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The Nucleon Structure

Michelle M. Medeiros - The SeaQuest Experiment
6Michelle M. Medeiros - The SeaQuest Experiment

Up quark:                2.3 MeV/c

2

Down quark:           4.8 MeV/c

2

x 2 

9.4 MeV/c

2

938 MeV/c

2



Michelle Medeiros The SeaQuest Experiment
2

What contributes to the spin?
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Partons in bounded nucleon vs. free nucleon

EMC effect
❖ nuclear dependence of the structure 

function
❖ nuclear dependence of the EMC effect
❖ “Everyone’s Model is Cool”

9Michelle M. Medeiros - The SeaQuest Experiment

The Nucleon Structure
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Probing the Nucleon Sea

❖ Strong final state 
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distinguish q & q

time

space

10Michelle M. Medeiros - The SeaQuest Experiment



Deep Inelastic Scattering (DIS)

Michelle Medeiros The SeaQuest Experiment
2

Probing the Nucleon Sea

Drell-Yan Process (DY)

❖ Strong final state 
interactions

❖ Does not 
distinguish q & q

❖ Sensitivity to q
❖ Pair of lepton-

antilepton as final 
state

time

space

11Michelle M. Medeiros - The SeaQuest Experiment



Deep Inelastic Scattering (DIS)

Michelle Medeiros The SeaQuest Experiment
2

Probing the Nucleon Sea

Drell-Yan Process (DY)

❖ Strong final state 
interactions

❖ Does not 
distinguish q & q

❖ Sensitivity to q
❖ Pair of lepton-

antilepton as final 
state

time

12Michelle M. Medeiros - The SeaQuest Experiment

space



Michelle Medeiros The SeaQuest Experiment
2

Drell-Yan Process

Cross-section: Can extract relative number of d and u 
in the sea by comparing cross-sections 
of proton beam with hydrogen (pp) and 

deuterium (pd).
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Deuterium → free proton + free neutron.
Proton and neutron → isospin particles: 

❖

❖
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Drell-Yan Process

Cross-section: Can extract relative number of d and u 
in the sea by comparing cross-sections 
of proton beam with hydrogen (pp) and 

deuterium (pd).
Angular distribution: Does the pair l+l- has  angular 

preference?

If  YES…….

Able to deduce:

→ OAM of quarks inside the 
proton with polarized target:

→ polarization of non-collinear 
partons inside the proton:

Sivers Function

Boer-Mulders Function
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Measurements in SeaQuest

SeaQuest

❖ Cross-section in different nuclei targets
❖ Dimuon angular distribution → Boer-

Mulders
❖ EMC effect in different nuclei targets
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Measurements in SeaQuest

❖ Cross-section in different nuclei targets
❖ Dimuon angular distribution → Boer-

Mulders
❖ EMC effect in different nuclei targets

❖ Fast colored parton interactions in cold 
nuclear matter

❖ Dark photon search

Eta decay

Dark Drell-

Yan

Proton 

Bremstrahlung

Dark photon search:
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Measurements in SeaQuest

❖ Cross-section in different nuclei targets
❖ Dimuon angular distribution → Boer-

Mulders
❖ EMC effect in different nuclei targets

❖ Fast colored parton interactions in cold 
nuclear matter

❖ Dark photon search
❖ Flavor asymmetry in the sea

d ≠ u

Non-perturbative 

effect
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Previous Flavor Asymmetry Results
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Possible Explanations...

Pauli blocking:

u > d in the proton

more d in the sea
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Pauli blocking:

u > d in the proton

more d in the sea

Chiral quark model:

u↑ + I → u↓ +  dd  (ss)

Instanton model:
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The SeaQuest Experiment
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The SeaQuest Experiment
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“Roadsets” of possible 
dimuons coming from Drell-

Yan interactions in the target.

Event Selection & Reconstruction
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Event Selection & Reconstruction
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The Cool Stuff…

(Preliminary Results)
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EMC Ratio
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Cross-Section
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FY 2015 Data
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Cross-Section & Flavor Asymmetry

Michelle M. Medeiros - The SeaQuest Experiment 37

FY 2015 Data

FY 2015 Data
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Cross-Section & Flavor Asymmetry
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FY 2015 Data

FY 2015 Data

Disagreement at 

high x (??)
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Beyond SeaQuest: Polarized Drell-Yan

E1027

E1039

SeaQuest

Polarized beam

(+ Polarized

target)

Michelle M. Medeiros - The SeaQuest Experiment 39

Polarized 

target



Michelle Medeiros The SeaQuest Experiment
2

Beyond SeaQuest: Polarized Drell-Yan

E1027

E1039

SeaQuest

Polarized beam

(+ Polarized

target)
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Polarized 

target

E1067

Upgrade for dark 

photon & dark higgs 

search
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Summary

❖ Drell-Yan process has sensitivity to the structure of sea quarks inside nucleons.
❖ SeaQuest uses Drell-Yan to study sea antiquarks inside protons.
❖ Different physics/measurements being studied.
❖ Latest results show:

Exciting time ahead 

with SeaQuest!
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❏ No significant EMC effect for sea 
antiquarks.

❏ Flavor asymmetry d/u > 1, for any x → 
interesting differences with previous 
results at high x.
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THANK YOU.
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BACKUP
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Model for the proton

(Phys 741) Quarks, Nuclei, 

and the Cosmos: A 

Modern Introduction to 

Nuclear Physics, Prof. 

Xiangdong Ji
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The EMC effect
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Background and Systematics
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Bjorken x
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Calculation of d/u
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Polarized Target System (E1039)

Slide from David Kleijan

52


