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Nucleon charge symmetry breaking and parity violating electron-proton scattering

Gerald A. Miller
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The consequences of the charge symmetry breaking effects of the mass difference between the up and down
guarks and electromagnetic effects for searches for strangeness form factors in parity violating electron scat-
tering from the proton are investigated. The formalism necessary to identify and compute the relevant observ-
ables is developed by separating the Hamiltonian into charge symmetry conserving and breaking terms. Using
a set of SWB) nonrelativistic quark models, the effects of the charge symmetry breaking Hamiltonian are
considered for experimentally relevant values of the momentum transfer and found to be less than about 1%.
The charge symmetry breaking corrections to the Bjorken sum rule are also studied and shown to vanish in
first-order perturbation theoryS0556-28188)03403-7

PACS numbgs): 24.80:+y, 13.40.Dk, 13.40.Gp, 14.20.Dh

[. INTRODUCTION Z-electron coupling is axial, while the boson-proton coupling
is vector. The matrix element for the vecttrboson proton
If one neglects the mass difference between the up andoupling, M#(Q?) is given by[8]

down quarks and ignores electromagnetic effects, the QCD . . -

Lagrangian that governs hadronic physics would be invariant M#(Q?)=(p,fluy*u—dy*d|p,i)— 5 (p,f|sy*s|p,i)

under the interchange of up and down quarks. This invari- )

ance is called charge symmetry, which is more restrictive —4sir? 6J5 1(Q?). (1.1

than isospin symmetry, which involves invariance under any o ] ) o

rotation in isospin space. Small, but interesting, violations ofOUr notation is that thép,i) denotes a proton in an initial

charge symmetry have been discovered and are described #t€ With momentum and spin denoted byThe terms

the reviews[1-3]. All charge symmetry breaking effects uy*u anddy*d are evaluated at the space-time origin. The

arise from the mass difference between the up and dowalectromagnetic matrix element of the proton is denoted as

guarks and from electromagnetic effects. Jg,fi(Qz), and the nucleonic termii=p,n is defined as
The second European Muon Collaborati@MC) effect . o .

[4], the discovery that valence quarks carry only a small  Jf (Q*)=(N,f| fuy*u— 3dy*d— 3sys|N,i).

fraction of the nucleon spin, and the resulting search for 1.2

strangeness in the nucleon have brought some attention to

understanding the role of nucleonic charge symmetry breakfhe second term of Eq(1.1) is directly related to the
ing. If this symmetry holds, measurements of a parity violat-Strangeness of the nucleon, and is the new feature of parity-
ing electron left-right asymmetry in electron-proton scatter-violating electron scattering. The third term of E4.1) is

ing can determine new form factors whose origin lies only inwell measured, but to extract the strange properties it is nec-
the strange and antistrange quarks of the nud&gj. How-  essary to determine the first term from independent experi-
ever, the symmetry does not hold precisely and it is of interments. We define this term &&;(Q?) with

est to estimate how small the effects can be. This is espe- . .

cially true now that the first measurement of the proton’s XE(Q?)=(p,fluy*u—dy*d|p,i). 1.3
neutral weak magnetic form factor finds a value of the

strange magnetic form factor that is consistent with Z&lo  If charge symmetry holds, thei(d) quarks in the proton are

Another issue concerns the momentum tran§fédepen-  in the same wave function as the, (1) quarks in the neutron,
dence of any charge symmetry breaking effects. In principleand the strange quark wave functions of the neutron and
the charge symmetry breaking terms, which act as a perturlproton are identical. In that case
ing Hamiltonian, can cause the nucleon to mix with states
which would otherwise be orthogonal. Such components X§(Q?) =35 1(Q%) = Jh 1(Q?), (1.9
could cause the form factor to haveQ# dependence which
could emphasize the effects of charge symmetry breakingdnd the right-hand side can be well measured. We aim to
The purpose of this paper is to present arguments that suchs&udy the error involved in asserting that the equality holds
possibility cannot occur. exactly.

It is worthwhile to discuss briefly how the assumption of  Here is an outline of this paper. The next section is con-
charge symmetry simplifies the analysis of parity violatingcerned with displaying the charge symmetry formalism
electron scattering6]. The difference in cross section for which allows a definition of the terms that cause the charge
right and left handed incident electrons arises from the intersymmetry breaking correction tsf(Q?). This correction
ference of the photon and-boson exchange terms. In par- X% (Q?) is obtained as a specific matrix element involving
ticular, the photon-electron coupling is vector and thethe charge symmetry breaking Hamiltonian. This formalism
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is general, but our application involves the nonrelativisticyyhere M is the average of the neutron and proton masses.
quark model. This model is well enough founded as to allowye work to first order irH, such that the physical proton is

reasonable estimates of the charge symmetry breaking egxpressed in terms of the unperturbed states by
fects and is simple enough so that some general conclusions,

that go beyond the specific calculations, can be drawn. Three 1
different nonrelativistic quark models are defined in Sec. II. Ip.i)=|p,i)o+ ﬂAiHﬂp,i)o- (2.9
Computing the perturbative corrections to the form factors o

involves summing over a'II of_t'he unperturbed mtermed@teThe guantityA; is a projection operator on to states orthogo-
states. This sum can be simplified by using an approxmatlogaI to the unperturbed ground state isospin doublet:
in which the unperturbed Hamiltonian can be treated as a '

number, an average excited state milss, so that the sum i n O .
over states can be performed using closure. The riviss A== piXpoi = [n.i)n.i]. 2.9

can be chosen so that the first correction to the closure ap- The measured electromagnetic matrix elements are then
proximation vanishes, with the result thdt depends 01Q? obtained using first-order perturbation theory as
and on the perturbing Hamiltonian. This closure treatment is

worked out in Sec. IV. The charge symmetry breaking ob-

servables are computed in Sec. V. Section VI discusses the Jg‘ﬂ(Q2)=0< p,i’
charge symmetry breaking correction to the Bjorken sum

rule [9]. Section VIl is reserved for a summary and a discus-

sion of the implications of the calculations. In addition, a X
comparison with other theories of nucleonic charge symme-

try breaking[10—17 is presented.

