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ME30HH C ITPOM3BOJIRHHMA CIHAMA B
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Ina aHaJmsa CBOHCTB BO3CYXRIEGHHHX cOCTOAHMI ME30HOB B pam
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paBKM, CBASAHHHE ¢  IVINOHHHM KOHNEHCATOM, MAJ 1O CPaBHEHHD
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ARBITRARY SPIN MESONS IN QCD SUM RULES

To analyze the meson excitations in the framework of QCD sum rules, we
consider as hadron sources the non-local gauge-invarfant quark currents.
Constructing the given spin state correlator of currents, we calculate the
contributions of "bare" quark loop and < G2)> - power correction into this
correlator. In the mass region on Regge-trajectories there takes place the
quark-hadron-dualfty, i.e. the < G®> ~ power correction contribution is
small as compared with that of the perturbation theory. Our formulae describe

correctly the masses of resomances on Regge-trajectories dy s Koy dga
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1. Introduction

At present, the dispersion method of QCD sum rules, developed in the
works of Shifman, Vainstein and Zakharov [1] (SVZ-method) 1s widely and
successfully used for the calculations of low-lying hadron states static
characteristics. | .

On the other hand, an attempt to apply the QCD sum rules to the calcula- :
tion of large spin meson masses, using the local currents, ts doomed to fa11u;e
[2] . For the particles 1ying on the Regge-trajectories (for which spin

n~ hda ). the so-called quark-hadron duality turns out violated. Namely,
at large 1. the contribution of power correction, connected with gluon
condensate, starts to dominate over the contribution of parturbaticn theory,
making senseless the ideology of QCD sum rules.

The purpose of our work 1s to analyze the large spin mesons in the frame-
work of the SVZI-method, considering as the hadron sources the gauge-invar{ant
non-local currents (see Sect. 2).

, Using the definite spin states extraction technique, developed in
Ref. [3] . we calculated the one-loop perturbative contribution, as well as

3.
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those of power corrections connected with condensates < %— G2 7
m<¥¥> ,(< W W>)® , into the sun rule for the two-current
correlator with given spin. The calculations show that as distinct from the

case of local currents, the power correction connected with two-gluon con-
densate 1s indeed correction for all mesons on the trajectory = e((O)-rL'M“‘
(the operator-expanston coeffiéients in front of quark condensates.

m<P¥Y> and (< Py vanish at N > 3 ). This allows us to

determine from the sum rules the slopes o' of meson Regge-trajectories .
which consist of light quarks: o' =1 - in good agreement with experi-
ments.

2. Two-Current Correlator.

Consider the operator:
. o
J (L)(x, §)= m(w+§)ﬂ("PemP ["8 Sﬂy(m’)dx;‘ ] Y (x ‘g) s (1)
=g

‘where

[ ’ a“ )
A= L e o M ¥sr B0 - Ap(@ = F AR (D)

In what follows, we'll neglect the masses of quarks.

The properties of this operator as a possible candidate on the role of
QCD analogue of strfng were discussed by a number of authors in a series of
works [3] . It was found that under some additfonal assumptions 1t satis- i
fies the free relativistic string equation. Thus the conclusion was made

that this operator is the wave functional of the open strina. At the same |
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time, the analysis of QCD lagrangian shows that such interpretation is
somewhat hasty [4] .

However, the expression (1) can be interpreted as the source of hadrons
with arbitrary spins, and the dispersion sum rules can be used for calcula-
tions of slopes of Regge trajectories. We will work in the straight-1ine
contour approximation. As was shown in [5] » the straight-line {single-mode)
string is of a specfal physical interest, because 1t can be self-conststent-:
ly quantized in relativistically invariant manner in the 4-dimensfonal
space-time,

The expression (1) can be written in the following form:

f'l Mo Lyen —
)g) Z g } '*P(a:).ﬂ( ,V.,J'-n Vﬂn\P(w)a
(2)
.8 e
= A n! Jﬂ, '--[ln(m))
where

vjl =‘aﬂ+ 6,.. - Zi.gﬂ_,.(a:).

