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Testing the meson cloud model in inclusive meson production

F. Carvalho,* F. O. Durães,† F. S. Navarra,‡ and M. Nielsen§

Instituto de Fı´sica, Universidade de Sa˜o Paulo, C.P. 66318, 05315-970 Sa˜o Paulo, SP, Brazil
~Received 23 October 1998; revised manuscript received 11 June 1999; published 8 October 1999!

We have applied the meson cloud model~MCM! to calculate inclusive momentum spectra of pions and
kaons produced in high energy proton-proton and proton-nucleus collisions. For the first time these data are
used to constrain the cloud cutoff parameters. We show that it is possible to obtain a reasonable description of
data, especially the largexF (xF>0.2) part of the spectrum and at the same time describe~partially! the E866

data ond̄2ū and d̄/ū. We also discuss the relative strength of thepN andpD vertices. We find out that the
corresponding cutoff parameters should be both soft and should not differ by more than 200 MeV from each
other. An additional source~other than the meson cloud! of sea antiquark asymmetry seems to be necessary to
completely explain the data. A first extension of the MCM to proton nucleus collisions is discussed.
@S0556-2821~99!08119-9#

PACS number~s!: 14.20.Dh, 12.40.2y, 13.85.Qk
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I. INTRODUCTION

Recent measurements@1,2# have established the asymm
try in the distributions of up and down quarks in the nucle
sea, a result which cannot be understood in terms of pe
bative QCD. The presence of pions in the nucleon can n

rally account for the excess ofd̄ over ū. The role of mesons
in deep inelastic scattering~DIS! was investigated by Tho
mas @3#. He suggested that some fraction of the nucleo
antiquark sea distribution may be associated with the p
cloud of the nucleon. Several works developed this idea
gave origin to the meson cloud model~MCM! @4–6#. They
are all based on the notion that the physical proton~p! may
be expanded in a sum of virtual meson-baryon (MB) states.
The probabilities of these states are not knowna priori. They
are commonly related to the probability of the splittingp
→MB, which, in turn, is calculated with a simple Feynma
diagram of meson emission. In these calculations the
sumption is made that the proton is already an extended
ject and a form factor is assigned to the meson emiss
vertex. This form factor contains a cutoff parameter wh
must be adjusted by fitting experimental data. In some wo
it is adjusted to correctly reproduce the Gottfried sum r
~GSR! violation. The most consistent procedure, however
to fix the cutoff by simultaneously analyzing data on ha
ronic collisions and parton distribution functions. This is t
attitude adopted, for example, in@7#. The cutoff choices vary
over a wide range according to the experimental source u
in the determination procedure. In Ref.@8# a detailed discus-
sion of the subject is presented.

In a very recent analysis of the E866 data@2#, the authors
used the MCM to fit thed̄(x)2ū(x) as a function ofx. The
dominant intermediateMB states arepN andpD. The con-
clusion was that the cutoff associated with both states m
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be soft and alsoLpN>LpD . In particular, with dipole form
factor LpN51.0 GeV andLpD50.8 GeV. A similar con-
clusion was reached in@8#. With such choices it was possibl
to find ‘‘nearly exact accord’’ with experiment. This findin
on one hand increases the confidence in the virtual me
baryon picture but on the other hand imposes constraints
the MCM description of other high energy collision data.
many previous studiesLpN and LpD were assumed to be
roughly equal @7,9#. Shortly after the E866 analysis
Melnitchouk, Speth, and Thomas@10# presented a new cal
culation of the d̄2ū asymmetry in the framework of the
MCM, including pN andpD states and also Pauli exclusio
principle effects. Their conclusion was that data can be
produced with a dipole form factor ifLpN51.0 GeV and
LpD51.3 GeV.

