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’ (m
The Statesq (9.4), T (10,0) yvevnn discovered by Herb et al. are

being generally interpreted as bound states of new heavy quarks with charge
Q= -1/3 {generically called bottom, b) and/or with Q= + 2/3 (called top, t ).
The state Y (9.4) has also been confirmed by the DASP and PLUTO groups a)
at DESY. The tentative interpretation of the storage ring experiments seems
to favour a bottomonium assignment for Y (9.4). The states T E]o.o),...
may then either be radial excitations off?(9.4) , as is favoured by the
non-relativistic spectroscopic models or else some of them might be
associated with the top quark. With this interpretation one anticipates

a rich spectroscopy of bottom mesons in the mass region 5 Gev S oy -S 7GeV.
A somewhat unlikely circumstance may put the top mesons also in the same mass
range. On the other hand there is a strong phenomenological basis for the

@)

(V - A) structure of charged weak currents The gimplest and natural

scheme to accomodate the top and bottom quarks is to extend the standard
. . 4

SU (2) @UU)G) model, as has been done by Kobayashi and Maskawa( )

(here~after called KM).

The KM model was originally proposed to incorporate CP-violation with the

(V-A) charged weak currents. It was shown by a number of authors that such
a scheme is consistent with the experimental data on CP—violatio£§jEllis
et al. (6) argued that if CP-violation is due entirely to the KM phase
then one anticipates rather large CP-violation effects in the B°-B” or the
T°-T° mesons. The possibility of observing large weak interaction mixing
effects in the decays of neutral top and bottom mesons opens new vistas to
study CP-violation, which hitherto has not been observed outside the K ~K

complex.

Motivated by the observation of ref.6, we study the weak mixing effects in

all the possible neutral meson complexes having a top or bottom quark, namely

Bi—» ﬁ:, Bcs) - Eg, Tﬁ-fﬁ and Tco-"f,_o.(Fég violation due to mass mixings in all four
neutral meson systems 1s calculated using the KM phase , as well as Higgs

(7) (8)

exchanges, which, as argued by Lee and Weinberg , can also generate CP-

viclating amplitudes. We also address ourselves to the question of experimen-—
. + - .y

tally observing weak mixing and CP-violating effects in e e colliding beam

experiments at PETRA, PEP and CESR. OQur conclusions are surmarised below:

(i) The weak mass mixings in the BC; - ﬁO‘ and T,'f*'f‘_,fmesons are large by at
least cotze (GC = cabibbo angle), as compared to the Bi—ﬁ:_ and 'I‘f:f; mesons ,
réspectivel;. We obtain (F2) (Se= S‘;‘ei) z g 2
(AM)gs 53 flamyey 5 = Cob B (P21 22
2 & .
(ar) ro-Te/ (Bm)rs-Tr = ok le [ 22122
Where & 9 and B 3 are mixing angles in the szﬁ mass matrix (for bounds on these
angles see section TI). The enhancement (cot &. ) is due to the standard four

(GIM) quark couplings.



(ii) The CP - violating ratios Im MI2 1in the KM model are comparable for
)

- - AM
the B‘l Bi and TO—T,?“L mesons, namely 12

(-Im AALET! //_BW\.Q )Eit-évi ~ (IM W\n/Amu)Tg‘:_’jfmzs

but differ for the Bz-ﬁz and Tg‘*’,_[‘g mesons:

LIVV\ \M\?./AW}”_) .B;*éo -~ ‘SZ S“‘“ZS

“tL

g (Sx+ 3, Co-sg)
(1‘”\ My A\Mw)—‘-;_:fco nd S3 Sw_‘_wz_#é;v_h

o LSZ -+ 53 Cos 5)
Defini — wA Y / ) o - D -e;tc
efining ém = Away, B - B3 2
which coincide with the usual CP-violating Parameter 1 & 1

defined through the relation

e _ /s IV?" he + ¢ 1w M,
t/a AV - AUy
in the limit  Tww T‘l/LM m, << 1, Ar/Ath << 1 5

one obtains the following relations:

o o . (B,
(B4) oy 5. s, cesS)s,) €
eW\ - ém N e A - {1.2)
_ ((Sz_f 55 Cagg)/s3) emgvc) ~ 1€k | - . 2
B 52 SBCHQV\(M‘-/M)ZA-*‘SZTE)
Here ‘GK\ refers to the K -K° system. k i«

-4
1ii) If the KM phase 5: 0 (0’14 1D)and CP is violated through the Higgs
exchange mechanism, then the following relationships hcld among the CP

violating Parameters ;

e&?o") . év&Bi) . w2
*]Z:_l \6')&\ W‘c:-l
(1.3)
e ¢ V&T:) Lo
V€ ) €x) W ¢

The scaling behaviour (1-3) stems from the Fermion-Fermion-Higgs couplings,

which in a spontaneously broken gauge theory are proportional to the fermion

mass. Thus, CP-violation due to weak mass mixings in the top and bottom mesons
are also predicted to be large from the Higgs exchange mechanism.
Moreover, the KM phase & and the Higgs induced CP-violations-can, in principle,

- - - C o
be distinguished through the ratio 6,(& /6T which is | for the former case
2 (4]
and ’W\b/mi for the 1atterF3.



We advocate a precise measurement of the inclusive process:
+ = os0 0 30 o o (S 3 ds]
€ e "_'Q(BABA’ Bg Bey T, To» T To)

> ,CIZ N anything (1.4)
with £= e, 4

- %
+ -
Defining N2 a5 the number of events of the type (X £

), due to the
. . +
semileptonic decay of a pair of neutral heavy mesons with X- any system of

hadrons and photons, a measure of the weak mixing is the ratio

NTT e N7
Nt e N e N N*

T2

i}

The charge asymmetry
o = (NT- N“')/CN“*N_‘) = ARe s

measures CP-violation. We estimate Y and'a' for all the four top
and bottom nmeutral meson systems and investigate their senditivity on the

(asyet unknown) mixing angles and the mass of the t -quark.
. + g+ . : :
We emphasize that the states zf;- /{— + anything (and hence z contribution

to Y, ) can arise from the cascade decays of the bottom mesons as well.
For example, the process

et€ 5 By By .
L BT e
4 Dh'\u))‘“" .
Ly kA% g%, -

will give rise to final states like in (1.4). An experimentally useful
handle to separate the genuine weak mixing effects (1.4) from the
"background” (1.5) may be provided by the nature of the lepton energy
spectra. It has been argued by one of us (A.A) () that (i) the

hierarchy of the kinematic mass differences involved in the B and D
decays namely

