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Strange nucleon form factors in the perturbative chiral quark model
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We apply the perturbative chiral quark model at one loop to calculate the strange form factors of the nucleon.
A detailed numerical analysis of the strange magnetic moments and radii of the nucleon, and also the momen-
tum dependence of the form factors is presented.
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I. INTRODUCTION

Strange quark contributions to the properties of
nucleon have attracted a lot of interest since the origin
puzzling EMC results of the proton spin@1#. Recently, the
SAMPLE @2,3# and HAPPEX@4,5# Collaborations reported
results for the strange nucleon form factors from the m
surement of the parity-violating asymmetry in elas
electron-proton scattering. The SAMPLE Collaboration
MIT-Bates @2,3# concentrated on the strange magnetic fo
factor GM

s at a small momentum transfer withQS
2

50.1 GeV2. The updated value ofGM
s measured by the

SAMPLE Collaboration@3# is

GSAMPLE
s ~QS

2!8GM
s ~QS

2!50.1460.2960.31. ~1!

Here and in the following, results for the magnetic for
factor are given in units of nuclear magnetons. The HAPP
Collaboration at TJNAF@4,5# extracted from the data th
combination of chargeGE

s and magneticGM
s form factor

GHAPPEX
s ~QH

2 !8GE
s ~QH

2 !10.39GM
s ~QH

2 !

50.02560.02060.014 ~2!

at QH
2 50.477 GeV2 @5#. The upcoming experiment by th

A4 Collaboration at MAMI@6# intends to measure

GMAMI
s ~QM

2 !8GE
s ~QM

2 !10.22GM
s ~QM

2 !, ~3!

whereQM
2 50.23 GeV2.

Different theoretical approaches were applied to
analysis of strange nucleon form factors, including QC
equalities and Lattice QCD@7–10#, heavy baryon chiral per
turbation theory~HBChPT! @11,12#, dispersive approache
@13–15#, kaon loop calculations@16#, a hybrid model based
on vector meson dominance~VMD ! in addition to a kaon
cloud contribution@17#, a VMD model@18#, a Skyrme model
@19#, a NJL model@20#, and chiral@21# soliton models, chiral
bag @22# and chiral quark@23,24# models, etc. Theoretica
results vary quite widely. For example, the predictions
the strange magnetic momentmN

s 8GM
S (0) are distributed

from negative values20.7560.30 @7# to positive ones 0.37
@22#. Theoretical results for the strange charge radius v
from 20.1660.06 fm2 @9# to 0.0560.09 fm2 @12#. Simi-
larly, predictions for the momentum dependence of
strange form factors cover a wide range of values, depen
0556-2813/2002/66~5!/055204~8!/$20.00 66 0552
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on the individual model. Therefore, more precise expe
ments can serve as a crucial check for existing low-ene
approaches, which describe the sea of strange quarks in
the nucleon.

Here we concentrate on the calculation of the stran
nucleon form factors in the framework of the perturbati
chiral quark model~PCQM! which was suggested and deve
oped in Refs.@25–28# for the study of low-energy propertie
of baryons. The PCQM is based on the nonlinears-model
quark Lagrangian, and includes a phenomenological confi
ment potential. Baryons are considered as bound state
valence quarks surrounded by a cloud of pseudoscalar
sons. We treat the meson cloud perturbatively and, theref
our approach is similar to quark models studied in Re
@24,29–31#. The model was successfully applied to the ele
tromagnetic properties of the nucleon@26#, s-term physics
@27#, and thepN scattering including radiative correction
@28#.

In the present paper we proceed as follows. In Sec. II
briefly describe the basic notions of our approach. In Sec
we apply the model to investigate the strange form factors
nucleon. Section IV contains a summary of our major co
clusions.

