PHYSICAL REVIEW C, VOLUME 60, 045501

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 (a@jg)s;(0.0Si 0.09) fnf. We
also deduce the consequences for the upcoming MAMI A4 experif@d556-28189)06109-9

PACS numbgs): 13.40.Ks, 12.39.Fe, 13.40.Gp, 14.20.Dh

|- INTRODUCTION Gl (QW =GP Q) +02BJ(Qf), (3

Recently, the first results from parity-violating electron . 2
scattering experiments, which allow one to pin down theWlth a four-momentum transfesquaredl Qy,=0.23 GeVf

so-called strange form factors of the nucleon, have becom%f approximately half the HAPPEX value. . i
available. The SAMPLE Collaboration has reported the mea- The strangeness vector current of the nucleon is defined
surement of the strange magnetic moment of the prptdn
To be precise, they give the strange magnetic form factor in o o
units of nuclear magnetons at a small momentum transfer (N[sy,SINY=(N|qy,(\%/3—\%/3)q|N)
Q%=0.1 GeV o .
=(1/3)2—(1/3)38 (4)

G uple( QY =G (Q2) = +0.23+0.37+0.15+0.19.

(1) with g=(u,d,s) denoting the triplet of the light quark fields
and\’=1(\?) the unit(thea=8 Gell-Mann SU(3) matrix.

The rather sizable error bars document the difficulty of such- : . . .
types of experiment. The HAPPEX Collaboration has choserrll:hlral perturbation theoryChPT) is a precise tool to inves-

; ; . C " tigate such types of low-energy properties of the nuclédn
a dn‘fgrent Kinematics Wh'c.h IS more sensitive to the strangqn the past few years, however, it was believed that due to
electric form factof2]. Their measurement implies

the appearance of higher-order local contact terms with un-
(s) 2y _ ~(9(A2 (82 determined coefficients, ChPT cannot be used to make any
Ghiappex Qi) = GE™(Q) +0-3%1(Qiy) prediction for the strange magnetic moment or the strange
=0.023+0.034-0.022-0.026  (2) electric form factof8]. However, with the advent of the first
SAMPLE and HAPPEX data and renewed theoretical effort
with Qﬁ=0.48 GeV. There have been many theoretical the situation has now changed. It could be shown that to
speculations about the size of the strange form factors, somthird order in small momenta and/or meson mass insertions
of them clearly in conflict with the datéfor a review, see (we collectively denote these expansion parameterhy
Ref. [3]). Here, we wish to analyze these data in the framethere appear only four low-energy consta(it&C's) in the
work of chiral perturbation theory. It was shown [i] that  octet(note that only two combinations of these are relevant
to leading order in the momentum dependence one can makere and two in the singlet current. While the formg@wo
a parameter-free prediction for the momentum dependencsombinationg can be fixed from the isoscalar anomalous
of the nucleons’ strange magnetachs form factor based magnetic moment and charge radius of the nucleon, the latter
on the chiral symmetry of QCD solely. The value of the two can now be deduced from the pioneering SAMPLE and
strange magnetic moment, which contains an unknown lowHAPPEX results:
energy constant, can be deduced from the SAMPLE experi-
ment using the momentum dependence derive#t|nFur-

tf?er:nore, tht‘? fSCB)f a{]alys'sf of Ejh%] tl)laryon O(t:tet 1As a cautionary remark we mention already here that the momen-
electromagnetic form factors performed][8] allows one to tum transfer in the HAPPEX experiment might be too large to trust

pin down the octet component of the strange vector CUIreNtyq third-order ChPT treatment. However, at the moment we con-
We demonstrate here that to one-loop or@eore precisely:  gjger the experimental uncertainties associated with the SAMPLE
to third order in the chiral expansipthere is only one ad- 5,4 HAPPEX input into our calculation to be larger than the theo-
ditional singlet counterterm, the strength of which can beetical uncertainty of truncating the calculation @(p3). Ulti-
determined from the value found by HAPPEX. This allows mately, the situation can be improved by performing the calculation
us to give a band for the strange electric form factor ando next order, smaller experimental error bars and utilizing new data
make a prediction for the MAMI A4 experimefi], which  at lower g2, which should become available within the next few
intends to measure years.
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ll. THEORETICAL FRAMEWORK in terms of the strange electric/magnetic radii
In order to obtain the strange electric and magné&sia-
chg form factors we are calculating the singlet and the octet I(ES/)M(Q )
current matrix element of the nucleon @(p®) in SU(3) (ré,M,s>=— — . 9)
HBChHPT, in the Breit framéfollowing Refs.[9,10]) dQ Q2=0