(me- o), (Pg-mys) (rg=e) > o)

(MD ‘“mx*) P’-&

UOTR YT TR eIy



and (ii) the Isoscalar nature of the dominant AB=-AC=-Afransition
in the KM model, which suppresées the multipionic emission in the semi-
leptonic decay, will distinguish the lepton energy spectra from the B

and D semileptonic decays. More precisely, (i) and (ii) are expected to

give rise to very hard energy spectrum for the leptons from the decays

X
g > Davy DUy DAY

On the other hand, the experimental lepton energy spectrum from the

o
charm decay D?(K,K){gbis very soft (12)

. A reasonable assumption about
the nature of the charm quark —p charm hadron fragmentation shows that

the lepton energy spectrum from the chain

B —» ¢ @/
L.)ZD'T-"' +
L_bQ(,K*)«e){&

maintains this feature upto sufficiently high centre of mass energies.
Consequently, a high enough lepton energy cut-off will suppress the

final states {; fi + anything from the cascade decay (1.5).

We also calculate the contribution of the top and bottom quarks to the

(10)

electric dipole moment of the neutron, using Higgs exchange mechanism

The paper is organised as follows. In section II we describe briefly the
KM Model and estimate weak mass mixing, APi, the lifetime di fferences,
AT, and the ratios AYM/F, br/P for all the four top and bottom
neutral meson systems. Signatures of weak mass mixings are discussed in
Section IIT. Section IV contains estimates of the CP-violating parameter

\ € , using Higgs exchange mechanism as well as the KM phase & ,

and the charge asymmetry, 'a'. Also contained in section IV are the b and



t-quarks' contribution to the electric dipole moment of the neutron,
using the Higgs exchange mechanism. In this section we also discuss
the dependence of the various asymmetries on the mixing angles and

on the mass of the t quark. Section V contains a discussion of our

results.

II. KM Model and the Weak Mixings

For the purpose of this paper, the KM model is represented by the charged

weak current ¢4 - S4Ca < -5, S, . A
— — — . L c
T =i, & Dhl-1) [s10e @reacs-58  casienads
L
S1S2 C,6,Cu+Cz5e  C48,85-¢,¢ze/\ b

‘ (2.1)
where Cy{ (_S{) = Cos 8y (SG-Q{) i=1,2,3,and we recall the bounds

from Cabibbo universality and the observed KL - KS mass difference (5):

532 L ©.06

(2.2)
S'?_ ~ Sb;ﬁl&c — 0- 08

i

2 Ya _mls o2
521 L M A +((~7£»’1j +°l) » /"‘t
= 045 g mp= § GV
w, - 45  Gev
-~ 006 for M=

The weak interaction mass mixings among a pair of conjugate mesons are calcu-

(10)

. + . .
lated in the standard way through the 2W- exchange box daigrams, shown in

Fig.]l. The results can be expressad in terms of an effective Lagrangian:
Loy=—-E2 1 Do
X VZ 4t mwtSlOw (2.3)

where ew is the Weinberg angle. The mass mixing term Am is now obtained by
taking the matrix element of Eq. (2.3) between single particle conjugate

neutral meson states. .
l - "
(AM)P—_—- -VY\F 4?\ "i% \P> (2.4)

. ° o
with P= Bd }BSQE. In Egq. (2.3)'1?1': 5 and @ are the quark mass factor coming from
the internal quark lines in Fig. 1, the angle factor in the KM-mass matrix, and
the effective non-leptonic Hamiltonian, respectively. A summary of the old

and new results for Am, concerning the top and bottom neutral mesons, 1is

FURINILNNLA4 FUMEROIA N4 8 I BURE T4 R ok MO LD WU PBRI ISP I3 118 1L 3400 UKL © Tomt meits s 0 8 | aied g mn e e m 3| e e e



given in Table 1 . Column 5 is obtained by saturating the matrix element in
(2.4) by the intermediate vacuum state. This amounts to using a valence quark
wave function for quark operators ind  and might very well be an overestima-
tion of the matrix element (2.4). From Table 1 we obtain the following rela-—

tions (it is taecitly assumed that both 92 and 93are nonzero):

L

2
Am o - 2 2 I
( )B.S ____-B; Coé 9C. 52"' 53) fBS MBJ— ) (2.5)
(am) po. 5° -2 52"
BA‘ Bo¢ Q; Mpy

(AWL)-T:_%C” : Cof’@ (Sz-f--s (]CT- mT* )
(aw) 1270 o

(2.6)
We estimate the last paranthesis in (2.5) and (2.6) to be 0 (i), The
mass mixing effects in the B; - ﬁ: and TZ - Tz mesons are then enhanced by at

L * . a . .
least ek Gb(:fZO), and this enhancement is, within our estimates, independent

of the assumption of vacuum (intermediate state) saturatiom.

We emphasize that the enhanced mixings of B - Eg and T - T° would have

negllglblc phenomenologlcal consequences lf the strong decays B—aB K’

3" K and TE§T D \ T'D were allowed, since then both Ahn[rand Ar7r1are then
negligible. However guessing from the (D"Fi) mass splitting for the charm
mesons, we anticipate a similar pattern of mass differences among the bottom

and top mesons. In discussing the phenomenological consequences we shall assume

that none of the pseudoscalar mesons (BO, BO, TO, T °

o Lo Te ye--.) 18 allowed to decay

strongly.

The states Bj_and Ea_(and similarly the other neutral mesons) are mixed by

weak interaction. Consequently the mass eigenstatas are a linear combination

of Q:and ﬁo, which we denote by By,and BZ’ having definite lifetimes Y& and Y}-
In the absence of CP-violation, they are also definite eigenstates of the CP-

operator and are represented as

J o) —o
B = —= (% x8
4,2 = ‘\ig’
We now evaluate the lifetime differences, [5‘1:: v'— Fa. The contribution to

AY comes from the final states with no net leptonic or flavour quantum numbers.

The pure leptonic states, ,{ £+ will not contribute to AT , to order Gpd due

to the generalised GIM mechanism (]5). The two quark final states give very

small contribution to AL as well as tort due to helicity argument. The main

contribution to A then comes from the diagrams shown in Fig. (2) with 2 (a)



contributing to the Ti - Ti and Bi-— E; transitions, and 2 (b) to the

TCO-—T?: and BZ - ESO transitions. We list the results for Al' :

2
. (AF) = G'; W\: gl2 "S..3
BBy ‘g;:t"s
(a0) g5 = &5 Mb (si+ 83+ 2525 cxs8) ¢y
| eqm’ C L s o
(AP)TG_:]‘.o = G:F my S, S
- " éum’
A
(AP)T;' T = 6?— m/cS Csz t 532 + R Sz 53 Ces 5) Cﬁt
é4m?

where C#Jb, c#) are phase snace factors, -
. We estimate 4b=0.2 and 49t=0.5 for mb= 5 GeV, mt=15 GeV.

