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Strangeness in the nucleon on the light cone

W. Melnitchouk and M. Malheirb
Department of Physics, University of Maryland, College Park, Maryland 20742-4111
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Strange matrix elements of the nucleon are calculated within the light-cone formulation of the meson cloud
model. TheQ? dependence of the strange vector and axial vector form factors is computed, and the strangeness
radius and magnetic moment extracted, both of which are found to be very small and slightly negative. Within
the same framework one finds a small but nonzero excess of the antistrange distribution over the strange at
large x. Kaon loops are unlikely, however, to be the source of a large polarized strange quark distribution.
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I. INTRODUCTION ing data. Recently Ji and Tar{d1] attempted to link the
strangeness radius of the nucleon with the densities of
There has been considerable discussion recently abostrange and antistrange deep-inelastic quark distributions, ar-
strange matrix elements of the nucledl. Much impetus  guing on the basis of quark “locality” that the distributions
for this was generated by the deep-inelastic scattering expefin coordinate space and momentum space should be corre-
ments with polarized targets at CERN and more recently afated. In order to investigate this proposal more quantita-
SLAC [2], which seemed to imply a large polarized strangetively, we will explore this relationship within a simple
quark distribution in the proton. At about the same time amodel, namely, the meson cloud model.
measurement of the elastic neutrino-proton scattering cross In the meson cloud model, the strangeness of the nucleon
section[3] at lower values ofQ? had also suggested a non- is assumed to be carried by the kaon-hyperon components of
zero value for the strange axial vector form factor of thethe physical nucleon. This model has in the past been utilized
proton[4]. to calculate corrections to low energy nucleon properties
These observations spurred many investigations of othgri2—1g, and has also been invoked to describe flavor sym-
processes in which traces of strangeness in the nucleon coutdetry breaking in nucleon sea quark distributiga®—23.
be detected. It was argugl], for example, that semileptonic However, direct comparison of results for the strange matrix
neutral current scattering experiments could be used to exlements in meson cloud models has thus far not been pos-
tract the strange vector as well as axial vector form factorssible due to the fact that form factors and structure functions
Parity-violating electron scattering experiments were pro-are usually calculated within different theoretical frame-
posed as a means of probing neutral current form fa¢&jrs  works. While the natural framework for analyzing strange
Approved parity-violating experiments at MIT-Batgd and  quark distributions is the light cong21,22, strange form
Jefferson Latp8] will provide information on the strangeness factor calculations have usually been performed within cova-
form factors at low and intermedia@” values, and more riant perturbation theory in instant-form quantization
precisely determine the strange radius and magnetic momefit2,13,16—-18 (A light-cone constituent quark model was
of the nucleon. At higheQ?, the CCFR Collaboratiof9]  used in Ref[18] to obtain the coupling of the photon to the
has recently investigated a possible asymmetry between th@on-hyperon cloud of the nucleon; however, the kaon dress-
strange and antistrange quark distributions in neutrino deepng itself was not described in terms of light-cone dynamics.
inelastic scattering. Perturbative QCD alone would be exMeaningful comparison of meson cloud corrections to light-
pected to produce identicalands distributions, while any  cone quark distributions and lo@? form factors obviously
asymmetry would imply the presence of nonperturbative efrequires a single framework to be used for both. In the
fects in the nucleon at deep-inelastic scales. present work we shall present for the first time a light-cone
Of course the strangeness content of the nucleon is notanalysis of the strange nucleon form factors, using the same
scale-invariant concept — strange matrix elements are ndtamework in which structure functions are calculated
renormalization group invariant. The evolution wi@F of  [21,22. We believe this is the only systematic way to test the
the moments of the polarized deep-inelastic strange quarkypothesis of Refl11] that the properties of the nucleon sea
distribution can be studied using the Altarelli-Parisi equa-at low and highQ? might somehow be correlated.
tions, so that a zero value fdrs at a low scale is not nec- In Sec. Il we briefly outline the pertinent features of the
essarily incompatible with a nonzero value at a higher scaleneson cloud model on the light cone. More detailed ac-
[10]. Naturally, extending such analyses to very low valuescounts can be found in RgR21]. We explain that the advan-
of Q? is problematic — at some stage nonperturbative techtage of this framework lies in that it allows for a more con-
niques or models of QCD need to be invoked when describsistent treatment of the hadronic meson-baryon vertex
functions. Unlike previous calculations within covariant per-
turbation theory, which have usually had to make hoc
*Permanent address: Instituto désiEa, Universidade Federal assumptions about the dependence of the vertex functions on
Fluminense, 24210-340, NitérdRio de Janeiro, Brazil. various loop momenta, one can formally avoid this on the
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light cone, while simultaneously satisfying charge and mo-
mentum conservation. The kaon cloud model is applied in fAK(Y)ZQﬁNAJ d?k, | pak(y.k,)I? 2
Sec. Il to the calculation of th&)? dependence of the
strange vector and axial vector form factors of the nucleonCharge and momentum conservation require that this must
from which the strangeness radius, strange magnetic maiso be the probability to find a kaon inside a nucleon with
ment, and strange axial charge are extracted. Section IV digsight-cone momentum fraction-1y. The kaon distribution
cusses the contribution from the kaon cloud to the deepfunction f,,(y) should therefore be related to the baryon
inelastic strange quark distribution, and to a possible strangetistribution function by
antistrange asymmetry in the nucleon. We find that the
asymmetry is consistent with the latest neutrino deep- faly)=fax(1-y), (3
inelastic scattering data, within experimental errors. We also _ _ o ) )
estimate the contribution to the polarized strange quark disfor all'y, if the above interpretation is valid. This guarantees
tribution from kaon loops. Finally our findings are summa-€dual numbers of mesons emitted by the nucleon,
rized in Sec. V. (Mka=/odyfa(y), and virtual baryons accompanying
them, (n) = f5dy fak(y):
Il. LIGHT-CONE MESON CLOUD MODEL
OF THE NUCLEON (Mica={Max- (43

