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PHYSICAL REVIEW D, VOLUME 58, 014008

Isospin-breaking effects in the extraction of isoscalar and isovector spectral functions
from ete”— hadrons

Kim Maltman
Department of Mathematics and Statistics, York University, 4700 Keele Street, North York, Ontario, Canada M3J 1P3
and Special Research Center for the Subatomic Structure of Matter, University of Adelaide, Australia 5005
(Received 16 October 1997; published 27 May 1998

We investigate the problem of the extraction of the isovector and isoscalar spectral functions from data on
e"e”— hadrons, in the presence of non-zero isospin breaking. It is shown that the conventional approach to
extracting the isovector spectral function in thegesonance region, in which only the isoscalar contribution
associated withw— 77 is subtracted, fails to fully remove the effects of the isoscalar component of the
electromagnetic current. The additional subtractions required to extract the pure isovector and isoscalar spectral
functions are estimated using results from QCD sum rules. It is shown that the corrections are small
(~2%) in the isovector caséhough relevant to precision tests of the CVC hypothedisit very large
(~20%) in the case of the contribution to the isoscalar spectral function. The reason such a large effect is
natural in the isoscalar channel is explained, and implications for other applications, such as the extraction of
the sixth order chiral low-energy constafit, are discussedS0556-282(98)02113-4

PACS numbgs): 13.20-v, 11.55.Hx, 13.40.Gp, 14.40.Cs

. INTRODUCTION pEM contains the isovector spectral functiqrts, which is
the isospin rotated version of the corresponding charged cur-

One of the basic ingredients of the standard model is theent isovector spectral function measured-idecays. Owing
conserved vector curref€VC) hypothesis, which postulates to the relation

that the charge¢isovectoj weak vector current and the neu-
tral isovector component of the electromagnédM) cur- 872 a?
rent are members of the same isovector multiplet. Since the o(e"e” —hadrong=
charged current spectral function is now measured rather ac-
curately inT decay[{1-3], the CVC hypothesis can be tested ) B .
experimentally, provided, that is, one can extract the isovechOWeVg;I the cross %ectlorggfei*(_a — hadrons directly mea-
tor spectral function from data c&' e —hadrong4—8]. In ~ Surésp=", and notp™ or p™". If isospin were not explicitly
the absence of isospin breaking, this extraction is straightforProken, this would present no problem sineé would nec-
ward since, for example, far-pion final states, a state with €Ssarily vanish and, as noted above, one could in addition
an even(odd number of pions has eveiedd G-parity and identify the states contributing to the isovec(88) and isos-
component of the hadronic EM current. it is known, from a study of the mixed isospin vector cor-
Isospin breaking, however, complicates the extraction ofélator @b=38) to two loops in chiral pe_rtuKAbatlon theory
both the isovector and isoscalar spectral functions. BeforéChPT) [9], that isospin breaking effects ™" are negli-
proceeding, it is useful to clarify our notation. We define gible. However, in the region of the and w resonances,
the standardSU(3): octet of vector currents byd2 isospin breaking is significant, as signalled by the interfer-
< F “ . . .
_ a a . ence dip in the cross section for ther final state/10]. The
=dv,(1*/2)q, where)® are the usual Gell-Mann matrices. conventional methofl5] for making corrections for this ob-
The electromagnetic current is thef)"'=J3 +3%//3, while

h | latorEla"( 2 h i . served isospin breaking, in order to extract the vector com-
the scalar corre atorsl**(q )_ (where we will restrict our ponent of the EM spectral function, is to first parametrize the
attention toa,b=3,8) are defined by

amplitude in terms of a sum @f and w Breit-Wigner reso-
nance formgin general one includes also contributions as-

pEM(s), )

sociated with the highes resonances and having fitted the
if d*x exp(igx) (0| T[J3(x)35(0)]|0) parameters to the observed cross sections, remove toa-
tribution to the amplitude by hand. The squared modulus of
E(quV—ngl,uV)Hab(qz). (1)  the resulting modified amplitude is then used in place of the

squared modulus of the original amplitude to identify that
portion of the cross section to be associated with the purely
Defining the spectral functiong®°(q%), corresponding to  isovector(33) portion of the EM spectral function.
the 11*°(g°) in the standard manner, p**(q?) The conventional procedure just described for correcting
= (1/m)Im [1%*(g?), the EM spectral function is then for isospin breaking, however, does not, in fact, produce the
desired 33 component of the vector spectral function. To
understand why this is the case, let us first define, for the
EM_ ;334 ip38+ %pss_ 2) ngutral vector mesond/=p, w, ¢, the decay constants},

