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We show that spontaneous CP violation can be achieved in the partially and fully ununified
models with four Higgs doublets. The contributions to the K1-Ks mass difference (Amg) and CP-
violating effects (¢,¢’/e, D,,) due to the exchange of charged gauge bosons and charged Higgs bosons
in the box diagrams and due to the exchange of neutral Higgs bosons in the tree-level diagrams can
be explained by a suitable choice of model parameters.

PACS number(s): 11.30.Er, 12.60.Cn, 12.60.Fr

I. INTRODUCTION

CP violation in an electroweak gauge model can occur
due to a phase arising either through the complex cou-
plings in the interaction between the quarks and Higgs
fields or through the complex vacuum expectation values
(VEV’s) of the Higgs fields. Within the framework of
the standard SU(2) x U(1)y model with one Higgs dou-
blet the former choice gives rise to Kobayashi-Maskawa-
(KM-)type or hard CP violation [1] arising through the
box diagram due to Wy, exchange. With the inclusion of
two Higgs doublets [2], although the Higgs potential is
CP invariant to start with, the model can lead to spon-
taneous C P violation (SCPV) if and only if after sponta-
neous symmetry breaking, not only a nontrivial relative
phase exists between two flavor-changing neutral Higgs
(FCNH) fields mediating the K°-K° transition but also
the vacuum is CP asymmetric [2,3]. The model admits
flavor-changing neutral currents (FCNC'’s) which can be
eliminated with the introduction of other Higgs fields and
an appropriate discrete symmetry [3,4]. SCPV is attrac-
tive because, in this situation, the CP-violating phase
is determined in terms of the parameters in the Higgs
potential.

Recently, we have discussed [5] an SU(2)r x SU(2)g x
U(1)p-r with two Higgs bidoublets and an appropri-
ate discrete symmetry where we have shown an inter-
esting feature that, on soft symmetry breaking [6,7],
the same phase which is responsible for SCPV through
the mixing of real and imaginary parts of the neutral
Higgs fields at the tree level, also contributes to the CP-
violating mechanism through the box diagrams due to
WL, r exchange. In this paper we discuss SCPV and
investigate if this feature persists within the context of
the partially ununified model (PUM) [8] based on the
gauge group SU(2),r x SU(2);z x U(1)y and the fully
ununified model (FUM) [9] based on the gauge group
SU(2)qr X SU(2)iz x U(1)yq x U(1)y; for three genera-
tions of quarks. The extension of the SU(2)r x U(1)y
gauge group leads to the existence of new gauge bosons
[10] and anomaly cancellation requires new and exotic
fermions. The observation of these new and extra parti-
cles would be the most promising signal for new physics
beyond the standard model (SM). Moreover these ununi-
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fied models, PUM and FUM, could be embedded within
the grand-unified gauge groups such as SU(15) or SU(16),
where the baryon number is a gauge symmetry. The most
significant features of these theories are the suppression
of the proton decay and the unification scale becoming
much lower (at the TeV scale) [11]. Thus ununified mod-
els imply low-energy grand unification and very rich and
interesting phenomenology in the next generation exper-
iment.

It is to be noted that both the PUM [8] and FUM
[9] contain no Higgs fields to generate the quark masses
at the tree level as well as SCPV. In another version
of PUM [12], mirror fermions are introduced to gener-
ate the quark masses at the one-loop level, but still the
Higgs content is insufficient to generate SCPV. An at-
tempt has been made to generate quark masses in the
PUM incorporating a Higgs field which is a doublet under
SU(2)4z and a singlet under SU(2);z [13,14]. The FUM
contains only one Higgs field which appears in the quark-
Higgs Lagrangian. This has motivated us to extend the
Higgs sector in the PUM and FUM incorporating addi-
tional Higgs fields in order to achieve SCPV. However,
the modified Higgs content in our present model breaks
the most appealing feature of the ununified model [8,12],
the universality between the leptonic and semileptonic
charged current weak interactions [12]. Both the leptonic
and hadronic charged current strengths are enhanced due
to the extension of the Higgs fields. But this enhance-
ment can be suppressed with an appropriate choice of
the VEV’s of the Higgs fields in the model, so that the
charged current phenomenology is consistent with exper-
iment [12]. Similarly, in spite of the lack of the universal-
ity between the lepton and hadronic four-fermion charged
current vertices in the FUM, the model can be made con-
sistent with low-energy phenomenology with the suitable
choice of the VEV’s of the Higgs fields.

