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Complimentality between DIS and Drell-Yan

Both DIS and Drell-Yan process are tools to probe the quark 
and antiquark structure in hadrons (factorization, universality)

DIS Drell-Yan

McGaughey, 
Moss, JCP, 
Ann.Rev.Nucl. 
Part. Sci. 49 
(1999) 217
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Fermilab Dimuon Experiments
(E772 / 789 / 866 / 906 /1039)

"Nuclear Dependence of Drell-Yan and Quarkonium Production"

"Search for Two-Body De
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Fe/D Ratio in DIS Fe/D Ratio in Drell-Yan
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• Nuclear effects are relatively small 
for Drell-Yan, but much larger for J/ψ
and ϒ resonances

• Nuclear effects for Drell-Yan have 
some pT and xF dependencies
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• No evidence of 
enhancement of pion 
contents in nuclei!

• A surprisingly small 
difference between 
p+A and p+d Drell-Yan.

• (p+d) / (p+p) ratio was 
not measured.
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/  flavor asymmetry from E866d u
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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

Statistical model naturally explains this      
sea-quark flavor asymmetry

(For reviews, see Speth and Thomas (1997), Kumano (hep-ph/9702367 ), 
Garvey and Peng (nucl-ex/0109010))

Theory: Thomas, Miller, Kumano, Ma, Londergan, Henley, Speth, 
Hwang, Melnitchouk, Liu, Cheng/Li, Soffer, Buccella, Bourrely etc. 

Origins of ( ) ( )?u x d x≠

8



9

Soffer’s slide at the ECT* Workshop on “Flavor Structure 
of the Nucleon Sea” Trento, July 1-5, 2013                                              
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Soffer’ slide at the ECT* Workshop on “Flavor Structure of 
the Nucleon Sea” Trento, July 1-5, 2013                                              



SeaQuest Drell-Yan Experiment at Fermilab

• Commission run took place in February – April 2012
• 3-year production run in 2014-2017 11

( Unpolarized Drell-Yan using 120 GeV proton beam, Reimer, Geesaman are 
co-spokesmen)

45.0  toupasymmetry flavor  /  Measure:goal Main ≈xud



Jason Dove DIS 2019 12

LD2 target

Preliminary (~ 50% of the collected data)

Two methods to determine the (p+d)/(p+p) 
Drell-Yan cross section ratio

• Determine the size of 
the accidental 
background from a fit 
to the mass distribution

• Accidental background 
spectrum shape is 
obtained from mixing 
single-muon events

a) Fitting the mass spectrum
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Proton Intensity

D
2/H

2

D2/H2 Drell-Yan yield ratio vs proton intensity

Two methods to determine the (p+d)/(p+p) 
Drell-Yan cross section ratio

b) Extrapolating to zero intensity

• Extrapolating the 
(p+d)/(p+p) normalized 
Drell-Yan yields ratio to 
zero intensity to remove 
rate dependence

• The intercept gives the 
cross section ratio

Jason Dove DIS 2019



E906 result presented at the DIS 2019 (April 8-12) 
(talk by E906 graduate student Jason Dove)
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• The E906 result is in excellent agreement with the 
prediction of the statistical model (Thank you, Jacques)

• The E906 result was accepted for publication in “Nature”
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How about the (p+d)/(p+p) J/Ψ cross section ratio ?

• Drell-Yan is an electromagnetic interaction 
– Sensitive to the quark and antiquark distribution in the 

nucleon
– The p+d / p+p cross section ratio can provide 

information on the �̅�𝑑/�𝑢𝑢 asymmetry

• 𝐽𝐽/𝜓𝜓 is produced via strong interaction
– Sensitive to both quark and antiquark distribution as 

well as gluon distribution
– Provide information complementary to Drell-Yan data
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J/Ψ production mechanisms
 Still not fully understood
 Main contributions are from annihilation and fusion
 Relative importance between the annihilation and fusion
depends on the kinematice of /

qq gg
qq gg

J

•
•
•

Ψ



• Use Monte Carlo to 
simulate signal events 
(𝐽𝐽/𝜓𝜓,𝜓𝜓′,𝐷𝐷𝐷𝐷)

