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 2010 June 10Generalized Hidden Local Symmetry Model confronts the decay�� ! �+������N.N. Achasov1), A.A.Kozhevnikov1)+Laboratory of Theoretical Physics, S.L. Sobolev Institute for Mathematics, 630090 Novosibirsk, Russia+Laboratory of Theoretical Physics, S.L. Sobolev Institute for Mathematics,and Novosibirsk State University, 630090 Novosibirsk, RussiaSubmitted 15 April 2010Resubmitted 20 April 2010Generalized Hidden Local Symmetry (GHLS) model as the chiral model of pseudoscalar, vector, and axialvector mesons, is confronted the ALEPH data on the decay �� ! �����+�� . It is shown that the spectrumof this decay in GHLS falls short of the experimental data. The modi�cations of GHLS based on inclusion ofheavier axial vector mesons are studied. It is shown that the scheme with two additional axial vector isovectormesons with masses ma01 = 1:59 GeV and ma001 = 1:88 GeV gives a good description of the ALEPH data.There is popular chiral model of pseudoscalar, vec-tor, and axial vector mesons and their interactions basedon nonlinear realization of chiral symmetry, the so calledGeneralized Hidden Local Symmetry (GHLS) model [1 {3]. One of its virtue is that the sector of electroweakinteractions is introduced in such a way that the lowenergy relations in the sector of strong interactions arenot violated upon inclusion of photons and electroweakgauge bosons. Some interesting two- and three-particledecays as, for example, �0 ! �+�� and ! ! �+���0,were analyzed in the framework of GHLS [1].Some time ago GHLS with particular choice of freeparameters (a; b; c; d; �5) = (2; 2; 2; 0; 1) (1)(see Refs. [3 { 5, 7] and (2) for more detail) was appliedto the evaluation of the four-pion process �! 4� [4 { 7]and to the comparison with existing data on the reac-tion e+e� ! �+���+�� [8, 9]. It was shown that whilethe results of calculations do not contradict the data [8]at energies near m�, at higher energies near 1 GeV thecross section of above reaction measured in independentexperiments [8, 9], by the factor of about 30 exceeds thevalues evaluated in GHLS [6, 7]. The contributions ofhigher resonances �0, �00 were included to reconcile thedata with calculations [6, 7].Since axial vector meson a1(1260) appears onlyin the intermediate states of the reaction e+e� !�+���+��, it would be desirable to study the processeswhere it manifests directly as in the decay �� !�+������ which was studied by ALEPH Collabora-tion [10]. The aim of the present paper is to evaluate1)e-mail: achasov@math.nsc.ru, kozhev@math.nsc.ru

the �+���� spectrum in the decay of �� lepton in theframework of GHLS and compare the results with theALEPH data. Notice that analogous work in the frame-work of di�erent chiral model was undertaken, in par-ticular, in Refs. [11, 12].The basis of the derivation is the lagrangian of thegeneralized hidden local symmetry model [1, 3] (GHLS).In the sector of strong interactions and in the gauge�M = 1, �yL = �R = �, it looks asL(GHLS) = a0f (0)2� Tr�@��y� + @���y2i � gV��2 ++b0f (0)2� Tr�@��y� � @���y2i + gA��2 ++c0f (0)2� g2TrA2� ++d0f (0)2� Tr�@��y� � @���y2i �2 ��12Tr�F (V )2�� + F (A)2�� ���i�4gTr[A�; A� ]F (V )�� ++2i�5gTr��@��y� � @��y2ig ; A��++ [A�; A� ])F (V )�� ; (2)g is the coupling constant to be related to g���. See(10) below. The notations, assuming the restriction tothe sector of the non-strange mesons, areF (V )�� = @�V� � @�V� � ig[V�; V� ]� ig[A�; A� ];F (A)�� = @�A� � @�A� � ig[V�; A� ]� ig[A�; V� ]; (3)V� = ��2 � ��� ;�¨±¼¬  ¢ ���� ²®¬ 91 ¢»¯. 11 { 12 2010 611



