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Abstract: The nonlocal chiral effective theory is applied to investigate the electromagnetic and strange form factors

of nucleons. The bubble and tadpole diagrams are included in the calculation. With the contributions from bubble

and tadpole diagrams, the obtained electromagnetic form factors are close to the results without these contributions

as long as the low energy constants c¢; and c¢; are properly chosen, while the magnitudes of strange form factors be-

come larger. The electromagnetic form factors are in good agreement with the experimental results, while the mag-

nitudes of strange form factors are larger than the lattice data.
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I. INTRODUCTION

The electromagnetic form factors of nucleons are im-
portant physical quantities, which are helpful to under-
stand both the nucleon inner structure and the mechan-
ism of strong interaction. For many years, the elastic
lepton-nucleon scattering measurements have enabled us
to obtain detailed information on the electromagnetic
form factors of the proton and neutron over a wide range
of kinematics. Numerous measurements were carried out
at the Stanford Mark III accelerator [1], Cambridge Elec-
tron Accelerator [2], Stanford Linear Accelerator Center
(SLAC) [3], Bonn [4], DESY [5], Mainz [6], NIKHEF
[7], MIT-Bates [8], and Jefferson Lab [9]. The elastic
scattering measurements have stimulated considerable
activity over the past two decades in the determination of
the flavor separated form factors of the up, down, and
strange quarks in the nucleon. A number of measure-
ments of the strange form factors have been successfully
performed, starting with SAMPLE at Bates [10] and A4
at Mainz [11], followed by the high precision GO [12] and
HAPPEX [13] experiments at Jefferson Lab.

Numerous theoretical works have also been per-
fomed on the nucleon form factors. Owing to the non-
perturbative property of the strong interaction, it is very
difficult to study hadron properties using the QCD funda-

mental theory directly. Many theoretical calculations are
based on phenomenological methods, such as the con-
stituent quark model, cloudy bag model, perturbative
chiral quark model, quark-diquark model, nonlocal quark
meson coupling model, Nambu-Jona-Lasinio model, Dys-
on-Schwinger equations, vector meson dominance model,
chiral quark soliton model, and AdS/QCD approach
[14-30]. The lattice QCD simulation is the most rigorous
method to study hadron properties. However, the simu-
lated results have to be extrapolated to the continuum and
infinite volume limits to compare them with experiment-
al data. In addition, if the simulations are performed us-
ing heavy quark masses, the data need to be extrapolated
to the physical quark masses. With the improvement in
computing speed, currently, lattice simulation of nucleon
form factors can be carried out at physical quark masses
including the disconnected contributions [31, 32].

Besides lattice QCD, the chiral effective field theory
(EFT) is another systematic approach that has been
widely applied in hadron physics [33, 34]. Compared
with the various phenomenological models, one advant-
age of the EFT is that it can provide some model-inde-
pendent results. Although the chiral EFT has been a fairly
successful approach, for the nucleon form factors it is
only valid at relatively small Q? values, for example, less
than 0.1 GeV? [35]. The range can be extended up to 0.4
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GeV? by explicitly including vector meson degrees of
freedom into the theory [36].

In recent years, we proposed a nonlocal chiral effect-
ive theory, which makes it possible to study hadron prop-
erties at a relatively large momentum transfer [37]. The
basic idea is that in the nonlocal Lagrangian, a baryon
and a meson are located in different coordinates de-
scribed by a correlator. To guarantee the local gauge in-
variance, the path integral of the gauge field is intro-
duced, which leads to the additional interactions. The ad-
ditional Feynman diagrams are crucial to obtain the cor-
rected normalized nucleon charge. On the one hand, the
correlator makes the loop integral ultraviolet convergent.
On the other hand, the physical quantities at a large mo-
mentum transfer can be described very well. Perturbative
calculations in chiral EFT expand the observables as
series in the pseudoscalar meson mass O(my/A,) or small
external momentum O(g/A,), where A, ~1 GeV is the
scale associated with the chiral EFT. With the introdu-
cing of the regulator, the power counting of our nonlocal
EFT is lost. The higher order terms are included as a type
of resummation. This resummation of the chiral expan-
sion induced through the introduction of a finite range
cutoff in the momentum integrals of meson-loop dia-
grams has been shown to be a very good and effective re-
summation method. The nonlocal chiral EFT has been ap-
plied to study the nucleon electromagnetic form factors
[38], strange form factors [39], unpolarized and polar-
ized parton distribution functions (PDFs) [40-42], gener-
alized parton distributions (GPDs) [43], etc. The ap-
proach has also been generalized to the fundamental in-
teraction of QED, which provided an interesting explana-
tion to the lepton g —2 anomaly [44, 45].

