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Abstract. We present a calculation of the coupling constant of fo — pvy and ag — p7y decays from the point
of view of the light cone QCD sum rules. We estimate the coupling constants gy, ,~, which are an essen-
tial ingredient in the analysis of physical processes involving the isoscalar fo(980) and the isovector ag(980)

mesons.

PACS. 12.38.Lg; 13.40.Hq; 14.40.Aq

1 Introduction

To determine the fundamental parameters of hadrons from
experiment, some information about physics at large dis-
tances is required. As is known, at large distance physics
calculations cannot be done directly from the fundamental
QCD Lagrangian, because at large distance perturbation
theory cannot be applied. For this reason a reliable non-
perturbative approach is needed. The QCD sum rules [1]
have proved to be very useful to extract the low-lying hadron
masses and coupling constants. This method is a framework
which connects hadronic parameters with QCD parameters.
It is based on a short-distance operator product expansion
(OPE) in the deep Euclidean region of the vacuum-vacuum
correlation function in terms of quark and gluon conden-
sates. Further progress has been achieved by an alterna-
tive method known as the QCD sum rule method on the
light cone [2-5]. The light cone QCD sum rule method has
also been used to analyze several hadronic properties and to
calculate hadronic coupling constants. The method of light
cone sum rules is a hybrid of the standard technique of QCD
sum rules in the manner of Shifman, Vainshtein, and Za-
kharov (SVZ) [1] with the conventional distribution ampli-
tude description of the hard exclusive process [6, 7]. The ba-
sicidea of the SVZ sum rules is to use vacuum condensates to
parameterize the non-trivial QCD vacuum and employ the
duality hypothesis to relate the experimental observables to
the theoretical calculation. Technically, an operator prod-
uct expansion based on the canonical dimension is used. The
difference between SVZ sum rules and light cone sum rules is
that the short-distance Wilson OPE in increasing dimension
isreplaced by a light cone expansion in terms of distribution
amplitudes of increasing twist.
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With increasing experimental information about the
different members of the meson spectrum it becomes very
important to develop a consistent understanding of the ob-
served mesons from a theoretical point of view. For the
low-lying pseudoscalar, vector, and tensor mesons this has
been done quite successfully within the framework of the
simple quark model assuming the mesons to be quark—
antiquark (¢q) states grouped together into nonets. For the
scalar mesons, however, several questions still remain to be
answered, most of them related to the nature of the exper-
imentally observed mesons f,(980) and ag(980).

The light mesons have been the subject of continuous
interest in hadron spectroscopy. Although the structure of
these light mesons have not been unambiguously deter-
mined yet [8—10], the possibility may be suggested that
these nine scalar mesons below 1 GeV may form a scalar
SU(3) flavor nonet [11]. In the naive quark model, we
have aop = (u@i —dd)/+/2 and fy = s5, while in the frame-
work of four-quark models, the mesons f,(980) and ao(980)
could either be compact objects, i.e. nucleon-like bound
states of quarks with the symbolic quark structures fo =
s5(uti+dd)/+/2 and ag = s5(uti — dd)/+/2 [12-15], or spa-
tially extended objects, i.e. deuteron-like bound states
of hadrons; the f5(980) and ap(980) mesons are usually
taken as K K molecules [9,16, 17]. The nature of the meson
f0(980) is particularly debated. One of the oldest sugges-
tions is the proposal that quark confinement could be ex-
plained through the existence of a state with vacuum quan-
tum numbers and mass close to the proton mass [18]. While
considering the strong coupling to kaons, f,(980) could
be interpreted as an s3 state [19—-23]. On the other hand,
it does not explain the mass degeneracy between f;(980)

and ao(980) interpreted as a (u@ 4 dd)/+/2 state. A four-
quark qqgq state definition has also been offered [12,13].
The identification of the fy and of the other lightest scalar
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mesons with the Higgs nonet of a hidden U(3) symme-
try has also been proposed [24]. On the other hand, they
are relevant hadronic degrees of freedom, and therefore the
role they play in hadronic processes should also be studied
beside the questions of their nature. In this work, we calcu-
lated the coupling constant gy, and ga,,y by applying the
light cone sum rule, which provides an efficient and model-
independent method to study many hadronic observables,
such as decay constants and form factors, in terms of non-
perturbative contributions proportional to the quark and
gluon condensates [5]. On the other hand we are also cal-

culating the same coupling constants in the framework of
QCD sum rules.

2 The light cone sum rules calculation

We choose the interpolating current for the p and fy(ag)
mesons as j£° = ; (’fLVZ"LLa — Jvzd“), Jy, = \}2 (ﬂbub + deb)
sin 0 4 cos 65, and J, = ; (@’u’ —d’d") [25] respectively.
The p-meson consists of u- and d-quarks, and the s-quark
does not contribute in this calculation. J)) = e, (uy,u) +
eq(dy,d) is the electromagnetic current with e,, and e4 be-
ing the quark charges.

