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Q and X°A transition magnetic moment in QCD sum rules
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The method of QCD sum rules in the presence of the external electromagpetield is used to calculate
the O magnetic momentq, and theX°A transition magnetic momeniso, , with the susceptibilities obtained
previously from the study of octet baryon magnetic moments. The regylts—1.92uy and pwsop =1.5uy
are in good agreement with the recent experimental {8656-282(98)03003-3

PACS numbeps): 13.40.Em, 11.55.Hx, 12.38.Lg, 14.20.Jn

According to the quark model th@~ is composed of 1
three strange quarks with parallel spins. This state is particu- 7so(X) = eabc—{[uaT(x)Cdeb(x)]y5y"s°(x)
larly interesting because of the large symmetry breaking that V2
cannot be accommodated consistently in the naive quark

aT, b M aC
model. In Ref[1], it has been shown that nonstatic baryon- AT 0Cy, P00 Jys v s 00}, “)
dependent magnetic effects are large. In this paper we inves- >
tigate these symmetry breaking effects and evaluate(the 7]A(X)=€abc\/;{[uaT(X)CyMSb(X)]757'”dc(x)

moment in the QCD sum rule8]. The ) moment has been
studied in literaure$2] and various theoretical results range —1daT(x)Cv sP(x RUC(x 5
from —1.3uy to —2.7uy. We find our result is in good (a7 (0Cy, 00 Iys y U (X} ©
agreement with the recent dd# 5]. ~ whereu?(x), T, and C are the quark field, the transpose
In a typical hadronic scale the quantum chromodynamicgperators, and the charge conjugate operators, ¢ are the
(QCD; is highly nonperturbative which makes a direct ana-color indices. The interpolating currents couples to the

lytical first-principles calculation impossible. In this work we baryon states with the overlap amplititunle
adopt the method in the presence of an external electromag-

netic field[6,7] to calculate the) and the3°A transition <O|77#(0)|Q>=)\nvﬂ(p), (6)
magnetic momenfso, . The important aspect of this inves-

tigation is that the various susceptibilities in this calculation (0] 750(0)[Z)=Nsvs(p), (7
have already been determined from previous studies of octet

baryon magnetic momenf§—9], and as a result our calcu- (0] 7A(0)[A)=Npwa(p), (8)

lation is parameter free. _ _ . .
In the method of QCD sum ruld$,7], the two-point cor- ~ Wherewv,, is a vectorial spinor and satisfiep{mg)v,=0,
relation functionII(p) in the presence of an external elec- v,v,=—-2mq,, and y,v*=p,v*=0 in the Rarita-

tromagnetic field ,; is written as Schwinger formalismy(p) is a Dirac spinor.
On the hadronic level the correlatolk; (p) and I1,(p)
. — i d in terms of the chirality-odd tensor structure
I =i | d*(0|T x), 7*(0)}|0)g e'P* are expresse
o(p) f (O[T{7.(x), 7*(0)}|0)e, (o-Fp+ o F):
=Io(p)+11y(p)(o-Fp+po-F)+---, (1) 1 Ay (10 4
My(p)= -7 o551 5 + — (P2~ m})?
_ _ | 47 (p?-m2)?| 9 " om}
My(p) =i [ 4(0[T{ms000, 77(0)} |0} & .
X(o-Fp+po-F)+---, 9
=II(p)(o-Fp+po-F)+- -, 2
B Ashy I
wherelly(p) is the polarization operator without the exter- Ma(p)=- Z“EOA(pZ_W)Z(U'Fp+pU' AR
nal fieldF,z. Then,, 7so, andzn, are the currents witk, (10)

39 andA quantum numbers
where{---} is 1 for the nucleon magnetic moment. The
7,(X) = €TsT(x)Cy,8°(x)]s°(x), (3)  deviation from unity in Eq.(9) is due to the Rarita-
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Schwinger formalism for the spififield, of which the details y=—57 GeV 2 using the two-pole approximation. Chiu
may be found in Ref[10]. m= (mso+m,)/2. Wetreat the et al.[9] also estimated the susceptibilities with the two-pole
S and A mass as degenerate due to their small mass diffetmodel and obtained

ence since we never come across the poles and always work 2

. . . i =—4.4 GeV“, =0.4, ¢=-0.38. 13

in the virtuality p?<0. We denote the continuum and non- X " ¢ (13
diagonal transition contributions simply by ellipses. The values of these susceptibilities are consistent with one

