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Exploring the nucleon structure with Drell-Yan

Lingyan Zhu
University of Illinois at Urbana-Champaign

Fermilab E866/Nusea Collaboration

» dbar/ubar asymmetry
% nuclear dependence
» cos2phi asymmeftry
» Projection with E9Q6.
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Drell-Yan & DIS ne

DIS :ep — €'X Drell — Yan :;pN — ptp= X

OpDIS X Z e7 [qi(we) + Gi(ay)] DY X Z e; [qi(xo)@i(we) + Gi(wp)qi (1)

Eigenvector 18

40 - CTEQ6M —

¢ _,/ \_ °
30 — — 1 — — —
[ =" -
<l|Z & ol —
- AT — .
20t 12[2]] ] .4 < i e g gz &
_il 4 = — : -" s =
CAENEE: = i Fl o |B| &
10 S ;
[ ] L ]
Tl
E 0 [ ] ——
Z] L] ‘ L
=1
-10 -
DIS Drell-Yan ‘ ‘
—3of L JL_Jr 11 ] L

June 20, 2007




Drell-Yan Cross Sections & Global PDF S
E866(J.C.Webb et al.), hep-ex/0302019. I
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Sea Asymmetry from DIS
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Gottfried Integral S;=1/3?
NMC at CERN: PRL66(1991)2712;PRD50(1994)R1
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Sea Asymmetry from Drell-Yan
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Towell et al., Phys.Rev. D64 (2001) 052002
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Flavor Decomposition in Semi-Inclusive DIS#

D eZf (x)D/(2)
q
o dz > et (x)
q

f,(x): parton distribution function

z=E v

Unfavored fragmentaion D~
u— sz (do)ord — 7" (ud)
in') /Favored fragmentation D*

u— 77 (ud)ord — 7z~ (d)
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Sea Asymmetry from HERMES SIDIS

Isospin Symmetry & Charge Conjugation Invariance:
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Sea Asymmetry Measurement with JLab Upgrade #

H. Gao, A.Bruell, H.Mkrchyan, J.P.ChendL.Y.Zhu, JLab Proposal PR12-06-111

The systematic uncertainty with SIDIS is large.
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Sea Asymmetry with 120 GeV Proton Beam #

Fermilab E866/NuSea Fermilab E906
(M. Leitch) (D. Geesaman, P. E. Reimer)
% Data in 1996-1997 % Data in 2009
<+ 800 GeV proton beam <+ 120 GeV proton Beam
Vs = 38(.i§GeV L Vs =15.1GeV

= > ei [as(we)@os () + Toi (w0)gvi ()]

dridrs  9x1xos
0w = Aexp(—B, /Mg/qj/s)

» Cross section scales as 1/s

» Backgrounds, primarily
J/vy decays drop with s
E789,PRD52(1995)1507

B0x statistics!!

June 20, 2007 JLab User’s Group Meeting 1

Tevatron
800 GeV




T

Fermilab E906 Drell-Yan timeline

=
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% 2001: approved by Fermilab PAC
< 2006: reaffirmed by Fermilab PAC
» Funding request to DOE:

~$2M primarily for the magnets.

26 meters

quron Abso be
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Impact of Drell-Yan on large-x PDFs

» E906 Drell-Yan will also probe
the large-x region, like E866.

Mean Data/Theory

Xtarg et

Tp = Tp — Tt

><beam

“» There is some discrepancy
between the E866 and NUTEV.
Due to he nuclear corrections
for NUTEV ?

Owens et al.,, PRD75(2007) 054030
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Nuclear Dependence/EMC Effect #
N
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E866 Drell-Yan with Nuclear Targets #
£866(Vasiliev et al.) PRLE3(1999)2304 '
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Models for EMC effect #

1.2 . . . . — 22— 77— .
_ ' 1 plon excess
"l valence+sea 20( sea | T
S - _ | 1.8} _ """"""""
w10 \ . - ok - | CIUSTer'
x| T _ S 5 _
e i — = / _/
0.9+ R i T —] .
I ' 12 1 rescattering
Bl %0 o1 oz o3 o1 05 1.0
X .
positive negative 00102 03 02 05

X

Lu & Ma, PRC74(2007)055202

SIDIS
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E906 Drell-Yan with Nuclear Targets

=
L. 3

» E906 will use three -
nuclear targets in addition 12
to proton and deuterium. 115

1.1

» E906 will significan’rly =105

reduce the statistical £

° ° ° 1
uncertainties while extend

- B E772 Drell-Yan ’7'-’--- Coester
~ ® E906 Drell-Yan (Propgsed) Jung and Miller
i S Brown et al.

