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PossibleS0-L mixing in the QCD sum rule
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We calculate the on-shellS0-L mixing parameteru with the method of the QCD sum rule. Our result is
u(mS0

2 )5(2)(0.560.1) MeV. The electromagnetic interaction is not included.@S0556-2821~98!03103-8#

PACS number~s!: 11.30.Hv, 11.55.Hx, 12.38.Lg, 14.20.Jn
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Isospin independence and charge symmetry are only
proximate in the strong interaction. It is believed that the
and down quark mass difference and the electromagnetic
teraction cause all the isospin violations@1,2#. Experimen-
tally a strong signature forr0-v mixing has been observed i
the cross-section measurement of the reac
e1e2→p1p2 @3#. The effect from the electromagnetic in
teraction is of the opposite sign and much smaller than
experimentally determined̂r0uH CSBuv&, while the current
quark mass difference plays a dominant role@4#. Strong evi-
dence forp-h-h8 has also been obtained from studies ofh8
@5#, c8 @6#, andc @7# decays. In this work we study possib
S0-L mixing with the method of QCD sum rules@8#. r0-v
mixing has been analyzed within the same framework@8,9#.
The isospin symmetry breaking sources in such an appro
come from the current quark mass differencedm5mu2md
Þ0 and the quark condensate differenceg
5^0u d̄du0&/^0u ūuu0&21Þ0. We do not take into accoun
the electromagnetic interaction in the present work.

We may studyS0-L mixing through the mixed propaga
tor in the QCD vacuum

i E d4xeipx^0uS0~x!L̄~0!u0&

5~2 !
~ p̂1mS0!u~ p̂1mL!

~p22mS0
2

1 i e!~p22mL
2 1 i e!

, ~1!

where the mixing parameteru(p2) is defined through the
following effective Lagragian:

L mix5u~C̄S0CL1C̄LCS0! ~2!

and may be measured using decays such asc→LS̄0

1L̄S0 in future experiments.
In order to calculate the mixing parameter we study

two-point correlator at the quark level as

P~p!5 i E d4x^0uT$hS0~x!,h̄L~0!%u0&eip•x. ~3!
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hS0 andhL are the currents withS0 andL quantum num-
bers:

hS0~x!5eabc
1

A2
$@uaT~x!Cgmdb~x!#g5gmsc~x!

1@daT~x!Cgmub~x!#g5gmsc~x!%, ~4!

hL~x!5eabcA2

3
$@uaT~x!Cgmsb~x!#g5gmdc~x!

2@daT~x!Cgmsb~x!#g5gmuc~x!%, ~5!

whereua(x), T, andC are the quark field, the transpose, a
the charge conjugate operators.a, b, c are the color indices.
The interpolating currents couple to the baryon states w
the overlap amplititudel:

^0uhS0~0!uS&5lSnS~p!, ~6!

^0uhL~0!uL&5lLnL~p!, ~7!

wheren(p) is a Dirac spinor.
The correlation functionP(p) may be expressed as

^0uThS0~x!h̄L~0!u0&

52
2

A3
i eabcea8b8c8$g5gmSs

aa8~x!gnC@Su
bb8~x!#T

3CgmSd
cc8~x!gng5

2g5gmSs
aa8~x!gnC@Sd

bb8~x!#TCgmSu
cc8~x!gng5%,

~8!

whereiSab(x) is the quark propagator@10#:

iSq
ab~x!5^0uT@qa~x! q̄ b~0!#u0&

5
idab

2p2x4
x̂1

i

32p2

lab
n

2
gsGmn

n 1

x2
~smnx̂1 x̂smn!
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2
dab

12
^ q̄q&1

dabx2

192
^gsq̄s•Gq&

2
^ q̄q&^gs

2G2&x4

29333
dab2

mqdab

4p2x2

1
mq

32p2
gs

lab
n

2
Gmn

n smnln~2x2!

2
dab^gc

2G2&

2933p2
mqx2ln~2x2!1

idabmq^ q̄q&
48

x̂

2
imq^gsq̄s•Gq&dabx2x̂

27332
1•••. ~9!

At the hadronic level,

P~p!5~2 !lS0lL

~ p̂1mS0!u~p2!~ p̂1mL!

~p22mS0
2

1 i e!~p22mL0
2

1 i e!
.

~10!

The diagrams with nonzero contribution are presented
Fig. 1. In the limit of exact isospin symmetryP(p) vanishes.
There are two isospin symmetry breaking parametersdm and
g. Each diagram is either propotional todm or to g. We
explicitly keep the current quark mass term in the qu

FIG. 1. Relevant diagrams in the QCD sum rules analysis ofS0-
L mixing up to dimension seven. The current quark mass correc
is denoted by a cross. If two crosses appear in the same diag
one of them comes from the strange quark.
in

k

propagator up to orderO(mq), which is denoted by a cross
The current quark mass enters a diagram either through
panding the free quark propagator up toO(mq) or through
the equation of motion. Since the strange quark mass is
small, we keep terms such asms(md2mu). The calculation
is standard as in the QCD sum rule analysis of the bar
mass. Equating the correlatorP(p) at the quark level and
P(p) at the hadronic level we arrive at two sum rules co
responding to two different structures 1 andp̂. Here we
present the final result after Borel transformation.