J3 via
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(0]J3V(K))=myF§ €, (k) (4) tions_in the extractjon of the isoscalar and isovector spectral
) o functions frome™ e~ —hadrons data. We have, however, not
where f;é)k) 'S(SEhe vec(tg))r meson polarization vector, amd  yet demonstrated that such corrections can be expected to be
=38. F(,S , F% and F ,, e NONzero in the isospin limit, numerically significant. As will be seen below, making nu-
while F$?), F?) and Fi) vanish in the isospin limit and merical estimates for the size of these corrections is non-
hence are proportional to the isospin breaking parametefiyia| and we will be forced to rely on a QCD sum rule
ém=my—m, . In the presence of isospin breaking, all of the g 5ysis of the mixed-isospin vector current correlator to
neutral vector mesons, in principle, mix with one another,jaye these estimates. Since it can be difficult to estimate, in
a_nd so the p_hysmal states are of mixed isospin. If we cong guantitative manner, the errors present in such an analysis,
sider therr final state mediated by the exchange, then, to Gjt is useful to consider any qualitative constraints, based on

leading order in isospin breaking, this transition is indee general principles, which one might use to judge the plausi-
mediated by the isoscalar component of the EM cur(®#ve pie "o o rogiting solutions. We will discuss below the

intermediatew contribution generated by the isovector cur- ~ . f f h traints based on the f K of of
rent is second order in isospin breaking, one factor from th xistence of such constraints based on the framework of €=
ective chiral Lagrangians. We will also consider, as an il-

coupling F(:), and one from the isospin violatingo . ) X

—.m*m decay vertex and hence should be removed if one lustrative example, an analogous case in which the vector
wishes to extract only the isovector contributions. The re-Currents of the problem at hand are replaced by axial vector
maining p exchange contributions are, for a similar reason,cu"er_‘ts' The advantage of this example is that the isospin
however, not purely isovector. The reason is that if one conPr€a@king pseudoscalar decay constaf#salogous to the
siders thep exchange contribution to the EM spectral func- ISOSPin breaking vector meson decay constants to be deter-
tion, the 38 component is first order in isospin breaking-  Mined by the QCD sum rule analysis belogan, in this

ng proporional (oF VF(%). Thus, thep conrbuton (o _C355 bE computec wilh good accracy usng e el of
e"e — w7 necessarily contains a piece first order in ' plicitly,

isospin breaking, and associated with the 38 part of the EMhe numerical accuracy of the €valuation of the isospin

spectral function, which must be subtracted in order to iso_breakmg corrections is not open to question, that such iso-

. . tspin breaking corrections can play a significant role in the
late the purely isovector 33 component. A similar argumen . : o

: oo correct extraction of flavor-diagonal spectral contributions
shows that there will also be a 38 contribution to the meas h | f . f | involvi ed

sured cross section fa' e — w37 which one would  rem the spectral functions of correlators involving mixed-
have to correct for in order to isolate 'éhe urelv isoscalar 8€gslavor currents. Certain features of the relation of the relative
mponent ofbEM purely igns and magnitudes of the corrections in the isovector and
Colnp\?vhet foltlow : we will di how t rform th - isoscalar cases, which recur in the vector channel, will also
at foflows we SCuss how 1o perio € cor he exposed, again in a context where the accuracy of the

rections associated with first order isospin breaking Conmbuhumerical estimates is not open to question. From this ex-

tions to the vector meson decay constants. The paper is o imple we will be able to unambiguously conclude that iso-
ganized as follows. In Sec. Il we first discuss some gener

: which orovid ful litativ delines for th pin breaking corrections of the type also present in the vec-
SSUEs, ch provide useiul qualitative guidelines Tor €, - nneimustbe expected to be numerically significant,

case involving the neutral isoscalar and isovector axial Veclégpecially for observables related to differences of weighted
9t . ) integrals of the isovector and isoscalar spectral functions, for
tor currents, which example serves to illustrate the basic fe

. ) . vhich there will be cancellation between flavor-conserving
tures we will meet in the vector current case of interest, bu

. . . . ontributions, but coherence between the isospin breakin
in a context where, unlike the vector case, the isospin breai%orrections P 9

ing decay constants are already known, being fixed by a Let us turn then to the qualitative guidance offered, in the

next-to-leading order analysis using chira_l perturbationveCtor channel, by the framework of effective chiral
theory. In Sec. lll, we then show how, and with what accu'Lagrangians. Certain qualitative features of mixing in the

racy, existing QCD sum rule analyses of the mixed ISOSPIN; & ctor meson sector follow immediately from the properties
(38) vector current correlator can be used to extract the isos

. s 8 (3) 3) of an effective chiral Lagrangian such as would be obtained
pin breaking decay constarfg”, F() andF{. In Sec. IV, by the Callan-Coleman-Wess-Zumiri@2,13 construction

we use the results of this analysis to evaluate the correctior[§4,13_ Note that the lowest order term in quark masses and
required to extract the pure isovector contribution associatedaiyatives which produces isospin mixing in the vector me-
with the p, and pure isoscalar contriputions associated withyqp, propagator matrix involves a single power of the quark
the w and ¢ from the EM cross-section data, and commentyass matrifwhere, as per the usual chiral counting, external
on the effect such corrections would have, for example, ofomenta are counted #q) and quark masses #¥(q?)].
precision tests of the CVC hypothesis and the extraction ofsoreover, at leading order, the isospin violating decay con-
chiral low-energy constantd EC's) via the inverse chiral  gianis associated with the isospin pure states vanish. As a
sum rules metho@l1]. result, at this order, the transformation from the original iso-
spin pure basis to the physical, mixed isospin basis is a ro-
tation, and the isospin breaking decay constants of the physi-
cal particles result purely from the mixing in the physical
In the Introduction we have explained the reason for thestates. If we concentrate gitw mixing, this would mean
existence of previously neglected isospin breaking correcthat F®) and F{>) were equal in magnitude and opposite in

