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1 , INTRODUCTION 

At the present ·time the theory of electrowcak int.<'ractious has the stat. us 
of a theory which is c~mfirmed with a high clegre<' of precision. However, 
some experimental results (the existence of quark ancl of lrpt.on families, 
etc.) did not get any explanation in the framevmrk of t.he t.hPory. Om• 
such part of the electroweak theory is the ex'ist.PIH'<' of qmirk mi,xiug 
which is introduced by the Cabibbo-Kobaya.shi-r.Iaskawa mat.rin•s (i.e• .. 
these matrices are used for parametrization of the quark mixing). 

In previous works [1] a dynamical n1edumism of quark mixing hy 
tlH~ use of four doublets of massive V<'ctor carric•rs of W<'ak iutc•ractiou 
n±, c±, D±, E± was proposed. 

In this ,\:ork in continuation of [1] a dyumuicalBH'chauism of quark 
and lepton mixing including CP-violatiou hy usiu)!; four (lonhkts of 
massive vector carriers of tli<' weak iutc•ractiou n±. C±. D±. £± · iu the· 
quark sector and xr-, Xf' X:f. xt in t l!C' Jc.pton Sl'ctor an· sngge•stc•cl, 
i.e., expansion of the el<-ctrmvc•ak the·or,v at a tn·e· !Pvl'l is Jn·oposl'el. 
Then together with the lV±, Z 0 hosous t he•n• arisl' a pair of four don-. 
hll't.s of massivc· V!'ctor carriC'rs of t he• Wl'ak 'iutc·ract iou n±. c±. D±. £±. 
Xt, Xf, Xf. X.f l<·adiug to t llP quark fmuiliPs a,wl kptou· familie·s lllix- . 
itig. An <;~tim;ltiou of tlH' hosou Iwtssc•s is p<:rfe;mwd. Th;··qnasi-dastic 
pro('(•sses proc·eeeling th~·ongh'au c•xchall)!;P of t lw hoso!ls awl thc• pro-
clu(·tioll cross sPctioHs an• givi•u. . 

2 QUARK SECTOR 

Ill this sPctioll the· transitions h<'twe·Pu tllf' quark fmuilies are consid- . 
('l'('d. 

a) Dynamical Analogy of the CabibQo-Kobayashi-Maskawa 
Matrices 

Now let- us go on to generalization of the work [1], which includes 
C ?-violation. ' 
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In the case of three families of quarks 'the cur;eilt · Jl1 has the fol-' 

lowing form: 
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where· Vi~- the Kobayashi-1v1askawa matrix-[2]. 

\Ve shall choose a parametrization of the matrix Y in the fon~1 offered 
by Maiani [3]: 
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c8 = cos(}, so = sin(}, exp( io) =.cos t5 + i sin 8: (2) 

To the non~liagoiml terms ( which are responsible for mi~ing of the 
d, s, b quarks and CP-violation in. the three matrices) in (2) 'veshall 
make correspond four doublet's of vector boso1~s B±, (:•±, D±, E± · ( '~e 
will suppose that the real part Re( StJ exp(i8)) :::::: SiJ ~os 8 corresponds 
to the vector boson c± ' and the imaginary part Irn ( s !3 exp( i8)) = 
s !3 sinD corresponds to the vector boson E± (the couple_ constant of E 
is an imaginary value !) ) whose contributions are paramettized by four 
angles -0, (3, ~f, 8 . Then, when q2 < < mrv , we get 
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If 9B*- ~ gc± ~ 9D*- ~ 9E*- ~ giv± ,: then 
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Concerning the neutral vector hosons B 0 ,·c·o. Dh. £ 0. thP ~H·nt.n~i 
scalar bosons B'0 ' c'0 ' D'0 , E'0and th(' GI11 mechanism [4] 'V(' can n·­
peat the same arguments as wen• givPn in tll<'. fm•Yi;ms wc>rk [1]. · 

The proposed Lagrangian for expansion of thC' m•ak int(•rad.iou 
theory (without. CP-violat.ion) has t.li.P foll~nving form: 

L;,1 = .i'Lg;(.Ti·~'.-1:, +(·.c.). . (5r 

whPrP Ji.n = !f;.c/'T:.p;J,• \, ),, 

T = ( ~1 ~ )·: 

. i=1 i=2 i=3 

l/';L= '(. U.) .-(·1/.) ':.(C)~ ' c t·· . t. 
L L L 

i=1 i=2 i=3 .. 
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The weak interaction carriers A~, which are responsible for the 
weak transitions between different quark families, are connected with 
the B, C, D bosons in the following manner: 

A~--+ B;,A!--+ c;,A!--+ D;. (6) 

b) Reactions Proceeding through the B±, c±, D±, E± Bosons 
and Estimation of their Masses . ' : 

.v' 

The reactions with substitutions d ~ s, d ~ b, s ~ b proceed via 
the B±, c±, D±; E± bosons. Besides the decays of leptons and h~drons, 
the following quas~-elastic reactions proceed through exchange of the 
bosons: 