In the previous form factor calculations, the bubble
and tadpole diagrams were not included [38, 39, 46]. In
fact, in the earlier extrapolation of nucleon form factors
with finite-range regularization, these diagrams were not
included either [47, 48]. The bubble and tadpole dia-
grams have no effect on the nucleon wave function renor-
malization because their contributions to the nucleon
charge are summed to be zero. In this work, we will ap-
ply the nonlocal EFT to study the nucleon form factors,
including these bubble and tadpole diagrams, to verify
whether the results are changed or not. This paper is or-
ganized in the following way. In Sec. II, we briefly intro-
duce the nonlocal chiral effective Lagrangian. The mat-
rix elements of the bubble and tadpole diagrams for the
electromagnetic and strange form factors are presented in
Sec. III. Numerical results are discussed in Sec. IV. Fi-
nally, Sec. V is a brief summary.

II. CHIRAL EFFECTIVE LAGRANGIAN

We start from the local chiral effective Lagrangian.
The lowest Lagrangian that describes the pseudoscalar

mesons, octet and decuplet baryons, and their interaction
is expressed as

LY =Tr[B(P - Mp)B|+DTr [37#75 {”/“B}]

) o -
+ FTe[By"ys [w,. B||+ T, (iy* Do +iMro*) T,
ilm

+C [eijkTﬂ O™ (u,)" B™ + h.C.]

y o .
+H Tj{kyﬂmf ()" T + fZTr[aHU(aﬂ 0L
where D, F, C , and H are the baryon-meson coupling
constants. Mp and My are the octet and decuplet baryon
masses. f ~93 MeV is the pseudoscalar decay constant.
The " in the octet-decuplet transition operator is given
by

O =g = Zyy”, @)

where Z is the off shell parameter. The tensor y*** is
defined as " = —i{o*",y*}. The octet baryons and
mesons are arranged in 3 x 3 matrices, while the decuplet
baryons are represented by the symmetric tensor with
three indices. The covariant derivatives of the octet and
decuplet baryon fields are given by

D,B=8,B+T,,Bl, DT =08,T/+T,.T)* (3)

The mesons couple to the baryon fields through the vec-
tor and axial vector combinations defined as

= St 0. vy St i 0

where u is defined in terms of the pseudoscalar meson
field ¢
V2
¢). %)
f

The octet, decuplet, and octet-decuplet transition magnet-
ic moment operators are needed in the one loop calcula-
tion of nucleon form factors. The magnetic Lagrangian is
written as

u® = exp (i

e oy Ny
Log = - (@ Tr[Bo* {Fh» Bl + 2 Te[Bo* [}, B]]
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where ¢, ¢; , and c¢3 describe the magnetic moments of
octet baryons at tree levels, whereas F] and ¢4 are re-
lated to the magnetic moments of the decuplet baryons
and octet-decuplet transition. With the SU(6) symmetry,
one can have the following relationships [43]:

€3 =C2—Cy,

1
Fy =§(c1 +3¢3),

1
C4 =—=Cq.

(7

V3
To calculate the contributions of the bubble diagrams, the
following high order Lagrangian that provides the next-
to-leading order baryon-baryon-meson-meson interaction
has to be included [49]:

£® =%0’“V(b9Tr[§uﬂ]Tr[uyB] +b1oTr[ B{[uy, uy], B)]

+ b1 Tr[Bl[uy, uy1, BID), (®)
where the coefficients by, bjg, and by are determined in
Ref. [49] as b9 =1.36 GeV, bjp=1.24 GeV, and b =
0.46 GeV.

