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Drell-Yan proton-deuteron asymmetry
and polarized light-antiquark distributions

Masanori Miyama*
Department of Physics, Saga University

We discuss the Drell-Yan proton-deuteron (p-d) asymmetry R,4, which is defined by the proton-proton and proton-
deuteron cross-section ratio A(no”?/2A o™, and its relation to the polarized light-antiquark flavor asymmetry.
Using a formalism of the polarized pd Drell-Yan process, we show that the R, especially in the large-x¢ region is
very useful for finding the flavor asymmetry in the longitudinally-polarized and transversity distributions. Our results
are particularly important to study the flavor asymmetry in the transversity distributions because they cannot be
measured by inclusive deep inelastic scattering and W-production process.

1. Introduction

Nowadays, flavor asymmetry of light-antiquark distributions
is an established fact in unpolarized distributions.”) At first,
the unpolarized @/d asymmetry was suggested by the NMC
finding of the Gottfried-sum-rule violation. Then, NA51 and
5866 collaborations investigated the #/d ratio by measuring
Drell-Yan proton-deuteron asymmetry. Their results clearly
showed that the % and d distributions are different from each
other. In particular, E866 data revealed detailed x depen-
dence of the d/u ratio. Furthermore, semi-inclusive deep
inelastic scattering data which were measured by HERMES
also showed the flavor asymmetry.

On the other hand, the flavor asymmetry in polarized dis-
tributions is totally unknown at this stage although there
are some model predictions. Our research purpose is to
study the flavor asymmetry in more detail. At this stage,
the longitudinally-polarized parton distributions are mainly
investigated by measuring the spin structure function g;.
However, g1 data are not enough to find the flavor asym-
metry. It may be possible to get the information about the
flavor asymmetry from semi-inclusive deep inelastic scatter-
ing data® which were measured by SMC and HERMES.
However, the precision of the present data is not enough
to determine whether there exists the flavor asymmetry al-
though the results show the tendency that the Aa — Ad be-
comes positive. Situation is more serious for another po-
larized distributions, namely transversity distributions, since
they cannot be measured by inclusive deep inelastic scatter-
ing and W-production processes because of the chiral-odd
property. The W production is expected to provide impor-
tant information about the flavor asymmetry in the unpolar-
ized and longitudinally-polarized distributions. In the light
of the present situation, we should study other independent
processes to get the detailed information on the flavor asym-
metry and to determine the major mechanism for creating
the asymmetry. In this study, we investigate the method in
which we use the polarized proton-deuteron (pd) Drell-Yan
process with pp Drell-Yan.?
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In section 2, model studies are explained on the light-antiquark
flavor asymmetry in longitudinally-polarized and transversity
distributions Ay — A(T)J. Here, A(ry denotes A or Ar
for the longitudinally-polarized or transversity distribution,
respectively. Then, we discuss the relation between the po-
larized Drell-Yan proton-deuteron (p-d) asymmetry which is
defined by the ratio of the polarized pd Drell-Yan cross sec-
tion to the proton-proton (pp) one Aryopa/2A(ryopp and
the polarized flavor asymmetry in section 3. Furthermore, we
show the numerical results for the flavor asymmetry effects
on the Drell-Yan p-d asymmetry in section 4. Conclusions
are given in section 5.

2. Theoretical predictions on the polarized flavor asymmetry

In this section, we briefly introduce the present status of
the model studies on the flavor asymmetry Ao — A¢r)d.
First, as one of the origins of the flavor asymmetry, there
is a perturbative-QCD contribution. Next-to-leading-order
(NLO) @Q? evolution gives rise to the difference between the
@ and d distributions even if the flavor-symmetric distribu-
tions are used at initial Q2. However, its effect is not so large
as to reproduce the measured asymmetry in the unpolarized
distributions if the Q% evolution is calculated in the pertur-
bative Q2 range. Therefore, we expect that dominant effects
come from non-perturbative mechanisms.