2 1d_”d
gUyuT 3ty

1+

2AiH1) p,i> . (210
0

Ei_HO

and

Il. CHARGE SYMMETRY FORMALISM 5 1
The isospin formalism is elaborated in several reviews Jﬁ,fi(Qz):o<”'f‘(§U7’“U—§d?’“d>
[1-3]. Here we apply it to the nucleon and to the calculation
of the quantityX#(Q?). The starting point is to realize the
approximate invariance of the Lagrangian under the inter-
change olu andd quarks. This makes it worthwhile to define

the charge symmetry operator, which is an isospin rotation e may relate the neutron and proton matrix elements by

by 180° about the axis (taking thez axis to be associated ysing charge symmetry which holds for unperturbed states:
with the chargg This is defined by

X

1
1+—H02AiH1)

= n,i>o. (2.11)

n,iYo=Pp,i)o, 2.1
PZSU P=d, 2.1) In,ido=Pcdp.ido (212
with and which also gives
Po=exp(inT,), 2.2 Pluy uP.=dy*d. (2.13
and This along with Eq(2.6) allows one to obtain the relation
1 i =
Tzzquzq, 2.3 P.H{Ps=H;+AH, (2.19

where
whereq is the light (u,d) quark field operator.

The Hamiltonian consists of a charge symmetry conserv- AH=P/HP H. (2.19
ing termH, and a breaking terril; such that

This equation is useful in identifying the charge symmetry

H=HotH,, (24 breaking parts of the Hamiltonian which are relevant here. In
with particular_, the_ isospin-v_ector operators are selected and
doubled in taking the difference between the neutron and
[Ho,P.d=0, (2.5 proton. The evaluation oAH will proceed by using the
identity
and - A
[H,Ped=[H1 P 26 Pefale T (210
The unperturbed states are denoted by a subscript 0 ar?d(presTsed in terms of field operato1"§=fq3x'[u(x)Tu(x)
defined by —d(x)'d(x)]. In first-quantized notation this is

Holp,i)o= VM2+p?[p,i)o=Ei[p,i)o, (2.7 Pesra(i)Pes= = 7a(i). (2.19
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Using Egs.(2.10 and(2.11) and recalling the definition — Am
(1.3 of the relevant quantit';(Q?) which involves matrix m;=m+ —-73(i), (3.9
elements of the physical proton state leads to the desired
result in which Am=m,—my. Then
X£i(Q%)=351(Q%) — I 1(Q*) + 6XF4(Q%), (2.18 K=Ko+AK, (3.6
where with
5xt (@) =o .|| Zdyrd— stryiu | = H2AH E—
11(Q9=o| p.fl| gdy*d=guy*u e i) Ko=3m+ > —— 3.7
@. 19 i 2m
Obtaining the equation foﬁXéfi(Qz) is the main result of and
the present formalism. This term contributes to the observed A 2
parity violating signal in just the same way as the interesting AK:AmE (i) + :m p—i_7'3(i). (3.8
strangeness matrix element. It is therefore necessary to have i m T 2m

some understanding about its magnitude andQitsdepen-
dence. The quantityX#,(Q?) can be related to charge sym- The first term of Eq(3.8) does not modify the unperturbed
metry breaking modifications of the form facto@g \, or ~ Wave function and is henceforth ignored.

FlZ- In particu|ar' theFi so obtained are the same as The EIQCtromagneuc interaction contains Charge symme-
1/2’(u—d|:ip+n_u+d|:ipfn) of Dmitrasinovic and Pollock10].  try breaking and more general charge dependent terms. This

operator is given by
IIl. NONRELATIVISTIC QUARK MODELS

2 4o0(i)o (J))
——1].

aa
The preceding formalism is completely general. Here we Vem:ai; %%(E— 55(“1') ﬁ

3
adopt the view that it is reasonable to use a set of nonrela- (3.9
tivistic quark models to understand the rough size of effects
bt , '
at low Q? and to make first estimates of t dependence. req =1+ 1 rs(i) andr,, —f| . The charge asymmet-

With these models, the necessary evaluations are not dlffICUHC part of V., is given accordlng to Eq2.15 as
and one gains insight into the physics of charge symmetry em

breaking. o 1 =
In nonrelativistic quark models the spin and momentum AVgy=— =2, [Tg(i)+¢3(j)](—— :25(Fij)
of the proton are not related so that we may specify our 615 fj m

notation by the replacement
[p.i)—lp. 1), 3.1

for a spin up proton. The spin index will be treated implicitly  \y/e take the gluon exchange operator to be
so that|p,T)—|p).

2.
X| 1+ za(i)-a(j)

3 ) (3.10

The Hamiltonian is specified by a set of terms _—— 1 1 4 c}(i)«&(j)
ng—asz )\,)\J Eé(r”) —2+—2+§— s
H=K+Veont Vemt Vg, (3.2 i< m J m;m;
(3.1)
including the kinetic energy operatht, the confining poten-
tial V., which respects charge symmetry, and the residuawhere for three quark baryons-\j=—3. The long range
electromagneti?/,,, and gluon exchang¥, interactions. 1/r;; term respects charge symmetry and is not included here.

We shall use Eq(z 15 to |dent|fy the Charge symmetry Such a term is included, in prlnCIpIe as part of the flavor
breaking Hamiltoniam\H as a sum or contributions from the independent confining interaction. The charge symmetry
different terms of the Hamiltonian. Thus we shall obtain ~ breaking piece oV is given by

AH=AK+ AV, +AV (3.3 27 Am
em g AVg=as—o = > [ma(i)+735())]
in which each term is obtained via the operation indicated in m= i<l

Eq.(2.19, i.e., AK=P]KP K

2. - -
Specifically, the kinetic energy term is given by X| 1+ §0’(i)-0(j) o(rij). (3.12
3
K = 2 p' 3.4 We note that the short-range terms of the electromagnetic
(3.9 e
= 2m, and gluon exchange operators are rather similar, so that we

may rewrite the charge symmetry breaking Hamiltonian as
wherem; depends on whether thigh quark is an up or down
quark. We use the notation AH=AK+AV|+AVg, (3.13
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where tins [14] shows that the M, factor does not appear in the
definition of Gy,, but that there is a factor dfly in the
definition of Gg. The difference arises because of different
choices of the normalization of nucleon spinors. One cannot
tell which is more appropriate without doing a more com-
plete treatment in which the nucleon-spinor representation is
derived from the quark model. Since the spin and total mo-
mentum degrees of freedom are uncoupled, such derivation

is beyond the scope of the nonrelativistic quark model. Thus
we simply use the average madsin Eq. (3.19. This intro-
duces a difference between our approach and that of Ref.
[10]. In principle, the differences are of orderM(

. N . —Mp)/l\7~1.3x 102 and ignorable[15]. We remind the
These expressions are used to simplify the evaluations Peleader that it is the guark mass difference, not the neutron

for1r[10ed r'gctg‘: dnfiﬁhseerc\t/:/%nﬁee d to specify the confinin 0_proton mass difference, that sets the scale of the charge sym-
0 proce PeC 9p metry breaking effects. The former quantity is larger than the
tential and its ground state wave function. We shall use os