For structure 1,

1

A3
H dmMB

8E3L28/91gaMB
6E22

b

8
dmMB

4E1L28/9

2
4

3
dmasmsMB

4E1L28/92
1

3
gmsaasMB

2E0

1
1

3
dma2MB

2E02
1

72
gbaMB

2E0

1
7

48
dmasmsm0

2MB
2E0L238/27

2
5

8
dmam0

2msMB
2 ln

MB
2

m2 E0L238/27J
5~2p!4lSlLe2m2/MB

2
2m2u~mS0

2
!~11A1MB

2 !.

~11!

For structurep̂,

2
1

A3
H dmmsMB

6E2L24/314gmsaMB
4E1L24/9

14dmasMB
4E1L24/91

2

3
gaasMB

2E0L4/9

2
1

4
gmsam0

2MB
2E0L226/272

1

4
dmasm0

2MB
2E0L226/27

1
1

8
dmam0

2MB
2E0L226/27J

5~2p!4lSlL2me2m2/MB
2
u~mS0

2
!~11A2MB

2 !, ~12!

where dm5md2mu and g5^ d̄d&/^ ūu&21, m5mS0

1mL /251.15 GeV is the average mass.ms5150 MeV is
the strange quark mass.y5W2/MB

2 and the factorsEn(y)
512e2y(k50

n (1/k!) yk, are used to subtract the continuu
contribution@11#. W253.4 GeV2 is the continuum threshold
which is determined together with the overlap amplititu
(2p)4lS

2 51.88 GeV6, (2p)4lL
2 51.64 GeV6 from the mass

sum rules@12,13#. We adopt the ‘‘standard’’ values for th
various condensatesb5^0ugs

2G2u0&50.474 GeV4, a5

2(2p)2^0u ūuu0&50.55 GeV3, as52(2p)2^0u s̄su0&
50.5530.8 GeV3, am0

25(2p)2gs^0u ūs•Guu0&, m0
2

50.8 GeV2. L5 ln(MB /L QCD)/ln(m/L QCD), L QCD is the

n
m,
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QCD parameter,L QCD5100 MeV, m50.5 GeV is the nor-
malization point to which the used values of condensates
referred.

We further improve the numerical analysis by taking in
account the renormalization group evolution of the sum ru
~11! and~12! through the anomalous dimensions of the va
ous condensates and currents.A1 andA2 are constants to be
determined from the sum rule. They arise from the mixi
with the excited statesS0* -L or S0-L* which were first
introduced in the QCD sum rules analysis of the nucle
magnetic moments@11#. The working interval for the Bore
massMB

2 is 1.3 GeV2<MB
2<2.5 GeV2 where both the

continuum contribution and power corrections are contr

lable. Moving the factor (2p)4lSlLe2m2/MB
2

on the right-
hand side to the left and fitting the new sum rule with
straight line approximation we may extract the mixing p
rameteru.

Various theoretical approaches@2,10,14–18# yield consis-
tent results for the quark mass differencedm53.260.4
MeV. The difference of the up and down quark condens
has been analyzed with the chiral perturbation theory@14#,
the QCD sum rules for scalar and pseudoscalar mesons@17–
19#, effective models of QCD incorporating the dynamic
breaking of chiral symmetry@20,21#, and the QCD sum rules
for baryons@10#. The numerical results from the above a
proaches areg52(6210)31023 @14#, 2(1063)31023

@17#, 2(729)31023 @20,21#, and26.5731023 @10#.
In both of the sum rules~11! and ~12! the contribution

from dm and g has opposite sign. The mixing paramete
from Eqs. ~11! and ~12! would contradict each other ifg
were too large or too small. In Fig. 2 the Borel mass dep
dence of the mixing parameter and the fitting straight line
shown. Through the intersection with theY axis, we can
obtain the value ofu directly. Withg52(761)31023 and
s,
s
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dm53.060.4 MeV, our final result is u(mS0
2 )

5(2)(0.560.1) MeV. It can be seen from Fig. 2 that Eq
~11! and~12! yield almost the same value foru. In summary
we have calculated the on-shellS0-L mixing parameter,
which may be measured in future experiments.
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FIG. 2. ~a! The Borel mass dependence of the mixing parame
The solid curve is the QCD sum rule prediction forg5
2731023 from Eq. ~11#! for structure 1 withdm53.0 MeV after

the numerical factor (2p)4lS0
2 lL

2 e2m2/MB
2

is moved to the left-hand
side. The dotted curve is the fitting straight line. The Borel m
MB

2 is in unit of GeV2. The mixing parameteru is in unit of MeV.
~b! The Borel mass dependence of the mixing matrix for the str

ture p̂. The notation is the same as in~a!.
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