We have been studying the flavor asymmetry in the polar-
ized distributions by using typical models for the unpolarized
@/d asymmetry, and we have been also investigating its effect
on the Drell-Yan spin asymmetry App.* One of the typical
models is a meson-cloud model. In this model, we calculate
the meson-nucleon-baryon (MNB) process in which the ini-
tial nucleon splits into a virtual meson and a baryon, then
the virtual photon from lepton interacts with this meson.
Since the lightest vector meson is p meson, we investigate a
p-meson contribution to the polarized flavor asymmetry. We
take into account A, in addition to the proton, as a final
state baryon, and all the possible pNB processes are consid-
ered. Among them, the dominant contribution comes from
the process with p* meson. Because the p* has a valence
d quark, this mechanism contributes to the d excess over .
Note that the p-meson contributions to the flavor asymmetry



are also studied in Ref. 5.

Another typical model in the unpolarized case is Pauli-
exclusion-principle model. Although this mechanism does
not seem to explain the whole @/d asymmetry, it is still worth
while discussing the polarized asymmetry. This model for the
polarized case has already studied in Ref. 6. According to
the SU(6) quark model, each quark-state probabilities in the
spin-up proton are given by u! = 5/3, ut = 1/3, d' = 1/3,
and d' = 2/3, respectively. Since the probability of u' (d') is
much larger than that of u' (d"), it is more difficult to create
u' (d*) sea than u' (d') sea because of the Pauli-exclusion
principle. Then, if we assume that the magnitude of the ex-
clusion effect is the same as the one in the unpolarized case,
(ul —ul)/(ul —ub) = (ds —us)/(uo — dy) and a similar equa-
tion for d] — d}, the magnitude of A% and Ad become —0.13
and +0.05, respectively. In this way, we find the Au/Ad
flavor asymmetry from this mechanism.

We numerically calculate the flavor-asymmetric distribution
Ayt — A(T)J by using the above model results and actual
initial distributions. As a result, we find that both model
predictions have similar tendency that the A — A(T)J be-
comes negative. Furthermore, the meson contribution seems
to be smaller than that of the exclusion model. In addition
to these mechanisms, there are also some model studies on
the polarized flavor asymmetry.”) To distinguish these mech-
anisms, we need detailed experimental information on the
Ay and A(T)J asymmetry. This is the reason for investi-
gating the possibility of finding the flavor asymmetry by the
polarized pd Drell-Yan data.

3. Polarized proton-deuteron Drell-Yan process and flavor
asymmetry

Recently, a formalism of the polarized pd Drell-Yan process
was completed in Refs. 8 and 9. They showed that there
are additional spin asymmetries compared with a spin-1/2
hadron reaction. These new spin asymmetries are related to
new spin structure in a spin-1 hadron and one of major pur-
poses to investigate the polarized pd Drell-Yan process is to
study this new spin structure.

Here, we briefly comment on this topic although it is not the
major purpose in this work. The spin structure of the spin-
1/2 hadron is relatively well investigated by measuring the
structure function gi. On the other hand, there is no exper-
imental study for the spin structure of the spin-1 hadron. In
fact, we know that the new spin structure, namely, the po-
larized tensor distributions can be investigated by measuring
the tensor structure function b1 in the deep inelastic scatter-
ing with unpolarized lepton off the polarized deuteron. The
b1 has not be measured at this stage, but it is expected to be
measured at HERMES in future. In the pd Drell-Yan, on the
other hand, parton-model analysis suggests that only three
spin asymmetries Arr, Arr, and Ayg, remain finite and
other asymmetries vanish in the leading-twist level. In these
asymmetries, the Ay, is a new one in the spin-1 hadron. In
the parton model, this spin asymmetry is expressed by

> [qa(@1) 65 (22) + Ga(z1) 5¢5 (22) ]
Yo €d [qa(1) @i (w2) + Ga(1) gd(22) ]

(@)

Auvg, =

where, d¢? and 6 represent the quark and antiquark ten-
sor distributions in the deuteron. The subscript a repre-
sents quark flavor, and e, is the corresponding quark charge.
Therefore, we can study the tensor distributions also by mea-
suring this spin asymmetry. In particular, Ayg, has an ad-
vantage to investigate the antiquark tensor distributions in
comparison with the deep inelastic scattering. This topic is
very interesting but we do not discuss in this paper. The
details are discussed in Refs. 8 and 9, so that the interested
reader may read these papers.

