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3. and A magnetic moments from QCD spectral sum rules
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The QCD spectral sum rules in the presence of the external electromagnetid-figldre used to
calculate the magnetic moments Bf and A.. Our results armzc++=(2.1i0.3),uN, ,ugc+=(0.6i0.1),uN,

p30=(~1.6+0.2py, andu, =(0.15+0.09y . [S0556-282097)00723-§
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QCD spectral sum rule€QSSR$ [1] have been success- (0] s (0)[2c)=As vs (P), ©)
ful in extracting the masses and coupling constants of low- ¢ ¢

lying mesons and baryons. In this approach the nonperturba-

tive effects are taken into account through variouswhereu®(x) andc®(x) is the up and charm quark fieldls
condensates in the QCD vacuum. As showf2ig] the light s the overlap amplitude of the interpolating current with the
baryon masses are determined by the chiral symmetrybaryon state, and thes is the Dirac spinor of the heavy
breaking quark condensate. In the infinite heavy quark mas§aryon. ¢

limit the QSSR was f|rst_ used_t(_) evaluate the heavy baryon Tnee different tensor structures contributeltg,(p),
mass[4]. The QSSRs with a finite heavy quark mass were

treated in[5,6]. Recently the QSSR was employed in the

framework of the heavy quark effective thedig~11]. I,,(p)=IL(p)(0,,p+P0,,) +I11(P)i(PLY,— P,Y,)P
The baryon magnetic moment, like the baryon mass, is
another important static quantity. loffe and Smi[d2] and, +a(p)oy, - 4

independently, Balitsky and Yurid 3] extracted the nucleon

magnetic moment treating the electromagnetic fiéJg as  As in the original QSSR analysis of nucleon magnetic mo-
an external field in the QSSR approach. They found that thenent [12], we shall consider the first tensor structure
nucleon magnetic moment is essentially related to the quart% IEJ+I5<T )

o w )
condensate and three susceptibilitigsx, and &. Later on The presence of the external fiefid,, will induce three
the octet baryon magnetic momeipi$] were obtained in a new condensates in the QCD vacu@]ﬁy]:
similar manner. In this work we shall employ the same ap-
proach to calculate the magnetic momentsgfand A . o o

We shall consider the two-point correlattis (p) in the (0| qawq|0>,:w=eq)(FW<O| qql0),
presence of an external electromagnetic fielg; :
n

A" —
11 (p) =1 [ (O[Tl 75 (0,72 (00, €7 00107 G010, =€qxF,(0[qql0), - (5)

=Mo(p) +1L,,(P)FH"+ - () X

e*"\7(0|qys—G!,q|0)r =ie,&F~"(0|qq|0),

wherelly(p) is the polarization operator without the exter- 9 (Olays 2 rodl >F/“ atF* 19910)
nal fieldF,,. The 73, in Eq. (1) is the interpolating current

with ¢ quantum numbers: whereq refers to the up and down quark, is the quark
charge. They, k, and¢ in Eq. (5) are the quark condensate
75 (X)= €[ uaT(x)CcP(x)us(x) susceptibilities, which have been the subject of various stud-
ies[12-15. Their values employed by different groups are
—[uaT(x)Cysc®(x)Tysu®(x)}, (2 consistent with each other. We shall adopt the values
x=—45 GeV? k=0.4,¢(=-0.8.
and At the phenomenological level we have
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1 20
IMTI(S)= > us NS &' (s—mé )+C8(s—m3) — QSSR
47 %c =c c L [ px(1+CMg)

+ ImIIP'{s) o(s—ts ), (6)

16
where the first term corresponds to thg magnetic moment
and is of the double pole. The second term comes from the
transitionX . — excited states and is of single pole. The third
term is the usual continuum contribution argcl is the con- 12
tinuum threshold. The single-pole transition term does not NO
damp out after Borel transform. Therefore it should be ex-
plicitly included in the QSSR analysis. S

Within an operator product expansion we obtain, to low- 8
est order ofxg and for condensates up to dimension six at the
quark level,
ImII(s)= ImII P®{s)+ ImII"P(s), (7) 4
2\ 3
e m
ImITPe(s)= —us( 1- —°> . (8
8 S
0
Making a Borel tranform oflI(p) and transferring the 0 1 2 3 4

continuum contribution to the left-hand side, we obtain 2
M B

FIG. 1. The Borel mass dependence of Bg" magnetic mo-

ment for the continuum threshotgc: 10 Ge\ . The solid curve is

the QCD sum rule prediction fo;u20++. The dotted line is a

straight-line approximation. The intersect with axis is theX.
magnetic moment in unit o#/2my .

