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Abstract. In the framework of U(3) symmetric quark model, triangular
diagrams are calculated that describe the strongly interacting vertices a,—pm
and a,—»K"* K. The divergences arising when considering quark loops are
regularized by covariant cut off parameter. Based on four-particle hadronic
T decays, the quark structure of the a_1 resonance with quantum numbers
JP¢=1~(++) was studied. Theoretical estimates of intermediate channels with
the a, meson for the partial decay widths of t—mnmv,, t>KKmv_and t—KKnv_are
obtained. Contributions from contact channels describing the direct production
of 3m, KKm and KKn mesons by t lepton current are taken into account. The
interference of contact and intermediate axial-vector channels in determining
the integral decay widths is studied. The matrix elements of the processes
are obtained in the leading approximation of 1/N_ expansion.It is shown that
calculations on tlepton mesonic decays confirm the quark-antiquark structure
of the a_1 meson and clarify the role of the intermediate non-strange axial-
vector channel in determining the integral partial decay widths. The obtained
results are compared with experimental data by BaBar and Belle collaborations
at the BEPC Il and KEK lepton colliders.
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Introduction

Description of the mass spectrum and interactions of the axial-vector meson field a, is an
important task in the non-strange SU(2)xSU(2) sector of low-energy QCD phenomenology. The
properties and decays of the a, meson field were studied on the basis of inelastic reactions
mp—->m " nt* p with a beam energy of 190 GeV/c by the COMPASS collaboration [1]. In
the CLEO and LCHb experiments at the Large Hadron Collider, branching fractions of heavy
D°->K* m* 1* m* meson decays measured, where the analysis of obtained data indicates the
decisive role of intermediate channels with the a, meson [2, 3]. In addition, the parameters of
the a, meson can be studied in the three-pion final state of the T lepton decay. The latter comes
without hadron impurity and, therefore, provides good accuracy. Relevant studies were carried
outin [4,5].

The a, meson is characterized by quantum numbers J**=1*". It isgenerally accepted that this
meson is a bound state of gq quark fields. Quark fields are associated with the operator y, v,
The mass spectrum of the a, meson in the ground and first excited states is described in the
quark model [6].

In the present paper, we give a theoretical description of decays a,—pm and a,—»K* K. The
matrix elements of the indicated decays are calculated in the one-loop quark approximation in
the leading order of expansion N, where N is the number of colors in QCD [6]. The estimates
were obtained for the partial widths of t>mnmv,, T>KKnv_and t—>KKnv_with different charge
combinations which proceed predominantly through intermediate channels containing decays
a,—~pmand a,~»K*K.

Methods

To describe the strong interaction vertices of theme son a, with the pm and K * K meson
fieldsuse the effective Lagrangian obtained on the basis of a model with four-quark interaction
[6,7]. The decay a,—pmt is described by the Feynman diagram shown in Fig. 1. The meson fields
in the vertex a, pm are coupled by the u and d quark fields. In the case of a, K* K, the stranges
quark field is in the internal lines. The Lagrangian determined the interaction of meson fields
with quarks is represented in the following form

ALine = q[1/2v*y° 280,05, + 1V° 2% 0gnm (1)
+1/2 v 0 gopi*+ 1/2v# A8 g K %+ 1 y°25 0 gic K04,

where a,, T, p, K * and K are the meson fields; y,, yare Dirac matrices in four-dimensional
Minkowski space; q anr g ar ey, d and s quarktriplets with constituent masses m ¥m = 270MeV
and m = 420MeV [7]; Aare liner combinations of Gell-Mann matrice
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Figure 1. Triangle quark diagram describing decay a,—pm

The coupling constants g, g,, g,and g,. determine the interactions of mesons with quarks
[7]. These constants determine the renormalization of meson fields and are expressed through
logarithmically divergent integrals

9p = 3/21L0, g = Zr/4 Lz,

where

_ . N¢ f 0(AZ + k?) d*k. 3)

ITl17l2 - 2m)* (mlzl _ kz)nl(mg _ kz)nz

Using the Lagrangian (1) above, one can construct a vertex with a triangular loop.
Consideration of this vertex leads to an integral of the following form
Tr[y”yS(IQ +p, + ms)y"(k + mu)y5(12 — D+ mu)] d*k

LT =N _
A el [+ p,)" —m3| k> — mal[Gk + po)2 —mz]  Cm*

(4)

When calculating this integral, we use one-loop approximation [6]. As a result, obtain the
following decay matrix element of a,—»pm

M(a,pm) = —i angznfu(%)guva([’)’ (5)

where € (a;)and g (p) are polarization vectors.
In a similar way, we obtain the amplitude describing the decay aa, 1-K** K with the
participation of strange mesons

e . 3909k
M(alK K) = —1 (3mu - ms) Eu(al)g;wgv(K *) (6)
\/EgK*
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Results and discussions
The contributions of axial-vector channels to hadronic T decays

In this chapter we consider mesonic t decays t—>nnnv, T->KKnv_and t-KKnv, where the
vertices a, »pm and a, »K** K obtained above contribute as intermediate channels. The diagrams
corresponding to these channels are shown in Fig. 2 and 3. These channels are considered in
conjunction with the contact diagram with the axial-vector part of the W boson, when the final
products are produced directly by the lepton current. The corresponding diagram for the contact
channel is shown in Fig. 4. The decay of t->Whv_is described by the electroweak Lagrangian of
the standard model (Weinberg - Salam theory) [8,9]. The parts of diagrams describing W boson
interaction with meson fields are obtained within the effective quark model.

