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What is the distribution of sea quarks?

In the nucleon:

B Sea and gluons are important:
— 98% of mass; 60% of momentum at Q2 = 2 GeV?

M Not just three valence quarks and QCD.
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o q =1(7.353)" GeV
B What are the origins of the sea? ol
B Significant part of LHC beam. :
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B What is the difference? ER- Sop——Clue
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— Binding via virtual mesons affects - . 5-15 % of Total Quark Content
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Simple view of parton distributions:

A historic approach

B Constituent Quark/Bag Model
motivated valence approach

— Use valence-like (primordial) quark
distributions at some very low scale, Q2,
perhaps a few hundred MeV

— Radiatively generate sea and glue.
Gluck, Godbole, Reya, ZPC 41 667 (1989)

M [t was quickly realized that some
valence-like (primordial) sea was
needed. Gluck, Reya, Vogt, ZPC 53, 127 (1992)

— Driven by need to agree with
BCDMS and EMC data

— Assumption of symmetric sea
remained
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Light Antiquark Flavor Asymmetry: Brief History
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Light Antiquark Flavor Asymmetry: Brief History

NA 51 Drell-Yan
confirms

d-bar(x) > u-bar(x)
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Light Antiquark Flavor Asymmetry: Brief History

B Naive Assumption: 225 ¢
d(x) = u(x) o E / m E366
® NMC (Gottfried Sum Rule) : By A4 NASI
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B Knowledge of partons is data driven <

— Sea quark difficult for Lattice QCD
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Proton Structure: By What Process Is the Sea Created?

B There is a gluon splitting
component which is symmetric
_ _ _ 1
d(z) = u(z) = q(z)
_ 0.8
B d—u
— Symmetric sea via pair 0.6
production from gluons 7
subtracts off ® 04
— No Gluon contribution at 1st
order in oy 0.2
— Nonperturbative models are _
motivated by the observed 0
difference I
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Models Relate Antiquark Flavor Asymmetry and Spin

B Meson Cloud in the nucleon—Sullivan process in DIS
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B Chiral Quark }models—eﬁective Lagrangians
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Proton Structure: By What Process Is the Sea Created?

B Meson Cloud in the nucleon ® Chiral Models
Sullivan process in DIS Interaction between Goldstone
lpx= |pox+ o |[Nnx+ BlAnx+ . . . Bosons and valence quarks

lux, |dn*xand [dx, |umx
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Drell-Yan scattering:

A laboratory for sea quarks f
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Extracting d-bar/-ubar From Drell-Yan Scattering
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Advantages of 120 GeV Main Injector

The (very successful) past: The future:
Fermilab E866/NuSea Fermilab E906
m Data in 1996-1997 ® Data in 2009
B 'H, 2H, and nuclear targets ® 'H, °H, and nuclear targets
B 800 GeV proton beam B 120 GeV proton Beam
Ara® 1

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

B Backgrounds, primarily J/y decays
scale as s

— 7 X Luminosity for same det. (¢ Injector
rate SN, 120 GeV
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How do sea quark distributions differ in a nucleus?

. 5 | C/*H | Ca/*H i g
B Sea PDF’s set by v-DIS on iron. ’ } l 3
L1 -+ 113
— Nuclear effects the same for sea and valence? | i E} I S =
. . : L I 112
— Are nuclear effects with the weak interaction . .| T° X ] !
the same as electromagnetic? Z el 1 1 [ m
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0.9 . B EMC: Parton distributions of bound and
- & N free nucleons are different.
0.85 B Antishadowing not seen in Drell-Yan—
| Valence only effect
0.8 B \What can the sea parton distributions

e U L - I tell us about the effects of nuclear
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Structure of nucleonic matter:
Where are the nuclear pions?