X : : . latter because it must compensate for the effects of the elec-
cillator confinement for most of the calculations of this pa-
per. Thus we write

1
AVi=—gZ [l (314

|

2. .
1+§O'(I)~O'(])).

and

a+2 Am
67 3%

T

5>, [7a(i)+73())18(r7))

AV,=
mei<j

X

(3.19

tromagnetic interaction and the quark-mass dependence of
the gluon exchange interaction which would cause the proton
to be more massive than the neutron. The values riat
—m, might take in different models are discussed next.
Neutron-proton mass difference and model parameters
The parameters of the nonrelativistic quark model shall be
determined from the neutron proton mass difference and a
consideration of pionic effects. In first-order perturbation
theory the mass difference between the neutron and the pro-

1

N (3.16

IP)o=|P) —=(ds)xs)+|Pad xa)),

where

(| Wy =W(p,\)=Ne (#*+ )28, (3.17)
Herep= 12 (Fo—T,) andk= 16 (Fo+F,—2F4), and the ton can be expressed as a matrix elemen Hf
dependence on the position of the center of mass is not made M,— Mpzo<p|AH|p>0_ (3.20
explicit. Standard 13,14 mixed symmetric spin ¢s) and

isospin (ys) wave functions are used. The mixed antisym-Evaluating the individual terms of E@3.13 yields the fol-
metric ones are denoted by the subschiptf oscillator con-  lowing results:

finement is used, the full charge-asymmetric kinetic energy

operator can be incorporated exactly into the operétgr (P|AK|p)o= — (Mg—my) (3.20
This is the procedure of Ref10]. We keep the first-order o{PIARIP/0 28m '
perturbative treatment here for two reasons. First, all effects
of first order inmy—m, can be treated in the same way and o 2
second we wish to go beyond the effects of oscillator con- ol PlAVenlP)o=— 5\ /_< 1— = ) (3.22
finement. However, this difference in procedure does not 3V mp 12m°B
lead to differences in the results of first ordemm—m,.
The above wave function can be used to compute th&nd
electricGg and magnetic Gy,) form factors. In the nonrel-
ativistic quark model these are given by the expressions IAV,[p)o= — as(Mmy—my) Eﬁ (3.23
i o{P|AVg|p)o= —5333,2 —9 .
2y _ il | ig- T
Ge(Q) <p‘§|: AERERIE p> (3.18 Adding the individual terms leads to
and ~ as \F 5
B ) B Mn—Mp—(md—mu) 1—m—m ;5
Gu(Q) =W p| S 3| 2+ iy | 2 i
) g ¥ 2[3 7 m; ' a \/7 5
(3.19 “3\V7g 1- 18] (3.29

in which Q2=q-q. These expressions need to be discussed _
because the equations that reldfg;; of Eq. (1.2 to the The parameters to be determined gre a5, andm. We
form factorsGg and Gy, depend on the nucleon mass andshall usem=337 MeV as this leads to a proton magnetic
one must therefore specify whether it is the proton or neutromoment of 2.79y. The model used does not include pionic

mass or the average that enters. The discussiptOjshows
that in the Breit frame the quantit®,, /My is proportional

effects because these are essentially charge symntatric
discussed beloyy but any consideration of the parameters

to the matrix element of the quark magnetic moment operashould take implicit account of the pion cloud. We follow the

tor o3(i)/m;. However, the discussion in Halzen and Mar-

ideas of the cloudy bag modEl6] in which a perturbative
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TABLE |. Parameters of the nonrelativistic quark models. ~ The expressiort4.1) depends only on internal coordinates
andA\, so that the projection operatdr does not depend on

Model 1 2 3 the initial and final nucleon momentum:
VB (fm) 0.7 0.6 0.5 L 3
s 120 102 0.85 A=1-p)oo(pP|—|N)o ofN|. (4.9
ag 2.3 1.20 0.35

The evaluation of Eq(4.1) depends on knowing the en-
ergies and wave functions of all of the eigenstates gf We
shall replaceH, by a numben\/IE’M(Qz,AH) which is ex-
pected to depend on the momentum transfer, whether the
treatment of pions as quantum fluctuations converges for baglectric or magnetic term is to be evaluated, and on the op-
radii greater than about 0.6 fm. The importance of pionicerator AH. This quantity is determined from the condition
effects decreases as the bag radtgsncreases. The param- that the first correction to the simplification of the energy
eter B is essentially the mean square radius of the nucleowlenominator by treatingly as a number vanishes. This de-
(which corresponds to about 0.6 Bﬁ). We use the calcu- termination is accomplished by adding and subtracting
lation of theA-nucleon mass difference as a measure of pitvi*[Q? AH] to H_oi
onic effects. The gluonic contribution is given by

myg—m, (MeV) 5.2 3.8 2.3
v 0.80 0.67 0.33

Ho=M*(Q?%AH)+[Ho—M*(Q%AH)], (4.6

[ 2 ag
(Ma— MN)g:§ W_ﬁrﬁzﬁ' 329 and rewriting the energy denominator of E8.19 as
The physical value of this difference is taken here to be 300 _ 1 1

MeV, but pionic effects also contribute. SM{—My), is a M—H, M-M*(Q%AH)
fraction y of 300 MeV. Larger values ofy correspond to
smaller pionic contributions and larger values @f Three
typical choices of parameters are shown in Table I. We shall + [I\W— M*(Q2,AH)]2
investigate the charge symmetry breaking using each of the '

three models. 4.7

[Ho—M*(Q%,AH)].