Figure 2. Feynman diagram describing channel with a, meson for the decay t—3mv_

Figure 3. Feynman diagram describing channel with a, meson for the decay T->KKmv_

The decay amplitude t—mnmv_can be represented as the product of the lepton current with
the hadronic current in the following form:

M@ ->ntnnTvy) = —iFGpVyql, My, )

Where L =vy, (1-y, )t is the lepton current, G, is the Fermi constant, V , is the element of
the Cabibbo-Kobayashi-Maskawamatrix.
The total contribution from contact term and intermediate axial-vector channel reads
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MAu = nglzl(guv + ((qz - 6m121)guv - quqv)BWal)BVVp(pn’f - P,Sl—))v + (pz(rl—) « pﬁ[z_))‘ 3

where p_*, p - and p_* are the momentum of charged pions in the final state.

Figure 4. The contact diagram describing decay tT—KKmv_

The transition of the W boson into intermediate a, meson has a gauge-invariant structure

9" [q* — 6mi] — quq, ©)

The a, meson in the intermediate state is described by the Breit-Wigner propagator

— guv
MCzll - qz - iV qzral

BW,, (10)

Table 1. Calculated branching fractions (Br) for hadronic Tt decays. Comparison of
theoretical results with experimental data of BaBar and Belle collaborations is presented.

Br(x107)
Mode TSV, >y, >KKn'v, | KKy, >K K'nv_
Theor 90.5 91.5 1.46 0.4 0.0014
PDG [10] 90.2+0.5 92.6+1.0 1.50+0.07 1.43+0.02 <0.009
BaBar 88.3+1.3 [11] - - 1.34+0.03 [11] -
Belle 84.242.5 [4] - 1.49+0.07 [12] | 1.55+0.01 [4] -

To calculate the decays T-KKnv_and t—KKnv_ consider the vertices of W boson interaction
with meson fields presented Fig.3. When considering these vertices, use approximation in one-
loop. The full matrix elements for axial-vector channels with an intermediate a, meson can be
found in paper [13].

The obtained results for the decay channels tT—3mnv, T->KKmnv_and t—KKnv_are given in
Table 1. The uncertainty of theoretical calculations is estimated at 15% [6,7].
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Conclusion

In the present paper, the vertices a,~»pm and a,»K* K going through the triangular quark
loop are calculated (Fig.1). The amplitudes of the processes considered are obtained using chiral
Lagrangians in leading order of 1/N, where N, is the number of colors in QCD. Estimates are
obtained for the branching fractions of r»3mv , T-»KKnv_and T>KKnv_taking into account the
contact channel and channels with the intermediate meson a,. Interference between contact
and axial vector channels is always negative due to the negative value of the Breit-Wigner
propagator for most of the energy range (Y M, ) < ¢°s M7°.

Our calculations for the considered hadronic t decays confirm the quark-antiquark structure
of the a, meson and clarify the role of intermediate channels with the nonstrange a, meson in
determining the partial widths of the decays. Model predictions for the branching fraction do
not contradict the experimental data of BaBar [11] and Belle [4,12].
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T JIENTOHHBIH aAPOH/ABI bIAbIPay/Iaphl YIUiH a,— VP WIbIHBIH 3epTTEy

