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PossibleX°-A mixing in the QCD sum rule
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We calculate the on-shell®-A mixing parametem with the method of the QCD sum rule. Our result is
0(m§0)=(—)(0.5i 0.1) MeV. The electromagnetic interaction is not includegD556-282198)03103-9

PACS numbgs): 11.30.Hv, 11.55.Hx, 12.38.Lg, 14.20.Jn

Isospin independence and charge symmetry are only apyso and 5, are the currents witk® and A quantum num-
proximate in the strong interaction. It is believed that the uppers:
and down quark mass difference and the electromagnetic in-

teraction cause all the isospin violatiofi,2]. Experimen- 1

tally a strong signature fgi°-w mixing has been observed in 750(X) = Gabcﬁ{[UaT(X)Cmdb(X)]757"“50(X)

the cross-section measurement of the reaction

ete”— a7~ [3]. The effect from the electromagnetic in- +[daT(X)C'yﬂub(X)]y5'y"‘sc(x)}, (4)

teraction is of the opposite sign and much smaller than the

experimentally determinedp®|H csg ), while the current 2

quark mass difference plays a dominant figl¢ Strong evi- p(X)= Eabc\/;{[UaT(X)CYMSb(X)]Ysy”dc(x)
dence formr-7%-7' has also been obtained from studiespof

[5], ¢’ [6], andy [7] decays. In this work we study possible —[d?T(x)Cy,s°(x) ] ys Y“us(x)}, 5

>9%-A mixing with the method of QCD sum ruld8]. p%-w

mixing has been analyzed within the same framew@rg].  Whereu®(x), T, andC are the quark field, the transpose, and
The isospin symmetry breaking sources in such an approadhe charge conjugate operatoas.b, ¢ are the color indices.
come from the current quark mass differenire=m,—m,  The interpolating currents couple to the baryon states with
#0 and the quark condensate differencey the overlap amplititude:

=(0|dd|0)/(0uu|0)—1+0. We do not take into account 0 0)S )=\ 6
the electromagnetic interaction in the present work. (02300 2)=Axv2(p), ©
We may studys %-A mixing through the mixed propaga- EROINSYURC) 7)

tor in the QCD vacuum
wherev(p) is a Dirac spinor.

if d4xeipx<0|20(X)A_(o)|O> The correlation functiodI(p) may be expressed as
. . 0| T 7s0(x) 74(0)]0
y (M) 85+ my) o (0[T7s0(x) 74(0)|0)
- 2 2 i 2 2 1 ! 2 NN ’ ’
(p —m20+le)(p _mA+|€) — _ ﬁl eabcea b'c {ys,yp,sg.a (X),yvc[sgb (X)]T
where the mixing parametef(p?) is defined through the ,
following effective Lagragian: XCv,5¢ (X)¥" s
L = (W3 oW 5 + W, Py0) 2 — y57S2% (x)7,CLSI” (0)]7Cy, S (X) Y s}
_ (8)
and may be measured using decays suchygasA3° . _
+A30 in future experiments. whereiS?P(x) is the quark propagatdfO]:
In order to calculate the mixing parameter we study the = __, 2/ =P
two-point correlator at the quark level as 1S5°(x)=(0|T[9%x)q"(0)]0)
_ _ I R N SR R
II(p)=i f d*(0|T{nsa(x), 72(0)}[0)eP %, (3) = ot g2 2 ICuig (XX
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propagator up to orde®(m,), which is denoted by a cross.
The current quark mass enters a diagram either through ex-
panding the free quark propagator up@¢m,) or through

the equation of motion. Since the strange quark mass is not
small, we keep terms such ag(my—m,). The calculation

is standard as in the QCD sum rule analysis of the baryon
mass. Equating the correlatbr(p) at the quark level and
II(p) at the hadronic level we arrive at two sum rules cor-

responding to two different structures 1 apd Here we
present the final result after Borel transformation.
For structure 1,
1 8 —8/9 6 b 4 —-8/9
NG SMMgEsL~*°+ yaMgE, — g SmMgE; L
{ % } 4 1

— 3 9mamiM SE, L 80— 3 YMsaaM 2E,

1 2012 1 2

+ §5ma MBEO_ 7—27baMBEO
7 2np 2 —38/27

+ 4—85masmSmOMBEOL
5 M3

—gom an%msMéln?EoL*B’a’27

2
= (2m) sk a8 Me2mZo(m2o) (1+AM3).