ts
M@f “ImITPer(s)e™ (SMp)dsL 49

C

1
+ { _ 1_2Xeua2M 2(1—e" (tzc—mﬁlmé))l_— (16127

—ie az—ie a? m_§+1
24°¢ 36 Y Mé where both the continuum contribution and power correc-
) tions are controllable [5,6]. Moving the factor
2 2
. %Xmgeuaz ZECZJrl |~ (1009 _ %Keuaz 7 (2m)*"\E e (/M3 on the right-hand side to the left and
Mg fitting the new sum rules with a straight-line approximation
m2 1 2 we may extract th& . magnetic moment. We show the Borel
X| 2—5 — 1) — —te@? —5+1 ]e (/M) 419 mass dependence of the new sum rule and the fitting straight
Mz 36 Mz line in Fig. 1 for the continuum threshotd =10 Ge\,.
1 s s It can be seen in Fig. 1 that the nondiagonal transition
= Z(Zw)“)\éce’ (mEC’MB),uEC(lJrCMé), (9) contribution is important, though it is not dominant in the
working interval of the Borel mass 1.7 G&¥M3
where a= —(277)2<O|q_q|0>=0.55 GeV, ami= <2.5 Ge\f. The sum rule is insensitive to the susceptibili-

ties k and¢ due to their small values. Their contributions are

2 - 2_ _ _
(2m) gs<0|quq|_0>, m;=08 GeV, g=ud, L="less than 5%. Whery varies from—4.5 GeV 2 to —3.5
In(10Mg)/In(5). C is the unknown constant to be determlnedGe\rz or to —5.5 GeV 2, the sum rules change within

from the sum rule, which parametrizes the transition contri-; g
. : ST 10%.
bution. We have checked that in the chiral limt— 0, our

x Our final result is =(5.4+0.5)e/2ms , where
result reproduces the sum rule for nucleon magnetic moment ) o plt ( i ) e
[12]. e/2mg is a natural unit in QSSR analysis of the baryon mag-

For the charm quark mass we usge=1.47+0.1 GeV. netic moment. By replacing_u in Eq. (9) with (e, +eg)/2 or
We adopt the estimated continuum threshold and overlagg We arrive at the magnetic moments for the othgrmul-
ping amplititude in the QSSR analysif5,6,9-11,16  tplets, ux+=(0.6£0.1)e/2my and wso=(—4.2+0.4)e/
ty, =10 GeV? and (277)4>\§C=0.8i0.1 GeVP. For theX;  2my_. In units of nuclear magnetops ++=(2.1=0.3)uy,
mass we may either use the predictions in the QSSR analys}szgz (0.23+0.03)uy, and,uggz (—1.60.2)uy-
or the experimental valug22], my =2.455 GeV. Similarly we can extract the magnetic moments /of

We may further improve the numerical analysis by takingwith the following interpolating current:
into account the renormalization group evolutions of the sum
rule (9) through the anomalous dimensions of the conden- nAc(x)=eabc[uaT(x)Cy5ub(x)]c°(x). (10
sates and currents. The working interval of the Borel mass
M3 for the sum rule(9) is 1.7 Ge\W=M3<2.5 Ge\®?  The final sum rule reads as follows:
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FIG. 2. The Borel mass dependence ;mﬁ\c and the fitting
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With the parameters [5,6,9-11,1 t, =10 GeV,
(2m)"\},=1.0+0.2 GeV, andm, =2.285 GeV, we get
MAC=(0-15i0-05),U«N- The Borel dependence QfAC and
the fitting line is shown in Fig. 2. As in the analysis of the
magnetic moment, the straight line approximation is good.
It is not difficult to extend the same analysis to extract the
magnetic moments af,, andA,. Yet the overlapping am-
plititudes As, and Aa, determined in the QSSR approach

with finite bottom quark mass have large errors. Therefore
we do not present numerical results here.

In summary, we have calculated the magnetic moment of
3. and A using the external field method in the QCD sum
rules. There are no experimental data for the heavy baryon
magnetic moments. Yet naive predictions have been made in
the phenomenological models such as nonrelativistic quark
model (NRQM) [17,18, bag model[19], and the Skyrme
model [20,21]. Especially in the quark model the heavy
baryon magnetic moments have a rather simple form.

MA =My Ms+=SMp= 5 Mo, Msi=§Mp~ 5 Me, and
0= = & mp— 3 mc. Our result of thel ; magnetic moment
is in good agreement with the NRQM prediction. In thg_

sum rule(11), the contribution from higher-dimension con-
densates is significant and comparable with the charm quark
perturbative contribution numerically, since the light quark
perturbative contribution and the induced light quark con-
densate vanishes. If we turn off all the higher-dimension
nonperturbative contributions by setting the quark conden-
satea=0, we arrive awAczo.ssuN , Which is very close to

the NRQM prediction. Therefore the higher-dimension con-
densates lead to the possible deviation from the naive quark
model result. It will be very interesting to measuyrg ex-

perimentally.
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