Note that both Amand Al'are independent of whether the transition &->4
is real or virtual. However, Y‘ obviously depends on whether the

transition {;-—y b is allowed by the phase space. Identifiying

tentatively Y (9.4) with the bottom quark, we shall use the follo-
wing formulae, derived from the quark decay model , to determine the
widths.

r(B) = GF‘”‘" [ sPsie (55455 +25.5,mb)

= 1u® x ¢(Wm/mb]

Py = GF mi [S} (st s 25253%5)%
32v3
x 45@"13/"%):[ (2.8)
4’@&) = 4- 8% + 8- xt o )2 2w x

The rates for P(BSO) and V(TCO) can be obtained from r(]::s:) and P(Tz)

[

where

respectively, if one takes into account the mass differences, In mumerical

calculation we have used

- Y— —_— . GC\/
)m?,al My = S.0

m%: = \W\b + 02 GeV

Yn_{.co = wmT?l + 4.5 6eV
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III. Experimental Consequences of Weak Mass Mixing

In this section we discuss the experimental implications of weak mass mixing
from the production and decay of top and bottom quarks. Qur concern here is

primarily the forthcoming experiments at PETRA, PEP and CESR. First, we note

. e -
that barring the possibility of both §, and Sy vanishingly small (£ 19 ),
. =13
the lifetimes of the bottom mesons are expected to lie in a range 10 12-10 sec.
A rough empirical formula is -1

-3

2 2 2 10
T = [S5 + _é_(52+53+25253a45)]x See

For the top mesons, the uncertainty in life times due to mixing angles
is much less if the top mesons lie higher in mass than the bottom mesons,
which is the attitude we have taken in this paper. Typical life times for
top mesons are described by the approximate quark model relation

T(T) = (S ceV/m)S x16'7 Sec.
Thus, for both top and bottom mesons only time integrated 1nformatlon on
mixing effects would be available. In this respect, all that has been said
about the methods and measmements of weak mixing in D °-5° mesons applies
to the mixing among B°-E° and 7°- T° mesons. However, apart from the diffe-~
rences in the magnitude of AYﬂ/Pand ﬁﬁyrfor the charm wesons om ope side, and
the top and bottom mesons on the othex, the expected selecﬁion rules for the
top and bottom decays are different. This circumstance, by itself, justifies

a reappraisal of the entire situation.

First, note the following selection rules which are built in the KM model(a)

( M is the appropriate matrix element).
IM (a7= —AB= &®, Oc= bS= s1=0))° o C2 o
\M (at= AS= D@, AB= Acs AT = o)]oé(sz+53)(3 2)
\M (_AT:— AN O AR= Ac= AS=0 ATI= 4/2)'0{5 S (3.3)
IM( aB =~ BC=-AS5=2-88, AJ:—-o)\ d(s 1'5)(3 “)
3.5
\M (6% = -b@, A= AS=0, I ILIVERE RS
If Sa < 32 , then (3.3) and (3.5) would be very small as compared to the
rest. The selection rules (3.1) = (3.5) lead to very definite prediction
about the composition of final states in the bottom and top decays. Next,

we discuss the signatures of weak mass mixings, bearing in mind that

(9.4) is a bb state, and mt‘> m -
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Consider the decay of 5% meson first, On the basis of (3.4), one anti-

(13)

cipates the dominance of charm final states . However, without

mixing the final states in ete” collision have total C=0. With weak
mixings, one will have final states with C= +2. Since the mixing in the
p°-D° sector is negligible, the final states with (DODO) and (]3O 50) are
as good signals as (D'D') and (D D )for B°-E° mixing. Consequently,
transitions like D*O-..» PP, D'V will not blur the signatures of B°-B°

mixing. B°-3° mixing will give rise to processes of the type:

<te — B B > @((addtve); 2 (c)L5,);

Mix;v\(j . - _
2 (AT (ud); & (Ced)liad));
2 ((ew)(Ad)); 2 ((ue)(dd))
(3.6)
where oLE means D,D* . D** setc. The signatures of B°-B° mixing are then

o % _
(1) 2 (DO,DO, D ) with the accompanying hadrons non strange ( Ic, P etc.);
(ii) Two like sign leptons (A, €) with hard momentum spectra and accom—

panying kaonS]

The BS— ﬁ: production and mixing will involve processes of the type:

—> R ((sT)L™V), 2((e3)L )
) (($E) ()5 2((E)(A);
2 Ucu)(—?d))) q(fuc)(sd))

(3.7

e —5 B BZ

.. — - * o« ¥ * W
where again cw and cs mean D, D , D s »eoand F, F , F ,...,

respectively. The signatures of B B mixing are then

(i) 2 FF with the accompanylng hadrons non-strange (T( P ).

(1i) 2 (D 50, D ) with accompanying kaons.

(iii) Two like sign leptons (M,©) with hard momentum spectra and

accompanying "’l"\q', CP (]5).

Above the threshold of % quark, the dominant transition is expected to be
(3.1), though under special circumstances the transition (3.2) may also
compete (F4)-The - T° production and mixing will lead to the mixed modes
of the type:

ete 5 TN — & (Cew) L) (@)L,

Mixing aLLbu)(%d));&((ubg[ud))
2 (wd)ww))> 2(AD(w)

(3.8)




~17~"

The signatures of T°-T° mixing are
(i) Z(B B . BY) with the'accompanying hadrons non-strange
(B can be identified through B - D° T[ and B through
p° L or D *T T modes etc......).
(i1i) Two like sign leptons (A4 ,e) and the accompanying hadrons
indentified as 2 B or ‘ZB+. The shape of the lepton spectrum
now depends on the mass difference ’Wlt—- W\b .
o =

The T _~- TCO mixing leads to final states involving 2 (T/\fﬂ-) or 4 D mesons:

“e.+'é— —7 c,o :{:c,o ———? o [ QC E’) Z'f'y,e 4—26 ] ,'
Mixin _ -
Y 2 [eE)£ e @) ]
2Lt ()],

2eé)ind)(c)]
X LCen)cad)l wd)] 3.9

. o Do

However, all these states can also be reached without T = - TCO mixing. One
. . ot + - . s .

could advocate six lepton final states £~ {i‘ 2 (LA ) as definite evidence

of TCO - TCO mixing, but the bramching ratio is expected to be very small.