The requirement that th@inperturbedl ground state expec-

tation value of the second term of Ed.7) vanishes leads to
We are interested in computing the charge symmetryghe result

breaking observables represented by &919. The differ- o

ent values ofu and the different helicities specified by the . 5 =1 ol PI[[OEe m(a),Hol,AH]|p)o

quantum numbers,f can be used to specify the contribu- Mgm(Q%AH)—M=3 (PIOc w(MAAHPY

IV. CLOSURE APPROXIMATION

tions to the electricE and magneticM terms. Separating (4.8
these terms and using the nonrelativistic wave function al-
lows specifies Eq(2.19 to The use of the double commutator allows a straightforward

evaluation of the various average masses of the excited
A states. Observe that these masses depend on the operator
—2AH[p)o, (4.1 and will be different for the different contributions foH. It

5GE,M(Q2):o<p|OE,M(Q)

M=Ho is convenient to define
where TABLE Il. Relevant integrals.
1 73(i) o 3.(02)= [d3pd3 2410730y,
= — 2 T |elar i(Q9)=/d°pd )\|’//(P!)\)| €430,
Oe(aq)=2 (6 5 )e : (4.2
1 2
and 0= P J1(QH)= \/—Wﬁe’Qzﬁ’6
Mo (1 Ts(i)> 5 0,=458(r1) 3007 S |2 _g-c2sm
om(a)==>, | =~ i)eld i, 4.3 2= ofe Q)= e
— . . e) —i 2 2 —Q2p/24, 2
The operatoH, removes the center-of-mass kinetic energy 3~ 1, Js(Q9=\ 758 S1(Q7BI2)
operator fromH:
- 1 2 2
— >ipi)? 0,4=6(r13) (@)= ——e VP24
Ho=Ho— (Zip)" (4.4) 4N g
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AEgm(Q%LAH)=M—ME ,(Q%AH), (4.9 . o(PIOM(@A2AV(|p)o

2
and also to use corresponding definitions for the individual AEM(Q%AVY)

contributions toAH. _ . The evaluation of the various termsEg (Q?,AH) is a
The contributions to the electric terms can be obtained instrajghtforward but tedious procedure, simplified by the fea-
a straightforward manner. One simplification is thatyyre that only theK, part of H, contributed to the commu-
o{PlOe(A)[P)o=0. Then tator [Og v ,Ho] [17]. Some of the relevant integrals are
iven in Table Il. Using theAK in the double commutator
0<p|OE(Q)2AK|p>o+ o{P|Oe(a)2AV |p)o g g

(4.1)

5Ge(Q?) = leads to the result
AEg(Q? AK) AEE(Q%AVy) )
O-(q)2AV AEg (Q%AK)=— =—=—2%w. (4.12
+ o{P|Ok(q) s|p>0' (4.10 mg
AEE(QAVy) A
That the above result must be obtained is an immediate con-
and sequence of the oscillator confinement: fifeoperator act-
ing on the ground state leads either to the ground state or to
) ol P|OM()A2AK|p)o the 22 w excited state. Here the procedure of evaluating the
oGu(Q%)= > double commutator was followed as a check on the algebraic
AEW(Q%,AK)
procedure.
o(PlOM(Q) A2AVp)o The use of the long range_zrlj-/ part of the electromagnetic
+ 5 operator leads to the following result for the related average
AEM(Q%AVy) excitation energy:
|
—1 (5/6) Q2 Q°A245, (Q?B12) + (e~ VP24 28/2
AEEM(QZ,AVL)=—_( ) Q 21/(QB )+ ( 2B)Sz(QB )’ 413
| 3m e Y HS,(Q7pl2) —em P
|
where . 5 40
" o Q“zTOAEE,M(Q ,AVs)———gmﬂ. (4.18
SI0=2 (=X)" 5y (4.14 , |
n=0 (2n+1)! The latter expression shows that the delta function operator
q is the most effectivéof the ones we consideat exciting the
an

highest energy states.
ds, The termsAEg  depend only on the variab@®s/2. If

Sz(x)=4xa. (4.15 one multipliesAEg y by mg the result is a function that is
independent of the three models used here. This is shown in

Note that the average excitation energy turns out to be thEig. 1. Note thatng decreases by a factor of about two as
same for magnetic and electric probes. This is a consequené&e changes from model 1 to model 3. Thus model 1 corre-
of the simple wave functions employed and is related to theéponds to the smallest energy denominators. We shall dis-
feature that the electric and magnetic form factors have thglay results forQ?g/2<10. Thus the maximum value @*

sameQ? dependence. is 1.6, 2.2, and 3.1 Ge¥/c? for models 1-3. The planned
The low momentum transfer limit parity violation experiments are planned for valuesQf
ranging from about 0.1 to 3 Geé¥c? [18].
4
. ) 4
QILmOAEE’M(Q AV = nTﬂ (4.16 V. CHARGE SYMMETRY BREAKING OBSERVABLES

) ] We are now in a position to evaluate the effects of charge
shows that the 1/; operator excites states of higher energy symmetry breaking for any value @2. The charge symme-

than QOes the kinetic energy opgratqr. try breaking interactiondV,,, and AV, include two-body
Using the delta function contribution thH leads to the ; {
! _ interactions that can be expected to lead to effects that fall
following result: off slowly with increasing values o?. We must compare

2/ —Q%pi24 such effects with the form factoiGg and Gy computed in
AEg 1y (Q%AVg) = — 5 (Q7me (417  the limit in which charge symmetry holds. This is because

EM< 2VS 9 o Q%pl24_g-Q%6" the gluon exchange interactidfy includes a charge symmet-

ric term which will also lead to slowly falling form factors.
and the lowQ? limit is given by We will see that this feature of the strong form factors pre-
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FIG. 2. Changes in the electric form factor due to Vg. The ratio

H 2
! FIG_' i Energy deno_mlnators Q ’8/2'_ The termm of the of the second to first terms of E¢5.1). The numbers refer to
figure ism of the text. Solid-energy denominator for the long range models 1-3.

operator Eq(4.13. Dashed-energy denominator for the short range
operator Eq(4.17). _ _
The ratiosAGg y /Gog,m » Where the form factors in the

cludes a significant enhancement of charge symmetry breaPsence of gluon exchange are given I60e(Q7)

ing effects for even the highest values @F that we con- = eXp(~Q%B/6) andGoy(Q®) = up exp(-Q?A/6) are shown
sider. Thus the first task is to evaluaBe , using the wave in Figs. 2 and 3. Both ratios vanish @*=0. Charge con-
function | p)o. servation mandates that this be so for the electric form factor.

However, the change in the magnetic term vanishes also for
Q?=0 because of the specific simplicities in the model un-
perturbed wave function—the spatially symmetric wave
We shall evaluatgp), as arising from the harmonic con- function multiplies the symmetric spin-isospin wave func-
fining potential including also the first-order effects\8f. tion. The correctiom G is reasonably small, less than 20%
Starting with perturbation theory is reasonable because thr all of the values ofQ? that we consider, but the magnetic
first-order contribution oV, to the nucleon mass is only correctionAGy, can be very large. If the absolute magnitude
—60 MeV for model 1 and-25 MeV for model 3. We shall ratio AG, /G \, is larger than about 0.3, we can expect that
see that for the range @ between 0 and 3 Ge¥/c? rel-  the perturbative treatment errs by more than about 10%.
evant here the influence &, on the computed form factors Hence, the largest values @f/28 for which the models can
can be reasonably large. This is especially true for model be considered well defined are 5 and 7 for models 1 and 2.