The basic hypothesis of the meson cloud model of thelhis is just the statement that the nucleon has zero net
nucleon is that the nucleon on the light cone has interna$trangeness. Momentum conservation imposes the further re-
meson and baryon degrees of freedom. The physical nucleditirement that
state (momentumP) can then be expande@n the one-

meson approximatioras a series involving bare nucleon and (Wka+ Y ak={(Mka (4b)
-particl - :
two-particle meson-baryon states where(y)xa=fgdyyfia(y) and(y)ak=/odyyfax(y) are
INCP)) o= VZLIN(P))p the average momentum fractions carried by kaon ande-
phys are

spectively. Equation§4a) and(4b), and in fact similar rela-

tions for all higher moments of(y), follow automatically

+§A f dyd’k, gunedem(y.k.) from Eq. (3). Any consistent treatment of the meson cloud
' model must therefore reproduce this symmetry relation.
X|B(y,k );M(1—-y,—k,))}. (1) The advantage of a light-cone formulatifiy,15,21-23

is that one can construct a covariant framework in which Eqg.
The functionggy(y.k, ) is the probability amplitude for the (3) is manifestly preserved, regardless of the dynamics of the
physical nucleorN to be in a state consisting of a baryon meson-baryon system. If the dynamics are parametrized in
B and mesorM, having transverse momenka and —k, , terms of an effective hadronic meson-baryon vertex function,
and carrying light-cone momentum fractiopns-k, /P, and  the symmetry relationg3) and (4) can be satisfied if the
1-y=(P,—ky)/P,, respectively. The bare nucleon prob- vertex functions are functions of the invariant mass squared,
ability is denoted byZ, and gyng is the MNB coupling  M?, of the KA system:
constant. The one-meson approximation in @gis valid as

long as the meson cloud is relatively sof<1). It will kf+Mi+ KZ +mg

2_ 2 _
progressively break down for hardstNB vertex functions, ME=(p+py)= y 1=y )
at which point one will need to include two-meson and
higher order Fock state components in Eb. whereM , and my are the masses of and kaon, respec-

The strangeness of the nucleon in this model is carried byively, and px and p, their four-momenta. Note that the
the|A;K), |2;K), etc., Fock state components, and we shalvariable M? is related to the virtualites of the kaon
consider only these henceforth. Therefore the properties dft=(p,—py)?] andA [u=(px—pn)?2] by
the bare nucleon statsuch as its intrinsic form factor or its
structure functiopwill not be relevant for considerations of M2 +t+u=M?+ mﬁ+ M2, (6)
the nucleon strangeness content. For the sake of presentation
we will consider theA hyperon as representative in our dis- Where t=—[k>+(1-y)(M5-yM?)1]/y and u=—{k?
cussions, although contributions from tBewill be included +y[mﬁ—(l—y)M2]}/(1—y). A hadronic vertex function
in the numerical results in Secs. Il and IV. All expressionswhich is a function ofAM? will automatically have the cor-
for the KX, distributions can be obtained from ti@A by  rect crossing symmetry structure in theand u channels
appropriate replacement of masses, coupling constants, ah24,25 [see Eqs(19) and(20) below].
isospin factors. Contributions from heavier mesons and hy- In instant-form calculations, on the other hand, the func-
perons, such akK*, Y*, etc., can easily be added, althoughtions f(y) are usually evaluated in terms 8NA vertex
their role is insignificant as long as tiNB vertex func- functions taken from fits ttNA—NA scattering dat§26],
tions are not very harf1]. where the vertex functions are assumed to depend only on

According to Eq.(1), the probability to find a\ inside a the virtuality t of the off-shell kaon. In this case the-u
nucleon with light-cone momentum fractigris given by the  symmetry is lost, and the relatid3) cannot be maintained,
N— KA splitting function(to leading order in the coupling making verification of the charge and momentum conserva-
constank tion relations, Eqs(4), very difficult [21,27]. Actually, the
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nonpreservation of relatiof3) is not surprising since the
splitting functionsf(y) refer to probability distributions of
specificparticles and a probabilistic interpretation does not
hold in all reference framessince particle number is not
preserved by Lorentz boogténdeed, for structured particles
the factorization of they* N cross section itself intoy* K
andKN (or v* A and AN) cross sections is not valid in all
frames of referencf27]. Such factorization, or convolution,
can in fact only be achieved by eliminating antiparticle de-
grees of freedom, which can formally be done only in the