We show that the SCPV can occur through the hard
symmetry-breaking terms [15] in the quark-Higgs inter-
action Lagrangian and CP violation arises at the tree
level due to the exchange of neutral Higgs field through
the mixing of their real and imaginary parts. The flavor-
changing neutral currents (FCNC’s), which arise due to
the exchange of neutral Higgs boson at the tree level
(Fig. 1), is highly suppressed by the hard symmetry-
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FIG. 1. Tree-level diagram for the AS = 2 transition due
to the mixing of real and imaginary parts of the neutral Higgs.

breaking parameter { with £ <« 1, and the mass of
the neutral Higgs scalar (Mz_ ~1 TeV) [3,6]. Another
contribution to the C P-violating parameter comes from
the box diagrams (Fig. 2) due to the complex Cabibbo-
Kobayashi-Maskawa (CKM) matrix.

The plan of this paper is as follows. PUM and FUM
are described in Sec. II. Section III deals with the charged
current sector of these models. The Higgs potential and
SCPYV are discussed in Sec. IV. A brief discussion on mass
matrices and C P phenomenology in these models is given
in Sec.V. Section VI contains our conclusions.

II. PUM AND FUM
A. Pum

The PUM [8] ununifies the SU(2) gauge group of the
standard model in a way such that left-handed (LH)
quarks and leptons transform as doublets under SU(2),.
and SU(2);z, respectively. Right-handed (RH) quarks
and leptons transform as singlets under both SU(2) gauge
groups and the U(1) corresponds to weak hyper charge
as in the SM. The electric charge is given by

Q=T +T5+Y, (1)
where T3,, T3, and Y are the generators of SU(2),z,

(b)

FIG. 2. Box diagrams for the K°-K9 transition due to
W, W', H* exchanges.
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SU(2);, and U(1)y, respectively. The minimal elec-
troweak symmetry-breaking sector consists of two scalars
®1:(1,2, 3) and £,(2,2,0) with the given choice of VEV’s

@)= (4, )
= ()

But these scalars are inadequate to give rise to quark
masses [13,14] and SCPV. It has been shown [3,15] that
SCPV can be achieved in the SM through the extension of
the minimal Higgs sector to two doublets. Furthermore,
natural flavor conservation (NFC) can be achieved in an
electroweak model through the coupling of up- and down-
type quarks with different Higgs fields. These reasons
have motivated us to choose a suitable discrete symmetry
for NFC and appropriate Higgs sector in the ununified
model under consideration. We extend the Higgs sector
as $14(2,1,3), $24(2,1,1), and ¢(1,2,3) in addition
to ¢1(1,2,3) and £,(2,2,0). In order to get NFC the
discrete D symmetry is incorporated as follows:

(2)

Qir — Qir, ujr —> ujr, djr = —djr, P14 = P1q,
(3)
P2q = —2q, Gu — du, G — —Pa, X1 X

where ¢, j=1,2,3 are the generation indices. The following
choice of VEV’s is taken for the Higgs fields:

(f1) = (22),

(¢2q) = ( v3(2z"9 ) ; (4)
@)= (4, )

B. Fum

The FUM [9] ununifies the quarks and leptons com-
pletely in the sense that the quarks (leptons) transform
as doublets under SU(2),r [SU(2);r] and singlet under
SU(2)iz [SU(2)qz]. The electric charge in the model is
given by

Q=T5+Tu+Y,+Y. (5)

The scalar sector is given by

, o1, . f
$14(2,1,1,0) = (d,oq), pu(1,2,1,0) = ,
1a DU
(6)
A? At
Zz(lala—%v %)) A(2a230a 0) = ( Al— Ag )
We incorporate the Higgs fields ¢24(2,1,1,0),
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$21(1,2,0, 3) to achieve SCPV and postulate the follow-
ing type of discrete symmetry:

Qir = Qir, ujr = Ujr, djr = —djr, P14 = P14,
b1 = b1, P2q = —P2g, D2 = —a, (7
Yo — 22, A— A s

where ¢, j =1,2,3 are the generation indices. The VEV’s
are given as

wm=(i),ma=@£w)
(pu) = (21)7 (b1) = (24) .