A. Gg v(Q?) with charge symmetry

for which as=2.3 as shown in Table I. We find We will display the charge symmetry breaking form factors
for valuesQ?/28 larger than those limits to provide informa-
2\ — N aYA 2
Ge(Q%) =exp(—Q7B/6) + AGe(QY), (5. tion about the models, but the reader is cautioned against
. taking those results seriously.
with
AGE(Q?)
w Jz(QZ) —J,(0) — 2[34(Q2) —J4(0)]
:—4as — .

3m? AE(Q?%,AVy)

The integrals);(Q?) are tabulated in Table II.
Similarly the magnetic form factor is obtained as

AGM/GOM

Gu(QY) = ppe~ CPB+AGY(Q?), (5.2

where u,=2.79 and

8 T 4(Q? P T P e
Z Q) . (5.3 S 2 4 6 8 10
3m? AE(Q?,AVy) Q%8/2

AGM(QZ):as,va

with FIG. 3. Changes in the magnetic form factor due to Vg. The
— 5 ratio of the second to first terms of E(p.2). The numbers refer to
J34Q%)=J54Q?%) —J;40)e VFE, (5.4  models 1-3.
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B. Charge symmetry breaking 0.000

We are now ready to evaluate the influence of charge : 8
symmetry on the measured electric and magnetic form fac- i
tors. We work to first order in perturbation thedqgonsider- -0.005 |— —
ing the charge symmetry conserving one gluon exchange in L |
teraction as a first order effgctThe necessary equations i 1
(4.10 and (4.11) are evaluated using the charge symmetry ~0.010 |— -
breaking interactions of Eq$3.8), (3.10, and(3.12. The [ il
average excitation energies are given in Egsl2?), (4.13),
and(4.17). o015 — -

The evaluations are straightforward, so we simply express - .
the results. We consider the influence of each charge sym I ]
metry breaking interactiodK, AVey,, andAVy separately. oomo e L e ]
Thus the contribution oAK to the electric form factor is o 2 ‘) 6 8 10
given by QB/2

8G/ G

Am FIG. 4. Charge symmetry breaking electric form factor. The

Q?
SGe(Q3K)=— 9 m ﬁe Q%A (5.9 (different contributions are shown for model 1.

while the magnetic form factor has a term 5G9(Q?)= %s Ar_n Z_Ow /i
AEL(Q?%AV,) pm* 27 N 73
SOu(QEK) =~ o5 — Qe O, (5.6 X(en@E-e @R ©9
T 2T AL (QK) -
and
We see that the effects are ordém/AE<Sm/m times a —4 agptp 2 Am 7
small coefficient. Furthermore, theQ? dependence 5G§§,”(Q2)= Bl > > \/;_3 3272
(SGE,M(QZ,K)~Qzﬂe‘Qzﬁ’6 is different than that of the AER(Q%Vy) mg
leading order dominant term ge~2°#¢ and this enhances X (e~ Q°BI24_ g=QBI6) (5.10
the importance of charge symmetry breaking at the higher
values ofQ? that we consider. The explicit formulas show the appearance of €&°#/24

Including the effects of the electromagnetic interactionterm which, at higher values @2 is much bigger than the
between quarks leads to the following contributions to thee—Q25/6 variation of the leading order term. One might ex-

form factors: pect that this feature would allow the charge symmetry
breaking effects to stand out. However, the leading order

5602 — 4a|[31(Q%)—I15(Q?] charge symmetric form factors also have a term, caused by
e (Q)="5 AEL(Q2,AV,) gluon exchange, which also varies @is?” /24
The computed charge symmetry breaking electric form
m 5 [J2(Q%)—J4(Q?)] 5.7 factors are shown in Figs. 4 and 5 which disp&ye /Gg as
[ — . . 2 . .
m23  AE(QZAV,) a function of Q</28 using G of Eq. (5.1). Figure 4 shows
and 0.000 I
8 2,:], (QZ) -0.005 i
5G(em) 2\ — —a —3 r
Mo (Q%) 27 Mmp AEm(QZ,AVL) 0010
T 73 4(Q?
T 4(2Q L
3m” AEL(Q%,AVy) B
% -0.020
Here negligible effects are anticipated because of the smal r
value of «~1/137 and because of the large energy denomi- ~0.0%5
nators. These terms include the integtidandJ, which fall ﬁ | | | | 1
much more slowly than the leading order term, recall Table S0.080 e T T T T

Il Qs/2
Including the effects of the gluon exchange interaction

between quarks leads to the following contributions to the FIG. 5. Charge symmetry breaking electric form factors for each
form factors: of the three models.
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0.02

0.000

0.00

-0.005

~0.02 — -0.010

6GM/GM
5Gyy/ Gy

—-0.04 — -0.015

A R
4
Q%6/2

Yo KU U RUEI R B VI

Lo : L -
Q°8/2

-0.06

FIG. 6. Charge symmetry breaking magnetic form factor. The FIG. 7. Charge symmetry breaking magnetic form factors for
different contributions are shown for model 1. each of the three models.

o L spin matrix elements appearing in the magnetic terms. The
the three contributions t6Ge /Ge anising, in model 1, from net result shown in Fig. 7, for each of the three models, is

the individual charge symmetry brgakmg terms: kinetic ®Mthat the largest effects are less than about 1% for values of
ergy (K) electromagnetic mtera_lctlo(em) gnd gluon ex- Q2/28 for which the models are valid.

change Q)- The electromagnetic term gives a ngghglble It is worthwhile to examine the lowQ? effects by deter-
contribution, but the other terms can give contributions thahinin the change in the mean square radii caused by the
are as large as 1%. The sum of the three contributions args 9 g d y

shown in Fig. 5 for each of the three models. The effects ar(ij(gggt/gegz ,[;r Ts fhr;p?:eu;?]eg E);;Z f;c;?ur; eﬁfg Zﬁ;}; aes
largest for model 1 because of its large valueogf It is ' q X 9

possible that charge symmetry breaking could be as large as%(mmetry breaking terms lead to behavior of the form 1

S 2 i -
2%. If one wishes to assert that only small valuesrgfare (5 6p)Q"/6. We denote the variousf according to

. . whether related to the electric or magnetic terms and accord-
allowed[19], then the maximum charge symmetry breaking. o . .
ing to the origin of the effects. The results are listed in Table
would be about 1%.