612 N.N.Achasov, A. A.KozhevnikovA� = ��2 �A��, � = exp i � ��2f (0)� , where ��, � are the vec-tor meson � and pseudoscalar pion �elds, respectively,� is the isospin Pauli matrices. The axial vector �eldA� is not literally the �eld corresponding to the phys-ical a1(1260) meson. The fact is that the lagrangian(2) contains the A � � mixing term. The latter can beremoved upon choosingA� = a� � b0c0g(b0 + c0)A(�)�; (4)where a� is the a1(1260) meson �eld, andA(�)� = @��y� � @���y2i : (5)Free parameters (a0; b0; c0; d0), and f (0)� of the GHLS la-grangian with index 0 are bare parameters before renor-malization (see below); [; ] stands for commutator. Here-after the boldface characters, cross (�), and dot (�) standfor vectors, vector product, and scalar product, respec-tively, in the isotopic space. The terms with free para-meters �4;5 are necessary for cancelation of momentumdependence in ��� vertex. To provide such cancelation,one should set �4 = 1 + 2�5c0=b0 [1, 3]. Removing theA � � mixing (4) results in non-canonical coe�cient inthe kinetic term of the pion �eld. To make it canonical,one should ful�l the following renormalization:f (0)� = Z�1=2f�; � ! Z�1=2�; (a0; b0; c0; d0) == Z(a; b; c; d); (6)where �d0 + b0c0b0 + c0�Z�1 = 1:See [1, 3 { 5] for more detail.The amplitude of the decay �� ! �����+�� incor-porates the transition W� ! �����+. In GHLS, thelatter is given by the diagram shown in Fig.1. Necessaryterms are obtained from the total GHLS lagrangianwhich includes electroweak sector [1], and look like�LEW = 12g2VudW�? (�f�@��?++ 13f� [� � [� � @��]]?++ bgf2�a�? + agf�[� � ��?]� ; (7)where a� stands for the �eld of a1 meson, V? = (V1; V2)denotes transverse component of the isotopic vector,W�? is the W-boson �eld while g2 and Vud are theSU(2) electroweak coupling constant and correspondingelement of the Kobayashi-Maskawamatrix, respectively.The amplitudes of transitions a1 ! 3� and � ! 3� were
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–Fig.1. Diagrams describing the transition W� !�����+. Shaded circles depict the transition includingboth the point-like and �-exchange contributions. Permu-tations of pion momenta are understoodgiven in Ref. [4, 5] and Ref. [13], respectively. Here we donot �x GHLS parameters to their "canonical" values (1)[1] and allow them to be free. Then the amplitude of thedecay a�1 (q)! �+(q1)��(q2)��(q3) should be rewrittenas follows: Ma13� �M [a�1 (q)! �+(q1)��(q2)��(q3)],iMa13� = agr2f� �� (A1q1� +A2q2� +A3q3�) ; (8)where �� is the polarization four-vector of a1 meson, andA1=(1 + P̂23)��[(q3; q1 � q2)� qq3 +m2�]� qq3D�(q1 + q2) ++ 4r2(� � 1)q2q3 + q2 � qq12m2� � ;A2 = �[(q3; q1 � q2) + qq3 �m2�] + qq3D�(q1 + q2) + (9)+ (q2; q1 � q3)D�(q1 + q3) � 2r2(� � 1)q1q3 + qq1m2� :Hereafter P̂ij interchanges pion momenta qi and qj ,(qi; qj) stands for the scalar product, and A3 = P̂23A2.Note thatg��� = ag2 , m2� = ag2f2� , m2a1 = (b+ c)g2f2� ; (10)f� = 92:4 MeV is the pion decay constant. Parametersr and � are the combinations of the GHLS parameters:r = bb+ c , � = �5r : (11)The amplitude of the decay W�(q) !�+(q1)��(q2)��(q3) corresponding to the diagramsFig.1 is iM = g2Vud2f� �(W )� J�; (12)�¨±¼¬  ¢ ���� ²®¬ 91 ¢»¯. 11 { 12 2010



Generalized Hidden Local Symmetry Model confronts : : : 613where �(W )� is the polarization four-vector of W� bosonand the axial decay current J� looks likeJ� = �q1� + q�D�(q) "m2� � qq1 + am2�2 �� (1 + P̂23) (q2; q1 � q3)D�(q1 + q3)�� ar2m2a12Da1(q) ���A1q1� +A2q2� +A3q3� � 2q�m2a1�� (1 + P̂23) �(m2� + q1q2)(q3; q1 � q2)�� � �D�(q1 + q2) � r2(� � 1)m2� ���++ am2�2 (1 + P̂23) (q1 � q3)�D�(q1 + q3) : (13)In the above expressions, D�, D�, and Da1 are the in-verse propagators of �, �, and a1 mesons, respectively.Their expressions are given in Ref. [4]. The terms corre-sponding to the diagrams (a), (b), (c), and (d) in Fig.1are easily identi�ed by these propagators. Note that thedivergence of the axial decay current isq�J� = m2�D�(q) hq2 � qq1 + a2m2�(1 + P̂23)�� (q2; q1 � q3)D�(q1 + q3)�� ar2m2a1 � q2Da1(q) �� (1 + P̂23)(m2� + q1q2)(q3; q1 � q2)�� � �D�(q1 + q2) � r2(� � 1)m2� � : (14)One can see that it vanishes at the a1 mass shell in thelimit of vanishing pion mass.The spectrum of the three pion state in the decay�� ! �����+�� normalized to its branching fractionis [14] dBds = (GFVud)2(m2� � s)22�(2m� )3�� �� �(m2� + 2s)�t(s) +m2��l(s)� ; (15)s = q2. The transverse and longitudinal spectral func-tions are, respectively,�t(s) = 13�sf2� Z d�3� � jqJ j2s � jJ j2� ;�l(s) = 1�s2f2� Z d�3�jqJ j2; (16)where d�3� is the element of Lorentz-invariant phasevolume of the system �����+. The numerical integra-tion shows that due to Eq. (14) �l is by at least three