FIG. 1. Relevant diagrams in the QCD sum rules analyskf

A mixing up to dimension seven. The current quark mass correction (11
is denoted by a cross. If two crosses appear in the same diagram, R
one of them comes from the strange quark. For structurep,
b gabe2 1
— a0+ g5 (9s00-Ga) G SmmMEE,L 43+ 4ymaMaE, L 49
(ag)(giGH)x* = mgs™ 2
T 99433 -6 A m2x2 +45maMgE L~ 4+ §yaaSMZBEOL4’9
m Nab 1 2012 o627 L 2712 ~26/27
+ 55395 Cluuln(—3%) — 7 YMAMEMEEQL %"= 7 smaymgM ZEoL
. — 1
_ *geG?) min—x) + Iﬁabmqmw;( + 5 omangM3EeL 2%
29%372 ¢ 48
_ ] = (2m) sk x2me ™ Meg(m? ) (1+A,M2), 12
(0.0 G Q) Sk (2m)* A3\ (MS0)(1+AME), (12
- 7w 22 + ©) —
2°X3 where dm=my—m, and y=(dd)/(uu)—1, m=mso
. +m,/2=1.15 GeV is the average mass,= 150 MeV is
At the hadronic level, A s
Ic1ev the strange quark mas;z.zwleé and the factorE,(y)
(|5+mgo) 9(|02)(|5+m/\) =1—_e‘y_2E:O(1/k!)2yk, are usec_j to subtra_ct the continuum
H(p)=(=)AsoAy ———5—— S RN contribution[11]. W?=3.4 Ge\? is the continuum threshold
(p—msoti€)(p —mMyotie) which is determined together with the overlap amplititude

(10 (2m)"\%2=1.88 GeV’, (27)*\3=1.64 Ge\’ from the mass

The diagrams with nonzero contribution are presented i um rules|12,13. We adopt the “standard” values for the

—/0la2G210) — _
Fig. 1. In the limit of exact isospin symmetty(p) vanishes. various ccndensatei)—<o|gSG |0)=0.474 Ge\/‘,_a—
There are two isospin symmetry breaking parameferand ~ — (27)%(0[uu|0)=0.55 GeV,  a;=—(2m)*(0|ss|0)
y. Each diagram is either propotional #&m or to y. We  =0.55x0.8 Ge\?, amg=(2w)%g«(0/uc-Gu|0), m}
explicitly keep the current quark mass term in the quark=0.8 Gel\’. L=In(Mg/A ocp)/IN(/A ocp), A qcp is the
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QCD parameterA ocp=100 MeV, u=0.5 GeV is the nor- 1
malization point to which the used values of condensates ar
referred.

We further improve the numerical analysis by taking into
account the renormalization group evolution of the sum rules -~
(11) and(12) through the anomalous dimensions of the vari- NE” q
ous condensates and curremts.andA, are constants to be &
determined from the sum rule. They arise from the mixing
with the excited state&%*-A or 3%-A* which were first 2 2
introduced in the QCD sum rules analysis of the nucleon
magnetic momentgl1]. The working interval for the Borel 3 3
massM3 is 1.3 GeV¥<M3<2.5 GeV where both the 00 05 10 15 20 25 00 05 10 15 20 25
continuum contribution and power corrections are control- Mg’ My

lable. Moving the factor (%)4)\2)\Ae‘m2“\"é on the right- @ ()
hand side to the left and fitting the new sum rule with a
straight line approximation we may extract the mixing pa-
rameteré. s :

Various theoretical approachf 10,14—18yield consis- —7X10° from Eq. (11]) f(;r structuzre 21 withdm=23.0 MeV after
tent results for the quark mass differensen=3.2+0.4  the numerical factor (2)*\5ohie” ™2 is moved to the left-hand
MeV. The difference of the up and down quark condensat&ide. The dotted curve is the fitting straight line. The Borel mass
has been analyzed with the chiral perturbation thed#j, M is in unit of GeV2. The mixing paramete# is in unit of MeV.
the QCD sum rules for scalar and pseudoscalar mddahs (b) Tpe Borel mass dependence of the mixing matrix for the struc-
19], effective models of QCD incorporating the dynamical ture p- The notation is the same as (@.
breaking of chiral symmetr}20,21], and the QCD sum rules _
for baryons[10]. The numerical results from the above ap- om=3.0x04 MeV,
proaches arey=—(6—10)x10 3 [14], —(10x3)x10 3
[17], —(7—9)x 10 3 [20,21], and —6.57x 10 3 [10].

In both of the sum rule¢11) and (12) the contribution
from ém and y has opposite sign. The mixing parameters
from Egs.(11) and (12) would contradict each other i This work was supported in part by the Postdoctoral Sci-
were too large or too small. In Fig. 2 the Borel mass depenence Foundation of China and the National Natural Science
dence of the mixing parameter and the fitting straight line isFoundation of China. It was also supported in part by the
shown. Through the intersection with thé axis, we can National Science Council of R.O.GTaiwan under Grant
obtain the value of directly. With y=—(7+1)x10 *and  No. NSC84-2112-M002-021Y.

~— QCD sum rule prediction — QCD sum rule prediction
<<+ Fitting line Fiting line

6(m’s?)

FIG. 2. (a) The Borel mass dependence of the mixing parameter.
The solid curve is the QCD sum rule prediction for=

our final result is G(méo)
=(—)(0.5+0.1) MeV. It can be seen from Fig. 2 that Eqs.
(11) and(12) yield almost the same value fér In summary
we have calculated the on-shdll’-A mixing parameter,
which may be measured in future experiments.
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