The gauge invariant nonlocal Lagrangian can be ob-
tained by the displacement of the coordinates of the
meson and photon fields with the proper inclusion of the
gauge link. For example, the gauge invariant local strong
interaction ppnr is expressed as

L = POy PO (0@, ey ()

= (X)(@, +ieA ()T (1)), ©9)

The corresponding nonlocal Lagrangian is expressed as

L2L=#ﬁ(x)y”p(x) f da f dbF(a)F (b)[explie f ' adzy f deA (2= O)F (0| (x + )

x+b
X (0, —ie fch(c)ﬂ,,(x - c))exp[ - ief dz, fdcj["(z - c)F(c)]n_(x +b)

— (0, +ie fch(c)ﬂ,u(x - c))exp[ie fx ’ dz, fdcj{v(z - c)F(c)];ﬁ(x +a)

x exp| —ie f Hbdzv f deA (2= F(©)|r (x+ b)),

where F(a) is the correlation function. To guarantee the
gauge invariance, the gauge links are introduced in the
above Lagrangian. Similarly, the nonlocal electromagnet-
ic interaction of the nucleon can also be obtained. For ex-
ample, the local interaction between a proton and a
photon is written as

3

L1980 = _ o p(x)y p(x) A (x) + (C‘IZ—CZ)Ep(xwp(x)F,w(x).
my

(11)

The corresponding nonlocal Lagrangian is expressed as

Liy == f dap(x)y* p(O)Au(x - a)F1(a)

(Cllgﬂ f dap(x)o*” p(x)F,(x — a)F(a),
my

(12)
where Fi(a) and F»(a) are the correlation functions for

the nonlocal electric and magnetic interactions. As in our
previous work, we assume that the charge and magnetic

(10)

form factors at the tree level have the same momentum
dependence as the nucleon-pion vertex, i.e., Gi;*(p) =
upGYe(p) = upF(p), where F(p) is the Fourier transform-
ation of the correlation function F(a). Therefore, the cor-
responding functions of F(g) and F»(q) are expressed as

. _Am 0 o (up—Ddmy,
Fl(Q)—F(Q)W, F2(Q)—F(Q)W(-l3)

The nonlocal Lagrangian is invariant under the following
gauge transformation

() = Ot (y),  p(x) - e p(x),

1
A (x) = Au(x) - zﬁﬂo/(x), (14)

where a(x) = [daa’(x-a)F(a).

From the nonlocal Lagrangian, the interaction with
the external photon can be obtained. There are two types
of electromagnetic interactions in a nonlocal case. Be-
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sides that from the minimal substitution, which is the
same as in the local interaction, there is an additional one
generated from the expansion of the gauge link. For ex-
ample, from Eq. (10), we can obtain the additional inter-
action as

£ == L pio) [ da [ abr@r)
x| f dz, f deA (z = OOF () (x + a)d,m~ (x + b)
-7 (x+ @)d( f " dz, f deA (2= ) F ()™ (x+b))
= d,( fx o dz, f de A (z - O)F ()m* (x+ ) (x+b)

x+b
+0,7" (x+a) f dz, f de A (z - O)F () (x+b)).
) (15)

The additional interaction is important to acquire the
renormalized proton (neutron) charge 1 (0). With the non-
local Lagrangian, one can calculate the electromagnetic
and strange form factors of the nucleon.

III. ELECTROMAGNETIC FORM FACTORS

The Dirac and Pauli form factors of the nucleon are
defined as

<N(PHJHIN(p) >

=i(p’ ){y”FN(Q . FN(Q )}u(p) (16)

where g=p’'—p and Q% =—-¢*. FY(Q? and F)(Q?) are
the Dirac and Pauli form factors, respectively. The com-
bination of the above form factors can generate the elec-
tric and magnetic form factors as

/’8 > ,’QQ\
/ \

Fig. 1.

GY(QH =FY(Q* ey FN(Q )

G (0H) =FY (0% +F§V (QZ). (17)

In Eq. (16), the contributions of the u, d, and s quarks are
all included in the current. If only the strange current is
included, one can obtain the strange form factors. Ac-
cording to the Lagrangian, the one-loop Feynman dia-
grams that contribute to the nucleon electromagnetic form
factors are plotted in Fig. 1, where only bubble and tad-
pole diagrams are shown. In Fig. 1, diagrams a and b are
called bubble diagrams, while ¢, d, and e are called tad-
pole diagrams. Here, we only present the formulas for the
bubble and tadpole diagrams. The formulas for the other
diagrams can be found in Refs. [38, 46].