In order to derive the light cone QCD sum rule for
the coupling constants gy, ,, we consider the following two
point correlation function:

T,(p.) =i [ dlach’= (0| T{@i 0} 0)., (1)

where 7 denotes the external electromagnetic field, and jf
and js and are the interpolating currents for the p meson
and fo(ao), respectively.

We therefore saturate the dispersion relation satisfied
by the vertex function T, by these lowest-lying meson
states in the vector and the scalar channels, and in this way
we obtain for the physical part at the phenomenological
level that (1) can be expressed by

(015210} (p(@) 1 5(p)), (5135 10)

T.(p,p') = (02— m2) (2

—m3)

In this calculation the full light quark propagator with
both perturbative and non-perturbative contribution is
used, and it is given as [26]

iIm(z,0) = (0| T {g(x)q(0)}[0) = 12fo4 - <?§>
z md(qa) —igs | -

192 1672
1
« [aul?o, i Grv
Uq 20 (uzx) — 4diu 22 (ux)yy p+...,
0

(3)

where the terms proportional to the light quark masses, m,,
or myg, are neglected. After a straightforward computation
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we have

T.(p,q) =2 / d*ze’?* A(z,gur — Trgpp)

x (v(q) | 4(x)o7p9(0)[0) , (4)

where A = 27r;w4. In order to evaluate the two point cor-

relation function further, we need the matrix elements
(v(q) | g(z)o-pg(0) |0). This matrix element can be ex-
panded in the light cone photon wave function [27, 28],

(7(q) | Goapq|0) = ieq(qq)
x / due ™ (caqs — epqa) [xp(u) + 22 [g1 (1) — g2(w)]]
0

+[q7 (eatp — £p%Ta) + €7 (Tags — Tp4a)] 92 (“)} ) (5)
where e, is the corresponding quark charge, x is the mag-
netic susceptibility, ¢(u) is of leading twist two, and g1 (u)
and go(u) are the twist four photon wave functions. The
main difference between the traditional QCD sum rules
and the light cone QCD sum rules is the appearance of
these wave functions. Light cone QCD sum rules corres-
pond to summation of an infinite set of terms in the ex-
pansion of this matrix element on the traditional sum rules.
The price one pays for this is the appearance of a priori un-
known photon wave functions. After evaluating the Fourier
transform for the M structure and then performing the
double Borel transformation with respect to the variables
Q? = —p? and Q3% = —p’2, we finally obtain the following
sum rule for the coupling constant gy, ,:

1 omp(uw) 202 m2 /M3
0= gy g, © e
X {=M>x¢(uo) Eo(so/M?) +4g1(uo) } sinf ,

(6)

and for gqpy:

Lmy(Uu) 2 02 m2 /a2
= e e/ M1 e ag/ 2
Gagpy 6 )\a())\p

x {=M?x¢(uo)Eo(s0/M?) +4g1(uo)} , (7)
where the function

Eo(so/M?) =1 ¢ 0/M* (8)
is the factor used to subtract the continuum, sy being the
continuum threshold, and

M3 2 MPM3

= M= = 9
M2 ME ©)

o M2 MR

where M? and M3 are the Borel parameters in the p and
fo(ag) channels.
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3 Numerical calculation

In our calculations we used the numerical values (au) =
—0.014 GeV3, my, = 0.98GeV, mg, = 0.98GeV, Ny =
0.18 £0.02 GreV2 [29], Aqy =0. 21 j:O 05 GeV?2 [30] m, =
0.77 GeV. We note that neglecting the electron mass the
ete” decay width of the w meson is given as I'(p —
ete™) = ‘;7;?32 A2. Then using the value from the experi-
mental leptonic decay width of I'(p — eTe™) =6.85+
0.11keV for p [29,31], we obtain the value A\, =0.118 +
0.001 GeV?2 for the overlap amplitude of the p meson. In
order to examine the dependence of gr,py and Jaopy ON
the Borel masses M? and M2, we choose M = M2 = M?.
Since the Borel mass M? is an auxiliary parameter, and the
physical quantities should not depend on it, one must look
for the region where g¢, o (ga,py) is practically independent
of M?2. Firstly, we determined that this condition is sat-
isfied in the interval 1.4 GeV? < M2 < 2.4 GeV? for 9fopory-
The variation of the coupling constant gy,,y as a function
of the Borel parameter M? at different §’s and a constant
value of the continuum threshold at sg = 2.0 are shown
in Fig. 1. Examination of this figure shows that the sum
rule is rather stable with these reasonable variations of
M?2. In the fy — py decay, we then choose the middle value
M? =1.9GeV? for the Borel parameter in its interval of
variation and obtain the coupling constant of gy, ,, for var-
ious angles # and where only the error arising from the
numerical analysis of the sum rule is considered.