On the other hand, the nature of the lepton momentum spectrum may prov1de

a handle on distinguishing the primary leptons in the decay £ > ALl y,g
from the ones coming from the secondary process b —7 el V!'. This will be
the case if (Myg-mp) > 5 GeV, since then ome anticipates a very hard lepton
momentum spectrum for the primary leptons from top decay, t-‘)bfk’g. So, a high
enough momentum cutt—off (for example, E£t75 GeV for My plo GeV and
Ec.q =20 - 25 GeV) may be used to remove the secondary leptons. The final
states 2 ( J'/”\,Df 1}:) ,C+,(,+ and 2 ( T/\P, 'V/,) (‘{- with both the leptons very
energetic is evidence of TCQ T © mixing. In the absence of a clear hierarchy
in the masses of the heavy quarks, which translates itself in the hadren and
lepton energy spectra of the decay products, it would be difficult to detect

o

=0 .. .
TC - TC mixing experimentally.

After discussing the possible signatures of the various neutral meson
mixing, we reproduce the formula for the mixing effects: (This formula
] . O .. . - . .

first discussed for DO—D . mwixing Ls due to Pais and Treilman in

. (o) ..
ref. 9 ). In particular, one has for the Bi&-) BA. transition:
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fo2 U&= x€%) - (8T/ar)+ (amyr)’
T( 8°~> x¥e7v) 2 — (AT‘/:zF)?'ﬂ- Caw/fr)?

(3.10)

.. . . o _ = o0
Similar expressions are valid for Bsz..-'aBS

O, . =0 o =0 ..
» I &2T7 and T «>T transitions.
u u c c
The mixing effects associated with the semileptonic decay could be
. . . + - v . . .
measured in an inclusive process in e e annihilation experiments of the

type:

+, 3t
+ 3 = = -
-€ € 4 +:f 4 + anything (/(_ f,,u.) (3 1_1)
Iz i - |
Denoting by N the number of events of the type (’(1'2 Vo) (Xf:€ 1‘/(), which

come from B°B® ete. production and mixing, one has {see Ckun et al. in
ref. (9;):

TZ = N+ M + N
N* e N 4 NN § .
(A amE+enY (T Gew) - oD} o)
32( T4 (awm)")7
The ratios ‘\(i and Tz for the bottom mesons depend on the mass of the
top quark through Amand on the angles §2 and 93 through I", Al and Am.
However, note that both &M /[T and Br/{" for the Bg - E: system are

rather insensitive.to 92 and 93 > and are large. Consequently, the

predictions for the BZ - EZ system are much more reliable. Numerical
estimates . for Ahﬂ/rvand AT‘/F » Which are valid if my (mb ., are given
for convenience in table 2 asg well as an estimate of T," , and Y2 for all

the four top and bottom neutral meson systems. For these estimates, we

have assumed M) = 5.0 GeV, Mg = 15.0 GeV, 93 -0 cabibbo and &

= 92”8,:({_,_45"(,&9 .For a fixed Value of mﬁ_: 15 GeV, variation in Y4 and
Y9 with respect to 92 and 93 for the bottom meson system are shown in
Figs.(4) and (5), respectively. In Fig.(6), the dependence of Y 4and Yo
on the mass of the top quark are shown for fixed value of 93 = 9(‘. and

&1 = 92“)( (mt). Note tllgt the estimates of Y’l and Y;z for the top meson
systems are typically £ 40 for a large range of mbsz and 9_; and are not
shown in the figures. Note also that while the mixing effects in B:—ﬁg

are large and rather uniform, the measurement of Y4 and Y.:, for the B°-B°
system would require a rather fortutions situation with respect to 82 ; 93
and m .

Concluding this section we remark that in an experimental setup N receives
contribution from the CC production and decay, as well as from States like

+ = . . P
B B etc., which are not mixed. In order to use Eg. (3.15), it is necessaty
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to identify the parent particles as B°E® etc. One could, by using
the signature listed above, demand definite hadroms to eliminate this
background, We also remind that the cascade decays
+ - -
<'e — bb ~
L L——_} Cn -
Yy LTV b =y Vx_

contribute to N (and similarly to N’ ) and this background would have
to be eliminated by using a high lepton momentum cut off. Of course, the
indentificaﬁion of definite hadronic states in the reaction like (3.11)
or the high lepton momentum cut-off necessarily compromise statistics,

but such are the pains in the search of weak mixing effects in any case!

IV CP-viplation

CP-violation in the K°-K° system, with the KM phase g , has been calculated

. = . 6
by a number of authors (5), and that in the B‘?—Bs system by Ellis et al.( )
The CP-impurity parameter € is defined, for the B). Bal system, for example,
by

By, = N[ 1+ €e)B £ (1- €r) B"] (4.1)
_1.2
vith N= [ 201+ l€)?) ] /
. B
and 63 -—‘?-: Tw Vn% + L I\M ml?.

B y
CarPl o Awm
Ignoring T r‘g gne obtains

Y
&l = &R/ v (6ant)?)” @
&

(4.2)

(4.4)
Re 63 = Ji" br B \ B\
where bm
_ B
ev,&“’ = T M / AM‘E (4.5)

0
. . i
The CP-violating parameter GW? (which reduces to \C ] if (ﬁr)«ﬁm )
for the BP-B° and T°-T° system are given by( )
(Ta )

€ (Ba) tam2d = Ew (4.6)

We remark that while G“(;_B“) and e,w&T“)are comparable in the KM model,
lee'l and ]GT,are in general not,since a priori AP/AWL are in general
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= =0 . . .
very differant for the B°-B° and 1°-T systems. CP-viclation in the

B°-B° and T°-T° system can be readily evaluated and we find
s s C

e | s, 5028
C53+52 Crsg)
6“9;) ~ Sy Sinz b
( Sz + Sy Ces )

(4.7)

Thus, one obtains

R T
é (B,L) 6 &Tu 653“' 52&55) 6 (Bs)= (‘SZ+ SgCusg) ‘6”& )

-~ £2 S2 (4.8
et/ 5,5 ( gt - 14 3 )
o
3%) o %
Soae (ﬁs and E (T ) may differ considerably from é_-w(lﬁd ) and