II. PERTURBATIVE CHIRAL QUARK MODEL

The starting point of the perturbative chiral quark mod
@26–28# is an effective chiral Lagrangian describing the v
lence quarks of baryons as relativistic fermions moving in
self-consistent field ~static potential! Veff(r )5S(r )
1g0V(r ) with r 5uxW u @25,30#, which are supplemented by
cloud of Goldstone bosons (p,K,h). ~For details, see Ref
@26#.! The effective LagrangianLeff5Linv1LxSB of the
PCQM includes a chiral invariant partLinv and a symmetry
breaking termLxSB ~containing the mass terms for quark
and mesons!,

Linv~x!5c̄~x!@ i ]”2g0V~r !#c~x!1
1

2
@DmF i~x!#2

2S~r !c̄~x!expF ig5
F̂~x!

F
Gc~x!, ~4!

LxSB~x!52c̄~x!Mc~x!2
B

2
Tr@F̂2~x!M#, ~5!
©2002 The American Physical Society04-1
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whereF̂(x) is the octet matrix of pseudoscalar mesons,Dm
is the covariant derivative@27#, F588 MeV @26,32# is the
pion decay constant in the chiral limit,M5diag$m̂,m̂,ms% is
the mass matrix of current quarks withm̂57 MeV, andms

525m̂; B51.4 GeV is the quark condensate constant.~Here
we restrict ourselves to the isospin symmetry limit withmu

5md5m̂.) We rely on the standard picture of chiral symm
try breaking@33# and for the masses of pseudoscalar mes
we use the leading term in their chiral expansion~i.e., linear
in the current quark mass!:

Mp
2 52m̂B, MK

2 5~m̂1ms!B, Mh
25

2

3
~m̂12ms!B.

~6!

We expand the quark fieldc in the basis of potential eigen
states as

c~x!5(
a

baua~xW !exp~2 iEat !1(
b

db
†vb~xW !exp~ iEbt !,

~7!

where the sets of quark$ua% and antiquark$vb% wave func-
tions in orbitsa and b are solutions of the Dirac equatio
with the static potential. The expansion coefficientsba and
db

† are the corresponding single quark annihilation and a
quark creation operators.

Treating Goldstone fields as small fluctuations around
three-quark (3q) core we formulate perturbation theory
the expansion parameterF̂(x)/F;1/ANc which corresponds
to an expansion in powers ofp/F, wherep is the 3 momen-
tum of the meson field. We also treat finite current qua
masses perturbatively@26,33#. In this paper we restrict our
selves to the linear form of the meson-quark interact
exp@ig5F̂(x)/F#'11ig5F̂(x)/F, and all calculations are per
formed at one loop or at order of accuracyo(1/F2,m̂,ms). In
the calculation of matrix elements we project quark diagra
on the respective baryon states. The baryon states are
ventionally set up by the product of the SU(6) spin-flav
and SU(3)c color wave functions, where the nonrelativist
single quark spin wave function is replaced by the relativis
solutionua(xW ) of the Dirac equation

@2 ig0gW •¹W 1g0S~r !1V~r !2Ea#ua~xW !50, ~8!

whereEa is the single-quark energy.
For the description of baryon properties we use the eff

tive potential Veff(r ) with quadratic radial dependencie
@26,27#

S~r !5M11c1r 2, V~r !5M21c2r 2 ~9!

with the particular choices

M15
123r2

2rR
, M25E02

113r2

2rR
, c1[c25

r

2R3
.

~10!
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HereE0 is the single-quark ground-state energy;R arer are
parameters related to the ground-state quark wave func
u0,

u0~xW !5N expF2
xW2

2R2G S 1

irsW xW /RD xsx fxc , ~11!

where N5@p3/2R3(113r2/2)#21/2 is a normalization con-
stant; xs , x f , and xc are the spin, flavor and color quar
wave functions, respectively. Note that the constant par
the scalar potentialM1 can be interpreted as the constitue
mass of the quark, which is simply the displacement of
current quark mass due to the potentialS(r ). The parameter
r is related to the axial chargegA of the nucleon calculated
in zeroth-order~or 3q-core! approximation:

gA5
5

3 S 12
2r2

11
3

2
r2D . ~12!