— Dieperink and
Korpa (range)

....................................................

to higher x. 0.9
0.9
“» The improvement will be 085
essential to check 08 s T B s oS o b3 0 s s
different models. x
June 20, 2007 JLab User’s Group Meeting 7
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Partonic Energy Loss

<» The nuclear dependence is more /

sensitive to the partonic energy o~ A
loss at low beam energy. == f‘i \
i =2f oS a = \| .,'/ >
d DY z, z, F
O'p+A| Nl— 20<L> 5 .
dO’pD+YD $1_>19332 Ep(l—aji;) ' E906 Expected Uncertaities
1.05
Garvey & Peng, PRL90(2003)092302 1
Baier
095 <0. eV/fm> L2
% Difficulty with Drell-Yan: At fixed | 27" N1
Xg=X1-X,, the partonic energy loss at - ™" [ podsy and Hoyer Ay = ——A3
large X, is coupled with shadowing 5085 [ <044GeV/m
effect at very small x,. E866 only 08 | Eng, i
set the limit on energy loss. 0s _baSedgy/Oss Azy = —22 43
E866(Vasiliev et al),PRL83(1999)2304 n gg e, ’
07 F Mea as,, 66 Dre/ lim Jts \
i e /<y
% With good statistics, E906 allows us e e
to select a region with small 06037704 05 06 07 08 09

shadowing at x,>0.1.
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Energy Loss from SIDIS #

< HERMES results: Wang & Wang, PRL89(2002) 162301

1 /77 M1
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EE}- 095 I , # ] b 095
[ | - _] N -
= R — =~ 09
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X I ] )
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: . =)
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|||||||||||||||||||||||||-|_|_|__|-|| o b e b b b b b
06,5703 04 05 06 07 08 09 1 065 68" 10 12 14 16 18 20 22 24
z v (GeV)

dE/dx=0.5 GeV/fm

» The production time (related to the energy loss/p+
broadening) as well as the hadron formation length
will be measured with CLAS12.

W. Brooks et al., JLab proposal PR12-06-117.
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Angular Distribution in the Drell-Yan

%

pN — ptu~=X
1 do 3 1

e 14\ cos2 41, sin 260 cos
2d0 a3t T s

In the simple parton model:

( for massless quarks and 6 measured
relative to the annihilation axis)

2=1 and p=v=0

lepton plane (cm) dO- o 1+COSZ 8
dQ
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QCD Vacuum Effect #

% The fac‘ror'iza‘rion-br'eaking spin correlation due to nontrivial QCD
vacuum may fit the NA1O data at 194 GeV

Brandenburg, Nachtmann & Mirkes, Z. Phy. C60,697(1993)

0.5 | T [ 1 pf},

v~ 2k = 2KQ
0.4 -~ . ;}?1 + 'rrr’-j}-

0.3

A~1,u~0

L, 02

0.1

Ko=0.17
o p—=F = — — — — mT:1.5

.0.1 | | | | | ‘
0 0.5 1 1.5 2 2.5 3
kr! in GeV

“» The helicity flip in the instanton-induced contribution may lead to
hontrivial vacuum.

Boer Brandenburg,Nachtmann&Utermann, EPC40,55(2005).
Brandenburg,Ringwald&Uermann, hep-ph/0605234
% This vacuum effect should be flavor blind.
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Leading-Twist Parton Distribution Functions ayes

Survive kr
integration

k - dependent,

T-odd

L
1

fl
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ST '(I@XkT)<—> fﬁ
|

T~

kt - dependent
T-even

0 Boer-Mulders Function

S (PxK;) <> N’

Cine

-0 - O

~(1-x)

Brodsky & Yuan, hep-ph/0610236.
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Boer-Mulders Function h;- @ - 0#

% An spin-correlation a'gBr'oach in terms of h;~ can fit the NA10 data
at 194 GeV. Boer, PRD60,014012(1999)

RM
(Q% + 4M2)2’

v=2Kr =4Kq

K;,=0.5
I me=2.3

C T o=C,=1 e

] hi (X, Kk

2 25 3

Qr [GeV]

» On the base of quite general arguments, for |q|««Q(=m, ),
Salvo hep-ph/0407208. ,, |QT|2/Q2
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Boer-Mulders Functions from Models #

Z. Lu, B.Q. Ma and I. schmidt, Phys. Lett. B639(2006)494.

. 11 111}
xh, 9(x) xh,(x) xh,"%(x)

0.04[ ' ; . . 1E . : - - I _
" =

-0.02} ’

<004

-0.06 . . _ _ il _ | | | i | | | |

00 02 04 06 08 00 02 04 06 08 00 02 04 06 08
X X X

(@)MIT bag model: F. Yuan, Phys. Lett. B575,45(2003).