1 Note that one does not divide by the normalization of the
G(E("B)(Qz)vaL —G(hﬁ'g)(Qz) respective form factofeven if it is nonvanishingas it is

m usually done in case of the standard electromagnetic Sachs

form factors. For that reason one sometimes also introduces
P), (5)  the slope parameterp$))2=(rZ, /6 [8].
We give now the relevant HBChPT Lagrangians needed

with for the calculation. Throughout, we work in the isospin limit
m,=my. We utilize the covariant derivative acting on the

Erm baryon fieldB in the fundamental representation
q,=(p'—p),, Q*=-ag° N= \lw. (6)

— - 0
D,B=4d,B+[T',.B]-i(v{")B

1 —
300= Rearu(p )Py

X[S,.S,19"|Py u(

P, being a positive-velocity projection operator amtthe
nucleon mass. For a more detailed discussion of this expres-

sion and the relation to the standard Dirac and Pauli form - N LI
factors, see, e.g[10]. From Eq.(5) one can then reconstruct =5Luld,ul=Sulvyu=Zuv, tul+ .-, (10
the strangeness form factors as follows:
respectively, the chiral vierbein
1
GEM(Q%) = 2 GO(Q) ~ =GB Q. (@
™ 3 EM NE Cein u,=iuf(9,U—iv@U+iuv®ut+..., (1)

These form factors admit a Taylor expansion aroupd Where the quantitwff)[vﬁf’)] corresponds to an external oc-

=0. tet [singled vector source and---) denotes the trace in fla-
1 vor space. The relevant $8) HBChPT Lagrangians then
(s) 2y_ () T2 2 4 read(we do not show the terms which are only needed for
Geim(Q%)=Geim(0) 6<rE“‘"'S>Q O, @ yave-function renormalization
£{jy=(Biv-DB)+D(BS*{u, ,B})+F(BS*[u, ,B]), (12
@ 1ATDD) o o) 15(8) . ©
Lifh=——5——(B[s",s[1¥), B])- —<B[S/* S, Bl o (B, 1B 2(v ()
! Bip, [DmB ! Blv.D[v-DB 13
_ﬁ< [ ,uv[ ’ ]]>+%< [V' 1[\/' ’ ]])1 ( )
101 d102 d102
LP=————(B[[v*D",i®) 1,B])— ———(B{[v*D",{¥® BB)([v*d",2v%)
MB (47TF¢)2< [[ +,uV] ]> (47TF¢)2< {[ +/.LV:| }> < ><[ ,uv]>
= (2)t (1) (Dt (2) Ty DT, (i (1)
+ﬁ<B(YoB YoB U+ yoBY yoB )B>_R<BYOB Yo(iv-D)B™B)+ - - -, (14
with