Il. SOME GENERALITIES AND AN ILLUSTRATIVE
EXAMPLE
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sign. If we consider effective isospin breaking operatorsmalization required to regularize the mixing of, 78 even
higher order in the quark-mass—derivative expansion, newf one works with the versions of the fields renormalized in
effects come into play. First, one finds non-vanishing “di- the isospin limit,(2) there is indeed an off-diagonal element
rect” isospin violating couplings of the external vector cur- produced in the wave function renormalization matrix and
rents to the isospin pure states from terms involving both3) there are indeed “direct” isospin breaking meson-current
derivatives and one power of the quark mass matrix. Secondgertices.(For a detailed exposition of the above features be-
terms involving both derivatives and one power of the quarkyond leading order see Reff16].) The effect of all these
mass matrix can produce off-diagonal mixing elements in théeatures is to produce the following results for the isospin
wave function renormalization matrix, a consequence obreaking decay constanf$7], written in terms of the next-
which is that the transformation from the isospin pure toto-leading order expressions for the? and » decay con-
physical basis is no longer a rotation, but rather the producstants, which differ at this order in the chiral expansion:

of a symmetric matrix and a rotation. Third, terms with two

. . e . (8) —
powers of the mass matrix will produce modifications in the fr=eaf;
momentum-independent mixing terms in the vector meson FO_ s 9
propagator matrix. One would expect the effect of such 7~ €2ly- ©)

higher order terms to be manifest in deviations from Ieadinq - . .
q lati h&®— _F® The si ¢ such devi n Eq. (9), the quantities, , differ by terms which are next-
order relations such as,”=—F," . The size of such devia- to-leading order in the chiral expansidthe complete ex-

tions should be typical of next-to-leading order Correc(t)ions inpressions can be found in RéL7]) and, using the observed
SU(3). X SU(3)r, and hence might be as large @80%. oy nerimental ratio off« /f,,, the next-to-leading order ex-

~ Wenextturnto the illustrative example mentioned above .o ccions for the isospin conserving decay constants imply
in which we replace the vector mesons and vector currents ;¢ _q 3 [17]

with pseudoscalar mesons and axial vector currents. Not only” \,/~. '
can several Of. the qualitative points just r_nade be Clearl3</ector current case of interest. To this end we imagine that
illustrated in this case, but the actual numerical values of th‘?lve would like to obtain thex® and 7 contributions to the
[)Ege\églngu'lzct’gg'r;obrgegg'dngaggﬂrrzgozz iﬁgn,t Jgr ::éirﬁéirgsplifovector and isoscalar axial spectral functions of the scalar

33/ 42 88/ 42 :
ChPT, since all of the relevant decay constants are known atorrelators,l'll (0°) andIl;¥(q%), defined by

We are now in a position to consider the analogue of the

next-to-leading order in the chiral expansion. This is in con- )

trast to the case of the vector current spectral functions, Hibvzif d*x €9(0|T[A%(x)A%(0)]|0)

where we will be forced to rely on a QCD sum rule analysis

to obtain the isospin breaking decay constants. Let us, there- EHi‘b(qz)quﬁ Hgb(qz)(ngw—qﬂqy). (10

fore, define the axial current combination
(We concentrate on the scalar correlatdig”, since it is
51 4 these correlators which contain the pole contributions analo-
A=A+ —=A, (5) )
J3 gous to those of the vector mesons in the vector current
correlators. It is straightforward, in this case, to simply
whereAfL'8 are the 3, 8 members of the usual axial currentevaluate the contributions to the spectral functiop%t,’.
octet. We then define the pseudoscalar decay constgnts, Keeping only terms up to first order in isospin breaking and
for P=7° 7 anda=3,8, via to next-to-leading order in the chiral expansion, one finds
that

_ , | | _ piia®)=[f71? 8(g?—m?)
At leading (second order in the chiral counting the physical
7°, 7 basis is a pure rotation of the isospin pure octet basis  p3X(q?) =21 5(q?—m2)+ PP 5(g?—m?)