The computed charge symmetry breaking maanetic for lll. The electric terms are much bigger than the magnetic
P ge sy y 9 mag n%erms, for which the different terms tend to cancel. Thus only

factors are shown in Figs. 6 and 7. The raiGy /Gy is 6Bk is changed in a non-negligible manner. For model 1, the
. . 2 - . . E - . y
displayed as a function dp*/2j3 whereGy, is given in Eq. sum of the individual contributions gives for mddea result

(5.9). Figure 6 shows the three contributions 4Gy /Gy 8Be/B=0.008, which corresponds to a 1.6% change in the
arising, in model 1, from the individual charge symmetry roo%[ mean squ,are radius

breaking terms. Once again, the electromagnetic term gives a
negligible contribution, but the terngsandK can give con- i
tributions that are as large as 1%. In this case the gluon C. Dependence on wave function

exchange and kinetic energy terms tend to cancel, with the The previous numerical results have been obtained using
sign difference arising from the different combinations ofthe harmonic oscillator wave function. Are the presently ob-

TABLE lll. Charge symmetry breaking changes in mean square tagiE m,—my .

Cause AK AV oVy
e —-1Am a— [28 . 91 —asAm 1 |2
B 3 m 36 V7|\T 8mg 8 mmygVm
model 1 0.0051 —1.14x107° 0.0029
model 2 0.0038 1.6710°° 0.0014
model 3 0.0022 4.3810°° 0.0003
Cause AK AVen Vg
PBwm —1Am_, —5a— [28 —7agAm 1 2
- — —n?B —=m\/— —==\/=
B 9 m 27 a 240 mmyg Vv
model 1 0.0024 —0.0013 —0.00069
model 2 0.0013 —0.0011 —0.00031

model 3 0.0005 —0.0004 —0.00007
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tained very small values of the charge symmetry breakinghe integral form(5.15 is useful for evaluating matrix ele-
effects a simple consequence of this? Another way to ask thigyents of local operators such as éggr; or v(r;;). For such
question is: Is it possible to find a wave function for which gperators the actions of taking the matrix element in a har-
the effects of charge symmetry breaking are enhanced?  monic oscillator wave function and integrating oy@rcom-
The purpose of this section is to address these questiongyte, i.e., one may integrate the harmonic oscillator matrix
through the use of wave functions other than the harmonig|ement timeg () (3)3 over 8 to obtain the final answer.
oscillator. Such an investigation is necessarily limited buti particular, the evaluation of E¢3.18 now is the integral

will allow us to make arguments that are more general.  of exp(—Q24/6)g(8) (3)® which leads to the result
We start by considering the simple wave function intro-

duced by Henley and Mille(HM) [20]. First the SU6) na-
ture of the three-quark wave function spin-isospin wave Ge(Q?)=
function of Eq.(3.16 is unchanged. The(p,\) is re-
placed by a function¥(p?+\?). The generalization is to _ _ _
expand the square of the wave function in terms of harmonic 1O Seée how this works in studying charge symmetry

oscillator wave functions of the form given by E@.17), bregking effects, we evalqate the effects of the magnetic hy-
perfine interaction. Recalling E¢5.10 we now have

47 «a 2Am (= A®B

5G(’\ﬁl)(Q2):___$\ﬁ:f dIB_S,Bg/Z
. . 812 AE(Q%Vy) YT™m3Jo = 6

Henley and Miller chose the functiag(B) so that the result-

ing electric form factor of Eq(3.18 is of the usual dipole XefAZBIG(efQZB/M_ efQZB/G) (5.18
type Ge(Q?) = A¥(Q?+ A?)2. In this case '

2
Q%+ A2

4

(5.17

Vo)~ | dBg(Bre 0%, (511

1 which is evaluated as
O (B)(TB)° =5 A8 exp(—A?pI6) (512

5G(g)(Q2) = — E&\/ES_M A__m
and M 81 AE(Q%V,) 6°2 md
P2 (R)= veA? K \FAR) 5.1 X ! - !
HM( )_ 1080TSR 1 3 ’ ( . 3) (A2+ Q2/4)5/2 (A2+ Q2)5/2 '

with R=1/p?+\? and K,(x) is a Bessel function of an .19

imaginary argument. This wave function was originally used
along with a semirelativistic Hamiltonian in which the ki-
netic plus rest mass energy is given gg°+m? and is not
suited for calculations with the nonrelativistic operator of Eq.
(3.4). This is because of the nonrelativistic kinetic energy
operator has an infinite expectation value in the wave func
tion ¥, . This very same wave function was also used in
Ref.[21].

We shall proceed here by using a different functigis), —
one which leads to a finite expectation values of the kineti€ncumbered by the small factam/m. .
energy, but which also leads to a power law falloff of the 11€ré is a general lesson that can be drawn from this
form factor. Using this wave function will allow us to see if €X€rcise. Small charge symmetry breaking effects derived
the very small effects of charge symmetry are associatepom a perturbative term in the strong Ham|lton|an cannot
with the rapid Gaussian fall off of form factors obtained from €2d to form factors of a different asymptotic form than that

the oscillator model. In particular we take of the strong form _fgctors. .
The only possibility to get new effects is from the charge

For large values of? this form factor falls roughly ag °
which is slower than th€ 8 behavior of Eq(5.17). Thus it
might seem that at large enou@? the charge symmetry
breaking effects would dominate. This, of course, is not true.
The strong form factor of E¢5.2) has a termA G, (Q?) of

the same momentum dependence as that of the charge sym-
metry breaking term of Eq(4.11). Thus the strong form
factor would also have & ° behavior and would not be

A8 5 symmetry breaking in the kinetic energy operatdf. One
9(B)= WG_A A, (5.14  might think that the kinetic energy acting ¢¥r) might gen-

erate a state vector with different behavior. To assess the
importance ofAK the relevant expressions of Sec. IV must
be re-evaluated using the wave function of E5.16). The

o by calculations are tedious but straightforward, so the results
\Pz(p,)\)Zf dpg(B)e” M +rIB (5.15  will be presented after the model parameters are discussed.

0 The size parametek is chosen so thaBg of Eq. (5.17) is
consistent with a root mean square radius of 0.83 fm. This
givesA =5.90 fm~ 1. One may compare the relevant size of

, 2BA7 > our present wave function with that of the harmonic oscilla-
v (R)ZFRK]_ §AR .

which gives

and therefore

(5.1 tor in another manner by computing the contribution of the
kinetic energy operator to the neutron-proton mass difference
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VI. BJORKEN SUM RULE

0000 7T T T T

The structure functiong;(x,Q?) can be measured in
lepton-nucleon deep inelastic scatter{ijS) by using a po-
larized beam and a polarized tar§ié}. See the reviewg22].

