


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 7 — wvrn is now considered the most possible source
of manifestations of second class currents [3]. As estimates show [4], a
high production rate of 77~ -pairs at planned 7-charm factories [5] will
open opportunities for clarification of the question about existence of the
second class current in the decay 7 — van. It is worth mentioning that
some of the decays 7 — vmn 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 mind 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 — vy much different from calculations which took into account
the isospin symmetry violation.
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In the paper we investigate the decay 7 — v7 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 uniformly de-
scribes interactions of scalar, pseudoscalar, vector and axial-vector meson
nonets.

The Lagrangian has the form:
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Here A = /\A“V__/\V y P = Aap®, & = Aa0o% V, A, o and
¢ denote vector, axial-vector, scalar and pseodoscalar meson fields re-
spectively, A, are Gell- Mann matrices (0 < o < 8, Ay = /2/31).

]Wd= diag(m,, mg,m;) is the current quark mass matrix, g, = /6g
an . o ;

D"'& = a“a - Z%[VH,E]_,
G =0V — V¥ —i (V4 V"] + [A%, 4]
G;V = au}iu - aufiu = Z.?Z_P([Ap, Vu]_ + [Vp’ Au]-) )

\ 'Fu1“t'hepwe confine ourselves only to the I/(2) sector of the model.
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The isospin symmetry violation takes place here due to difference of
light quark masses! m, and mg4. So, the mixing in the mass sector of
neutral axial-vector and pseudoscalar mesons arises. The Lagrangian (1)
includes axial-vector-pseudoscalar (¢A) and scalar-vector (oV') vertices.

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

As a result? we obtain for the ‘vector’ hadron vertex

Lp-rtn = ig,p, [c(7 n)na;nr* + e(nm )7t a,m), (2)

P

co(rty) = -\/Z+Z,,{\/£;n+[(md + my) sin:q5.+ (fnd - m,) cos ¢]'+ sin 45},
e(prt) = —4 /Z+Z,,{?[fcd,,(3m4 - my) + Kap(ma — 3mu)] —sin qS},

and for the ‘scalar’ hadron vertex:

Lizorn = s{alamnmm® + al@*ndatdal @

ag Tty

+ dagledm ot +euln?) )=+ dul}

c(rty) = -\/—6,/Z+Z,,ZP[(m4 + my) co’s>¢>+ (md — my,)sin ¢),
ca(_;”+’7) =~ /Z+Z,,Z¢‘[ﬁ(na/-,, + Kan) + cos @K ],
ca(7tn) = /ZyZyZrrycos g, a
1
ca(nrt) = v Z+anrﬁ(""an + Kan)-

Where cos ¢ = (3+ lﬁ)l/ 2 is the #%-7 mixing parameter in the model,

(= mz-m" Z,=(1- Mj;, |I€’+ [?)‘1 is the charged pion renormalization

puprey 1)

1from here m, and my denote the constituent quark masses
%in the leading approximation on light quark mass difference
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parameter and k4 = ———"%f# is the axial-vector shift parameter. Z, =

(1- Alzolhanlz Wgo[hd,,! - is the np-meson renormalization parameter

: 3 -
and the neutral axial- meson slnft parameters are g, = ——\/—:%;%—M
D

. &
and Kan = \/—mu(‘;‘;i +Slﬂ0)

For calculatlons we need to determine three parameters go> M and
my. We use g, = 3. 6 which gives good width T'(r — vp). There are
- two possible choices of the light quark masses in the model. First, where
my, = 280 MeV and my differs from that value by 5 MeV, so my =
285 MeV [9], and second, where m, is about 320 MeV {10] and here we
hold the same mass difference 5 MeV. For other partlcle masses we use
- .the experimentally obtained values ;
The formulae above allow us to calculate w 1dths of the decays p — =
and ag — 77. The amplitudes are:

(7)) — clnx ‘
—gpfi(Pg) (7*q) - c(nr )

T(P—’T”I): (Pr— ) .

T(ag — ) = [C2(7-"+77) - CB(NTU)(PWPT)) (4)
+ c(xt )(prpao) + cs(n7F ) (PaoPy)]-

Some of the obtamed results are glven in Table 1. The decay ag — 79
is calculated in the SU(2) limit. The experimental value for the decay
ao — 7 is (0.057 £0.011) GeV [7]. :

There are two weak vertices (Flg 1) contrlbutlng to the decay 7 —
vrn in the model after the fulﬁlled transformations. The first one is
the well-known vertex [8] including vector meson — 77 v, p* (Fig.la).
The second one (Fig.1b) is the result of ¢V-mixing — 7 uraao (full dot
denotes o V-transition). |

The full weak Lagrangian could be written in the form:

' m2 .
2 Lyeak = G cos b, —g—-—ur vu(l = v5)7 [p} + /f,-,Zl/26-a§] + hic., (5)

p

k where Z =(1- 2]Implz) Vis the scalar ﬁeld renormahzatlon param-

eter, £, = z?-—;-}& Is. the vector shift _parameter. -

3my, = 1.260 GeV and others from [7]
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Table 1: Calculated widths (all in GeV)

my ma | P(p— 7n) | (a0 — m1)
0.280 | 0.283 | 0.22:1077

0.285 | 2.28:1077 | * 0.48

0.287 | 6531077 | =
0.320 | 0.322 | 0.07-1077

0.325 | 2.32-1077 0.82

0.327 7781077

T’ o NN o
Fig.la ‘ -~ Fig.1b

1

Flgure 1: Dlagrams contnbutlng to T — 1/7r17 ‘

Using the first part of (5) we obtained the w1dth of p productlon
in the weak 7 decay: I'(r — vp) = 0.50 - 10732GeV/; or the-branching
ratio Br(r — vp) = 0.23, while the experimental data is equal to (.49 £
.01) - 10712GeV [7]. : :

