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Phenomenological analysis ofs- s̄ asymmetry in the nucleon sea
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Two phenomenological models which give opposite predictions for thes- s̄ asymmetry in the nucleon sea
are reanalyzed carefully. It is pointed out that although the quantitative results in both models depend dramati-

cally on the parameters, the predictions for the shape ofs(x)2 s̄(x) in the two models are parameter indepen-
dent and opposite. Thereby the coming experiments are likely to be able to distinguish the two models. We find
that the reason for the two models giving opposite predictions is that the fluctuation functions and parametri-
zations for the strange~antistrange! quark distribution in the baryon~meson! in the two models are quite
different. To further investigate these models, we use the same parametrizations for the strange~antistrange!
distributions of the baryon~meson! in the two models. We find that one of the models depends strongly on the
parameter which controls the behavior of the meson-baryon fluctuation function. Also the two models agree on

the shape and size ofs- s̄ for some values of the model parameters, but can disagree strongly for others.
@S0556-2821~99!08619-1#
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I. INTRODUCTION

Studying the light quark content in the nucleon sea
important to the understanding of nucleon structure as w
as the strong interaction. There is strong experimental

dence that the light quark sea is flavor asymmetric, i.eū

5d̄ @1–4#. Another interesting question concerning the d
namics of the light quark sea of the nucleon is qua

antiquark (q-q̄) asymmetry. The nucleon sea can be brok
down into perturbative~‘‘extrinsic’’ ! and nonperturbative
~‘‘intrinsic’’ ! parts. The perturbative sea is created fro
gluon splitting and can be calculated from perturbative Q

as theqq̄ pair exists only for short times. In the leading twi

approximation, the perturbative sea is symmetric, i.e.,q5q̄.
The nonperturbative sea, however, may exist over a l
time and it has a strong connection with the ‘‘bare’’ nucleo
There is no fundamental theoretical principle and/or exp
mental evidence which demands that the nonperturbative
is symmetric. Although it is usually assumed that the qu
sea in the nucleon is equal to the antiquark sea, one sh
note that theq-q̄ symmetry may be violated to some exten
Because one cannot distinguish the sea up and down qu
from the valance up and down quarks in the nucleon bo
state, it is difficult to study theq-q̄ asymmetry of the up
quark sea and the down quark sea in experiments. Howe
the strange content of the nucleon sea is accessible to ex
ments@5–7#. Although there is still large uncertainty in th
extraction ofs and s̄ distributions from experimental dat
@5–7#, the analysis of@7# strongly suggests thats(x)5” s̄(x).
We can expect that the experimental data will be improv
in the near future.
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There have also been some theoretical analyses on
issue@8–12#. From the chiral Gross-Neveu model, Burckar

and Warr@8# suggested that a larges- s̄ asymmetry may exist
in the nucleon sea. Because of its success in the study o
flavor asymmetry of the nucleon sea, the meson cloud mo
~MCM! has also been used in the study of the strange se
the nucleon. Employing the meson cloud model with t
fluctuation function calculated from covariant perturbati
theory and cloudy bag model@13# Signal and Thomas@9#

predicted that thes and s̄ can have quite different shape
although the quantitative results depended on the bag rad
Holtmann, Szczurek, and Speth@10# performed their analysis
using the meson cloud model with the fluctuation functi
being calculated from time-ordered perturbative theory in
infinite momentum frame and the parameter in the form f
tor being fixed by the high-energy particle production data
was found thats, s̄ in small x region ands. s̄ in large x
region. Brodsky and Ma@11# proposed a light-cone two
body wave function model~LCM! for the description of the
meson-baryon fluctuation, and they obtained a significan
different conclusion from@10#: s. s̄ (s, s̄) in the small
~large! x region. The quantitative predictions in@11# dramati-
cally depend on the normalization of the fluctuation. Mo
recently, Christiansen and Magnin@12# arrived at a similar
conclusion as@11# by employing both effective and pertur
bative degrees of freedom and incorporating the recomb
tion mechanism which has been well used in the study of
hadron production. It is worth noting that the same physi
picture—nucleon fluctuating to meson and baryon—has b
used in both MCM@9,10# and LCM @11#, but the predictions
for the s(x)2 s̄(x) are quite different.

