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Isospin breaking in the pion-nucleon coupling from QCD sum rules
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We use QCD sum rules for the three-point function of a pseudoscalar and two nucleonic currents in order to
estimate the charge dependence of the pion-nucleon coupling coggigntoming from isospin violation in
the strong interaction. The effect can be attributed primarily to the difference of the quark condéu_s;ates
and(aj). For the splitting gpp,,o—gnnﬂo)/gNNﬁ we obtain an interval of 1:210°2 to 3.7X 10" 2, the uncer-
tainties coming mainly from the input parameters. The charged pion nucleon coupling is found to be the
average oy, andgn,, . Electromagnetic effects are not includ¢80556-28187)01906-1

PACS numbdss): 13.75.Gx, 24.85:p, 24.80+y

The effect of isospin-violating meson-nucleon couplings Mn(X) = €apd[dA(X)Cy,d°(X) ] ysy*u(x)}.  (3b)
has recently seen a strong revival of interest in the investi-
gation of charge symmetry breakingCSB) phenomena The momentap, and p, are those of the nucleon, and
[1-4] (for a comprehensive review s¢B], and references g=p;—p, that of the pionC=iy,v, is the charge conjuga-
therein. On a microscopical level, isospin symmetry is bro-tion matrix. In the following we will only keep terms up to
ken by the electromagnetic interaction as well as the masrst order in isospin violation, i.emy—m,.
difference of up and down quarks,# my. It is the aim of The phenomenological side of the QCD sum rules for the
this paper to examine the difference between the pionthree-point function#\ are obtained by saturating the general
nucleon coupling constant,p,0, nn-0, @and gpn,+ USINg  expressions for thé'’s (1) with the corresponding nucleon
the QCD sum rule method, which has been established asand pion intermediate states. In order to connect to hadronic
powerful and fruitful technique for describing hadronic phe-observables we have to know the overlap between the pion
nomena at intermediate energigs-8]. Here we will only  states and the interpolating fields. The axial Ward identity
look at effects which arise from isospin breaking in the .
strong interaction. In the QCD sum rule method this is re- ,— T
flected bym,#my as well as by the isospin breaking of the A, =i 75[M’E] q (4)
vacuum condensates. Electromagnetic effects are not exam-
ined. Our work follows the approach of Refs.,9,14 and  gives
extends their analysis to the isospin-violating case. L L
We start from the three-point function of two nucleonic  my(0| ui ysu— di ysd| 7% =m_0?f o+ O[ (my—my)?]
(loffe) [11] and one pseudoscalar interpolating currents with
the appropriate isospin quantum numbé¢ig9,10,12,13 o
eg., V2mo(O[ uiysd|m ) =m . 2f i+ O[ (M= my)]
(5b)
Anngi(P1,P2,9)
with  g=(3), M=mgl+[(m,—my)/2]7® and m,
:f d*x,d%x,eP¥1g~1P2x2 =(m,+my)/2.
Hereby we have used that
T=1/ "\ /v
X<O|T77N(X1)Pi (O) 77N(X2)|0>1 (l) (mu—md)<0|uiy5u+ di75d|770)=(’)[(mu—md)2].
wherei stands for+ or O andN for proton or neutron,
respectively. The expressions for the pseudoscalar isovect
currents read

Furthermore we can sein_o’=m_+2=m_2 as well as

?Loz f ,+~=f_, because the differences between the charged
and the neutral quantities are also@f(m,—my)?] [14].
We also need the current algebra relation

P ()= u(X)iysu(x)—d()iysd(x),  (2a)
_ mo(uu+dd)=(—)m,*f 2+ O[(my—mg)?]  (6)
P00 = 2u(x)i ysd(x), (2b)
which follows from Egs.(5) and the partially conserved
and those for the loffe currents are axial-vector currenfPCAC) relation
77p(X) = Eabc{[ua(x)cy,uub(x)] ysy*d“(X)}, (33 aMA,ua: m‘rrzfﬂ"”-a' (7
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The pion-nucleon couplings are defined through the inter

actions 5 5 5
Lonzo=(— )gnnrrom')’SWOna (8b)
(b) (c)

‘cpm#: \/Egpmr*m')’Sﬂ'er- (80

It should be remarked that in our notation all three couplings

are positive and have the same value in the isospin conser E i E
ing limit.
We then obtain the following expressions for the phenom-
enological sides of the three-point functions, E{s:
(e) &)

A —ix zmwzfﬂ- (+)gpp7'r0 1
“N my =P m,? M

ppmO

1
X—""—5M + .., 9
pzz_Mpz p75¢l (CE)

A —ix 2m7T2f’7T (_)gnnwo 1
nnw0 n mo _q2+mﬂ_2 p12_Mn

2

1
X p2— M_nzM nYs@+ -, (9b) ® o

m,sz \/E _ 1 FIG. 1. Diagrams in the OPE.

