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Why talk about Drell-Yan at DIS 20097

B Similar Physics Goals
— Parton level understanding of

nucleon

— Electromagnetic probe

; %}X m Differences

Timelike (Drell-Yan) vs.
spacelike (DIS) virtual photon.

Hadron beam and convolution
of parton distributions (Drell-
Yan)

Factorazion/Hadronization
(SI-DIS)

Ability to select sea quark

distributions
& .




Drell-Yan scattering:
A laboratory for sea quarks

Xtarget
d?o B 4’ 1

dxr1dxo 92129 S

e [qe(ze)qp(p) + qe () Tp ()]

Detector acceptance chooses X, et aNd Xpeqn,-

B Fixed target = high Xg = Xyeam — Xiarget

B Valence Beam quarks at high-x.
B Sea-target quarks at low/intermediate-x.
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Advantages of 120 GeV Main Injector

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

scale as s
— 7 x Luminosity for same detector

rate as 800 GeV beam
50 x statistics!!

B Limited Phase Space

The future:
Fermilab E906
® Datain 2010
B 'H, 2H, and nuclear targets
B 120 GeV proton Beam

Injector
120 GeV
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adron Absorber

3
313.630000

Liquid H,, d,, and
solid targets

-177.500000

Solid iron"fiagnet
B Reuse SM3 magnet coils

M Sufficient Field with reasonable coils (amp-turns)
B Beam dumped within magnet
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What is the distribution of sea - q"=(7353)" GeV*
quarks? 10
In the nucleon: z
B Sea and gluons are important: 1
— 98% of mass; 60% of 13
momentum at Q2 = 2 GeV? 10
4 08 Valen®
§ 0.6 |-
B Not just three valence quarks and QCD. ° sl
Shown by E866/NuSea d-bar/u-bardata £ [ CTE ¥ Glue
. . ) 8 02 Ca
[ V\(halt .are the origins of the sea” = [ 5.15 % of Total Quark Content
m Significant part of LHC beam. O 0 s o1 os

X

In nuclei:

B The nucleus is not just protons and neutrons

B \What is the difference?

— Bound system
— Virtual mesons affects antiquarks distributions
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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

225
® Naive Assumption: - A NAS51
d(z) = u(x) 2 F —A— — MRSI2
B NMC (Gottfried Sum Rule) 175 | CTEQ4m
L :
/ [d(x) — u(x)] dz # 0 L> F
0 -
1.25
- GSR 2 -
ook NMC  Q*=40GeV® o ~ o
S -
= | 0.75 E NA 51 D_reII-Yan
3., oo, A : confirms
il-j I e} ¢ 1 | -
] oy . 05 d-bar(x) > u-bar(x)
<ol L 025 F
¢ # Oo O :I L1 1 I L1 1 1 I L1 1 1 I 1 L1 1 I L1 1 1 I L1 1 1
} $ o 0 0.1 0.2 0.3 0.4 0.5 0.6
10° - Hw‘(‘)’z - 1(; ! E X
x
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Light Antiquark Flavor Asymmetry: Brief History

B Naive Assumption: 2.25
d(x) = () » L / " 866
B NMC (Gottfried Sum Rule) - ~ A NASI
L 175 — MRSr2
/ [d(x) — alx)] de £ 0 CTEQ4m
0 1.5
B NA51 (Drell-Yan)
_ 1.25
d>uat z=0.18 2
o 11—
m E866/NuSea (Drell-Yan) L
d(z)/u(z) for 0.015 < x < 0.35 075
05
B Knowledge of distributions is data i -
driven D.25 = 866 Systematic Error
— Sea quark distributions are difficult w T m i
for Lattice QCD 00 0.1 02 03 04 05 06

X
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Light Antiquark Flavor Asymmetry: Brief History

B Naive Assumption: 225
i(z) = a(z) f / = D366
- — A NAS1

B NMC (Gottfried Sum Rule)

L 1.75
/ [d(x) — alx)] de £ 0
0 1.5
B NA51 (Drell-Yan)
_ 1.25
d>uat x=0.18 'E

m E866/NuSea (Drell-Yan) !

d(z)/u(z) for 0.015 < x < 0.35 0.75
0.5 F
B Knowledge of distributions is data -
driven .25 [ E866 Systematic Error
— Sea quark distributions are difficult L T . Ny
for Lattice QCD 0 0 0.1 0.2 0.3 0.4 0.5 0.6

X
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Proton Structure: By What Process Is the Sea Created?