Therefore,r can be replaced bygA using matching condition
~12!. The parameterR is related to the charge radius of th
proton in the zeroth-order approximation as

^r E
2&LO

P 5E d3xu0
†~xW !xW2u0~xW !5

3R2

2

11
5

2
r2

11
3

2
r2

. ~13!

In our calculations we use the valuegA51.25 @26#. There-
fore, we have only one free parameter, that isR. In the nu-
merical studies@26# R is varied in the region from 0.55 to
0.65 fm, which corresponds to a change of^r E

2&LO
P from 0.5

to 0.7 fm2. The parameterR serves as a scale parameter f
perturbation theory. In a previous paper@26# we showed that
for values ofR50.660.05 fm our perturbation theory is pe
fectly justified. We calculated the renormalization constanZ
which is responsible for charge conservation. The numer
value ofZ for our set of parameters is close to unity~e.g., for
nonstrange quarks 0.8860.03). The expansionf̂/F breaks
down forR,0.3 fm. With the formal and phenomenologic
foundation established, our model gives a reasonable
scription of nucleon properties. In models similar to our a
proach~see, e.g., Ref.@34#! an improvement of the phenom
enological fit can be obtained by inclusion of certa
additional physical aspects, such as c.m. corrections and
entz boost effects. Usually, these two types of corrections
calculated for leading~three-quark core! diagrams@34# while
their contributions are supposed to be negligible for next-
leading diagrams including meson cloud corrections. T
contributions to the strange nucleon form factors start w
next-to-leading diagrams. Therefore, we do not inclu
center-of-mass and Lorentz boosts corrections. In our fur
publications we intend to calculate these effects.
4-2



n
he

nt

th

to
st
a
a

m
-

to

y

he

h

nt

by

of

eon

are

tor

STRANGE NUCLEON FORM FACTORS IN THE . . . PHYSICAL REVIEW C 66, 055204 ~2002!
III. STRANGE FORM FACTORS OF NUCLEON

Now we consider the calculation of the strange vector a
axial vector nucleon form factors. We first derive from t
model Lagrangian the strangeness vector currentVm

s , which
is the combination of the baryonicJm

B and the hypercharge
Jm

Y currents:

Vm
s 8Jm

B2Jm
Y . ~14!

Using Noether’s theorem we have

Jm
B5

1

3
q̄gmq, Jm

Y5q̄gm

l8

A3
q1

2

A3
f 8i j F i]mF j , ~15!

where f i jk are the totally antisymmetric structure consta
of SU(3). We therefore obtain

Vm
s 5 s̄gms1~K1i ]mK21K0i ]mK̄01H.c.!. ~16!

Note that both valence and sea (K-meson cloud! quarks con-
tribute to the strangeness vector current. This form of
strangeness current is common to chiral quark models@24#.
The strangeness axial currentAm

s is given by

Am
s 5 s̄gmg5s, ~17!

where, because of the pseudoscalar nature of the Golds
bosons, the mesonic piece is absent. To perform a consi
calculation of strange nucleon form factors we have to gu
antee local gauge invariance associated with the electrom
netic Uem(1) group. As in the case of electromagnetic for
factors ~see Ref.@26#!, we restrict our kinematics to a spe
cific frame, that is the Breit frame~BF!, where gauge invari-
ance is fulfilled due to the decoupling of the time and vec
components of the electromagnetic current operator@35#. In
the BF the initial momentum of the nucleon isp5(E,
2qW /2), the final momentum isp85(E,qW /2) and the
4-momentum-transfer isq5(0,qW ) with p85p1q. With the
spacelike momentum transfer squared given asQ252q2

5qW 2, the strange form factors of nucleon—chargeGE
s and

magneticGM
s ~Sachs! form factors—are defined in the BF b

K NS qW

2
D UV0

s~0!UNS 2
qW

2
D L 5xN

† xNGE
s ~Q2!, ~18!

K NS qW

2
D UVW s~0!UNS 2

qW

2
D L 5xN

† isW N3qW

2mN
xNGM

s ~Q2!,

~19!