’773 ’778
p30?) =[fP]1? 5(q®—m?). (12)

- o Let us imagine, however, that the way we had to go about
where 6o=\3(my—m,)/4(ms—m), with m=(my+m,)/2,  extracting these contributions was by analyzing the “experi-
is the leading order mixing angle, and the isospin breakingnental” spectral functionp’f(qz) of the scalar correlator,

decay constants are produced purely due to the “wrongﬂxlx, appearing in the analoguli” , of the correlator of the
isospin” admixture present in the physicaf, » states, #

(O|AZ|P(K))=i T2 K,

=73+ 0,78, p=7t—6, 7 (7)

product of two EM currents, i.e.,V
f®=goF, f¥=—g,F (8)
m 7 A _; 4 igXx
12,1 [ d e%(0[TIA, 00A,(0)110)
whereF is a second order LEC, identical to batf)=f
the physical pion decay constant, aﬁ,ﬁ)ff,,, the physical =117(0%)q,9,+115(a®(d%0,,—q,0,). (12
7 decay constant, at this order in the chiral expansion. When
one considers the full effective Lagrangian at next-to-leadingrhe analogue of the standard vector current extraction of the
order, however, one finds thét) there is an infinite renor- isovector component would then consist of identifying the

014008-3
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7° pole contribution with the isovectgry> component opy  not in magnitude, is still approximately satisfied by the next-
and the  pole term with the isoscalap$® component to-leading order expressions, as expected based on the gen-
thereof. We can see, however, that this identification is in€ral arguments above. Note also that the effect of these cor-
correct. Indeed, ther® contribution top?, to first order in ~ rections can be greatly enhanced if one considers
isospin breaking, is straightforwardly found to be, pgt combinations which would vanish at leading order in the

but chiral counting. As an example, if we consider the integral
over the 88-33 spectral function, the nominal vafugthout
A a3 2 s the above correctionss 0.69‘3,, while the actual valugaf-
[p1]l7=p1 ﬁ[pl . ter correctionsis 0.772 . The isospin breaking corrections

thus represent a 12% increase for this quantity, much larger
2 than one would guess based on the typical few percent size
= ( [f372+ —ff’fﬁf”) 8(g?-m2).  (13)  of familiar isospin breaking corrections.
V3 We will see in what follows that many of the features of
o o A ) ) the axial current example are recapitulated in the vector cur-
Similarly, the 7 pole contributions tqy, to first order in  yent case. In fact, because in the limit in which one considers

isospin breaking, is nojp$® but the vector meson multiplet to be ideally mixed, but takes the
decay constants to be otherwise determine&b{3): sym-
A :E 88 i 38 metry, thew EM decay constant is a factor of 3 smaller than
[pl]n 3P1 + \/§[P1 n

the p EM decay constantrather than just the factor of3
difference between the “A” decay constants of th8 and

1 2 the # in the above examplethe discrepancy between the

= SO O sq2-m). (14 o e example i
3t B n size of the corrections in the isovector and isoscalar channels
would be expected to be even greater in the vector case. We

Thus, to “extract” the isovector and isoscalar spectral func-Will see below that this expectation is indeed borne out.
tions from the “experimental” spectral function one would
actually have to know the isospin violating decay constants |Il. QCD SUM RULE EXTRACTION OF THE ISOSPIN

and then form the combinations BREAKING VECTOR MESON DECAY CONSTANTS
s - A 2 4.8 ) Since the 3 and 8 components of the vector current octet
pr=[p1ls— ﬁf;’)f(—n’) 8(q*—m2) occur in the standard model only in the combinatigyY , it

is not possible to directly determine the isospin breaking

vector meson deay constants experimentally. One can, how-

(15) ever, obtain indirect access to these quantities via a QCD
sum rule analysis of the vector current correldibt®.

Note that, because of the structure of the original current, the The basic idea of such a QCD sum rule analy$8-2Q
size of the isospin breaking correction in the isoscalar case i#§ Straightfoward. From the behavior B%(q?) asq®—e in
naturally larger by a factor of 3 than that in the isovectorQCD, it is known thatT* satisfies an unsubtracted disper-
case. If we work with the values of;, from Ref.[17]  Sion relation. This dispersion relation allows one to relate the
[which correspond to the value of the iSospin breaking masgispersion integral over hadronic spectral functjdfito the
ratio r = (my—m,)/(Mmg+m,) used in the sum rule analysis value of[1* at large spacelike value of = — Q. The latter

pP*=3[p11,— 23 PP 5(q?—m3).

we will employ below, can be expressed in terms of vacuum condensates using the
operator product expansid@PE), while the hadronic spec-
€1=1.371072, €,=1.11x10 2, (16)  tral function depends on the isospin breaking and isospin

conserving decay constants of the various vector mesons.
we find that that the “experimental” pion pole contribution The utility of this relation is greatly enhanced, as first noted
to p} is a factor of H2e,/4/3=1.016 larger than the true in Ref.[18], if the original dispersion relation is Borel trans-
isovector spectral function, and that theminal “experi-  formed since, in that case, the higleeportions of the trans-
mental” isoscalar spectral function, obtained by takingthe formed hadronic spectral integral are exponentially sup-
pole contribution and multiplying by 3, is smaller than the pressed, while the contributions of higher dimensional
true isoscalar spectral function by a factor of 2.3e, operators on the OPE side are simultaneously factorially sup-
=0.961. Thus, to extract the true isovector and isoscalapressed. In favorable circumstances one is then able to write
spectral functions, one would have to multiply the nominalthe dispersion relation in a form in which the parameters of a
“experimental” ones by 0.984 and 1.040, respectively. Notesmall number of resonances dominate the hadronic side, and
that the corrections go in the opposite direction for the twothe contributions of a small number of vacuum condensates
cases and that the magnitude of the correction is significantlgf low dimension operatoréwhich condensates can be de-
larger in the isoscalar case. The reason for the latter featutermined from other sum rule analysefominate the OPE
of the results has already been explained. The reason for tleéde. One can then use the known values of the vacuum
former is that the leading order result that thd and condensates to extract tiii@ our case unknownresonance
contributions to the 38 spectral function differ in sign, but parameters. Note that it is far preferable, in the case of inter-
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est to us, to investigate the isospin breaking decay constantghere

