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Strange chiral nucleon form factors
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We investigate the strange electric and magnetic form factors of the nucleon in the framework of heavy
baryon chiral perturbation theory to third order in the chiral expansion. All counterterms can be fixed from
data. In particular, the two unknown singlet couplings can be deduced from the parity-violating electron-
scattering experiments performed by the SAMPLE and the HAPPEX Collaborations. Within the given uncer-
tainties, our analysis leads to a small and positive electric strangeness radius,^r E,s

2 &5(0.0560.09) fm2. We
also deduce the consequences for the upcoming MAMI A4 experiment.@S0556-2813~99!06109-9#

PACS number~s!: 13.40.Ks, 12.39.Fe, 13.40.Gp, 14.20.Dh
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I. INTRODUCTION

Recently, the first results from parity-violating electro
scattering experiments, which allow one to pin down t
so-called strange form factors of the nucleon, have beco
available. The SAMPLE Collaboration has reported the m
surement of the strange magnetic moment of the proton@1#.
To be precise, they give the strange magnetic form facto
units of nuclear magnetons at a small momentum tran
QS

250.1 GeV2

GSAMPLE
(s) ~QS

2!5GM
(s)~QS

2!510.2360.3760.1560.19.
~1!

The rather sizable error bars document the difficulty of su
types of experiment. The HAPPEX Collaboration has cho
a different kinematics which is more sensitive to the stran
electric form factor@2#. Their measurement implies

GHAPPEX
(s) ~QH

2 !5GE
(s)~QH

2 !10.39GM
(s)~QH

2 !

50.02360.03460.02260.026 ~2!

with QH
2 50.48 GeV2. There have been many theoretic

speculations about the size of the strange form factors, s
of them clearly in conflict with the data~for a review, see
Ref. @3#!. Here, we wish to analyze these data in the fram
work of chiral perturbation theory. It was shown in@4# that
to leading order in the momentum dependence one can m
a parameter-free prediction for the momentum depende
of the nucleons’ strange magnetic~Sachs! form factor based
on the chiral symmetry of QCD solely. The value of th
strange magnetic moment, which contains an unknown l
energy constant, can be deduced from the SAMPLE exp
ment using the momentum dependence derived in@4#. Fur-
thermore, the SU~3! analysis of the baryon octe
electromagnetic form factors performed in@5# allows one to
pin down the octet component of the strange vector curr
We demonstrate here that to one-loop order~more precisely:
to third order in the chiral expansion! there is only one ad-
ditional singlet counterterm, the strength of which can
determined from the value found by HAPPEX. This allow
us to give a band for the strange electric form factor a
make a prediction for the MAMI A4 experiment@6#, which
intends to measure
0556-2813/99/60~4!/045501~7!/$15.00 60 0455
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GMAMI
(s) ~QM

2 !5GE
(s)~QM

2 !10.22GM
(s)~QM

2 !, ~3!

with a four-momentum transfer~squared! QM
2 50.23 GeV2

of approximately half the HAPPEX value.
The strangeness vector current of the nucleon is defi

as

^Nus̄gmsuN&5^Nuq̄gm~l0/32l8/A3!quN&

5~1/3!Jm
0 2~1/A3!Jm

8 ~4!

with q5(u,d,s) denoting the triplet of the light quark field
andl05I (la) the unit~the a58 Gell-Mann! SU~3! matrix.
Chiral perturbation theory~ChPT! is a precise tool to inves
tigate such types of low-energy properties of the nucleon@7#.
In the past few years, however, it was believed that due
the appearance of higher-order local contact terms with
determined coefficients, ChPT cannot be used to make
prediction for the strange magnetic moment or the stra
electric form factor@8#. However, with the advent of the firs
SAMPLE and HAPPEX data and renewed theoretical eff
the situation has now changed. It could be shown tha
third order in small momenta and/or meson mass inserti
~we collectively denote these expansion parameters byp),
there appear only four low-energy constants~LEC’s! in the
octet ~note that only two combinations of these are relev
here! and two in the singlet current. While the former~two
combinations! can be fixed from the isoscalar anomalo
magnetic moment and charge radius of the nucleon, the la
two can now be deduced from the pioneering SAMPLE a
HAPPEX results.1