III. THE CHARGED CURRENTS
IN THE UNUNIFIED MODELS

The effective charged current weak Hamiltonian at low
energy in the original PUM [8,12] is given by

27,. ) 1.
o = 32 [(Jq +30)* + 5]3} ; (9)
where z = (u/v;)%2. The nonleptonic weak interactions
are enhanced by a factor (1 + 1/z) relative to the SM
where the value of z is estimated to be z = 5 in order
to be consistent with the B-meson semileptonic branch-
ing fraction [16]. In the present PUM with an extended
Higgs sector [13,14] the effective charged current weak
Hamiltonian is given by

1 1
cc _ : £ \2 a2 a2 10
Heg = A| (g + 1) + ot e 10)

where A = w?/(v®v? 4+ v20}), vZ = v} + 03, v} =
v + 02, 21 = (u/vg)? and z2 = (u/v;)%. Thus, the
strength of the leptonic (j7), hadronic (j2), as well as
semileptonic interactions (j,j;) are enhanced by a factor
A(l+1/z1), A(1+1/x3), and A, respectively. The four-
fermion coupling constant G in the model determining
the pure leptonic processes such as p decay, is given by

2 2

u“ +v
ﬁGF___22 22.
u“v +’Uq’lll

(11)

From Egs. (10) and (11) we obtain

24 .2 2
. +v .. u
< = aGp |2+ 2 LTV 42 —_
& = V2Gr | ji Jq(uz-i—vg Jajt u? + v2

(12)

An analysis has been made in Ref. [14] in which the ra-
tio u/vg is constrained from the knowledge of the exper-
imental values of the Kobayashi-Maskawa (KM) matrix
elements V!, = 0.9747 + 0.001, V!, = 0.02196 + 0.0023
along with the unitarity relation |Via|3y + |Vas|3ar < 1,
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and the analysis leads to the constraint relation

U
— > 20. 13
- (13)
Thus, from Egs. (11) and (13), the value of G can be
expressed approximately as

1 1
2Gp ~ ——— = — 14
\/_ F 'Ug + vlz 'U2 ’ ( )
which is in accordance with the SM. In the extended
PUM, the most appealing feature of the original un-
unified model [8,12,16], the universality between the
strength of the leptonic and semileptonic interactions,
is lost. The ratio of the strength of j? and j,j; in our
present model is given by
.2 'u,2 + ,UZ v2
2 T e 141 (15)
Jat u u

Again, applying the constraint relation u/v, > 20, we
find that the nonuniversality feature decreases as the
value of u increases. Moreover, from preliminary pp data
[17], another constraint relation has been obtained in Ref.
[14], which is given by

=y (say) . (16)

Furthermore, we note

(i) =0 fory=1, (17a)

(il) vg=v=0 fory>1. (17b)
Hence, for a realistic case, the constraint relation (16)
has an upper bound as

02<y<1. (18)

Interestingly, with the present choice v, = v; together
with Eq. (13), Eq. (12) reduces to

&zéwﬁmﬂ, (19)

which is in agreement with the SM. For our present choice
v; = vq together with u > 20v,, the mass of W’ is well
above 2 TeV. Although the semileptonic branching frac-
tion of the B meson is enhanced from the experimen-
tal value, but, with this choice of VEV’s v, = v =
u/20 = 125,/2 GeV, the enhancement can be kept consis-
tent with the SM value [16]. Similarly, the enhancement
of neutral current interactions in our present model can
also be made consistent with SM for the previous choice
of VEV’s along with the constraint relation given in Eq.
(13). Our analysis remains the same for the FUM also.

IV. HIGGS POTENTIAL AND SCPV

The most general renormalizable and D-invariant
Higgs potential in the extended PUM is given by
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V=Voo +Vos, + Va, + Vo5 + Veuomi + V61062, + Vorgdag61¢a T terms replacing ¢1g — @1, d2g — d21 . (20)

The terms in the potential can be written explicitly as

Vi, = —migldiq + i (dlg10)* | (21)
Vi = —m3¢labag + 1a(d3e024)” (22)
Ve, = —miTr(S{%1) + ps Tr(T]%)? (23)
Virem: = #adl $14Tr(Z]51) + psdl b1, Tr(E15))

+6pl 1 TH(ZI 1) + prl 11, Tr(B1T) | (24)
Viras = 180124 TH(Z]S1) + pol bag Tr(E1S1)

+ﬂ10¢7’£q¢~52q’1&'(2;21) + ﬂ11¢;q¢2qr1‘r(2121) ) (25)
Viratne = M1(814810) (8hb20) +22(914620) (834810) + As | (614820)” + (914610)° | + Xa($]g810 + Shob20)?

