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Magnetic moment of thep meson in QCD light cone sum rules
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The magnetic momeng of the p meson is studied in QCD light cone sum rules, and it is found that
=(2.3+0.5), in units ofe/2m, . A comparison of our result on the magnetic moment ofdhraeson with the
predictions of the other approaches is presented.
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[. INTRODUCTION lems in hadron physics. For example, magnetic moments of
the octet and decuplet baryons are calculated1ii and

QCD sum rules, which are based on the first principles of12], respectively, and magnetic moment of the nucleon is
QCD[1], is a powerful tool in the investigation of the hadron first obtained in QLCSR if13].
physics. In this method physically measurable quantities of The paper is organized as follows. In Sec. I, QLCSR for
hadrons are connected with QCD parameters, where hadrotfze p meson magnetic moment is obtained. In Sec. Ill, our
are represented by their interpolating quark current taken atumerical results and a comparison with the results of the
large virtualities, and following that, the correlator of theseother approaches is presented.
quark currents is introduced. The main idea of the method is
to calculate the correlator with the help of operator product
expansion(OPBE in the framework of QCD{accounting for Il. QLCSR FOR THE p MESON MAGNETIC MOMENT
both perturbative and nonperturbative contributjorsd

. . In this section we calculate the meson magnetic mo-
then connect them with the phenomenological part. Thementin QLCSR. We consider the following correlator of two

physical quantities of interest are determined by matching/ : S
. ector currents in the external electromagnetic field
these two representations of the correlator.

The QCD sum rule method is successfully applied to
many problems of hadron physitbout the method see, for ‘
example, review papef2-5|, and references therginOne HW(p,q)=iJ’ d“xe'pX(OlT{jV(x)jL(O)}|0>y, (1)
of the important static characteristic of hadrons is their mag-
netic moment. Magnetic moments of nucleons are calculated

in the framework of the QCD sum rule method [i6,7],  \yhere the subscripy denotes the external electromagnetic

using the external field technique, and using the same ARreld j (x):Uy d(x) is the vector current with the meson
proach magnetic moment of tlremeson is calculated if8]. quaﬁtlJVm numbﬁer

f It:urrthirgorer;]lt shnoulrd belm?rlt'%niﬂnrle:emthdéi{%hf%mm - First, let us calculate the phenomenological part of the
actors ot thep meson are calcuated at Intermediale moment o 545 By inserting a complete set of states between the
tum transfer by using the three-point QCD sum rules

. currents in Eq(1) with quantum numbers of the meson,
method, and then extrapolating these form factor®%e-0 . . : .
(this point lies outsidg the gapplicability regior? of the we obtain the following representation of the correlator:

method.
In this work, we present an independent calculation of the oli ' it
magnetic moment of the meson in the framework of an sz< 1 le(PIXp(P)p(p')) Ao (POli >+---,
alternative approach to the traditional QCD sum rules, i.e., (p2—m2)(p'2—m2)
QCD light cone sum rule@QLCSR method. ? ’ 2)

Few words about this method are in order. The QLCSR
method is based on OPE near light cone, which is an expan-
sion over the twist of the operators rather than dimensions agherep’=p+q, q is the photon momentum and - de-
in the traditional QCD sum rules. The nonperturbative dy-scribe higher states and continuum contributions. The matrix
namics encoded in the light cone wave functions determineslement(0|j,|p(p)) is determined as
the matrix elements of the nonlocal operators between the

vacuum and the hadronic stai@sore about this method and 5

its applications can be found [5,10]) oli - m, 3
The QLCSR is successfully applied to a variety of prob- (Olj.lp(p))= g_psv(p)' ®
*Email address: taliev@metu.edu.tr Assuming parity and time-reversal invariance, the electro-
"Email address: e114288@metu.edu.tr magnetic vertex of the meson can be written in terms of
*Email address: savci@metu.edu.tr three form factor$14:
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’ ’ FM = Gz,
<p(p!8r)|p(p,!8r ))7:_e8p(sr)a(8r )'B Gl(Qz)gaB(p
FD:Gl_G2+(1+ 7])G3, (5)