In this work we address inclusive meson production
high energy proton-proton and proton-nucleus collisions.
concentrate on lowpT (pT<0.3 GeV) and largexF (xF
>0.2) where nonperturbative effects are dominant and
meson cloud is most relevant. More specifically we addr
the xF distributions ofp1 andK1 produced inpp and pA
collisions atplab.100 GeV/c. We present simultaneously
fit of the meson inclusive spectra and the analysis of the G
including the recently measuredd̄(x)2ū(x) distribution.
Our purpose is to make a new test of the MCM and at
same time check the cutoff choices made in Refs.@2# and
@10#.

II. MESON SPECTRA IN THE MCM

Assuming that in proton-proton collisions the proton b
haves like a meson (M )-baryon~B! state, the possible reac
tion mechanisms for meson production at largexF and small
pT are illustrated in Fig. 1. In Fig. 1~a! the baryon just ‘‘flies
through,’’ whereas the corresponding meson interacts ine
tically producing ap1 or aK1 in the final state. In Fig. 1~b!
the meson just ‘‘flies through,’’ whereas the correspond
baryon interacts inelastically producing ap1 or aK1 in the
final state. In Fig. 1~c! the meson in the cloud is already
p1 or a K1 which escapes. We shall refer to the first tw
©1999 The American Physical Society15-1
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processes as ‘‘indirect production’’ and to the last one
‘‘direct production.’’ The first two are calculated with con
volution formulas whereas the last one is given basically
the meson momentum distribution in the cloud initialuMB&
state. Direct production has been widely used in the con
of the MCM and applied to studyn, D11, andp0 production
@7,11,12#. Indirect meson production has been conside
previously in a simplified approach@13#.

In Ref. @7# a process analogous to Fig. 1~c!, in which the
baryon escapes was used to determine various cutoff pa
eters. The authors found values around 1 GeV for all
them. However the agreement between theory and exp
ment was poor. This suggests that the no rescattering
sumption is not appropriate. In@12# the same type of proces
was considered but rescattering of the baryon with the ta
was included and absorptive corrections were calcula
This results in a reduction of about 40% of the cross sec
at almost all values of the baryon fractional momentum~z!
except atz.1 where absorptive corrections are not impo
tant. The indirect mechanism has not been applied to bar
production because the subprocessBp→BX is not experi-
mentally well known. On the other hand we can study inc
sive meson production with Fig. 1~a! since data onMp
→MX are available.

As stated above, in the MCM the projectile proton is r
garded as being a sum of virtual meson-baryon pairs an
proton-proton reaction can thus be viewed as reaction
tween the ‘‘constituent’’ mesons and baryons of one pro
with the other proton.

We shall decompose the proton in the following possi
Fock states:

up&5Z@ up0&1up0p0&1unp1&1uD0p1&1uD1p0&

1uD11p2&1uLK1&1uS0K1&1uS0* K1&1uS1K0&

1uS1* K0&] ~1!

FIG. 1. pp or pA collision in which the projectile is in auMB&
state.~a! ‘‘Indirect’’ K1 or p1 production: the mesonM from the
cloud undergoes the reactionMp(A)→p1(K1)X. ~b! ‘‘Indirect’’
K1 or p1 production: the baryon from the cloud undergoes
reactionBp(A)→p1(K1)X. ~c! ‘‘Direct’’ K1 or p1 production:
the cloud mesonp1 (K1) escapes from the cloud as a spectat
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where up0& is the bare proton. We consider only light m
sons. In@7# the stateuNr& was also included but was foun
to be relevant only for production of largepT particles. Since
we will be restricted to lowpT production we shall neglec
the havier mesons.

The relative normalization of these states is in princip
fixed once the cloud parameters are fixed.Z is a normaliza-
tion constant.

In the uMB& state the meson and baryon have fractio
momentumyM and yB with distributions calledf M /MB(yM)
and f B/MB(yB), respectively. Of courseyM1yB51 and these
distributions are related by

f M /MB~z!5 f B/MB~12z!. ~2!