E . U‘“) depen’llng on the angles 8’2 and 623

5 . . . . o -o
It has been argued ())’(6)that if the entire CP-violation in the K°-K

sector comes from O , then 52 53 SLC.S: 40.3Using the upper bounds on S,
and S3 , one estimates that géfzj e&j“vare bigger as ;ompared to |€k|
by at least an order of magnitude. However, it is conceivable that the
CP-violation observed in the K°-K° system may not be attributed to small
Mixings in the six quark mass matrix. The conditions under which the KM
phase 5 can{but may not) vanish are investigated by Fritzsch in the
context of an SU(_Z)“@ SU(.l)R_ (o) v(A) modelile.}

The resulting (V - A) charged current is then identical to (2.1) hbut
with | 8 =8 and hence no CP-violation. One is then forced to try
other mechanisms of CP-viclation. Within the context of the standard
SUL;)L@UWmodeIB, it has been suggested that Higgs %xchange can be

used to implement {P-violation in a natural way

To recapitulate, one now has to extend the minimal Higgs structure of

the standard mode13 Ly adding at least two extra Higgs doublets. In

order to restrict the proliferation of the various Higgs couplings to

the quarks and vector bosons, and to avoid AS#O(and AC:FO ), AR =0
transitions to order Gp_ o, some discrete symmetyy transformations

are necessary  which allow only two of the Higgs doublets to be coupled;

one to the right handed quarks with 0= + 2/3 and the other to the right handec
guarks with Q = - 1/3., The Yukawa (Higgs—-Quark-Quark) interaction is

then of the form



-15-

3 L’) +¥ ‘ &
OCY - %:4 5 el v o, 7251)
! (4.9)
3 @ o
3T el Gy e
t,a.‘:

. . . = 14‘-2@'6)‘
where @% (;WQL) are quarks with charge + 2/3 (~1/3) and sz’g'“ ( ) d
The symmetry is now broken spontaneously by giving non-zero vacuum

. o o )
expectation values to q% , and LPJ, . One then chooses a basis

in which the quark mass matrix is diagonal. The charge current matrix
can be made identical to the KM matrix and we assume 5.= C . The

Lagrangian (4.9) in this basis now becomes (u,d,s, etc. are mass

eigenstates):

| o * i )
X 0 M. Se S
O(Y = ) ¢ [’md Aed, + Mg °r
—_ 'i o -— —_
+ my, bebo ] + (P2) 4 [fmu MU, + M. Sole
— * -1 + ¥ _
+ Mg fﬂ’ftj + (M) 4 [_—md ¢, o U+ My S
xdo S - m, S, ¢3 See + mg(C 65~ 5, 83) SglL
- My, 8§83 bp U, 4+ M, (C;CZ S+ + S:,CJ) -EE’ C(_j
ot 2, A S,C;, UeS
- (M) ¢ [mu ¢, oy = Mu 2153 1=
= - S,) Co S
4+ M, Cq S¢ Cp Az_ -+ ’MCCC'IC?_ 3 S2 3) Cr >L

+ Mg S5 ZR Ac, + My (618,63 + <2 53) tKSLJ

+ H.c.
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The interaction comserves CP by appropriately defining the phases of the
scalar fields, but CP may not be conserved by the scalar propagators

The ekchange of a single Higgs boson now leads to the effective Fermi

interaction:
Al mycy dete + my £,5, drs, — Mg S1¢35M
+ Mg (Cq€aCy - $253) SgfL~ ™Mb S53 bg U,
+ My (€83 + $253) ERCLJ[fmu cq Rpd 18 ¢

" = Ce S
XUp Sy + My, Sy ced, + mc (c ¢4z - 8.53) TR 5L

+ e S5 Eede + Mg (€452 63 + ‘5253)2;9&]*”‘;)-
where * (q
A 4_\-((‘Pl+ ('PZ )> , §=0 / }\4 >‘-2

8 . .
Weinberg has shown that A is in general complex for more than two Higgs

)

doublets thus violating CPFS. The CP-violation parameter, ImA, can be

determined from K°-K° gystem:

I A= 3.2 x 10 F (4.10)

One could also parametrise it in terms of the Higgs masses.
¥

2
™y

Iw A= x,A,: ks

assuming’)(='t1will lead to maximal CP-violation. Now, eveluating Im M

I2
&+
through the appropriate W H exchange box diagrams (which are snnllar

to those in Fig. (1) with one W replaced by the Higgs boson, g ) and A nm

determined through the 2 W exchange diagrams (with 5 = 0 ) we get,
B 2
Im M
‘: = % M (va(_“‘“) 2) - J_ (Q«Ww -2)
A My 1) 4
My
- (4.11)
2
IW\ 'YY“.?— ~ 2 ™My, (2’\4\ MH 2) oA (e“mw 2]
h) 2 L
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Egs. (4.11) and (4.12) also hold for Bz—ﬁz and Tz ~T2 transitions,
respectively. Comparing the result with that for the K°-K° system in

the same approach:

K 2
IW\ n'ho. Y LS [ (_ev\ W’“ -?_) (413
Awg  (mW/mg- ) L e -2

it lS easy to see from (4.11) - (4 13) that the CP—v1olat1ng parameter

im M, Jf[\rﬂ scales with the (mass) of the appropiate fermion (up to lo-

garlthmlc terms) Hence, the Higgs mechanism leads to the relations:

®a) - 2
49 w ~ rﬂﬂtl/ﬁij?
(4.14)
=Y 2,
(Ra) lelc\
WA and ébw are at least an oxder of magnitude bigger than |Ex| . We

remark that the ratios (4.14) are independent of the ambiguities of Higgs
masses, the assumption of maximal CP-violation, and the assumption of vacuum
{intermediate state) dominance of the matrix element (2.4). Moreover, there
are no contributions from the neutral Higgs bosons since 334:7§3, Tgr*Tﬁ etc.
involvé, respectively AB® =r2, &T =%2 neutral current transitions, which

are absent in the KM type models. Egs. (4.14) may constitute one of the

cleanast tests of the hypothesis of CP-violation throﬁgh Higgs éxchange.