The external fieldF ,, may induce changes in the physical another except that the earliest regg#t — 8 GeV 2in[6],
vacuum and modify the propagation of quarks. Up to dimenis considerably largein magnitude due to their neglect of

sion six @<6), we introduce three induced condensates, «.¢ in the fitting procedure. In what follows, we shall adopt
the condensate parameteyss —4.5 GeV 2, k=0.4, £=

(o|arwq|o>F =eqXFW<o|a]|o>, —0.8 which represent the average in the last three analyses.
mr The correlation function$l;(p) andII,(p) at the quark
n level are

—A _
0s(0la—5-G},a|0)r =eq«F,,(0|qq|0), —
S 2 PR, e (0| T7,(x) 7*(0)|0)¢

T i q0 = —2i 3% (Tr{S" (x) 7, C[S* ()]"C
gse""7(0]q v55GY,0l0)k, =ieqéF*(0]qql0), | | {7 «ryﬂ[ ( ]’ ¥}
(11) xS (x) 428" (x)7,C[S* (x)]"Cy, S (X)), (14)

whereq refers tou, d, ands quark, ancg, is the charge. The (0] T750(x) 7(0)|0)¢

X, K, and¢ in Eq. (5) are the quark condensate susceptibili- 5

ties and their values have been the subject of various studies. _ _ < : abc a'b’c’ pgaa’ Crsby’ T
loffe and Smilga[6] found y~—8 GeV ? with «=0, lee {75757 007, LS (0]
§=0 in order to haveu,=3.0uy and w,=—2.0uy ,

(+10%). Balitsky and Yund7] estimated X Cy,S" (X)¥"vs

y=—3.3 GeV?2 k=022, &=-044 (12 — y57*S2% () 7,C[ST (X)]7Cy, S5 (x)y"ys},  (15)

using the one-pole approximation. Belyaev and Ko§@h whereiS?(x) is the quark propagator in the presence of the
extended the calculation and obtained an improved estimatexternal eletromagnetic field,, [6]. We find

n

‘qaby oy ! | Rab —2_1 “(p P T+
|Sg (p)_gabﬁ_mq+ZTgSGZV(pZ_mq)Z[O-M (p+mg) +(p+mg)at¥]+ ZeqﬁabF,uV(pZ_qu)Z
) ) (q) (gsqo-Gq) (qq)
XL (P mg)+ (P M) 7] = 8052 (2m)*04(p) = %= 5 (27)*9779,,0,8%(p) — 0P 1o
r 1 aa qq
X a.Fgw_§Y”U-F7V}(2W)4(9M’9V54(P)—5abeqx<gj>a'F(ZW)454(p)_6abqu<fgq2>
r 1 ac
X a.Fg‘”—57“0-FVV}(ZW)“%M“(P)“5abeqf<7qaq8>
Sp MV 1 M 0P AV ap 4 54
X| oG = 3y o®y” | ys€aps,F T (2m)70,0,67(P) + - - (10

in momentum space Wit}ﬁ)zpﬂfyﬂ_ Here we follow[6,7]  up to dimension eight. The up and down quark is treated as
and do not introduce induced condensates of higher dimeriassless. The gluon condensg@giGh;Ghl0) always
sions, while we find that the strange quark mass correction iappears with a small numerical factor 14 through the
important so that we have explicitly kept it in our calcula- two-loop integration[6]. Its contribution was found to be
tion. negligible through the direct calculati¢@]. Following Refs.
Only the condepsa}es with even dlmenS|ons_contr|bute t?3,6,7] the four quark condensaté0|a“lqa“2q|0> is
the structure ¢-Fp+po-F). They are 1,x(0[qq|0)ms,  treated by the factorization approximation as the susceptibili-
m¢(0| qq|0), (0|g§G’;BGgﬁ|O>, x{0/qq|0)?, ties are estimated under the the vacuum dominance hypoth-
x(0]qq|0)(0|gsqo- Gq|0), x(0|qq|0)?, and £&0|qq|0)?  esis. The calculation is straightforward by substituting the



