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The inner structure of the nucleon

Quarks spin =172

Approx.

Flavor Mass Electric

GeV/c2 charge

C charm 1.3 2/3

S strange 0.1 -1/3

Strong (color) spin =1

Mass Electric

Name GeV/c?2  charge




Deep-inelastic lepton-nucleon scattering

/' hadrons
k= (E'K)
s/ Q? = -(k-k)? = 2EE'(1-coso)
/AN QP v=E-E,y=v/E
'8 xP x = Q%/(2Mv) = fraction of
hucleon nucleon's momentum P,
k= (E, k) I11P carried by struck quark



Probing the inner structure

cross-section measurements

xf

decomposed I

process
dependent

interpreted I

Parton Distribution Functions

universal

Fi(,0%) = e (11 (x,0%) + £ (x.09))

H1 and ZEUS

Q*= 1.9 GeV?

—— HERAPDF1.0
B exp- uncert.
model uncert. -
v A

C] parametrization uncert.




The proton sea

« constituent quark model:
pure valence description
e perturbative sea: g —» qq

flavor-symmetric, u = d
 analysis of NMC data:
1

/ () — a(z)] do £ 0

0 - -
e data shows d > u (up to 50%)
 alternate degrees of freedom of sea



A laboratory for sea quarks

The Drell-Yan process -
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Probing the proton sea

» analysis of cross-section differences

— sensitivity to u - d in valence region

e measurement of cross-section ratios
T

gPd—p"

-/
~~/

oPP—pt =

LHh> Lt

2 -

1

d(xy)

u(xy)

— sensitivity to u and d in proton sea

— models for the origin of sea quarks
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Insights into the proton sea
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Nucleons embedded In nuclel

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? OQ

OO

A

Fermi motion

12
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The EMC effect in Drell-Yan

valence quark effect?
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The inner structure of a nucleus

* nuclear force mediated by meson exchange
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 Where are the “nuclear” pions? 15



The 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?
* |s antishadowing a valence effect?
Do colored partons lose energy in cold nuclear matter? 16



Fermilab Main Injector

The future:
Fermilab E906
m Datain 2009

® 'H, 2H, and nuclear targets
B 120 GeV proton Beam

The (very successful) past:
Fermilab E866/NuSea
® Data in 1996-1997

B 'H, 2H, and nuclear targets
B 800 GeV proton beam

B Cross section scales as 1/s
— 7/x that of 800 GeV beam

B Backgrounds, primarily from J/y
decays scale as s

— 7X Luminosity for same detector |{ ;

rate as 800 GeV beam
50x statistics!

Injector
120 GeV

——
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The SeaQuest target

Relief valve test

PID test (needs
tuning)
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The SeaQuest spectrometer ¢

~25m spectromet
magnet

hadron absorber

hodoscope
tracking

19



The SeaQuest slide show
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SeaQuest DAQ

TDC, VME based
CODA system
MySQL database

e calibrations
e productions

 online and off-line
analysis

extensively studied
using cosmics










_ work O Tatiat O |eld|ng

- work on wire chambers installation

- tuned beam hoped for end of June
- commissioning of the experiment

- data taking until shutdown

- continue data taking after shutdown
- exciting extensions possible
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