The ‘‘splitting function’’ f M /MB(y) represents the probability
density to find a meson with momentum fractiony of the
nucleon and is usually given by

f M /MB~y!5
gMBp

2

16p2
yE

2`

tmax
dt

@2t1~MB2M p!2#

@ t2mM
2 #2

FMBp
2 ~ t !,

~3!

for baryonsB belonging to the octet and

f M /MB~y!5
gMBp

2

16p2
yE

2`

tmax
dt

3
@~MB1M p!22t#2@~M p2MB!22t#

12MB
2M p

2@ t2mM
2 #2

FMBp
2 ~ t !

~4!

for baryons belonging to the decuplet. In the above equati
t andmM are the four momentum square and the mass of
meson in the cloud state,tmax is the maximumt given by

tmax5MB
2y2

M p
2y

12y
, ~5!

MB (M p) is the mass of the baryonB (p). Since the func-
tion f M /MB(y) has the interpretation of ‘‘flux’’ of mesonsM
inside the proton, the corresponding integral

nM /MB5E
0

1

dy fM /MB~y! ~6!

can be interpreted as the ‘‘number of mesons’’ in the pro
or ‘‘number of mesons in the air.’’ In many works the ma
nitude of the multiplicitiesnM /MB has been considered
measure of the validity of MCM in the standard formulatio
with MB states. If these multiplicities turn out to be larg
(.1) then there is no justification for employing a on
meson truncation of the Fock expansion. The model has
longer convergence. This may happen for large cutoff v
ues.

The invariant cross section for production of positive
charged mesonsM 1 (p1 or K1) is given by

.

5-2
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E
d3spp→M1X

dp3
5

xF

p

dspp→M1X

dxFdpT
2

5FM1FB1FD ~7!

where

FM5(
MB

E
xF

1 dy

y
f M /MB~y!

xF

py

dsM1p→M1X

d~xF /y!dpT
2 ~xF /y! ~8!

and

FB5(
MB

E
xF

1 dy

y
f B/MB~y!

xF

py

dsB1p→M1X

d~xF /y!dpT
2 ~xF /y!. ~9!

FM and FB refer respectively to the indirect meson a
baryon initiated reactions andxF andpT are respectively the
fractional longitudinal momentum and transverse momen
of the outgoing meson. The sum is over all the cloud state
Eq. ~1!.

FD represents the direct process depicted in Fig. 1~c! and
is given by

FD5(
MB

f M /MB~xF ,pT
2!sBp~sX!Kabs, ~10!

where f M /MB(xF ,pT
2) is given by Eqs.~3! and ~4!, not inte-

grated overt and with the replacementt52pT
2/(12xF)

2xF
2MB

2/(12xF). The quantity sBp(sX) is the baryon-
proton cross section at center-of-mass system energyAsX
andKabs is an absorption factor. This cross section is ene
(sX) dependent but in the energy range considered her
variation is very small and therefore we take it as a cons
sBp538 mb. TheK factor was used in Refs.@12,14# to
account for rescattering of the escaping cloud element~in
that case a baryon and here a meson! against the proton
target. It varies in the range 0<Kabs<1 and expresses th
efficiency of the direct process. Of course this is a mo
dependent quantity. As stated above, the modest agree
of direct production calculations with data obtained in se
eral works and the improvement obtained in@12,14# ~with
the inclusion of absorption effects! strongly suggest that thi
factor is important and we shall keep it.

Once the ‘‘ splitting functions’’ equations~3! and~4! are
known we can calculate the part of the antiquark distribut
in the proton coming from the pion cloud with the convol
tion

q̄~x! f5E
x

1dy

y
f M /MB~y!q̄f

pS x

yD , ~11!

whereq̄f
p(z) is the flavorf valence antiquark distribution in

the pion. With the above formula we can compute thed̄ and
ū distributions, their difference,D5d̄(x)2ū(x), and calcu-
late the Gottfried integral:

SG5
1

3
2

2

3E0

1

@ d̄~x!2ū~x!#dx . ~12!
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III. INPUTS FOR THE CALCULATION

A. ‘‘Elementary cross sections’’

The invariant cross sections for the reactionsMp
→M 1X and Bp→M 1X, appearing in the convolutions~8!
and~9! are listed in Table I. Those in the first column can
taken directly from experimental data@15,16#. The unmea-
suredp0p→M 1X process was approximated by the avera
betweenp1p→M 1X and p2p→M 1X. The same proce-
dure was used for the processK0p→M 1X.

