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Nucleon sea (Flavor symmetric?)

• Nucleon sea naively assumed 
to be flavor symmetric and 
perturbatively generated

• Gluons don’t couple to flavor

•Masses of u and d quarks are 
small and similar, compared to 
QCD scale

D. A. Ross and C. T. Sachrajda, Nucl. Phys. B149, 497 (1979)

Perturbative contributions calculated to be small!
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NMC (1991)
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• Gottfried Sum Rule gives insight 
into the relative light quark flavor 
content of the nucleon

• Symmetric sea implies SG = 1/3

• NMC experiment (LD2, LH2, 90 GeV 
and 280 GeV muon beam)

Amaudruz et. al. Phys. Rev. D 66, 21
Arneodo et. al. Phys. Rev. D 50, 1
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NA51 (1994)

• 450 GeV proton 
beam, LD2, LH2 
targets
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Baldit et. al. Phys. Lett. B 332, 244-250 
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E866 (1998)

• Mapped out the x dependence

• Overturn at 0.2

• Drop in the ratio below 1 at xB = 
0.25 (limited statistical uncertainty 
and bin on edge of acceptance)

• This asymmetry has to come from a 
non-perturbative origin!

R.S. Towell et. al. Phys. Rev. D 64, 244-250 
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SeaQuest results
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Dove et. al. Nature 590, 561 – 565 (2021) 

d (x) / u(x)

• SeaQuest results show 
that nature prefers dbar 
over ubar in the proton 
sea 

• Non-perturbative 
mechanism other than 
gluon splitting must be 
the source

• Good agreement with 
meson baryon model and 
statistical parton 
distribution functions
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• Another method to 
investigate flavor 
asymmetry using SIDIS

• Assumes that in this 
model, the x and z 
dependencies factorize 
into distribution and 
fragmentation functions
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• HERMES published LO results 
with positrons on unpolarized 
hydrogen
• 1  < Q2 < 10 GeV2

• 0.02 < x < 0.3

• 25 years since the last lepton 
nucleon scattering results
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Origin of the Nucleon sea
• Symmetric (perturbative and 

non-perturbative) component 

cancels away in the difference

• Non-perturbative models are 

motivated to explain the 

observed difference

9

Peng et al. Phys. Rev. D 58 092004

D.F. Geesaman, P.E. Reimer Rept.Prog.Phys. 82 (2019) 4, 046301



SeaQuest results

• In agreement with 
HERMES and E866

• 25 years since lepton 
nucleon scattering data

• More precise 
complementary data 
from SIDIS is necessary 
for a global picture of 
flavor asymmetry as a 
function of x and Q2

10arxiv: 2212.12160



Old proposal: PR 12-06-111
LOI: 12-22-01 

Reader: Alessandro BachettaLOI submitted to PAC50
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Goals of the LOI

• 12 GeV e- beam on LH2 and 
LD2 targets

• To explore the region 0.1 < 
! < 0.25 using SIDIS to 
establish consistency with 
previous Drell-Yan 
measurements confirming 
process independence

• To explore the high-! (0.25 
< ! < 0.4) region where 
there is apparent tension 
between NuSea and 
SeaQuest results using 
sensitivity to charged pion 
yield ratios
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SIDIS landscape of JLab experiments

• Some opportunistic RSIDIS kinematics 
overlap

• 11 GeV !− beam
• 0.1 < " < 0.48
• 1.2 < #2 < 4.3 (GeV/c)2

• 0.3 < $ < 0.7

• Same targets (LH2 and LD2)
• Standard detector package (HMS and 

SHMS)

• Will avoid considerable overhead due 
to the above mentioned factors

• Region of kinematics where 
factorization is believed to work well

• Emphasis of impactful kinematic x 
regions will be worked out for the full 
proposal
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Complementarity 
and uniqueness
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HERMES/DESY 0.02 – 0.3 1  - 10 GeV2

NuSea/Fermilab 0.015 – 0.3 54 GeV2

SeaQuest/Fermilab 0.13 – 0.45 29.5 GeV2

JLab12 0.1 - 0.45 1.43 – 3.54 GeV2

JLab22 0.1 – 0.45 > 6 GeV2

EIC Low – 0.45 1 – 103 GeV2

Complementary information on process 
independence and Q2 evolution of PDFs 
with Fermilab and EIC

54 CHAPTER 2. EIC SCIENCE AND REQUIREMENTS FOR MACHINE DESIGN

distribution with decreasing x, indicating that gluons dominate the proton’s wavefunction
at high energies.
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Figure 2.3: Left: The x-Q2 range covered by the EIC with two different center-of-mass en-
ergy ranges in comparison with past and existing polarized e+p at CERN, DESY and SLAC
and p+p experiments at RHIC. Right: the kinematic range in x-Q2 for lepton-nucleus deep
inelastic scattering and Drell-Yan (DY) experiments and future CEBAF 12 GeV experiments
in comparison with the EIC.

The EIC design described in this document covers a center-of-mass energy range for the
e+p collisions of

p
s of 29 to 140 GeV. The kinematic reach in x and Q2, the momentum

transferred by the electron to the proton, is shown in Figure 2.3. The diagonal lines in each
plot represent lines of constant inelasticity, y, which represents the ratio of the virtual pho-
ton’s energy to the incoming electron’s, in the target rest frame. The variables x, Q2, y and
s are related to each other by a simple equation Q2 = sxy. Since the EIC is being designed
to study the domain of gluon dominance in the proton, it has to have a substantial energy
reach to access the low-x region (x µ 1/s). The left figure shows the kinematic acceptance
for polarized and unpolarized e+p collisions, and the right figure shows the acceptance for
e+A collisions. Also shown for comparison is the reach of past and current fixed target
facilities that acquire comparable data sets, and in case of the left plot, polarized p+p colli-
sions from RHIC. Note that there are no data from past or current experiments in the region
of x < 5 ⇥ 10�3. The two figures establish that the EIC would, for the first time, allow us
to explore significantly lower values of x where the role of gluon degrees of freedom is
enhanced.

The details of the science case for the EIC have been presented in the EIC White Paper [7].
In what follows, we describe, in greater detail, the compelling scientific questions outlined
above, and motivate the requirements for the machine parameters that would help us ad-
dress these questions.

Plot credit: Dave Gaskell

arXiv:1212.1701



Preliminary projections exercise for JLab12

• As an exercise we considered 
17 PAC days total at x = 0.2, 
0.3 and 0.4

• We would need more 
statistical precision in the 
high-x region in order to 
resolve the tension between 
NuSea and SeaQuest

• Emphasis on impactful 
kinematic regions will be 
worked out for the full 
proposal

• Interpretation more straight 
forward for a region with 
higher Q2 which is accessible 
through an energy upgrade
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PRELIMINARY EXERCISE PROJECTIONS



Summary 
• Exploring the nucleon sea region with higher precision is one of the central 

themes of the Jefferson lab energy upgrade

• Models of nucleon structure are driven to explain the anti-quark flavor 
asymmetry in the nucleon sea

• Charged pion yield ratios have sensitivity to the light quark flavor asymmetry

• After results from various experiments (HERMES, NuSea and SeaQuest), a high 
statistics data sample with good control over systematic uncertainties using 
SIDIS reactions will provide an independent study of the region of overlap with 
previous Drell-Yan measurements establishing process independence

• Energy upgrade will open up the phase space as we get complementarity with 
Fermilab and EIC in a broad range of Q2
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Previously proposed kinematics
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Factorization tests
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Jlab 6 GeV kinematics HERMES experiment



Projections of deferred 
PR12-06-111

20



21



22

LOI - Communications
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LOI - Theory