Apnz+=iNphy ngn +2 7 2
My —g°+m;”p;"—M, 1

1 Mp+M, Pa:SIT[U(X)i)’sU(X)"‘ d ()i ysd(x) =25 (x)i y58(X)]

szz_M 27 5 ysg+ - -, (90 3
n

, rather than the pure isovector current in the correlator Eq.
where theky's are the overlaps between the loffe currents 1) The ¢ denotes ther- 5 mixing angle which defines the

(2) and the corresponding single nucleon states. Thede-  mass eigenstatelsr) and |7) in terms of the flavor octet
note contributions from higher resonance intermediate state§genstate$m,_5) and|m,_g):

and the continuum. We will come back to these contributions
later. _
) ) ) Ty=|maz3)+ 0| Tazg), (123
By saturating the three-point function Ed) for the neu- |m) =l Taza)t 0l mazs)
tral current with pseudoscalar isovector intermediate states
and deriving Egs(9a) and(9b) we have assumed so far that

0 . . .
the 7~ mass _e_|genstate IS & pure |sovectc_)r state. Howeveh should be noted in this context that there exists actually a
due tow-# mixing the correlator in Eg(1) with the current

PiT:ol will pick up a contribution from thé ) state as wefk whole family of possible choices for interpolating currents

In order to avoid this we have to use a correlator where th involving linear combinations oP,_g and the flavor singlet
vold this w v u T W Qurrent Pa-g, Which have no overlap with they but only
pseudoscalar meson current has only overlap with the phys|-

cal | ), i.e., the mass eigenstate and not with th. As it with the 7. Our choice(10) is the appropriate one if one

has been shown in RefiL4] this is possible in lowest order ignores possible mixing to the $8) flavor singlet state, i.e.,

chiral perturbation theory by using the linear combination ofthe 7', because in this case the currddD) is the only
P y by 9 choice which has no overlap with the flavor singlet state
the SU3) flavor octet pseudoscalar currents

| 77>: | 7Ta=8>_ 0| 7Ta=3>- (12b)

either.
P .4 0P (10) Furthermore it should be noted that we have neglected all
a=3 a=8: higher pseudoscalar, isovector resonangés#” , ... . In

other words, we have assumed that pion pole dominance
works at spacelikeg?~—1 Ge\?, where the three-point
- — T function method can be applidd,9]. We will discuss this
Pa—z=u(X)iysu(x)—d(x)iysd(x)=Pi=g, (11  point later as well.
The next step is to perform the operator product expan-
sion (OPP for the three-point functions under consideration.
lwe are grateful to K. Maltman for pointing this out to us. Typical diagrams are shown in Fig. 1. Following Refs.

where
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[7,9,10 we keep only terms which are proportional dgs 1

and have a 1 pole. We identify the residua of this pole Ypna+ = 5[ Gppr0+ Gnnrol- (15
with one on the phenomenological side, assuming hereby

that |g%|>m,2, so that the pion mass can be neglected inwhich is a simple consequence of thendd quark contents
Egs.(9). Finally we takep,2=p,?= — P? in the equation of of the three-point functions and valid within the approxima-
the pole residua and perform a Borel transformation withtions considered.

respect toP2. It should be noted that the OPE side contains, In order to obtain the splitting betwea),,,0 and gnn,0

of course, also terms which do not have g?lpole. They we take the sum between Ed.3a and Eq.(13b) and divide
will give rise to a form factor, i.e., @2 dependence of the by either one of them. Expanding again up to first order in

pion-nucleon coupling$13], which we do not consider in isospin breaking, we obtain
the present context.
P 09 | [ ONE| [ OMu| (oM (M
AN° My My /| M?
which contain the quark condensatasu) and (dd) con-
tribute. Diagrams containing the gluon condensé@?) =
arguments they are proportional to the current quark mass
m, or my, respectively. The mixed condensatasG- ou)