In making use of experimental cross sections we are tr
ing the virtual mesons in the cloud as real particles. In o
case this can be justified because the observed mesons
on the left-hand side of Eq.~7! and on the right-hand side o
Eq. ~8! and of Eq.~9! have very small tranverse momentum
Consequently the involved cloud particles must also h
small tranverse momentum, being therefore not far from
mass shell.

The reactions in the second and third columns of Tab
are not measured. We expect them all to be of the same o
of magnitude ~additive quark model approximation!. We
therefore approximate all these cross sections by an ‘‘a
age cross section.’’ In the case ofp1 andK1 production we
shall assume respectively that

xFdsBp→p1X

pdxFdpT
2

.
xFdspp→p1X

pdxFdpT
2

,

xFdsBp→K1X

pdxFdpT
2

.
xFdspp→K1X

pdxFdpT
2

. ~13!

This implies that all baryons are equally efficient as the p
ton to producep1 or K1 in collisions with a target proton
The absorption factor appearing in Eq.~10! is chosen to be
Kabs50.4 for pion production andKabs50.8 for kaon pro-
duction. These values are within the range of theoretical
timates presented in@14#.

B. Coupling constants

The coupling constants are either measured, inferred f
isospin symmetry or estimated with, for example, QCD s
rules. We will take them from other works@8,9,17,7# and
keep them fixed. They are given in Table II.

TABLE I. Subprocesses contributing to inclusive meson p
duction (M 15p1 or K1).

Mp→M 1X Bp→M 1X Bp→M 1X
p1p→M 1X np→M 1X Lp→M 1X
p0p→M 1X p0p→M 1X S0p→M 1X
p2p→M 1X D0p→M 1X S0* p→M 1X
K1p→M 1X D1p→M 1X S1p→M 1X
K0p→M 1X D11p→M 1X S1* p→M 1X
5-3
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C. Cutoff parameters

In the calculations we need the baryon-meson-bar
form factors appearing in the splitting functions. Following
phenomenological approach, we use the dipole form

FMBp~ t !5S LMBp
2 2mM

2

LMBp
2 2t

D 2

. ~14!

In the above formulaLMBp is the form factor cutoff param
eter.

In @8# an extensive discussion concerning the appropr
value of the cutoff has been made, using exponential fo
factors. The conclusion of the authors was that, for expon
tial form factors, LpNN

e .1000 MeV, LpND
e .800 MeV,

and LKNY
e .1200 MeV. They find out that allowing the

pNN andpND vertices to be different improves the quali
of their fits. On the strange sector, on the other hand, t
use a harder and universal cutoff. In Ref.@7# the MCM was
used to study baryon (n, L, andD11) spectra inpp colli-
sions and the resulting fits strongly suggest a universal cu
Le.1000 MeV. The exponential form factor is, of cours
not the only possible choice. One might use a monopole
dipole form as well. Differences between the various for
are not particularly important and, besides, as it was poin
out by Kumano@18# it is possible to ‘‘translate’’ one form
factor with its cutoff to another form factor with a corre
spondingly different cutoff, the overall results being appro
mately equivalent. The approximate relation between the
ponential (e), dipole (d), and monopole~m! cutoffs is given
by Lm.0.62Ld.0.78Le. As pointed out in@8#, in dealing
with decuplet splitting functions monopole form factors le
to divergencies. With an exponential form factor one avo

TABLE II. Coupling constants.

gpp1n A2gpp0p5A2~23.795A4p!

gpp0p 23.795A4p

gpp1D0
1

A6
gppD5

1

A6
28.6

gpp0D1 A2gpp1D05
1

A3
28.6

gpp2D11 A3gpp1D05
1

A2
28.6

gK1pL 23.944A4p

gK1pS* 0
1

A3
gKpS* 5

1

A3
1
2 gppD5

1

A3
1
2 28.6

gK1pS0
1

A3
gKpS5

1

A3

A3

5
gpp0p52.69

gK0pS* 1 A2gK1pS0* 5A2
1

A3
1
2 28.6

gK0pS1
A2gK1pS05A2 2.69
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this problem but the calculations can only be done num
cally. Using the dipole form factor we can perform the int
grations~3! and ~4! analytically. Because of this advantag
we choose the dipole form.

