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Abstract

The 1,7 decays with the nonabelian anomaly (P — Vv,V —
P~v,m — nry) are under investigation. The transition form factors
of 7,7 mesons are received. It is shown, that the account of the
graphs with intermediate vector mesons leads to good agreement
with experimental data.

1 Introduction

The world of light quarks and hadrons is very reach with interesting phe-
nomena. At short distances there are only free quarks and gluons. They
are governed by Quantum Chromodynamics.At large distances there are
only hadrons. This point-like particles are described by the standard
quantum field equations.And intermediate distances color confinement and
hadronization take place.From the physical point of view, this is a low en-
ergy region of hadronic physics where physical processes with the liberated
energy 1+2 GeV proceed.The investigation of simple quark-antiquark sys-
tems such as pseudoscalar mesons 7%, 7,7 ... is of extraordinary interest as
a source of information about structure of hadrons.The %, mesons plays
a special role in understanding low energy QCD.The basic facts about 7, 7’
mesons from the PDG report [1] are summarized in Table 1.

Table 1
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iy — 547.51 £ 0.18MeV | my = 957.78 & 0.14MeV
T, = 1.30 £ 0.07KeV | Ty = 0.203 £ 0.016MeV
T a 39% n —rtrn 44%
n — w770 32% 7 — py 29%
n—=atna® 23% = a7 21%
n—sataey 5% 7 - wy 3%
‘ n =y 2%

There are two classes of decays: radiative decays and hadronic decays
into three pseudoscalars.. It's well known that first one are connected
with triangle and box anomalies; the second class provide the source of
information on low energy scalar interaction.

SU(3)-symmetry predicts the existence of massless pseudoscalar octet
18 = Jz(ud + dd — s3) and massive singlet 1o = 5 (ut+ dd + s5).Physical
states 7, 77 are the mixture of g and 7. The study of  — 7’ mixing is very
important for understanding of basic properties of quark - hadron matter.
This phenomena was considered in different approaches [2]. Recent CLEQ
[3] and L3[4]experiments call the additional interest to this problem.

Theoretical analysis is model dependent and mixing angle 8 prediction
varies from —12°[5] to —20° [7]. Recently another scheme with two
mixing angles was proposed by [6]. Also there exists approach connected
with quark basis ¢§ = %,35[5].& this case decay constant mixing is
considers to be the same as for meson states. The analysis of mentioned
schemes can be performed by study two-photon decays of 7°, 77, 7 mesons.

The finite size of hadron , which in electromagnetic interactions is re-
vealed as electromagnetic structure of hadrons, is phenomenologically de-
scribed by one ore more functions of one variable (the four-momentum
transfer squared ¢t = ¢ = —Q? of a virtual photon), called the EM form
factors (FFs). If in the vertex with three lines appear one virtual photon
and two identical strongly interacting particles, one speaks about the elas-
tic electro magnetic form factors of hadron. If there is one virtual photon
and two different hadrons (or one hadron and one real photon) we speak
about the transition form factors.Since the form factors are sensitive to
the decay constants they also provide a crucial test of the quark- favor
mixing scheme.The transition form.factors between pseudoscalar mesons
and photons at large momentum transfer are subject of intense theoreti-
cal interest, see e.g. (8], [9], [10],{11].A number of experiments have been
performed to measure these transition form factors. Nevertheless, exist-
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ing data in the low and intermediate regions are quite poor. The CELLO
collaboration at PETRA has measured in the space-like region at large
momentum transfers using the reaction ete™ — e*te~P [12]. In this ex-
periment, two photons are radiated virtually by the colliding e*e_- beams.
One of the virtual photons is close to real and the other has a larger ¢?
and is tagged by the detection of an e* or ¢~.The low energy experiments
are planned [13],[14].

Another problem is the evaluation of the hadronic matrix elements.We
perform the calculations in the Quark Confinement Model (QCM) [15].
This model based on the certain assumptions about nature of quark con-
finement and hadronization allows to describe the electromagnetic,strong
and weak interactions of light (nonstrange and strange)mesons from a
unique point of view.

2 Quark Confinement Model

The hadronic interactions will be described in the QCM.This model is
based on the following assumptions [15]:

The hadron fields are assumed to arise after integration over gluon
and quark variables in the QCM generating function. The transition of
hadrons to quarks and vice versa is given by the interaction Lagrangian.