We also use the numerical values mentioned above for
the magnetic susceptibility x = 3.15 GeV 2 [32]. Using the
conformal invariance of QCD up to one loop order, the
photon wave functions can be expanded in terms of Gegen-
bauer polynomials, each term corresponding to contribu-
tions from operators of various conformal spins. Due to
conformal invariance of QCD up to one loop, each term
in this expansion is renormalized separately and the form
of these wave functions at a sufficiently high scale is well
known. In previous work, twist four photon wave functions

gfopy

M2(GeV3)

Fig. 1. The variation of the couphng constant gy, ,, as a func-
tion of the Borel parameter M? at different 6 and for a constant
value of the continuum threshold at so = 2.0
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were used [27,28]. Since they are not correct one should
use the new functions that have been calculated by Ball,
Braun and Kivel [32], and hence we have used the asymp-
totic forms of the photon wave function given by [32]

(10)

where a = 40u?(1 —u)? and h = —10(1 — 6u + 6u?) [33]. We
will set M? = M3 = 2M? which sets u = ug = 1/2. Note
that in this approximation, we only need the value of the
wave functions at a single point, namely at ug = 1/2 and
hence the functional forms of the photon wave functions
are not relevant.

In Fig. 2, we also showed the dependence of the coup-
ling constant gs,,, on the parameter M 2 at some differ-
ent values of the continuum threshold as sy = 1.6, 1.8 and
2.0 GeVZ at 6 = 30°. Since the Borel masses M7 and M3
are the auxiliary parameters and the physical quantities
should not depend on them, one must look for the re-
gion where gy, , is practically independent of M7 and M3.
We determined that this condition is satisfied in the inter-
val 1.4 GeV? < M} < 2.4 GeV2. Choosing the middle value
GeV? for the Borel parameter in this interval of varia-
tion we have the coupling constant of gy, , for different so
values between gy, = 2.85+£0.34 and gy, ,y = 2.69 £0.32
in the calculation of the light cone sum rules. In Fig. 3 is
given the dependence of the coupling constant gg,,, on
the parameter M? at some different values of the con-
tinuum threshold, s = 1.6, 1.8 and 2.0 GeV2. We have the
interval of 1.4 GeV? < M? < 2.0 GeV?; then choosing the
middle value M? = 1.7 GeV? for the Borel parameter in
this interval of variation we have the coupling constant of
Jagpy for different sy values between gq,,y = 1.18 £0.27
and gqpy = 1.22£0.28. The coupling constant g,,,, was
calculated [29] as 2.0 £0.50 and 1.30£0.30 by QCD sum
rules.

3,0 T T
H —- 5,=1.6GeV?

—— 5,=1.8GeV*
- §,=2.0GeV?

25

gfopy

M*(GeV?)

Fig. 2. The dependence of the coupling constant gy, ,, on

the parameter M? at some different values of the continuum
threshold, sop = 1.6, 1.8 and 2.0 GeV at § = 30°
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—- 5,=1.6GeV?
—— 5,=1.8GeV*
- §,=2.0GeV?
gaoPY 1or 1

05 . . . . .

M2(GeV?)

Fig. 3. The dependence of the coupling constant ga,py on
the parameter M 2 at some different values of the continuum
threshold, sg = 1.6, 1.8 and 2.0 GeV?

0,75

Siny

0,45 24

Fig. 4. Coupling constant gy, as a function of M 2 and sin @

It follows from Figs. 2 and 3 that for the choices be-
tween so = 1.6, 1.8 and 2.0 GeV? the variations in the result
is about ~ 10%, i.e., the coupling constant can be said to
be essentially independent of the continuum threshold sg.
Furthermore, the coupling constant seems to be insensitive
to variation of the Borel parameter M?2. Here all possible
sources of uncertainties are taken into account, namely, er-
rors coming from a determination of )y, from variation
of the continuum threshold sq, Borel parameters M?, and
errors in the values of the condensates. Along these lines,
we calculated the coupling constant gy, = 2.85+£0.57 and
Gagpy = 1.22£0.36. The variation of the coupling constant
gfopy @ a function of different values M? and 6 are given
in Fig. 4. Examination of this figure points out that the
sum rule is rather stable with these reasonable variations
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Fig. 5. Coupling constant gaqpy as a function of M 2 and s

of M?. In Fig. 5 the relation between the different values of
M? and sq is given for the variation of the coupling con-
stant gagpy -

4 Conclusions

In this study we calculated the coupling constants gy,
in the framework of light cone sum rules where the u-
and d-quark contributions are considered. Generally, even
the light cone sum rule works much better for heavy
quarks but it can also give good results for light quarks
in some calculations. We applied the LCSR method by
using the most correct wave functions. In spite of lack-
ing experimental data on gy, ,~, we found estimated values
for the coupling constant gy,,y and gq,p~ in the light cone
sum rules. The results depend on the mixing angle # and
the so parameter for gy,,. If we choose the current as
Js, = 5 (@Pub+dPd"), one then has to change (6) so in that
case we get gy, oy = 2.76 £0.79.