1As a cautionary remark we mention already here that the mom
tum transfer in the HAPPEX experiment might be too large to tr
the third-order ChPT treatment. However, at the moment we c
sider the experimental uncertainties associated with the SAMP
and HAPPEX input into our calculation to be larger than the th
retical uncertainty of truncating the calculation atO(p3). Ulti-
mately, the situation can be improved by performing the calculat
to next order, smaller experimental error bars and utilizing new d
at lower q2, which should become available within the next fe
years.
©1999 The American Physical Society01-1
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HEMMERT, KUBIS, AND MEISSNER PHYSICAL REVIEW C60 045501
II. THEORETICAL FRAMEWORK

In order to obtain the strange electric and magnetic~Sa-
chs! form factors we are calculating the singlet and the oc
current matrix element of the nucleon toO(p3) in SU~3!
HBChPT, in the Breit frame~following Refs.@9,10#!

Jm
(0,8)5

1

NiNf
ū~p8!Pv

1FGE
(0,8)~Q2!vm1

1

m
GM

(0,8)~Q2!

3@Sm ,Sn#qnGPv
1u~p!, ~5!

with

qm5~p82p!m , Q252q2, N5AE1m

2m
, ~6!

Pv
1 being a positive-velocity projection operator andm the

nucleon mass. For a more detailed discussion of this exp
sion and the relation to the standard Dirac and Pauli fo
factors, see, e.g.,@10#. From Eq.~5! one can then reconstruc
the strangeness form factors as follows:

GE/M
(s) ~Q2!5

1

3
GE/M

(0) ~Q2!2
1

A3
GE/M

(8) ~Q2!. ~7!

These form factors admit a Taylor expansion aroundQ2

50,

GE/M
(s) ~Q2!5GE/M

(s) ~0!2
1

6
^r E/M ,s

2 &Q21O~Q4!, ~8!
04550
t

s-

in terms of the strange electric/magnetic radii

^r E/M ,s
2 &526

dGE/M
(s) ~Q2!

dQ2 U
Q250

. ~9!

Note that one does not divide by the normalization of t
respective form factor~even if it is nonvanishing! as it is
usually done in case of the standard electromagnetic S
form factors. For that reason, one sometimes also introdu
the slope parameters (rE/M

(s) )25^r E/M ,s
2 &/6 @8#.

We give now the relevant HBChPT Lagrangians need
for the calculation. Throughout, we work in the isospin lim
mu5md . We utilize the covariant derivative acting on th
baryon fieldB in the fundamental representation

DmB5]mB1@Gm ,B#2 i ^vm
(0)&B

Gm5
1

2
@u†,]mu#2

i

2
u†vm

(8)u2
i

2
uvm

(8)u†1•••, ~10!

respectively, the chiral vierbein

um5 iu†~]mU2 ivm
(8)U1 iUvm

(8)!u†1•••, ~11!

where the quantityvm
(8)@vm

(0)# corresponds to an external oc
tet @singlet# vector source and̂•••& denotes the trace in fla
vor space. The relevant SU~3! HBChPT Lagrangians then
read~we do not show the terms which are only needed
wave-function renormalization!
LMB
(1) 5^B̄iv•DB&1D^B̄Sm$um ,B%&1F^B̄Sm@um ,B#&, ~12!

LMB
(2) 52

i ~11bF!

4m
^B̄@Sm,Sn#@ f 1mn

(8) ,B#&2
ibD

4m
^B̄@Sm,Sn#$ f 1mn

(8) ,B%&2
i ~11b0!

4m
^B̄@Sm,Sn#B&2^vmn

(0)&

2
1

2m
^B̄@Dm ,@Dm,B##&1

1

2m
^B̄@v•D,@v•D,B##&, ~13!