. . . + = P
CP-violation can be measured in e e experiments through the charge asymmetry
of the lepton pairs coming from the production of a neutral meson pair,

subsequent weak mixing and semileptonic decays. For example, one has to

look at processes of the type, (F6)

"Cf’c‘—'—? Bo B° =7 'g 'l—- + anything

mixing

CP-violation i1s mow trelated to the charge asymmetry through the relation

(see Okun et 231, in ref. 9),

o= NT=NT_ 4ee el1+1€6/Y

— (4.15)
TeNTT (1+ €)Y +4 (Re€s)?
Ignoring Tm 513 in Eq. (4.2), we have
Re éB - _‘12_ -9[_':’} /GB} ' {(4.16) |

LM,

T AL L O]



We have evaluated the CP-violating charge asymmetry in the lepton pairs, (4.15),
using both the KM phase 3 as well as the Higgs mechanism. The precise value

of the asymmetry 'a' depends on the KM parameters 52,93 and M—t, the top
quark mass. In addition it also depends on the values of the pseudoscalar
constants JcB and fT’ through Am. Since none of these quantities are known
at present, it is more appropriate to study the asymmetry 'a' for a plausible
range of these parameters. In Fig. (4) we have plotted the dependence of 'a',
T.‘ andY'2 on 92, assuming 93 = gc, Mt = 15 GeV and fB3= 300 MeV. For the

0

KM phase & » We have used the relation SZS3Sin 8 = . The dependence of

these asymmetries on 93 1s presented in Fig. (5}, assuming 92 = 9(:' The
dependence on the top quark mass is plotted in Fig. (6), with 92 = ezmax
(mt), as determined from the KL-KS mass difference Constraint (6}, and 93 =
Ec' In table II, we present some representative values for the quantities of
interest, namely life time, T , Ar/r’ . AH/[" Y4 , 2 and 'a'. The entries
are calculated by assuming m, = 5 GeV, m, = 15 GeV, 9 9 , sin 5

b
= 2.5 ¥Y{0 3, with cases (i) and (ii) refering to the values f = 500 MeV,

:f.,/j% M.é—/mb and f = 300 MeV, ‘IfT/?(B = ! M(;/Mb . respectlvely.

There are various comments that we would like to make at this stage. First,
note that the Higgs mechanism gives at least an order of magnitude larger

charge asymmetry 'a' for the bottom mesons as compared to the XM phase cf .

Next, the major dependence of 'a' on the various angles comes through the
factor AT/ AM , as can be seen by looking at Eqs. (4.3), (4.4) and (4.15).
For the bottom meson sector, AP/AM {< 1 for a plausible range of 82 and

g 9 So, the expression for Re EB can be well approximated by

Re €y = 5 L0 (Fmre)
Anmn VAN P
It is easy to see that the charge asymmetry 'a' becomes smaller with the mass

difference, A m, increasing or the life time difference, A,r’, decreasing.
. o 0 -0
This is the familiar pattern from the K =K system. For the bottom mesons,

'a' for the B”-B° complex as compared to

one anticipates a bigger value of
the BZ-—BE. This can be seen through table I and Figs. (4) - (6), where barring

@ . the charge asymmetry 'a' is much bigger for the B°-8° sector.
3 LY,

Table 1 also shows that A.r/r' and AM/P for the BZ‘—BZ sector do not depend
on 9 9 and 8 3 The asymmetries Y1 , Y_?_ and 'a' (Higgs) for the B?—BZ
system are then independent of 9 5 and % 3» whereas 'a' (KM) reflects the
dependence of Fm Mz  on 9‘2 and 93. This is corroborated by Figs. (4)
and (5). L2
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For the charge asymmetry 'a' in the top meson sectors, both the KM and the
Higgs models give rather small values. We have given these numbersfor a
representative values of the various parameters in table IL. Perhaps, it is
interesting to point out that when AF/AW\ )71, as is the case for the neutral

top mesons in our model (see table II), Re G.T is well approximated by the

,
ReGT—: &(%)(%)

expression:

One now expects bigger CP-viclating effects when AM is large and AU small,
in contrast to the B-mesons. This is the reason why the charge asymmetry is
larger for the TEJE: system as compared to the T:fEE system. Again, the Higgs
mechanism gives roughly an order of magnitude bigger estimates of 'a' for the
top mesons as compared to the KM model, though the absolute values are hope-
lessly small.

We conclude that the CP-violating charge asymmetry 'a' may be a measurable

. + . . . .
effect in e e experiments involving the production of bottom mesons.
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Electric Dipole Moment of the Neutron

Electric dipole moment of the neutron (19), DE (neutron), in the KM model has

been recently calculated by Shabalin (20). It was argued earlier in Ref. (5)

and (6) that in the KM model DE (neutron) receives contrihution from 24

exchange diagrams and consequently lies in the range of a prediction of superweak theory

_2 -
(D (neutroen)~~ 10 ? e.cm. }. However, when one calculates all the diagrams

E

then to this order DE (neutron) vamishes (20). Thus, in the KM type models,
. . + .

DE (neutron) receives contribution only through 3W- exchange diagrams and

consequently has a value much below 10_29 e.cm.

(8)

Weinberg calculated the electric dipole moment of the neutron, using Higgs
exchange mechanism with four quarks. His estimates of DE {neutron) are of order
10‘2a e.cm., though there is considerable uncertainty due to the quark masses.
Thus, measurement of DE (neutron) is a good measure of testing Higgs mechanism.

We add the contribution of the top and botiom quarks to DE (neutron). The dipole

moment now reads as (with maximal CP-viclation, i.e. QC = 1):
- _ e € _)
:DE (}L) = = =k _:L_i {; 7?161 64 ( In _——_-z 1
V2 8w 2 Md L
2 9 = 5'2(/4« '1"—’3—”7)
+ M S cy (,{n, ‘7”H 2. - 1) + My S mp*t
"4 2 22
% (2) 2-e 64: 1 :’Mgmuqzk _4)+mc.<6.; § }
E = 3 H ”‘ * mu -

Defining the relative contribution of the b and t quarks (as compared to the

U, d, s and ¢ quarks) to D (neutron)

y S (4DEC4) - D(m)

I

t= =t A ‘
!
(43} cd) ~ D50v)
1= W, A.s
we find (assuming mo=my o= 300 MeV, m_ = 500 MeV, m, = 1.5 GeV, m = 5 GeV,
= =9
My 70 GeV and 93 C)
y = 0.18 for mo o= 5 GeV
= 0.5 for mo = 15 GeV

Thus, the contribution of the top and bottom quarks is not negligible if 43
is of the order of cabibbo angle. It is conceivable that b and t quarks by
themselves give a contribution of O (10_24) to D. (neutromn), irrespective of

the uncertainty of the W, d and s quark masses.