K NS qW

2
D UA3

s~0!UNS 2
qW

2
D L 5xN

† sN
3 xNGA

s ~Q2!. ~20!

Here, V0
s and VW s are the time and space component of t

strangeness vector current@Eq. ~16!# A3
s is the third spatial

component of the strangeness axial current@Eq. ~17!#; xN is
the nucleon spin wave function. At zero recoil the Sac
form factors satisfy the normalization conditions
05520
d
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GE
s ~0!50, GM

s ~0!5ms, GA
s ~0!5gA

s , ~21!

wherems andgA
s are the strange nucleon magnetic mome

and axial charge, respectively. DiracF1
s(Q2) and Pauli

F2
s(Q2) form factors are related to the Sachs form factors

GE
s ~Q2!5F1

s~Q2!2
Q2

4mN
2

F2
s~Q2!, ~22!

GM
s ~Q2!5F1

s~Q2!1F2
s~Q2!. ~23!

The strange nucleon radii~charge, magnetic and axial! are
given by

^r 2& I
s526

dGI
s~Q2!

dQ2
uQ250 , I5E,M ,A. ~24!

In the PCQM the strange vector~charge and magnetic!
and axial form factors of the nucleon are defined by

xN
† xNGE

s ~Q2!5 N^f0u2
1

2E d~ t !d4xd4x1d4x2e2 iqx

3T@Lint~x1!Lint~x2!V0
s~x!#uf0&c

N ,

~25!

xN
† isW N3qW

2mN
xNGM

s ~Q2!

5 N^f0u2
1

2E d~ t !d4xd4x1d4x2e2 iqx

3T@Lint~x1!Lint~x2!VW s~x!#uf0&c
N , ~26!

xN
† sN

3 xNGA
s ~Q2!5 N^f0u2

1

2E d~ t !d4xd4x1d4x2e2 iqx

3T@Lint~x1!Lint~x2!A3
s~x!#uf0&c

N ,

~27!

whereLint is the linearized strong interaction Lagrangian
kaons and quarks:

Lint~x!52
S~r !

F
@K1~x!ū~x!ig5s~x!

1K0~x!d̄~x!ig5s~x!#1H.c. ~28!

Superscript ‘ ‘N’ ’ in Eqs. ~25! and ~26! indicates that the
matrix elements are projected on the respective nucl
states and subscript ‘ ‘c’ ’ refers to contributions from con-
nected graphs only. At one loop the relevant diagrams
indicated by Figs. 1~a! ~meson-cloud! and 1~b! ~vertex cor-
rection!. For the quark field we use a Feynman propaga
for a fermion in a binding potential:
4-3
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iGc~x,y!5u~x02y0!(
a

ua~xW !ūa~yW !e2 iEa(x02y0)

2u~y02x0!(
b

vb~xW !v̄b~yW !eiEb(x02y0).

~29!

In the following we truncate the expansion of the qua
propagator to the ground state eigenmode:

iGc~x,y!→ iG0~x,y!8u0~xW !ū0~yW !e2 iEa(x02y0)u~x02y0!.
~30!

For K mesons we use the free Feynman propagator fo
boson field with

iDK~x2y!5E d4k

~2p!4i

exp@2 ik~x2y!#

MK
2 2k22 i e

. ~31!

Below, for transparency, we present the analytical exp
sions for the strange nucleon form factors obtained in
PCQM.

~a! The meson-cloud~MC! diagram@Fig. 1~a!# results in

GE
s ~Q2!uMC52

27

200S gA

pF D 2E
0

`

dpp2E
21

1

dx~p21pAQ2x!

3FpNN~p2,Q2,x!tE
MC~p2,Q2,x!, ~32!

GM
s ~Q2!uMC52

9

200
mNS gA

pF D 2E
0

`

dpp4E
21

1

dx

3~12x2!FpNN~p2,Q2,x!tM
MC~p2,Q2,x!,

~33!

where

FIG. 1. Diagrams contribution to the strange nucleon form f
tors: ~a! meson cloud diagram and~b! vertex correction diagram.
05520
a

s-
e

FpNN~p2,Q2,x!5FpNN~p2!FpNN~p21D!,

D5Q212pAQ2x,

tE
MC~p2,Q2,x!