' 2 _
P+ Ga(Q7)(aGpp~ UsYpe) where 7=Q?%4m? is a kinematical factor. At zero momen-

1 tum transfer, these form factors are proportional to the usual
- —263(Q2)qaqﬁ(p+ p’)p} , static quantities of charge, magnetic, momentand quadro-

2my pole momentD:
@ eFc(0)=¢,

wheree,, is the photon andg()?, (e")? are thep meson
vector polarizations. The Lorentz invariant form factors
G;(Q?) are related to the charge, magnetic, and quadropole eFD(O):mZD. (6)
form factors through the relations P

eFy(0)=2m,u,

Using Eqgs(2)—(4) and performing summation over polariza-
tions of thep meson, for the phenomenological part of the

2
Fc=Gait+ 37Fp, correlator we get

m? 1 p.P, PLP, P.P
I,,=e—e’ G1(QA)(P+p'),| 9= 5 — 57+ 1 (Q%+2m2) |+ Gx(9?)| 0,9,
“T g2 (mP-pA)[m2—(p+9)?] 7 m2 o omd o 2m) ’ e

pl
pV + _/.;
m,

B PuP.P,
2
mp

q p’+EQ29 Q?
e e m? 2m

p p

] : )

whereQ?= —q?. Throughout our analysis, only the values of the form factor®%t 0 are needed. Additionally, usimy
=p+qg andqe=0, Eq.(7) can be simplified and final answer for the phenomenological part can be written as

1
- ——G3(Q*)(p+p'),

1 2
q,upp_EQ g,up q,u,qv

1 p.d,1 p,p, 1
Q2+ :“2 EQZ_ 4:“ Z(QZ)Z
mp mp

2 2
m,

4
m e PP, PO, 1
I, =e— {Zp Fc(0)| 9, ——5 =~ |+Fu(0)| 9,9,,~ 9,9,,+—P,(P.4,— P,0,.)
g M -(pra)2(mi-pd) | om 2 e e g
Py
—[Fc(0)+Fp(0)] 0,0, - (8
m,

In order to extract out the magnetic moment of fheneson  the vacuum and the photon states, &1q) |E(X)Fi(0)|0>,
from Eq. (8), we will choose the structurep€)(p.d,  whereT is an arbitrary Dirac matrix. In our calculations we
—p,d,). Hence, the phenomenological part of the correlatotake into account twist-2, twist-3 and twist-4 photon wave

for the above-mentioned structure can be written as functions(more about the photon wave functions, $&8]).
) In what follows we present definitions whose wave functions
mj, 1 give contribution only to the structureé)(p,d,—p,d,):
= M ©)
g, (M;—p)[m,—(p+a)]
where magnetic moment is given in units ofe/2m, . E Y(@)
Our next task is calculation of the correlator in Ed)

from the QCD side. The correlator receives perturbative and
nonperturbative contributions. The perturbative part corre- Y(a)
sponds to on-shell photon emission from virtual quarks and it

is described by the triangle diagrdisee Fig. 1. In order to

calculate the nonperturbative contributiorsee Fig. 2, we FIG. 1. Diagrams describing perturbative contribution to the
need the matrix elements of the nonlocal operators betweetorrelator in Eq.(1).
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_ eX 1 )
<v(q)lq(x)yﬂq(0)|0>=eeqf3y<s#—q#q—x) fo due e y®)(u), (10
P, 1 anf ! jugx,s.(a)
(M(@D]a(x)7,754(0)[0)= — eeyfs€,ap,8“d X"fodué Xy (u), (11

J— —_ 1 H 2
(y(@)]a(x)0,,q(0)[0)=—iee«qq)(e,d,~£,9,) fo dué“qx(xdq(uH i—GA(u)]