LMB
(3) 52

d101

~4pFf!2
^B̄@@vmDn, f 1mn

(8) #,B#&2
d102

~4pFf!2
^B̄$@vmDn, f 1mn

(8) #,B%&2
d0

102

~4pFf!2
^B̄B&^@vm]n,2vmn

(0)#&

1
1

2m
^B̄~g0B (2)†g0B (1)1g0B (1)†g0B (2)!B&2

1

4m2
^B̄g0B (1)†g0~ iv•D !B (1)B&1•••, ~14!

with

f 1mn
(8) 5u†~]mvn

(8)2]nvm
(8)!u1u~]mvn

(8)2]nvm
(8)!u†

vmn
(0)5]mvn

(0)2]nvm
(0) , ~15!

and the matricesB (1,2) encode the information concerning
1-2
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STRANGE CHIRAL NUCLEON FORM FACTORS PHYSICAL REVIEW C60 045501
the 1/m corrections due to transitions between the light a
heavy components@9#. Their explicit form for the SU~3! case
can be found in Ref.@11#. Furthermore,Ff5(Fp1Fk)/2
.100 MeV is the average pseudoscalar decay constant
use this value because the difference between the pion
the kaon decay constants only shows up at higher order.
the conventional axial meson-baryon couplings we will u
F50.5, D50.75.2 The LEC’sd101, d102 have already been
determined in@5# from the electric radii of the proton and th
neutron. In contrast to Refs.@4,8# we separate the anomalou
and nonanomalous contributions to the magnetic mome
utilizing the path integral formalism of@9#. To make contact
with the notation used in Ref.@4#, we notice that in the
corresponding dimension two LEC’sb6b

D/F and b6c are re-
lated to the ones given above in the following way:

b6b
F
ª11bF, b6b

D
ªbD, b6cª3 ~11b0!. ~16!

The first two of these are nothing but the two SU~3! param-
eters originally introduced by Coleman and Glashow@12# to
derive relations between the magnetic moments of the o
baryons. The dimension-two LEC’s are finite numbers sin
loop corrections only start at third order.

With these Lagrangians, we are now in the position
evaluate the strange form factors. Consider first the sin
contributions. To third order in the chiral expansion, the
are given entirely in terms of tree graphs and, therefore, t
the very simple forms

GE
(0)~Q2!53S 11

1

~4pFf!2
2d0

102Q22
1

4m2
b0Q2D ,

GM
(0)~Q2!53~11b0!5GM

(0)~0!ª31kN
(0) , ~17!

with kN
(0) being the singlet nucleon anomalous magnetic m

ment. Since there are no loop contributions to this order,
LEC d0

102 is finite and scale independent. Furthermore,
last term in the electric form factor is the singlet Foldy ter
i.e., we can rewrite the expression forGE

(0) as
d
is

04550
d

e
nd
or
e

ts,

et
e

o
et
e
e

-
e
e
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GE
(0)~Q2!53S 11F 2d0

102

~4pFf!2
2

kN
(0)

12m2GQ2D , ~18!

where the term in the square brackets is~up to a factor of
218! the singlet electric radius squared, see Eq.~8!. Such a
structure is of course familiar from the expression for t
neutron charge radius where the dominant contribution to
radius comes indeed from the Foldy term. The precise sp
ting for the strange electric radius will be discussed belo
The normalization ofGE,M

(0) is related to our normalization o
the singlet current. It is defined as in@4# with respect to the
~valence! quark number and not the baryon number as of
done, see, e.g.,@8#. There are no loop corrections to the si
glet electric charge because the baryon number curren
conserved. There are also no loop contributions to
strange electric radius sincevm

(0) does not couple to the me
son cloud and all graphs with couplings to the nucleon
momentum independent to third order. This will change
O(p4). The singlet magnetic form factor in Eq.~17! behaves
similarly to the isoscalar magnetic form factor in SU~2!, i.e.,
to third order it is entirely given in terms of a dimension-tw
contact term with no momentum dependence.