In particular necessary interaction Lagrangians for 7%,n and 7' mesons
look like:
M
Ly = ==MgT\"¢" 1

where I'- Dirak matrix,A\™ - is a corresponding SU(3)-matrix,q- quark vec-
tor

gG=\|d&
Sﬂ
The coupling constants gy for meson-quark interaction are defined from so-

called compositeness condition. It us convenient to use interaction constant
in a form:

: 2
haa = 20— 2
g [Ta(mar)
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instead of gps in the further calculations. All hadron-quark interactions are
described by quark diagrams induced by S matrix averaged over vacuum
backgrounds '

The second QCM assumptlon is that the qua.rk confinement is provided
by nontr1v1a1 gluon vacuum background. The averaging of quark diagrams
generated by S-matrix over vacuum gluon fields By ac is suggested to pro-
vide quark confinement and to make the ultraviolet finite theory. The
confinement ansatz in the case of one-loop quark diagrams consists in fol-
lowing replacement:

/ doy acTr|M(21)S (21, 73| By 4C).- M (%) S (@, 21| By ac)| —

/ do, Tr|M(2,)S0(w1 — 2)- M(5)So(an —71)l,  (3)

where

. d4p —sz(z‘l—:tz) ]' ] ‘
Sy(z1 ~ 22) —/We v, —p (4)

The parameter A, characterizes the confinement rang of quark with flavor
number ¢ = u,d, s. The measure do, is defined as:

[ - G(e) = a(—+) + 35 ®

’U—Z

The function G(z) is called the confinement function. G(z) is indepen-
dent on flavor or color of quark. G(2) is an entire analytical function on
the z-plane.G(z) decreases faster then any degree of z in Euclidean re-
gion.The choice of G(2),or as the same of a(—z?) b(—z?), is one of model
assumptions.In the notes [15], [16] a(—z%) and b(—2%) are chosen as:
(’U.) =ag e—uz—alu

b(u) = bpe™* bt (6)

The request of satisfaction of Ward anomaly identity. in QCM gives
the additional correlation between a(0) and b(0): b(0) = —a’(0), a(0) = 2.
Using a(u) and b(u) as (6), one can receive: ap = 2, a; = 2. So, the
free parameters of the model are Ag, by, b;. The model parameters were

fixed in the [16] by fitting the well-established constants of low-energy
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A, =460 MeV
A =506 MeV
bp =2 b =02
ap = 2 a; =05 (7)

We put A, = A, in the most of decays.

3 The description of 7,7 mixing

~ In order to quantify the mixing in the 5, 7 system, one have to define ap-
propriate mixing parameters, which can be related to physical observables.
In this work we use so-called mixing in the quark basis(QBM). The two
independent axial-vector currents are taken as [5]

q

- R
Jus = %(U’Y;")’su + dy,ysd)
J;s = &YuYsS (8)

In this scheme 7,7’ mixing is defined as

n =' cosy —siny g )
7 sin g cos ¢ s
‘where 7y = @\/-%4—5, 7y = S8.
The numerical value for mixing angle ¢ varies as ¢ = 30° + 45° in

different approaches [2]. In the [17] the best agreement with experimental
‘data was achieved with the

@ =39.3° (10)
Let us calculate the constantsof V — Pyand P - Vy (P=q,7; V =
Ep,w, @)decays using the mixing parameters received in previous section.
The decay amplitudes are defined as
AV = Pv) = egvpye” P (pv)e’ (a,)05p%) (11)
A(P = V) = egpvre*Pet (a,)¢" (pv)a3ph (12)
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and the corresponding decay widths are

W(P”‘*V’Y) mvagpv,,

WV = Py) = m aQVP7

The following expressions for decay constants were received

oy = A/ Piphn () cos Fpyy (m2, m2,0, A,)

v/ Pohy (0) sin pFpyy (m ,,m 0, An)

Gy =/ hwhn(‘P) cos W“vav(mi,m;,O,An) o
YV huhby () Sln‘P FPVV niZ,,O,A,,)‘ '

Gngy = \/ hohy ((p) smcp Fva (m2, m},0,A,)

g”7/¢'7 = 14 / h¢h7l/ (QO) COS SDEFPVV(m:?’H mi’ O’ AS)

The structure integral Fpyy(m?,0,0,A) in (15)-(20) is written as

' 1 1. .
Frv (s, ) = § [ {#ala(-Q)

(21)

where a( Q) is confinement function defined by (6)with Q

P 0!103+q1 Otzoz3+q20£1trz
A2,

The expression for couphng constants h Ve ) one can find in [17].

The numerical values for V — Py and P — V7 decays are glven in

tables 2 and 3.

Table 2
' ' gym(GeV_"l) _Experiméht [1] 1 QBM ‘
_ e =393
Jomry 1.47+0.25 - 0.28 1.49
Gomy | 05E004 |, 0.496
Yoy " 0.6940.02 0.715
Table 3 ' '
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gvy~(GeV 1) | Experiment[1] | QBM
p =39.3°

T 131£006 | 1.065

G 045£003 | 0353

Torn 100£028 | 0.761

4  The electromagnetic form factors of 7
and 7’ mesons.

The electromagnetic form factors of 7 and 7' mesons are described by
graphs displayed in fig.1.