The contributions of the leading bubble diagram, Fig.
1(a), to the matrix elements in Eq. (16) are written as

1 1
(p) _
FZ P = _m Z,ﬂ*lr - z_les,K*K”
1 1

() _ H 1

I fz amm mla,nn’
: 1 1

H(s) _ " M

Fa = ?Ia K K- + Z_f‘QIa,Kok"’ (18)

where the integral I/ ¢ 1S expressed as

1
Ly —F(q)u(p)f(2 i D Do
N 1
2 2 F(k + ) —————u(p). 19
X (2K +¢) ( +q)D¢(k+q)u(p) (19)

Besides the matrix elements for the proton and neutron,
the matrix element of the strange quark T** is also writ-
ten. In the above integral, Dy(k) is the propagator of
meson ¢. The correlators F(k) and F(k+ ¢g) make the loop

One-loop Feynman diagrams for the nucleon electromagnetic form factors. The solid and dashed lines are for a nucleon and

meson, respectively. The crossed circle represents the interaction with the photon field from the minimal substitution, the black square
represents the magnetic interaction in Eq. (6), the gray square denotes the interaction in Eq. (8), and the filled circle denotes the addi-

tional gauge link interaction with the photon field.
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integral convergent and F(g) gives a proper meson form
factor at the tree level. The contributions of the bubble
diagram at next-to-leading order, Fig. 1(b), to the matrix
elements are written as

) _ _2bio+bi) o 4bii+bg 7
b f2 bt fz b,K*K?
o _ 2bio+b1) 2(b10—b11)1#
b f2 b f2 b, K"K’
2(b1o—b11) 4by +b
() _ 10— b1t 11 +by
Ly == 7 IZ,K*K’ + 7 ff,m@’ (20)
where the integral /) +¢ 1s expressed as
=F ky F (k) ———
Lyys (C/)u(p)f(2 = "qpkyF( )D 0
- 1
X 2k F (k + ¢) ————u(p). 21
Dpytkr " ? 21)

For the tadpole diagram with electric coupling to the
photon field, Fig. 1(c), the matrix elements are written as

4m12\, +0%(1+ci+c2) u

r/{(ﬁ) —_ ‘o
2(4m12V + Qz)f2 enn

4m12v +0*(1+¢)) "
@my + 002 oK

() :4m12V + Q2(1 +c1+c) u
c 2(4m%] + Qz)fz et

~ 4m12V+ 0*(1—cy +¢2) u
2(4m3 + Q22 KK

4my + Q*(1—c1+c2) ,

H(s) _
2(4m2 + Q22 oK

c

4m? + Q*(1+¢2) y @)
(4m%/ + Q2)f2 c,K°K°’

where the integral I/ ¢ 15 expressed as

~2
Pl g . @

I,y = F@ap) f o

For the tadpole diagram with the magnetic coupling to the
photon field, Fig. 1(d), the matrix elements are written as

2 2
e - ZmN(cl +c3) " 4mN62

T Umy o

N M
(@m3, + Q1) f2 HRK”

2m12v(cl+cZ) " Zmlzv(cl—CZ) "

l"ll(’l) - L NV T s
T @my QT A+ ) 2 K
us) _ _ 2m12\,(c1 —-c) N 4m§,cz (24)
© a4 O K G g R
where the integral I, s is expressed as
"y

=F F(k . (@5

e = @i [SEPOS up, 9

In the nonlocal chiral EFT, there is an additional interac-
tion with the external photon, which is generated from the
expansion of the gauge link. The contributions of this ad-
ditional diagram, Fig. 1(e), to the matrix elements are
written as

1 1

(p)
Flf—fp = 2f2121ﬂ*7r fZIZK K->
1 1
ll(’l) i U
F 2f2 e 2_](‘216,[(*[(”
1 1
(s)
o) - ?IQ‘K . +J721ZKOKO, (26)

where the integral I #¢ 1S expressed as

Byo =Foue) [ S R0 o

2k +q)"

X
ka-q

sIF(k+q) —F(lu(p).  (27)

After simplifying the y matrix algebra, we can obtain the
separate expressions for the Dirac and Pauli form factors.
Together with the contributions from the rainbow and
Kroll-Rudderman diagrams, which have been obtained in
our previous work [38, 46], the nucleon form factors can
be obtained. In the next section, the numerical results will
be discussed.