The purpose of this paper is to reanalyze thes- s̄ asym-
metry of the nucleon sea in the frameworks of both t
MCM @9,10# and LCM @11#, and to find the reason that quit
different predictions are obtained from the two models
which the same physical picture is employed. In Secs. II a
©1999 The American Physical Society21-1
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III, we analyze the meson cloud model and light-cone mod
respectively. In Sec. IV, we investigate the model dep
dence of the two models and present more discussions.
last section is reserved for a summary.

II. MESON CLOUD MODEL

The meson cloud model was first suggested and de
oped in the studies of low energy physics and it has b
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proved to be a successful tools in understanding b
nucleon structure and dynamics. Lately, this model has b
applied to the studies of structure function and sea conten
nucleon@14,15#. The basic idea of the meson cloud model
that the nucleon can be viewed as a bare nucleon surrou
by a mesonic cloud. The nucleon wave function is expres
in terms of a series of baryon and meson components.
the strange content of the nucleon sea, the important com
nents areLK andSK Fock states:
uN&physical5uN&bare1(
ll8

E dy d2k'fLK
ll8~y,k'

2 !uLl~y,k'!;Kl8~12y,2k'!&

1(
ll8

E dy d2k'fSK
ll8~y,k'

2 !uSl~y,k'!;Kl8~12y,2k'!&1•••, ~1!
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wherefLK(SK)
ll8 (y,k'

2 ) is the wave function of the Fock stat
containing aL (S) baryon with longitudinal momentum
fractiony, transverse momentumk' , and helicityl, and aK
meson with momentum fraction 12y, transverse momentum
2k' , and helicityl8. The model assumes that the lifetim
of a virtual baryon-meson Fock state is much larger than
interaction time between the hard photon and nucleon
deep inelastic scattering, thus the nonperturbative contr
tions to the strange and antistrange distributions in the p
ton, sN and s̄N, can be written as convolutions

sN~x!5E
x

1dy

y
f BK~y!sBS x

yD , ~2!

s̄N~x!5E
x

1dy

y
f KB~y!s̄KS x

yD , ~3!

whereB5L(S), sB and s̄K are thes and s̄ distributions in
theL (S) andK1, respectively, andf BK is fluctuation func-
tion which describes the possibility for a nucleon fluctuati
into a LK (SK) state,

f BK~y!5(
ll8

E
0

`

dk'
2 ufBK

ll8~y,k'
2 !u2. ~4!

From Eqs.~2! and ~3! we know thats and s̄ distributions in
the nucleon are different and the differences2 s̄ depends on
both the fluctuation functions (f BK and f KB) and valance
quark distributions in the baryon and meson (sB and s̄K).
Because of the baryonsL and S being heavier than theK
meson, thef BK(y) peaks aty.0.5 while thef KB(y) peaks at
y,0.5 ~see Fig. 5!, which suggests thatsN. s̄N in the largex

region. On the other hand, in the largex region thes̄ distri-
bution of theK meson„s̄K(x)… is generally believed to be
larger than thes distribution of the baryon„sB(x)… as the
baryon contains one more valance quark than the meson~see
e
in
u-
o-

Fig. 4!. This implies thatsN, s̄N in the largex region. The

final prediction of thex dependence ofs- s̄ asymmetry will
depend on these two competing effects.

From the consideration of momentum and charge con
vation, we have

f BK~y!5 f KB~12y!. ~5!

It has been pointed out@10,16,17# that the constraint equa
tion ~5! can be guaranteed in the calculation employing tim
ordered perturbative theory~TOPT! in the infinite momen-
tum frame while it cannot be satisfied automatically in t
covariant perturbation calculation. Another advantage of e
ploying the TOPT in the infinite momentum frame is that t
intermediate particles~baryons and messons! are on their
mass-shell and so there is no ambiguity associated with
possible off-mass-shell behavior of their structure functio
which is encountered in the covariant perturbative formu
tions.

The wave functionfBK
ll8 in Eq. ~4!, and thereby the fluc-

tuation functionf BK(y), can be calculated from the effectiv
meson-baryon-nucleon interaction Lagrangian,

L5gic̄g5fc, ~6!

whereg is the effective coupling constant, andc andf are
the nucleon and pseudoscalar fields, respectively. Emplo
time-ordered perturbative theory in the infinite momentu
frame, we obtain

f BK
MCM~y!5

gNBK
2

16p2E0

` dk'
2

y~12y!

