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The extended Qabibbo current in a six quark gauge model is

obtained in terms of Eulerian angles ec, ¢ and ¢ which are func-

tions of quark mass ratios and phases in the quark mass matrices.

Particular attention is payed to arbitrary phases that lead to

CP yiolation. In the limit mu/mc-.O there -is no CP violation

for]ASj= Iyprocesses. “ Some phenomenological results -of the model

are discussed.
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. Recently several authors have computed the Cabibbo angle in terms of

quark mass ratios for gauge models supplemented by various discrete symmetries.
It now appears relevant to extend such models to incorporate the effects(of
heavier quarks (t or b) suggested by the discovery of the X(9.5 GeV).5 In
this note we presgnt an extended Cabibbo current in a six quark SU(Z)L xSU’(2)R

X U(l) gauge model which depends on Eulerian angles Gc, @, and {. Our purpose

.. 1s to express the CP violation and Eulerian angles in terms of quark mass

ratios and phases which appear in the quark mass matrix. CP invariance is

violated for{Ad=1 processes due to a phase difference between the left- and
right-handed currents. Some phenomenological consequences of the present model

are discussed.

A general quark mass matrix can be generated by a quark-Higgs Yukawa

interaction of the form

H 2 94 Qia Biy Q; +he.

d l,. | s | 9

where the Higgs scalars ¢ij transform as (3,5,0). The QIL~R represent the

quark doublets Q;; o = (ug,d )y p» Qg = (cg8,)y ¢ and Qp,r = (Eo0Po) r

The coupling constants gij are taken to be real so that CP invariance is

violated spontaneously. Parity violation is due to the inequality of the left-

and right-handed intermediate boson masses MWL'<MWR' We require that the inter-

.r

action be invariant under left-right symmetry QiL R_'QiR L’ ¢ij"¢ij

and further

require invariance under the following diséreté symmetry:

Qu=> 4 Qi Q-+ Qr, Qi,re Q31 R ) o,
u"" 1l - ¢22'H ¢33', 4’)""'4>;3 *J) 2).

This discrete symmetry is one of the simplest for left-right symmetric models

if one .requires the GIM-mechanlsm6 for the case M, t»mu 4,s,c and further
o e

requires that mixing angles be expressible in terms of quark mass ratios and

phases.




After spontaneous 'symmetry breaking, the -quark mass terms can be written in

-0 o
the form i§1 ) WiR.mi_ WlL + h.c., where WIL R- = (u ?c ,to)L R s
Va1 R = (ge855P0)y g and »
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"~ The quantiries €;s Bi’ bi’ 61 and Yi are real and are determined by the
.Higgs potentialk which we do not discuss here. - Since the vacuum expectation
value of one of the Higgs scalars can be chosen to be real, we take ﬁi to

 be real without loss of generallty. The mass eigenstates are expressible in

_terms of the or1g1na1 states by a bl-unltary transformat10n7 as qr
) PT VT q; R’ 1]! = PT UT \lf The unitary matrix U is approximated to order
i/bi_ end~ Bi/bi because of the. relation mt,B >> mu,d;s, and is given by
8 NS -i(8-%
cosee s ' Sn\e.e , _ (5/b)e ‘ \")
- 4 - (%)
oy .- _i¥2
-(e/b/ cosee -(efb)sinee e

where the Subscrlpts are suppressed The unitary matrix V is given’ by -V=U*K
where the diagonal matrix K with elements Kll = -K22=-K33= -1 makes the masses
of the u-quark<and d-quark positive. The angle Gi is given by

)

1'an 26‘ = 26,:/{3‘: , fa,n Q, = mu/mc ,'Td‘nzﬁz = mJ/'"\s',

o e
€, = (MuMe) f

€2=tmdm)™ | byzm, | by=m,.
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The diagonal phase matrices Pi

will be chosen so that there are no relative -
phases in the u, d, s, ¢ sector of the left-handed weak current.

When expressed in terms of the mass eigenstates, the extended left-handed

Cabibbo current J takes the form

bL |
. —0 o — .
J;‘L = W"- ’Kf‘lyzt = II{L PL?S/*IVZ-.L,
where7
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The Eulerian angles Sc; ¢ and | in FE are expressed in terms ‘of the quark
mass ratios and the phases § and Yy with the aid of Eq.(5). The phase 6c
1

2

parametrizes the CP violation. TIf tane1 = (mu/n%)%<K:tan62 = (md/ms) ,

then 6c ~ 0, so that CP violétioﬁ'is suppressed in the left-handed weak

L




current. The Cabibbo angle e ranges from 6 min= 92- 91 to ec max 62+91 :

as § varies from 0 to m. If we take the quark mass ratlos m /mc = 1/320 and .