Once translated to the monopole form the cutoff valu
quoted above give values around 800 MeV which are s
significantly smaller than old analyses performed with t
Bonn potential@17# or the Nijmegen@19# potential which
favor a harder cutoff (Lm.1000 MeV) but are close to val
ues obtained in more recent analyses performed by the s
group @20#.

In view of all the works done so far on this subject, w
may conclude that these cutoff parameters must be soft.
next question which is now under debate is: which cutoff
larger,LpNN or LpND? As pointed out in the introduction
the E866 analysis @2# favors LpNN>LpND whereas
Melnitchouk, Speth, and Thomas@10# suggest thatLpNN
<LpND .

Inspired on these two works we shall test the followi
choices for the dipole cutoff parameters:

~ I ! Loct50.96 GeV, Ldec50.77 GeV,

~ II ! Loct50.87 GeV, Ldec51.0 GeV . ~15!

Loct andLdec are the cutoff parameters for all the octet a
decuplet vertices, respectively. As it will be seen, the
choices are in reasonable agreement with experimen
measured mesonxF spectra.

IV. RESULTS AND DISCUSSION

Before presenting a comparison with experimental d
we show in Fig. 2 the behavior of the splitting function
f M /MB and f B/MB with respect to cutoff variations. Solid an
dashed lines represent respectively the octet equation~3! and
decuplet equation~4! MB states. The two upper~lower!
boxes show functions calculated with soft~hard! cutoff pa-
rameters. The upper and lower boxes on the left~right! show
functions with octet cutoff parameters harder~softer! than
the decuplet ones. The values, chosen for the purpos
illustration, are:Loct51.0 GeV andLdec50.80 GeV@Fig.
2~c!#; Loct50.80 GeV andLdec51.0 GeV @Fig. 2~b!#;
Loct52.0 GeV and Ldec51.6 GeV ~Fig. 2~c!#; Loct
51.6 GeV andLdec52.0 GeV@Fig. 2~d!#. We consider the
momentum~y! distributions ofp1 in the statesp1n and
p1D0 and also the baryon momentum (yB512y) distribu-
tion in these states. Because of Eq.~2! all these figures are
symmetric and the meson momentum distributions~always
on the left part of each box! are the ‘‘mirror’’ pictures of the
corresponding baryon momentum distributions~always on
the right part of each box!. The comparison between th
upper panels with the lower ones shows that at soft cuto
there is a more distinct separation between baryons and
sons, the former peaking at higher values ofy and the latter
at smallery’s. At harder cutoff’s all the curves tend to be
come identical and centered aty50.5. The decuplet func-
tions lie always below the octet functions, except ifLdec
@Loct , which is unrealistic. In Fig. 2~d! we can see tha
5-4
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FIG. 2. Illustration of the octet~decuplet! splitting functionsf M /MB and f B/MB in solid ~dashed! lines for the following cutoff choices:~a!
Loct51.0 GeV andLdec50.80 GeV; ~b! Loct50.80 GeV andLdec51.0 GeV; ~c! Loct52.0 GeV andLdec51.6 GeV; ~d! Loct

51.6 GeV andLdec52.0 GeV.
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f p1/p1D0(y) lies abovef p1/p1n for y>0.6. This feature was
found in @10# to be very important in the study of sea an
quark asymmetry.