A N N I L R L T
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Discussion and Conclusions

4
Motivated by the discovery of'rY9.&), 1?(10.0) and the observation of Ellis
(6)

et al. that the weak mass mixing effects are expected to be large among
the BO—BO mesons, we have studied the entire neutral meson sector of the left
handed six quark models. A clear patternm in weak mass mixings seems to emerge
among the known neutral meson systems (KO;EO and DO—DO) and the yet tg_be dis-

covered heavy neutral top and bottom meson systems (Bz—gi, Bg—BZ, TE—TS, and
TS—EZ). Characterising these effects through AVH/P and [}ﬂ“ﬂ, it is obvious
that weak mixing 1s expected to be important when I is suppressed due to weak
angles (the suppression of [ in K°-Kk° system comes via shfZHC:whereas for the
bottom mesons it is characterised by ((S2 + 83 cosg)2 or 821 832).

There is an additional enhancement factor in favour of the KO-%O (over the

DO—BO system) and neutral bottom meson systems (over the neutral top mesons)

from the quark masses in the box diagram of Fig. (1) (see WA in table 1). Mixing
in the KO-EO and neutral bottom meson sectors (BO-‘Eb and BZ—EZ) is expected to

be large, whereas it should be suppressed for the p°-D” and the neutral top

meson sectors.

Thus, there is a natural mechanism in the KM type models to understand why

mixing 1s important in the KO~EO sector and small in the DO;Eb. In addition,

we find the weak mass mixing effects in the Bz—gb sector largey as compared Lo
the Bo—gb. It is conceivable that mixing in the Bg—gz sector may even be complete
(as in the KO;Eb system). This can be traced directly to the underlying GIM
structure of the left-handed six quark models. We have then addressed ourselves
to the question of distinguishing these mixings,their possible signatures and

. + - .. . ; .
measurement in e e annihilation experiments at PETRA, PEP and CESR energies.

We have also studied the question of CP-violation due to the mass mixings among
the neutral top and bottom mesons. This is done both in the conteXt of the KM

model with a complex phase é?, and using the alternative approach to incorporate

(7,8)

CP-viclation through Higgs exchange . We find that the predictioms of the

Higgs exchange mechanism for CP-violation in the top and bottom meson sectors P 3
are also large. Moreover, one could relate the CP-violating parameter Tha M2 Am}z

T T = - . . .
and Iﬁa{”h;/aﬁhﬁ; for the B°-B and T°-T° mesons with their counterpart in

8 8 T T
the K -K° system. The ratios (I““" “’gr/Am,L ) and (IM ™ /A M « )
T m;f /B ”‘H-K Tin ) K‘/ Ay
then obey a scaling relation (Eq. 4.14). These relations are free of theoretical
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ambiguities due to uncertainties in the Higgs mass, dominance assumption
about the matrix element of the effective non-leptonic Hamiltonian, and the
assumption of maximality of the CP-violating interactions, i.e. the value of
X . This circumstance then provides a rather clean and sensitive test of the
hypothesis of CP-violation through Higgs exchange, more so if m, and m_ are

not very close to each other.

We then discuss the measurement of lepton pair charge asymmetry, (4.15), coming
from the production, subsequent mixing and semileptonic decay of top and bottom

. . + . . .
meson palrs 1n e e experlments, as a measure of CP-violation. We have calculated

Tt

the charge asymmetry 'a' for both the mechanisms and studied the effect of varying
the various parameters, 92, 93, m and the pseudoscalar coupling constants fB and
fT. We find that the charge asymmetry 'a' in the production of bottom mesons should
be a measurable effect in a high statistics lepton pair experiment. The corres-
ponding asymmetry for the top mesons is expected to be smaller, reflecting perhaps
the same sequence of CP-violation as in the KO;Eb and DO;EO systems. The predictions
of the Higgs model for the charge asymmetry are uniformally larger over those of

the KM model.

We conclude by emphasizing the importance of studying high statistics lepton pair
. . + - . .

production, in e e experiments at PETRA, PEP and CESR, coming from the decay of

a pair of heavy top and bottom mesons, as a powerful tool to reveal the nature

of (as yet) poorly understood mechanism of CP-violation.
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Footnotes
F1 We use the following notation for the bottom and top mesons.

¥2

F3

¥4

F5

Bi-_— b;, B = bu , 5_';’:\,3} B- = bc

k78

TS - 4, T -oed, TR 45 TS. 4T

y . . =0 +
and similarly for antiparticles B, B , etc.

‘The CP-violation relations (1.2) and (1.3) are independent of the

lifetime, T of the bottom and top mesons.

It is conceivable that the mass difference (mt—mb) is negligible as
compared to either m_ or m , in which case the predictions of the KM

t b () -
phase & and the Higgs exchange mechanism for \Gg\/léri would be
practically the same. However, we would like to emphasize the growing
strength of the Higgs induced CP-violation with the quark mass, which
could produce an effective CP-viclating interaction of order G. in the

F
decay of heavy mesons (J ) with an« my -

The relative rate of t=» S+.--and t—» b+.- transitions is determined by

the expression (derived from quark decay model): _ . 7
P(t—> S+ (ud o Lfve) (521- S3) tft@m/mt}
M t—= b+ (wol ot £L70t) c; (e fng)

where

¢ & Y 2
45{—(?6)-: - §x% + 8nb 2"~ /2 ntnx

- mg ~ . _ : A
For m, >:/ 5 eV, 95[ /md-l, but if (mt mb) is not large ( \< 1 GeV},
there can be substantial suppression of the t-3b transition due to
phase space. It has been argued 16 that SZN 0.5 and 53 \< sin (9(: . The

two circumstances together may make t —y§+.- transition comparable to f**?ii.

In the presence of pseudoparticles, which might be needed so as to have P
and CP ipvariance in strong interactions, the program of implementing the

CP~violation in weak interactions by Higgs exchange needs at least four
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* +
+
Higgs doublets otherwise A E(T((Pl LPZ)P/)\xAzbecomes real. For a
! .

detailed discussion of this point see ref. 17.

In higher order weak interactions involving no net flavour change,
like the electrie dipole moment of the neutron, there is, in general,
a contribution from the neutral Higgs mesons. A priori, this contri-
bution is arbitrary since the mass of the neutral Higgs meson is not
constrained either by theory or present experiments. However, one
could derive a bound on m o, otherwise the contribution of the neutral

H
Higgs to the dipole moment by itself will be in conflict with the

experimental result on DE (neutron), see ref. 18. We assume "”rf}?“anr
and neglect the contribution of neutral Higgs mesons. Note that

there is no such contribution to flavour changing transitions like
B"H %0 , TL—?"?O etc. due to the absence of non-diagonal
neutral current transitions involving Higgs bosons, in the KM type

models.