B B + a) u + d--+ u + s, p + p--+ p + :E , 

u(u) + s(s) ~ v;(D;) + e;(e;), i = e, {t, r, 
> • \' ' 

v;(v;) + ·e;(e;) ~ u(u) + s(s); 

b) u+d~u+b, p+p~p+:E+(qb), .. (7) 

u(u) + b(b) ~ T~;(v;) + e;(e;), 

v;(v;) + e;(e;) ~ t~(u) +.b(b); 

c) c+s ~ c+b, 

c(c) + b(b) ~ v;(v;) + e;(e;),, 

v;(v;) + e;(e;) ~ c(~) + b(b);· 

d) through E boson will go the following reactions with CP-violation: 

Kf ~ 1(2 ,Bf ~ B2 · · · etc. 
· Let us estimate t.he masses of the B±, C±, D±, E± bosons. For this 
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purpose we shall use'the data froni [5] and eqilation· (4): 

1) tg(} ~ 0.218 + 0.224, 

mB± ~ 169.5 + 171.8 GeV; 

2) tg{J~ 0.032 + 0.054, {8) 

me±'~ 345.2-;:- 448.4 GeV; 

3) tg'Y ~ 0.002 + 0.007, 

mv± ~ 958.8+ 1794 GeV; 

4) tg6 ~ 0.00036 + 0.00037, 

m~~·~ 4170+4230 GeV. 
·~; 

c) ,t\n Esti~atio~ ofthe Production Cros~ Sections of the 
Vector Bosons · · · · · : ·; 

For estimation of the :production cross s~ct;ions ~f the vect~r b~sons 
s±, c±, D±, E± at, resonanc~ in pp reaction we can use a standard 
for~~i{[6]'{.(}w ~gx)~ · .. · -:. ' · ;.. ·'·, .· . "" : ' 

· ·;·CTx = 471"\rx )Br(X ~ qij)Br(X --+ J) 
3s mx .·. . . · 

:i· 
", ~ 

. j j dxtdx2t~;(x!)uk(a:2)8(x1x2- AJ.Us), (9) 

where s = (pp +.Pv)2 , Br( . , . ) is branching mode probability, u;(x) 
are quark structure function;'>, i = u, d, s ,quarks, mx is the mass of the 
vector boson X, X = B, c, D, E is boson, r X is total width of the 

vector boson X. 
Using expression (9) at energy E = 1.8 TeV (FNAL), we obtain the 

following values for production cross sections of B± boson at resonance: 

- B . . . . 
CT( ud --+ all) ~ 245pb, · 

~(~cT ~ ev) ~ 20pb, (10) 
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in this case we have used quark structure functions of tt, d quarks from [7); ' ' . . '. . ' . .. . . . . . 

u( us ~ all) ~ 1.6pb, 

u( us ~ eii) ~ 0.64pb, ·. (11) 
in this case we have used the u, s quark structure functions-from [8). 

-~' 

3 THE LEPTON SECTOR 

Weak interactions of quarks and· leptons have essential distinctions. At 
the weak interaction of the quarks fron~ on~ and the ~arne family, the 
aromatic numbers are changed, while at the weak interaction of the lep­
tons from the same family the lepton number is conserve~l. .In spite of 
such distinctions we can use the ahove-suggestnr approach to describe 
transitions between different lcp'tmi families \vithottt conservatioils of 
lepton numbers. · ·. ·· 
Let us pass on to de~<>cription of these transitions. 

a) Dynamical Analogy of the Cabibbo~Kobayashi-Maskawa 
Matrice~ · 

In this section transitions het\W'<'n diffen•nt'l<'Jlton families an• nni­
sidered. In the' case of t.lm'<' families of kptons the <'11lT<'nt jl' has th~· 
following form: 

( (' ) ·p - - - ,. ?I J = ,(1/e1/11 1/r)L') l · Jl __ 

. T L 

. (·l·~e l·~l' l';r ) 
V 1 = , _l1;;e l';;,, l·~,r ·. •, 

l . ,. .. l"' 1re lTJl 'rr 

(12) 

· .. 

where V 1 is an analogy of the Cabibbo-Kobayashi-1\Iaskawa matrices 
for leptons. For this case we also choose a parametrization of the matrix 
v~ in the form offered by :Ma.iatii (2): 
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, ·• _ ( 1 0 0. ) ( · c13,' : ·. q s13, exp( -i8
1

) ) ( co' . so' 0 ) 
V = · 0 0' s-r · 0 1 · 0 . -so' co' 0 , 

· 0 -s-r 0' -;Sf3' exp( i81
) 0 Cf3' 0 0 1 

- C()' ='= cos iJ'' S()' ::;; ~in 01 ,exp( ib1
) = cos 81 + i sinb1 ~ '( 13) . 