(b)

FIG. 1. Kaon cloud model of the nucleon: interaction of the

infinite momentum fram¢28], or on the light cone. probe with the(a) hyperon(* A* ), (b) kaon.
Ill. STRANGE FORM FACTORS - dGSE(Qz) ob)
We will be interested in the strange matrix elements dQ? Q2=0

(N[sT's|N) of operatorsI’, whereI'=y, or ysy,. While

these have been investigated in earlier studies within the mexn alternative definition of the strangeness radius is in terms

son cloud mode]l12,13,16—-18 we will present here the first of the Dirac form factor

analysis of the strange form factors on the light cone, in

which the distribution functions of kaons and hyperons in the ) dF5(Q?)

nucleon have the correct symmetry properties as specified in I's,Dirac— — TdQ?

Eq. (3). This will be our main contribution to the form factor

discussion. Other aspects of the problem, such as the mod

ing of the intrinsicK andA form factors, or the truncation of

the Fock state expansion in E(.), are not developed here 1

beyond what exists already in the literature. = —f d3(N|(rxsys),|N) (1139
The momentum dependence of the matrix elements of the 2

strange vector currenlizs_y#s is conventionally written

(10

Q?=0

eIl'he strange magnetic moment of the nucleon is defined by

=F5(0)=G}(0). (11D

(N(P')|Ji(0)|N(P)>=U(P')( 7,F1(Q%) The contributions of the kaon cloud to the strange form
factors are represented in Fig. 1. To maintain the analogy
i0,,9" s/ 2 with the structure function calculations in Sec. IV, we will
o F2(Q7) Ju(P), @) present the results fdfs ,, and evaluatesg \, from these.
Therefore we define
whereP and P’ are the initial and final nucleon momenta,
andq=P— P’ is the momentum transferred to the nucleon. F(Q%)=FMQ»)+FM(Q?, i=12 (12
The form factors=3 andF3 are the Dirac and Pauli strange
form factors, andu(P) is the free Dirac spinor of the whereF™) and F{¥)(Q?) refer to theA andK interaction
nucleon. For convenience we work in a Lorentz frafwia., diagrams in Figs. &) and Xb), respectively. The\ contri-
the Breit fram¢ where the photon momentump is purely  bution toF; can be written
transverse, so thaqzz—qu—Qz. The various particle
momenta are parametrized as in H&B]. Zero net strange- 1 .
ness in the nuF():Ieon requires the vanishing of the Dirag form Fi(A)(QZ):QAJ‘O dyfM(y,QHHA(Q?), =12, (13
factor at the on-shell photon poirf$(0)=0. On the light
cone the form factors can be evaluated by choosing th ight- istributi iong®)
1=+ (or “good" ) component of the currenli (23] @here theA light-cone distribution function§;™ are
Usually one introduces more convenient combinations of(")(y,Q?)
12, in the form of the Sachs electricG§) and magnetic ) , )
(Gyy) form factors _gKNAf dk,. FIMik i) FAMik 1)

+

o? T16m° ) yA(1-y) (M3yi—MA(M3y —M?)
QY =F5(Q%)~ ;372 F3(QY), (83 ) @
X| KE+(My=yM)2=(1=y)2 5], (143
Gu(Q%)=F3(Q%)+F3(Q?. (8b)
. - . f5V(y,Q%
The conventional definition of the strangeness radius of the
nucleon is in terms oG} : _gﬁNAJ d%k, FMik ) FAMik 1)
167°) yA(1-y) (Migi—M?) (M 1~ M?)
2_ 3 or2
2= [ sy %3 X(~2M)(L=y)(My~yM). (14
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For theKNA vertex we assume a pseudoscatas interac-
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However, as observed by Musolf and Burkafd6], such

tion (the same results are obtained with a pseudovector coyrescriptions are not unique, since additional seagull terms

pling), with gxna the coupling constant and(M3,) the

which individually satisfy the Ward-Takahashi identity are

hadronic vertex function. Note that identical expressions t@lso allowed. Furthermore, inconsistencies with some of the
these can be obtained using time-ordered perturbation theofescriptions, when applied to loop calculations, have also

in the infinite momentum framg21,2§. For the sign of the
strangeness we adopt the convention of J&3@, so that
Q,=+1 is the strangeness charge of the The intrinsic
A form factorH , (Q?) contains possibl&€? dependence in

recently been pointed out by Wang and Banefjg3.

With M?-dependent vertex functions the functiofi§)
andf{") in Egs.(1739 and(14a at Q=0 satisfy relation3)
explicitly, which they must because of strangeness conserva-

the y* A interaction vertex. The squared center of mass ention. The functionsf$® and f$") at Q2=0, on the other

ergies in Eqs(14) are

, (153

Mg i=M*+ qvl'((l—Y)qf*‘kl

wﬁm=wﬂ+%ehrwﬁ%—h) (15b)
with M? defined in Eq.(5).

