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The inner structure of the nucleonThe inner structure of the nucleon

 spin-orbit
correlations 

Nucleons in 
Nuclei

u / d 

nuclear
pions? 

 EMC effect
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The proton seaThe proton sea

● constituent quark model:

pure valence description
● perturbative sea: g → qq

flavor-symmetric, u = d
● analysis of NMC data:

● data shows d > u (up to 50%)
● alternate degrees of freedom of sea
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A laboratory for sea quarksA laboratory for sea quarks

 The Drell-Yan process
x

target

x
beam

beam: valence quarks at high-x
target: sea quarks at low/intermediate-x
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Probing the proton seaProbing the proton sea

● analysis of cross-section differences

→ sensitivity to u -  d in valence region 
● measurement of cross-section ratios

→ sensitivity to u and d in proton sea 

→ models for the origin of sea quarks
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Insights into the proton seaInsights into the proton sea



8

Insights into the proton seaInsights into the proton sea

 Global NLO
PDF fit

 SeaQuest:
Syst. ~ 1%

 extend
measurement
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Nucleons embedded in nucleiNucleons embedded in nuclei

● Do quarks and gluons play any role in the 
understanding of nuclear forces?

● Can the model of nuclear forces be replaced by a 
fundamental theory based on the strong interaction 
between quarks and gluons?

● Is confinement influenced by the nuclear medium?

● Do nucleons change their internal properties when 
embedded in a nucleus? 

Fermi motion
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  antishadowing

The EMC effectThe EMC effect

 shadowing
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The EMC effect in Drell-YanThe EMC effect in Drell-Yan

 shadowing

  no 
antishadowing

antiquark feature?

valence quark effect?
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The inner structure of a nucleusThe inner structure of a nucleus

● nuclear force mediated by meson exchange 

● Where are the nuclear pions?

 no antiquak
enhancement

 large effects to 
antiquark PDF predicted 

as x increases
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Spin-orbit correlationsSpin-orbit correlations

● angular dependence of the Drell-Yan cross-section:

● Lam-Tung relation:   Boer-Mulders
TMD
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The SeaQuest missionThe SeaQuest mission

● significant increase in physics reach

● unique access to sea quarks at high-x

● What is the structure of the nucleon?

● What is d / u?

● What are the origins of the sea quarks?

● What is the high-x structure of the proton?

● How are quark spin and orbital motion correlated?

● What is the struture of nucleonic matter?

● Where are the nuclear pions?

● Is antishadowing a valence effect?

● Do colored partons lose energy in cold nuclear matter?
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The proton beam for SeaQuestThe proton beam for SeaQuest

● extracted from Fermilab Main Injector

● 2x1012 protons / s for 5s spills each minute 

● 120 GeV proton beam instead of a 800 GeV 
proton beam (as used for E-866 / NuSea):

● Drell-Yan cross section scales as 1/s
●        decay (dominant background) scales as s
● 50x luminosity as E-866 (for same rate)

Main Injector
120 GeV

Tevatron
800 GeV

fixed target beam lines
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The SeaQuest targetThe SeaQuest target

 liquid
hydrogen

 liquid
deuterium

 Calcium

 Tungsten

 Carbon

luminosity: 
3.4x1035/cm2/s
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The SeaQuest spectrometerThe SeaQuest spectrometer

 spectrometer
magnet

 hadron absorber
(iron wall)

 focusing magnet

 hadron absorber
beam dump

 hadron absorber

hodoscope
tracking

~25m
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The SeaQuest slide showThe SeaQuest slide show

 KTeV hall
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SeaQuest DAQSeaQuest DAQ

● TDC, VME based
● CODA system
● MySQL database

● calibrations
● productions
● online and 

off-line analysis

● extensively studied 
using cosmics
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The SeaQuest missionThe SeaQuest mission

unique laboratory for sea quarks at high-x

→ structure of nucleons and nucleonic matter 

tuned beam hoped for September

→ final commissioning of the experiment

→ data taking until shutdown in April 2012

→ continue data taking after long shutdown

exciting extensions possible
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