+25($1g020 + D1g010)" + Ae(dlgB2q — Dhetra)” (26)
Viredagdudn = Hi1(Dlgb2q + 83,01) (611021 + 8L1010) + p12(6) (10 + Slod2q) (B}, + dhidar) - (27)

[

In the case of the FUM the %, field will be replaced by =~ mation is defined by
A and some other terms due to the ¥, field will appear. L o
It is to be noted that although the phase-dependent part TY:T = Ui (3,5=1,...,4). (31)

of the Higgs potential in the PUM and the FUM are
given by the same equations, the representation contents
of the Higgs fields, as discussed earlier, are different in
these models. All the coefficients in the potential are
assumed to be real so that the model has a C P-invariant
potential to start with. After substitution of VEV’s, the
potential V' in both the models (PUM and FUM) can be
expressed as sum of the phase-independent terms Vp and
phase-dependent term V':

V=VW+V". (28)

After minimization of the potential with respect to 8 we
obtain a nontrivial phase which is given by

_ Mg V1) (V4
cosf = Az +As + X6 (%)(%) ’ (29)

It is to be noted that, unlike the two Higgs doublet
models [6,14], this nontrivial phase which contributes to
SCPYV in the present ununified models arises without con-
sidering D-symmetry-violating terms due to the choice of
transformations of the Higgs fields under D symmetry. It
is easily seen that the minimum value of the Higgs po-
tential is obtained if

(/\3 + A5 + Ae) >0. (30)

The existence of a nontrivial phase 6, between the
flavor-changing neutral Higgs fields ¢2, and ¢3, mediat-
ing the K°-K?° transition is a necessary but not sufficient
condition in order to have CP and T spontaneously bro-
ken [18]. Denoting ¥; = ¢9,, 2 = #3,, s = ¢3,, and
Y4 = ¢3,, we assume that the most general T transfor-

Given a particular set of VEV’s, the vacuum is T invari-
ant (hence CP invariant assuming C'PT theorem) if the
following relations are satisfied:

U35 (0l%510)™ = (0[¢:]0) , (32a)

L(UW) = L) . (32b)

The Higgs potential is also invariant under the discrete
symmetry such that

i = Gij; (33a)
where
1 01 0
0 —-10 -1
G = 101 0 (33b)
0 -10 -1

1 0 ¢ O
0 -b 0 —d
v={1,,, |- (33c)
c
0 —e 0 -1
where b = e7 2 ¢ = vy/v;, d = (v3/va)e ™, e =

(va/va)e™ with detU = 0. Thus the unitary matrix
U is singular and does not exist and, hence, SCPV is
ensured in our present models.
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V. MASS MATRICES AND CP
PHENOMENOLOGY

We consider that the D-symmetry breaking in the
quark-Higgs Lagrangian in the models is achieved
through a parameter £ < 1 [15] so that the SCPV as-
sociated with the D symmetry can be treated as pertur-
bation. The quark-Higgs Lagrangian in these models is
given by

—Ly = (fijQ?Lu;’n&xq + gijQ?Ld?R%q)
+E(£1;QLuIrb2q + 9i;Q71dIrb1q) + Hec. , (34)

where fi;, gij, fi;» gi; are assumed to be real in order to
ensure that Ly is C P invariant to start with. Substitut-
ing the VEV’s of the Higgs fields the mass matrices M,
and My for the up- and down-type quarks are given by

M, = fuy + €f'vze™® | (35)

My = guse®® +£§'vs (36)
where f , G f’ , g are the 3 x 3 real matrices. Neglect-
ing the second term of M, (which is the flavor-changing
part of the up-type quark) for simplicity and redefining
dir — e *d;g, the up- and down-type quark mass ma-
trices can be rewritten as

Mu =~ f’Uz y
(37)
My = M2+ 5e—i93—2M3 .
3

M? is the flavor-conserving part and M) is the flavor-
changing part of the down-type mass matrices. This
complex nature of the down-type mass matrix leads to
the usual contribution to the C P-violation parameter
due to complex couplings of the quark fields with the
gauge bosons through box diagrams [19] due to exchange
of charged gauge bosons.