3
GBK

2 ~y,k'
2 !

~mN
2 2mBK

2 !2

~ymN2mB!21k'
2

y
, ~7!
1-2
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FIG. 1. s(x)2 s̄(x) calculated in the MCM
and LCM. The thin solid and thick solid curve
are the contributions fromLK component and
LK plus SK components, respectively, obtaine
in the MCM. The cutoff parameter in the form
factor involved in the MCM has been taken a
L51.08 GeV. The thin dashed and thick dash
curves are the contributions fromLK component
and LK plus SK components, respectively, ob
tained in the LCM with the parametera
50.33 GeV.
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wheremBK
2 is the invariant mass squared of theLK (SK)

Fock state,

mBK
2 5

mB
21k'

2

y
1

mK
2 1k'

2

12y
, ~8!

andGBK(y,k'
2 ) is a phenomenological vertex form factor fo

which we adopt a exponential form@10#

GBK~y,k'
2 !5expFmN

2 2mBK
2 ~y,k'

2 !

2L2 G . ~9!

It has been argued in Ref.@10# from studies of baryon pro
duction processes that a unique cutoff parameterL
51.08 GeV can be used for all vertices involving octet ba
ons and pseudoscalar or vector mesons. The fluctuation f
tions for the different charge states can be obtained by u
the following relations:

f LK1~y!5 f LK~y!, ~10!

f S1K0~y!52 f S0K1~y!52 f SK~y!, ~11!

wheref LK(y) and f SK(y) are given by Eq.~7! with B being
L andS, respectively. We take the effective coupling co
stantsgNLK

2 /4p513.7 andgNSK
2 /4p53.7 @9,18#.

For thes distribution in theL (S) it is common practice
to use the parametrization for the valance quark distribu
in the nucleon via relation@9,10,12#

sB5
uN

2
. ~12!

Here, we adopt the next-leading-order~NLO! parametriza-
tion given in@19# Glück-Reya-Vogt-1998~GRV98! for uN at
scalemNLO

2 50.40 GeV2,

uN~x,mNLO
2 !50.632x20.57~12x!3.09~1118.2x!. ~13!

For thes̄ distribution in theK, we adopt the parametrizatio
of @20# Glück-Reya-Stratmann-1998~GRS98! which is ob-
tained by connectings̄K with the valance quark distribution
in the pionic meson based on the consistent quark mode
07402
-
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s̄K1
~x,mNLO

2 !5vp~x,mNLO
2 !2uK1

~x,mNLO
2 !, ~14!

with

vp~x,mNLO
2 !51.052x20.495~110.357Ax!~12x!0.365,

~15!

uK1
~x,mNLO

2 !50.540~12x!0.17vp~x,mNLO
2 !, ~16!

at scalemNLO
2 50.34 GeV2. The numerical result is given in

Fig. 1. It can be found thatsN. s̄N as 0.02,x,0.21 and
sN, s̄N asx.0.21.

III. LIGHT-CONE MODEL

As is well known, the nucleon is built up from three va
ance quarks plusqq̄ pairs and gluons which compose th
nucleon sea. The light-cone~LC! formalism @21# provides a
convenient framework for the relativistic description of ha
rons in terms of quark and gluon degrees of freedom. Co
bined with perturbation theory, the light-cone formalism h
been applied to many exclusive processes with large mom
tum transfer. In this formalism, the quantization is chosen
a particular light-cone timet5t1z. The hadronic wave
function, which describes the hadronic composite state
particulart, can be expressed in terms of a series of lig
cone wave functions multiplied by the Fock states. For
ample,

up&5uuud&cuud/p1uuudg&cuudg/p

1(
qq̄

uuudqq̄&cuudqq̄/p1•••. ~17!