B There is a gluon splitting

component which is symmetric LT
— - E866/NuSea
d(z) = u(z) = q(x) . L EHERMES
— L ——
md—u L .|
— Symmetric sea via pair 08 i+
production from gluons [ -
subtracts off 0.6
S = [ A +_+_ _
— No Gluon contribution at 1st - [ y
order in oy 04 |
— Nonperturbative models are i | -
motivated by the observed 02 F I
difference I .
B A proton with 3 valence quarks 0 = - .
plus glue cannot be right at any i ;t?.’;.“ E866 Systematic Error ——
scalel! ! c.--.,. — . .
02 077005 01 015 02 025 03 035

X
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Proton Structure: By What Process Is the Sea Created?

B There is a gluon splitting

. : 1.2 :
component which is symmetric -
_ -\l | BmES066/NuSea Peng et al.
d(x) = u(x) = q(x) 1 L \ |4 HERMES Meson Cloud
O N Alberg, Henley
7 _ - ‘ﬁ\ : and Miller
" d— 1 k' Meson Cloud
: : : 0.8 .

— Symmetric sea via pair Lk 0 N — I\N/Ilkolae(\jflet 31.
production from gluons L[ crom Ao
subtracts off 00 R

— No Gluon contribution at 1st o [ Pobylitsa et al.
order in o 04 E | [N Chiral Quark Soli.

5 i N Dorokhov and

— Nonperturbative models are i N Kocheley
motivated by the observed 02 F Instanton
difference I

B A proton with 3 valence quarks 0 L A
plus glue cannot be right at any I | 866 Systematic Error 7
Scale” 02 -|||I||||||I||||I||||I||||I||||

0 005 01 015 02 025 03 0.35
X
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Models Relate Antiquark Flavor Asymmetry and Spm

B Meson Cloud in the nucleon—Sullivan process in DIS 9 Q
<P\P>:(1—a—b) <P0|P0>—+—CL<N07T|N07T>—|—b<A07T|A07T>... . .
o _ 2a — b ! 3
/ [d(z) — ()] = =010 >a=02=2b gu :/ [Au — Ad]dzx = ———\/2a — 1.5
0 3 0 3 27

B Chiral Quark models—effective Lagrangians

ala) = [1- 22 ala) + 2 anlam)

1 1
2 5!
/0 ld(z) — u(z)] = ?a =010 >a=0.14 g = /0 [Au — Ad] dx = §3a—> 1.43

B [nstantons

Cﬂlw

L x ﬂRuLJRdL + ?_LLURJLdR JI(JU) - ﬂI( )

[Aup(z) — Adr ()]

B Statistical Parton Distributions
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Extracting d-bar/-ubar From Drell-Yan Scattering

225 r
- ® 906 |5
2 B i 3.4 10" POT
I B ER6CO
1.75
B E906/Drell-Yan will extend : A NAST
these measurements and 15 E — MR&2
reduce statistical uncertainty. : CTEQ4m
B E906 expects systematic 125 F CTEQO
uncertainty to remain at 2 i _l\
. . hs yd
approx. 1% in cross section 1
ratio. -
075 F
0.5 F
0.25 | 1866 Systematic Error
O:Tmlzwlllllllllll|||||s!aa!|i||4|=—|-"'
0 0.1 0.2 0.3 0.4 0.5 0.6

X
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Structure of nucleonic matter:
How do sea quark distributions differ in a nucleus?

. ) . L3 L T
B Intermediate-x sea PDF’s absolute magnitude set | ¢ 1 cam 1z
by v-DIS on iron. T J l I 11
‘ ©
— Are nuclear effects the same for the sea as for |, | s if [ eyt |5
valence? o ool 1 P } 3
— Are nuclear effects with the weak interaction the o, | s 1|
same as electromagnetic? g ’ ; | ; ; IS
11 Z o | e 7 1§ -Emz W ] ;:U'
' & NMC DIS 3 Pl T ey 7| | B
L 5 11 \\&‘// : -+ % l . @
105 - I i Il i gl D
. %1 B139 DIS ol g 1] g1
I q;g% ﬂ] q] A E665 RC DIS N w T IR X
0.9 - _ -+ 118
LT e T o e S
| % | Q ? 0.8 j —_— ][Qx;eso:ﬁigg ' 7? % - i g
= Z% E; 07 I R R B
©0.95 0.0 0.1 0.2 0.1 0.2 03| Q
Sb i % ij ) Xt
0.9 i B EMC: Parton distributions of bound and free nucleons
0 are different.
0.85 B Antishadowing not seen in Drell-Yan—Valence only
;15 effect
0.8 B \What can the sea parton distributions tell us about the
Lol b b b b b by p )
0 01 02 03 04 05 06 07 effects of nuclear binding?

