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We propose a formula to determine the first moment of difference between the polarett quarks in
the nucleon, i.e.AU—Ad from the Drell-Yan processes in collisions of unpolarized hadrons with longitudi-
nally polarized nucleons by measuring outgoing lepton helicities. As coefficients in the differential cross
section depend on the andd-quark numbers in the unpolarized hadron beam, the differanceAd can be
independently tested by changing the hadron beam. Moreover, a formula for estimatidgaitter in Drell-
Yan processes is also suggested.
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Several experiments have been devoted to investigatingtudies of its mechanism are related to disclose how quarks
the nucleon structures. In the large momentum transfer rebuild up the hadron, and are a challenging subject in particle
gion, the nucleorigenerally hadroncan be regarded as com- and nuclear physics.
posed of almost free pointlike constituents with spin 1/2, i.e., We also come to mind a question whether the longitudi-
partons. It seems quite natural to identify partongahsios}) nally polarized light-antiquark distributions have this asym-
massless quarks. Then, how do quarks construct the nucleon®etry or not. Unfortunately, we have no idea to estimate the

Inclusive deep inelastic scatterinfisclusive DIS off lepton  first moment ofAU— Ad such as the Gottfried sum rule for

beams on nucleon targets have revealed some combinatiofife unpolarized light-antiquark flavor asymmetry. It makes
of valence and sea quark distributions in the nucleon. Tradithe analysis on the light-flavor antiquark polarization diffi-
tionally, the light-antiquark distributionsyi(x) and d(x), cult. The experimental data for the longitudinally polarized
have been taken to be flavor symmetric in phenomenologicaemi-inclusive DI§9—-11] have been reanalyzed recently for

analyses for structure functions of nucleons from a point ofaq(x) and Ad(x) [12]. The result implied the asymmetry

view, which thg strong inter_action.is independent of thebetweenAU(x) andAH(x), but had ambiguities because of
quark flavor for light quark-pair creations from gluons. How- insufficient information on the fragmentation functions and

ever, the asymmetry af(x) andd(x) has been predictdd],  of statistical error. At present we cannot derive any conclu-

and in 1991 the New Muon CollaboratighMC) at CERN : =y

S . sion onAu(x) andAd(x) from data, though several models
has reported on the violation of the Gottfried sum r2é with this ;(sy)mmetry \(Ne)re proposédi3 14]9 Thus. it is im-
from the unpolarized structure functions of the proton and ' ’

the neutror3]. This implied a significant flavor asymmetry po(rjtant to find a.fodr_mulalt for. Lhe first t’)T.‘O”.“?”t afi—Ad,
for the unpolarized light-antiquark distributiongj(x) and to measure it directly without ambiguities.

- . i . So far, several approaches for polarized light-flavor anti-
#d(x). Furthermore, this asymmetry was confirmed 'n_de'quark distributions in the DY proce$44,15 and the weak
pendently by the NAS1 at CERM] and the E866 at fermi- ) 4 nroductio16] have been proposed, but these pro-
lab [5,6] through the Drell-YanDY) processes with proton — — o . .
beam and proton and deuteron targets at rapigi0 and cesses can only prob&u and Ad in a limited kinematic
for a largexg (i.e., smallx) region. At present, from these region. )
experimental results several approaches such as chiral quark Here we propose a formula for the first moment/oi
model, Skyrme model, Pauli blocking effects, etc., are pro-—Ad from the DY process with longitudinally polarized
posed to understand light-flavor antiquark asymméy nucleon targets and unpolarized hadron beams by measuring
However, the discussions are still ongoing. Since the stron§1€ helicity of one of the produced lepton pair.
interaction does not depend on the quark flavor for perturba- Let us consider a process ¢f+N—I|*-+I"+X. The
tive QCD, the mechanism for its flavor asymmetry may bespin-dependent cross section is defined by,1§
addressed to nonperturbative QCD effi&t Therefore, the