As an approximation, Brodsky and Ma@11# suggested
that the nucleon wave function Eq.~17! could also be ex-
pressed as a sum of baryon-meson Fock states similar to
~1!. In principle, the predictions obtained by employing e
fective degrees of freedom@Eq. ~1!# should coincide with the
results from employing the quark-gluon degrees of freed
@Eq. ~17!#. The probability of the baryon-meson fluctuatio
should decrease with the invariant mass of the baryon-me
Fock state increasing. So theLK andSK Fock states are the
most important states in the study of the strange sea
1-3
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FIG. 2. s(x)2 s̄(x) calculated in the MCM
with bothLK andSK components included. The
dotted, solid, and dashed curves are the res
with cutoff parametersL51.00 GeV, 1.08 GeV,
and 1.20 GeV, respectively.
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nucleon, whereas the higher Fock states will be less imp
tant. It was pointed out in Ref.@11# that the possibility for
finding theLK* 1 state is only about 5%–10% of the poss
bility for finding the LK1 state.

In the light-cone baryon-meson fluctuation model, t
same two-level convolution mechanism and formula@see
Eqs. ~2!, ~3!, ~5! and discussion following them# are em-
ployed to evaluate the nonperturbative contribution to ths

and s̄ content in the proton sea. However, the two fact
inside the convolution integrals, the fluctuation function (f BK
and f KB) and valance quark distributions in the baryon a
meson (sB and s̄K), are now both described using two-bod
light-cone wave functions. The probability of the baryo
meson fluctuation~the fluctuation function! is given by

f BM
LCM~y!5E

0

` dk'
2

16p2
uc~y,k'!u2, ~18!

wherec(y,k') is a two-body wave function which is a func
tion of the invariant mass square of the baryon-meson s
@see Eq.~8!#. In Ref.@11#, two wave function models, Gauss
ian type and power-law type, were used, but nearly ident
predictions for the strange content of the nucleon sea w
obtained. Hence in our calculations, we adopt the Gaus
type wave function:

c~y,k'!5A expF 1

8a2 S mB
21k'

2

y
1

mK
2 1k'

2

12y D G , ~19!

wherea is a phenomenological parameter which determi
the shape of the fluctuation function anda50.33 GeV is
taken in Ref.@11#. We will discuss thea dependence of the
LCM in the next section. Here we would like to point o
that the constraint for the fluctuation functions,f BK(y)
5 f KB(12y), is satisfied automatically in the LCM@see Eqs.
~18! and ~19!#. For simplicity, the fluctuation function
f BM

LCM(y) was normalized to 1 in Ref.@11#, thus only strik-

ingly different s and s̄ distributions were observed but n
absolute magnitude was given. In order to make a mean
ful comparison with the result of MCM, we require thatf BK

LCM

has the same normalization asf BK
MCM with L51.08 GeV, that

is the probabilities of finding theLK1 and S0K1 Fock
states in the nucleon arePLK151.27% andPS0K150.25%,
07402
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respectively.1 Furthermore, in Ref.@11# the s distribution in
the L and thes̄ distribution in theK are also estimated by
using a Gaussian type two body wave function with theud
pair in theL being treated as a spectator,

sB~x!5E dk'
2

16p2UA expF 1

8a2 S ms1k'
2

x
1

mD1k'
2

12x D GU2

,

~20!

s̄K~x!5E dk'
2

16p2UA expF 1

8a2 S ms1k'
2

x
1

mq1k'
2

12x D GU2

.

~21!

The mass parameters are taken asmq5330 MeV for the
light-flavor quark,ms5480 MeV for thes quark, andmD
5600 MeV for the spectator@11#. The strange and anti
strange distributions in the nucleon sea are obtained via E
~2! and~3!. The numerical result is given in Fig. 1. One ca
find that sN, s̄N as 0.02,x,0.24 andsN. s̄N as x.0.24,
which is opposite to the predictions from the MCM.

IV. MODEL-DEPENDENCE AND DISCUSSIONS

The predictions from the two phenomenological mod
~MCM and LCM! are quite different. We want to make
comparison between the two models and clarify the diff
ence between them. We then hope that more precise ex
mental data will enable us to make a choice between the
models, or at least determine their parameters.