In our case one can easily convince oneself that up to and
ganNN
2 4 6

including order 4, only the diagrams in Figgbl and Xc),
—yt+=-—. (16)
[Fig. 1(f)] come in at order 6, because from dimensional 3 3 \/§

‘ﬁere we have used the following notations for the isospin

- splittings:
and{dG- od) [Fig. 1(g)] are genuinely of two orders higher , ) )
than the quark condensates. Four quark condengBigs MN=M,—=M;,80=0nnm0—Gppr0, OAN“=Ap“—Np
1(h)] enter already at order 8. Because reliable values for the (17)

isospin breaking of the mixed condensates and the four quark,q the average values

condensates are missing, we prefer to stop the OPE at order

4 and do not take the higher order power corrections into 1 1

account. Mn=5(Ma+Mp), Onune=7 (Gnnm0+ Jppro),
Applying the prescription described above one can easily

derive the Borel sum rules for the three-point functions of , 1 )
Eq. (1): ANT=5 (A" Rp7). (18)
(=) 1 5<_> 1<ajl> ] 5<_> 1(@)} Furthermore we have introduced the parameter
- —(uu)+ = +—|=(uu)— <
| |6 6 316 6 (dd)
m,2 1|3 “w 19
T ' _ 2/nm2
:)‘DZ m Mp(+)gppw°(W) e (Mp /M%), (133 _ _ o
0 to denote the isospin breaking in the quark condensates and
set
(-~ [( 2@+ g0+ | 2@ ¢ (w0 }
)= (=)= —(uu — | = ——=(uu 1
L e s Vsl 6 (qa)=3[(uu)+(dd)]. (20)
m_2f 1\ 22
=\,° - M (=) Gnnno A (Mp/M%) (13b From Eq.(16) we also see that we need to know the value
0 of o\\?, i.e., the isospin breaking in the overlaps between
and the nucleon states and the corresponding interpolating cur-
rents. To obtairdx 2, we follow Refs.[7,9,10 and use the

11 — 1 sum rules for the nucleon two point functions

(=) 5{uu)+5(dd)
d*x e 0| Ty (x) 7n(0)]0) = KITY (k?) + TN (K?),
mwszMp+Mn f (0[Tnn(x) 7n(0)[0) 1 2
=Nphn -~ — % Gpnr (21

which have been considered in the case of isospin breaking
in Refs.[15—-17. We will take the chiral odd sum rule for
the amplitudedI,(k?) which is known to work better than
the chiral even ones fail,(k?) [18]. Including again con-
It should be noted hereby that the strange quark in the curdensates up to order 4 we hawé. Egs.(8) and(11) in Ref.
rent P,_g [EQ. (10)] does not contribute in the OPE up to [17]]:
that order which we are taking into account. 5

Already at this point we see by taking the difference be- (277)4)\—p=eM92/M2
tween Eq.(139 and Eq.(13b and comparing with Eq(14) 4
that up to first order in isospin breaking the charged pion- )
nucleon coupling is exactly the arithmetic average of the two +(277)2M—m <ﬁ>}
neutral pion nucleon couplings, i.e., we have 4 '

X

1 )2e(Mp2/M2)_ e—(anlMZ)

M2 MyZ— M2

(14

ME  M2g%(G?)
B T

(229
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2 6 2.2 2 30
(27T)4)\Tn:eMn2/M2 M?_'_ M gscée > 28
26 -
24 +
M2 _ =
+(27T)ZTmu<UU> . (22b) ~ zz N
>eF T

“w

It should be noted that in this sum rule the gluon condensat¢ Z 16 |
g2(G?) enters in the same order as the quark condensat = 14}
(i.e., order 4 and therefore is taken into account, whereas in 2|
the sum rule for the three-point functipggs.(1339—(14)] it or

enters two orders higher than the quark condensate and we ~ ®[
therefore omitted. or
We take the difference between H@2a and Eq.(22b) : :
for p andn and divide by either one of them, giving o ‘ ‘ , ‘ ‘ ‘
5}\N2 5M \ M N2 0.7 0.8 0.9 1.0 M [1(.51evz] 12 13 14 15
(_ N 2 =(_2)< M )(W)_(Zﬂ)z(mwzf'rrz)
N N FIG. 2. Dependence ofg()pwo—gnnwo)/gNNW on the square of
M?2 myg—m, the Borel massM?. As example we have used the parameters
X [ Mg+ m, +y y=-0.01, SMy=2 MeV, and nyg—m,)/(mg+m,)=0.28. The

dashed curve is obtained by omitting the transitiblis N*. In the

1
M+ ZQ§<GZ>M2 ned :
full curve these contributions are included.

My M2
My M?