We now discussJm
8 . The corresponding octet componen

are of course implicitly contained in Ref.@5# since the elec-
tromagnetic current is an appropriate combination of trip
and octet components. Indeed, to this order the octet f
factor can be calculated from the sum of the physical pro
and neutron form factors and at this order happens to
equal to the isoscalar electromagnetic form factor of
nucleon,

GE/M
(8) ~Q2!5A3@GE/M

p ~Q2!1GE/M
n ~Q2!#

5A3GE/M
I 50~Q2!1O~p4!. ~19!

After standard renormalization to take care of the div
gences as detailed in@11#, the corresponding octet electri
form factor can thus be written as
GE
(8)~Q2!5A31

A3

~4pFf!2 H F 1

12
1

85

108
D22

17

18
DF1

17

12
F21S 1

2
1

5

6 S 5

3
D222DF13F2D D lnS MK

m D GQ21F S 5

3
D222DF

13F2D S 2MK
2 1

5

4
Q2D13S MK

2 1
1

4
Q2D G I E

K~Q2!12S d101~m!2
1

3
d102~m! DQ2J 1

A3

4m2 S 1

3
bD2bFDQ2, ~20!
where

2Note that the symbolD is used for the covariant derivative an
for one of the axial coupling constants. From the context it
however, always obvious which one is meant.
I E
K~Q2!5

1

3E0

1

dx lnS 11x~12x!
Q2

MK
2 D , ~21!

with MK5494 MeV the kaon mass andm is the scale of
dimensional regularization. Throughout, we setm51 GeV

,

1-3
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HEMMERT, KUBIS, AND MEISSNER PHYSICAL REVIEW C60 045501
and the scale-dependent LEC’s are also given at that s
They can be evaluated for any other scale making use of
b functions given in Ref.@11#. The corresponding octet ra
dius can be written as

^r 8,E
2 &52

A3~bD23bF!

2m2
2

1

32A3p2Ff
2 S 7~5D226FD

19F2!19172d102~m!224d101~m!

12@5~D226DF19F2!19# ln
MK

m D , ~22!

using

I E
K~Q2!5

1

18

Q2

MK
2

1OS Q4

MK
4 D . ~23!

Similarly, the magnetic octet form factor takes the form

GM
(8)~Q2!5A3S 12

1

3
bD1bFD2

A3m

16pFf
2 H S 5

3
D222DF

13F2D FMK1S MK
2 1

1

4
Q2D I M

K ~Q2!G J , ~24!

where

I M
K ~Q2!5E

0

1 dx

AMK
2 1x~12x!Q2

. ~25!
E

es
.

w
th

04550
le.
he
To further disentangle the momentum dependence of
form factor, we bring it into the following compact form:

GM
(8)~Q2!5A31k (8)2

2A3

3

pmMK

~4pFf!2
~5D226DF

19F2! f ~Q2!, ~26!

with the octet anomalous magnetic moment

k (8)5A3S bF2
1

3
bD2

mMK

24pFf
2 ~5D226DF19F2!D ,

~27!

and the functionf (Q2) given in Ref.@4#. To this order, we
have k (8)5A3(kp1kn) due to Eq.~19!. This relation is
trivially fulfilled if one fits the LEC’sbD andbF to the neu-
tron and proton magnetic moments using the third-order
mula. In fact, the form ofGM

(8) as given in Eqs.~24! and~26!
differs by the loop contribution to the magnetic momen
This difference is, however, of higher order. In what follow
we will work with the form of the octet form factor given in
Eq. ~24!. We remark that to this order in the chiral expa
sion, the momentum dependence of the magnetic octet f
factor completely determines the one of the strange magn
form factor.

Putting pieces together, the strange electric form facto
the nucleon takes the form
GE
(s)~Q2!5

1

~4pFf!2 H 2F 1

12
1

85

108
D22

17

18
DF1

17

12
F21S 1

2
1

5

6 S 5

3
D222DF13F2D D lnS MK

m D GQ2

2F S 5

3
D222DF13F2D S 2MK

2 1
5

4
Q2D13S MK

2 1
1

4
Q2D G I E

K~Q2!22S d101~m!2
1

3
d102~m!2d0

102DQ2J
2

1

4m2 S b01
1

3
bD2bFDQ2. ~28!
orm

t of
The strange electric radius can readily be deduced from
~28!, singlet and octet radii given before, see Eqs.~18!,~22!,
via

^r E,s
2 &5

1

3
^r E,0

2 &2
1

A3
^r E,8

2 &. ~29!