The important parameters areL in the MCM anda in the
LCM. First, we study the effect ofL on the calculation by
allowing a range forL, 1.0 GeV,L,1.2 GeV. It should be
noted that the parameterL cannot be varied dramaticall
since, in principle, it can be obtained by fitting the hig
energy baryon production data. (L51.0860.05 GeV is
given in @10#.! The numerical results are presented in Fig.
It can be found that the quantitative results depend stron
on the value ofL, which is not surprising since the value o
L governs the probability of nucleon fluctuating toL (S)

1Note from Eq.~11! the probability of finding theS1K0 Fock
state isPS1K050.50%.
1-4
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FIG. 3. s(x)2 s̄(x) calculated in the MCM
and LCM with bothLK andSK components in-
cluded. The solid curve is the result from th
MCM with L51.08 GeV. The dotted, dashed
and dashed-dotted curves are the predictions fr
the LCM with a50.33 GeV, 0.50 GeV, and 1.00
GeV, respectively.
50
g

n
ic

ne
es
in

e

ur
o
M

the

—

of

-

of

e
ters

cult
od-
m

on
o

nt.
ibu-
n
ds

m-
he
baryon andK meson.~For L51.00 GeV, 1.08 GeV, and
1.20 GeV,PLK50.83%, 1.27%, and 2.42%.! However, the
prediction for the shape ofs(x)2 s̄(x) in the MCM is quite
independent of the value ofL: s(x)2 s̄(x) is negative for
0.02,x,0.21 and positive forx.0.21 no matter whichL is
chosen. We note that our range ofL corresponds to a dipole
form factor with cutoff parameter in the range of 650–8
MeV @22#, which is fairly soft, and corresponds to a ba
radius about 1 fm in the cloudy bag model.

In the LCM, the shapes of the fluctuation function@see
Eq. ~18!# as well as the strange~antistrange! distribution in
the baryon~meson! @see Eqs.~20! and ~21!# are mainly de-
termined by the value ofa—they become broader asa in-
creases. The value ofa reflects the strength of the interactio
potential in the two body bound state. Phenomenolog
studies show that for the pion, a value ofa in the range of
300–500 MeV is favored@23#. However, there is little con-
straint on the corresponding parametera when we consider
the portion of the nucleon wave function arising from o
baryon and one meson Fock state, since effective degre
freedom are involved and there are few studies employ
this model. In principle, the parametersa andA involved in
Eq. ~19! can be fixed by fitting high-energy baryon and m
son production data and experimental information on thed̄-ū
asymmetry in the proton@1–4#, however this is beyond the
scope of the present study and will be the subject of fut
work @24#. Because of the lack of information on the value
a, we study thea dependence of the calculation in the LC
by varyinga from 0.33 GeV to 1.00 GeV~see Fig. 3!. It can
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be found that the quantitative results strongly depend on

value of a, but the prediction for the shape ofs(x)2 s̄(x)
stays the same and is opposite to the prediction of MCM

s(x)2 s̄(x) is positive for 0.02,x,0.24 and negative forx
.0.24. Figure 3 is obtained by setting the probabilities
nucleon fluctuating toLK1 and S0K1 Fock states to be
PLK151.27% andPS0K150.25%, respectively which cor
responds to takingL51.08 GeV in the MCM. Changing the
probabilities PLK and PSK will change the prediction for

s(x)2 s̄(x) in magnitude, but the predictions for the shape

s(x)2 s̄(x) will persist. Thus, we conclude that although th
quantitative results in both models depend on the parame
strongly, the predictions for the shape ofs(x)2 s̄(x) in both
models are parameter independent. It should be not diffi
for the coming experimental data to examine these two m
els since significantly different predictions are obtained fro
both models.

It is interesting to note that although the same nucle
fluctuating to baryon andK meson physical picture and tw
level convolution formula@see Eqs.~2! and ~3!# are em-
ployed in both MCM and LCM, the conclusion about thes- s̄
asymmetry from the two models are dramatically differe
We point out that both the strange and antistrange distr
tions in L (S) andK, and the fluctuation functions used i
the two models, which are the two factors in the integran
of the two-level convolution formulas@see. Eqs.~2! and~3!#,
are quite different. We compare the strange distribution e
ployed in the two model in Fig. 4. It can be seen that t
-
m-

