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CP VIOLATION: THE STANDARD MODEL
AND LEFT-RIGHT SYMMETRIC ELECTROWEAK MODELS

P. Herczeg
Theoretical Division, Los Alamos National Laboratory
Los Alamos, New Mexico B7545

ABSTRACT

We review and discuss CP violation in the minimal standard mod-
el of the electroweak interactions, and in general left-right sym-
metric electroweak models based on the gauge group SU(2); x SU(2)R x
U(l). We point out that in left-right symmetric models the contri-
bution to € due to W -Wy mixing could be as large as the present
experimental limit. Some other effects of W;-Wp mixing are also
considered.

INTRODUCTION

This year is the 20th anniversary of the discovery of CP viola-
tion. CP violation has been found so far only in the neutral kaon
system, and there the only observed effect is a nonzero value!

-3
|€expe| = (228 * 0.05) x 10 b
Re€gype = (1.64 * 0.06) x 1073

2

of the parameter ein/a

[ Jhei— ._' + ——0 2

[Ag = A(KO » 21(1 = 2)), om = mg, = BRg = 2ReA(K? » K9),
m’ § ImA(K? - K°)] involved in K| + 27n decays. New measurements of
the second parameter

e a l e‘“z"‘o"’” Red, (imA, _ ImAy (3)
72 ReA; ReA, ReA,

describing Ky + 2n decays have been reported at this conference.
The present value 163

(€°/€)ygpe = ~0-0046 * 0.0053 £ 0.0023 (4)

(the first error {s statistical, the second one 18 systematic), from
which one can deduce"

-0.0163 ¢ €"/e < 0.0078 (90X C.L.) (3)

The origin of CP viovlation is still unknown. But CP violation
has become less & mystery, since in current theories there are many
possible Bources of CP violation. An {mportant question is whether
the observed CP violation 18 a manitestation of the usual weak



interactions. 1In the first part of this talk I shall review briefly
what one can say at present rzgarding this question. In the rest of
the talk 1 shall discuss CP violation in general left-right symmet-
ric electroweak models based on the gauge group SU(2)y x SU(2)p x
u(l).

CP VIOLATION IN THE MINIMAL STANDARD MODEL

In the wninimal standard model® (the standard model with one
Higgs doublet) there is no CP violation in the Higgs sector, but for
three generations the W-quark couplings 1involve a CP-violating
phese.6 The AS = -1 Hamiltonian in the local limit is of the form

W=l = £[(§ - B) - 1k’ (5, - Bc 00, (6)

wvhere .
Sa,z " ({nYud.EYun)+ + (nYust.EYuysn}+) - (n +2)

Pn,z - ({ﬁvud.EYuvsn)+ + {EYuysd,Ew'un}+ -(n -+ 2) ,

S = 8uc v Kops Po Byt Koy, £ 3268 )¢ e, K = 8+
szc2t3c6/cl, - szc2t355/:1 (s1 Z sin 6,,t; = tan 8,, etc.; 6 is
the CP-violating phase; the quark fields are interacting fields).’
The contributions €gy and €gy of the standard model to € and €’ are
Ergportional to the CP-violating parameter K’ = 6,838 and are given
y
cﬁN/‘expt = (-1/20 /2) |cexpt|-l (ImAg/ReA;) = B.b 8,885 , (7)

€M ™ eiﬂ/a(szsasG] BF(m, s,(s, + 5,¢5)) , (8)

where DB parameterizes the matrix element of the AS = 2 operator and
F is a function of the indicated quantities. The value of B has
been extracted from K + =nn data using PCAC and SU(3) s ymmetry, with
the result B = +).33 (Ref. 9). Equation (8) involves the assumption
that the long-distance contribution to ImA(K? + K9) can be ignored
in the Wu-Yang phase convention. !0 The experimental bound on
b-quark branching ratios BE(h + u)/B(b + ¢c) < 0.05 fixes F to be
positive.ll

The measureu b-lifetime nnd the previous bound on the b-quark
branching ratios set an upper bound on 8,(s, + 53c6) and this
implies an upper bound Fp,, on F (Ref. 12).

