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V and S0L transition magnetic moment in QCD sum rules

Shi-lin Zhu
Department of Physics, Peking University, Beijing, 100871, China

and Institute of Theoretical Physics, Academia Sinica, P.O. Box 2735, Beijing 100080, China

W-Y. P. Hwang
Department of Physics, National Taiwan University, Taipei, Taiwan 10764

Ze-sen Yang
Department of Physics, Peking University, Beijing, 100871, China

~Received 27 May 1997; published 8 January 1998!

The method of QCD sum rules in the presence of the external electromagneticFmn field is used to calculate
theV magnetic momentmV and theS0L transition magnetic momentmS0L , with the susceptibilities obtained
previously from the study of octet baryon magnetic moments. The resultsmV521.92mN andmS0L51.5mN

are in good agreement with the recent experimental data.@S0556-2821~98!03003-3#

PACS number~s!: 13.40.Em, 11.55.Hx, 12.38.Lg, 14.20.Jn
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According to the quark model theV2 is composed of
three strange quarks with parallel spins. This state is part
larly interesting because of the large symmetry breaking
cannot be accommodated consistently in the naive qu
model. In Ref.@1#, it has been shown that nonstatic baryo
dependent magnetic effects are large. In this paper we in
tigate these symmetry breaking effects and evaluate thV
moment in the QCD sum rule@3#. TheV moment has been
studied in literaures@2# and various theoretical results rang
from 21.3mN to 22.7mN . We find our result is in good
agreement with the recent data@4,5#.

In a typical hadronic scale the quantum chromodynam
~QCD! is highly nonperturbative which makes a direct an
lytical first-principles calculation impossible. In this work w
adopt the method in the presence of an external electrom
netic field @6,7# to calculate theV and theS0L transition
magnetic momentmS0L . The important aspect of this inves
tigation is that the various susceptibilities in this calculati
have already been determined from previous studies of o
baryon magnetic moments@6–9#, and as a result our calcu
lation is parameter free.

In the method of QCD sum rules@6,7#, the two-point cor-
relation functionP(p) in the presence of an external ele
tromagnetic fieldFab is written as

PV~p!5 i E d4x^0uT$hm~x!,h̄m~0!%u0&Fab
eip•x

5P0~p!1P1~p!~s•Fp̂1 p̂s•F !1•••, ~1!

PSL~p!5 i E d4x^0uT$hS0~x!,h̄L~0!%u0&Fab
eip•x

5P2~p!~s•Fp̂1 p̂s•F !1•••, ~2!

whereP0(p) is the polarization operator without the exte
nal fieldFab . Thehm , hS0, andhL are the currents withV,
S0, andL quantum numbers

hm~x!5eabc@saT~x!Cgmsb~x!#sc~x!, ~3!
570556-2821/98/57~3!/1527~4!/$15.00
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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!

where ua(x), T, and C are the quark field, the transpos
operators, and the charge conjugate operators.a, b, c are the
color indices. The interpolating currents couples to t
baryon states with the overlap amplititudel:

^0uhm~0!uV&5lVnm~p!, ~6!

^0uhS0~0!uS&5lSnS~p!, ~7!

^0uhL~0!uL&5lLnL~p!, ~8!

wherenm is a vectorial spinor and satisfies (p̂2mV)nm50,
n̄ mnm522mV , and gmnm5pmnm50 in the Rarita-
Schwinger formalism.n(p) is a Dirac spinor.

On the hadronic level the correlatorsP1(p) and P2(p)
are expressed in terms of the chirality-odd tensor struc
(s•Fp̂1 p̂s•F):

P1~p!52
1

4
mV

lV
2

~p22mV
2 !2H 10

9
1

4

9mV
2 ~p22mV

2 !2J
3~s•Fp̂1 p̂s•F !1•••, ~9!

P2~p!52
1

4
mS0L

lSlL

~p22m̄2!2
~s•Fp̂1 p̂s•F !1•••,

~10!

where $•••% is 1 for the nucleon magnetic moment. Th
deviation from unity in Eq. ~9! is due to the Rarita-
1527 © 1998 The American Physical Society
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Schwinger formalism for the spin32 field, of which the details
may be found in Ref.@10#. m̄5(mS01mL )/2. We treat the
S andL mass as degenerate due to their small mass di
ence since we never come across the poles and always
in the virtuality p2,0. We denote the continuum and no
diagonal transition contributions simply by ellipses.

