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QCD SUM RULE ANALYSIS OF THE COUPLINGCONSTANTS g�� AND g!�C. Aydiny and A.H. YilmazzPhysis Department, Karadeniz Tehnial University, Trabzon, Turkey(Reeived Marh 31, 2003)The oupling onstants g�� and g!� are alulated using QCD sumrules method by studying the three point �� and !� orrelation funtions.A omparison of the results with the values of the oupling onstants thatare dedued from the experimentally measured deay widths of �! � and! ! � deays is performed.PACS numbers: 12.38.Lg, 13.40.Hq, 14.40.AqThe method of QCD sum rules is one of the most e�ient tools for study-ing hadron physis. This method has been suessfully applied to alulatemany hadroni observables, suh as deay onstants and form fators [1�3℄.On the other hand, radiative transitions between pseudosalar (P) mesonshave been an important area of study in low-energy hadron physis for morethan three deades. These transitions have been analysed within the frame-works of phenomenologial quark models, potential models, bag models, andalso by employing e�etive Lagrangian methods [4,5℄. The radiative transi-tions V ! P are haraterized by the oupling onstants gV � . Sine lowenergy hadron physis is governed by nonperturbative QCD, it is very di�-ult to obtain the numerial values of these oupling onstants from the �rstpriniples. For this reason, some spei� nonperturbative methods have tobe developed to be used as alulational tools. Among these methods QCDsum rules have proved to be very useful to extrat the oupling onstants.A reent review of QCD sum rules method is provided in [6℄ where morereferenes an also be found.In this work, we alulate the oupling onstants g�� and g!� assoiatedwith the radiative deays �! � and ! ! � by employing the traditionalQCD sum rules method whih provides a model independent way to al-ulate the oupling onstants. The oupling onstant g�� was previouslyy e-mail: oskun�ris01.ktu.edu.trz e-mail: hakany�ris01.ktu.edu.tr (4145)



4146 C. Aydin, A.H. Yilmazalulated by Aliev et al. [7℄ in the framework of light one QCD sum rules.Our analysis, therefore, omplements the results obtained in that paper.In aordane with the general strategy of QCD sum rules method, webegin by onsidering the three point orrelation funtion���(p; p0) = Z d4xd4yeip0�ye�ip�xh0jTfj�(0)jV� (x)j�(y)gj0i ; (1)where the interpolating urrents jV� for vetor meson � and ! are j�� =1p2(u�u � d�d), j!� = 1p2(u�u + d�d), respetively. We take � � �0mixing into aount and use the interpolating urrent for � meson as j� =1p2(ui5u + di5d) os � � (si5s) sin � where � is the mixing angle in thequark-�avour basis. The eletromagneti quark urrent is given as j� =euu�u+ edd�d, where eu and ed denote the quark harges.The theoretial part of the sum rule for the oupling onstant gV �is alulated by onsidering the perturbative ontribution and the powerorretions from operators of di�erent dimensions to the three point or-relation funtion. In the spirit of QCD sum rules tehniques, we on-sider the three point orrelation funtion in the Eulidian region de�nedby p2 = �Q2 � �1 GeV2, p02 = �Q02 � �1 GeV2. In this region, theperturbative ontribution an be approximated by the lowest order quarkloop diagram shown in Fig. 1. Moreover, we onsider the power orre-
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QCD Sum Rule Analysis of the Coupling Constants g�� and g!� 4147
γ

ν

γ
µ

γ
5

x

x

b

pp

γ x γ
5ν

p

γ

x

q

x

γ
5

γ
ν

γ
µ

c

x
u(d)