Another C P-violating contribution ey to € comes from
the mixing of the real and imaginary parts of the neutral
Higgs fields ¢9, and d) at the tree level through imag-
inary terms [20] such as (@9, #92), (#6945 Using the
conventional procedure [3,6,15] we expancf these Higgs

fields around their VEV’s:
|

By = (02 + 9%) = (va + Ry +ilh) (38)

¢gq B (’U3 + ¢g;)e’9 = (‘U3 + Rz + 'L'Iz)eig . (39)
In general, the physical scalar H;’s (j = 1,..., 10) for
the PUM (5 = 1,...,11 for FUM) are related to the Ry’s
and I’s (k =1,...,6 for PUM, k =1,..., 7 for FUM)
of weak Higgs fields by a unitary matrix Ug:

()-e(5)

(¢ = 1,2 for PUM, ¢ = 1,2,3 for FUM). G;’s are Gold-
stone bosons which are absorbed by the massless neutral
gauge bosons to make Z,Z' massive in the PUM and
Z,Z',Z" massive in the FUM. The exchange of H;’s can
lead to CP violation through R-I mixing if the Higgs
mass matrix in the weak basis is complex. It is cus-
tomary to define the relevant neutral Higgs fields for the
KO-K° transition as

G = I cosa + Izsina ,
I = —Isina + Izcosa ,
(41)
R' = R;cosa + Rysina ,
R = —R;sina + Rycosa

with tan @ = vz /va, where G is the Goldstone boson. The
coefficient of the mixing of the R and I fields is given by

M} ; = A'sin20 , (42)
where
A’ ~ 4(A3 + A5 + X)) (vicos®a — v3sin®a) . (43)

It is interesting to note that, if v = vs, the mixing be-
tween real and imaginary parts of the FCNH fields will
vanish but still 8 # 0 as in the two Higgs doublet model
[3,6,15]. In this situation, however, the contribution to
the CP-violation parameters can come from the box di-
agrams due to the exchange of W, W’ and H*. From
Egs. (34), (38), (39), and (41) one obtains the relevant
Yukawa Lagrangian responsible for CP violation in the
KO°-K?° transition, which is given by

2
=/ V2GF ( ) E(R{[e™ (UL MyUL) 12 + € (UL MjUL)21)ds + [e 7 (UL MiU} )12 — (U MJUY)21)dvs s}

+il {[e” (UL MiUL) 12 — e® (U M4UL)21]ds + [ (UL MU}) 12 + €® (UL M4UL)21]dyss}) + Hee. | (44)

where higher-order terms of £ are neglected. U and
Ugr are the diagonalization matrices for the down-type
quark. It can be seen that the CP violation in the K°-
K0 transition arises at the tree level (Fig. 1) due to the
mixing of real (CP even) and imaginary (CP odd) parts
of the Higgs fields.

The contribution to Amy arises from the box diagrams
due to the exchange of W, W', and H* through charged
current vertices as shown in Fig. 2 and the tree-level
diagrams through FCNC vertices as shown in Fig. 1.
Thus, Amy receives contributions in principle from all
four terms:
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Amg = Amw,w_w,w' + Amwy w_g=
+Ampy+_g+ + Ampg, . (45)

Estimation of first term with the standard W of the SM
has been discussed in Ref. [19]. The contribution coming
from the box diagrams due to the exchange of W’ and
H#? is much smaller than that due to the exchange of the
neutral Higgs at the tree level. The lowest-order contri-
bution to Amy due to FCNH is given by (neglecting the
top-quark contribution)

4

Grp vZ\ (v .
A ~)—=(14+2L)([=2 +sinfc)?
amen = {51+ 3) (1) (st
2 3 1 B
X éfﬂ — = = . (46)
3 m2 |mi m§
The bag factor B contains the uncertainties of the hadron
dynamics. This parameter has been estimated by vac-
uum insertion, bag model, and current algebra methods.
The value of B is in between 0.33 < B < 3. We use
B =1 in the vacuum saturation approximation. As the
dominant contribution to (Amg)expt comes from the W

sectors, the contribution to the K-Kgs mass difference
arising from the neutral Higgs should not exceed [21]

(A )expt[= (3.522 + 0.016) x 10~ 2MeV] .