The external fieldFmn may induce changes in the physic
vacuum and modify the propagation of quarks. Up to dim
sion six (d<6), we introduce three induced condensates

^0u q̄smnqu0&Fmn
5eqxFmn^0u q̄qu0&,

gs^0u q̄
ln

2
Gmn

n qu0&Fmn
5eqkFmn^0u q̄qu0&,

gse
mnls^0u q̄g5

ln

2
Gls

n qu0&Fmn
5 ieqjFmn^0u q̄qu0&,

~11!

whereq refers tou, d, ands quark, andeq is the charge. The
x, k, andj in Eq. ~5! are the quark condensate susceptib
ties and their values have been the subject of various stu
Ioffe and Smilga @6# found x'28 GeV22 with k50,
j50 in order to have mp53.0mN and mn522.0mN
(610%). Balitsky and Yung@7# estimated

x523.3 GeV22, k50.22, j520.44 ~12!

using the one-pole approximation. Belyaev and Kogan@8#
extended the calculation and obtained an improved estim
e
n
a-

e

r-
ork

-

-
es.

te

x525.7 GeV22 using the two-pole approximation. Chi
et al. @9# also estimated the susceptibilities with the two-po
model and obtained

x524.4 GeV22, k50.4, j520.8. ~13!

The values of these susceptibilities are consistent with
another except that the earliest resultx528 GeV22 in @6#,
is considerably larger~in magnitude! due to their neglect of
k,j in the fitting procedure. In what follows, we shall ado
the condensate parametersx524.5 GeV22, k50.4, j5
20.8 which represent the average in the last three analy

The correlation functionsP1(p) andP2(p) at the quark
level are

^0uThm~x!h̄m~0!u0&F

522i eabcea8b8c8
„Tr$Sbb8~x!gmC@Saa8~x!#TCgm%

3Scc8~x!12Sbb8~x!gmC@Saa8~x!#TCgmScc8~x!…, ~14!

^0uThS0~x!h̄L~0!u0&F

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%, ~15!

whereiSab(x) is the quark propagator in the presence of t
external eletromagnetic fieldFmn @6#. We find
iSq
ab~p!5dab

i

p̂2mq

1
i

4

lab
n

2
gsGmn

n 1

~p22mq
2!2@smn~ p̂1mq!1~ p̂1mq!smn#1

i

4
eqdabFmn

1

~p22mq
2!2

3@smn~ p̂1mq!1~ p̂1mq!smn#2dab ^ q̄q&
12

~2p!4d4~p!2dab ^gsq̄s•Gq&
192

~2p!4gmn]m]nd4~p!2dabeq

^ q̄q&
192

3Fs•Fgmn2
1

3
gms•FgnG~2p!4]m]nd4~p!2dabeqx

^ q̄q&
24

s•F~2p!4d4~p!2dabeqk
^ q̄q&
192

3Fs•Fgmn2
1

3
gms•FgnG~2p!4]m]nd4~p!1 idabeqj

^ q̄q&
768

3Fsdrgmn2
1

3
gmsdrgnGg5eabdrFab~2p!4]m]nd4~p!1••• ~16!
as

bili-
oth-
he
in momentum space withp̂[pmgm. Here we follow @6,7#
and do not introduce induced condensates of higher dim
sions, while we find that the strange quark mass correctio
important so that we have explicitly kept it in our calcul
tion.

Only the condensates with even dimensions contribut
the structure (s•Fp̂1 p̂s•F). They are 1,x^0u q̄qu0&ms ,
ms^0u q̄qu0&, ^0ugs

2Gab
n Gab

n u0&, x^0u q̄qu0&2,

x^0u q̄qu0&^0ugsq̄s•Gqu0&, k^0u q̄qu0&2, and j^0u q̄qu0&2
n-
is

to

up to dimension eight. The up and down quark is treated
massless. The gluon condensate^0ugs

2Gab
n Gab

n u0& always
appears with a small numerical factor 1/(2p)4 through the
two-loop integration@6#. Its contribution was found to be
negligible through the direct calculation@9#. Following Refs.

@3,6,7# the four quark condensatê0u q̄G1q q̄G2qu0& is
treated by the factorization approximation as the suscepti
ties are estimated under the the vacuum dominance hyp
esis. The calculation is straightforward by substituting t
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quark propagator into Eqs.~9! and~14!. Here we present the
final result after Borel transformation:

9

4
esH MB

6E2~y1!L4/272
6

5
xmsasMB

4E1~y1!L24/9

1
6

5
msasMB

2E0~y1!L4/272
4

5
xas

2MB
2E0~y1!L4/9

1as
2L28/27F14

15
1

xm0
2

30
L210/92

22

15
k2

4

15
jG J

5~2p!4lV
2 e2mV

2 /MB
2
mV~11A1MB

2 !, ~17!