f(fl)”— uT(ﬁﬂv(VB)— ﬁ,,vﬁf))u + U(&MVS,S)— ﬁVVELS))uT
vﬁf’y)zaﬂv(yo)—ﬁ,,vﬁf’), (15
and the matrice$8(*? encode the information concerning
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the 1M corrections due to transitions between the light and
heavy componen{®]. Their explicit form for the S(B) case GO(Q?)=3| 1+
can be found in Ref[11]. FurthermoreF ,=(F,+F)/2
=100 MeV is the average pseudoscalar decay constant. We
use this value because the difference between the pion anthere the term in the square bracketgug to a factor of
the kaon decay constants only shows up at higher order. For 18) the singlet electric radius squared, see . Such a
the conventional axial meson-baryon couplings we will usestructure is of course familiar from the expression for the
F=0.5, D=0.75% The LEC’'sd'®, d'° have already been neutron charge radius where the dominant contribution to the
determined if5] from the electric radii of the proton and the radius comes indeed from the Foldy term. The precise split-
neutron. In contrast to Refs4,8] we separate the anomalous ting for the strange electric radius will be discussed below.
and nonanomalous contributions to the magnetic momentshe normalization oGE v is related to our normalization of
utilizing the path integral formalism ¢®]. To make contact the singlet current. It is defined as [ii] with respect to the
with the notation used in Ref4], we notice that in the (valence quark number and not the baryon number as often
corresponding dimension two LECI&!;ES’{)F and bg, are re-  done, see, e.g[8]. There are no loop corrections to the sin-
lated to the ones given above in the following way: glet electric charge because the baryon number current is
conserved. There are also no loop contributions to the
bE.:=1+bF, bD:=bP, be:=3(1+by). (16 Strange electric radius sinad? does not couple to the me-
son cloud and all graphs with couplings to the nucleon are
The first two of these are nothing but the two @Uparam-  momentum independent to third order. This will change at
eters originally introduced by Coleman and GlasHd® to ~ O(p*). The singlet magnetic form factor in E(L7) behaves
derive relations between the magnetic moments of the octesimilarly to the isoscalar magnetic form factor in &) i.e.,
baryons. The dimension-two LEC’s are finite numbers sinceo third order it is entirely given in terms of a dimension-two
loop corrections only start at third order. contact term with no momentum dependence.

With these Lagrangians, we are now in the position to We now discusgi. The corresponding octet components
evaluate the strange form factors. Consider first the singledre of course implicitly contained in Rg] since the elec-
contributions. To third order in the chiral expansion, theseiromagnetic current is an appropriate combination of triplet
are given entirely in terms of tree graphs and, therefore, takand octet components. Indeed, to this order the octet form
the very simple forms factor can be calculated from the sum of the physical proton

and neutron form factors and at this order happens to be
equal to the isoscalar electromagnetic form factor of the

102 0
2d KF\I)

- , 18
(4mF 4%  12m? 18

QZ

1 1
cO02)=3| 1+ 2d19202_ boQ? |, nucleon,
Q% T °Q Rl
)02 (©) (0) GEM(Q®) = V3[GEM(Q?) +GEm(QY)]
GI(QY)=3(1+by)=G(0)=3+ Y, (17 Gem Em E/M
with «{”) being the singlet nucleon anomalous magnetic mo- =V3GEm(Q?) +0(p%). (19

ment. Since there are no loop contributions to this order, the
LEC d102 is finite and scale independent. Furthermore, theAfter standard renormalization to take care of the diver-
last term in the electric form factor is the singlet Foldy term,gences as detailed iri1], the corresponding octet electric

i.e., we can rewrite the expression 16£" as form factor can thus be written as
|
J3 1 85 17 17 1 5 5
(8) 2\ — I e B Bt 2 2_ 2 2 2
G®(Q?) =3+ (477F¢)2H12 1080 " 1gPF T F |5 tg|3D?~2DF +3F )) ( ) Q*+||3D?~2DF
5 1 1 J3 1
+3F2>(2Mﬁ+ZQ2 +3 M§+ZQ2”|E(Q2)+2 leI(,u)—gdloz(,u))Qz +m(§bD—bF>Q2, (20

where

2
IE(Q2):%foldxln(1+x(1—x)%), (21

K

2Note that the symbaD is used for the covariant derivative and . .
for one of the axial coupling constants. From the context it is,with M =494 MeV the kaon mass and is the scale of
however, always obvious which one is meant. dimensional regularization. Throughout, we get1 GeV
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and the scale-dependent LEC'’s are also given at that scal€o further disentangle the momentum dependence of this
They can be evaluated for any other scale making use of thisrm factor, we bring it into the following compact form:

B functions given in Ref[11]. The corresponding octet ra-

dius can be written as

D__ F
(rge)=— ﬁ(meng ) 32ﬁ1W2F$)<7(5D2—6FD
+9F?)+9+72d2%q ) — 24d*%Y )
+2[5(D2—6DF+9F2)+9]In%), (22
using
1Q? Q*

. (23

K 2\
lE(Q )_1_8M_ﬁ+o M_ﬁ

Similarly, the magnetic octet form factor takes the form

1 J3m (/5
(8) _ = _ °n2
G{(Q) =3 1 5b%+b" 167TF§)[ D7~ 2DF
+3F2) M+ Mﬁ+%Q2>I',\(,|(Q2)“, (24)
where
K A2y 1 dx
m(Q) Jo\/Mﬁer(l—x)QZ' 29

G(S)(Q2)=— _ i_;_ ED
E (47F )2 12 108 18 12

3

4m?