For investigating the flavor asymmetry, we use the results
for the spin asymmetries Arr and Arr. Because of the ex-
istence of the tensor distribution, it was not clear whether
the polarized pd Drell-Yan cross sections are expressed by
the same forms as the pp ones. References 8 and 9 revealed
this point. From their analysis, the difference between the
longitudinally-polarized pd Drell-Yan cross sections is given
by

Aopg = o(Te,—11) —o(Tz,+11)
< Y i [Agu(@1)Ag (@2) + Adu(21)Agi(a2)] (2)

where the T, +11, and —1;, represent the longitudinal po-
larization and o (pol,, poly) represents the cross section with
the proton and deuteron polarizations, pol, and pols. The
Aql and AgG? are the longitudinally-polarized quark and an-
tiquark distributions in the deuteron. The momentum frac-
tions are given by 1 = /Te™ and z2 = /Te Y in the
case of small Pr. Here, the 7 is defined by 7 = M}, /s
with dimuon mass M, and the dimuon rapidity is given by
y = (1/2) In[(E** + Py*)/(E** — PP*)]. In the same way,
the transversely-polarized cross-section difference is given by

ATUPd = U(¢P = Oa d)d = 0) - U(¢P = Oa ¢d = 7T)
o< Y [Arao(@)Arg (@2) + Arda(an)Argi(e)]  (3)

where the ¢ is the azimuthal angle of a polarization vector.
The Arq and Arq are quark and antiquark transversity dis-
tributions.

The pp Drell-Yan cross sections are given simply by replacing
the distributions in the deuteron in Egs. (2) and (3) by the
ones in the proton. We use these equations for investigat-
ing the flavor asymmetry in the polarized distributions. To
study the flavor asymmetry, we define the Drell-Yan proton-
deuteron (p-d) asymmetry Rpq by

A(T)O'pd

2Aryopp

Y ea Ay qa(z) Ay @ (x2) + Ay Ga(€1) A ga (22)]
23 2[A ) qa(z1) Ay Ga(2) + A1) Ga(21) Ay ga (22)]
(4)

First, we show the behavior of Rpq in the large zr (= z1 —x2)
limit. Because sea-quark distributions in the proton become
smaller than other distributions in this limit, the proton sea-
quark terms in the numerator and denominator of Eq. (4) can
be ignored. In our analysis, we neglect the nuclear effects in
the deuteron and assume the isospin symmetry. Then, the
distributions in the deuteron can be written in terms of the

de =
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distributions in the proton as
A(T)ud = A(T)u + A(T)d,

A(T)Sd = QA(T)S,
A(T)dd = A(T)d + A(T)’EL,

Ayd” = Airyd + Aeryu,
A(T)ﬁd = A(T)ﬁ + A(T)d,
A(T)gd = 2A(T)§.

(5)

However, for a precise comparison with future experimental
data, the nuclear corrections should be properly included.
Using these relations, R,q becomes

Rpa(zp — 1) )
—1_ [4A(T)uv(x1)7A(T)dv(l’1)][A(T)ﬂ(mg)fﬁ(T)d(l'g)]

SA(T)UU (xl)A(T)ﬂ(.Tg)—I—QA(T)dU (.Z‘l)A(T)d(IQ)
(6)

where 1 — 1 and z2 — 0. Because of the A(T)ﬂ — A(T)J

factor, the ratio R,q simply becomes one if the distribution
A is equal to A(T)J. If we assume that the valence-
quark distributions satisfy Ayu. (x — 1) > Arydo(z — 1),
Eq. (6) can be written in a more simple form as

A(T)ﬁ(xz) — A(T)d(wg) ]
2 Aqryu(zz) 2320

Rpa(zp — 1) =1— [

P+ (7)

1
2

A(T)d(l‘g) ]
Amyu(zz) |,

From this equation, it is clear that R,q becomes larger
(smaller) than one if the Ay distribution is negative as
suggested by recent parametrizations and if the Apyu distri-
bution is larger (smaller) than the A(r)d.