IV. NUMERICAL RESULTS
In the numerical calculations, the parameters are se-
lected as D=0.75, F = %D, and H =
constant C is set to be 1.0, which is the same as that in
Refs. [38, 50]. The parameters c¢; and ¢, are determined
by the experimental magnetic moments of the proton and
neutron, u, =2.79 and yu, = —1.91. The covariant regulat-

or for the baryon-meson interaction is chosen to be a di-
pole form

—3D. The coupling
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B A2- mé
Fio = [ﬁ] : %)

where mg is the meson mass. For the photon field, the
regulator is the same, except that the meson mass is re-
placed by zero. In our calculation, A is the only free para-
meter. It is found that when A is approximately 1.0 GeV,
the obtained nucleon form factors are reasonable com-
pared with the experimental data. The determined para-
meters c¢; and ¢, are listed in Table 1. For both cases,
with or without bubble and tadpole diagrams, we can re-
produce the experimental nucleon magnetic moments
with proper choices of ¢;. ¢; and ¢, will be slightly smal-
ler when the bubble and tadpole diagrams are included.
With the determined parameters, we will show the
results of the electromagnetic and strange form factors of
the proton and neutron. The proton electric form factor
versus momentum transfer is plotted in Fig. 2. The blue
and red bands are the results for A 1.0+0.1 GeV with and
without bubble and tadpole diagrams, respectively. The
experimental data are also shown in the figure. From the
figure, one can observe that the experimental data can be
reasonably described in both cases. The obtained charge
form factor GZ(QZ) with bubble and tadpole contribu-
tions is slightly smaller than that without bubble and tad-
pole contributions. With the additional diagram gener-
ated from the interaction of gauge link, the proton charge
is 1 at 9% = 0. Compared with the results with dimension-

Table 1.
second two ¢; (i=1,2) are for the cases without and with

Obtained parameters c¢; and c,. The first and

bubble and tadpole diagrams, respectively.

A /GeV cl (&) cl [
0.9 2.05 0.75 1.77 0.67
1.0 1.98 0.74 1.61 0.63
1.1 1.92 0.72 1.46 0.59

1.0
0.8f
Aé\;
oo
0.6} 5 §
GF ézq\, ~
0.4f ER S
x ;nl I
s RXTS I
0.2 S e
%835 02 04 0.6 0.8 1.0
Q* (GeV?)
Fig. 2.  (color online) Electric form factor of the proton

GL(Q% versus momentum transfer Q% with A =1.0+0.1 GeV.
The blue and red bands are for the results with and without
bubble and tadpole diagrams, respectively.

al and infrared regularizations, the nonlocal approach can
describe the form factor data at a relatively large mo-
mentum transfer. The calculated magnetic form factor of
the proton G”M(Qz) is shown in Fig. 3. In both cases, the
theoretical bands are also consistent with the experiment-
al data up to 1 GeV?. The band with bubble and tadpole
contributions is slightly smaller than that without those
contributions, which is closer to the experimental data as
the electric form factor case.

As in the proton case, the electromagnetic form
factors of the neutron, G%(Q*) and G",(Q?), are plotted in

E
3.0
2.5
%“u
20F e
KL
Gh 15 ¢ an
1.0p ) fre sn,
g “eae .
0.5} o]
°9% 02 04 0.6 0.8 10
Q* (Gev?)
Fig. 3. (color online) Same as Fig. 2 but for the magnetic
form factor.
0.10} T
0.08} I 1
0.06} i1 ;* T )
Gg +« L * * ‘L B %
0.04} 1
0.02}
0085 02 04 06 0.8 10
Q* (GeV?)
Fig. 4. (color online) Electric form factor of the neutron

G(Q%) versus momentum transfer Q% with A =1.0+0.1 GeV.
The blue and red bands are for the results with and without
bubble and tadpole diagrams, respectively.

0.0
—
-0.5} —
» ®
o,
6 -10f >
L)
i
-15F
280 02 04 056 0.8 1.0
Q* (Gev?)
Fig. 5. (color online) Same as Fig. 4 but for the magnetic
form factor.
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Fig. 4 and Fig. 5. For G’E(Qz), both bands first increase
and then smoothly decrease with the increasing mo-
mentum transfer. The shapes are both comparable with
the experimental data. The band with bubble and tadpole
contributions is higher than that without those contribu-
tions. Obviously, the bubble and tadpole contributions
make the theoretical result more reasonable. With the ad-
ditional diagrams, the neutron charge is 0 at Q> =0. We
should mention that the neutron electric form factor in the
case without bubble and tadpole diagrams is larger than
our previous result [38]. This is mainly because the para-
meters are a little different. In particular, here the cutoff
A is chosen to be approximately 1.0 GeV, while it is 0.85
GeV in Ref. [38]. For G;’/I(Qz), there is a slight difference
between these two bands, although both of them can de-
scribe the experimental data well.