. — eX eX 1 jugx
ieeq(am) | x| 24~ g | = Xul 2 Ao || | duethy(u), (12
|
where ¢,(u) is twist-2, y@(u) and ¥ (u) are twist-3, Finally, for the above-mentioned structure we get the fol-

A(u) andh,(u) are twist-4 photon wave functions, respec- lowing sum rule for thep meson magnetic moment:
tively, andy is the magnetic susceptibility. It should be noted

here that there are several other functidingr;) andS(«;) g;‘; 22 3 o fay
(for their definitions, se€15]) that also give contribution to 4= €7 (€u~€q) QM fo(so/M?) + 7¢(a)(“0)
the above-mentioned structure. But their contributions are P
proportional to the quark magi our caseu andd quark
massepgand therefore irrelevant in the massless quark case. —2f3y\lf(”)(uo) , (14
After some effort, we get the following expression for the
correlator from the QCD side in therepresentation
where
! j(ptug)x u
HW:eJoduJ dxd(ptud eX(X,0,—X,9,)| (g—€y) \P(”)(u):f 40 do,
0
3 @) i ©)(u
— ! )+—f lﬂ—() and, the function
478 Y 8at 2 ¥ 22(gux

2 fo(So/M2)=1—g S0/M?

Mg
384(gx)

(ed+ eu)
8(qx)

(qa)?h(u)

hy(u)]. (13

is used to subtract continuum contributions, and naturally,
the Borel parameter®12 andM3 are set to be equal to each
Using Eq.(13) and after performing Fourier transformation, other, i.e.,M2=M2%=2M? since we are dealing with just a

the result for the structurepg)(q,p,—d,9,) can be ob- single meson, and hence
tained. The sum rules for the meson can be obtained after

applying double Borel transformation on the variabfgs M2 1

and (p+q)?, which suppresses the continuum and higher Uozz—lzz—-

states contribution&bout this procedure, s¢#1,12,16,17, Mi+M3 2

and references therginand then matching both representa-

tions of the correlators. Note that, the last two terms in E@13) disappear after

double Borel transformation is performed.
The main reason why we choose the structupe)(
Y@ Y@ > X(9,P,—d,4,) is that the term proportional to the magnetic
susceptibility y does not give any contribution, and hence
the main uncertainty coming from the definition pfis ab-
sent in the sum rule.

(a)

g

IIl. NUMERICAL ANALYSIS

FIG. 2. Diagrams describing nonperturbative contribution to the  In this section we present our numerical analysis orpthe
correlator in Eq.(1). Here, Fig. 2a) corresponds to the leading Meson magnetic moment. It follows from E@.4) that in
order contribution and Fig.(B) corresponds to the gluon correction order to perform further numerical analysis one needs to
to the correlator in Eq(1). In these figures, the wavy line represents know the photon wave functiong®(u) and ¢()(u). The
gluon and solid lines represent quark fields, respectively. explicit expressions of the functions are
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2.00 - - FIG. 3. The dependence of the
3 I 1 magnetic moment of the meson
I ] on the Borel parameteM?, at

- 1 three different values of the con-
L5 7 tinuum threshold;s,=1.5 GeV?,
Sp=1.8 GeV, s,=2.0 Ge\.

so — 1.5 GeV? —a—
sy = 1.8 GeV? ——+—-
L L L ‘sozzocl:ev’ -
0.8 1.0 1.2 1.4
M*(GeV?)
, 15, v in units of (e/2m,), where the error can be attributed to the
) (u)=10u(1-3u+2u )~ g u(wy—3w,)(1-10u variations insy, M?, and uncertainties in the values ff,,
wYy, andw’.