One has therefore |s,8465| > |€egpy|/BFp,y, 80 that

lc'mlcexptl ? 8.10 ICKM|/BFNHX . (9)

Let us now assume that the standard model accounts for the
observed CP  violation, 1.e., that €y = €gy;ee  Then (since
Re€gy e > 0) it follows from Eq. (8) that 8,8384 > U, implying that
¢’ /e YH pusitive.!3 Equation (9) now gives a lower bound

¢’ /e > Bob €| /BFg, F (27 /€)nq, : (10)



on € /e.11112+8 (e’/e)_;  1s a decreasing function of m¢. For m; =
150 GeV one obtains (e’/€)py, = 10'3, vhereas m; = 40 GeV corre-
sponds to (€'/€)pqn " I X 102 (see Ref. 8). The experimental
limit (4) requires m, 2 60 GeV (m, 2 35 GeV 1f B = 0.66).

What would one conclude if a future measurement results in a
value of €’/€ that significantly violates the bound (10) for a known
value of m¢? The possibilities include: our methods of calculating
nonleptonic amplitudes are much less reliable than we presently
believe; a fourth quark family may be present; a new interaction
must exist to account for the obrerved CP violation. Note that even
1f the standard model is not fully -esponsible for €expt s it could
still give a sizeable contributioa (oi arbitrary sign) to €’.

Some further consequences of the standard model for CP
violation:

® time-reversal-violating effects in leptonic and semileptonic
processes are absent in first order in the weak interactions;

® the electric dipole moment of the neutron D, is predicted to
be D, = (10729-10"32)ecm (assuming gy = Ceyxpr)e!™ Tt suould be
noted that {f the P,T-violating term in the QCD Lagrangian is
present, D, would receive an additional contribution, which can _Bg
as large as the present experimental limit [(Dp)expe < 4 % 19
(90% C.L.) (Ref. 15)];

® the CP-violating part of the quantity n, (i <1+I-IOIHH|KS)/
<»*»"#20{H |K;> can be shown!® (using PCAC and cCurrent algebra) to
satisfy the relation |ny_g(0) = €| = (2/3) |n g = nggl [My—p(0) 1is
the value of ny_o(s,,s; = 8,,93) at 83 = 5,].

Further CP-violating quantities of interest include the rate
asymnetry A(A) £ (T = T)/(T + T) and the quantity
bg E(a+3)/ (a-a) for A+ pv and A + pn~ decays {a = parity-
violatin as ymmei T parameter), and _the lype Asymmetr
a(t) = (§(1+) -y:?T-)X/(a(tx) + a(t)) for k¥ - ltl!i!pdeca A7 d

The rate asymmetry A(A) can be written generally asl87<0

A(A » pr7) « 2 |A§/A'};| Bin(GI - 53)51“(.1 = ’3)
» (5 % i073)6inCo, - 63 .

vhere A?. Ag are the S-wave amplitudes for the 1 = 1/2 and 1 = 3/2
final states, §,, &, are the corresponding féncl-ltate scattering

phase shifts, ¢,. ¢3 are _the phuses of A% and Az. In the absence of

CP violation A} and Aj are real, aud :nus A(A) = O. Assuming the
dominance of Penguin-type diagrums, ALA) is predicted‘g"! in the
standard model to be e(A) = 1072 s,u,8¢. From Eqn. (5) and (7) one
has |s,8,85] S 2 = 1077, Yielding A(A; g 2 « 1077

A, can be written as!8:19

(11)

by = ~ tan(¢y = ¢p) tan(§; = §;,) = - 0.1 tan(ég - ¢p) , (12)

where 05 and ¢p are the phases of A? and o the P-wave amplitude AP.
resprctivel y. 4; = 0 1in the absence of CP violation. Although Aa
would vanish in the approximation ot Penguin doainance for all the
amplitudes involved (uinge one would have g - 0p>- one may have in
general g - #p = 05, #p-2! By 18 then expected to be?! (using for



05 the phase of the coefficient of the Penguin operator®) a4 =
0.2 8,8385, implying |Bq| £ 4 x 1074
The slope asymmetry is given byz

Im(B)c -'EB3C)(ZJIC - ﬂac) +7/3 ImYac(ZGIC - °3c)*
(1) = tané !