dgAO' o d30'++ dS(T+_
dx;dx,d cosé,, ~dx;dx,d cosd, dx;dx,dcosé,’
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*Email address: yamanisi@ccmails.fukui-ut.ac.jp where the subscript+ —) means the target nucleon helicity
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and that of one of the outgoing leptons are parallel and anwith Q?=x,x,s andpy being the nucleon momentum. Here
tiparallel, respectively. This cross section is expressed as the initial — and + signs refer toAqq—1*1~ and Aqq

d*A o dA & - , —1*1~ for measuring the positive lepton helicity, respec-
dx,dx,d cosd,, :Kpold cosGMEi &lai(x1.Q%) tively. For negative lepton;- and + refer to Aqg—!1*1~
N o h o ) andAqg—!"1", respectively.
XA (X2,Q%) + 0y (X1,Q7) A (X2,Q%)] When the target is the longitudinally polarized proton tar-
dAG get, AP"™(x;,x,,Q?) in Eq. (2) can be written by
hN
=Koolgcosa cos0,, AP™(x1,%2,Q%), 2

with x;= xbeam andxz Xiarget iN the leading ordefLO) of

QCD. Ko AqI and(q)I in Eq. (2) are theK factor of this
DY process, the polarized quatintiquark and the unpolar-
izedpquark(antiqlfjark distrcilbutionsqwith flavori, respec- =§[Uh(x1,Q2)Aup(x2,Q2)—uh(xl,Qz)AUp(xz,Qz)]
tively. Also 6, is the lepton production angle in the center-
of-mass frame ofhN collisions. In the LO QCD, the
differential cross sections of the subprocess in Bj.is
given by[17]

Aphp(xl,xz,Qz)

+ %[?‘(xl,Q2>Adp(x2,Q2>—d“<x1,Q2>AEp<x2 Q)]

dA & t3 [_h (X1,Q?)AsP(x2,Q%) —s"(x1,Q%)ASP(X,,Q?)]
W:IAf(Xl,Xz,QZ,COSQM),
# 3) + (contributions from heavy quark distributions (4)
Af(xy,%2,Q?,cos6,,)
 ma? BXIX5PR
Q% (Xt %) —(Xq xz)cosaﬂ}3 Similarly, AP""(x, ,x,,Q?) for the neutron target can be also
5 . 2 ) obtained. Assuming the isospin symmetry for the target
X{x1(1—cosh,)“—x5(1+cosh,)}, nucleon, one has an interesting equation such as
d3A P d3A "

_ — hn
XmdXZd COSﬂ,u XmdX2d Cosa,u Kp0|d COSH {AP (XllxzyQ ) AP (X:I_!XZ!Q )} +KpO|Af(X11X2!Q cosd )

X §[Au,‘3(x2,Q2>—Ad5<x2,Q2>+2{AUP(XZ,Q2>—AEP<XZ,Q2>}]{4ﬁ"<xl,Q2>
— 1 —
—d"(x1,Q%)} = 5{AWP(x2,Q%) — AdP(x2, Q%) }4uy(x1, Q%) — dj(x1,Q?)

+2{4u"(x,,Q%) — d"(x1,Q)}], (5)

where the initial— and + signs in the right-hand side of the above equation correspond to the measurement of the positively
charged lepton and the negatively charged one, respectively. Integrating,0&ad x, on Eq.(5), we obtain the following
relation:

1d3Ao"PIdx;dx,d cosd, — d*A " dx;dx,d cosd,,
J f Edx,dx,

p0|Af(X1,X2,Q ,COS&M)

%[Auﬁ(@z)—Ad5<Q2>+2{AW’<Q2>—AEF’(QZ)}]{W(QZ)—E"(Q%}

- %{AW’(Q?) —AdP(Q)}[4up—d;+ 2{4U"(Q) —d(Q?)}]

933{4 (Q)—d"(Q*)} - {AW(Q%—AEP(Q2>}[4u!J—d2+2{4ﬁ“<Q2>—E“(Q2>}] ©®
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for the measurement of the helicity. In Eq.(6), g, andgy 1o
are the nucleon axial and vector coupling constants, respec- x1=0.05 Q=4 GeV?