Here x is the Bjorken variable. The&Q? dependence of
9:1(x,Q?) arises from perturbative QCD evolution effects
and from higher twist and target mass corrections. For the
present purpose of evaluating the influence of charge sym-
metry breaking using nonrelativistic quark models it is suf-
ficient to consider the Bjorken sum rule within the frame-
work of the naive parton model.

The naive parton model interpretation of the spin-
N | dependent DIS data is that the valence quarks contribute very
4 6 8 little to the proton’s spin. This startling finding motivated the
Q°8/2 studies of parity violation in electron-proton scattering stud-

ies discussed here. The parton model structure functions
FIG. 8. Use of the wave function of E¢5.16. Change in elec- measure the probability for finding a quark with momentum

-0.002

© -0.004

5Gy/G

-0.006

N R R BRI

o
w
—-
(=]

tric form factor. fraction x in the proton and which is polarized either in the
same] or the oppositg direction to the proton’s polariza-
(mg—my) > ) N2[ a2 tion T, and the structure functions are described by the four
Mp=Mp=——=—(4m)° | podp [ Nd\ 53| 5| » i stributi D0 (g+a)!
p 3m?2 R?| 9R independent parton distributionsg£q)'(x);(q=q)*(x).

(5.20  The functiong;(x) is given by

which may be equated with the harmonic oscillator result of _ E 2
Eq. (3.21). To obtain an equivalent harmonic oscillator pa- 91(x) 2% €A a0, ©.3
rameter Beq in the latter such that/Beq=0.77 fm. The

present wave function corresponds to a larger size than thghere Aq(x)=(q'+q')(x) - (g' +q*)(x) is the polarized

oscillators used here. For purposes of estimation, we takguark distribution ane, denotes the quark charge.

md_mu:5.2 MeV, which is the value of model 1. A calcu- In the naive parton model the integra'

lation of all of the relevant charge symmetry breaking terms

would probably lead to a value a bit larger than that because 1

a value ofag larger than the 2.3 of model 1 would be needed Aq:j dxAq(x)

to reproduce thé -nucleon mass splitting. 0
The results are shown in Figs. 8 and 9. The computed

ratios of charge symmetry breaking effects to charge Sym(_jetermmes the fraction of the proton’s spin which is carried

metry conserving ones are displayed @6/Ge or by quarks(and antiquarksof flavor q. Thus, as reviewed

5Gy /Gy as a function 0fQ2B/2 where\8=0.77 fm. Here recently[22], one obtains
the electric and magnetic form factors have the functional

1
form of Eq. (5.17). Observe that the computed ratios are Flpzf dxgl(x)zi(p,T|(4Au+Ad+AS)|p*T>-
once again very small. ©Jo 18 62

0.0000 T T L T T T T

We shall not explicitly write the proton spihin the follow-
ing development. Thulp) is to be understood as denoting
|p,T). The operatora\q are the axial current operators for

the different quark fIavorq:q_yMySq. The axial chargey,
measured in beta decays is given by

—0.0002

-0.0004

o [ ga=(p|Au—Ad|p). (6.3
L?o.oooe - . . .
S C The Bjorken sum rule also involves the neutron matrix
& - element
2 i
~0.0008 —
I 1
. ] Fln=l—8<n|4Au+Ad+As|n>. (6.9
oooto b L 1 L L
o} 2 4 6 8 10
Q%8/2 The use of the formalism of Sec. Il, and the fact that the

strange quark field operator is not influenced by rotations in
FIG. 9. Use of the wave function of E(5.16. Change in mag-  iS0Spin space, allows one to express this quantity as a proton
netic form factor. matrix element;
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1 for all pairsi,j of quarks. Furthermore the expectation value
1n=1g(Pl4Ad+Au+As|p) of the isospin operators vanishes. Considgr 1,2 and note
that
1 A
+ g0\ P (4Au+Ad)=—-—-2AH|p) . (6.9 4
~ o 0 (Al73(1)+ 73(2)[N)=— \/T'Z (Al psuudy=0.

Taking the difference between Ed$.2) and (6.5) leads (6.14

to the result ) )
The spatial symmetry of thA and nucleon wave functions

r, _Fln:%"—AF’ (6.6)  Insures that this vanishing occurs for all paiir.
P 6 The result of this calculation is that the influence of the
h charge symmetry breaking Hamiltonian on the Bjorken sum
where rule vanishes. This exact 0 is due to the use of first-order
1 A perturbation theory within an S6) symmetric wave func-
AT'=——ol p|(4Au+Ad)=—-2AH|p) . (6.7  ton
18 m—Ho o '
The first term of Eq(6.6) represents the Bjorken sum rule VII. DISCUSSION

and the second term is the naive parton model correction to it
caused by charge symmetry breaking.

We shall use the nonrelativistic quark modg2§] to es-
timate the size ofAT". In this case the relevant operators are

Let us summarize. The charge symmetry breaking observ-
ables relevant for parity-violating electron scattering and a
general formalism for their evaluation are obtained in Sec. .
) This formalism is just a simple way to keep track of the
Au=S 1+ 73(i) oa(i) 6.9 effects of the charge symmetry conservidg and violating
i 2 3 ' H, Hamiltonians. The observables are evaluated using a set
of three nonrelativistic quark models, each with harmonic

and oscillator confinement and obeying 8) symmetry, that is
1—74(i) defined in Sec. Ill. The models are distinguished by their
Adzz T(Tg(i), (6.9 different size parameters, and are required to reproduce the
' A-nucleon mass difference, or a size-dependent fraction
so that thereof. The charge symmetric breaking effects included are

5 3 the effects of the mass difference between the up and down
; ; ; uarks in the kinetic energy operator and one-gluon ex-
AdutAd= ZEi s+ ZEi o3(i)7s(i). (6.10 ghange interaction, and thegeylec?romagnetic interagction. One
obtains a reasonable range of valuesmgf—m, needed to
The first term does not excite the nucleon and is irrelevanteproduce the observed value of the neutron-proton mass dif-
The action of the second operator on the nucleon leads tference.
either a nucleon or to &. This simplifies the calculation The charge symmetry breaking effects are small and
enormously since only thA intermediate state needs to be therefore well treated using first-order perturbation theory.
included in the sum over intermediate states required t@ne must sum over an infinite set of intermediate states to
evaluate Eq(6.7). carry out the necessary calculations. This summation is aided
Then the expression fakI" as obtained by using the rel- by the approximation of treating, appearing in the energy
evant operatof6.10 in the matrix element of Eq(6.7) is  denominator as a constant. The relevant congi&hts cho-

simply sen so that the first correction to the approximation vanishes;
1 YA see Eq.(4.8). This means thahE depends on the momen-