(3

Re(B;c - %B3c)(201c - ¢3c)* + /-5 ReYac(zulc - aac). ’
(13)

vhere ay., B8;. (8 =1,3), and 1v;, are defined by <t |H|K+> -
1[(20)¢c = a3c) + (B3c - 3B3c + 73 Yac)Y] i T T 101. Bye =
By + 18, (2 =1 3). Yac = Y3 + 1v;. The parameters ay, B
(l -] 3), Y3» and uz. Bl (L= i »3), Ya describe the matrix elements
of the CP-conserving and of the CP-violating Himiltoniar, respec-
tively. They are real if final-state interactions are neglected.
In Eq. (13) & describes the final-state interactions in the I =1
symmetric three-pion state. The final-state interaction 1in other
states have been neglected for simplicity.

The slope asymmetry, like the quantity An' is not suppressed in
general by the ratio of Al = 3/2 and Al = 1/2 matrix elemeats. In
the standard model, however, A(T1) vanishes approximately in the

abgence of Al = 3/2 transitlons. Th:  commutator relation
le. = - [k, Hg _] [Q (Q ) are the vector (axial-vector)
charses which holds in the atandard model, makes it possible to

express the K™ + 3x amplitudes iIn <:cerms of the physical K™ + 21
matrix elements using soft-gion techniques. The soft-pion treatment
leads to the relation!® a /u1 - 81/81 which eliminates the
contribution of the chalc 1rter£erence term {n (13) (Ref. 23). The
slope asymetry is found to be?" A(1) = 10 txgy tand, so that
jaCr)| S (4 x lo-a)tanG. The value of & is not known. Using the
estimate?d tanf = agm,, vhere a, is8 the I = 0 w-w scTt'oring length,
and the current _algebra prediction26 ag = 0.20 my", one oltains
|a(t)| €8 x 1073, The present experimental valuo 1827 A('r)expt -
-0.,0070 £ 0.0053. A new experiment using present technology could
improve the sensitivity by a factor of 10 to 100 (Ref. 28).

“CP VIOLATION IN LEFT-RIGHT SYMMETRiIC ELECTROWEAK MODELS

Although the standard model is consistent at precsent with all
data including the observed CP violation, the electrowean interac-
tion may yet turn out to be associated with a gauge group larger
than SU(2), = u(l).

An attractive extens!on of the standard wodel 1s a Jdescripti n
of the electroweak intevactions in terms of a left-right-symmetric
theory based on the gauge group SU(2), * SU(2)p = UCl) (Ref. 2v).
The fermions Jn therc models are assigned to representations of
SU(2), » SU(2)g » U(l) in a left-right-symmetric manner: the left-
(right-) handed fermions are doublets of SU(2); [SU(2)g] eand
singlets of SU(2)g [5u(2),) (Ref. 30). The presence of right-handed
couplings allows for new sources of CP violation to be prcsent,
which might be responsible for the observed CP violation. 3,32 We
note that studies of CP violation in these models are of interest
regardless of whether or not they account for the observed CP viula-

-4 -



tion, in particular since they give rise to new types of CP-
violating effects.

The couplings of the charged gauge bosons '} and Wy to the
fermions are given by

4 - B —
i - 271'2 WP UIN + E%Z WRPTRURN + leptonic terms + H.c. , (14)

where T} g = Y5(1 ¥ v.) (the Lorentz indices have been suppressed),
P = (u,c,e00), N = (d,8,ee.); v,d,ee. are the quark mass eigen-
states; Uy and Ug are the quark mixing matrices. They are unre-
lated, wunless some ad hoc symmetries are introduced in the Higgs
sector. We shall leave them to be independent. W and Wp are lin-
ear combinations of the mass eigenstates "1 and Uz

Wi, =cos L W, +gin g W
WR = eiu(—sin LW +cos ¢ Hz) .