-
v



Structure of nucleonic matter:

1.25 ;
. P ;
Where are the nuclear pions: L & £772 Drell-Yan Hee- Coester
1.2~ @ £906 Dre]l-Yan /== Jung and Miller
! ropose :
S Brown et al.
. _ 1.15 | Cl t al.

B The binding of nucleons in a . S Diz;zzni and
nucleus is expected to be 1.1 F Korpa (range)
governed by the exchange of | e L e S
virtual “Nuclear” mesons. Tl 03

® No antiquark enhancement seen & .
in Drell-Yan (Fermilab E772)
data. 0.95

B Contemporary models predict 0.9
large effects to antiquark
distributions as x increases. 0.85

08 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

B Models must explain both DIS- 0 0.05 0.1 01502 025 03 03504 045 05

EMC effect and Drell-Yan &
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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 $700k by FY09)

B Fermilab PAC reaffirms earlier decision in Fall 2006

B Scheduled to run in 2010 for 2 years of data collection

Expt. Experiment Construction Experiment
Funded Runs
S S S S S
(@) (-} —_ —_ —_
o%e) \O ) —_ \©)

29 April 2009 Paul E. Reimer Antiquark Structure with )




FNAL E866/NuSea Collaboration
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Fermi National Accelerator Laboratory

Chuck Brown, Bill Cooper Oak Ridge National Laboratory
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Georgia State University
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Walt Sondheim, Neil Thompson
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Additional Physics from beam parton distributions

] High-xBj Valence quark distributions 13k

51.2 E—EI MRST2001 A(4u+d)/(4u+d)
F® ES06 p-p— WX (Proposed)

=
. P a rto n IC e n e rg y I O SS B E906 Expected Uncertaities é 1 1
1.05
o}

. L N

in cold nuclear matter AR S FE T 3
095 |- <0.046 GeV/fm? L2 0.9 [ Fermilab E866/NuSea

Parton Loses Energy 09 L T rmpp o u X
in Nuclear Medium Togs [ PrOUsky and Hoer e 0.8 Fa pd—p'uX }
o e 0.7 E*6.5% Norm. Uncertainty

' C 1 11 I 1 11 I 1 11 I 1 11 I 1 11 I 1 11 I 1 11
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

X

1

I 1 1 I I
06 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Unpolarized Angular distributions

B Lam-Tung Relation

1 —)\=2v 3—?2 oc1—|—)\00829—|—,usin29czosq§—|—gsin290082gb

B Boer-Mulders Distributions

2
1.8
1.6
14

6 = A(1+Acos 0) %
A=1.05+004

Possible future programs

M Polarized target of beam
B Pionic Drell-Yan

12

1

II|III[III|III|\II

0.8

do/dcos (Arbitrary Normalization)

%rmilab E-866/NuSea

06 |II|I\I|III||II|III|III|III|III|III
-1 -0.8-06-04-02 0 02 04 06 08 1
cos6
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Drell-Yan at Fermilab B

H Drell-Yan scattering is uniquely sensitive
to the antiquark distributions of the
target.

M The E-906/Drell-Yan Collaboration is
constructing a facility to measure Drell-
Yan Scattering.