1

A3
~eu2ed!H MB

6E2~y2!L24/92xmsaMB
4E1~y2!L228/27

1
4

3
msaMB

2E0~y2!L24/92msasMB
2E0~y2!L24/9

2
2

3
xaasMB

2E0~y2!L24/271
1

9
aasL

4/9

3F41k22j1
3

4
xm0

2L210/9G J
5~2p!4lSlLe2m̄2/MB

2
mS0L~11A2MB

2 !, ~18!

where mV51.672 GeV, m̄51.15 GeV, ms5150 MeV,
y15W1

2/MB
2 and y25W2

2/MB
2 . En(y)512e2y(k50

n 1/k! yk

are the factors used to subtract the continuum contribu
@6#. W1

255.0 GeV2 and W2
253.4 GeV2 are the continuum

thresholds which are determined together with the ove
amplititudes (2p)4lV

2 55.56 GeV6, (2p)4lS
2 51.88 GeV6,

and (2p)4lL
2 51.64 GeV6 from the V, S, and L mass

sum rules @11,12#. We adopt the ‘‘standard’’ values fo
the various condensatesa52(2p)2^0u ūuu0&50.55
GeV3, as52(2p)2^0u s̄su0&50.5530.8 GeV3, am0

2

5(2p)2gs^0u ūs•Guu0&, m0
250.8 GeV2. L5 ln(MB /

L QCD)/ln(m/L QCD), L QCD is the QCD parameter,L QCD
5100 MeV, andm50.5 GeV is the normalization point to
which the used values of condensates are referred.

We further improve the numerical analysis by taking in
account of the renormalization group evolutions of the s
rules~17! and~18! through the anomalous dimensions of t
various condensates and currents.A1 andA2 are constants to
be determined from the sum rule, which arise from the n
diagonal transitionsVg→V* , S*→Lg, or S→L* g @6#.
The working intervals of the Borel massMB

2 for the sum
rules ~17! and ~18! are 2.0 GeV2<MB

2<4.0 GeV2 and
1.3 GeV2<MB

2<3.0 GeV2, respectively, where both th
continuum contribution and power corrections are contr

lable. Moving the factor (2p)4lV
2 e2mV

2 /MB
2

and

(2p)4lSlLe2m̄2/MB
2

on the right-hand side to the left an
fitting the new sum rules with a straight line approximati
we may extract themV and mSL . We show the new sum
rules as a function of the Borel mass in Fig. 1. The new s
rules are almost stable and independent ofMB

2 , which im-
plies that the nondiagonal transition contributions are sm
n

p

-

l-

ll.

The sum rules are insensitive to the susceptibilitiesk andj
because of their small values. Their contributions are l
than 5%. The dependence onx is shown in Fig. 1. Whenx
varies from24.5 to 23.5 GeV22 or to 25.5 GeV22, the
sum rules change within 10%. The correction from t
strange quark mass is important and contributes about 2
to both of the sum rules. The SU(3)f flavor symmetry break-

ing parameterg5^ s̄s&/^ ūu& needs to take the standar
value of 0.8 in order to yield a good agreement with t
experimental data in Eq.~17!. The V magnetic moment
would increase 30% ifg51, in contradiction with the ex-
perimental data. Our final results aremV523.41 in units of

e/2mV andmS0L51.85 in units ofe/2m̄, wheree/2mB is a
natural unit in QCD sum rule analyses. In unit of nucle
magnetonmV521.92mN andmS0L51.5mN , in good agree-
ment with the recent experimental data.

Baryon magnetic moments are important physical obse
ables as masses. The method of QCD sum rules in the p
ence of an external electromagnetic field was successf
employed to calculate the octet baryon magnetic mome
The results are in reasonable agreement with the experim
tal data. In this work we have extended the same metho
calculate the magnetic moment of the long-lived decup
member, theV and S0L transition magnetic moments s
multaneously, which may serve both as a consistency ch
of the various susceptibilities and a check of the method
the external field itself. Our results are in good agreem
with the recent experimental data.

This work was supported in part by the Postdoctoral S
ence Foundation of China and the National Natural Scie
Foundation of China. It was also supported in part by
National Science Council of R.O.C.~Taiwan! under Grant
No. NSC84-2112-M002-021Y.

FIG. 1. ~a! The Borel mass dependence of theV magnetic mo-
ment. The long-dashed, solid, and short-dashed curve are the
sum rule predictions forx523.5,24.5, and25.5 GeV22, respec-

tively, from Eq. ~17! after the numerical factor (2p)4lV
2 e2mV

2/MB
2

is moved to the left-hand side. The dotted line is a straight-l
approximation. The intersect with theY axis is theV magnetic
moment in units ofe/2mV . The Borel massMB

2 is in units of
GeV2. ~b! The Borel mass dependence of theSL transition mag-
netic moment. The notations are the same as those in~a!.
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