It 1s 1instructive to discuss first CP violation in the four—-quark
model and without W;-Wp mixing.
A, Model for Two Generations with § = 0

This is the original model, proposed by Mohapatra and Pati.3!
The most general form of Uy and Up is given by 33,34

cos 6, sin el%g B8R e'Bgin Y
U = Ug = (16)
L ’ R - -

-sin 6y, cos OL -e iYsin Or>» ntai(B o Y)cozs S

The AS = -] Hamiltonian is of the form

AS==1 _ : 1(a-B)12 . - 1(a-8)15
H (£, + £5 el( )]Su,c (£, - £g 2(@®))E, ., an
vhere f; p = (g%/l6m%.R) sin BL,R cos eL,R‘ The operators §
P, o are defined as in Eq. (6).
'" An immediate consequence of the Hamiltonian (17) is that €’ = 0
(Ref. 31), since the resulting A; and A, have the same phased3:

u,c and

ImAOIReA0 - ImAZ/ReA2 = —¢ gin(a - B) , (1&)
where
| 2.2,,2 2
r = (ngL/ngR] (cosfp/cosf;) (sin OR/sin 8,) - (19)
Stringent constraints on the parameters of the model come from
the KO + KV amplitude.3% With the matrices (16), the dominant

contribution from right-handed currents (box diagrams involving W,
and Wy) has the form

ALR(K? + RO) = (=1/2)Ar e} (0B)y (KO & RO) (20)

where Ap; 1is the usual contribution involving two HL's and A s a
factor found to be ~430 (Ref. 36).37 From Eq. (20) one has



(8m))g = [-Ar cos(a - 8)](am)y;, (21)

g = -273/2e1%/4x ain(a - B) [2 + A/(1 - Ar cos(a - £))] . (22)
Requiring (Am) g € (Am)eyne and |epp| € |€eypel ylelds??

jcos(a - B)| S A" =3 x 1073 , (23)

Ir] |sinCa = B)| € (3 x 1073)(1 + A/2)7) = 1.5 x 1073 (24)

and therefore also Ir] €3 =103 . (25)

Note that for smaller A (Ref. 37) the above constraints would te
weaker.

It follcws that the model can account for the observed CP_vio-
lation 1f |[r| 1s in_the vange 1.5 x 1073 S jr| £ 3 = 107 =3 and
|sin(a = B)|(=1.5 x 10-5/|r|) satisfies 5.7x1073 |sin(a = B)| < 1.
Such values of the parameters are not ruled out by any available
data.38® Some further consequences:

® in first order all P-conserving, T-violating observables in
semileptonic processes vanish, and P,T-violcting observables mnot
1nvg%v§ng neutrino polarization are proportional to neutrino mass-
eg; v’

® D, arises only in fourth order in the W-quark couplings.31
The magnitude of this contribution 18 expected to be less than
~10-26 ecnm;

® N g™ Nggo ™ € xpt + 2ir sin(a - B) (Ref., 31), so that

m_o - nooo L Eexpt. n,._' - 2|l‘ Bin((l b B)' (Ref- 31). im-
pPlying |ng_ n_| <13 l 10 5 (the equality sign corresponds to
ELR " Cexp tg

L the rate asymmetry (11) (as well as the rate asymmetries of
other nonieptonic hyperon decays) vanishes, since ¢ = b5 =
r sin(a - B);

® the phase difference ¢ - ¢p 1in the expression for
[Eq. (12)] 1is z = 2r_sin(a - B). Consequently [see Eq. (24)T
|8g] § 3 x 107° for A +pn, A pnt decays; .

® the rlope asymretvy A(T) [Eq. (13)1 in KE 4 afatl? decays
vaniches, since all the independent K* + n5n"s* matrix elements
acquire the same CP-violating phkase.