by analyzing an isospin breaking correlator, rather than by

looking at the isospin breaking corrections to a correlator 1
which also has an isospin conserving piece. This is because Sy(s)=—
of the fact that, in the latter case, one would have to consider T (s—md)2+mils
isospin breaking not only in the vector meson decay con-

stants, but also in the continuum thresholds, which would b‘fwhich reduces té(s—m2) in the narrow width approxima
2 -

required in the spectraélnsdzein order to model the higher : X

. : . . tion], and we have followed the notation and sign conven-
s portions of the hadronic spectral function. Since that POr+ions emploved in the literature for the arametéysde-
tion of the spectral model is a rather crude representation of ploy b

the actual continuum, this would introduce potentially large’igrr:?rlirt;%tiotz: tosgm%ngﬂ:asctrgr futrr:c?tio\rfii:wloujes;/igﬁtolilotr:?ﬁg?
and difficult to control, uncertainties into such an analysis. P q ’ '

Let us turn then to the sum rule analysis of the correlator” the notation introduced above,
1138 g?). We will, in fact, use the results of existing analyses

myIl'y

(22

21-24 of the related correlatof]*(q?), defined b f
[21-24 P (q°) y 4\\/’§:iF§,3)F{,8> (23)
w i 4 : w
g@=i [ a extia (0T (03:(0)/0)
= a2 °°(g2 1 where the upper sign holds fM=p, ¢, ..., and thdower
(9.9,~9°9,,) 117°(q%), 17 sigh forV— o,
where JZ:(UMU_EMO')/Z and J‘V"=(Uy#u+ayﬂd)/6. A few comments are in order concerning the form of Eq.

truncating the OPE af21_)' The first concerns the presence of #hecontribution,
which was not included in the earliest sum rule analyses

(with either the vacuum saturation hypothesis, or the rescalef1:22- Recall that we expect, as a leading order result, that

version thereof, for the four-quark condensate contribujions | »=f« (the absence of a minus sign in this relation is a
the ss portion of J8 d not contribute to the OPE repre- conseduence of the sign convention for the definitiof Hf
€ ss portion 0 P 0€s not o ute 1o the €P'" This means that, since from far in the spacelike regionpthe

sentation oflI*%(g%). One then has and o masses appear essentially the same, one must expect
[1138(9?) lope= V3 [I1”°(9?) lopE. (18  significant cancellation between theandw contributions to
the original dispersion relation for large valuesQf. This is

where, after Borel transformatiaindicated by the operator especially true in the narrow width approximation. Based on

This is possible because,
Oo(mg), O(as), O(agy) and operators of dimension 6

B) of the truncated OPE expression, one fifigi$] this observation, it was realized, in R¢23], that, although
1 c c f4 could be expected to be significantly smaller tigor f,,
® — 2 3 f order 6—7 % if one makes an estimate based on the Par-
BI17“(s) ——2[0 M2+ci+ —5+—, (19 (© . nal
[ (8)]ore 127° YL Vi ticle Data Group evaluation of the deviation of vector meson

mixing from ideal mixing[23]), the contribution of thep to
the actual sum rule need not be negligible. The sum rule was
then re-analyzed, including th& contribution, though still in

with M the Borel mass,

Co= aEMg the narrow width approximation. The results supported the
16w qualitative arguments regarding the importance of including
the ¢ contribution, and simultaneously cured a physically
2
¢1=0(my)~0 unpleasant feature of the earlier analyses, in which contribu-
tions from thep’-w’ region of the spectral function were as
My~ My(1+ 7)) — important important, than those f -
C=4 —————|(qq)o important, or more important, than those from {heo re
2+y gion in determining, through the original dispersion relation,

2247 5 N 28 B the value of the qorrelator negf=0. It was, howev_er, then
Ca= ——— gk ()2~ —= aer (qQ)2, (200  subsequently pointed ou®4] [Igbal, Jin and Leinweber
81 81 (1JL)], again because of the high degree of cancellation be-
_ _ _ _ _ tweenp andw contributions to the dispersion integral in the
where y=(dd)o/(uu)o—1, (qd)o=((uu)o+(dd)o)/2, ae  far spacelike region, that the use of the narrow width ap-
and a5 are the electromagnetic and strong coupling conproximation for thep might also be a rather poor one. This
stants, respectively, and is the parameter describing the was borne out by the numerical analysis of Re¥4]. Of
deviation of the four-quark condensates from their vacuunparticular note is the fact that, introducing thewidth into
saturation values. the spectralnsatzfor the p contribution, one finds that,
The hadronic spectral functiop.®, is parametrized as  andf,, are lowered in magnitude by a factor f6, andf 4
1 by a factor of~2 compared to the values extracted using the
o [£,6,(5) 0 3u(S) + 4 8y(8) + - -] narrow W|d'_[h analysis. \Mth the above understanding in
43" """ mind, we will, therefore, in what follows, employ the spec-
(21)  tral Ansatzof Eq.(21) in the form arrived at in Ref.24], i.e.,