1
bo+ §bD_bF) QZ.

17 17
2- —DF+ —F2+

23 mmM
Gﬁ)(Q2)= \/§+ prCH i u(5D2_6DF
3 (47mF,)?

+9F?)f(Q?), (26)

with the octet anomalous magnetic moment

m Mg
2
24mFy,

(5D°—6DF +9F?) |,
27

1
x® = 3| be— §bD_

and the functiorf (Q?) given in Ref.[4]. To this order, we
have «®=3(x,+x,) due to Eq.(19). This relation is
trivially fulfilled if one fits the LEC’sbp andbg to the neu-
tron and proton magnetic moments using the third-order for-
mula. In fact, the form oGﬁ) as given in Eqs(24) and(26)
differs by the loop contribution to the magnetic moments.
This difference is, however, of higher order. In what follows,
we will work with the form of the octet form factor given in
Eqg. (24). We remark that to this order in the chiral expan-
sion, the momentum dependence of the magnetic octet form
factor completely determines the one of the strange magnetic
form factor.

Putting pieces together, the strange electric form factor of
the nucleon takes the form

5/5 M
.0 Ip2_ 2 K 2
5+513P 2DF+3F))In(M”Q

—[(EDZ—2DF+3F2)(2M§+ ZQZ) +3( M2+ %QZHIE(QZ)—2<d101(,u)— %dm?(u)—dgf’?) QZ]

(28)

The strange electric radius can readily be deduced from Eq. For completeness we also give the strange magnetic form
(28), singlet and octet radii given before, see Ed®),(22), factor found in[4]

via
1 1 MMy 2
2 N T (p2 V(2 GP(Q)=u)+ ——— - (5D>—6DF +9F?
(rg, 3<rE,0> \/§<rE,8>' (29 M (Q) =y (47F ;)2 3( )
In this formula, one could express the term$® " by the AME+Q? VQ2y 1 30
octet magnetic moment. This again differs from the expres- X 4MK\/?arcta oMy 2|’ (30

sion one derives from Eq28) by terms of higher order.

Given the rather sizable uncertainty of the present data, we

refrain from discussing these differences here. Clearly, thavhere we have introduced the strange magnetic moment of
last term in Eq(28) is nothing but thestrange Foldy term.  the nucleon
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0.1 T T T T

1 mM
1 =bo+ zbP—bF+ ——(5D2—6DF +9F?).
3 24,

(31)

We remark that to the order we are working, the strange form

factors are identical for the proton and the neutron. This is ~

expected since symmetry breaking only sets in at secon(QC,

order and thus should only show up in a complete fourth-2,,

order calculation. o
To summarize this section, we have given explicit expres-

sions for the strangéSachg form factors of the nucleon

comprising the various contributions from tree and one-loop

graphs. To third order in small momenta, there appear four

octet and two singlet LEC’s. This has been observed before 4, s

[8]. The octet LEC's can be fixed from standard electromag- 0.0 0.1

netic nucleon and hyperon properties as detailed in [Béf.

The two singlet LEC’s play very different roles. One of them 16 1. Electric strangeness form factor of the nucleon. The

enters directly the strange electric radiu®), the other  gojig band gives the prediction based on the central values of the

one (by) can be fixed from the strange magnetic moment ofLEC’s and the dot-dashed lines reflect the possibmservative

the nucleon. This is the reason why to this order @@ range due to the uncertainties.

dependence of the strange magnetic form factor could be

predicted without unknown parameters[ii. It is obvious (0)_ 2\ 3

that the two results from SAMPLE and HAPPEX are suffi- N _182'1_8 and(rO’E>—1._96 f_mz' We remark that the value

cient to pin down the singlet LEC'&vithin some ranges due for dy © is of natural size, i.e., of order one, and that the

to the presently large experimental uncertainties uncertainty reflects only the experimental errors. Bgrthe _
central value appears somewhat small but it can be consid-

ered natural within its sizeable uncertainty. With these num-
lll. RESULTS AND DISCUSSION bers, we can now evaluate the strange form factors. In what

