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THE VECTOR AND AXIAL-VECTOR DOMINANCE
OF WEAK INTERACTIONS

M.K.Volkov, M.Nagy*, A.A.Osipov

The problem of the vector and axial-vector dominance of weak in-
teractions in the framework of the quark model of superconduct1v1ty
type is discussed.

The investigation has been performed at the Laboratory of Theo-
retical Physics, JINR.
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Pa6ota BoimonHeHa B JlaGopatopum Teoperudeckoit dusuxn OUAN.

The question how to include the weak interactions into the quark
model of superconductivity type (QMST) /1/ has been discussed in pa-
pers /2. 3/ Here we would like to give the final variant of such an inclu-
sion. It will be slightly different from the results, obtained in that part

of’% , where the interaction of axial-vector mesons with W-boson
was described. If one uses the approximative mass formula m?2 -m%+6m2
which takes place in our model, the results 73/ will coincide Wlth those,
obtained in this article. However, for the concrete physical calculations
it is better to use the last variant, as a more exact one.

After these general remarks let us overcome to the derivation of
formulae, describing the vector and axial-vector dominance in QMST.
At the beginning we write the Lagrangian, describing in the framework
of our model the interaction of mesons with quarks

~ . & = 2
Lst=Q[ia—M+g(;+i-y5¢)+—-§-—(V+-y5A)]q—
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where q=(u,d,s) are the quark fields with three colours; 9 = i-Yﬂa ;
M = diag (m,, My , Mg ) is the constituent quark mass matrix; O, ¢a R
Va" and A’; are the scalar, pseudoscalar, vector and axial-vector mesons,
respectively; a=a, X (0 <ax 8), A% are the Gell-Mann matrices;
8 =V 6gis the constant of decay p- 27, (gf,./ 47~ 3) .The constant
G1 and G2 can be determined from the mass spectrum of pseudoscalar
and vector mesons: G;=4.9 (GeV)~2 and G, =16 (GeV) -2 /1/

From (1) one can obtain the following (necessary for the further
investigations) part of *’strong” Lagrangian:

g . .
L7, =i\/§gq.y5nfr+q+-£_’2;_-q(p+ +»y5a1+) r+q+g‘pF‘”ZaL‘0#n“+ h.c.-

(2)

1.+ - + - . 2.+ - .2 .+ -
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z(puvpuv al#valuv)+mppupu+ma1 VTR VT

where F, =93 MeV is the pion decay constant. The factor Z can be ex-
pressed in terms of physical quantities as follows

- 8m® g, F. o
z7' (- 2“)=-;..[1+\/1-( ”2”) 1, (3)
mal !11‘ll

where m, is the mass of the a,-meson. The mass of u-quark is given by
the formula

2
my 2g F 2
m§= 1 [1-/1-( 2.7 Y (4)
12 m2
a

i

and for my, =1200 MeV we have m ,~300 MeV.

Further let us investigate the interaction of the electroweak gauge
boson W with quarks and leptons. We write the “weak” Lagrangian in
the next form:

(+)

p +hee d-

K -2 (+) 5 m(=)
L.=- __{qW (1 -y )r+q+f i}

2yv2
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Ll wOevg (H) pew (=) g (+)
2w ww +MoW wu , (5)

where

R A € A LT TRl SO PPy CR
. . . =pv )
is the lepton current, Wu is the vector boson with the mass MW Wpl v
is the kinetic form of W-boson and « is a weak constant.

The Lagrangians (2) and (5) lead to an appearance of the diagrams
depicted in the Figure, corresponding to the nondiagonal terms in

K [y - #V+ - 2 L+
AL:——2—F"ZW a“ﬂ + [ (p V)—12muw alu]+h.00
P (6)
wi pt wi ol wt _ Qwt
— O =D+ — D
Figure

At the evaluation of the divergent diagramsinthe Figure, we used the re-
lation /1/

K 2_ 2
=(4I)'”2, {8 _ [ atq 0(A” -q )' )
(2m)t (m? -q?)2

where at the regularization of divergent integral, playing an important
role at the description of quark loops, we used the cut-off parameter A.
This parameter bounds the region, where the spontaneous breakmg of
chiral symmetry takes place 71/