B. Three-Generaticn Model with ¢ = 0

It 1s straightforward to_extend "the four- quark model to incor-
porate the third quark .amily. 33,34,39 For three generations U ,Uy
contain altogether six mixing angles and seven unremovable CP-
violating phases. Up, can be written 1in the form of the wusual
Kobayashi~Maskawa matrix, containing three mixing angles Bk (1 =
1,2,3) and a CP-violating phase 6. Ui contains the mixing angles
9 (L = 1,2,3) and the rewmaining phases.

Let us conslder a scenario in which the Kobavashi-Maskuawa-t ype
CP violations are negligible so chat the cominant CP violation {is
due tu relative phases between the left- and right-handed couplings.
One finde then3?




ImAg/ReA; = -1 sin(a - B) + (Kg = Ky )hr sin(a - B) (26)
ImA,/ReA, = -r sin(a - B) , (27)

where h = f; <wr(X = 0)| fc,t |K°>/ReAo = 0.5 (from the results for
IsA; in the standard model) and r 1is given by Eq. (19) with
8in8 _cos8  replaced by (~81n6])cos83co88] (m = L,R). K; and Kg are
defined as 1in Eq. (6), K;, (Kg) involving parameters from Uy (Ug).

Thus, unlike in the four-quark model, €’ vanishes only 1if 01 = 6
(Refs. 33 and 39). Equations (26) and (27) yleld
|e'/eexpt| = 8.4 |Kg - K| |r sin(a - B)| . (28)

Assuming that there is no significant cancellation in (8m)ygr and €1p
among terms involving different ~ombinations of mixing angles or
phases, nor with other pcssible contributions, the constraints (23)
and (24) remain valid and in addition, the same constraints also
hold for [(Kg - Ki)r cos(a - B) and ;(KR - K )r sin(a - B8)|, respec-
tively. As a consequence one finds

|€ /eexpr] S xh/10CA + 2) = 1.3 x 1074 ¢, (29)

where x = |KgR = K| 1f |Kg - K| € 1 and x = 1 for |Kg - K | > 1.
The equality sign 1in .Zq. (29) applies when the phase (a -~ B) ac-
counts for ‘expt'“

For Ny_gsNpgy One obtains?d3
+ (Kg = R X(zy4y = h)ir sin(a - B) , (30)

where 244k F <“1“j“k| §c't |K1>/<wilink| §L |[K;>e  The results of

Ref. 16 “yleld 2z, 5 = 2545, = 0.8 Re i/REAO. so that n_, -_9000 =
fexpt and |n,_, - n_| is approximately of the order of 10 or
es6.

The rate as mmetry ACA)  is given by A(A) =
(5 x 1073)r gin(a - B) (KR - KL)(<pI'|Sc't|A>/<pn_|SL|A>), so that
(using the standar:!-model results for the ratio of the matrix
elements, and the bound |Kg - K ||r sin(a = B)| $§ 1.5 x 1073)
[ACA)] § 2 x 1077, sSimilarly one obtains A4(A) $ 107, and
[ACT)| = 0.2 tand|(Kg = Ky )r sin(a = B8)| £ 3 x 107°|tané|.

The general implications for T violation in semileptonic proc-
esses and for D, are the same as in the four-quark model.
C.__Models with Wi -Wp Mixing

In pgecneral one expects the parameter § to be differeut from
zero. We shall discuss the effects of W,~Wp mixing for stimplicity
ia the framework of the four-quatk model. The eassential conclusions
would be the same in the six—quark model.

For { # U the p.c. and p.v. A5 = -] llamiltonians acquire a new
term



Hp.co = -£,(gp/8L) C([cosOR ei(”+°)/coseL + sinfp e-i(u+8)/sin6L]§6

- [cosbg e”1(wHB=0=Y)/c0g8, + sinby ei(”_Y)/sinOL]§é) (31)
and

Hp.v. = f.(8r/8L) &([cosbg ei(”+°)/coseL - sinOR:e—i(w+B)/sin6L]§6
+ [cosby e~1(wB-a-Y) /cos8, - sinby ei(”'Y)/sinGL]fé) ,(32)

