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Outline
• Fermilab Drell-Yan experiments

– Unpolarized program
• Flavor asymmetry of sea-quark distribution
• Boer-Mulders distribution

• Polarized Drell-Yan experiments
– RHIC polarized programs (Bland’s talk on Feb.10)

• Sivers distribution

– Other programs (possible extension of Fermilab 
program)
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Drell-Yan experiments

• Fixed target experiment (e.g. at Fermilab)
– forward detector acceptance chooses large xb and small xt
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Flavor asymmetry of sea-quark distribution
• Fermilab-E866/NuSea experiment

– Ebeam = 800 GeV (from Tevatron)
– x = 0.01 – 0.35 (valence region)
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Fermilab-E906/SeaQuest experiment
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Fermilab-E906/SeaQuest experiment
• Nucleon structure

– With hydrogen and deuterium targets
– Select anti-quark distributions in hadrons

• Flavor asymmetry of sea-quark distributions
• Boer-Mulders distribution

• Nuclear matter
– With nuclear targets

• Partonic energy loss
• EMC effect
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Flavor asymmetry of sea-quark distribution
• Fermilab-E906/SeaQuest experiment

– Ebeam = 120 GeV (from Main Injector) 
– x = 0.1 – 0.45
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Flavor asymmetry of sea-quark distribution
• Competition between

– perturbative QCD
• gluon dissociation

– non-perturbative contributions
• Meson cloud model

• Chiral quark model

• Instanton model

• + in the proton as an origin of  anti-d quark
– pseudo-scaler meson should have orbital angular 

momentum in the proton…
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Flavor asymmetry of sea-quark distribution
• Liu’s talk on Feb.6

– In lattice calculation, connected sea component 
should be d-bar – u-bar < 0

– But, this component doesn’t contribute to OAM…
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Drell-Yan decay angular distributions
• A general expression for Drell-Yan decay 

angular distributions

– =1, ==0 for non-zero pT in Collins-Soper frame
– 

 
can differ from 1, but should satisfy 1-=2

 
(Lam- 

Tung relation)
– Reflect the spin-1/2 nature of quarks (analog of the 

Callan-Gross relation in DIS)
– Insensitive to QCD corrections

• Violation of the Lam-Tung relation
– 0 and 

 
increases with pT

– Violation of the Lam-Tung relation suggests new 
mechanisms with non-perturbative origin
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Drell-Yan decay angular distributions
• Boer-Mulders function h1



– Small 
 

is observed for p+d and p+p
– -+W: [valence h1

()][valence h1
(p)]

– p+d and p+p: [valence h1
(p)][sea h1

(p)]

L. Y. Zhu et al.,
Phys. Rev. Lett. 99 (2007) 082301
Phys. Rev. Lett. 102 (2009) 182001
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EMC effect
• Discovered by the EMC collaboration from muon DIS 

experiments in 1983
• Modification of the antiquark distributions in nuclei 

relative to the nucleon
– Virtual meson exchange modifies the antiquark distributions of 

the nuclei
– Present Drell-Yan data suggests no modification
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Parton energy loss
• Energy loss in cold nuclear matter

– Prior to annihilation
– No apparent shift in x1 found so far
– Important to understand energy loss in hot nuclear 

matter
– Models

• Galvin and Milana
• Brodsky and Hoyer
• Baier et al.

X1
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Fermilab-E906/SeaQuest experiment
• Status

– Present critical path is a repair of beam line vacuum
– Experiment is ready to run
– Run (> 2 months) before Fermilab maintenance break
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Polarized Drell-Yan experiment
• Many new inputs for remaining proton-spin 

puzzle
• Single transverse-spin asymmetry

– Sivers function measurement
– Transversity
– Boer-Mulders function

• Double transverse-spin asymmetry
– Transversity (quarkantiquark for p+p collisions)

• Double helicity asymmtry
– Flavor asymmetry of sea-quark polarization
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Polarized Drell-Yan experiment
• Polarized beam
• Polarized Fermilab Main Injector study completed: 

arXiv:1110.3042
• Approx. $4M+
• Physics proposal to Fermilab in June 2012
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Polarized Drell-Yan experiment
• Clean measurement of sign and shape of Sivers 

distributions to compare DIS and Drell-Yan
• Luminosity

– Lav = 2 x 1035 cm-2s-1 (10% of available beam time: Iav = 15 nA) 
– 100 fb-1 for 5 x 105 min:  (= 2 yrs at 50% efficiency)
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Polarized Drell-Yan experiment
• Polarized target R&D
• KEK

