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CTEQ-JLab Collaboration
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• CTEQ-based NLO QCD analysis with focus on 
large-x region 
(https://www.jlab.org/theory/cj)


• Relaxing kinematic cuts, maximizing use of 
large-x DIS data 


• Large-x treatment, nuclear corrections


• Latest public release: CJ15 (A. Accardi et. al, 
Phys. Rev. D 93 114017 (2016)) 


• Recent developments/Ongoing efforts:

• Including full JLab 6GeV, LHC, RHIC, DY 

data

• Nuclear corrections for deuteron target

• F2 neutron extraction

• EIC impact studies

• APPLgrid implementation (J. Xiaoxian) into 

the CJ fit package 

https://www.jlab.org/theory/cj
https://www.jlab.org/theory/cj
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CJ15 datasets
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CJ15 datasets
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Fixed target DIS 

(p, d target),

Tagged DIS

DIS (e-p collider)

Drell-Yan 

W asymmetry, Z 

(Tevatron)

LHC W/Z 

(ATLAS, CMS, LHCb)

RHIC W/Z

Drell-Yan (SeaQuest)

Full JLab 6GeV data 

New datasets +
JLab 12 GeV 


(Hall C F2, Marathon,..)

Sensitive to sea quarks at 
intermediate to large-x region 
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CJ15 parameterization

• Standard 5 parameter functional form: 

 

applies to valence u, d,  and g. (+ sum rules)


• Direct parameterization of  ratio: 

 
and ensure   1 at x  1

xf(x, Q2
0) = a0xa1(1 − x)a2(1 + a3 x + a4x)

ū + d̄

d̄/ū

d̄/ū → →
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A. Accardi et. al, Phys. Rev. D 93 114017 (2016)
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CJ15 variations
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• Studied shape of  using extracted neutron structure 
functions with different sea parameterizations and datasets 
A. Accardi, C. E. Keppel, S. Li, W. Melnitchouk, and J. F. 
Owens, PLB 801 135143 (2020)

d̄ − ū

• CJ15-a:

Using same data sets as CJ15 with 
more conventional parameterization 
for sea


 allows   < 1 in some x region→ d̄/ū

d̄ − ū = a0xa1(1 − x)a3(1 + a3 x + a4x)



Flavor asymmetry of nucleon sea
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K. Nagai (DIS2018)

• First hint of flavor asymmetry by 
NMC (1991)


• Significant flavor asymmetry 
confirmed as well as x-
dependence by Drell-Yan data 

• Motivated SeaQuest experiment - extending x coverage up to x ~ 0.5. 
Preliminary result show  stays positive ( )d̄ − ū d̄ /ū > 1

• E866 currently provides the strongest constraint on  - need more 
data!

d̄/ū

PRL 66 (1991) 2712

•   sign change at x ~ 0.3? - No complete model description of the 
data (E866)
d̄ − ū

• STAR W data
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RHIC-W/Z impact in CJ15-a NLO
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Recently published RHIC-STAR data 
• W decay lepton ratio vs lepton psedorapidity 

• W decay lepton differential cross sections 

• Z cross sections 

• W and Z total cross sections and W/Z ratio

Phys. Rev. D 103 012001 Talk by J. Nam on Thursday



W boson production in p+p collisions
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• Unique access to sea quarks, 
complimentary to other 
observables (DIS, Drell-Yan)


• W couples only to left-handed 
quark and right-handed 
antiquark


• W+/W- distinguishes between 
quarks and antiquarks


• No fragmentation functions 
needed

High scale set 
by W mass

σW+

σW−
≈

u(x1)d̄(x2) + u(x2)d̄(x1)
d(x1)ū(x2) + d(x2)ū(x1)
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Data vs CJ comparisons
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W+ W-

Reasonable agreement with W+ cross 
section, but not well describe W- data
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Data vs CJ comparisons
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Decay lepton charge ratio Z

Charge ratio and Z cross sections can be reasonably described by 
CJ15
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Impact of STAR data in CJ15-a
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• Ratio to the baseline 
CJ15-a 


• Lepton charge ratio 
has most 
constraining power 
over d̄/ū

• The data covers the 
range of ~ 0.1< x < 
0.3 (partially overlap 
with E866 data at 
different Q2)
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 ratio with STAR datad̄/ū
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Removed E866 cross sections 
+ Added STAR lepton charge ratio

Keeping E866 cross sections 
+ Added STAR lepton charge ratio

E866 data determine the shape of the ratio

STAR data is compatible with CJ15-a, in agreement with E866 but no x 
coverage x > ~0.3

Q2 = 2.0 GeV 2Q2 = 2.0 GeV 2
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More on the flavor asymmetry
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Dove et. al. Nature 590, 561 – 565 (2021) 

New SeaQuest Drell-Yan 
result shows the ratio 

stays above 1 at large-x!

E866 (NuSea) results show 
show significant flavor 
asymmetry as well as  
x-dependence 


Also suggested a potential 
sign change of  at 
x~0.3 with large uncertainty


Needed more data with 
extended x coverage — 
SeaQuest

d̄ − ū

Talk by K. Nagai on Thursday
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SeaQuest impact in CJ15-a
Preliminary SeaQuest fits
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Incorporating the spectrometer acceptance corrections 

Q2 = 2.0 GeV2Preliminary
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SeaQuest impact in CJ15-a
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SeaQuest kinematicsPreliminary

SeaQuest data pulls the data up at large-x region even 
with the parameterization that allows the ratio goes to 
below 1 at x->1

Datasets/
Fits

E866 
cross 

sections
E866 Ratio SeaQuest
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Summary and outlook

17

• New data sensitive to sea quarks are studied with CJ 
framework


• RHIC W data provide constraints on light quark PDFs at a 
moderate x region


• In agreement with E866 within the kinematic range where 
the data covers 


• SeaQuest data pulls the light sea quark ratio up and the 
data shows that the ratio stays above 1


• Further studies with the SeaQuest result ongoing 


• Working towards to a new release with LHC, RHIC, SeaQuest 
data
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p + p → W+ + X, W+ → lv
 s = 510

p + p → W− + X, W− → lv
 s = 510
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