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As is well-known, the proof of the existence of the second class cur
rents [1] which possess 'wrong' G-parity will create a lot of difficulties 
for modern particle theory [2]. Today there are no any of their manifes
tations obtained yet. The search for physical processes where manifes
tations of the second class currents would be found is very important. 
The weak decay T -+ V'lr'T/ is now considered the most possible source 
of manifestations of second class currents [3]. As estimates show [4], a 
high production rate of r+r- -pairs at planned r-charm factories [5] will 
open opportunities for clarification of the question about existence of the 
second class current in the decay T -+ V'lr'T/, It is worth mentioning that 
some of the decays T -+ V'lr'T/ should be registered due to ordinary first 
class currents. These decays form a first class current background for 

second class current contribution to the decay. The G-parity is violated 
here because of isospin violation. Obviously, the rate of this process is 
very low. However, keeping in inind the search for manifestations of 
second class currents one must know the part of the decays due to the 
isospin violation. One could speak about the observations of the second 
class current manifestations only if the experiment yields the rate of the 
decay T-+ V'lrTJ much different from calculations which took into account 
the isospin symmetry violation. 
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• 
In the paper we investigate the decay T -+ v;rq in the model which sys-

tematically incorporates the isospin violation symmetry effects. In our 
calculations we used the phenomenological effective meson Lagrangian 
of the Quark Model of Superconductivity Type [6), which stemmed from 
the well-known 4-fermion Nambu-Jona-Lasinio theory and 1miformly de
scribes interactions of scalar, pseudoscalar, vector and axial-vector meson 
nonets. 

The Lagrangian has the form: 

L= - g2 - 1112 -2) . JI -]2]} -Tr{[(CT - -) + (<?) J- - [(o- - --), 9 _ 
4 g . g 

tTr{Gf:Gvµv + G~vGAµv} 

1 - M gp - -] }2 + 4Tr{Dµ(CT - 9 ) + 
2 

[Aµ, cp + 

1 _ gp - .. M ? + 4Tr{Dµcp - 2 [Aµ, (CT - 9 )J+}-. (1) 

Here A = ,\ A"' V - ,\ V"' ,,:; - ,\ ,,,,cx ii = ,\ CT°'· V A (T and a ·, - a , 1 - ar , a , , , 

cp denote vector, axial-vector, scalar and pseodoscalar meson fields re
spectively, Aa are Gell-Mann matrices (0 ~ a ~ 8, Ao = fi/31). 
Jl;f = diag(mu, md, ms) is the current quark mass matrix, gP = y'6g 
and 

D - £Cl - . • gp [V.-. -i µa = uµa - z2 µ, a -, 

Cf:= oµV" - o"Vµ -i~([Vµ, V"J- + [Aµ,A"]-) 

Gµ" = aµ A" - &" Aµ - i 9P ([Aµ V"]_ + [Vµ A"]-) 
A. 2 ' , . 

Further.we confine ourselves only to the U(2) sector of the model. 
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The isospin symmetry violation takes place here due to difference of 
light quark masses1 mu and md. So, the mixing in the mass sector of 
neutral axial-vector and pseudoscalar mesons arises. The Lagrangian (1) 
includes axial-vector-pseudoscalar ( <pA) and scalar-vector ( uV) vertices. 

To obtain the effective Lagrangian of physical fields we have to make 
the diagonalization in the neutral fields mass sector, to eliminate cpA
and u V- vertices by shift transformation of axial-vector and vector field 
and after that to renormalize pseudoscalar ~nd scalar fields [9]. 

As a result2 we obtain for the 'vector' hadron vertex: 

Cp-1r+,., = igpp;[c(1r+1J)1J0µ1r+ + c(1J1r+)1r+vµ1J], (2) 
.l' 

c(1r+q) = -JZ+z,;{ ~t.:+[(md + mu) sin</>+ (md ,- mu) cos</>]+ sin</>}, 

c(1J1r+) = -JZ+z,;{ ~ [1.d,.,(3md - mu)+ Ka,.,(md - 3mu)] - sin tp }, 

and for the 'scalar' hadron vertex: 

Ca;1r+,., = 9p{ aji"[c2(1r+1J)1J1r.+ + c3(1r+1J)0µ1r+0µ1]] (3) 

c2( 1r+1]) = 

c3(1r+1J) = 

c4(1r+TJ) = 
c4(7J1r+) = 

+ Oµaoh(1r+1J)1J0µ1r+ + c4(1J1r+)1r+oµ17] }, 

2 
v'6JZ+Z,.,Zp[(md + mu) cos</>+ (md - mu) sin</>], 

1 ' .. 
-JZ+Z,.,Z1r[v'2(t.a,., + t.:d,.,):+ cos</>K+], 

JZ+Z,,Z1rt.+ cos</>, 
1 

JZ+Z,.,Zrr .Jj.(Kayt + Kdyt). 