• Use mixed single-
track events to 
simulate accidental 
background

• By fitting the mass 
spectrum, we obtain 
the 𝐽𝐽/𝜓𝜓 yield for 
individual targets
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Extracting 𝐽𝐽/𝜓𝜓 yield from dimuon spectrum

DNP-2020 talk by Ching Him Leung (UIUC)



𝐽𝐽/𝜓𝜓 and Drell-Yan cross section 
ratios vs 𝑥𝑥𝑇𝑇

• 𝐽𝐽/𝜓𝜓 ratio is closer to 1 
compared to Drell-Yan
– Contribution from gluon 

fusion in 𝐽𝐽/𝜓𝜓
production 

– The 𝐽𝐽/𝜓𝜓 data is at a 
region where  �̅�𝑑/�𝑢𝑢
asymmetry is small

• The overall trend for 
both 𝐽𝐽/𝜓𝜓 and Drell-
Yan are in reasonable 
agreement with 
calculation 
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DNP-2020 talk by Ching Him Leung (UIUC)

𝐽𝐽/𝜓𝜓

Drell-Yan 
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How about the (p+A) / (p+d) 
Drell-Yan cross section ratio ?

• Extend the previous 
measurements to 
somewhat larger x

• Check the nuclear effect 
on the transverse 
momentum distributions
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• No enhancement seen as in the case of a pion excess model!
• EMC like behavior is displayed but results are consistent with 1
• Basically in agreement with E772 results in the overlap region

DNP-2019 talk by Arun Tadepalli (Rutgers)

SEAQUEST VS E772 ON XT A-DEPENDENCE
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• Ratio consistent with 1 for C/D
• Drop in the ratio in low pT region 

and a slight enhancement in the 
high pT region observed for Fe/D

• More prominent broadening in the 
case of W/D

SEAQUEST VS E772 ON PT A-DEPENDENCE

APS-2020 talk by Arun Tadepalli (JLab)
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Co-spokesperson: Dustin Keller, Kun Liu 
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E1039 can extract sea-quark transversity in proton
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E1039 / SpinQuest could lead to new measurement 
of sea-quark transversity distributions in Drell-Yan

SpinQuest data-taking is expected to begin in late 2021



• Exclusive Drell-Yan with meson and 
antiproton beams are the time-like 
processes complementary to the deeply 
virtual meson production at JLab,
HERMES and COMPASS

• Exclusive Drell-Yan with meson beam at 
J-PARC will also complement the 
program at FAIR using antiproton beam   

26

Exclusive Drell-Yan measurements at J-PARC?

Takahiro Sawada, Wen-Chen Chang, Shunzo Kumano, Jen-Chieh Peng, 
Shinya Sawada, Kazuhiro Tanaka, Phys. Rev. D93 (2016) 114034



DEMP versus exclusive Drell-Yan 
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2 0q < 2 0q >

* 'N Nγ π+ → + * 'N Nπ γ+ → +

space-like photon time-like photon

Deep Exclusive Meson Production Exclusive Drell-Yan



J-PARC High-momentum Beam Line
(Hi-P BL)

•28
30 GeV proton
(~1010 – 1012pps)

S. Sawada, Pacific Spin 2019

https://indico2.riken.jp/event/3039/contributions/13199/attachments/8762/11083/Aug29-Sawada.pdf


Top View

(0.2m) (2.3 m)

(2.4x1.8 m2)
(3.5x2.5 m2)

Muon-ID Wall

Original Configuration
for Charmed Baryon Spectroscopy

Extension part

Stage-1 approved by J-PARC PAC-18, August 12, 2014.
Proposal is currently 
being prepared.

Exclusive Drell-Yan measurement
in J-PARC E50 Spectrometer

•29



• JLAB, HERMES, COMPASS → Space-like approach
• J-PARC →  Time-like approach

Q
2

or
Q

’2
(G

eV
2 )

xB or τ (GeV2)

Kinematic regions of GPDs
explored by space-like and time-like processes

•30



Summary
• New results are becoming available for the 

dimuon production (Drell-Yan and J/Psi) 
SeaQuest experiment at Fermilab

• New Fermilab experiment, SpinQuest, with 
polarized target is expected to provide 
information complementary to COMPASS 
polarized Drell-Yan program.

• Exclusive reactions using meson beams at J-
PARC complement Jlab, COMPASS, and FAIR 
physics program.

• More interesting physics results to come … 
31
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