B E-906/Drell-Yan will use this to measure

. . 1.25 - 225 ¢
_the ratlon Of antl-d to L ~EE772 Drell-Yan / ———Iﬁdillerbasgd on ) - ° ]35%016013 POT
: H : : : -2 @ E906 Drell-Yan // erger an = — -
anti-u distributions in the I el s Coeter -
1.15 — g Jung and Miller 175 E m 866
proton, Lo P i sk s Nast
. g . ol ISP Korpa (range) " E [ ] ctrQs
—The modifications to the _ .. ) s E
quark sea in a nucleus, * [ énse Y
e ~:»,0,::‘:”§',: S F
and 0.95 — R 075 ;_
. . 0.9 — & R 05 -
—Many more interesting [ 353h g
. 0.85 — S 025 F-F866 S icE ‘X
t opl c S . I \:"’ . F ystematlc ITO1
08 IIII|IIII|||II|IIII|\IIIIIII‘\IIIlIIIIl\IIIlIIII 0_||||||||1|1||||1|N:EL_,L,_LLE,,;,;AA:+:
0 0.050.10.1502 0250303504 045 0.5 0 0.1 0.2 0.3 04 0.5 0.6

X X
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Drell-Yan Acceptance

B Programmable trigger 09 Log salein 60000 |-
removes likely J/y events 08 £ 50000 |-
B Transverse momentum e - Ktarget
0.6 M) 40000 —
acceptance to above 2 GeV i . E -
< T F 30000 [—
B Spectrometer could also be 04 |- :
used for J/y, v’ studies 03 20000 -
02 E-MUN -
= 10000
01 -
0_III|IIIIIIIII|I|l||IIIII][IIlIIIIIllIIlIIIIIIIII : ||||||lll|lll IIIIII|IIII|IIIIIIIII||]II
0 010203040506070809 1 00 0.0 02 03 04 05 06 0.7 08 09 1
F = 22500 — -
35000 C -
- - 20000
30000 - B0 = X
- - 500 -
g Mass : S0 F
25000 20000 |— 15000
20000 |- 15000 - 12500 £
N L 10000
15000 |— - -
C 10000 — 7500
10000 C -
- - 5000
n 5000 [ -
2000 £ - 2500 [
0: I|IIII|IIII|III I|IIII O_IIII|IIII|IIII|III|IIII|IIII|IIII|IIII|I 111 0 III|IIII|IIII|IIII|IIII|IIII|IIII ||||||||
3 4 s 6 1 8 9 0 0.1 0203 04 05 06 07 08 0.9 1 0 0.1 02 03 04 05 06 07 08 0.9 1
Mass X

Xbeam 35l
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Detector Resolution

= 2/ ndf 5165 / 196 120 = 32/ ndf 7373 1 196
90 Cons 83.33 - Constan 99.02
" =5 Mea -0.6719E-03 100 = Mean 0.3957E-02
= Sig 0.2370 - Sigm 0.1987E-01
70 = -
E 240 MeV 80 [ 0.04 %,
— B Res.
2 = Mass Res. 2 _ ©s
z Vg S 60—
Q = Q -
40 — :
30 - 40
20 F- :
- 20 —
10 _
= | | | o i | Mo
1 0.5 0 0.5 1 0.1 -0.05 0 0.05 0.1
OMass (GeV) Ox

B Triggered Drell-Yan events
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Drell-Yan Cross Section Ratio and d-bar/u-bar

L3 2.25
B i @ E906 18
- B FNAL E866/NuSea > b | 34°10" pOT
12— ® E906/Drell-Yan - B 866
- O + 3.4 10" POT 175 - A NASI
=T - -
1.1 g Ls L MRSr2
K _ CTEQ4m
s 1000006060000 125 | CTEQ6
e - 8
@Q : i 1 -* /
® 09 | \
B 075
0.8 — i
B 0.5
. -
0.7 = 0.25
06_||||||||||||||||||||||||||| 0 8 R VIR S S I
X, J _ X
oP 1 14 (ZUt)
pp 7]
20PP | su, 2 u(x)
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Drell-Yan Scattering: What we really measure

B Measure yields of u*u- pairs from B Reconstruct |\/|2y, P’ Py

different targets B M2 = XX,

B For each event measure 3-momentum
of each

B Assume that it is a muon to get 4-
momentum

d?o d4ra? 1
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Next-to-Leading Order Drell-Yan

B Next-to-leading order diagrams
complicate the picture
(a) %

B These diagrams are responsible q
for 50% of the measured cross I+
section

B Intrinsic transverse momentum of
quarks (although a small effect, A

>0.8) .
(e) (©) - (@)
q q
l +
l +
q q l
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Drell-Yan Mass Spectra

Edge of
Spectrometer
Acceptance

III‘III|III|III|III|X1CIIZIIIIII
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I
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