p*(s)=
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with the w and ¢ treated in the narrow width approximation, ing the narrow width approximation for the further indi-
but thep treated using the Breit-Wigner form given in Eq. cating the necessity of employing &msatzof the 1JL form.
(22). The only improvement in the IJlAnsatzone might have

It should be stressed that, in using the results of [, ~ hoped for was the use of a varialpewidth, to be fixed by
the present analysis reliemly on the extraction of the had- the sum rule analysis. Since, however, in the isospin con-
ronic spectral function for the mixed-isospin vector currentServing case, the result of such an exercise is to essentially
correlator, accomplished in that reference using QCD sunfeproduce the width employed by IJL, it seems unlikely that
rules, and not on the attempt by the authors of IR24] to the analysis would have been significantly altered by such an
interpret this spectral function in terms of off-shell vector €xtension.
meson propagators. The latter interpretatiand that of Ref. In light of the discussion above, we should thus be able to
[22]) is necessarily incorrect, since off-shell Green functionsextract the desired isospin breaking vector meson decay con-
are well known to be altered by redefinitions of the hadronicstants from the results of R¢24]. The results we use below,
fields and, as such, are not capable of being related to phydtowever, differ somewhat from those quoted in that refer-
cal objects such as the mixed-isospin vector current corénce, and the reasons for this difference must first be ex-
relator (an earlier claim by the present author, contained inPlained. The first point in need of clarification is related to
Ref.[23], that the rescaled versions of the vector fields repihe fact that there are two sets of results associated with the
resented a possible field choice for the vector mesons is alsgalysis using the physicalwidth in Ref.[24]. Of these two
incorrec). The only questions relevant to the use of the specSets, only the one contained in the column labelled “physical
tral function solution of Ref[24] in the present work are, Widths” and “no constraint” in Table 1 of that reference
then, (1) is the sum rule reliable for the scales at which it is Should be employed. The reason for rejecting the other set
employed and?2) is the originalAnsatzfor the spectral func- (labelled “constrained) is that these results were obtained
tion plausible in form? While it is not possible to provide a assumingI®¥(m2) could be extracted from the— 7 con-
rigorous proof of the suitability of the analysis of RER4],  tribution to the physical cross section. This assumption, how-
there is considerable indirect evidence in its favor. First, al-ever, as we have seen above, neglects the presence of addi-
though a resonance-saturatiénsatzinvolving s-dependent  tional IT3 contributions in thep exchange contribution to
widths, but constant real parts of the resonance self-energiei§le cross section, and hence is incorrect. The second modi-
does not rigorously implement the constraints of analyticityfication we make in employing the results of RE24] con-
and unitarity, it is well known from phenomenological stud- cerns the magnitude of the errors quoted on the extracted
ies of e"e” —hadrons that suctnsaze nonetheless, can values of the parametefg . It turns out that, in Ref.24], an
provide fits of very high numerical accuracy to the experi-overly conservative error was assumed on the crucial input
mentally measured spectral functi¢ee Ref[25] for a re-  isospin breaking light quark mass ratig,=m,/my. The
cent detailed discussi@nThis is also true of the resonance- authors of Ref[24] employedr,=0.50+0.25. The ratio,
saturation fits to the timelike pion form factor measured inrp,, however, is actually much better constrained than this
hadronicr decays mediated by the isovector currembere, from ChPT analysef27]. As a consequence, the quoted er-
for example, the naive form of the resonance contributiongors in Ref.[24] are unnecessarily inflated. The authors of
involving s dependence only in the widths produces a fit ofRef. [24] have kindly provided unpublished results corre-
even slightly better quality than does &msatzemploying sponding to the more realistic input,=0.54+0.04 em-
the Gounaris-Sakurai form, which correctly implements anaployed in earlier sum rule analyses of the correlator at hand.
lyticity and unitarity—see the results of Table 3 of Rf]). We will, therefore, employ, for determining the errors on the
Moreover, a recent analysis of the isovectmospin con- extraction of the desired isospin breaking vector meson de-
serving vector correlator using a continuous family of finite cay constants, the results of the “unconstrained” fit obtained
energy sum rules as a means of implementing the dispersiaising the modified input above,,= 0.54+ 0.04. The results,
relation implicit in QCD sum rules shows that fitting a naive which ~ correspond to a stable Borel regime
form of the resonance saturatichnsatzfor the hadronic 1.15 Ge\KM<2.45 GeV, ard2§]
spectral function to the OPE representatibmhere the
widths and decay constants of the resonances are free param- fp=4J§FfJ3>F§,8>:0.0030t 0.0012 GeV
eters determined by the fit to the OPEeproduces the ex-
perimentally measured spectral funqt[dﬂ to an accuracy of _ f.=—4y3FPF®=0.00250.0009 GeV
a few percent and, moreover, requires a phenomenological @ e
value of thep width within a few MeV of that obtained by
direct fitting of the experimental data using the favored hid- f¢=4\/§F§')Ff)= —0.0002:0.0002 GeV.
den local symmetryHLS) model in Refs[25,26. This in- (24)
dicates that, at least in the isospin conserving case, matching
of an Ansatzof the type employed in Ref24] to the OPE  The contributions from the’ andw’ are found to be very
representation of the vector current correlator provides &mall, and cannot be reliably extracted from the sum rule in
good fit to the actual vector current spectral function. Noteits current form. Note that the reliability of the results is
that the matching between the hadronic and OPE sides of theupported by that fact that they display two features which
conventional QCD sum rule obtained in R¢R4] is also  correspond to our general expectations: first, thatf , and,
considerably better than that obtained in earlier analyses usecond, that, is of order 6—7 % off , andf,.
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We are now in a position to evaluate the isospin breaking [p33(q2)]vz[|:<3>]25p(5)
decay constants’?, F$¥ andF (. To do so we employ the ?
results of Eq(24), together with the relations [p%%(0?) Iv=[FP125,(s) +[F 126 4(5).
(29
FEM:F\S’/"' ﬁ':?/' (29 The results of the standard extractions, in contrast, are ob-