To th~ ~ondiagomtl.ter~s ( which· are resp~t1sihl~ for mixing of die 
ve, v,., vr ,leptons and CP-violation in .. the thre~ matric~s) il~(13)'we 
shall.makJ correspond four doi1bh~ts of the vectm hosoiis X[, .Yt, xt, X[ 
(as in, th~. above-consid~red' q'uarl~ case; ,we 'vill_· Sll Pi)OSC t.hat. the. r~al 
part Re(s/3' exp(ib')) = Sf3' c:6s8' c~r~esporids to tll.e'v(•ctorlwsolt xt, 
and the imaginary part Im(s/3' exp(i8')) = StJ' sin b' <'OlT<'sponds to the 
vector boson X[ (the couple constant oLY4• is \im imaginary value. ! ) ) 
whose contributions are parametrized by four <m~ks (}'. ;)'. 1', f/ . Then, 

when q2 < < m?r , we get( ii1 this case tlw angiPs (}' . .31
• 1', t/ are V<'ry 

small and therefore we will change the function tg on sin: 
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. 2 
sin/51 !:::::!. mw - -2··. 

7nx4 
.. (15) 

. . ' 

In the considered approach the neutral bosons · xp, xg, xg, X2 may 
·appear together with X[, Xi=, Xi=, Xt'. It is clear that (by analogy with 
the w±' Z 0 bosons) masses of xp' xg' xg' xg must be bigger than the 
corresponding mass~s of X[, Xf; Xt, Xj= . ·. . . . . . . 

', .• I ,. ' •'. t · ' . >. • : ' '. '. ~ ' ' 

.The Lagrangian of.the .expandeq."theory of the wmik h~te~·action 
(•vithout CP-violation.) for the lepton.sectorhas the same form a8 for 
the quark Lagrangia~ L;~t (5), •vhere the foll~•~ing ~ubstit'11tion is made: 

•. ; ' ' ' ' •' • ~ - , c • ' T • ' ' 

. ~ ' 

'. 
'l.t -t: 1/e, . C -t 7//Jl f -t ~T) 

d -t e~, 's -t p-·, b ~· r-~ 
. I 

(16) 

b) Reactions Proceeding through the Bosons Xr,X2,X3,X4 
and Estimation of their Masses 

The transitions between le t-t z,"zJ.l t-t'ln le t-t lT (l is 1/ or charged 
lepton) with violations of lepton numbers will proceed via the bosons 

. X[' xt-' xt' xt. Besides the de~ays of the leptons (p, r, 1/1" 1/T) 

j.t-~ 1/e(e-iie), 

T- ~ Vr(Jl-iiJJ), 

T- ~ Vr(e-iie), 

(17) 

the, following reactions will take place through the neutral bosons: 

xo 
J.t- ~ e-(e+e-, iiev;), 

r- xg p-(e+e-), 

- xg -( - +) r ---te ee. 

8 

Besides the decays of. the leptons ·/.t, r, vJJ, Vi the reverse "reactions 
will also take place through these ,bosons: .. · · · 

iie+e:...·~,';J~fe-, 1/e+P Xt ~JJ+p, 

iie'+e~ ~3 ii~+e-, ve+p~vr-f-P, 
~ +. :_ ·x2 _ +. - . 1/J.l J.L ---t 1/1' ft '. 

iie + e- Xt iie .+ j.t-, 
_ + - x3 '- + . Ve .. e ·~ Ve r_, 

iiJJ +.tt._ x 2 ii1, + r-. 

<~ 

. (18) 

. ' . .. •, - '· . 
The reactions with CP-violation will go through the bosons X 4 : 

'. '- . . . ' . ~. . . '. . 

v;- Vj(i =/= j; i,j '= e, J.t, r) .. · :(19) 

Let us estii:nate the masses of the X bosons. For this purpose. we 
will use data from· (5) and eqitation (15). . · .· · · 

a) From the upper limit f~r the proce~~ ~~+ ~ e+e-e+ weg~t 
• • ·~r 

' 4 • 
mw. ' 4 o-12. . 3 
- 4- < 2. 1 · or mxo > 10 mw; 
mxo t. 

1 

(20) 

b) from the.upper limit for the process r-::- ---t J.t-'ft+Jt- we get 
. 4 . . 
mw -5 -t 

· - 4- < 2.7 10 or mxo.? 26mw. 
mxo 2 

2. 

(21) 

It is obvious that the masses of X1. X 2 are. not bigger than the 
masses of xp' xg; i( they exist. 

4 . CONCLUSION· 

A dynamical analogy of the Cabibbo-Kobayashi-!vlaskawa matrices (in­
cluding CP-violation), i.e.·a phenomenological expansion ofthe weak 
interaction theory working at a tree level,' is proposed. For this purpose 
four doublets of :vector bosons B±; C±, D±, E± fo'r the quark sector and 
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four doublets of vector bosons X[, Xi=; X§', xt for the lepton sector 
are introduced. Lagrangians of these expansions are given~ Estimation 
of their masses (mn ~ 170 GeV, me~ ~45 GeV, mv ~ 1000 G~V, 
mE~ 4200 GeV) is calculated. The quasi-elastic reactions proceeding 
through the exchange of_ these bosons are listed. The estimation of the 
production cross section for energy E = 1.8 Te v (FNAL) and decay 
widths of B boson is given. · 
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