-

FIG. 4. s and s̄ distributions in the baryonL
(S) and the mesonK. The solid curve is the pa-
rametrization of GRV98 forsB. The thin dotted
and thick dotted curves are thesB employed in
the LCM with a50.33 GeV and 1.00 GeV, re
spectively. The dashed-dotted curve is the para

etrization of GRS98 fors̄K. The thin dashed and

thick dashed curves are thes̄K employed in the
LCM with a50.33 GeV and 1.00 GeV, respec
tively.
1-5
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FIG. 5. Fluctuation functions forN→LK
with the probability being 1.27%. The solid curv
is the result from MCM withL51.08 GeV. The
dotted, dashed, and dashed-dotted curves are
results from LCM witha50.33 GeV, 0.50 GeV,
and 1.00 GeV, respectively.
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strange distributions used in the LCM exhibit a sharp pea
the mediumx region, while the GRV98 and GRS98 param
etrizations for sB and s̄K emphasize the small-x region
strongly. Also the strange~antistrange! distributions em-
ployed in the LCM depends on the parametera—they be-
come less peaked asa increasing from 0.33 GeV to 1.0
GeV. Up to now, experimental measurements and theore
calculations from first principles on the strange and a
strange distribution in the baryonL (S) and mesonK are
lacking ~but see Refs.@25,26#!. The realistic strange distribu
tion may be different from the two-body wave function pr
diction used in the LCM since only the lowest Fock state
considered and the full result should be the sum of all F
states@27,28#. However, thesB(x) and s̄K(x) obtained from
the LCM being peaked atx,0.5 andx.0.5, respectively,
reflects the fact that thes quark in theL (S) should carry a
smaller amount of momentum than theud (uu) quark pair,
and thes̄ quark in theK1 should carry a large amount o
momentum than theu quark. The studies on the strange d
tribution in the baryon from a Nambu-Jona Lasinio mod
@29,30# and the antistrange distribution in theK meson from
a Monte Carlo@31# support the above observation. Thu
although it has been a common practice to employ the m
fied light valance distributions of the nucleon and pion forsB

and s̄K, respectively, here we would like to treat the stran
distribution in the LCM and the MCM as two phenomen
logical models.

In Fig. 5, we compare the fluctuation functions employ
in the two models. Although the same physical pictu
07402
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nucleon fluctuating to baryon-meson Fock state, has b
adopted in both the meson cloud model and the light-c
model, the suggested fluctuation functions are quite differ
@see Eqs.~4! and~18!#: while a rather simple two-body wav
function is employed in the LCM@11#, a more complex,
effective Lagrangian model is used in the MCM@9,10#. As
has been pointed out in Sec. III, we adopt the same norm
ization condition for bothf BK

MCM and f BK
LCM in order to make

the comparison meaningful. Using the same parame
given in Refs.@10# and@11#, that is,L51.08 GeV in Eq.~9!
and a50.33 GeV in Eq.~19!, we find that corresponding
predictions for the fluctuation functions are very differe
~see Fig. 5!: f BK

MCM(y) has a maximum value at abouty
50.57 while f BK

LCM(y) has a maximum at abouty50.67. In
the nonrelativistic limit, the ratio of the momentum fraction
carried by the L and K should be abouty/(12y)
;mL /mK.2.3, that is, the fluctuation function should b
sharply peaked at abouty50.7. Thus we know that the fluc
tuation function obtained from the two-body wave functio
model is consistent with the nonrelativistic argument wh
the one obtained in the MCM is not. Changing the para
etersL in Eq. ~9! anda in Eq. ~19! do affect the shapes o
the fluctuation functions. For example, decreasingL and/or
increasinga will decrease the difference between the tw
models. However, as we mention earlier, there is only
small range of variation inL allowed from the consideration
of the corresponding high-energy baryon production da
(L51.0860.05 GeV is given in@10#.! We present the re-
sults for 1.0 GeV,L,1.2 GeV in Fig. 6. It can be found
d

h
-

FIG. 6. Fluctuation functions forN→LK cal-
culated in the MCM. The dotted, solid, an
dashed curves are obtained withL51.00 GeV,
1.08 GeV, and 1.20 GeV, respectively, whic
corresponds toPLK50.83%,1.27%,2.42%, re
spectively.
1-6