Where cos</>= (-
2
1 +1

2 
b )112 is the 1r0 -1] mixing parameter in the model, 

. y1+(2 
2 2 ( = mcm;' Z+ = (1 - MA2 + ll\':+12)-1 is the charged pion renormalization 

mq fflw . 1 , 

1from here mu and m,1 denote the constituent 'quark masses 
2in the leading approximation on light quark mass difference 
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parameter and K+ = - ~ ~e1tm,. is the axial-vector shift parameter. ZT/ = 
A-

l 

(1 -1l1_~~1KaT/l 2 
:-- Af_bolKdT/1 2

)-
1 is the 17-meson renormalization parameter 

; ·' !,; • V3m (cos<',-sino) 
and the neutral axial-meson_ slHft parameters are Kdry = - d ,wi ·· -

d 
_ V3mu(cos<i>+sin1>) 

an KaT/ - - w2 • · 
~ A~, ;: \ 

For calculations we need to determine three parameters gp, mu and 
md. We us~ gp = .j_6·, which gives good width f(r ---+ vp). There are 

· two possible choices of the light ·qu~rk masses i~ the model. First, where 
mu = 280 MeV and md differs from that value bv 5 MeV, so md = 
285 l\feV [9], and se~oncl, where mu is about :320 M~V [10] and here we 
hold the same mass difference .5 ~IeV. For other particle masses ,ve use 

• . the experimentally obtain~d values3 • 

The· formulae ab~;e ~ll~w us to calculate widths of the decays p ---+ r.17 
and ao ---+ 1rr7. The amplitudes are: 

.\ c(r.+17) - c(17r.+) 
T(p ---+ r.17) = -gpl)PP) 

2 
(p;r - P1J ), 

T(ao---+ r.17) = gp[c2(r.+17) - c3(r.:17)(P1rP1J) (4) 
+ c4(r.+17)(Pr.Pao) + ~4(17r.+)(PaoP1J)]. 

Some of the obtained results are given in Table 1. The decay ao ---+ r.17 
is calculated in the SU(2) limit. The experimental value for the decay 
ao---+ r.17 is (0.057 ± 0.011) GeV [7]. 

There are two weak vertices (Fig.I) contributing to the decay T ---+ 

vr.17 in the model after the fulfilled transformations. The first one is 
the well-known vertex [8] including vector meson - r-v7 p+ (Fig.la). 
The second one (Fig.lb) is the result of aV-mixing - r-vToat (full dot 
denotes aV-transition). 

The full weak Lagrangian could be written in the form: 

2 

Lweak = GF cos Be mpvT~/µ(l - 'Ys)T [Pt+ n:pZ;12_o;.at] + h;c., ' (5) 
gp ' ' 

'wh~re''zp = (1 - m~IKp·1 2)-1 is the sc~lar field renormalization param
eter, Kp = i 9 P m~;;.';'" is. the _vedor shi~t par~meter. 

9 p ' ..... ' " ' ' 

3 mA, = 1.260 GeV arid others fro~ (7] 
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Table 1: Calculated widths (all in GeV) 

rnu md r( p --; r.17) r( ao ---+ r.17) 

0.280 0.283 0.22-10-7 

0.285 2.28-10-7 0.48 
0.287 6.53-10-7 

0.320 0.322 0.07-10-7 

0.325 2.32-10-7 0.82 
0.327 7.78-10-7 

V7 7r V7 7r 

4~ 17 · · · · 17 
Fig.la Fig.lb 

Figure 1: Diagrams contributing to T -i- vr.17 

Using the first part of (5), we obtained the width of p production 
in the weak T decay: r( T --; vp) = 0.50. 10-12GeV; or the branching 
ratio Br(r---+ vp) = 0.23, while the experimental data is equal to (.49 ± 
.01). 10-12GeV [7]. 

The second term in (5) gives the width of a0 production in the weak 
r decay. For the light quark mass difference equal to 5 Me V we obtain: 

G2 cos2 3 . · m2 

I'(r---+ vao) = 
8 2 

°m;-
2

(md - mu)2(1 + 2-f) = 1.7 · 10-16GeV, 
. 1f9p . . mT • 

or the branching ratio equal to Br( T -i- va0 ) == 8 • 10-6
• 

The width of the decay T -. va0 strongly depends on the light quark 
mass difference an:d can be used for its experimental determination. , .. 

Now let us consider the decay r -i- vr.17. The amplitude of the decay. 
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can be expressed in the form 

T(r-+ V7r7J) = - G; cos BcvT(I + ,shµr{f +(q2)pµ + J_(q2 )qµ}' (6) 

where p = P- - Po, q = P- + Po and P-, p0 are the momenta of the 
charged pion and neutral 7J-meson ( m5 = m~ = p5 and m:_ = m; = p:_ ). 
Two formfactors f+(q2 ), J_(q2 ) are determined by common contribution 
of weak and strong vertices. 

f+ 
m} . 