– Rebuilding “Michigan” target @ North-CH/K5
• Irradiated-NH3
• 5-T magnet & 1-K cryostat

– Vacuum & cryostat system made
• But damaged by the earthquake

– 213 MHz NMR to be tested (2011)
– Microwave 140GHz EIO to be purchased (2011-12)
– Sample test to be done (2012)

• Yamagata Univ.
– Material R&D
– Polyethylene fiber

• Large surface area
• Large cooling power
• Deformation performance

– To be tested with a new cryostat (2011-12)
• Cooling test underway
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Polarized Drell-Yan experiment
• Double helicity asymmetry

– ALL measurement
– Flavor asymmetry of sea-quark polarization
– High luminosity accumulation is very important

Bhalerao, statistical model
Cao & Signa, bag model
Cao & Signa, meson cloud
Wakamatsu,  CQSM SU(2)
Wakamatsu,  CQSM SU(3)

HERMES,  PRD71: 012003, 2005

)( dux 
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Polarized Drell-Yan experiment
• Flavor asymmetry of sea-quark polarization

– SIDIS data from HERMES, and new COMPASS data 
available

– W data from RHIC will be available in the near future
– Polarized Drell-Yan data will be able to cover higher-x 

region
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Polarized Drell-Yan experiment
• Options with SeaQuest apparatus after the unpolarized 

experiment
– At RHIC with internal target (unpolarized)
– At J-PARC (unpolarized & polarized programs)

• Many other programs in the world
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RHIC experiments: AnDY
• Bland’s talk on Feb.10
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RHIC experiments: sPHENIX upgrade
• Spin physics highlights with forward upgrade

– Transverse spin program
• Jet
• Drell-Yan process

– Longitudinal
• G via jets, -jet (correlation measurement)

– Polarized Helium-3 and RHIC energy upgrade
• Cold nuclear matter
• Low-x gluon saturation
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RHIC experiments: sPHENIX upgrade

proton proton

proton

proton Helium-3

gold deuteron

electron
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RHIC experiments: sPHENIX upgrade
• Drell-Yan S/N w.r.t. QCD backgrounds

– Drell-Yan signal 4-10 GeV/c2

– Energy cut E1,E2 > 2 GeV
– Forward rapidities

• Effectively no background left
• Statistically limited
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RHIC experiments: STAR upgrade
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RHIC experiments: STAR upgrade
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RHIC upgrades: Helium-3
• Polarized Helium-3 acceleration
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RHIC upgrades: Helium-3
• Aschenauer’s talk on Feb.6
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RHIC upgrades: Luminosity
• High luminosity

– Coherent electron cooling
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COMPASS experiment
• COMPASS-II polarized Drell-Yan
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COMPASS experiment
• COMPASS-II polarized Drell-Yan
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COMPASS experiment
• COMPASS-II polarized Drell-Yan
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J-PARC proposal/LoI
• P04: measurement of high-mass dimuon 

production at the 50-GeV proton synchrotron
– spokespersons: Jen-Chieh Peng (UIUC) and Shinya 

Sawadas (KEK)
– “deferred”

• P12-LoI: study of parton distribution function of 
mesons via Drell-Yan process at J-PARC at 
high-p beamline
– spokesperson: Seonho Choi (Seoul National 

University) 
• P24: polarized proton acceleration at J-PARC

– contact persons: Yuji Goto (RIKEN) and Hikaru Sato 
(KEK)

– “no decision”
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J-PARC P04 proposal
• Flavor asymmetry of 

sea-quark distribution
• Unpolarized Drell-Yan

– Higher-x coverage
– 1012 protons per spill (3s)
– 50-cm long LH2/LD2 

targets
– 60-day runs for each 

targets
– Assuming 50% efficiency
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Polarized proton acceleration at J-PARC
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Summary
• Fermilab SeaQuest experiment

– Flavor asymmetry of sea-quark distribution
• Spatial distribution of sea-quarks in the nucleon  OAM

– Boer-Mulders distribution
– Nuclear matter

• Polarized Drell-Yan experiments
– Sivers distribution

• AnDY/COMPASS/…
– RHIC polarized programs

• Detector/accelerator upgrades
– possible future extension of SeaQuest experiment

• Polarized beam/target at Fermilab
• RHIC/J-PARC

– Flavor asymmetry of sea-quark polarization
• High luminosity accumulation is very important
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