tained by replacing=(® with F5™, F®) with 3F5" and

determined experimentally from the partial widths for thedard contributions in order produce the true resonance con-
decaysv—e*e, are tributions to the isovector and isoscalar spectral functions are

then given by the ratios
FEM=154+3.6 MeV

F®312
p
FEM=459+0.8 MeV cem| —0-979£0.0086
p
F5V'=-79.12.3 MeV. (26) £® 12
The sign of thep decay constant in E¢26) has been chosen J3 FE,M =1.189-0.065
to be consistent with expectations fra&lJ(3)r symmetry
and ideal mixing. Note that the relative magnitudes in Egs. F® 12
(26) are roughly in line with the expectations of that lirfii ¢ =7 | =1.0054+0.0054. (30
which one would expect thg, @ and ¢ decay constants to V3 Fo'

be in the ratio8:1:— /2). It is then straightforward to solve
for F(¥) andF{®) separately. One finds, for the isospin break-
ing decay constants,

From the above results we see that the standard procedure
leads to an overestimate of the vector spectral function by
2.1+0.9 %. This is still noticeably smaller than the5%

F®=28+11 MeV errors on thee™ e~ —hadrons cross sections in the resonance
P region. As a result, it is not yet possible, when comparing to
F®=_42+15 MeV r data, to see the effect of thg®® contributions to the
e"e” —hadrons spectral functions extracted using the con-
F(j>=0.21¢ 0.21 MeV, (27 ventional analysisSee Fig. 10c of Ref.1] for a comparison

of the spectral functions as extracted frenande™ e~ data.
where the quoted errors are totally dominated by the errors dfhe above correction would lower tleg e~ points by~ 25
the sum rule fit values of the products of decay constantianobarns in the region of thepeak) A correction of this
The values of the isospin conserving decay constants thesize, however, would certainly become important if one
follow immediately from Eqs(25), (26) and (27). We will wished to make tests of the CVC hypothesis at the 1% level.
quote them in the form of ratios to the relevant experimental A much greater surprise is the size of the correction re-
values, which form allows one to directly compute the addi-quired in the case of the contribution to the isoscalar spec-
tional corrections required to obtain the pure isovector andral function. While a 19% isospin breaking correction might
isoscalar spectral functions from those obtained conventiorsound unnaturally large, the size of the correction is, in fact,
ally, i.e., via the standard analysis described above. We findompletely natural, and easily understood. The main features
of the result follow from considering only the leading order

FY . contributions as discussed in Sec. Il above. Let us, therefore,
ﬁ —1=-0.011+0.0043 consider the approximation in which one considers only the
’ Ieading[O(mq,qO)] contributions top-w mixing, neglects
F® ] the “direct” isospin violating contributions to the vector me-
—® | -1=0.091+0.029 son decay constante/hich are also higher ordgrand works
| V3FEM] in the ideal mixing® U(3) approximation in which the EM
i decay constant of the pure isospin 1 component optie3
F times that of the pure isospin 0 component of éheWriting
—=—&| —1=0.0027-0.0027. (289
-\/§F¢ E P:P|+€w|a W=W| € Py, (31)