+30u?—35u3+ 14u%), At the end, we would like to present a comparison of our

result on thep meson magnetic moment with the ones exist-
ing in literature. In the Dyson-Schwinger based models, the
[1-(2u—1)2][5(2u p meson magnetic moment is estimated to have the value
wu=2.69[18], 2.5< u=<3 [19] in units of (e/2m,). Covariant
_1)2-1] and light front approaches with constituent quark model,
' both, predictu=2.23+0.13[20] and in light front formal-
ism it is estimated to bg = 1.83[21]. The magnetic moment
The values of the input parametens), w%, andfs, are ~ Of p meson was calculated long time agd 22], by consid-
given in [15] to have the valuesv'=(3.8+1.8), w = ering the Ipw energy I|_m|t of the radiative amphtudes_ in con-
~(2.1+1.0), andfs,= — (3.9+ 2.0)x 103 GeV 2 There- lunction with the amplitude calculated by the hard-pion tech-
' Y nique and found that

9 3
oV P A
1+ 16W7 24W7

5
YO =3

maining input parameters amm,=0.77 GeV andg§/47r

=1.27.

In Fig. 3 we present the dependence of the magnetic mo- 16772a2g§
ment on M? at three different values of the continuum m<2.
threshold: sy,=1.5 GeV?, s,=1.8GeV?, and s mif dSoete- .n

=2.0 GeV,. Note thatM? in the sum rule is an auxiliary

parameter and the physical quantities are expected to be in-

dependent of it. Therefore, one must look for a regioMdf "€ p meson magnetic moment was also calculated in the
for which the magnetic momeni be practically independent 'attice QCD which predicted=2.25(34)[23]. As has al-

of it. The lower limit of M2 is determined by the requirement '€@dy been noted, the magnetic moment of gh@eson in
that terms ~M ~2"(n>1) remain subdominant. In other the framework of the traditional QCD sum rule in the pres-
words, large power corrections must be absent in the sur@"c® of external field is calculated [B] and it is obtained
rule. The upper bound d¥12 is determined by demanding that u=1.5+0.3. Our result is closer to the predictions of

that the contributions of the higher resonances and cori’® Works[20,23. . . .
tinuum are less than, for example, 30% of the total result, Finally, we would like to discuss briefly the question how

Our numerical calculation shows that these requirements af@ Measure the magnetic momenipofeson in experiments.
satisfied in the region 1.0 GE¥:M?2<1.4 Ge\? and mag- At present, even upper bounds for the magnetic and quadro-
netic moment in this region is practically independenkt ~ PCle moments op meson are absent. The very short lifetime
We also see from this figure that ag varies from s, does not allow the use of vector-meson-electron scattering or

—1.5 Ge\? to 5,=2.0 GeV?, the magnetic moment of the spin procession techniqué24] to measure the above-

meson changes by an amount of approximately 10%. Therdhentioned guantities. o .
fore we can conclude that the result seems to be almost in- AN alternative method for determination of the multipole

sensitive to the change & andM? in the above-mentioned moments of particles based on soft photon emission off the

region. The final result for the magnetic moment of fhe hadrons was proposed.ﬁBS], since the pho'ton carr!es infor-
meson turns out to be mation on higher multipoles of the emitting particles. The

main idea of this work is that the amplitude for radiative
process can be expressed as a power expansion in the photon
pn=2.3x0.5, energyw as follows:
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A decays of such mesons is mentioned and it is claimed that
M=+ Bwo+Cw- - -. combined angular and energy distributions of radiated pho-
tons is an efficient tool in measuring the magnetic moment of
The electric charge contributes to the amplitude at ovdet  the chargech meson.
and the contribution coming from magnetic moment is pro-
portional tow®. Therefore, by measuring the cross section or
decay width of the radiative process and neglecting terms
linear in w, one can determine the magnetic moments of
charged particles. .
In [25,26], the possibility of measuring the magnetic mo-  We sincerely thank A. @pineci for the useful help he
ment of the chargegp meson in radiative production and provided, and for his valuable comments and suggestions.
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