: (23 constantsf . and f, differ by about 30% if loops are in-
cluded. It seems therefore appropriate to assign an error of
Putting Eq.(23) into Eq. (16) we obtain the final sum rule  30% to the contribution coming from-» mixing, i.e., to the
59 2 40 (sM term (4/3)@/+3) in Eq. (24). We have already mentioned
( — _) ==yt o _+(_N +(2m)3(m 2% ?) that in the treatment of the-» mixing we have ignored the
INNT 37 33 | My mixing betweenz and 5’ as well asw and '. The treat-
ment of thex’ in the current approach is difficult due to the
+y anomaly in the S(B) singlet pseudoscalar current. The value
mg+my of the 7-% mixing angle @ increases by about 30%, if the
7’ is included[26].
) In order to obtainédMy, we correct the experimental
_ % M_N (24) value for the proton and neutron mass difference by electro-
My MZ| magnetic effects, rendering an interval of
1.6 MeV< M\ <2.4 MeV [27,31]. For g%(G?) we take the

where we have used E(). standard value of 0.474 G&Vnoting that its numerical con-
For the isospin breaking in the quark masses we use thgi tion to Eq.(24) is rather small.

most recent analysis of current quark mass rdtl@$, giving The dashed curve of Fig. 2 showis- (8g/gnn.)] 0b-
a value of ny—m,)/(my+m,)=0.29+0.05. As we can (gined from Eq. (24 in the Borel window

see, one of the crucial ingredients in Eg4) is the numeri- 0.7 Ge\P<M?2<1.5 Ge\? using typical values for the pa-
cal value for the parametey. Various analyses concerning ometers.

this quantity have been performed using different methods: Up to now we have saturated the phenomenological side
QCD sum rules for scalar and pseudoscalar me$8/Z9— ot the sum rules only with the ground state and have
22], QCD sum rule analyses of the the baryon mass splittinggjtted transitions betweeN and excited\* states as well
[23], and theD andD* isospin mass differenc¢@4] as well 55 contributions from the pure continuum. As has been
as effective models for QCD incorporating the dynamicalshown’ e.g., in Refd28—30 in a single variable dispersion
breaking of chiral symmetr}j16,29. The range fory result- g, ryle, the transitionsl—N* gives rise to a single pole
ing from these analyses is rather large: 0862y<0.010. o/ ~1/(p2—M,?) in addition to the double pole term of

This range is also consistent with the result obtained fronEq_ (9). This single pole term will not be suppressed in the
one-loop chiral perturbation theory assuming reasonable vag el sum ruleg24). It is easy to see that the inclusion of

X

M2 [ my—my

1
M+ ZQ§<GZ>M2

ues for the strange quark condensése) [14]. ~ this contribution would add a term to the left-hand side
For thewr-7 mixing angled we take the value obtained in (LHS) of Eq. (24) which is of the same general form multi-
lowest order chiral perturbation theof¥4] plied by an additional power d¥12, i.e., it can be written as
2
1 \/_md m, C(1/M?2)2e~ MM The constan€ can be treated as effec-
= 4 3ms_ Mo (29 tive parameter which is optimized in order to obtain the best

fit to the Borel curve. In the isospin conserving cgs®,1q
Using the numerical values for the quark mass ratios fromt seems to be justified to neglect this contribution due to the
Ref.[19] we find = (10=0.8)x 10~ 3. Next to leading order fact that the sum rule fogyy, Saturated only with the
corrections are typically of the order 30%, e.g., the decayround state is practically independent on the Borel mass
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MZ. This indicates that the paramet@ris compatible with TABLE I. Comparison of §pp — Gnnr,)/ Onn Obtained in dif-
zero. Furthermore the on shell value gy, is reproduced ferent approaches including isospin-violation effects from strong
rather well in this approach. A recent QCD sum rule analysisnteraction. In order to compare the numerical values of R&f85)]

for gyng USing two-point function$30] also finds that this  with the other results we have usé¥ /M y=0.002.