57 Q AND 3°A TRANSITION MAGNETIC MOMENT IN QCD ... 1529
quark propagator into Eq$9) and(14). Here we present the 8 — 4
final result after Borel transformation: —-5
9 6 ~ 8 o~ 3
Zes[ MBEa(y1)L*2— £ xmea MgEs (1)L~ = )
6 4 i e
+ EMAMEEq(y) LY~ ZxaZMEEq(y,) L T =
= 2 < 1
2
4 52| 282 E+ XmOL—10/9_ 2_2K_ 4
s 15 30 15" 15 o 0
0 1 2 3 4 5 0.0 0.5 1.0 1.5 2.0
20,2
=(2m)*\je MMy (1+AM3), (17) M,2 M,

(a) (b)
1
N ed>[ MEEx(y2)L ™ #°— ymaMgE,(y,)L ~ 2827

3

FIG. 1. (a) The Borel mass dependence of flemagnetic mo-
ment. The long-dashed, solid, and short-dashed curve are the QCD
sum rule predictions foy= —3.5,—4.5, and—5.5 GeV?, respec-
tively, from Eq.(17) after the numerical factor (2)*\5e~ ma?Mg
is moved to the left-hand side. The dotted line is a straight-line
approximation. The intersect with thé axis is the{) magnetic
moment in units ofe/2m,,. The Borel massM3 is in units of
GeV2. (b) The Borel mass dependence of fBe transition mag-
netic moment. The notations are the same as tho$a).in

4
+ 3MaMEEq(y2)L ™ - maMgEq(yz)L ~*°

2 1
— 3xaaMEEN(y2)L ¥+ gaal ¥

3
X|4+Kk—2&+ Z)(mgl_*lof9

:(zw)4)\2)\Ae*W’M§MEoA(1+A2Mé), (18  The sum rules are insensitive to the susceptibilikesnd &

_ because of their small values. Their contributions are less
where mp=1.672 GeV,m=1.15 GeV, ms=150 MeV, than 5%. The dependence gnis shown in Fig. 1. Whery
y1=Wi/M3 and y,=W5/M3. E (y)=1—e YS{_o1k!y®  varies from—4.5 to —3.5 GeV 2 or to —5.5 GeV 2, the

are the factors used to subtract the continuum contributiogum rules change within 10%. The correction from the
[6]. Wi=5.0 GeV? and W5=3.4 Ge\? are the continuum strange quark mass is important and contributes about 20%

thresholds which are determined together with the overlago both of the sum rules. The SU(3fJavor symmetry break-
" 452 _ 442 _ —
amplititudes (2r)*\, =556 GeV’, (2m)*A5=1.88 GeV, ing parametery=(ss)/(uu) needs to take the standard

and (27)*\3=1.64 Ge\® from the Q, 3, and A mass

sum rules[11,12. We adopt the “standard” values for

the various condensatesa=—(27)%0|uu|0)=0.55
GeV®, as=-(2m)%0|ss|0)=0.55x0.8 Ge\?, ang
=(2m)2%9«0uc-Gul0), m2=0.8 Ge\. L=In(Mg/
A gco)/IN(/A gep)s A gep is the QCD parameterA ocp

=100 MeV, andiw=0.5 GeV is the normalization point to

which the used values of condensates are referred.

We further improve the numerical analysis by taking into

value of 0.8 in order to yield a good agreement with the
experimental data in Eq(l7). The  magnetic moment
would increase 30% ify=1, in contradiction with the ex-
perimental data. Our final results gug,= —3.41 in units of
e/2mg and uyo, =1.85 in units ofe/2m, wheree/2mg is a
natural unit in QCD sum rule analyses. In unit of nuclear
magnetonug= —1.92uy and wsop = 1.5uy, in good agree-
ment with the recent experimental data.