In this formula, one could express the terms;bD,F by the
octet magnetic moment. This again differs from the expr
sion one derives from Eq.~28! by terms of higher order
Given the rather sizable uncertainty of the present data,
refrain from discussing these differences here. Clearly,
last term in Eq.~28! is nothing but the~strange! Foldy term.
q.

-

e
e

For completeness we also give the strange magnetic f
factor found in@4#

GM
(s)~Q2!5mN

(s)1
pmMK

~4pFf!2

2

3
~5D226DF19F2!

3F4MK
2 1Q2

4MKAQ2
arctanS AQ2

2MK
D 2

1

2G , ~30!

where we have introduced the strange magnetic momen
the nucleon
1-4
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STRANGE CHIRAL NUCLEON FORM FACTORS PHYSICAL REVIEW C60 045501
mN
(s)5b01

1

3
bD2bF1

mMK

24pFf
2 ~5D226DF19F2!.

~31!

We remark that to the order we are working, the strange fo
factors are identical for the proton and the neutron. This
expected since symmetry breaking only sets in at sec
order and thus should only show up in a complete four
order calculation.

To summarize this section, we have given explicit expr
sions for the strange~Sachs! form factors of the nucleon
comprising the various contributions from tree and one-lo
graphs. To third order in small momenta, there appear f
octet and two singlet LEC’s. This has been observed be
@8#. The octet LEC’s can be fixed from standard electrom
netic nucleon and hyperon properties as detailed in Ref.@5#.
The two singlet LEC’s play very different roles. One of the
enters directly the strange electric radius (d0

102), the other
one (b0) can be fixed from the strange magnetic moment
the nucleon. This is the reason why to this order theQ2

dependence of the strange magnetic form factor could
predicted without unknown parameters in@4#. It is obvious
that the two results from SAMPLE and HAPPEX are suf
cient to pin down the singlet LEC’s~within some ranges due
to the presently large experimental uncertainties!.

III. RESULTS AND DISCUSSION

We are now in the position to determine the vario
LEC’s and consequently the strange form factors of
nucleon. To deal with the systematic, statistical, and theo
ical errors given by the SAMPLE and HAPPEX Collabor
tions, we add these in quadrature and thus use

GSAMPLE
(s) ~QS

2!50.2360.44, ~32!

GHAPPEX
(s) ~QH

2 !50.02360.048. ~33!

Together with the LEC’sbD,F and d101,102 fixed from the
proton and neutron magnetic moments and charge radii
spectively@5#,

bD53.92, bF52.92,

d101~1 GeV!521.06,

d102~1 GeV!51.70, ~34!

we can easily deduce the LEC’sb0 andd0
102 ~assuming that

we can use the third-order chiral expansion at the momen
of the HAPPEX experiment, see the first footnote!,

b050.0660.44, d0
102522.2060.20, ~35!

leading to the singlet magnetic moment and electric radiu
04550
m
is
d
-

-

p
r

re
-

f

e

e
t-

e-

m

of

kN
(0)50.18 and̂ r 0,E

2 &51.96 fm2.3 We remark that the value

for d0
102 is of natural size, i.e., of order one, and that t

uncertainty reflects only the experimental errors. Forb0, the
central value appears somewhat small but it can be con
ered natural within its sizeable uncertainty. With these nu
bers, we can now evaluate the strange form factors. In w
follows, we will always give a central value~cv! based on
the central values ofb0 andd0

102 and a range, which is given
by the lower and upper bounds we can get from combin
the uncertainties6db0 and6dd0

102 in all possible ways~for
the electric form factor!. We consider this a conservativ
estimate of the theoretical uncertainty within the accuracy
the calculation presented here. It does in no way reflect
estimate about the possible accuracy when one goe
higher order in the chiral expansion. Such an error is diffic
to estimate since at present only very few systematic stu
in three-flavor baryon ChPT exist~in the sense that all pos
sible terms at a given order have been retained and tha
counter terms can be fixed without any modeling; for a
cent review, see@13#!.