tively, andu” and d" are numbers of the valenaeand d fu=s” 7

guarks in the beam particle respectively. Here, we drop the
label Q?, since the valence quark numbers in the hadron are
independent of Q2. Therefore, appraising W(Q?)
—d"(Q?) in the unpolarized beam hadrbrand theK factor

of this polarized DY process, we get information on the first

moment of AuP—AdP from the cross sections foh

x1=0.30

y \
10 ¥1=053 \\
10
x1=0.80 \ N
107

d*8%m/dy dx ) cosO,- d*AO/dx dx,cosO, [nbl

+{p andf}—I* +17+X with wide ranges of botx; and N
Xs. 10

If the polarized light-flavor antiquark distribution is sym- \
metric, i.e., AUP—AdP=0, the right-hand side of Eq6) 107 N
reduces to 1/@,/gy|{4u"(Q?)—d"(Q?}. For instance, o 02 0 . 0 0% !

choosing the proton as the unpolarized hadron beasnd . ] . ]
taking X; m; =105 and Q2=4 Ge\2. it becomes 1/9 FIG. 1. The difference between the spin-dependent differential
min 1

X 1.267<0.14x 10®=19.7 with 0.14% 10? or 0.139 10? cross sections qip andpn co_IIisions for the measurement of the

o T2 . helicity as a function ok, with K,,=1.8.
for 4uP(Q%)—dP(Q?) by the parametrization of Gbk- o
Reya-Vogt 1998(GRV98 LO [19] or Martin-Roberts-  andAd in the nucleon is asymmetric if we find a discrepancy
Stirling-Thorne 1998MRST98 LO [20], respectively. Also, between the measured values and above predicted ones.
the difference between the spin-dependent differential cross For other unpolarized hadron beams, for example charged
sections ofpp andpn collisions as a function o%, for sev-  pions, kaons and so on, it is not difficult to estimate
eralx; values is shown in Fig. 1 by taking,,=1.8. We use  4u"(Q?) —d"(Q?) in Eq. (6) from experiments. The value of
AAC [21] with Au=Ad and GRV98LO parametrizations as 4Uh(Q2) —ah(Qz) in the unpolarized beam hadrbncan be
polarized and unpolarized distribution functions, respecobtained from data in the same way as above. With unpolar-
tively. Therefore, we can conclude that the behaviodof  ized nucleon targets, the same procedure ag@deads to

flfl d3"P/dx;dx,d cosd, —d3o"" dx;dx,d cosé,, g
0Jo Kunpodd/d cosé,, @
1 — 1 — —
=5 {P(Q%)—dP(Q%)}(4uy—dy) + g [uf —di+2{UP(Q?) — dP(Q*)} {4U"(Q%) —d™(Q*)}, )

whereK 501 is theK factor of the unpolarized DY process, and the differential cross sections of the subprocess is written as

do o’ 8X§X§pﬁ,

dcosaﬂz Q* {(X1+Xz) — (X;—Xz)c0s6,,}>

{x4(1—cos6,,)?+x5(1+cosb,,)?}.

Since the value oﬁp(QZ)—a’(Qz) in Eq. (7) was obtained by the NMC and other experiments and also has been studied
intensively, one can extract¥y(Q?) —d"(Q?) from the combination of the differential cross sectioths!"® andda"", for the

unpolarized DY processes. Using the NMC result, nare@Q?) — dP(Q?) = — 0.147+0.039 atQ?=4 Ge\? [3], and choos-
ing the proton as the hadrdn we obtain

— 1 (1d3¢"P/dx;,dx,d cosh, — d3a"" dx,dx,d cosé
4u"(Q?%) —d"(Q?) = f J' ! ~
(Q9)—d"(Q%) .