e
,

om

PHENOMENOLOGICAL ANALYSIS OFs-s̄ ASYMMETRY . . . PHYSICAL REVIEW D 60 074021
FIG. 7. s(x)2 s̄(x) calculated in the MCM
and MLCM with bothLK and SK components
included. The solid curve is calculated in th
MCM with L51.08 GeV. The dotted, dashed
and dashed-dotted curves are the results fr
MLCM with a50.33 GeV, 0.50 GeV, and 1.00
GeV, respectively.
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that the shape of fluctuation function and they position at
which the fluctuation function exhibits a maximum value
insensitive to the value ofL. ~The ymax increases from 0.56
to 0.58 asL decreases from 1.20 GeV to 1.00 GeV.! Con-
sequently, the MCM’s prediction for the shape ofs2 s̄ is
independent ofL although the quantitative result is sensiti
to the value ofL as it has been shown in Sec. II~see Fig. 2!.
We study thea dependence of the fluctuation function b
taking 0.33 GeV,a,1.00 GeV at given probabilities
PLK151.27% andPS0K150.25% which corresponds t
take L51.08 GeV in the MCM~see Fig. 5!. From Fig. 5,
one can find that the fluctuation function witha
50.33 GeV is more peaked than the fluctuation funct
with a51.00 GeV and theymax changes from 0.67 to 0.5
asa increases from 0.33 GeV to 1.00 GeV. The lower va
is close to theymax.0.57 of f BK

MCM with L51.08 GeV. Also
the f BK

LCM with a51.00 GeV has a similar symmetry as th
f BK

MCM . Thus we expect that the prediction of the LCM wi
a51.00 GeV will be similar to the result of the MCM if the
same parametrizations for the strange~antistrange! distribu-
tions are employed in the two models. Indeed our followi
numerical calculations confirm this expectation.

To make more concrete our above discussions about
fluctuation functions, we employ the same parametrizati
for the strange and antistrange distribution in theL (S) and
K, i.e., Eq.~12! for thesB and Eq.~14! for the s̄K, in the two
models. The LCM in this case is denoted as modified lig
cone model~MLCM !. We present the numerical results f
different values ofa andL51.08 GeV in Fig. 7. It can be
found that the prediction from the MLCM depends strong
on the value ofa—the calculation witha50.33 GeV is
quite different from the result of MCM while the calculatio
with a51.00 GeV is quite similar to the result of MCM
Changing the value ofL, which corresponds to changing th
possibilities of finding the baryon-meson Fock state in
nucleon, will not greatly affect our above conclusion.
07402
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V. SUMMARY

The s-s̄ asymmetry in the nucleon sea is an importa
observable in the understanding of nucleon structure and
strong interaction. Some theoretical attempts have b
made in this direction. Among them the meson cloud mo
and the light-cone model give significantly different pred
tions for both the shape ofs(x)2 s̄(x) and the absolute mag
nitude. By reanalyzing these two models carefully, we po
out that although the quantitative calculations in the t
models both depend strongly on the model parameters,
predictions for the shape ofs(x)2 s̄(x) from the two models
are parameter independent and opposite. Thus it shoul
easy for more precise experimental data to distinguish
tween the two models. The reasons for the quite differ
predictions obtained in the two models are that the stra
and antistrange distributions in the baryon and meson,
the fluctuation functions employed in the two models a
dramatically different.

To further investigate the two models, we modify th
LCM by employing the same parametrizations for t
strange and antistrange quark distributions in theL (S)
baryon andK meson in the LCM as that in the MCM. It is
found that the calculation in the modified light-cone mod
~MLCM ! depends strikingly on the parametera which con-
trols the behavior of the meson-baryon fluctuation functio
Consequently, thes- s̄ asymmetry of the nucleon sea from
the MLCM can be different dramatically from that from th
MCM in some parameter ranges, as well as very similar
other parameter ranges. The coming experimental data
examine these calculations, or equally, provide informat
on both the fluctuation function and strange distributions
the L (S) baryon andK meson.

ACKNOWLEDGMENT

This work was partially supported by the Massey Po
doctoral Foundation, New Zealand.
@1# P. Amaudrazet al., Phys. Rev. Lett.66, 2712~1991!; M. Ar-
neodoet al., Phys. Rev. D50, R1 ~1994!; M. Arneodoet al.,
Phys. Lett. B364, 107 ~1995!.

