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Physics with High-Mass Dimuons

e d /U at large X

e Antiquark distributions 1n nuclel
e Quark energy loss 1n nuclei

e U—quark at large X

e Drell-Yan angular distributions

e Drell-Yan with transversely polarized target

e d /U via J/¥ production

e J /¥ nuclear dependence

e J /¥ with transversely polarized target
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Parton Distributions: Why Bother?
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-+ Important features:

— Perturbative and non-
perturbative QCD

— Essential input for all hard
processes

» Challenges:

— Spin and flavor structure

— Small and large x behavior

- Trzansition from high-Q?2 to low-
Q

— New types of structure functions
and fragmentation functions

— Models and lattice calculations
for PDFs



Deep-Inelastic Scattering versus Drell-Yan
Drell-Yan

Opy = U(X)U(X,)

S =1 Drell-Yan cross sections
2" -1 are well reproduced by
§o NLO calculations
g

10_10 ‘ ‘10_6: 5



800 GeV/icp + p/D — Py x

b Two components in the
. | u+u- spectrum:
%10
§103 (a) Continuum: Drell-Yan process
%
g w0 (b) Vector mesons: J/y, Y
10 §
1 \ Lo b b g by Ll

[ - [ - | | | | | | ‘ [
2 4 6 8 10 12 14 16 6
Mass (GeV/ cz)



o"Y26"°

13"

0.7

12/
1.1
1
0.9

0.8

d /U Flavor Asymmetry Measurement
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Comparison with models
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Most models can explain d —U

No model can describe d /T at large x !




d/u

at Large X using 50 GeV Proton Beam
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Spin and flavor are closely connected

 Meson Cloud Model

uT—>z°ut+u uT>K*(Us)+s+

 Pauli Blocking Model

A spin-up valence quark would inhibit the
probability of generating a spin-down antiquark

* Instanton Model

u —u.d.d,, d, > d.u,U,

« Chiral-Quark Soliton Model
AT(X)—Ad (X) > d (x) —T(X)
o Statistical Model
AT(X)—Ad (X) = d (X)—U(X)

10



Meson cloud model
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Flavor Structure of the Helicity Distributions

Polarized Semi-Inclusive DIS (SIDIS)
§+N >e'+h*+X

HERMES SIDIS data
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Flavor Structure of the Helicity Distributions
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Modification of Parton Distributions in Nuclei

EMC effect observed in DIS
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How is the antiquark distribution modified in nuclei?
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Modification of Antiquark Distributions in Nuclei

Nuclear dependence of Drell-Yan
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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 dE/dx is predicted to be proportional to L?

 Enhanced quark energy loss in traversing quark-gluon plasma
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(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)
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Quark Energy Loss with D-Y at 50 GeV

Fractional energy loss Possible to test the LPM effect
Is larger at 50 GeV from the A-dependence
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u(X) from Drell-Yan

Proton-induced Drell-Yan Recent results from
IS sensitive to u(x) Fermilab ES866
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U(X) at large x with D-Y at 50 GeV
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SSA with Transversely Polarized Drell-Yan
Analysing power (Ay) is sensitive to Sivers function
ov 2% fir (%) fy (%)
A WS ACRINCS

Sivers function in Drell-Yan is expected to have a sign opposite to that in DIS!
(Brodsky, Hwang, Schmidt, hep-ph/0206259; Collins, hep-ph/0204004)

T T ]« * Prediction by Anselmino, D'Alesio,

- T ‘ B Murgia (hep-ph/0210371) for a

""" negative Ay

* |Ayl increases with rapidity, y, and
with dilepton mass, M.

PR
Ra
.
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10<M <20[GeV] -

This measurement might be
W ° feasible at JPARC
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Cos2® Dependence in Unpolarized
Drell-Yan

Large cos2® dependences have been observed
In T — induced Drell-Yan

This azimuthal dependence could arise from a product

of K;-dependent distribution function h,™
( Boer, hep-ph/9902255; Boer, Brodsky, Hwang, hep-ph/0211110)

In quark-diquark model, h,™ is identical to Sivers function

No Cos2® depenence for unpolarized p-p Drell-Yan has been
reported yet (The effect from h,~ is expected to be smaller)

« RHIC would provide unpolarized p-p Drell-
Yan data too

« Unpolarized p-p Drell-Yan data at J-PARC
would be very interesting ’



J/W Production at 50 GeV

At 800 GeV, J/W production is At 50 GeV J/W production is dominated

dominated by gluon-gluon fusion by quark-antiquark annihilation
—2
S 10 .
-1 —~ =3
10 Q10 E
; 2
i %ﬁ i P+P —> J/V¥
I E I 50 GeV beam
2’ P+CU— J/v ° [/
— _4'
10+ 800 GeV beam 10
+ . E/789 DATA
=3 “““““““““““““““““““““ \\ _5; A R B |
10—08 -0.6 -0.4 -0.2 O 0.2 04 06 038 10—08 06 04 02 O 0.2 0.4 0.6 0.8

X¢ X¢

J/W¥Y production at 50 GeV is sensitive to
quark and antiquark distributions =



Determination of d /U Asymmetry via J /¥ Production at 50 GeV

J/¥ Production at 50 GeV
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ALPHA

Nuclear Dependence of J/W Production at 50 GeV
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Schematic View in the Horizontal Plane
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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 10" 50 GeV protons/spill is requested
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Simulation of Detector Acceptance

Expected Drell-Yan counts for a two-month p+d run at 50 GeV
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« 2 x 10"2 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/W
production can be pursued at J-PARC.

50 GeV proton beam with 2 x 10'? protons per
spill 1s requested.

30 GeV proton beam would also be interesting
for studying the J/¥ production.
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