respectively, where Sn = {Eyud. Syudl, - {Eyuysd, Eﬁu*sd}+- and ﬁﬁ =
{fy,d, By vgnly - {fAy,Ygd, Eyun)+ (n = u,c). The cchtribution Ap,,
of (32) to ImA; , is expected to be dominated by the W-exchange dia-
gram for the Bd '+ Gd transition.3% For €', which no longer van-
ishes,31#33,34s41 440 obtains then

fe'| = 271/2 |ReA, /ReAq | |x||cBg /8L
x |sin(w + a)cosBz/cosb; + ein(w + B)sinbp/sindy| , (33)

where x = (P>, /<P, o>, = BpdofPy 2g) (By>y = <2x(1 = 2)|B;IKD,
etc. ). Since the W-exchange diagram for 8d + ud contributes to hoth
Al = 1/2 and Al = 3/2 transitions, one expects ImAj; and ImA; to be
of the same order of magnitude, i.e., that (ReA,/ReA,)x 1s of the
order of 1, An estimate3“ yields x = 12. Using thie value, the
experimental limit (5) im, lies

|t8r/81| |sin(w + a)cosBy/cos® + sin(w + B)sinbg/sind | < 1074 .
L R L R L (34)

Among fufther consequences of Wp-Wy mixing is a neutron elec-
tric dipole [moment generated 1in first order in the weak interac-
tions.*1»2 Barring cancellations, the results of Refs. 41 and 42
and the present experimental upper limit on D, (Ref. 15) imply"“3

l‘SR/gL| |sin(m + Q)COSQR/COSOLI S 10_4 (35)
lch/al.J lsin(h) + B)sineRlsinBLl S 4 x 10_3 (36)
|t8R/8R| |8in(w = Y)sinBg/sinb;| S 3 x 104 . (17

A nonzero [ gives rise to a time-reversal-violating triple cor-
relation <J> « Be x ;’,V/EeEv in nuclear B decuy with a coefficlent

proportional to (CER/gL)sin(w + u)COuBR/coseL.33'3° The present ex-
perimental limits"" {mply

|cgr/gL | |8in(w + o)cosBy/cos8 | S 2 x 1073 (38)

The analogous corrvlation in semileptonic hyperon decays is propor-
tional to (ggr/g))sin(w + B)sinbg/s1n8).33+3% An experimental study
of A + pe~V decays sets a weak upper bound, of the order of one,
on this quantity.

The upper 1limits (35), (36), and (38) are the most stringent
bounds at present on the quantities appearing 1in Eq. (33).4%  we



conclude, therefore, that €’/e€.yn¢ due to W -WR mixing could be as
large as the present experimentag limit,

1f a value of € /€aype 15 found near the present limit and is
due to the effects of righr—handed currents, a T-violating correla-
tion <I> ¢ $o x B,/EeEy with a coefficient of the order of 1074 is
expected either in nuclear 8 decay or in semileptonic hyperon de-
cays, or both.*7 At the same time, a neutron dipole moment should
be found near the present experimental limit.

Let us consider the slope asymmetry {(13). Neglecting the con-
t=ibutions of the Al = 3/2 component of the Hamiltonian, A(T) 1is
given by

B a]
AC1) = tand(— - —) , (39)
By o
Because of the terms (31) and (32), which are antisymmerric under
thi interchange of V and A, the commutator property [Q%,H oC ]
(@ 'Hp.v.] does not hold. As a consequence, the relation E;/sl -
aj/a;, which holds in the standard model in the soft-pion limit, is
not valid here. From Eqs. (31) and (39) we have

A(1) = ~(tan8)(ggy /gy )| cosBgsin(wta)/cosBy ~sindzsin(w+B)/s4inb ]2 ,
(40)
where

Q= [([85 KD /18, KD - (<8]85 KD /s8] kD] . aD)

(|S> and |M> are the symmetric three-plon state and the three-pion
state of mixed symmetry, respectively.)