orders of magnitude smaller than �t in all allowed kine-matical range 9m2� < s < m2� and by this reason it isneglected in what follows.The \canonical" choice (1) of free GHLS parame-ters [1] with ma1 = 1:23 GeV results in the spectrumshown with the dot-dashed line in Fig.2. Upon vari-
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Fig.2. Spectrum of �����+ in � decay normalized to thebranching fraction B��!�����+�� . The ALEPH data arefrom Ref. [10]. See the text for more detailation of free parameters with the single a1 resonancecontribution results in the curve drawn with the dashedline. It corresponds to ma1 � 1:54 GeV, a � 1:75, r �1:05, � � 0:84 with �2 = 690=112d:o:f . To improvethe �t heavier resonances a01, a001 were included in a wayanalogous to a1(1260). Note that there are indicationson such resonances both theoretical [15, 16] and exper-imental [17 { 19]. The total set of the �tted parametersis �rst taken to be(ma1 ; a; r; �;ma01 ; a0; r0; �0; w0;ma001 ; a00; r00; �00; w00);where w0 parameterizes the coupling a01�� asg���w0r0=f�. Compare with Eq. (8). Analogouslyfor a001 . The �t chooses w0 = 1 and turns out to beinsensitive to this parameter leaving �2 = 122=102d:o:f .The quality of the �t is considerably improved upon�xing w0 = 1 but adding new parameter  0-the phaseof the a01 contribution. Such phase imitates possiblemixing among a1, a01, a001 resonances. The results ofsuch type of the �t are�¨±¼¬  ¢ ���� ²®¬ 91 ¢»¯. 11 { 12 2010



614 N.N.Achasov, A. A.Kozhevnikovma1 = 1:332� 0:015 GeV, a = 1:665� 0:011,r = 0:332� 0:007, � = 8:5� 0:3,ma01 = 1:59� 0:01 GeV, a0 = 0:99� 0:01,r0 = 0:96� 0:01,�0 = 0:07� 0:02, (17) 0 = 28� � 1�,ma001 = 1:88� 0:02 GeV,a00 = 0:46� 0:01,r00 = 1:45� 0:02,�00 = 0:91� 0:05,w00 = 1:14� 0:01;with �2 = 79=102d:o:f . Corresponding curve is shownin Fig.2 with the solid line. Using (10), (11), and ob-taining g��� from ���� [17] one can compare the �ttedGHLS parameters with the "canonical" ones (1). To thisend one should invoke the condition of cancelation of thepoint-like 
�+�� vertex in GHLS:a2 = d+ bcb+ c : (18)Notice that the relation (18) removes also the point-likeW����0 vertex in GHLS model. One �nds(a; b; c; d; �5) = (1:665� 0:011; 1:5� 0:1; 3:0� 0:1;�0:16� 0:04; 2:8� 0:1): (19)In principle, the vector isovector resonances �0, �00could be present only in the �nal states of the presentaxial vector isovector channel �+����, via the transi-tion a1 ! �0(�00)� ! 3� (analogously for a01, a001). How-ever, their inclusion requires the introduction of new freeparameters ga1�0(�00)� (analogously for a01, a001) in addi-tion to those 14 ones already present. See (18). On thegrounds of reasonable adequacy we neglect �0, �00 at thepresent stage of the study, especially because the cou-pling constants g�0�� and g�00�� are presumably small ascompared to g��� [20].To summarize, the simplest variant of GHLS modelas applied to the decay �� ! �+������ meets troubleswhen describing the form of 3� spectrum. One shouldinvoke the contributions of heavier axial vector mesonsin order to reconcile calculations with available data.
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