Consider first the strange electric form factor. It is show
in Fig. 1 for the central values of the LEC’s~solid line! and
the band displayed by the dot-dashed lines gives the theo
ical uncertainty as explained above. We remark again
this band is presumably too wide, i.e., if one were to perfo
an analysis based on correlated uncertainties, this b
would shrink. We remark that these uncertainties are do
nated by the uncertainty ind0

102, whereas the error inb0

leads only to moderate changes. This means that the co
bution from the Foldy term to the strange electric form fac

3Note that this value appears unnaturally large due to our norm
ization of the singlet current. For the more conventional normali
tion to the baryon number, it would have to be divided by a fac
of 3.

FIG. 1. Electric strangeness form factor of the nucleon. T
solid band gives the prediction based on the central values of
LEC’s and the dot-dashed lines reflect the possible~conservative!
range due to the uncertainties.
1-5
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HEMMERT, KUBIS, AND MEISSNER PHYSICAL REVIEW C60 045501
is of much less importance as, e.g., in the case of the neu
charge form factor. From the form factor we readily dedu
the strange electric radius as defined in Eq.~9!. We find

^r E,s
2 &5~0.0560.09! fm2, ~36!

which is a fairly small andpositivenumber, and even given
the sizable uncertainty, is on the lower side of predictio
based on dispersive approaches including maximal OZI
lation @14,15#. It is more compatible with models that includ
pr @16# or K̄K @17# continuum contributions in the isoscala
spectral functions besides the vector meson po
(v,f, . . . ). Furthermore, we remark that the central val
for the strange electric radius agrees in size but not in s
with the quark model calculation of Ref.@18#. Note also that
from the octet current the strange electric radius inherits
chiral singularity; ln(MK), cf. Eq. ~28!. The corresponding
octet radius iŝ r 8,E

2 &51.04 fm2. It is also worth to point out
that the momentum dependence of the strange electric f
factor is rather different from the one of the neutron cha
form factor, which also vanishes at zero momentum trans

We now turn to the strange magnetic form factor. Its m
mentum dependence was already discussed in Ref.@4#, but
having fixed the LECb0 within a certain range here, we no
have an absolute prediction forGM

(s)(Q2). This is shown in
Fig. 2. The rather wide band shown in Fig. 2 reflects
sizeable uncertainty of the SAMPLE result. The cent
value of the so-determined strange magnetic moment
however, positive@4#

mN
(s,cv)50.18, ~37!

and is thus at odds with most model calculations~see, e.g.,
Table I in @19#!. If one uses the relation of Ref.@4# that
relates the momentum dependence of the strange mag
form factor to the one of the isoscalar magnetic nucleon fo
factor, the deduced strange magnetic moment would stil
positive but very close to zero. This shows that there is s
some room for improving the theoretical description of t

FIG. 2. The strange magnetic form factor. For notations,
Fig. 1.
04550
on
e

s
-

s

n

e

m
e
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-

e
l
is,

tic

e
ll

magnetic form factor. The magnetic radius is uniquely fix
in terms of well-known low-energy parameters@4#,

^r M ,s
2 &52

pm

~4pFf!2MK

1

3
~5D226DF19F2!

520.14 fm2. ~38!

The slope is identical for a proton or a neutron target, it
negativeand to this order independent of the strange m
netic momentmN

(s) . The radius has the very reasonable b
havior that in the limit of very heavy kaonsMK˜` it goes
to zero, whereas it explodes in the chiral limitMK˜0.