(b)Spectator model with axial-vector diquark: Bacchetta, Schaefer &
Yang, Phys. Lett. B578,109(2004).

(c)Large-N, limit, P.V. Pobylitsa, hep-ph/0301236
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FNAL E866/NuSea Detector #

Ring Imaging
Cherenkov Counter

Station 1 Station 4
—

Cryogenic
Target System

| Hadronic
" Calorimeter
300 GeV Electromagnetic
Protons Calorimeter

Magnet
SMO
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E906 Drell-Yan Acceptance

=
L. 3
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Drell-Yan & DIS Error Propagation

=
L. 3

Drell — Yan :pN — pf"u,_X

oPd ~ 1 Cz(fb’t)
20PP T, ~ 2 []‘ T ’U;(.’:Cf)j|
CZ _ i—l (J _
—a=[E21 0

x,02)

xf{

DIS ep — €' X
(., 2) = Y7 (z,2)=Y] (2,2)
’ Yp‘”+ (2,2) =Y (x,2)
31+ D'(z)
J(z) = 51— D'(z)
J(2)[l —r(z,2)] = [1+r(z,2)] _ d(x)—u()
J(Z)L—r(z,2) +[1+r(z,2)]  ulr)—dx)
_ _ rd-a
d—u=["=(u—d)

Q? = 2.5, CTEQ6.5M

d+u u-d
x=0.2 0.54 1.65
x=0.9 0.13 1.23
June 20 2007 IIIIIIIIIIIIIIIIIIIIIIIIII 'IJIII_};QIK;ILI’jser’S Group Meeting 1



Partonic Energy Loss from Drell-Yan #

] X_

e

__ 08 ;__I_ . I..-.-"!".---' ....-.-} -+ + _:

_ 07 F -

| ;';_{].6 3 i =

] EO*E 3 5....-.: —:

02 03 04 05 06 07 0809 10 = | e
X4 0.2 120 GeV _E

*1E0.1 < 29 < 0.35, 120days

Oo.}'"bs'"'ns"'b?"'be.""c:-.g""1

dE/dx=0.1,0.1,0.25,0.5 GeV/fm

Garvey & Peng, PRL90(2003)092302
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Nuclear Broadening of Transverse Momentum #

% There is a factor of two difference
between the new and old results on

nuclear broadening of fransverse . DvETT *
momentum. The broadening effect is [ o DYEse b
much bigger for resonances than that A
for Drell-Yan. :
A<ph> = <Pi>y—<Pi>y
A<ph> = D[(A/2)Y3 ~1]

D(ET72) = 0.029 £ 0.008

D(E886) = 0.059 % 0.009

Johnson et al, PRC75(2007)035206

<» Nuclear P+ broadening leads to
medium-induced gluon radiation or
energy loss.
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First-order QCD Corrections to Drell-Yan

qdg
* Increase the overall cross section by a
K-factor~2.

*The Lam-Tung relation still hold (in any
reference frame for massless quarks),

H H reflecting the spin-1/2 nature of the

quarks. Lam & Tung, PRD21,2712(1980)

I’ 1-A—2v=0
(Analog to Callan-Gross relation in DIS)

*The NLO correction at (a..?) to the

a4d :§> < angular distribution is small.

Mirkes & Ohnemus, PRD51,,4891(1995)

Conway et al., PRD39,92(1989)
The QCD correction to the angular distribution is small.

=
L. 3
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Nuclear Effect? #

NA1O z. Phys. €37, 545 (1988)

286 GeV/c 286 GeV/c 286 Gev/c  Open: Deuterium

1.;— T T p* T s I I l+l U L I L B B B SO“d- TUHQSTen
+*} | ::++*H i*::’* {*}M :
A;::H H{ 1T b
by, By

wsf bt} |
0.4 1 r -1 — —
0.3 |- 4 F 4 - { _
V 02 - }* % 1 + + -1 , } -
0.9 ¢ ' 4 ' %’ {" 4 L { ¢ * ! * -
: boodL 1L b ]
o1 1 i 1 1 1 1 i L ] i t i 1 1 L I 1 o1
. 5 6 7 8 9 0 04 08 12 1.6 2 24 28 02 0.4 0.6 0.8 1.
M [GeV/c’] P, [GeV/c] X

Nuclear effect not likely o be the dominant contribution.
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