5
1

wK~p2!wK~p21D!@wK~p2!1wK~p21D!#
,

tM
MC~p2,Q2,x!5

1

wK
2 ~p2!wK

2 ~p21D!
, ~34!

with vK(t)5AMK
2 1t. HereFpNN(p2) is thepNN form fac-

tor normalized to unity at zero recoil. For theGaussianform
of the single-quark wave function it is given by@26#

FpNN~p2!5expS 2
p2R2

4 D H 11
p2R2

8 S 12
5

3gA
D J .

~35!

~b! The vertex-correction~VC! diagram@Fig. 1~b!# con-
tributes.

GE(M )
s ~Q2!uVC5GE(M )

p ~Q2!u3q
LO 3

200S gA

pF D 2

3E
0

`

dpp4
FpNN

2 ~p2!

wK
3 ~p2!

•tE(M )
VC , ~36!

GA
s ~Q2![GA

s ~Q2!uVC

52GA~Q2!
9

1000S gA

pF D 2E
0

`

dpp4
FpNN

2 ~p2!

wK
3 ~p2!

,

~37!

where tE
VC59 and tM

VC521; GA(Q2)5gAFpNN(Q2) is the
axial nucleon form factor;GE(M )

p (Q2)u3q
LO are the proton

charge and magnetic form factors calculated at leading o
~LO! @26#:

GE
p~Q2!u3q

LO5expS 2
Q2R2

4 D S 12
r2

11
3

2
r2

Q2R2

4 D ,

~38!

GM
p ~Q2!u3q

LO5expS 2
Q2R2

4 D 2mNrR

11
3

2
r2

. ~39!

For the case of the strange axial nucleon form factor only
VC diagram@Fig. 1~b!# contributes at the order of accurac
we are working in. Combining the contributions of both di
grams, the expressions for the static characteristics~the
strange magnetic moments, radii and axial charge of
nucleon! are given by

-

4-4
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TABLE I. Static strange characteristics associated with the vector current.

Approach ms (n.m.) ^r 2&E
s (fm2) ^r 2&M

s (fm2) rs rs1mpms

QCD equalities@7# 20.7560.30
Lattice QCD@8# 20.1660.18
Lattice QCD@9# 20.3660.20 20.1660.06 2.0260.75 160.75
Lattice QCD@10# 20.2860.10

HBChPT@12# 0.1860.34 0.0560.09 20.14
Poles@13# 20.3160.09 0.1460.07 22.1 22.97
Poles@14# 20.18560.075 0.1460.06 22.93 23.60
Poles@15# 20.2460.03

Kaon loop@16# 20.35560.045 20.029760.0026
Kaon loop1VMD @17# 20.2860.04 20.042560.0026

Skyrme model@19# 20.13 20.11 1.64 1.27
NJL soliton model@20# 0.1060.15 20.1560.05 3.06 2.92

xQSM @21# 0.115 20.095 0.073
CBM @22# 0.37
CQM @23# ;20.05
CQM @24# 20.046 ;0.02

PCQM 20.04860.012 20.01160.003 20.02460.003 0.1760.04 0.05
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ms52
3

200S gA

pF D 2E
0

` dpp4

wK
3 ~p2!

FpNN
2 ~p2!Fmp

LO1
4mN

wK~p2!
G ,

~40!

gA
s 52

9

1000
gA S gA

pF D 2E
0

` dpp4

wK
3 ~p2!

FpNN
2 ~p2!, ~41!

^r 2&E
s 5

27

200S gA

pF D 2E
0

` dpp4

wK
3 ~p2!

FFpNN
2 ~p2!S ^r E

2&LO
P

2
5

2

p213mK
2 ~p2!

wK
4 ~p2!

D 2@FpNN8 ~p2!#2G , ~42!

