J-PARC with a high-rate spectrometer.
• A rich physics program in Drell-Yan and J/Ψ

production can be pursued at J-PARC.
• 50 GeV proton beam with 1012 protons per spill is

requested.
• 30 GeV proton beam would also be interesting for

studying the J/Ψ production.
• An extensive program in spin physics can be pursued

using this spectrometer together with polarized
beam/target in the future.
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Connection with Fermilab E906
• Status of E906

– Approved by Fermilab PAC in 2001
– Waiting for ~2 million dollars equipment fund from

DOE
• If E906 will be performed

– First data will be taken around 2010
– Future at Fermilab is uncertain
– E906 measurements should be verified and extended at

J-PARC. Spin is unique at J-PARC
• If E906 is not performed

– J-PARC  will be the only facility for such measurements
– Cost of the experiment would be higher