The contributions td=3 , from the coupling to the kaon in
Fig. 4(b) are written

AR = [ dy 91—y, Q) H(Q?), =12
a9

hand, do not need to satisfy such a relation, because they
have their origin in the different spin couplings of th& to
the spin-OK and spin-1/2A. Indeed, the contribution to the
strange magnetic moment of the nucleon would be zero if
f{¢A) exhibited such a symmetry. From E¢$4b) and(17b)
one can see in fact that in the kaon cloud model is always
<0.

Although it is clear that in order to preserve relati(3)
the vertex function should be a function of tK&\ invariant
mass, its specific functional dependence is not prescribed,
and several forms have been suggested in the literature
[21,22,29. In our numerical studies we will use a simple
monopole-type function

A2, +M?2
KA ), (19)

FAM? )=<—
KA Aa+ Miy

whereQg= —1 is defined to be the strangeness charge of the
kaon, and where the kaon light-cone distribution functionswhere Ay, is the cutoff mass parameter. In the light-cone

{3 are

X (1-y,Q?)
:giNAJ d?k, f(MﬁA,i)}—(MiA,f)
167° ) yA(1-y) (Mg i—M?)(Miy i—M?)

2
q
X kf+(MA—yM)2—y2f , (17a

f59(1-y,Q?
:giNAJ d?k, F(MiA,i)}-(MiA,f)
16m° ) yA(1—-y) (M2, ;—M?)(MZ, (—M?)
X[2My(M,—yM)].

(17b

The KA squared center of mass energies are

a. _(ych , (183

1_y _+kL

4
a. a.
l—y'(yf_kl)'

MﬁA’i:Mz'f‘

My =M+ (18b)

formulation the cutoff directly determines the probability of
finding the physical nucleon in KA configuration, which
provides a constraint on the range &f, for which the
average kaon number density can be viewed as relidiole.
covariant instant-form calculations the probability for each
individual Fock state component is frame dependent, since
particle number is not invariant under Lorentz bogsEor
values larger than-1.5 GeV the average probability to find
kaons in the nucleon would K@)« ,=10%, so that without
including higher Fock state components, the one-meson ap-
proximation in Eq.(1) could not be considered trustworthy.
Therefore cutoff masses betwe&p,=0.7 and 1.3 GeV, for
which {(n),~ (3=7)%, can be considered as representative
of a reasonable range for which the mod#) is a valid
approximation(for these values the corresponding probabil-
ity to find pions in the nucleon is- 30%—-50%.

On the other hand, one can also try to constraig,
phenomenologically by fitting, within the kaon cloud model,
the available strange quark distribution d§#9,21,33, as
well as the inclusivgpp— A X production datd34]. For the
monopole parametrizatiofi9) one typically finds values of
AkA=1.3 GeV, with larger cutoffs difficult to accommodate
[21] (see also Sec. IV In instant-form calculationgl6—-18
one has often tried to connect the vertex function cutoffs
with those obtained fromNA potential model fits[26],

As discussed in Sec. Il, on the light cone it is natural towhere the vertex function is assumed to depend on the vir-

take theKNA vertex function to be a function aM3, ,
which guarantees local gauge invariarjdé®,24 as well as
energy-momentum conservation, as embodied in(Bg.In

instant-form approaches gauge invariance has sometimes

tuality t of the kaon,

F= (20)

T2 2
Ajp—mig )

12

been enforced through the introduction of seagull diagrams . _
[16-18, which can be generated according to various preHere the vertex function cutoffs are found to be typically
scriptions[31] in order to satisfy the Ward-Takashi identity. Ax,~ 1.2-1.5 GeV. Note that the forii20) is an approxi-
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0.03 y y y 0
Agp=1-3GeV .
A, =0. e
~ 0.02} - S —0.04F KA 3
NQ, 1GeV & 1GeV
w @
S =
S 0.01F 4 O —-0.08F 1.3GeV 7
0.7GeV /
0 . . , -0.12 . , .
0 0.25 0.5 _ 0.75 1 0 0.25 0.5 _ 0.75 1
Q° Q?

FIG. 2. Q2 dependence of the Sachs electric strange form factor FIG. 3. Q2 dependence of the Sachs magnetic strange form
of the nucleonG§, for variouskNA vertex function momentum  factor of the nucleonGy, .
cutoffs. Contributions fronK2, components are also included.
pected from SIB) symmetry. Contributions fromKY*
loops to the strange form factors, wheYé represents the
J=3/2 decouplet hyperons, are suppressed by more than two
orders of magnitude relative to th€A loops. The sign of
Gt is positive, while that of5}, negative, in agreement with
. ; X , the instant-form kaon cloud model results of Réfs6,17.
The function H(Q®) in Eq. (216)’ like HA(QZ.) N The magnitude depends strongly 4R , , although even for
Eq' (13.)' reflects_ thg possibleQ . dependence n t.he the largest cutoff of 1.3 GeV it is still somewhat smaller than
!nteractlon vertex in _F|g_. (b).*The 5|mpleft approxw_naﬂon in Refs.[16,17]. The strangeneg$Sach$ radius is found to
EK(SZ) :aﬁ‘rzgez) :pi'?ilgjegf Iéou?sr:edthz \ﬁrtuaclguggggf’ be small and negzanve, ranging fror§~—0.004 f? for
Agpa=0.7 GeV torg~—0.008 f? for A, =1.3 GeV. This

gghri];\{i;'r?:;zslég’ 223;2?; (':I'Ohueplrlr?gs?[én;tz(:;lk\j/vg r?oalr% delis slightly smaller than that obtained in previous kaon cloud
P ' y model calculation§16—1§, although still within the same

this Q* dependence is through the vector meson dominancSrder of magnitude. The strange Dirac radius is somewhat
model, in which the virtual photon at lo®? couples to the g ' 9