We perform the diagonalization of kinetic terms by taking the
new variables:

+ * K + K +
pr=pti L wt,; a* =a’%; wE, (8)

This procedure eliminates the vertices from the LagrangiansL , and
AL, describing the interaction of the W-boson with quark fields, as well
as the nondiagonal terms WH* a n- The nondiagonal terms with deri-
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vations are replaced by the similar terms without derivations and the to-
tal Lagrangian will have the form

L-L,, -%w")“"w(”mg W ),

uv L u
9
m2 . ©)
K Syt — . 1 oo+ - __K w(=)w+
+ 5e [meupu+-——z Wuam+h.c.] 2\/?[2 Wu+h.c.].
p

In the limit of large masses M, the Lagrangian L can be rewritten in the
expression

2
G_cos 8 m
w c ’-‘(_) 2 + 3.1 + 10
w g_p -t (mpp“-q- Z alu)+h.0. (10)

Here 6, is the Cabbibo angle. The vector and axial-vector dominance of
weak interactions in QMST has been firstly discussed in papers 72.3/
In’/3 the factor m? (p* + a* ) hasbeen obtained instead of that one in
(9), i.e. the Lagrangian in /% has the form

G_cosf,. m? -
L,-—2 "t 2 ¢ (p*iat ) ine (10a)
g, wo lp

One can rewrite the Lagrangian (10) into the form (10a) by using the

mass formula mi =m%+6 mi and (8), defined in our model
6m?
2 _+ u 2 _+ 2, + +
m 1 -c—)m a =m a .
p_pu+( o ymy 2y, =Wyl vy,
3

However, because the model formula m?2 =m%+ 8m® leads to the low

value of the mass of the a,-meson (m, = 1100 MeV) it is better to use
the Lagrangian of the form given in (110). We verify it by considering,
e.g., the decay r»va 3 From (10) we get the decay width

2
m, ma'lmr 2 tna'1 2mi
T, =—-[Geosg, ] (1~ Y+ —=) =
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'% Mev (m,, =1285 MeV) 4/ ~ (11)

{3x10—
2.7 x 10~ 10Mev (m, =120 Mev) %/

exp —-10 ,, (/4
[, (s »3m) = (285 £03 £0.34) x 107 Mev ™.

By taking the Lagrangian in the form (10a) we obtain

0.81 x 10" 1%Mev  (m_  =1285 MeV)
1
= (12)
Tova, -10
1.08 x 10 MeV (m, =1200 MeV) .
1
We write also the theoretical result for the decay r-vp:
2
m mm. o m, o 2m T
L., =——[Geosf —2—1 (1-—2)" (1+—2)=4.2x10" 1" Mev, (13)
SVp g, c ) m2 m2
T T

rri"sp =(4.35 +0.4 + 0.53) x 10~ 10 Mev /¥,

There the agreement with the experiment is good. The axial-vector domi-
nance allows to simplify the calculations in. any other processes, e.g., the
decays n-evy 8, nave(fHe7)/7, KU{B/ , ete.

In conclusion let us discuss how todescribe the fundamental de-
cay of pion » ~» ev(uv) by using the Lagrangian (10). The correspond-
ing part of (10) has the form

2
m
ALW=Gwcos6w—g—%—aL Wi -yS e, (10b)

To be able to overcome to the physical fields a i , it is necessary to re-
move the nordiagonal terms in the strong Lagrangian (2). For this pur-
pose it is enough to perform the following transformation of the fields

alu
g F 7Z .
at —at_._2 7 5 %, (14)
in iu m2 3
3

Then one can easily obtain, using (10b) and (14), the Lagrangian describ-
ing the decay »~ -ep
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m? g F .
L. ~-QGecosg[—L_ P "7 _p 18 n*oyt(1-y®) e-=
T sev w °c g 2z 2 Tooa ‘

(15)

=-Gy cos6, F, 3 n*vyh(1-y5)e.

We have demonstrated that the axial vector dominance plays an impor-
tant role at the calculation of weak processes.
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