We are now in the position to determine the variousfonows’ we will always 9"’6102 central valueev) based on

LEC's and consequently the strange form factors of the¢n€ central values dj, andd;™and a range, which is given

nucleon. To deal with the systematic, statistical, and theore?y the lower and upper boundlsozvve can get from combining

ical errors given by the SAMPLE and HAPPEX Collabora- the uncertainties- 5by and * 6d, " in all possible waysfor

0.2, 2oia 0.4 0.5
Q" [GeV']

tions, we add these in quadrature and thus use the electric form factor We consider this a conservative
estimate of the theoretical uncertainty within the accuracy of
the calculation presented here. It does in no way reflect an
G ype(Q2)=0.23+0.44, (32) P Y

estimate about the possible accuracy when one goes to
higher order in the chiral expansion. Such an error is difficult
Gﬁ,{PPE%Qﬁ,)ZO.OZ& 0.048. (33)  to estimate since at present only very few systematic studies
in three-flavor baryon ChPT exi¢in the sense that all pos-
Together with the LEC'$®F and d*°21%fixed from the Sible terms at a given order have been retained and that the
proton and neutron magnetic moments and charge radii, réounter terms can be fixed without any modeling; for a re-

spectively[5], cent review, se¢l3]).
Consider first the strange electric form factor. It is shown

in Fig. 1 for the central values of the LEC(solid line) and
the band displayed by the dot-dashed lines gives the theoret-
ical uncertainty as explained above. We remark again that

bP=3.92, bF=2.92,

d'%(1 Gev)=-1.06, this band is presumably too wide, i.e., if one were to perform
an analysis based on correlated uncertainties, this band
d%%1 GeV)=1.70 (34) would shrink. We remark that these uncertainties are domi-

nated by the uncertainty id3?, whereas the error i,

. . leads only to moderate changes. This means that the contri-
102

we can easily decjuce the LE.% anddo. (assuming that bution from the Foldy term to the strange electric form factor

we can use the third-order chiral expansion at the momentum

of the HAPPEX experiment, see the first footnote

3Note that this value appears unnaturally large due to our normal-
ization of the singlet current. For the more conventional normaliza-
tion to the baryon number, it would have to be divided by a factor
leading to the singlet magnetic moment and electric radius off 3.

bo=0.06+0.44, d3*?=—2.20+0.20, (35)
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1.0 T T T T TABLE I. Predictions for the combination of strange form fac-
i _ tors to be measured at MAMI by the A4 Collaboration. The central
o8t =TT 1 values of the singlet LEC’s are denoted by the asterisk.
06 F T . dg™ bo Gl (Qf)
—2.20 0.06* 0.007
g ¥ I ~2.00 0.50 0.134
ol —2.00 —0.38 —0.002
G °%F 1 -240 0.50 0.017
—2.40 —0.38 —0.119
0.0 | ISy
02F - - 7 magnetic form factor. The magnetic radius is uniquely fixed
in terms of well-known low-energy parametgd,
Y 0.1 02, 03 04 05 m 1
o
Q [GeV'] (13 y=— ————— = (5D2—6DF + 9F?)

_ —
FIG. 2. The strange magnetic form factor. For notations, see (47F )My
Fig. 1. =-0.14 fnt. (39

is of much less importance as, e.g., in the case of the neutrofFhe slope is identical for a proton or a neutron target, it is
charge form factor. From the form factor we readily deducenegativeand to this order independent of the strange mag-
the strange electric radius as defined in B). We find netic moment/uf\,s). The radius has the very reasonable be-
havior that in the limit of very heavy kaord y— it goes

to zero, whereas it explodes in the chiral litvity— 0.