M
0 Kunpo|d&/dcosaﬂ XmdX2+O_1l%/O_0784_ (8)

For Ko andKnp0 @ppeared in Eqg$6)—(8), in general, it is important to find an equation where ihactor cancels out
in order to extract physical quantities from DY processes. However, we do not have enough information derived from such
equation. In order to get absolute values of the physical quantities induced from the DY proces$es$adtor must be
estimated exactly. Using unpolarized antihadron beams together with unpolarized hadron beams, the mearKyglue of
terms ofx for this polarized DY process is given as follows:
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[ d3A P d3A ] [ d3A P d3A ]
11| dx,dx,dcosf, dx;dx,dcosd,| |dx,dx,dcosd, dx,dx,dcosd 1
f J 1RO T o] AT E0T TR0 dxydxo= T K porg | 2 (4ul—dl),
oJo Af(x1,%2,Q?, cosd,) 9|9y

(€)

with & being similar to Eq(5), where we assume the reflection symmetry along the V-spin axis, the isospin symmetry and the
charge conjugation invariance for the unpolarized beam hadron with the polarized nucleon tar¢@&t, J5pof the unpolar-
ized DY process, we also have

dSO.ﬁp dSO_Hn d30_hp d30'hn
flfl dx;dx,d coseﬂ_ dx;dx,d cosé,, _[dxldxzd coseﬂ_ dx,dx,d cosé
0Jo da/dcosé,,

1
® dxldxzzKunpo,g(uf—d,’j)muﬂ—dﬂ).

(10

Since each term of the right-hand side in E@.and(10) is  collisions[14]. The relevant differential cross section has an
constantK,, andK,, 0 can be evaluated from the relevant additional term including contributions from gluons. How-
differential cross sections. ever, in the differencedAc"P—dAo™ the contributions
Thus, measuring th& factors by using unpolarized had- from gluons will be canceled. Accordingly, E¢) is ex-
ron and antihadron beams, and evaluating"(®?) pected to be also kept in the NLO.
—d"(Q?) from the unpolarized DY experiment, the polar- Now experiments to solve the nucleon spin problems start
ized DY process for an unpolarized hadron beam and a paat Relativistic Heavy lon CollidetRHIC) at BNL with col-
larized nucleon target allows to provide the first moment ofliding polarized protons at high energ\yg: 200 GeV. Also,
AUP(Q?) — AdP(Q?) by measuring the helicity of one of the the Japan Hadron FacilityJHP) is under construction. It
produced lepton pair. Note that it does not require measurgdrovides 50 GeV high intensity proton and antiproton beams,
ments with high precision for large, andx, region in order ~and also can produce high intensity chargef meson
to determine the value oAUP—AdP, though differential beams. One expects that_future experiments for processes
cross sections for the proton and the neutron targets are corRfoPosed here will be carried out at RHIC and/or JHF with
bined. Because each differential cross section for large the detector measuring the helicity of high energy leptons

andx, is quite small as shown in Fig. 1, a contribution from OVer wide ranges ok; andx,. It is certainly difficult to

this region to the integral is small. measure the high energy lepton helicity. However, the mea-
In summary, we have proposed a formula for the diﬁer_surement of.the helicity of the* produc_ed in charg_ed cur-

ence between the polarized light-flavor antiquark density,rent interactions has already been carried out at high-energy

ATP—AdP, from DY processes. It is given by a combination antineutrino _experiments at  CERN ~ Super  Proton-
’ DY pro ' 9 y Synchrotron (SPS [22]. The polarimeter used there was
of the cross sections with an unpolarized hadron beam and

longitudinally polarized proton target by measuring one of" mposed of the marbles for stopping the muon, the scintil-
9 y P P 9 y 9 lators for detecting the positron from muon decay and the

the produced lepton helicity and that with a neutron target, roportional drift tubes for observing the muon trac@2].

Then, the formula is desc.nbed in terms of the n_eutrorghis makes use of the fact that high energy positron is pref-
p-decay constant and the difference betwae andAd®.  grentially emitted in the direction of the muon spin because
As coefficients of these terms depend enand d-quark  of the \-A interaction in muon decay. Accordingly, it seems
numbers in the unpolarized beam hadron, we can indepenyossible to do experiments on the processes discussed here.
dently get information on the behavior &fu” andAd® by \we wish to get new information odGP—AdP at RHIC
changing the beam hadron. and/or JHF.

Recently, the DY process in the next-to-leading order
(NLO) of QCD has been discussed and compared with that One of us(T.Y.) thanks T. Morii for enlightening com-
in the LO, though it is the DY process for the longitudinally ments, and K. Kobayakawa for careful reading of this manu-
polarized nucleon and the longitudinally polarized nucleonscript.
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