(7) = 2 2 ( c( 7r+7J) - c( 7J7r+) ), 
q - mv 

m2 -m2 
f- = - ,,, 2 T/ f+ - (c(1r+rJ) + c(rJ1r+)) (8) 

mv 
m2 T( ao -+ 7r7J) -2K zt/Z P 

P P q2 - m! zgp 

Here squared masses of intermediate mesons are complex quantities 
2 2. r. 2 2 . r d 2r 2 r mv = mp - imp p, m,,. = mao - ima0 ao, an mp, p, ma0 , ao are 

experimentally determined values [7]. 
The total widths, r, branching ratios, Br, contributions from !+

proportional term, r(f+), and J_-propo'rtional term, r(J_), contribu
tions from p-meson, f(p), and a0-meson, f(a 0 ), intermediate states and 
the expected number of useful events per year, N, are collected in Tabl~-2_. 

We usedthe input value of planned 2 • 107 r-pairs per year and the 
total r-decay width equal to 0.2 • 10-11 GeV [7]. 

So, the width of the decay r -+ V7r7J due to isospin violation in the 
first class currents is about 2 • 10-17 GeV. 

The f-~formfactor contribution dominates due to existence of the 
sc~lar intermediate meson a0 • The contribution of the intermediate vec
tor p-meson and f+-formfactor is small. 

So, without second class current manifestations one could have about 
200 r -+ V7r7J decays per year at a er-factory. 

If the registered number of the decays r -+ V7r7J will appear strongly 
different from the values calculated above, then one could speak about 
registration of the second class currents. 

The authoiis sincerely grateful to Dr A.A.Osipov and Dr Yu.P.Ivanov 
for their support and fruitful discussions. 
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Table 2: Calculatc<l vahws (in GeV) 

(mu, md) (0.280, 0.283) ( o.2so, ·o.2s5) (0.280, 0.287) (0.320, 0.325) 

. f(f+) 0.025 -10- 11 . . 0.263 -10- 11 0.738 -10- 17 0.258 -10-11 

f(J_) 0.575 -10- 11 1.639 -10- 17 3.421 -10-17 2.718 ,10-17 

f(p) 0.022 -10- 11 0.307 · 10- I 7 0.930 -10- 11 0.354 -10- 11 

f( ao) 0.626 -10- 17 1.763 -10- 17 3.500 -10~ 17 3.031 -10- 17_ 
i 

r 0.581 -10-17 1.600 -10- 11 3.255 -10-11 2.697 -10-11 

Br 0.29 -10-5 0.83 -10-5 C 1.63 •10-"5 / 1:35 -10-5 . 

N 58 166 326 270 
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6eAHRKOB B.A.. E2-92-168 
O HapyweH~~ G~4eTHOCTVI s pacnaAe T ➔ vvn . -

Ha OCHOBe nocneAOBaTenbHOro y4eTa 3qxpeKTOB Hapywe
HVIR Vl30TOn111l-jeCKOVI CVIMMeTp~VI B cpeHOMeHonorvi4eCKOVI.KBap

KOBOVI MOAen~ Bbl4VICneHbl xapaKTep~cnfKVI 3anpe~eHHOro 
3aKOHOM coxpaHeH~R G-4eTHOCTVI pacnaAa T ➔ vvn. ~3y4eHa • 

pon'b seKTOpHoro' ~ CKanRpt-ior:o npoMe>t<yTO4HblX COCTORH~VI. 
~ccneAOBaHHblVI MeXaHV13M RBnReTCR 11 $OHOBblM 11 npvi nOVICKe 

8O3MO}KHblX npoRsneHVIVI · TOKOB BTOporo POAa 8 pacnaAe 
T ➔ V'ITn. npvi VIHTeHCVIBHOcrnx CT-cpa6pVIK 3a C4eT HapyweHVIR 

Vl30TOn~4eCKO~ CVIMMeTpVIVI cneAyeT O}K~AaTb 9Kono 200 pac~ 
·naAOB T + vvn ,B rOA. 

'' 

·Pa6oTa s~nonHeH~ s na6opaTopvivi RAepH~X npo6neM O~~~-

'; 
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The characteristics of :the.G-parity forbidden 
T ~ vvn decay'were calculated in the phenomenological 
quark model with .allowance,for isospin symmetry viola
tion. Contrib~tions of vector and scalar intermediate. 
states to the decay width were studied. The •investiga
ted ~echanism is'a background for searching fo~ the 
second class current in the decay T ➔ ·vvn~ The back
ground should be about 200 events per year at the ' 
CT-factory. 
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The investigation has ·been performed at the Labora-. 
tory 6f Nuclear Proble~s, JINR. · 
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