- iMr2 . ~— _
kaon orA through its fluctuations into correlateg pairs smaller sill,rs pjac~ —0.0007 0'9012 fie? fqr the wo
[17,30,35—37. Since the photon ha3®©=1"", the states cutoff masses. The strange magnetic moment is also found to

with the correct quantum numbers to which th& can be negative as in earlier studigss,17 although somewhat

coupe re e vecor mesopk, o and . ndeed, ey STAISTT GOG 01 To o he same fumercal
and¢ mesons can act as an extra source of strangeness intyv%ould require values for the vertex function cutoff of
nucleon through this mechanism. A detailed treatment of th 3 quv as seen in Fig. 4, where thg, dependence
vector meson dominance model in strange form factors wal fKAz 2 ’ 4. is plott g& ' te that KA [I) dd
presented in Refd.17,30,36,37, where it was found that g rS'er'tDifaC fail "I’“:S IS poheh (Tjo € ta"]fs |st§caeh own
r§ increased by a factor of 2 with respect to the kaon loop ozeawaz)culcér f(i)nd ?t di?fricsuulf to t?é c\(;?\rs;as):er?{] \fviltc;lntsﬁe Cc)ig;virr;
only result (ug is of course not affected by any changes in — . . )

2 the s-s asymmetry, as we shall discuss in the next section.
the Q< dependencge Other quark-type models have also .

. S Furthermore, the average number of kaons in the nucleon for

been used to estimate the intrinsic form factors of the bareSuch a cutoff mass would b@)y ,~0.3, which is clear
particles[16,18,38. However, as outlined in Sec. |, our aim KA™= e y

here is more to explore the relationship between stranggeyond the limits of a perturbative treatment of the meson

quark distributions in coordinate and momentum spacé:IOUd'

within a single specific model, rather than present a compre-

hensive analysis of the form factors and structure functions 0.01
themselves. Therefore in order to avoid diluting the result

from the kaon cloud model by introducing extra degrees of 0
freedom into the calculation, for our purposes we will begin

by investigating the contributions to tf@? dependence of -0.01
the strange form factors arising from kaon loops alone.

The Q? dependence of the strange Sachs electric and
magneticGg and Gy, form factors is shown in Figs. 2 and 3 _0.03
for cutoff masses\x,=0.7, 1, and 1.3 GeV. The values of . L
the masses and couplings used in the numerical calculations 0.5 1 1.5 2 2.5 3
are M=939 MeV, M,=1116 MeV, My=1190 MeV, Agr(GeV)

mx =494 MeV, gxna = —13.98, andgkns =2.69[26]. The

results in Figs. 2 and 3 contain contributions from both  FIG. 4. Cutoff dependence of the strangeness ragliiand
KA andKX components, with the latter contributing4% 2, (in fm?), strange magnetic momept, (scaled by 1/19 and
of the total, which reflects the ratigxns /dxna~ —1/5 €x-  strange axial charge, of the nucleon.

mation to the M?-dependent light-cone vertex function
in Eq. (19, obtained by takingu—M3 and Af,
—>AﬁA+M2+mﬁ see EQ.(6). A typical value of Ag,
~1.4 GeV would therefore correspond Aq ,~1 GeV.

-0.02
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trates that kaon loops alone cannot explain the apparent large

- - strange component of the proton spin.
0.003 /ﬂr_
N; L = IV. DEEP-INELASTIC SCATTERING
N o -
? < - . The meson cloud model of the nucleon has been success-
© 0.0025} 0.7GeV A ful in providing understanding of the origin of some of the
5 1.3GeV 1 symmetry breaking among the proton’s sea quark distribu-
i ) ) ) I tions observed in recent experiments. A pion cloud, for ex-
0 0.25 0.5 0.75 ] ample, naturally allows one to account for the excessl of
Q2 quarks ovew in the proton[39]. In a similar vein, the kaon