We see that the nonlocal current with the straight-1ine contour 1s nothing
else than the infinite sum of the local hadron sources with arbitrary spins.
For simplicity, we consider first the case of "scalar" current. The

correlator, containing the contributions of states with given spin N,

has the form:

Fl(s’"(?) tg d*xe'¥™ Z:Sd"fgd"q §‘ 5P ) UF) >
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In this expression the sum s taken over the complete set of hadronic
states emitted by currents J‘s’(o,g) ) 515)(0,l1) . and over all
intrinsic quantum numbers of these states. Pn 1s the m -state 4-iomen-
tum, the Y M(Pm,g) are the usual spherical harmonics written in the
_4-dimensional form (see [5, 6] ), f(X) {s the weight-function (see
Sect. 3).

3, Calculations of "Bare" Quark Loop and Gluon Power Correction.

It 1s handy to carry out the calculations in the %Ju=(q,° ) c) frame,
using the fixed-point gauge {_7] . Then the correiater, subject o "bare"

loop and two-gldon power correction, has the foilowing form:

.

N[t W (97 (37
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where

g a a
dezen-y, pe-zercs, <Se>m o, ol

Integrating over XL , we get:

ImN®g%) = gdl'g’l Sdmf(rg’n)f(r»{l)—z—"—,—'—-a

[695+ 3 <—G— >(2g( 5-5, - -qi(a%’;)')-

Py a4 dy 12 d e )
‘2|§|dug| (e g ag) + 9 ()

-3g0(we) 7(a4s) o )i (G E0 jo (4ol
(S57) - 7(397) - 55 Fgo)lin 9el¥0 o o),
Here jn(:r.) is the spherical Bessel's function.

To integrate over ]-gl and I-"L.I , it 1s necessary to choose the
welght-function j‘-(sc) . The detailed analys*l_.f. of sum rules dependence on
’*' (%) will be made in the subseguent publications. Here we consider the
simple case F(®)= %% | Then in the Umit N >(1,1cl) the imaginary
zart of correlator wiil be equal to:

&g o
. o T 7G>
ijn(sr‘(%a) = B:’l,a (%") a(’ - 5 (@lz)z nE(L@ae'@ 80 +5)) P)

(s?
_ where Bn,o. is the numerical factor., It can be shown, that in the case
by i
of A )=X}nb's’ xy ¥s the results will pe the same up to coefficient

, -
P):a . As to the contribution of quark condensates < ¥ ¥ >

— 2 .
Ag (e ¥ W >) » at N2 5  the coefficients of these operators




(are zero.

So, fn our mode) the quark-hadron duality takgs place at qz>n , 1.e.
the contribution of the main power correction, connected with the gluon con-
densate, is small against that of the perturbation theory, unlike the case
with Jocal currents [2] .

From expression {6) it follows, that the dispersion integral makes sense

‘at a< -1 . Taking the a=-2 and saturating the right - phenomenolo-
gical - side of sum rules by resonance of mass Mn and spin N , and the
quark continuum with threshold Seo ., in the frames of standard SVZ-method

we get the following result:

o' /My = (120.1) 6ev2, So/n = (1.5 1 0.2) gev?

which agrees well with experimentally established slopes ct'vf of the

rightmost in j -plane trajectories of vector-tensor (VT) group ( P 0,
Az » § - trajectories).

Conclusion.

We have shown that the suitable choice of nonlocal currents as hadron
sources allows us to extend the technique of SVZ sum rules to the case of
mesons of large spins aﬁd to get the correct values of Regge trajectories
slopes in tﬁe case of 1ight quarks. In the considered approximation ( the
account of < G*> , Mg < P> andag(<¥ W>) power corrections
only ) the slopes of trajectories with other guantum numbers of signature
6 and parity P (the trajectories of axial, scalar and pseudoscalar
groups) degenerate at large spins with o(,:"f . Further, in this approxima-

tion the slopes of trajectories 'C'iq, s E{s , SS are the same. fhe case



of trajectories, concisting of heavy, ¢ ,- B -quarks, requires a special
analysis. Evidently, the calculations of characteristics of low-1ying states
will be a good verification of consistency of this method (this requires
rather complicated caiculations of nonperturbative power corrections, whose
contribution vanishes at large spins). It is interesting-also to apply this

method to the case of baryons and glueballs.

In conclusion, the authors would 1ike to express their gratftude to
V.I. Zakharov, A.B. Kaidalov, N.L. Ter-Isaakyan, A.G. Sedrakyan and R.L.

Mkrtchyan for useful discussions.
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