where the subscripgtdenotes the isospin pure states, and

IV. CONSEQUENCES FOR THE ISOVECTOR .
Q O(8m), the physical EM decay constants become

AND ISOSCALAR SPECTRAL FUNCTIONS

If we drop terms second order in isospin breaking, then FEM_E! 4 gl —F![ 1+ €
the p, » and ¢ resonance contributions to the isovector and e ’ e 3
isoscalar vector current spectral functions are easily seen to EM 1 | |
be Fo =F,—€F,=F,(1-3¢). (32
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The fractional correction in the case is thus expected to be 0.0067 to 0.0046 0.0007, a downward shift of 31%. Includ-
~9 times as big as that for the case. That the actual cor- ing the estimates for the # and KKm contributions as
rections turn out to be exactly a factor of 9 different is aevaluated in Ref[29], we find that the central value for
numerical accident, but the large relative size of the correcq(m?) is shifted from 3.% 105 to 2.2x 105, a change of
tions is completely natural, and associated with the smallnesg1 o5, As noted above, because of the cancellations inherent
of the EMw coupling and the pattern of mixing in the vector forming p3(q2) — p®(qg?) [the combination vanishes in
meson segtor. _Note also the fact that the corrections are QﬁeSU(3)F limit], the effect of the isospin breaking correc-
opposite signs is exactly what one expects based on the gefigns is large. A similar effect is found in the case of the

eral arguments above. _ o strange quark mass analysis.
It is not just the isovector spectral function, with its rela-
tion to the CVC hypothesis, for which the corrections ob- V. SUMMARY

tained above are of phenomenological interest. The differ-
ence of the isovector and isoscalar spectral functions also We have shown that contributions ¢é3 e~ — hadrons in-
enters a number of interesting sum rules, and these sum ruleslving an intermediate staje or intermediate state or ¢
must, therefore, also be corrected for the effects just diseontain contributions from the isospin violating 38 vector
cussed. As an example we will consider the extraction of thepectral function which are not negligible, and must be re-
sixth (chiral) order low energy constar@@(w) (in the nota- moved if one wishes to extract the isovector 33 and isoscalar
tion of Refs[29,9]) from the inverse moment chiral sum rule 88 spectral functions frone* e~ —hadrons data. Using the
[29] results of a QCD sum rule analysis of the 38 correlator, we
have been able to estimate the isospin violating vector meson

2 2 . . .
= (pP=p®)(s) _ 16(mg—m3) decay constants required to make these subtractions. We find

,ds Q(u?) . e
4m S 3F?2 that the isovector spectral function is2% smaller than
" what one would obtain by assuming it was identical to the
1 mﬁ full experimentalp contribution, and that the contribution
+ Slog| — to the isoscalar spectral functionis19% larger than what
487 My one would obtain from experiment without making this cor-
Lo(2) + LD u?) rection..We have also e_xplairjed why it is unavoidable that
oK 100 A (1) the isoscalar correction will be much larger than the is-
2m2F? ovector correctior(by roughly an order of magnitugieand

) (2) the sign of thep and w corrections in the isovector and
Mk isoscalar cases, respectively, will be opposite. A conse-
_2) l quence of the second point is that all observables related to

weighted integrals over the difference of the 33 and 88 spec-

(33) tral functions will receive large isospin breaking corrections,
dominated by those which need to be made to correctly ob-

2

m
X milog( — | —mglog
"

In Eq. (33), Ly are the scale-dependent renormalized fourth__; oo .
order LEC's of Gasser and Letuwyl§i7], and u is the ain thew contribution to the 88 isoscalar term.

o . ; . Finally, we note that it might be possible to reduce the
ChPT renormalization scale. The form of this equation relleserrors on the extractions of the isospin breaking decay con-

on the two-loop expressions for the 33 and 88 correlatorg : .
. . . tants by updating the sum rule analysis of the 38 correlator
obtained in Ref[11]. The difference of the 33 and 88 spec- using recent improved values for the input parameters, and

tral functions also enters a method of determining the Stranggvaluating higher order, corrections to the Wilson coeffi-
. . s
current quark mass originally suggested by Narigaj. In cients appearing in the 82,4 terms of the OPE. This will be

this application, a weighted integral ovet(g%) — p®(qg?) is : . L
performed, the weight function being that which enters in—the subject of future investigations.

clusive r decays. The corrections in this case, and the result-
ing values of the strange quark mass, will be treated in a
separate pap¢B1]. The author would like to thank Andreas etwer of the

In the analysis of the sum rule, EB3), performed in  ALEPH Collaboration for elaborating on the procedure used
Ref.[29], the p contribution to the spectral integral was ob- in making isospin breaking corrections & e~ —hadrons
tained from~ decay data, and hence does not require thelata in the CVC hypothesis test of REf], and Derek Lein-
correction discussed above. Taeand ¢ contributions, how- weber for making available the unpublished results em-
ever, are determined from the experimeitake®e™ partial  ployed in Sec. Ill above. The ongoing support of the Natural
widths, and hence contain contributions freif which must ~ Sciences and Engineering Research Council of Canada and
be removed. The uncorrectpdw and¢ contributions to the the hospitality of the Special Research Centre for the Sub-
spectral integral arg29] 0.0374,—0.0103 and—-0.0204, re- atomic Structure of Matter at the University of Adelaide,
spectively. Implementing the corrections above, one findsvhere this work was performed, are also gratefully acknowl-
that the sum of these three contributions is reduced fronedged.
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