Baryon magnetic moments are important physical observ-

account of the renormalization group evoIL_ltions .of the sumpples as masses. The method of QCD sum rules in the pres-
rules(17) and(18) through the anomalous dimensions of the ence of an external electromagnetic field was successfully
various condensates and curredg.andA,; are constants 10 empioyed to calculate the octet baryon magnetic moments.
be determined from the sum ruLe, which arise fro*m the Non—ryg results are in reasonable agreement with the experimen-
diagonal transitiond) y—Q*, 3*— Ay, or22—>A v [6] tal data. In this work we have extended the same method to
The working intervals of the Borel maddg for the sum  cgjcylate the magnetic moment of the long-lived decuplet
rules (17) and (18) are 2.0 Ge¥<Mz<4.0 GeV and  member, the and S°A transition magnetic moments si-
1.3 GeVV<=MZ=<3.0 GeV, respectively, where both the multaneously, which may serve both as a consistency check
continuum contribution and power corrections are control-of the various susceptibilities and a check of the method of
lable. Moving the factor (2;)4)\(2)e—m422/“'§ and the external field itself. Our results are in good agreement

(27)\sh ne"™'ME on the right-hand side to the left and with the recent experimental data.

fitting the new sum rules with a straight line approximation  This work was supported in part by the Postdoctoral Sci-
we may extract thexn and us, . We show the new sum ence Foundation of China and the National Natural Science
rules as a function of the Borel mass in Fig. 1. The new sumFoundation of China. It was also supported in part by the
rules are almost stable and independenl\/kﬁ‘, which im-  National Science Council of R.O.GTaiwan under Grant
plies that the nondiagonal transition contributions are smallNo. NSC84-2112-M002-021Y.



1530 SHI-LIN ZHU, W-Y. P. HWANG, AND ZE-SEN YANG 57
[1] J. Franklin, Phys. Rev. D9, 2648(1984). [5] Particle Data Group, R. M. Barneit al, Phys. Rev. D64, 1
[2] Y. Tomowaza, Phys. Rev. D9, 1626(1979; T. Das and S. P. (1996, p. 55. _

Misra, Phys. Lett96B, 165 (1980; C. Bernardet al, Phys. [6] B. L. loffe and A. V. Smilga, Nucl. PhysB232, 109 (1984
Rev. Lett.49, 1076 (1982, H. J. Lipkin, Nucl. PhyS.BZl4—, [7] (e Balltsky and A. V. Yung, PhyS Letﬂ2.98, 328 (1983
136/(1982; H. Georgi and A. Monohar, Phys. Left32B, 183 [8] V. M. Belyaev and Ya. I. Kogan, Yad. FiZ0, 1035(1984
(1983: V. P. Efrosinin and D. A. Zaikin, Yad. Fiz4, 1053 [Sov. J. Nucl. Physa0, 659 (1984].

) [9] C. B. Chiu, J. Pasupathy, and S. J. Wilson, Phys. Re@3D
(1986 [Sov. J. Nucl. Phys44, 681 (1986, R. C. Verma and 1961(1986: S. L. Wilson, 1. Pasupathy, and C. B. Chibid.

M. P. Khanna, Phys. Lett. B83 207(1987; L. Brekke and J. 36, 1451(1987; C. B. Chiu, S. L. Wilson, J. Pasupathy, and J.
L. Rosner, Comments Nucl. Part. Phyk8, 83 (1988; M. P. Singh,ibid. 36, 1553(1987).
Krivoruchenkoet al, Phys. Rev. D41, 997 (1990; J. Kunz  [10] Y. Takhashi,An Introduction to Field QuantizatioriPerga-
and P. J. Muldershid. 41, 1578(1990. mon, New York, 1968

[3] M. A. Shifman, A. I. Vaishtein, and V. I. Zakharov, Nucl. [11] L. J. Reinders, H. Rubinstein, and S. Yazaki, Phys. 108,
Phys.B147, 385(1979; B147, 448(1979. 209 (1983.

[4] N. B. Wallaceet al,, Phys. Rev. Lett74, 3732(1995. [12] W-Y. Hwang and K-C. Yang, Phys. Rev. 49, 460(1994).