cloud of the nucleon gives rise to the observed 3UWavor
FIG. 5. Q? dependence of the strange axial vector form factor ofsymmetry breaking in the proton s¢&9]. Furthermore, it
the nucleonGj . also leads to different strange and antistrange quark distribu-
tions in the nucleon, as first pointed out by Signal and Tho-
The matrix elements of the strange axial vector curreninas[20].
J:,=S7,7sS are parametrized in terms of the axial form  This question has recently come to prominence again with
factorsG, andGp: the availability of new neutrino and antineutrino deep-
inelastic scattering data, which were analyzed for a possible
—_, nonzeros-s difference[9]. Such an asymmetry arises natu-
(NP5, (0)IN(P))=u(P )( 7u7sGA(Q?) rally in a kaon cloud picture of the nucleon, since thand
s quarks have quite different origins in this model. Indeed, it
has been argudd 1,20 that because thequark comes from
the A, its distribution should be valencelike, while tlse
originating in the lighter kaon, should be much softer and
The strange pseudoscalar form fadB® is not observable in  resemble a typical sea distribution. On the other hand, the
semileptonic neutral current reactiofks], and is therefore experimentals/s ratio was found to be consistent, within
not considered here. Because the kaon has spin 0, the strarigege errors, with unitys/so (1—x) ~0:46=0-8520-17 nrompt-
axial vector form factoGy receives contributions only from ing suggestion§l1] that the meson cloud model is ruled out

the y* A coupling in Fig. 1a). In this case one has by these data.
In this section we discuss how the above argument is

s o 1 A) ) ) modified when one takes into account the differ&ntand
Ga(QY)=Qx o dyAfi ™ (y,Q9)HA(Q?), (22) A distribution functions in the nucleon. The differens®
turns out to be very sensitive to the details of the hadronic
vertex functions used in calculating these distributions.
When calculated consistently in terms of the light-cone ver-

+ BGh@ up). (20

where the light-cone axial distribution functioAf) is

iven b ) . . . .
g y tex functions discussed in the previous sections, the kaon
AfMN(y,Q?) cloud model predicts a very small excessalvers at large
' X, which is not in contradiction with the neutrino deep-
~ gﬁNAf d%k, FMik DFMAEk 1) inelastic datd9].
16m°) yA(1-y) (Mix;—M*)(Mig —M?) _
) A. s-s asymmetry
X —kfﬂL(MA—yM)ZJr(l—y)Zq—l . (23 Within the same impulse approximation in which the
4 form factors in Sec. lll are calculated, the deep-inelastic

2 s . . quark distribution(at a scaleu?) in the meson cloud model
The Q° dependence of the axi@, form factor is shown in o pe written as a one-dimensional convolution of the me-

Fig. 5 for three values of th&NA vertex function cutoff, 5o or hyperon light-cone distribution function and the in-
Aky=0.7, 1, and 1.3 GeV. At zero transferred momentumyinsic quark distribution in the meson or hyperon. Enend
the ratio 's quark distributions, generated from Figgaland 1b),
respectively, can be writtef20,21]
Ga(0)

s ) (24

1d
9 s(x,u2) = J 7yfAK<y>sA(§,u2). (259

where go=1.26 from nucleonB decays, measures the

strange isovector axial charge of the proton. KA vertex 1-x dy X

fun_ctlon factor cut offs betweemK_A=0.7 and 1.3 GeV, S(X,MZ)ZJ —— fra(l-y)s® (TMZ) (25b)
7e is found to be very small, ranging betweep~0.0017 1-y 1-y

and 0.002. Note that the sign ofs (and G3) is positive

becoming negative only fohAx,=1.6 GeV, as seen in Fig. where theN—KA splitting functions are related to thé&
5. As we discuss in more detail in Sec. IV B, this fact illus- andK distribution functions in Eqs(148 and (173 by
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FIG. 6. Strange-gntistrange quark distribution asymmetry inthe g 7. Splitting function foN— KA, f«(y). The solid curve
nucleon. The solid lines correspond to the asymmetry calculated fog the jight-cone distribution function, for a vertex function cutoff
Aka=0.7 GeV(smallest asymmetjyl GeV, and 1.3 GeVlargest 355 A, =1 GeV; dashed is the instant-form result with the
asymmetry, while the shaded region represents the ”ncerta'm}f-dependent form factor in E420), which does not satisfy EG3),
range of the datg9]. normalized to give the same value for)k, .

_ () 2_ _
() =17(y.Q°=0), (263 calculateds ands distributions in Eq.(25) separately with
f — 10y 02=0). 26b f[he structure function data, since the d|§trlbutlons cglcu.lated
ka(y)=1(y.Q ) (26 in the kaon cloud model do not contain any contributions
The net strangeness in the nucleon being zero implies th&fom the perturbative procegs—ss| The asymmetry in the
the distributions must be normalized such that kaon cloud model turns out to be very small, and for not too
large values ofA« , , broadly consistent with the CCFR ex-

1 . o ) . .
2 = 21 periment within the given errof®]. To obtain the difference
JO dx{s(x, u%) —s(x,u)]=0, (@) sSwe have used the absolute valuessefs from the pa-
rametrizations of Ref{43]. We should point out, however,
as can be explicitly verified from Eq§25). that there exists some controversy regarding the overall nor-