transition is very small. However, in our case we are looking
at isospin violation, and there could be a small difference of (9ppmy— Innmy)/ INN
the paramete€ for the proton and neutron contributing to

the sum rule (24) in the same order of magnitude This work ~0.012--0.037

as 5g9/gyn,. It is not difficult to take the excited Ref. [35] ~0.010--0.014

states into account. The LHS of Eq24) becomes Ref. [1] ~0.006

[ —(69/gnn.)]+AM?, where the unknown parametér is Ref. [38] 0.005+0.0018

optimized in the Borel analysis, which means, effectively, by Ref. [39] ~0.0067

fitting a straight line to the dashed curve of Fig. 2. Doing so

results in the full line curve of Fig. 2 as the final Borel curve

for [ - (89/9nn-) 1, Which is very stable in the window un-  Finally let us compare our result with those of previous
der consideration. studies, which analyze the isospin splitting of the pion

It should be noted that thi1? dependence of the Borel nycleon couplings arising from the strong interaction, i.e.,
curve is practically unaffected by the large uncertainty in theessentially the quark mass differentg—m,. It should be
input parameter y and only depends on the ratio poted that direct experimental values are not available. The

(mg—my)/(my+m,), because the numerical contribution Nijmegen phase shift analysis f&¢N and NN scattering

2 - .
of y as well assM to theM~ dependent term in EG24) is 344132 33 which is consistent with data fromN scatter-
very small. The term—(2/3)y+(4/3)(6/y3) only affects ing [34], but includes electromagnetic effects, finds

the i'ntersection with thg axis but not theM? dependence. (59/gnn.) = 0.002, but with an error of 0.008; thus, there is
_ Finally let us look at the effect of a pure continuum start- " ayidence for a difference and they also find no evidence
ing at a thresholds, which would result in multiplying the 5 5 gitference betweeg,,+ andgyn,o Within the statis-
RHS of the Egs. (133—(14) , with the function  ical errors of their analysis.

— —X 1 —
Ei(x)=1—(1+x)e"" with x=s/M". If one assumes that  prom Taple | we see that our range for (8g/gyn,)] in
the continuum thresholds for protes) and neutrors, are Eq. (27) is compatible with the values obtained by other
equal, there is no effect to the isospin breaking sum(@de 5 thors, both in sign and order of magnitude.
Allowing for a difference of| §s|/s=0.2% (compatible with (1) The quark gluon model of Henley and Zhaj8$).
SMy/My), with s,>s, and using a typical value of () The quark pion model of Mitra and Ro§36,5]. This
$=2.25 GeV would give a contribution of~0.17% 10 has recently been used by Piekarewit, who obtained a
[—(89/9un-)] at M2=1 Ge\P. This is noticeably smaller yiglation of the “triangle identity” consistent with therN

than other errors inherent in the sum rule method. data analysis of Ref37].

In order to obtain an estimated error for (59/gnn) ] (3) The use of the quark mass differenog—m, and
we calculate the minimum and the maximum values obtained:_ ,, mixing [38].
from Eq. (24) after fitting the constanf and using the ex- (4) The chiral bag moddI39], which also has our relation

treme values for the input parameters—y, [Eq.(15)] for the charged coupling to be valid.
(mg—my)/(mg+m,), My as well as the the contribution  (5) On the other hand, the use of the cloudy bag model
from 7-7 mixing, as discussed above. This gives an intervaj40] leads to §g/gyy,)~0.006, with the opposite sign to

of our result.
59 It should be noted that there are electromagnetic correc-
17X 10‘3<( - )<30>< 1073 (26)  tions, whose direction are unknown. The charge difference
INN we obtain due to the strong interaction would, by itself, lead

Furthermore, from various other isospin violating sum rulet0 @  difference on  the  scattering  lengths

analysede.g., Ref[17]) we know that the next higher order |2nnl —|app|~—0.5+0.2 fm, smaller than, but in the oppo-
condensateq_G-oq> which has been omitted here due to site direction to the observed differendd. Of course, there

the reasons mentioned above, may account for about 25% 8f¢ other effects which play a role, e.gzw» mixing.