^r 2&M
s 52

9

125S gA

pF D 2E
0

` dpp4

wK
3 ~p2!

FFpNN
2 ~p2!S 5

16
R2mp

LO

1
p213mK

2 ~p2!

wK
4 ~p2!

D 1
1

2
@FpNN8 ~p2!#2G , ~43!

whereFpNN8 (p2)5dFpNN(p2)/dp. In the analytical expres
sions the strange nucleon properties are related to the lea
order nonstrange results of the charge radius of the pro
^r E

2&LO
P of Eq. ~13! and the proton magnetic momentmp

LO

given by

mp
LO5GM

p ~0!u3q
LO5

2mNrR

11
3

2
r2

. ~44!

Our results for the static characteristics of the nucleon a
ciated with the vector current are listed in Table I. A com
parison with other theoretical predictions is also includ
05520
ing
n

o-
-
.

For completeness, we also give our prediction for the lead
strange charge coefficientrs, which is defined as

rs5
dGE

s ~t!

dt
ut5(Q2/4mN

2 )50 . ~45!

Note thatrs is also expected to be measured by the HAPP
II experiment@36#. The two strange charge distribution p
rameterŝ r 2&E

s andrs are related in the PCQM as

rs52
2

3
mN

2 ^r 2&E
s . ~46!

As we mentioned before, the error bars in our theoreti
results are due to a variation of the range parameterR of the
quark wave function from 0.55 fm to 0.65 fm. Also takin
into account the other models, predictions cover a la
range of values. In earlier calculations@7–10,13–17,19# the
strange magnetic moment is favored to be negative, re
calculations@21,22#, however, gave positive values forms.
Our value ofms is relatively small and negative, close t
the one of Refs.@23,24#. Comparing our predicted values t
HBChPT, though the central values of the quantities are q
different, the results are consistent if we take the error b
into account. For example, the strange magnetic moment
charge radius in the perturbative chiral quark model a
20.04860.012 and 20.01160.003 fm2, and the corre-
sponding values in HBChPT are 0.1860.34 and 0.05
60.09 fm2 @12#. For comparison, we also present the resu
generated by lattice QCD calculations: we indicate a cal
lation in the quenched approximation@9#, which was recently
4-5
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TABLE II. Predictions for SAMPLE, HAPPEX, and MAMI experiments in comparison to current
perimental results.

Approach GSAMPLE
s (QS

2) GHAPPEX
s (QH

2) GMAMI
s (QM

2 )

HBChPT@12# 0.2360.44 0.02360.048 0.00760.127
xQSM @21# 0.09 0.08760.016 0.14160.033
CQM @24# 20.06 20.08

PCQM 2(3.761.2)31022 (1.860.3)31023 (2.960.5)31024

Experiment@3,5# 0.1460.2960.31 0.02560.02060.014
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improved in Ref. @10#, and one where the extrapolatio
scheme takes careful consideration of chiral symmetry c
straints@8#.

As for the leading strange charge coefficientrs, the
spread of predictions of various models is quite large, ra
ing from 22.93 to 3.06. Our value forrs is positive and
small: 0.1760.04. Our results for the strange radii are a
small when compared to other approaches. Because o
simple relationship betweenrs and the strange charge radiu
^r 2&E

s , a measurement ofrs also determineŝr 2&E
s . A 4He

experiment was proposed to measurers at Q2→0 to an ac-
curacy ofdrs560.5 which could be capable of yielding
reasonable experimental value forrs @36#. In Ref. @36# the
authors obtained a preliminary value of

rs12.9ms50.6760.4160.30 ~47!

from the current HAPPEX data@5#. In Table I we indicate
our prediction forrs1mpms of 0.05 at central values ofrs,
mp and ms, which is consistent with Eq.~47!. The values
obtained from lattice calculations and the Skyrme mod
where the strange magnetic moment is negative as in
PCQM, also compare reasonably to the value of Eq.~47!.
The results of dispersive approaches@13,14# and the NJL
soliton model@20# disagree with the current experiment
limits.