Next, we discuss the behavior of Rpq in another limit, namely
xr — —1. In this limit, the ratio R,q becomes

de(xp — —1) ~
_ BAm@malz) + Amyd@)][Am uo(@2) + Ay do(@2)]

8A(T)ﬂ(x1)A(T)uU (1’2) =+ QA(T)d(xl)A(T)dU (1’2)

(8)

where 1 — 0 and 2 — 1. If we assume Aryu,(z — 1) >
A(rydy(z — 1), the ratio becomes

1 A(T) 7(1’1)
1) == |14 .
Rpa(zr — —1) B + IAya(z) o 9)

In this equation, we find the extra factor 4 in comparison with
the equation for zr — 1 limit. Therefore, R,q in this limit
is not as sensitive to the A(T)ﬁ/A(T)J asymmetry as the one
in the large-xr limit although we can investigate the flavor
asymmetry also in this limit. From Eq. (9), if the A(pya dis-
tribution is equal to the A(7yd, Rpq becomes 5/8 = 0.625 and
if the A(rya distribution is larger (smaller) than the Ad,
the ratio becomes larger (smaller) than this value.

From these analyses, we find that we can investigate the flavor
asymmetry by measuring the polarized pd Drell-Yan process
and taking the pd and pp cross-section ratio. In particular,
Rpq in the large-zr and small-zr regions are useful to find a
signature for the flavor asymmetry.
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4. Numerical results

We numerically calculate the Drell-Yan p-d asymmetry Ry,q
by using a recent parametrization. In this section, we show
the numerical results and discuss the flavor asymmetry ef-
fect on the Rpq.?) As initial distributions, we use the 1999
version of the LSS (Leader-Sidorov-Stamenov) parametriza-
tion'® for the longitudinally-polarized distributions. The
L.SS99 distributions are given at Q% = 1GeV? by assuming
SU(3) flavor-symmetric sea. For the transversity distribu-
tions, we simply assume that they are the same as the longitu-
dinal distributions at Q2 = 1 GeV? by considering the quark-
model predictions. Furthermore, we take center-of-mass en-
ergy v/s = 50 GeV and dimuon mass M,,,, = 5 GeV. Although
there are some model predictions for the flavor asymmetry in
the polarized distributions as explained in section 2, we sim-
ply take the A(p)u/Ap)d ratio as

_Amau

= =0.7, 1.0, or 1.3,
q A(T)d or

(10)

at Q? = 1GeV? in the following analysis. The initial distri-
butions with these r; are evolved to those at Q% = Miu by
leading-order (LO) evolution equations. We use the FOR-
TRAN programs which are provided in Ref. 11 for calcu-
lating the Q2 evolution of the longitudinally-polarized and
transversity distributions. Then, the pd/pp Drell-Yan cross-
section ratio R,q is calculated for each rz. The results are
shown in Fig. 1. The solid and dashed curves represent the
longitudinal and transverse results, respectively. As clearly
shown by this figure, the flavor-symmetric (rg = 1.0) results
become one in the large-xr limit and 0.625 in the small-xp
limit as discussed in the previous section. The results with
the flavor asymmetry deviate from the flavor-symmetric ones.
In particular, the deviations are conspicuous in the large-xr
region. From these results, we find that the R4 in the large-
xF region is very useful for finding the flavor asymmetry in
the polarized distributions. Furthermore, we also find that
there is almost no difference between the longitudinal and
transverse results in this kinematical range if the initial dis-
tributions are identical.

In Fig. 2, we show NLO evolution results. We evolve the same
L.8S99 distributions at Q2 = 1 GeV? to those at Q% = Mﬁ by

1%
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Fig. 1. LO evolution results for the R,4. The solid (dashed) curves indi-
cate the longitudinally (transversely) polarized ratios (from Ref. 3).
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