Acknowledgements. This work has partly been supported by
the Research Fund of Karadeniz Technical University, under
grant contract no 2002.111.001.2.

References

1. ML.A. Shifman, A.I. Vainshtein, V.I. Zakharov, Nucl. Phys.
B 147, 385 (1979)

2. LI Balitsky, V.M. Braun, A.V. Kolesnichenko, Nucl. Phys.
B 312, 509 (1989)

3. V.L. Chernyak, I.R. Zhitnitsky, Nucl. Phys. B 345, 137
(1990)

4. V.M. Braun, “Light-Cone Sum Rules”, hep-ph/9801222



ot

o

10.

11.

12.

13.
14.

15.

16.

17.

18.

C. Aydmn et al.: Investigation of gy, ,, and coupling constants in light cone sum rules

. P. Colangelo, A. Khodjamirian, At the Frontier of Particle
Physics Vol. 3, ed. by M. Shifman (World Scientific, Singa-
pore, 2001)

G.P. Lepage, S.J. Brodsky, Phys. Rev. Lett. 43, 545 (1979)
V.L. Chernyak, A.R.Zhitnitsky, Phys. Rep. 112, 173
(1984)

N.A. Tornqgvist, M. Roos, Phys. Rev. Lett. 76, 1575 (1996)
J. Weinstein, N. Isgur, Phys. Rev. D 41, 2236 (1990)

F.E. Close, A. Kirk, Phys. Lett. B 489, 24 (2000)

A .H. Fariborz, High Energy Physics Workshop, Scalar
Mesons: An Interesting Puzzle for QCD, AIP Conf. Proc.
688 (2003)

R.L. Jaffe, Phys. Rev D 15, 267 (1977); R.L. Jaffe, Phys.
Rev. D 17, 1444 (1978)

R.L. Jaffe, K. Johnson, Phys. Lett. B 60, 201 (1976)

N.N. Achasov, V.N. Ivanchenko, Nucl. Phys. B 315, 465
(1989)

N.N. Achasov, V.V. Gubin, Phys. Rev. D 56, 4084 (1997);
63, 094007 (2001)

F.E. Close, N. Isgur, S. Kumana, Nucl. Phys. B 389, 513
(1993)

N.N. Achasov, V.V. Gubin, V.I. Shevchenko, Phys. Rev. D
56, 203 (1997)

F.E. Close, et al., Phys. Lett. B 319, 291 (1993)

19.
20.
21.
22.
23.

24.
25.

26.
27.
28.
29.
30.
31.
32.

33.

115

N.A. Torngvist, Phys. Rev. Lett. 49, 624 (1982); Z. Phys.
C 68, 647 (1995)

P. Colangelo, F. De Fazio, Phys. Lett. B 559, 49 (2003)
(and references therein)

E. van Beveren, et al., Z. Phys. C 30, 615 (1986)

M.D. Scadron, Phys. Rev. D 26, 239 (1982)

E. van Beveren, G. Rupp, M.D. Scadron, Phys. Lett. B
495, 300 (2000)

N.A. Torngvist, hep-ph/0204215

A. Gokalp, Y. Sarac, O. Yilmaz, Phys. Lett. B 609, 291
(2005) (and references therein)

V.M. Belyaev, V.M. Braun, A.Khodjamirian, R.Ruckl,
Phys. Rev. D 51, 6177 (1995)

V.M. Braun, L.E. Filyanov, Z. Phys. C 48, 239 (1990)

A. Ali, V.M. Braun, Phys. Lett. B 359, 223 (1995)

A. Gékalp, O. Yilmaz, Eur. Phys. J. C 22, 323 (2001)

F. De Fazio, M.R. Pennington, Phys. Lett. B 521, 15
(2001)

A. Gokalp, O. Yilmaz, Phys. Rev. D 64, 34012 (2001);
Phys. Lett. B 525, 273 (2002)

P. Ball, V.M. Braun, N. Kivel, Nucl. Phys. B 649, 263
(2003)

C. Aydin, A.H. Yilmaz, Acta Physica Polonica B 37(6),
1769 (2006)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