We now turn to the MAMI experiment, which attempts
measureGMAMI

(s) (QM
2 )5GE

(s)(QM
2 )10.22GM

(s)(QM
2 ) at a four-

momentum transfer~squared! of QM
2 50.23 GeV2. This

value of Q2 is much better suited for the chiral expansio
We find, however, that at this value of the momentum tra
fer, there are sizeable cancellations between the electric
the magnetic contributions. The prediction for the vario
combinations of the singlet LEC’s are given in Table I. T
corresponding results for a smallQ2 interval (0.20<Q2

<0.24 GeV2) are shown in Fig. 3. Here, the uncertain
band is given by almost equal shares from the uncertaint
b0 and the one ind0

102.

IV. SUMMARY AND CONCLUSIONS

We have calculated the form factors of the strange vec
current of the nucleon in the framework of chiral perturb
tion theory, updating the analysis of Ref.@8#. To third order
in the chiral expansion, there appear six low-energy c
stants. Four of these can be trivially deduced form the n
tron and proton charge radii and magnetic moments. T
remaining two singlet couplings can be determined from
recent SAMPLE and HAPPEX measurements of combi
tions of the strange form factors. The crucialassumptionhere
is that we can apply the chiral expansion at a moment
transfer as large as the one in the HAPPEX experiment,
at Q250.48 GeV2. With this cautionary remark in mind, th
pertinent results of our study can be summarized as follo

The singlet LEC’s given in Eq.~35! are of natural size.
The error given reflects the sizeable uncertainty of the
perimental values obtained by SAMPLE and HAPPEX.
obtain theoretical uncertainties of the LEC’s, we have add
the various experimental errors in quadrature.

For the central values of the LEC’s, the strange elec

e

TABLE I. Predictions for the combination of strange form fa
tors to be measured at MAMI by the A4 Collaboration. The cent
values of the singlet LEC’s are denoted by the asterisk.

d0
102 b0 GMAMI

(s) (QM
2 )

22.20* 0.06* 0.007
22.00 0.50 0.134
22.00 20.38 20.002
22.40 0.50 0.017
22.40 20.38 20.119
1-6
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form factor of the nucleon is negative, cf. Fig. 1. The ba
given in the figure reflects the worst case scenario of co
bining the uncertainties in the singlet LEC’s~i.e., an analysis
based on correlated errors would give a smaller uncertain!.
To this order in the chiral expansion, the proton and neut
strange electric form factor are equal with small andpositive

FIG. 3. GE
(s)(Q2)10.22GM

(s)(Q2) for momentum transfer
squared between 0.20 and 0.24 GeV2. The solid line refers to the
central values of the LEC’sb0 , d0

102 and the other lines~dotted,
dashed,. . . ) to thevarious combinations of the LEC’s within the
uncertainties as given in the inset~here, the first6 refers to6dd0

102

and the second to6db0, see, also, Table I!.
tt

B

cl.

.

04550
-

n

radius, ^r E,s
2 &5(0.0560.09) fm2, due to cancellations be

tween the octet and the singlet contributions.
The strange magnetic form factor was already discus

in detail in Ref.@4#. In Fig. 2 we show the absolute predic
tion based on input from the SAMPLE result. The corr
sponding central value of the strange magnetic momen
mN

(s)50.18 with an uncertainty as given in Eq.~32!. The
corresponding strange magnetic radius is given entirely
terms of well-known parameters,^r M ,s

2 &520.14 fm2. Here,
the singlet and octet terms add.

The predictions for the MAMI A4 experiment, which in
tends to measureGE

(s)10.22GM
(s) at Q250.23 GeV2, are col-

lected in Table I. For the central values of the LEC’s, t
resulting number is fairly small due to cancellations betwe
the electric and magnetic contributions. Due to these can
lations, varying the LEC’s within their uncertainties does n
allow for a precise prediction.

We have shown that heavy baryon chiral perturbat
theory can indeed be used to analyze the strange form fac
of the nucleon. Our study should be considered explorat
due to the fairly large momentum transfer involved in t
HAPPEX experiment. However, with the on-going activiti
at BATES, Jefferson Lab, and MAMI we should soon ha
an improved data base which will allow us to make bet
use of the chiral symmetry constraints for the strangen
vector current matrix elements in the nucleon. Higher-or
calculations ~possibly involving the decuplet! are also
needed@20#.
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