The second term in (5) gives the width of a¢ production in the weak
7 decay. For the light quark mass difference equal to 5 MeV we obtain:

2
G? cos? 33

, |
_ oMoy 4 m 1=164
§n g2 72(md m,)’ (‘1v+2m2)__1.7 107'°GeV,

I'(r - vag) =

or the branching ratio equal to Br(r — z/ao) = 8 10-S.
The width of the decay 7 — vap strongly depends on the light quark
mass difference and can be used for its experimental determination. -
Now let us consider the decay 7 — vxy. The amplitude of the decay .



can be expressed in the form

T(r — van) = —%—— cos 0.v,(1 + 7s) ’Yu"'{f+ " +f—(q “}’ (6)

where p = p_ — po, ¢ = p- + po and p_, po are the momenta of the
charged pion and neutral n-meson (m} = m2 = pt and m2 = m2 = p?).
Two formfactors f;(q2), f-(¢*) are determmed by common contrlbutlon
of weak and strong vertices.

, ) .
m .
f+ q2—_!7‘nTV(C(7f+77) - (7)), (M)
m2 —m? '
fo = ——="fr = (cz*n) + c(n7)) (8)
my
—9k. 72 mj T (ao — 1) .
T g —mi g,
Here squared masses of intermediate mesons are complex quantities
m?% = m? — im,[y, m2 = m2 — img,[a,, and m}, T, m3 , Tq, are

experimentally determmed values [7]-

The total widths, I, branching ratios, Br, contrlbutlons from f,-
proportional term, I'(f;), and f_-proportional term, ['(f-), contribu-
tions from p-meson, I'(p), and ag-meson, I'(ao), intermediate states and
the expected number of useful events per year, N, are collected in Table 2.

We used-the input value of planned 2 - 107 r-pairs per year and the
total r-decay width equal to 0.2 - 1071 GeV [7].
So, the width of the decay 7 — vwn due to isospin violation in the
first class currents is about 2 - 1077 GeV.
The f_-formfactor contribution dominates due to existence of the

scalar intermediate meson ag. 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 7 — vwy decays per year at a cr-factory.

If the registered number of the decays 7 — vxy will appear strongly
different from the values calculated above, then one could speak about
registration of the second class currents.

The author is sincerely grateful to Dr A.A.Osipov and Dr Yu.P.Ivanov
for their support and fruitful discussions.
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Table 2: Calculated values (m GeV)

(mu, ma) | (0.280, 0.283) | (0.280, 0.285) | (0.280, 0.287) | (0.320, 0.325)

(fy) | 0.025-1077 | 0.263-10-"" | 0.738 -10~'7 | 0.258 -10-17
() | 05751077 | 1639 10777 | 342110717 | 2718 10-17
r(p) | 0022107 | 0.307-10-17 '.‘0.9,3;)‘"-‘1"(:);‘;7 0.354 10-7
I(a) | 0.626-1077 | 1.763.-10717 | 3.500 1017 | 3.031 10717

r 0.581 -10~7 | 1.600 -10~'7 | 3.255 .10"'7 ,5.697-10-”

Br ‘0.29 -10-3 0.83 :10~° |* 1.63-10-5" | 1.35-10-5"

N - 58 166 326 | 1210
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»BGAHﬂKOB B A.
, O HapyuweH1n- G quHocrm B pacnaae T vnn

{,E2~92—168r”

"Ha OCHOBe nocneaoeaTeanoro yqua 3¢¢eKToe Hapywe—

'HUR N30TOMMYECKON CUMMETPUN B ¢eHomeHonormquKom KBap- -
* KOBOW MOAenM BbIMUCNEHb! XapaKTepUCTUKN 3anpeweHHOro -
' 32KOHOM coxpaHeHus G-4eTHOCTU pacnaga t > vmn. UsyueHa -

porib BEKTOPHOT 0" U CKanapHOro npomemyTquux'COCTonHmﬁ.

~ WccneposaHHblii MexaHnaM asnseTca "doHoseM" npu noucke

BO3MOHHHX ﬂpOﬂBﬂEHMM TOKOB BTOpOro-poaa B pacnaje -

1t vun. Mpn MHTeHCMBHOCTﬂX ‘ct-pabpuk 3a cyet HapyweHmn

N30TONUYeCKOR CUMMeTpUA’ cneayeT ommaaTb oxono 200 pac-

nap.oe T, > vm] B rop,

Pa60Ta eunonHeHa B. ﬂaﬁopaTopmm ﬂﬂepHHX npoﬁneM OMHMQ

. Ipenpuut OfbeRMHEHHOrO, MHCTUTYTa SIEPHBIX HCCaeoBanuit. Jly6ua 1992

¢;Bednyakov V. A , I A
| About G-Parity. V1o]at1on ,f';;j T
- in 1t > vun Decay = G SR

7 E2-92-168 |

" The character1st1cs of the G par1ty forb1dden Vf
T+ vmn decay were calculated. in the phenomenological

‘quark model with allowance:for isospin symmetry viola-
.| tion. Contributions of vector and scalar ‘intermediate.
| states to the decay width were studied. The - 1nvest1ga—

~ ted mechanism is a background for search1ng for the

second class current in the decay t » vmn. The back-

| - ground shou]d be about 200 events per year at the
‘cr factory 2

The 1nvest1gat1on has been performed at the Labora—v

| tory of Nuclear- Prob]ems CJINR.
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