B The binding of nucleons in a L2 |
| . ted to b B E772 Drell-Yan Fal Coester
nucleus IS expecied 1o be 1.2 I~ @ E906 Drell-Yan (Propésed) Jung and Miller
governed by the exchange of i /" ----- Brown et al.
virtual “Nuclear” mesons. LIS T /7 Dieperink and
- orpa (range)
B No antiquark enhancement seen L1 e
in Drell-Yan (Fermilab E772) s b T
o FTTIR
data. L
B Contemporary models predict 0.95
large effects to antiquark 00
distributions as x increases. '
0.85
B Models must explain both DIS- 0.8 bonlonlin b bl b b b,
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EMC effect and Drell-Yan
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E906 Detector
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Fermilab E906/Drell-Yan Collaboration

Abilene Christian University
Donald Isenhower, Mike Sadler,
Rusty Towell

Institute of Physics, Academia Sinica
Wen-Chen Chang, Yen-Chu Chen,
Da-Shung Su

Argonne National Laboratory
John Arrington, Don Geesaman’,
Kawtar Hafidi, Roy Holt, Harold Jackson,
David Potterveld, Paul E. Reimer’,
Patricia Solvignon

University of Colorado
Ed Kinney

Fermi National Accelerator Laboratory
Chuck Brown

University of lllinois
Naomi C.R Makins, Jen-Chieh Peng

Institutions under
negotiation

KEK
Shinya Sawada

Kyoto

Kenlchi Imai,
Tomofumi Nagae

RIKEN

Yuji Goto, Atsushi
Taketani, Yoshinori
Fukao, Manabu Togawa

Tokyo Tech

Toshi-Aki Shibata,
Yoshiyuki Miyachi

Ling-Tung University
Ting-Hua Chang

Los Alamos National Laboratory
Gerry Garvey, Mike Leitch,
Pat McGaughey, Joel Moss

Maryland
Betsy Beise

Rutgers University
Ron Gilman, Charles Glashausser,
Xiaodong Jiang, Elena Kuchina,
Ron Ransome, Elaine Schulte

Texas A & M University
Carl Gagliardi, Robert Tribble

Thomas Jefferson National
Accelerator Facility
Dave Gaskell

Valparaiso University

"Co-Spokespersons Don Koetke, Jason Webb

People with underline are included
also in P04 and/or P24 at J-PARC.
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E906/Drell-Yan timeline

B Fermilab PAC approved the experiment in 2001, but experiment was
not scheduled due to concerns about “proton economics”

B Spectrometer upgrade funded by DOE/Office of Nuclear Physics
(already received $538k in FY07)

B Fermilab PAC reaffirms earlier decision in Fall 2006
B Scheduled to run in 2010 for 2 years of data collection

B Apparatus available for future program at J-PARC
— Significant interest from collaboration for continued program here

= Expt. Magnet Design Experiment Experiment J-PARC

8 8 Funded || And construction Construction || Runs

Q o

E ,%5 § § g E E Publications >

6 March 2008 Paul E. Reimer NPO8




Drell-Yan at Fermilab b Bl | o,

. . . . 1.75 f_ m 1866 115 B (r’ ------ Jung and Miller

MW Study antiquark distributions Tt o NASI [ S oomoman

M Proton: d-bar/ubar oE [ ernos " Ft e Ko g
" 1.25

—The origins of the sea quarks ~
M Nucleon: Antiquark excess °7 \/

III]|IIII|IIII

. . 0.5
— Nuclear binding ‘X
. 0.25 - E866 Systematic Error 85 S
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. . . . 0 0.1 0.2 0.3 0.4 0.5 0.6 0 0050101502025030350404505
high-x valence distributions . x
1.1 -
' E906 Expected U ities L3 F
M Do COlO.red partOnS lose 105 | pected Theertaties £12 [0 MRST2001 AGu+d)/(durd)
energy in cold nuclear [ _ ¢ | & 11 [°E06PP oI Proposed)
matter? ;‘20-95 - B 046 Geviim? L § L F :
0.9 [ Fermilab E866/NuSea
. 09 X . e
B Fermilab E906/Drell-Yan = | srodsky and Hoyer Sos [ibhhAS |
0.85 i <0.44 GeV/im ~ 07 _i 6.5% Norm. Uncertainty
— Spectrometer funded 0.8 ) 5—t-iplat-plotel o 027703704 05 06 07 08 09
— Expect data in 2010 X, &

M Drell-Yan at J-PARC
— Additional interesting physics, particularly with polarized beam/target
— Collaboration interested in moving spectrometer to J-PARC
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