md/ms=1/20.5 as'given lnRef.l, ecmin= 9.2°, ecmax= 15.7°. It is‘int_eresting

to observe that ec = 12.8° for & = m/2, which is close to the experimental

value ec = 13°. A rsugh estimate of the brder of the magnitudes of the other

. . . 4 9 3
angles is Icpl zlxlfl ~10 1 rad, with the masses (MeV) mu ~my ~10, m ~10 » m ~10

mbz5X103<m )

The right-handed Cablbbo current is given by

o Vot ¥ - w.ar
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~ where

re va PKuuK—(P)kP“K(P)

s0 that.F is expressible in terms of F In view of the fact that the right-
~ 2

handed current interaction is suppressed by a factor (MWL/MWR> relative to the

left handed current 1nteract10n, F is presented only to the zeroth-order in o

and y.
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The Cabibbo angle for the'right-handed current has the opposite sign to that

of the left-handed current in the u, d, e', s sect;or.. CP-invariance is.violated ‘
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for |AS| = 1 nonleptonic decays: CP-violation K - 2m decay amplitudes satisfy9’10

T]_'__ =~noo and are giveﬁ by

"17,,_‘| ~ 2 ,Asin[Z'(S".‘?i‘-is):” (M, /M;.,.t)2 L

In the limit 9_1 = 0, ec 92 and there is no CP-violation by the right-handed

current sincg éc =E+8§=0and 1= 0 [see Eq.(7)]. As 61'= tan-l(mu/mc)% is

. .. - A N
much smaller than 62 = tan l(md/ms)z, Eq.(10) can be written with the aid of (7)

| 'v_,__l -~ 4,$i'n S/( Si‘nec COSGIc)I (m u/?ﬁc)‘l'z (MwL/Mwn).z (11)

Therefore,l't'heA data I"T]_*__l ~ 2 X 10‘-3 snztggests Ehat MWR/MW'L S 22. In the same
approximation, the CP-violating amplitude for the IASI = 1 process mediated by
thf_a left-handed current is given by Zkgsin(g +MN+8) and is negligible. :

A %ew”rémarks arle 1n order in ;ggar& to the weak ‘intérafct:.ion of b- -and
‘t‘-quaer:ks‘ in this‘ model. We é.ssume m < m_, thgn the weak decay of the b-quark
1s extrémely slow due t':;')_‘the.milliweak r‘la_ture'. of its intg;‘actior_l, i:‘(bau K. y)/

AP(u,-—»é \)'\3):3 k2<—m£>5 ~ 164 or 'f'(bauu 35 ~ 10-10 sec for m z‘4‘.5 Gev.l When
“ the b-qﬁéfk de.'t:az}sk, if goes int:o. 'the u-quark But noi: into tﬁé c-quark, and the
dominant t-quark decay is into tﬁe b-quark, so t—-b—-u. The resulting'dominant

non-leptonic quark decay modes are b—-u+u+d, ‘u+T+s and t—-b+u +d, b+c +5.

CP-violation is present in the t —b processes,
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Production of a b- or a t=quark in the v(V)-induced reaction is severely
suppressed by a factor k2. Predictions resulting from our extended Cabibbo
current can be tested by examining the decays of hadrons with b- and t-quark
flavors. |

‘The model discussed above is easiiy extended to leptons with the assign-
ment wl = (ve,vu,vT) and ¥y = (e,H,T). .The assumption,m\)e = 0 and mvu #0,
leads to the prediction that CP is invariant for left-handed leptonic current,
and also in the eM-sector for right-handed current. CP is violated in T-decay
Yia the right-handed interaction, which is suppressed by a facfor (FhL/P%R)Z
relative to the CP-conserving left-handed interactionms.

A remark on the discrete symmetry (2) is in order here, Tﬁé,fact that

a reasonable value of GL emeérges in the u,d,s,c sector is a reflection of the'
discrete symmetry that requires gll=0, Further requirements, left-right
symmetry, the(SIM-mechanism,6 and that the ‘Eulerian angles be expressible in

terms of quark mass ratios and phases lead to the symmetry (2), Left-right

symmetry requires
4

o 0 € ¢
M=1¢ e ¢ |
| e ¢ b

Since we requireAthat all mixing angles are expressible in terms of mass ratios
and phases there must be only three free parameters, Reduction of free para-
meters is achieved by imposing the Q2L 5%9 Q3L R symmetr%‘- Among - the resulting
three possible cases, (i) €.= 6l, E”=,O, (33‘ b, (ii) € = f,,‘ 6”# 0; P.= b,
and (iii) € # G’ ) 6,/= 0, p= b, "only (i} is compatible with the GTM-

mechanism for the u,d,s,c sector in the limit m S m . - It would be
b,t U,d'S)C ’

of interest to check the observable consequences of the extended Cabibbo current

resulting from the symmetry above.
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