Axpatna. U(3) cuMMeTpHUsabl KBAapKTi Mojes lieHOepiHJe MopMeHJI acepJ/iecy »Ky3ere acaTblH
a,—pm xoHe a,~K * K mbIHAapblH CUIATTAaUThIH YIIOYPBIITHI AMarpaMMasap ecentesnji. KBapKThl
JuarpaMmajap/bl KapacTbIpFaH Ke3Jle Maija 60JlaTblH KUHAKCBI3JbIK KOBAapUaHTThl Kecy
napaMeTpi apKblibl peTTeJNreH. T — JIENTOHHBIH TOPT 06JILIeKTi aJApOoHABIK blJblpaybl HeriziHze
JF°=1** KBaHTTBIK CaHJapbl Gap a, Pe30HaHCHIHbIH KBApK KYPbUIbIMbI 3epTTe//i. a, Me30Hbl Gap
apaJ/IblK apHa/ap/iblH, TEOPHUAIbIK 6aranapbl T—nnmv, T—-KKmv_sxene T—-KKnv_>kapTbliail blgbipay
eHJiepi ywiH ecentengi. T - senToHAbl TokTaH 31, KKm koHe KKn Me3oHAapbIHbIH Tikesel TyyaapblH
CUNATTAUTbIH GalJlaHbIC apHa/apbIHBIH YJecTepi ecenke ajblHAbL blablpaysap/blH WHTerpaajblK,
eH/JlepiH aHbIKTayJa KOHTAKTIi/i koHe apaJiblK akCHaJI-BEKTOPJIbl apHa/lapAblH UHTepdepeHMsIaphbl
sepTTei. [Ipouecrepain MaTpuLanbiK sjeMeHTTepi 1/N, KeHEIIHIH KeTeKIli KybIKTaybIH/a aJIbIH/bL.
T - JIENTOHHBIH, ME30H/bIK blbIpay/apbl GOWbIHIIA €CENTey/ep d, Me30HbIHbIH KBapK-aHTHKBapK
KYPBUIBIMBIH PacTaWTBIHBl JK9HE blAbIpayJapAbly illiHapa HMHTerpajJblK eHJepiH aHbIKTay[arbl
aKCCUaJI-BEKTOPJIBbIK, apasblK, apHaHbIH PeJiiH HaKTblJIAWUTBIHbI KepceTijreH. AJIbIHFAaH HaTHXeJep
BEPC Il xaHe KEK snenToH kosu1aiifiepsiepinie anbinFad BaBar xoaHe Belle Taxipubenik gepekrepimen
CaJIbICTBIPBLI/bI.

TyHiH ce3aep: afpoHAapAbIH KYPblJIbIMbl, KBapKThI 6picTep, Me30HAapAbIH acepJiecyiepi.
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HUccneposanue BepmuHbl a,—VP 1151 aJpOHHBIX T pacna/ioB

AHHoTanma. B pamkax U(3) cuMMeTpuyHON KBapKOBOM MOJEJM BbIYHCJIEHbl TPEYroJbHbIe
A¥arpaMMmbl, ONKUChIBAIOLIME CUJIbHO B3aMMOJEUCTBYOLIME BEPLUIMHBI a,—~pT U a,~K* K. Pacxogumocry,
BO3HMKAOIIME [IPU PAaCCMOTPEHUH KBAPKOBBIX NeTeJb PEry/spU3yI0TCs KOBApUaHTHBIM 06pe3aHueM.
Ha ocHoBe yeTbIpex 4aCTUYHBIX apOHHBIX pacnaZloB Tay-JeNTOHa MCclef0BaHa KBAapKOBas CTPYyKTypa
pe3oHaHca a, ¢ KBaHTOBBIMM 4ucaaMu J*°=1**, [losly4eHbl TEOPETHYECKHE OLlEHKH TIPOMEXKYTOYHBIX
KaHaJIOB C ME30HOM a, /Jisl MapUHa/IbHbIX WHUPHH pacnafoB T->unrnv, T=KKnv u 1->KKnv . YaTeHbl
BKJIaZlbl OT KOHTAKTHBIX KaHaJIOB, ONMChIBAIOIINeE NpsAMoe poxJeHUe Me30HOB 3w, KKm u KKn Tay-
JIEITOHHBIM TOKOM. HccieoBaHbl HHTepdepeHLUE KOHTAKTHBIX U IPOMEXYTOYHBIX aKCHAJIbHO-
BEKTOPHBIX KaHAJIOB B OIpe/ie/IeHUH MHTerpaibHbIX IIMPUH pacnaZoB. MaTpuiHble 31eMeHTHI IPOLLeCCOB
T0JlyY€eHbl B JIMAUPYIOIEM NPUG/IMKeHUH passoxenus 1/N,. [lokasaHo, YTO pacyeThbl 0 ME3OHHBIM
pacnajaM Tay-JelToHa MOJATBEPXK/JAI0T KBapK-aHTUKBAPKOBYI0 CTPYKTYpPy Me30Ha a, U MPOSICHSIET
pOJIb MIPOMEXKYTOYHOTO HECTPAHHOTO aKCHaJbHO-BEKTOPHOrO KaHaja B ONpeJieJleHWH NaplLiMabHbIX
WHTErpajJbHbIX IIMPUH pacnaZoB. [losydeHHbIe pe3yabTaTbl CPABHUBAKOTCA C IKCIEPUMEHTaIbHBIMU
JaHHbIMU BaBaru Belle, mosiyueHHble Ha ienTOHHBIX Kosutakiepax BEPCII u KEK.

KiroueBsble c10Ba: CTPYKTYpbl aipOHOB, KBapKOBBI€ 110J15l, B3aUMO/IEMCTBHS ME30HOB.
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