T q@

and can be written as:

Fpye () = g;r‘y )+ E gpv+(q (a°)gv4(a*) (22)

The first term in (26) corresponds to the direct graph of n(n’) — yy* and
is expressed by Fpyy in following way:

) 3 5 2 1
i) = L2 (o o 0,0 M) - coni ey (i, 0.6, -sing

(23)

Bhr)’ ()
ki3

der ( ) —

) 1
i (g s Fruv 3, 0,65 ) sinip = 5 Fvy (0,5, Au) -cosp

(24)
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for n and 7'
The second term in (26) accumulates the contribution from intermedi-
ate vector mesons. The form factors gpyyare looked like:

Inev (0, q% = hn(‘P cCOS Y- vav(mf,, 0, q%aAn);
1
Inr(#,65) = 1/ hap) - FCosy: Fpyy(m2,0,43, An);
2
Iner(9,03) =/ hn(‘P gsmcp vav(m,,,O g, An) (25)

gT[p‘Y ¥, q2 V Sm‘P FPVV la07 qgiAn);

gnw'r(% q2) h‘fl'((p) §sm<p FPVV( n’s 0) quAn),
2
Inor (0 33) = A/ () - 3cos¥- Fpyv(my,0,43,An) (26)

Gy(¢?) is connected with the vector mesons propagators, gy(¢?) - is
the form factor of V — « transition.Both Gy(g*) and gy (g?) are given in
(16].

For comparison of our results with experimental value the following
formula have been used [18]

(Qz)ﬂazm}’, _ (P — vy)
P'y'y 4 2\ 27
(1+%)

where parameters Ap had been reported by different experimental groups:

@)

Lepton-G [19] | TCP/2v [20] [ CLEOI [21] | CLEO II{18] |
A, (MeV) 720 £ 90 700 £ 80 839+ 63 - 787 £ 23
Ay (MeV) 850 £ 70 794 £+ 44 851+ 15

Fig.2,3 represents the transition form factors for  and 7’ mesons. The
dotted line denotes the form factor with only direct graph, the dashed line-
the result form factor with intermediate vector mesons, the solid line- the
experimental curve has been recelved by averaging the experimental data
(18]-[21].

192



transitionform factor of n meson

transition form factor n’ meson

0,0000005

0,0000004

0,0000002

0,0000001

0,0000000

T- o -dingt

0,000005 -

0,000004

0,000003 1

0,000002 4

0,000001

0,000000 +~— -t T T
0,0 05 1.0 15

q'(GeV)

Fig.3

193



5 THE n — nry decay.

A major role in 7,7 physics is the study of the nonabelian anomaly [22].
The review for anomalous 7 processes one can find ,for example,in [23].

The n — 7wy decay is one of such "anomalous” decays. The matrix
element of this decay is defined by "box” graphs shown in Fig.4.

The corresponding loop integral is written in QCM as:
d*k ) ~ ~ . ~ ~
Bor, = [ EETrlin's@ins G+ 5’ +5-Dr'sE+5) (29

where D, q, 1,2 - are the four- momenta of 7,7 and final 7 - mesons., The
invariant variables sy, $9, 83 are defined in following way:

(7) 1r+)
=( —q)*
= (g — pa-)?

The matrix element for n — 7r7r7 decay have_\been received as:
M*(n — nny) = ee""aﬂp;':+qﬂp,';A(sl, 52) (29)

[N :

where

A(sy, 82) = \/_A3h x\/ hncosp - FPPP7(81,52,m72,7m3rt) (30)
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Fpppy (51,82, m3, m24) in (30) is the result of evaluation of loop integral
(28) under QCM rules.

1
Frery(s1,0,0% 9%, 2) = / (da}(@(@1) + a'(Q2) + 4'(Qy),

where

1
Q= e {o104p® + az4p? + agaap? + crags; + mysy},
1
Q=13 {au(an + az)p® + aa(as + @a)p} + oa(an + )P} — araus: + —(aza4 ~ asa3)s, }
1
Qs = F {a4(a, + a3)p2 + ay(az + ag)pf + a3(ag + m)p% + (oap — azay)s; — 0‘301432} -

The width of n = 7@y decay calculated by standard formulas is written
as:

m  flmamme)’ of 2,2 \ A2
I'(n - mny) = Py dsy /_ dsaf (51, 82, My, Myt )A%(51, 55)
n J4m2 31
(31)
where
6 2 2
2,2 my, S2.,81 My, S8 82,9 82,81 Mi
y 92, ) = —(l- == —(1-== o\ 5T — o
f(Sl S2, My, m1r+) 4 (( m%)(m?’ m% +m%( 12’) +m72’(m% m%) )
st = 2m2 — {(sp — m2 + m2)s, F A7 (s, m2, m2)A¥ (s, m2, m2)}
where \(z,y, 2) is standard kinematical function:
Az, y,2) = (s —y—2)" ~dyz (32)
So the numerical value of I'(n — #7y) is
['(n — 7ry) = 6.23 x 1072KeV (33)

6 Conclusion

The 7,7 interactions can be successfully described in the quark ba-
sis(QBM) with mixing angle ¢ = 39.3°. The numerical values for constants
of V.~ Pyand P = Vy (P =n,7; V = p,w, ¢)decays are in a good
agreement with experimental data. The numerical value of the width of
n — wrw v decay is also in sufficient agreement with experimental one.
The account of intermediate vector mesons leads to the good agreement of
transition form factors for 5,7’ mesons with experimental curves.
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