Using, as input, the splitting functions shown in Fig
2~a!, 2~b!, 2~c!, and 2~d!, Eq. ~7! for M 15p1 we obtain the
pion spectra shown in Figs. 3~a!, 3~b!, 3~c!, and 3~d!, respec-
tively. They are decomposed in meson initiated (M ), Eq. ~8!
~dot-dashed lines!, baryon initiated (B), Eq. ~9! ~dashed
lines!, direct (D), Eq. ~10! ~dotted lines!, and the total sum
(T). We see that the direct process dominates pion prod
tion up to xF.0.7. In the two lower figures~harder cutoff
parameters! they are so important for allxF that one can
neglect theM andB contributions. For soft cutoff choices th
B component becomes important too and even dominan
xF>0.8 @shaded area in Figs. 3~a! and 3~b!#. Comparing the
two shaded areas, we observe that withLpNN<LpND ~on the
right! theB component starts earlier to dominate the pionxF
spectrum. This component is the harder and flatter one an
essential to obtain a good description of data at largexF .
The direct contribution alone would fall too fast and und
estimate data. Neglecting the direct contribution leads t
09401
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good fit only with theM and B components but at the ex
pense of unrealist large~dipole! cutoff choices: Loct
51.13 GeV andLdec51.8 GeV. Only with these large
numbers we recover the normalization of the experimen
spectrum. Neglecting also theB component leads to a goo
fit with the M component alone and a cutoffLoct
52.1 GeV. In short, it is clear that we need all three co
ponents to describe data, the first one~D! to get the proper
normalization and the last two (B andM ) to get the correct
shape of the meson spectra. In this way we get also rea
able pion~and also kaon! multiplicities. For both cases~I and
II ! we obtainnp.0.17, which is small enough to justify th
use of the one-meson truncation of the Fock decomposit

In Figs. 4~a! and 4~b! we present our pion and kaon spe
tra compared with experimental data, circles from Ref.@15#
and triangles from Ref.@16#. In these figures we include a
three components and plot Eq.~7! with the cutoff choices I
~solid line! and II ~dashed line!. As it can be seen, the overa
agreement with data is good over a large range onxF . We
have checked that significant deviations from these cho
lead to large disagreement between our spectra and data
5-5
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FIG. 3. Total~T! inclusive pion spectra inpA
collisions calculated with Eq.~7! and the direct
(D), meson initiated (M ), and baryon initiated
(B), given respectively by Eqs.~10!, ~8!, and~9!.
~a!, ~b!, ~c!, and ~d! correspond to the cutoff
choices made in Fig. 2.
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an example we show in Fig. 4 with dotted lines the spec
corresponding to the the choiceLoct51.0 GeV andLdec
51.3 GeV discussed in@10#. As it can be seen they ar
already somewhat far from data points, especially in the c
of the kaon spectrum. From this figure we may conclude t
the MCM can give an accurate description of data with s
(L<1.0 GeV) cutoff parameters. ChoosingLoct>Ldec or
Loct<Ldec does not make much difference as long as b
cutoff’s differ only by .200 MeV.

In Figs. 5~a! and 5~b! we show the differenced̄2ū and
ratio d̄/ū, respectively. The quark distribution functions we
09401
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se
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calculated with the convolution formula~11!. The points rep-
resent the E866 data. Solid and dashed lines represen
parameter choices I and II, respectively. As expected
solid lines are very close to the ones presented by the E
analysis in@2#. Using a larger cutoff for thepND vertices
leads to the dashed curves. As pointed out in@10# this choice
leads to a reduction in the antiquark asymmetry, leav
room for additional sources of asymmetry, such as the P
exclusion principle.

The value of the Gottfried integral given by Eq.~12! is
SG50.261 ~case I! and SG50.314 ~case II!. The value re-
5-6
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FIG. 4. ~a! Inclusive pion spectra calculate
with Eq. ~7!. Data are from @15,16#. Solid,
dashed, and dotted lines correspond to the cu
choices I, II, and LpN51.0 GeV, LpD

51.3 GeV, respectively;~b! the same as~a! for
kaon spectra.
th
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ported by the New Muon Collaboration~NMC! is 0.235
60.026. Taken together, Figs. 4 and 5 and the integralSG , it
seems that choice I is better everywhere but fails badly in
d̄/ū ratio. Choice II, on the other hand, is never far from da
points but gives a too large value forSG . We thus conclude
that a better global description of data can be obtained w
Loct moderately smaller thanLdec and that some additiona
source of asymmetry, other than the meson cloud, is
quired.