For vi = vy, v = 2w3, £ = 7.6 x 1072, m; =
2mp, mr = 1 TeV, 3(f2mi/m2) ~ (0.15) GeV3, we
get (Amp)g, < [0.04(Amyg)]expt, so that the total con-
tribution to (Amy) from different sectors agrees with
(Amyg)expt- Although, the values of the parameters
such as vg/v;, v2/vs, my, mpg, £ can be varied in the
same manner as in the two-Higgs-doublet model [15], the
K — Ks mass difference will not differ much for other
values of the parameters quoted above and in this respect
quoted parameters are typical.
The CP-violating parameter ¢ is defined by

oo L Im(KO|HE=?K%)  1ImMi, __m'
"~ V2Re(K°|H5:=2|k%) = 2ReM;; 2Amy

(47)

Several contributions to € come from
E=eww -ww' +€ww_g+ t €g+_g+ +€H, - (48)

The first three terms due to the exchange of W+ and
H=* have been discussed in Ref. [15]. The contribution
to € from the extra W' gauge boson can be neglected
compared to that due to W boson as the value of My,
is well above 2 TeV. The neutral Higgs contribution due
to the mixing of real and imaginary parts of the neutral
Higgs fields at the tree level is given by (for § = m/2)

2 4 2 3 2
€H, ~ %EB<1 + v_,) (ﬁ> (&nssin&c) dmy _Ji

vZ )\ vs 3 m2 (Amg)

(o))

For £ ~ 7.6 X 1072, and m; = 2mpg with mpg = 1 TeV

and vy = 2v3, v; = vy, one obtains [21]
€ ~ Eexpt[= (2.268 £ 0.623) x 107%] .

It is to be mentioned that although there are not typical
parameter values, many possible parameter values give
the same typical value of «.

It is to be noted that if £ = 0_then D symmetry pro-
hibits the couplings of ¢14 and ¢34 with up- and down-
type quarks, respectively, leading to flavor diagonal mass
matrices and NFC at the tree level. The phase appearing
in My can be rotated away by redefining the down-type
quark fields. Thus, in order to obtain CP-violation ef-
fects, it is necessary to go to two-loop diagrams [22].

The model also admits contributions to &’/e arising
from the W*, W'* H#* and H® propagators. Interest-
ingly, € is suppressed by a factor of £3 but €’ is suppressed
by £ and, hence, as discussed in Ref. [15], the value of &’/
arising from the neutral Higgs fields is in the range from
107° to 10~* which is larger than the superweak model.
Similarly, the neutron electric dipole moment (D,) re-
ceives the dominant contribution from the charged Higgs
sector at the one-loop level and it is possible to obtain
D, ~ 107%6-107%% ecm from the charged Higgs sec-
tor like the two-Higgs-doublet model. The same phe-
nomenology can be reproduced for the FUM also. The
contribution to the C P-violation parameter arises from
the tree level due to the mixing of real and imaginary
parts of the neutral Higgs fields of mass around 1 TeV as
well as from the box diagrams due to the exchange of W
of mass around 100 GeV and W’ of mass around 2 TeV
for the PUM and FUM.

VI. CONCLUSIONS

We have achieved spontaneous C'P violation in some
ununified models based on the gauge groups SU(2),s, x
SU(Z)[L XU(I)Y and SU(2),1L X SU(2)1L X U(l)yq xU(1)y:
through the appropriate extension of the Higgs sectors of
the models and incorporation of a discrete D symme-
try. With hard breaking of the D symmetry the mod-
els lead to superweak-type CP violation and admit a
FCNC which is suppressed by the D-symmetry-breaking
parameter § and Higgs mass My ~ 1 TeV. The VEV’s
of the Higgs fields in the present models are primar-
ily constrained by the universality between the leptonic
and semileptonic weak interactions. The contributions
to Amy and € come from different sectors of the gauge
fields and Higgs fields. The large number of parameters
in the model can be adjusted suitably to satisfy the ex-
perimental values of Amj and €. The dominant con-
tribution to &’/e comes from the neutral Higgs boson
exchange and is of the order of 107%-10~¢ unlike the
superweak model. The neutron electric dipole moment
comes from the charged Higgs exchange at the one-loop
level and gives rise to D,, ~ 10726-1028 ecm. Besides
the electroweak symmetry-breaking scale at Mw, ~ 100
GeV, the present PUM and FUM admit two other C P-
violating mass scales at M{;, ~ 2 TeV and Mg ~ 1 TeV.
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