o ) - ) We now turn to the MAMI experiment, which attempts to
which is a fairly small angbositivenumber, and even given measureGﬁLw(QfA)ZG(ES)(QfA)JrO.ZZS(,\j)(Qf,,) at a four-

the sizable uncertainty, is on the lower side of prediCtion%omentum transfer(squaredl of O2=0.23 Ge\f. This
based on dispersive approaches including maximal OZI vio: g g Qu=0. '

. ) ) . . value of Q2 is much better suited for the chiral expansion.
lation[14,15. It is more compatible with models that include We find, however, that at this value of the momentum trans-

7p [16] or KK [17] continuum contributions in the isoscalar fer, there are sizeable cancellations between the electric and
spectral functions besides the vector meson poleghe magnetic contributions. The prediction for the various
(w,¢, ...). Furthermore, we remark that the central valuecombinations of the singlet LEC's are given in Table I. The
for the strange electric radius agrees in size but not in sig@orresponding results for a smad? interval (0.26<Q2

with the quark model calculation of R€fL8]. Note also that <024 Ge\?) are shown in Fig. 3. Here, the uncertainty

from the octet current the strange electric radius inherits thgand is given by almost equal shares from the uncertainty in
chiral singularity~In(My), cf. Eqg. (28). The corresponding bo and the one irdi%.

octet radius is{rﬁyE)= 1.04 fn?. Itis also worth to point out

that the momentum dependence of the strange electric form
factor is rather different from the one of the neutron charge
form factor, which also vanishes at zero momentum transfer. We have calculated the form factors of the strange vector

We now turn to the strange magnetic form factor. Its mo-current of the nucleon in the framework of chiral perturba-

mentum dependence was already discussed in[Rgfbut  tion theory, updating the analysis of Rg8]. To third order

having fixed the LEQ, within a certain range here, we now in the chiral expansion, there appear six low-energy con-
have an absolute prediction f&{;(Q?). This is shown in  stants. Four of these can be trivially deduced form the neu-
Fig. 2. The rather wide band shown in Fig. 2 reflects thetron and proton charge radii and magnetic moments. The

sizeable uncertainty of the SAMPLE result. The centralfemaining two singlet couplings can be determined from the
value of the so-determined strange magnetic moment igecent SAMPLE and HAPPEX measurements of combina-

however, positivg4] tions of the strange form factors. The cru@skumptiorhere

is that we can apply the chiral expansion at a momentum
transfer as large as the one in the HAPPEX experiment, i.e.,
atQ?=0.48 Ge\f. With this cautionary remark in mind, the
and is thus at odds with most model calculatigsse, e.g., pertinent results of our study can be summarized as follows:
Table | in[19]). If one uses the relation of Ref4] that The singlet LEC’s given in Eq(35) are of natural size.
relates the momentum dependence of the strange magnefitie error given reflects the sizeable uncertainty of the ex-
form factor to the one of the isoscalar magnetic nucleon fornmperimental values obtained by SAMPLE and HAPPEX. To
factor, the deduced strange magnetic moment would still bebtain theoretical uncertainties of the LEC'’s, we have added
positive but very close to zero. This shows that there is stilthe various experimental errors in quadrature.

some room for improving the theoretical description of the For the central values of the LEC’s, the strange electric

(ré 9=(0.05£0.09 fm?, (36)

IV. SUMMARY AND CONCLUSIONS

w$=0.18, (37)

045501-6



STRANGE CHIRAL NUCLEON FORM FACTORS PHYSICAL REVIEW @G0 045501

0.20 ' ' ' radius, (rg ;)= (0.05=0.09) fn?, due to cancellations be-
tween the octet and the singlet contributions.

..... cv The strange magnetic form factor was already discussed
oto b | T ++ | in detail in Ref.[4]. In Fig. 2 we show the absolute predic-

) T e tion based on input from the SAMPLE result. The corre-
“““ -+ sponding central value of the strange magnetic moment is
o el IO w{¥=0.18 with an uncertainty as given in E2). The
0.00 _______________________‘_‘_‘_':‘_‘_‘_‘_‘_‘j;-_ corresponding strange magnetic radius is given entirely in
terms of well-known parameter&,i; )= —0.14 fn?. Here,
the singlet and octet terms add.