Another interesting test for the MCM is inclusive mes
09401
e
a

th

e-

production in proton nucleus collisions. In principle we c
use the same formulas Eqs.~7!, ~8!, ~9!, and~10!, replacing
the cross sectionssM (B)1p→M1X by sM (B)1A→M1X and
keeping exactly the same splitting functions. However m
of theM (B)1A→M 1X cross sections are not measured.
a first test we shall assume, following the experimen
analysis described in Refs.@15,16#, that

E
d3spA→M1X

dp3
.const AaE

d3spp→M1X

dp3
, ~16!
FIG. 5. ~a! d̄2ū calculated with Eq.~11! with
cutoff choices I~solid line! and II ~dashed line!
compared with E866 data;~b! the same as~a! for

the ratiod̄/ū.
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FIG. 6. Inclusive meson spectra in proto
nucleus collisions calculated with Eq.~16! using
cutoff choices I~solid lines! and II ~dashed lines!.
Dotted lines show the curves obtained taking m
dium effects into account. Data are from@15,16#.
~a! Pion spectrum with choice I;~b! pion spec-
trum with choice II;~c! same as~a! for kaons;~d!
same as~b! for kaons.
li

ct

w

ed
es

g

at
tra

e-
ari-
CM
ro-
where the constants are chosen to reproduce the norma
tion of data points. Usuallya is a very slowly varying func-
tion of xF . We take it constant (a50.72). The main goal of
this exploratory study is only to test the shape of the spe
obtained with the MCM. In the above expression thepp
cross sections are exactly the same as before. In Fig. 6
show the spectra obtained with Eq.~16! for pions @Fig. 6~a!
and 6~b!# and for kaons@Fig. 6~c! and 6~d!#. The cutoff
choice I ~II ! is depicted with solid~dashed! line. Since the
uMB& state will interact inside the nucleus it may be affect
by medium effects. The simplest way to incorporate th
effects is by changing the baryon masses according toMB

→MB* .0.8MB . With this modification the meson splittin
09401
za-

ra

e

e

functions will increase in normalization and will peak
larger values ofyM . Because of this the final meson spec
will also peak at larger values ofxF . The inclusion of me-
dium effects~curves in dotted lines in Fig. 6! improves the
agreement between the MCM and data.

V. CONCLUSIONS

This work was motivated by the recent revival of the m
son cloud picture of the nucleon. We performed a comp
son between inclusive meson spectra predicted by the M
and experimental data. Instead of using only the ‘‘direct p
cess,’’ as done in Refs.@12,7# we have included the ‘‘indirect
5-8
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process,’’ in which the final cross section is a convolution
the MCM ‘‘splitting functions’’ with the ‘‘elementary’’
meson-nucleon and baryon-nucleon cross sections, in
analogous way as done in the QCD parton model calc
tions. In this way we can test the universal splitting functio
and determine the cutoff parameters. This determinatio
done by simultaneouly analyzing mesonic spectra, differe
and ratio of antiquark distributions and the Gottfried su
rule.

The first conclusion of this work is that the MCM de
scribes reasonably well the production of pions and kaon
pp high energy collisions. Even the intermediatexF region
(0.2<xF<0.6) is reproduced.

Concerning the relative strength of the nucleon and d
uc

09401
f

an
a-
s
is
e

in

ta

vertices, we find that the MCM can give a good descripti
of data with soft (L<1.0 GeV) cutoff parameters. Choos
ing Loct>Ldec or Loct<Ldec does not make much differ
ence as long as both cutoffs differ only by.200 MeV. The
latter choice seems to be more appropriate, especially if
introduces additional sources of sea asymmetry.
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