We also calculate the combinations of strange form f
tors measured by SAMPLE and HAPPEX at finiteQ2 with
our predictions as:GSAMPLE

s (QS
2)52(3.761.2)31022 and

GHAPPEX
s (QH

2)5(1.860.3)31023. The prediction for the
MAMI A4 experiment is GMAMI

s (QM
2 )5(2.960.5)31024.

In Table II we summarize the theoretical results for the
spective experiments obtained within different theoretical
proaches. The values of our predictions for the HAPPEX a
MAMI experiments are quite small. This is because in t
PCQM we have a cancellation between the strange ch
form factor, which is positive and the magnetic one, wh
turns out to be negative, as will be shown below.
HBChPT, the central values of the SAMPLE and HAPPE
experiments are fitted by an appropriate choice of the lo
energy couplings@12#. We also determine the strange ax
charge of the nucleon with
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gA
s 520.005260.0015. ~48!

Our prediction has the correct sign when compared to
present direct estimate of this quantity from deep inela
scattering experiments@37#, gA

s 520.1260.03, but differs
quantitatively.

Next we discuss the momentum dependence of
strange form factors for the central value of our size para
eterR50.6 fm. In Fig. 2 we plot theQ2 dependence of the
nucleon charge strange form factor, which is positive for
Q2 and has maximum atQ2;0.5 GeV2. The behavior of
GE

s (Q2) is close to the one calculated in Ref.@18# and simi-
lar to the results obtained in lattice QCD@9# and the chiral
soliton quark model@21#. All these calculations give a posi
tive strange form factorGE

s . Our result is also consisten
with that of Ref.@12# considering the uncertainty of the pa
rameters. The chiral quark model of Ref.@24#, however, ob-
tains a form factorGE

s which is negative and decreases wi
the increasingQ2.

In Fig. 3, we show the momentum dependence of
strange magnetic form factorGM

s (Q2) which is similar to the
prediction of lattice QCD@9#. Both results give a negative
strange form factorGM

s (Q2). Though our results forGE
s is

FIG. 2. Nucleon strange charge form factorGE
s (Q2).
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close to Refs.@18# and @21#, the predictions forGM
s are dif-

ferent, in that in latter references a positive value forGM
s is

obtained for the indicatedQ2 range. In Ref.@12#, both posi-
tive and negative value ofGM

s are possible due to the unce
tainty of the parameters.

In Figs. 4 and 5 we plot the momentum dependence of
Dirac F1

s(Q2) and PauliF2
s(Q2) strange form factors of the

nucleon. The behavior ofF1
s is close to that ofGE

s , while F2
s

andGM
s have similar momentum dependence. Finally, in F

6 we plot theQ2-dependence of the normalized strange ax
nucleon form factorGA

s (Q2)/GA
s (0).

FIG. 3. Nucleon strange magnetic form factorGM
s (Q2).

FIG. 4. Nucleon strange Dirac form factorF1
s(Q2).
05520
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IV. SUMMARY

In summary, we investigate the strange vector~charge and
magnetic! and axial form factors of the nucleon in the pe
turbative chiral quark model. We determined the moment
dependence of the strange form factors, radii, and magn
moments at the one-loop level. Our results for the stra
form factors and the leading strange charge coefficient
consistent with the SAMPLE and HAPPEX experimen
The strange electric form factorGE

s is positive with a maxi-
mum at aboutQ2;0.5 GeV2. The strange magnetic form
factor GM

s is negative and its absolute value increases w

FIG. 5. Nucleon strange Pauli form factorF2
s(Q2).

FIG. 6. Normalized nucleon strange axial form fact
GA

s (Q2)/GA
s (0).
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Q2. The signs of the discussed quantities are stable w
respect to changes in the model parameter. Absolute va
for bothGE

s andGM
s are small in this model, consistent wit

currently available data. An accurate determination of
strangeness form factors at moderateQ2 will provide a sen-
sitive test for the modeling of sea quark contributions in
low-energy description of the nucleon and hence for
implementation of chiral symmetry.
et
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