The predictions for the MAMI A4 experiment, which in-
0t0f - tends to measut®@® +0.22G{y atQ?=0.23 GeVf, are col-
________________ lected in Table I. For the central values of the LEC’s, the
resulting number is fairly small due to cancellations between
the electric and magnetic contributions. Due to these cancel-
—0-2%.20 021 022 023 024 lations, varying Fhe LEC’s ywthm their uncertainties does not
Q? [GeVZ] allow for a precise prediction. _ '
We have shown that heavy baryon chiral perturbation
FIG. 3. G&(Q)+0.26{)(Q) for momentum transfer theory canindeed be used to analyze the strange form factors
squared between 0.20 and 0.24 GeVhe solid line refers to the Of the nucleon. Our study should be considered exploratory

central values of the LEC'§,, di and the other linegdotted, ~ due to the fairly large momentum transfer involved in the

dashed,. . .) to thevarious combinations of the LEC's within their HAPPEX experiment. However, with the on-going activities
uncertainties as given in the indéere, the first- refers to+ 6di? ~ at BATES, Jefferson Lab, and MAMI we should soon have

and the second te: Shy, see, also, Table).l an improved data base which will allow us to make better
use of the chiral symmetry constraints for the strangeness
vector current matrix elements in the nucleon. Higher-order
calculations (possibly involving the decupletare also

G2 +0.22G,° (@)

form factor of the nucleon is negative, cf. Fig. 1. The band
given in the figure reflects the worst case scenario of com

bining the uncertainties in the singlet LEGise., an analysis needed 20].

baset_d on correlated errors would.glve a smaller uncertainty ACKNOWLEDGMENT

To this order in the chiral expansion, the proton and neutron

strange electric form factor are equal with small goditive We thank Nathan Isgur for a useful conversation.

[1] SAMPLE Collaboration, B. Muelleet al,, Phys. Rev. Lett78, [11] G. Muller and UIf-G. Meizner, Nucl. Phy$8492, 379(1997.

3824(1997). [12] S. Coleman and S.L. Glashow, Phys. Rev. L&t©¥23(1961).
[2] HAPPEX Collaboration, K.A. Aniolet al, Phys. Rev. Lett.  [13] UIf-G. MeiRner, inChiral Dynamics: Theory and Experiment
82, 1096(1999. edited by A.M. Bernstein, D. Drechsel, and Th. Walcher
[3] M.J. Musolfet al, Phys. Rep239, 1 (1994. (Springer-Verlag, Heidelberg, 1998
[4] T.R. Hemmert, UIf-G. Mei3ner, and S. Steininger, Phys. Lett.[14] R.L. Jaffe, Phys. Lett. 229 275(1989.
B 437, 184(1998. [15] H.—W. Hammer, UIf-G. MeiRner, and D. Drechsel, Phys. Lett.
[5] B. Kubis, T.R. Hemmert, and UIf-G. Mei3ner, Phys. Lett. B B 367, 323(1996.
456, 240 (1999. [16] UIf-G. MeiRRner, V. Mull, J. Speth, and J.W. Van Orden, Phys.

[6] MAMI A4 Collaboration, D. von Harraclet al. (unpublishedl

[7] T.R. Hemmert, Few Body Syst., Supfll, 78 (1999.

[8] M.J. Ramsey-Musolf and H. Ito, Phys. Rev. &5, 3066
(1997.

[9] V. Bernard, J. Kambor, N. Kaiser, and UIf-G. Mei3ner, Nucl. 181 P. Gei dN I Phvs. Rev 5. 299 (199
Phys.B388 315 (1992. [18] P. Geiger and N. Isgur, Phys. Rev.35, (1997).

[10] V. Bemard, H.W. Fearing, T.R. Hemmert, and UIf-G [19] SAMPLE Collaboration, E.J. Beiset al., nucl-ex/9602001.
Meiner, Nucl. PhysA635, 121(1998: A642, 563E) (1998. (201 S. Puglia and M.J. Ramsey-Musclinpublishedl

Lett. B 408 381(1997.

[17] M.J. Ramsey-Musolf and H.-W. Hammer, Phys. Rev. L&.
2539(1998; H.-W. Hammer and M.J. Ramsey-Musolf, Phys.
Lett. B 416, 5 (1999; hep-ph/9903367.

045501-7