In the process + X - )
- t -
-..e.r—c — ( B* B -+ B B - =~ O
L, 7ot “*LBOTT} BW ele.

t

the relation for the charge asymmetry, 'a' (4.15) is to be divided

by 2.



~26—- —

References

[ S.¥. Herb et al., Phys. Rev. Lett. 39 (1977) 252;
4.R. Innes et al., Phys. Rev. Lett. 39 (1977) 1240,
Ch. Berger et al., Phvs. Lett. 76B (1978) 243

C.W. Darden et al., Phys. Lett. 768 (1978) 246.

=t

2. M. Holder et al., Phys. Rev. Lett. 39 (i977) 433,
B.C. Barish et al., Caltech Reports CALT 68-603, CALT 68-607
(to be published).

3. S. Weinberg, Phys. Rev. Lett. 19 (1967) 1264;
A. Salam, in Elementary Particle Physics, edited by N. Svartholm (Alm-
quist and Wilksells, Stockholm) (1968);
S.L..Glashow; J. Iliopoulos and L. Maiani, Phvs. Rev. D2 (1970) 1285.

4. M. Kebayashi and K. Maskawa, Progr. Theor. Phys. 49 (1973) 652.

5. L. Maiani, Phys. Lett. B62 (1976) 183;
5. Pakvasa and H. Sugawara, Phys. Rev. D14 (1976} 305;
J. Ellis, M.X. Gaillard and D.V. Nanopulos, Nucl. Phys. BIO9 (1976) 213.

6. J. Ellis, M.K. Gaillard, D.V. Nanopoulos and S$. Rudaz, Nucl. Phys. BI3I
{1977) 285.

7. T.D. Lee, Phys. Rev. DB (1973) 1226 and Phys. Rep. 9C (1974) 143,
See also B.C. Unal, Univ. of Heidelberg Report (1976).

8. 5. Weinberg, Phys. Rev. Lett. 37 (1977) 657.

g. For mixing and CP-vielation in (Do-ﬁo)—system see L.B. Qkun, V.I. Zakharov
and B.M. Pontecorvo, Nucvo Cimento Lett. 13 (1975) 218;
A. Pais and S.B. Treiman, Phys. Rev. D12 (1975) 2744,
R.L. Kingsley, S.B. Treiman, F. Wilczek and A. Zee, Phys. Rev. Dt1 (1975)
1914



13.

4.

15.

16.

17.

20.

—-27-

M.K. Gaillard, B.W. Lee and J.L. Rosner, Rev. Mod. Phys. 47 (1975) 277;
R.L. Kingsley, Phys. Lett. 63B (1976} 329;
M. Goldhaber and J.L. Rosner, I.A.S. Report C00-2220-86 (1976).

M.K. Gaillard and B.W. Lee, Phys. Rev. DIO (1974) 897;
A.I. Vainshtein and I.B. Khriplovich, JETP Lett. 18 (1973) 83.

$.L. Glashow et al., in Ref. 3.
J. Ellis et al., Ref. 6;

A. Ali, CERN Report TH. 2411 (1977) (to be published in Zeitschrift
fiir Physik "c¢').

The explicit form of the selection rules is due to J. Ellis et al. (Ref 6).

For earlier speculations see also H. Harari, Phys. Lett. 57B (1975) 265
and Ann. Phys. (NY) 94 (1975) 391;
T. Walsh, DESY Report 76/47 (1976).

For explicit lepton momentum spectrum calculations see A. Ali, in Ref. 12;

see also T. Walsh, in Ref. 13.

For the semileptonic decays of P mesons, see A. Ali and T.C. Yang,
Nuovo' Cim. Lett. 21 (1973) 213. '

H. Fritzsch, CERN Report TH.2433 (1977).

R.D. Peccei and H.R. Quinn, Phys. Rev. D16 (1977) 1791.

N. Deshpande and E. Ma, Phys. Rev. Di6 (i1977) 1583.

For a summary of the experimental results on the electric dipole moment of
the neutron, see W.B. Dress et al., Phys. Rev. D15 (1977) 9. This article

also contains references of earlier theoretical attempts.

E.P. Shabalin, Institute of Theoretical and Experimental Physics, Moscow,

Report ITEP-31 (1978)

AT T N



~28- -

Table Captions

Table 1 Weak mass mixing factors for the neutral bottom and top mesons.
-~
For the definition of W, 5 and ¢ see text (Eq. 2.3). The

pseudoscalar coupling constants ’(.5 etc. are defined as
- [
ol bV di8y = Fg ().

(#) Exact entry is:

2 2
$2
SEIT o ad v U it (%5,) G5 + P13, 2(55)

Table II Estimates of T, AM/P, M/P 1Y1,Y2 and 'a' for the various
‘neutral bottom and top mesons, mixed by weak interactions.
. ) . B - mf/
(i) and (ii) correspond to assuming 7(5 = 500 MeV, "fT/,CB- *‘1[,

and fB = 300 MeV, FT/fA :'(JM*/‘“-b respectively.

We have assumed mb = 2.0 GeV, m, = 15.0 GeV, 92 = 93 = (—)C

and sin S = 2.6 x 10 .
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Figure Captions

Fig. 1
Fig. 2
(a)
(b)
(e)
(d)
Fig. 3
Fig. 4
Fig. 5
Fig. 6

. . . 0 _o .
Lowest order quark diagram contributing to the B -B mass difference.
The diagrams for the other neutral meson systems are similar with

appropriate interchange of the quarks.

Quark diagrams contributing to Al , and the widths [7 of the neutral
top and bottom mesons.
. . . ) o _O 0 0
Leading contribution to AT for By-B4 and T,~T, mesons.
Leading contribution to Al for BZ-B(; and Tz—Tz mesons.
Leading diagram for the decay of the lowest lying top (or bottom)
mesons below the threshold of bottom (top) gquark.
Leading diagram for the decay of the lowest lying top (or bottom)

mesons above the threshold of both the top and bottom mesons.

Lowest order contribution to the electric dipole moment of the neutron

with Higgs exchanges,

! 1

Asymmetries Y,, 'Y: and 'a' for the neuiral bottom meson systems as

a function of the weak angle 92.
Asymmetries 1% , Ffl and 'a' for the neutral bottom meson systems
as a function of the weak angle 93.

The dependence of the asymmetries f;, 7& and 'a' for the neutral

bottom meson systems on the mass of the top quark.
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