AT=2,(P 2 oa(i)7a(i) 2AH|p) . tum transfer and the operator that excites the proton. This use

6 i May—My of a constant allows one to use closure to perform the sum

° (6.1  overintermediate states. This procedure is the subject of Sec.
V.
Only the spin dependent pieces of the charge symmetry The evaluations are presented in Sec. V. First the electric
breaking Hamiltoniam\H can contribute to this matrix ele- and magnetic form factors of the eigenstatedHgfare ob-
ment. Thus tained. The strong one-gluon exchange operator gives a high
momentum tail which dominates the Gaussian term obtained

a dagAm\| 7 . . from the oscillator wave function. Then the influence of the

AH—— 9 9 ? ﬁ; [(73(1)+75(])] three charge symmetry breaking terms in the Hamiltonian
are evaluated for the three different models. The effects due

X 8(rij) 0 0. (6.12  totheu—d quark mass difference are larger than that of the

electromagnetic interaction, but are themselves very small.
However, the spin dot products may each be replaced byhe largest of the effects we find are of the order of 1% for
unity because for the spin symmetdcwave function the change inGg caused by charge symmetry breaking ef-
o fects. Some larger values are shown in the figures, but these
oi-oj|A)=|A) (6.13  are for values of the momentum transfer which are outside of



1504 GERALD A. MILLER 57

the regime of applicability of the models we use. These smaltnﬁ. This leads to a numerical result,=P(p
values arise because of the small sizes of the basic effects:7*n)/P(n=7"p)=0.986, which corresponds to an ex-
the ratio of the quark mass difference to constituent quarkess of 0.2% oh=="p fluctuations ifP(p=a7*n)~P(n
mass is about 1/70 and, the tail caused by the strong one = p)~0.15. However, one should perform a light-cone
gluon exchange potential makes it impossible to find a regioperturbation theory treatment of the charge symmetry break-
of momentum transfer for which these effects can stand ouing, which involves treating the Hamiltonian operalf P~

This result is not a consequence of the use of oscillator coras a sum of charge symmetry breaking and charge symmetry
finement. A different wave function, in which the square of conserving terms. In this case the relevant eigenvalue, analo-
functions, is also used, and very small effects of charge Sympjs value changes the above result of 0.986 to 0.992; the
metry breaking are obtained. _ , effect is reduced by a factor of 2.

The charge symmetry breaking correction to the Bjorken  actyally, the biggest effect used by Ma is caused by the
sum rule is examined in Sec. VI. Here the use of(@U a55ymption that the radi®~1 fm of thenm* component
symmetric wave functions is shown to lead to a vanishingys the proton is 2.5% smaller than that of ther~ compo-
corrchon in first-order pertur_banon theory. Charge_symme-nem of the neutron. This according [tv1] could be caused
try breaking therefore has no impact on current studies of thgy Coulomb effects. However. the effects of the Coulomb
validity of the Bjorken sum rule. potential and electromagnetic interactions in loop graphs is

Next consuder other computations of the effects of pharg%f order o/ m<0.025, so that Ma’s effect, while physically
symmetry breaking on the nucleon. The present work is mMoStgagonable, is estimated to have too large a value. A reason-
similar to that of Ref[10], and our results are consistent 4pje estimate of the effect could be 0.03 nucleon magnetons
with those, except for one detdiéee Sec. Il that depends I£25]. This effect is too small to be relevant to experiments.
on issues beyond the scope of the nonrelativistic quar Finally, consider the work of Celenza and Shakig]
model. That previous calculation is extended here by includy o computed the deep inelastic structure functions of the
ing the effects of the strong and electromagnetic hyperfing,,cieon using a quark model which preserves translational
interaction, by studying the momentum transfer dependencgy ariance. Effects of charge symmetry breaking enter in
and by using a nonoscillator proton wave funct!on. Ong dnc'their calculation of the ratio oF 5(x)/F5(x). They can re-
f?‘i"‘c‘? IS tr;at '? Izetf.lct)] thfSSSUOm ?/\\//er |nterrTI1ed|atetex0|ted produce the experimental values of this ratio by allowing the
states is saturated by the(1550). We use closure to carry o o0 confinement radius to be about 10% larger than the

.OUt the sun;]: Ehe ch:_rgi/;ymmetry bLeaklrllwgloperat(()jr.s ar('?orresponding proton radius. Such an effect is well moti-
isovector which act off = states so that the intermediate vated, but the 10% value is much larger than &% ef-

states can have eith&r= 1/2 orT=23/2. The closure approxi- fects found here
mation used here allows the=1/2 states to be included. The net resuit is that the effects of charge symmetry

Let us also discuss ﬂ;e work of Ma1] who presents his  oaking on the nucleon wave function can be expected to be
results in the form— 5Gy,~0.006-0.088 nucleon magne- yery small. Only a limited number of models are discussed in
tons. This is small compared to the current experimental erg,e present paper, but it seems very difficult to construct a
ror of about 0.2 nucleon magnetons, but relatively_ importanteasonable model of the nucleon which incorporates large
compared to the rather small strange magnetic momergharge symmetry breaking effects. That any charge symme-
Gy =—0.066 nucleon magnetons from the baryon-mesonyy yiolating effect in the HamiltoniarH, has its analog in
fluctuation model of Ref[24]. The abstract states that the {he symmetry preserving Hamiltonidt, is a model inde-
neutron proton mass difference leads to an exces® of pendent statement. Thus the present conclusion about the
== p over p=m"n fluctuations, but two different effects |ack of import of charge symmetry breaking effects seems to

actually lead to the results. _ be true independent of the particular model used.
The first is claimed to arise from the light cone treatment
of the noninteracting propagator. If the light cone treatment ACKNOWLEDGMENTS

is used, a termP P —M? with M?=3Z [(K, . _ .
2 M L M i=1L( Ll This work was stimulated by a talk given by D.H. Beck at
+m)/x;] replaces our nonrelativistic inverse propagddr e national INT. | thank A. Bulgac for making some very

—Ho. The value ofP" P~ =My, the square of the nucleon useful comments. This work was partially supported by the
mass. In Ma’s treatment this takes on the two valuem%)br U.S. DOE.
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