V

γ
µ

β α

a

/

p /

ηFig. 2. Operators of dimension 3 orretions proportional to h(qq)i.
γ

ν

γ
µ

γ
5

b

γ x γ
5

a

ν

γ

x
γ

5

γ
ν

γ
µ

c

x x x
p p

q

k

V

u(d) /

/δ

η p

p+k

p

γ
µ

σ
xFig. 3. Operators of dimension 5 orretions proportional to hq� �Gqi. The dashedlines denote gluons.We then alulate the three point orrelation funtion ���(p; p0) usingphenomenologial onsiderations. This funtion satis�es a double dispersionrelation. We hoose the vetor and pseudosalar hannels and by saturatingthis dispersion relation by the lowest lying meson states in these hannelsthe physial part of the sum rule is obtained as���(p; p0) = h0jjV� jV ihV (p)jj� j�(p0)ih�jj� j0i(p2 �m2V )(p02 �m2�) + : : : ; (2)where the ontributions from the higher states and the ontinuum are shownby dots. The overlap amplitudes for vetor and pseudosalar mesons areh0jjV� jV i = �V uV where uV is the polarisation vetor of the vetor mesonV = �; ! and h�jj� j0i = ��. The matrix element of the eletromagnetiurrent is given byhV (p)jj� j�(p0)i = �i emV gV �K(q2)"����p�u�q� ; (3)where q = p � p0 and K(q2) is a form fator with K(0) = 1. This matrixelement de�nes the oupling onstant gV � through the e�etive LagrangianL = emV gV �"������V���A�� (4)desribing the V �-vertex [9℄.



4148 C. Aydin, A.H. YilmazAfter performing the double Borel transform with respet to the variablesQ2 and Q02, we obtain the sum rule for the oupling onstant gV � in theform gV � = mV�V �� em2VM2 e m2�M02 �euhuui � edhddi����32 + 516m20 1M2 � 316m20 1M 02� os � ; (5)where the relation hq� �Gqi = m20hqqi is used. In this expression the plus signis for � meson and the minus sign is for ! meson. In the numerial evaluationof the sum rule the values m20 = (0:8�0:02) GeV2, huui = hddi = (�0:014�0:002) GeV3 [6℄, and m� = 0:77 GeV, m! = 0:781 GeV, m� = 0:547 GeVare used [10℄. The overlap amplitudes for vetor meson states are alulatedusing the experimental leptoni deay widths of V ! e+e� deays [10℄ andthe values �� = (0:17�0:03) GeV2 and �! = (0:15�0:02) GeV2 are obtained.The overlap amplitude for � meson state was determined earlier by QCDsum rules analysis as �� = (0:23� 0:03) GeV2 [11℄. We use the value of themixing angle as � = �19o � 2o [11℄.The dependene of the oupling onstants gV � on the Borel parametersM2 and M 02 are analysed by studying the independent variations of M2and M 02 in the interval 0:6 GeV2 �M2;M 02 � 1:4 GeV2 sine these limitsdetermine the allowed interval for the vetor hannel [12℄. We show thevariation of the oupling onstant g�� and g!� as a funtion of the Borelparameters M2 for di�erent values of M 02 in Fig. 4 and Fig. 5, respetively.These �gures indiate that the sum rule is quite stable with these reasonablevariations ofM2 andM 02. We hoose the middle valueM2 = 1 GeV2 for theBorel parameter in its interval of variation and obtain the oupling onstantsgV � as g�� = 1:2�0:3 and g!� = 0:4�0:06 where the unertainties resultfrom the variations of M2 and M 02 and from the estimated values of thevauum ondensates.If we use the e�etive Lagrangian given in Eq. (4), then the deay widthfor V ! � is obtained as� (V ! �) = �24 (m2V �m2�)3m5V g2V � : (6)We then utilise the measured deay widths � (�! �) = (57� 10) keV and� (! ! �) = (5:5� 0:9) keV [9℄ and obtain the oupling onstants gV � asg�� = 1:42 � 0:12 and g!� = 0:42 � 0:03. Our results are, therefore, ingood agreement with the oupling onstants dedued from the experimentalvalues of the respetive deay widths. Moreover, our result for g�� is also
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Fig. 4. The oupling onstant g�� as a funtion of the Borel parameter M2 fordi�erent values of M 02.

Fig. 5. The oupling onstant g!� as a funtion of the Borel parameter M2 fordi�erent values of M 02.onsistent with the value g�� = 1:42 � 0:2 alulated by Aliev et al. [7℄ inthe framework of light one sum rules, thus our study employing traditionalQCD sum rule method supplements the previous light one QCD sum rulesalulation.
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