As for the intrinsic form factors of the virtudl and A,  malization of the deep-inelastic neutrino data from which the
the intrinsick and A structure functions are essentially un- strange quark distribution was extracted, resulting from an
known. However, the advantage of the light-cone approaclapparent inconsistency between the neutrino data and data on
is that the intermediate state particles are on mass shell, thitsclusive charm productiof44,45. In addition, the CCFR
allowing the on-mass-shell structure functions of the kaomjata were collected with Fe nuclei targets, so that one needs
and A to be used21]. In a covariant instant-form formula- to consider possible nuclear EMC corrections in the data
tion where thek and A are off their mass shells, one needs gnalysig45] before making any definitive conclusions about
to make additional assumptions about the extrapolation Ofhe s ands distributions. In view of these uncertainties in the

the structure functions into the off-shell region, and indeedy,5 themselves, one can certainly not conclude that the me-
about the definition of the structure function of an off-shell g, ~10ud model is inconsistent with the data from deep-

K or A _|tself [_27]. Accqrdlng_to the usual prescription ;- otic scattering experiments.
adopted in the literature, in the instant-form calculations it is The sign of the difference-s is very sensitive to the
usually simply assumed that the off-mass-shell structure : )
function is the same as that on shell. While possibly a rea\—/.ertex function used at thieNA \_/erte>_<. With a vertex func-
sonable approximation for heavy baryons, the justificatio ion that depends only on the wrtughty of the ofmeass-sheII
for such an ansatz is certainly not clear for the kaon, which i&@°n. such as in Eq20), the covariant perturbation theory
typically much farther off mass shell. cglcul_atlon[ll,Z(] leads tos—s>0 at largex. The origin of_
The's distribution in kaons is obtained from measure- this difference can be traced back to the fact that the light-
ments of final states in inclusivé+ target— VX reactions, ~coneK distribution function peaks at larger valuesyofom-
where V=u*u~ in Drell-Yan production [40] or pared with the instant-form distribution with the vertex func-
V=p,¢, ... in inclusive meson productidd1]. One finds  tion (20), which is somewhat less symmetric abgut 1/2,
that the ratio of theK structure function to the much better Fig. 7. Upon convoluting the more symmetric light-cone dis-
determinedr structure functiorf42] is consistent with unity ~ tribution with thes* ands® distributions, the~(1—x)3
over most of the range of, dropping slightly at largex,  behavior ofs* and the harder-(1—x) behavior ofs¥ are
qX/q™~ (1—x)°18097140]. For thes quark distributions in  translated into a harder overalldistribution compared with
A and X one can expect the §8) symmetric relations thes. On the other hand, since at smglithe instant-form
5+ 50 oA P istribution () (LO) iqi i
s* ~d ands> ~s*~u/2 to be reasonable approximations. distributionf’\'(y)>fi’(y), the originalx dependence in
With these distribution functions, and the splitting func- s* ands™ is skewed to such an extent that the resulting
tions in Eqs(14), (17), and(26), the resultings-s asymmetry  distribution actually becomes dominant at langeAs dis-
is plotted in Fig. 6 afu?=10 GeV?, for different values of cussed in Sec. Il, however, the instant-form function
the KNA vertex function cutoff, A,,=0.7, 1, and 1.3 f{(y), evaluated with the-dependent vertex functia20),
GeV. [Note that it would not be meaningful to compare thedoes not satisfy the probability conservation relation in Eq.
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(3). Hence we believe that the results for the difference in ~ For cutoffs Ag,=0.7-1.3 GeV this would give
Fig. 6 are more realistic for the light-cone distribution func- As<0.002-0.003. This is to be compared with values
tions. As~—0.1 quoted in connection with determinationsd
from the spin-dependent structure functions in ReH].
B. Polarized strangeness These results therefore suggest that a kaon cloud alone can-
not be expected to reproduce the observed deviation from the

leen.the.S|mpI|C|ty W'th, which one can d?SCF'be SYMME- g jis. Jaffe sum rule. Other mechanisms for generating a non-
try breaking in the nucleon’s sea quark distributions with the.

o ; ) . ~zero As, such as ones based on the gluon axidll)U
meson cloud m_odel, it is tempting to attribute the large V'O'anomaly, need to be invoked to account for the data.
lation of the Ellis-Jaffe sum rulg2] to a kaon cloud of the
nucleon. By carrying away some orbital angular momentum
of the nucleon, a kaon cloud could naively be expected to V. CONCLUSION

reduce the intrinsic spin carried by quarks, and give rise to & \ye have presented a framework for studying strange form
negatively polarized strange quark d'St“bUt'm(X’Mz)- factors and quark distributions of the nucleon consistently in
The effect of the meson cloud on the polarized nucleonerms of the meson cloud model. Working on the light cone,
quark distributions has been addressed by several authogge avoids many of the problems and ambiguities associated
[15,22,4@. Although the kaon cloud picture can provide a yjth the choice of momentum dependent hadronic vertex
simple framework within which the nonperturbative seagnctions encountered in instant-form calculations.