@2# A. Baldit et al., Phys. Lett. B332, 244 ~1994!.
@3# E866/NuSea Collaboration, E. A. Hawkeret al., Phys. Rev.
Lett. 80, 3715~1998!.

@4# Hermes Collaboration, K. Ackerstaffet al., Phys. Rev. Lett.
81, 5519~1998!.
1-7



ev

-

D

tt.

.

J.

B

FU-GUANG CAO AND A. I. SIGNAL PHYSICAL REVIEW D 60 074021
@5# C. Boros, J. T. Londergan, and A. W. Thomas, Phys. R
Lett. 81, 4075~1998!.

@6# CCFR Collaboration, W. G. Seligmanet al., Phys. Rev. Lett.
79, 1213~1997!; CCFR Collaboration, A. O. Bazarkoet al., Z.
Phys. C65, 189 ~1995!; CCFR Collaboration, S. A. Rabinow
itz et al., Phys. Rev. Lett.70, 134 ~1993!.

@7# NMC Collaboration, M. Arneodoet al., Nucl. Phys.B483, 3
~1997!.

@8# M. Burckardt and B. J. Warr, Phys. Rev. D45, 958 ~1992!.
@9# A. I. Signal and A. W. Thomas, Phys. Lett. B191, 205~1987!.

@10# H. Holtmann, A. Szczurek, and J. Speth, Nucl. Phys.A569,
631 ~1996!.

@11# S. J. Brodsky and B. Q. Ma, Phys. Lett. B381, 317 ~1996!.
@12# H. R. Christiansen and J. Magnin, Phys. Lett. B445, 8 ~1998!.
@13# A. W. Thomas, Adv. Nucl. Phys.13, 1 ~1984!; G. A. Miller, in

Quarks and Nuclei, edited by W. Weise~World Scientific,
Singapore, 1989!, p. 184.

@14# J. D. Sullivan, Phys. Rev. D5, 1732~1972!.
@15# See, for example, A. W. Thomas, Phys. Lett.126B, 97 ~1983!.
@16# V. R. Zoller, J. Phys. C53, 443 ~1992!.
@17# W. Melnitchouk, J. Speth, and A. W. Thomas, Phys. Rev.

59, 014033~1999!.
@18# J. J. Aubertet al., Phys. Lett.123B, 275 ~1983!.
@19# M. Glück, E. Reya, and A. Vogt, Eur. Phys. J. C5, 461~1998!.
07402
.@20# M. Glück, E. Reya, and M. Stratmann, Eur. Phys. J. C2, 159
~1998!.

@21# See, e.g., J. B. Kogut and D. E. Soper, Phys. Rev. D1, 2901
~1970!; J. B. Bjorken, J. B. Kogut, and D. E. Soper,ibid. 3,
1328~1971!; S. J. Brodsky, R. Roskies, and R. Suaya,ibid. 8,
4574 ~1973!.

@22# W. Melnitchouk and A. W. Thomas, Phys. Rev. D47, 3794
~1993!.

@23# T. Huang, B. Q. Ma, and Q. X. Shen, Phys. Rev. D49, 1490
~1994!.

@24# F. G. Cao and A. I. Signal~in preparation!.
@25# M. Alberg, E. M. Henley, X. Ji, and A. W. Thomas, Phys. Le

B 389, 367 ~1996!.
@26# C. Boros and A. W. Thomas, Phys. Rev. D~to be published!,

hep-ph/9902372.
@27# S. J. Brodsky and G. P. Lepage, Phys. Rev. Lett.43, 545

~1979!; Phys. Lett.87B, 359 ~1979!; G. P. Lepage and S. J
Brodsky, Phys. Rev. D22, 2157~1980!; 24, 1808~1981!.

@28# M. Diehl, Th. Feldmann, R. Jakob, and P. Kroll, Eur. Phys.
C 8, 409 ~1999!.

@29# T. Shigetani, K. Suzuki, and H. Toki, Phys. Lett. B308, 383
~1993!.

@30# J. T. Londergan, G. Q. Liu, and A. W. Thomas, Phys. Lett.
380, 393 ~1996!.

@31# A. Edin and G. Ingelman, Phys. Lett. B432, 402 ~1998!.
1-8