the leading term. This means that we can expect an addg 'ic8 5 BN FEIRETD B8 RS RORL KOOR A
tional uncertainty of this magnitude. This leaves us with P 9

final interval of %he pion-nucleon coupling on shell, because it works at

spacelikeg?~ —1 Ge\? and needs the detour of comparing

the 142 pole residu47,9,10. As we have already mentioned
)<37>< 10°%. (27 earlier this means that one has to assume thable domi-

nance can still be applied in this region and higher pseudos-
The contribution coming fromw-7 mixing, the term calar resonances are neglected or, in other words we use the
(4/3)(6//3) in Eq.(24) amounts to about (82.5)x 10 2. PCAC interpolating pseudoscalar field at those values of
As stated above this value would be about 30% larger if)?. A quantitative analysis of the contribution of these higher
»-n’ mixing was included. The large uncertainty in the inputresonances would require some knowledge about their cou-
parametery and the lack of phenomenological data do notpling to the nucleon. There are various indications and con-
call for a more detailed investigation at the present stage. sistency checks that the concept proposed in R&f8,1Q is

59

NN

12% 10—3<< —
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a reasonable one: First of all in the isospin-violating case ongosteriori justified because the numerical value of this term
is likely to be less sensitive to the higher resonance contriturns out to be small, as it has been discussed above. How-
butions due to cancellation which presumably occur if sum-ever, we do not know if this is true in the isospin violating
ming over the higher pionic excitations. Furthermore, in thecase. The double nucleon pole sum r{®®] would avoid
isospin conserving cade,9,1Q the experimental value of this problem and moreover is able to give a value for the
dnn- IS reproduced rather well. The Borel stability in both N— N* contribution. Unfortunately as one can see from the
the isospin conserviny,9,10 and the isospin-violating case analysis in Ref[30] already in the isospin-conserving case
(this work) is a further consistency check, although this ofthis sum rule seems to be rather sensitive to the condensate

course is only a necessary but not sufficient condition. Fi‘mput, which is the quark condensa(t@q) and especially the

nally there is the analysis of theNN form factor[13] using hi . — .
. ; igher order mixed condens G ), which has to
this approach. The® dependence fin.(q°), which con- egincluded to give a reasonégglé1 vaﬁﬁgmim. In case of

tams.effectlv_ely the_h|gher pionic resonances in the spectra% e three-point function the condensate input parameters are
function (1), is consistent with various other approaches us-

ing the same interpolating current but working at lovgr much better under control. For these reasons we prefer to

S ) ) . work with the three point function sum rule.
This indicates that the interpolation between low and high To summarize we have calculated the splitting between

2 . . . _
g“ region is done reasonably well. Despite all these argug, pion-nucleon coupling constant,,,o, gnnso, and

ments the importance of the higher pseudoscalar resonanc smT+ due to isospin breaking in the strong interaction by

remains a matter to be settled and needs further quantitative: h D les for th di . |

investigation[42] using the QCD sum rules for the corresponding pion nucleon
' three-point functions. We have taken OPE diagrams up to

[7 ?0n4;h§@ f?g;ecr)thhearngnfjh\?veut?eeliec\)/fe \?votrvsvg 'ﬁfc’,'gfer;”;ﬁ'?h”eorder 4 into account. Our result for the splitting in the neutral

i ; -2 -2
consideration of isospin violation. The single nucleon pole_?_?]lépchr?grs 'S 1.2<19 <(gPP’T°_g””’T°)/gNN’T<3'7X 107"

. . . ged coupling, .+ is found to be the average of the
sum rule, as it has been used in R¢¥%10,41, suffers prin- WO neutral ones p
cipally from the problem that the contribution from the tran- '
sition N— N* enters exactly in the same form gy, itself, This work has been supported by the U.S. D@&ant
namely as single pole. After Borel transform one obtains ao. DE-FG06-88 ER 40437and the NSKGrant No. PHYS-
term gyn,+A instead ofgyn,+AM?2 as in case of the 9310124 and PHYS-9319641T.M. would like to thank the
double pole sum rule. Hence within the single pole sum ruldnstitute for Nuclear Theory at the University of Washington
itself there isa priori no way to separate tid— N* contri-  in Seattle for its hospitality during various visits while some
bution A from gyn, . In Refs.[7,10,4] the N—N* transi-  of this work was being carried out. We also thank Kim Malt-
tion has been ignored. In the isospin-conserving case this isman, Jerry Miller, and Bira van Kolck for helpful comments.
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