The experimental limit [8CT)axpe] < 1.5 x 1072 (Ref. 27)
implies (using tané§ = 0.2)

-1
| €8x /8y | |cosBgsin(wta)/cos 8 -s1nBgsin(wtB)/sinby | (8:10'2)|Q| .
(42)

The operators §6, ﬁ& have been encountered some time ago in the
context of a pre-gauge-theory mudel of CP violation, duwe to
Glashow."® A soft-pion calculation oi K + 37 decays in this model?
ylelded large values, of the order of 20, for quantities like Q.
With & = 20 one obtains

| €8x /8L | | cos Ogsin(wta) /cos 8, ~ sinbpsin(wtB)/sinb) | £ ax1073 , (43)

which is a bound already comparable with some of the previous bounds
we discussed. A calculation of @ would clearly be of interest.

Barring cancellation 1in Eq. (34), the experimental limit on
'E'leexptl implies (with tané = 0.2 and @ = 20)

|18CT)| S 4 x 1074 (44)

Allowing for the pussibility of cancellation in €', we have to turn
to the bounds (35), (36), and (38), which imply

1a(t)| $ (8 x 1074 |9} . ‘ (45)



This upper bound is even for [R] =1 just an order of mwmagnitude
below the present limit.

For the rate asymmetry and the quantity Ag(A), inspection
ylelds A(A) S 1073-10"% and 8q(A) S 10—6_10-51 assuming that the
ratios of the matrix elements of S and §u,c- P, and fu'c are of the
zfder of one. The quantity [n,_, - €expt| could be of the order of

t.

exp In the above discussion we have treated the various parameters
of left-right symmetric models as independent, invoking implicitly a
Higgs sector as rich as necessary to guarantee this. In models with
restricted Higss sectors some of the parameters may be related. An
example is the wmodel of Chang,a“ which has a minimal Higgs sector
and P and CP broken spontaneously. As a consequence, 9 = 8gr_ and
a,B,y = (mc/ms)(z'/r)sinﬁ, and alse T = (m%/m%):'l: and w = a (k,
k', and @ parameterize the Higgs vacuum expectation value; a is a
CP-violatirng phase, providing the only source of CP violation in the
model; m;, m, are the masses of ¥, _aud W;). It follows that
(w+ a),t(w+ B),5(w=- 1Y) = (ms/mc)(m%/mz)sin(a - 8), and since
(mi/m%)sin(a - B) is constrained by Eq. (24), the 2ffects of WL-WR
mixing are correspondingly suppressed.

CONCLUSTONS

Present experiments studying Xy + 2w decays have already
reached the level where they can sensitively probe the question
whether the standard electroweak model can be considered as a poten-
tial source of the observed CP violation. Not considering the pos—
slbility that the calculatione involved may be less reliable than we
can presently assess, the present limit on e'/eex t lemands that the
mass of the top quark be larger than about 40-68 GeV if the three-
generation minimal model of the electroweak interaction is to remain
a candidate for explaining the observed CP violation.B

Even 1f the standard model accounts for the observed CP viola-
tion, additional CP violation may be present from varlous possible
extensions of the standard model. We discussed CP violation in
left-right symmetric extensions of the standard model based on the
gauge group SU(2); x SU(2)Rr x U(1). These models can account for
the observed CP violation even if W -Wg mixing and the effects of
the third generation are negligible.

We have shown that in models that include Wi -Wp mixing and
where no other constraints are imposed on the parameters than phe-
nomenological, €°’/€qyn¢ could be as large as the present experimen-
tal limit. A feature that distinguishes an €’/egyupy originating from
Wy,~WR mixing from an c'/eexpt generated by the Kohayashi-Maskawa
mechanism or by some other mechanisms is the presence of a time-
reversal-violating triple correlation <J> ¢ P, x 3,/EqEy in nuclear
B decay or semileptonic hyperon decays. or both. If a value cf
€ /€aqpt 18 found near the experimental limit and is due to W, -Wy
mixing, this correlation in neutron decay, 19Ne decay and/or A decay
i8 expected at the level of ~10~4, A nonzero €°/€qypt Near the pres-
ent limit would alco imply, if it is due to Wy ~-WR mixing, @ neutron
eleciric ngo%e moment near the present limit, and a elope asymmetry
in KT + w"v"n" decays that could be in the observable range.

-10-
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