could be understood qualitatively, it is clearly important to  \wjithin the uncertainty range of the input parameters, the
determine whether such a picture can provide, or even b§trangenes$8ach$ radius is found to be very small and
consistent with, a more quantitative description. In view Ofhegative, in the vicinity r2~—0.004--0.008 fn? for

the sensitivity of the sign and magnitude of the strange fornkNA vertex function cutoffs ofAy,=0.7—1.3 GeV. The

factors and the unpolarizests difference to the hadronic strange Dirac radius is somewhat Sma”er:,Dirac

vertex functions, we shall use the light-cone framework ©0_ 5 0007>—-0.0012 fn?. The strange madnetic moment is
reexamine the question of what role kaons play in the pmtorf]ounoi t0 beu ;_0 04_>'_0 1 whicr? is 2_93 times smaller
s . A,

spin problem. than in previous estimates. The strange axial vector charge is

The contribution to the polarized strange quark distribu- | Il 7.~ 0.0017 0 602 but in addition comes with
tion in the nucleon from kaon loops can be written aso smatl, 7s™>>. T .

the opposite sign compared with instant-form calculations
X with the meson cloud model. Combined, these results sug-
—,,u,z) , (283 gest that the strangeness content of the nucleon aQibvs
y indeed very small, and may represent a challenge to experi-
— mentalists seeking to verify its presence.
As(x,u)=0, (28b) Using the same light-cone framework, we have estimated
_ the asymmetry between tiseands quark distributions in the

whereAs is zero for the same reason that B form factor  ncleon, which has been the subject of recent experimental
receives contributions only from the* A interaction dia-  jnyestigatior[9,44]. We find the magnitude of thes differ-
gram in Fig. 1a). The helicity-dependerti—KA splitting  ence to be very small, with thedistribution slightly harder

2 tdy A
As(x,u%) = § VAfAK(y)AS

function is given by than thes, but somewhat sensitive to the shape of the had-
a e 5 ronic KNA vertex function. Within the current experimental
Afyk(y)=AFH(y,Q7=0), (29 errors this is consistent with the recent experimental deter-

, ) 2 ! : mination of the asymmetry from neutrino deep-inelastic scat-
with AT*2(y,Q ).dEf'nEf‘d In Eq._(23). ) tering, if moderately sofkKNA vertex functions are used.

If one had available information about the spin-dependentq; yery hard vertex functions, the predicted asymmetry
x distribution of the strange quark in the ba’nezone could  seems to be somewhat large in comparison with the data of
predict the resultingx dependence ofAs(x,u) arising et [9]. However, to be more definitive, more statistics on
from kaon loops. Unfortunately, there is no information yhe charm production data are needed, and the apparent dis-
about polarized quark distributions in any hadron other.renancy hetween the inclusive deep-inelastic muon and neu-
than the nucleon. Nevertheless, one can still get an estimalf,o data and those onc production must be resolved
of the size of the kaon I002p contribution by consideringrg 44 49 Finally, the contribution of the kaon cloud to the
the first moment ofAs(x,u%). In the SUB)-symmetric  oarizedAs quark distribution is very small anfositive
model the spin of thé\ is carried entirely by the quark.zlt As=<0.002-0.003, and therefore is unlikely to feature
may seem reazsonable therefore to expezct that‘(,u') prominently in any final explanation of the proton spin
= [;dxAs”(x,u%)~O(1) at some low scalg*, even taking puzzle.
into account SUB)-symmetry-breaking effects, or some of = Asjde from the experimental uncertainties, the small val-
the spin residing on gluons or in the form of angular momenyes for both the slope of the strangeness form factor and the
tum. Evolution to larger values of” would imply that s_sdifference within the simple model considered here
As*(u)=0(1) [10]. In this case the total strange quark gives some support to the suggestion of Hafl] that the
contribution to the proton spin would be coordinate and momentum space strange quark distributions

L L are correlated. This relationship will be clarified when new,

As( w2 Ef dxAs(x, u2 Sf dvAf =G3(0). 30 more precise data from deep-inelastic neutrino scattering be-

(#5) 0 (%) 0 YATAK(Y)=Ca(0). (30 come available. Measurement of th@®> dependence of
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strange matrix elements at low and intermediate values oftrangeness in the nucleon, as well as its dynamical origin.
Q? at MIT-Bates, Jefferson Lab, and elsewhere will also be
very valuable [7,8]. The dynamical source of intrinsic
strangeness can also be explored in semi-inclusive experi-
ments involving coincidence measurement of scattered lep- We would like to thank M.K. Banerjee for useful remarks
tons and specific hadronic final stafes’]. Measurement of and suggestions. Helpful discussions with M. Burkardt, T.D.
the spin transfer from target protons to recoilinghyperons  Cohen, H. Ito, X. Ji, M. Nielsen, J. Speth, F.M. Steffens,
in the target fragmentation region could discriminate be-A.W. Thomas, and S. Wang are gratefully acknowledged.
tween kaon cloud models, in which the spins are highly corM.M. would like to thank the TQHN group at the University
related, and parton fragmentation models, for which the coref Maryland for their hospitality during his extended visit,
relations are very weald7]. Similar effects have also been and the Brazilian agency CAPES for financial support, Grant
discussed in hadronic reactionsp— AA [48]. While the  No. BEX1278/95-2, which made this visit possible. This
upcoming experiments will be difficult, if successful they work was supported by Department of Energy Grant No.
should provide quite important information on the role of DE-FG02-93ER-40762.
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