From the above numerical results, one can see that for
the electromagnetic form factors, even though the de-
termined low energy constants c¢; and ¢, are different, the
calculated results with and without bubble and tadpole
contributions are both comparable with the experimental
data. With the determined parameters, we then present
the results for the strange form factors.

The strange electric form factor of the nucleon,
GE(QZ), for A 1.0+0.1 GeV is shown in Fig. 6. As for
the nucleon electromagnetic case, the blue and red bands
are for the results with and without bubble and tadpole
contributions, respectively. The lattice data from Ref.
[31] are also shown. In both cases, the strange electric
form factor first increases from zero and then changes
smoothly with the increasing Q. The numerical differ-
ence of these two cases is obvious. The result with the
bubble and tadpole contributions is much larger than that
without these contributions. For example, at Q> =0.22
GeV?, G5(0.22 GeV?) =0.0085000% which is approx-
imately four times larger than the strange electric form
factor without bubble and tadpole contributions. This is
because the contributions from the bubble and tadpole
diagrams are much larger than those from the diagrams
with octet and decuplet intermediate states. We should
mention that after we fixed the parameters ¢; and c¢; by
the magnetic moments of the proton and neutron, the
strange form factors are calculated directly without any
parameter. Although our values are larger than those of
the lattice simulation at finite 02, the numbers are con-
sistent with the global analysis where G;7(0.22 GeV?)
=0.035+0.030+0.019 [51].

The strange magnetic form factor is plotted in Fig. 7
for the two cases together with the lattice data. For the
magnetic case, the contributions from bubble and tadpole
diagrams are comparable with those from the rainbow
and Kroll-Rudderman diagrams. As a result, the two
bands are both negative and comparable. The strange
magnetic moment with bubble and tadpole contribution is

0.020
0.015}

GS 0.0100
0.005} { {

R i {1 f { . .
0008 5 0.2 0.4 06 08 1.0
Q* (Gev?)
Fig. 6. (color online) Strange electric form factor of the nuc-

leon G4(Q% versus momentum transfer Q? with A =1.0+0.1
GeV. The blue and red bands are for the results with and
without bubble and tadpole diagrams, respectively. The lat-
tice data are from Ref. [31].

0.00F

—0.01} ! { {

-0.02} {
G -0.03f
-0.04} ]

-0.05}F

-0.06¢ ) ) ) )
0.0 0.2 04 0.6 0.8 1.0
Q* (GeV?)

Fig. 7.
form factor.

(color online) Same as Fig. 6 but for the magnetic

ps = —0.066%0928 which is also covered by the experi-

mental analysis u§ " = -0.14+0.11+0.11 [51].

V. SUMMARY

We applied the nonlocal EFT to calculate the electro-
magnetic and strange form factors of the nucleon. The
bubble and tadpole diagrams were included in the calcu-
lation. The next-to-leading order baryon-meson interac-
tion £® was necessary, even though it was not needed in
the previous calculation with only rainbow and Kroll-
Rudderman diagrams. In the numerical calculation, all the
parameters were predetermined except the cutoff para-
meter A in the regulator and the low energy constants c;
and ¢;. ¢; and ¢, were fixed by the nucleon magnetic
moments, and A was selected to be approximately 1.0
GeV. The numerical results showed that the electromag-
netic form factors with and without bubble and tadpole
diagrams were close to each other with the proper choices
of ¢; and ¢;. In both cases, the electromagnetic form
factors were in good agreement with the experimental
data. As there was no free parameter when we calculated
the strange form factors, the obtained strange form factors
could have a significant difference in the two cases. With
the bubble and tadpole diagrams, the magnitudes of the

023106-7



Z.Y. Gao, P. Wang, M. Y. Yang

Chin. Phys. C 47, 023106 (2023)

strange electric and magnetic form factors were both lar-
ger. The obtained magnetic moment is y, = —0.066*9-028

—-0.034"

The strange electric form factor is positive, and G}.(0.22

GeV?)=0.0085+09046 when Q? =0.22 GeV2. Our results

-0.0037

revealed that the magnitudes of the strange form factors
are larger than the lattice data.
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