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ABSTRACT

Of the many ingredients of the Standard Model that are relevant for the anal-
ysis of CP asymmetries in B® decays, some are likely to hold even beyond the
Standard Model while other are sensitive to new physics. Consequently, certain
predictions are maintained while other may show dramatic deviations from the
Standard Model. Many classes of models may show clear signatures when the asym-
metries are measured: four quark generations, Z-mediated flavor changing neutral
currents, supersymmetry and “real superweak” models. On the other hand, mod-
els of left-right symmetry and multi-Higgs sectors with natural flavor conservation

are unlikely to modify the Standard Model predictions.
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Measurements of CP asymmetries in B? decays into CP eigenstates [1] are
guaranteed to provide us with most valuable information. They will address three

fundamental questions:

(2) Is the Kobayashi-Maskawa phase of the three generation Standard
Model (SM) the only source of C'P violation?

So far, C P violation has been clearly observed only in the measurement of
the e-parameter in the K° system. While the experimental value of ¢ can be
accommodated in the SM, it does not by itself test this model. C P asymmetries in
B? decays will provide us with an observation of C P violation in a different system
and are subject to a clean theoretical interpretation. Thus, they will clearly test

whether the single phase of the CKM matrix is the only source of C'P violation.
(2) What are the exact values of the CKM parameters?

The parameters of the CKM matrix are important physical quantities that
merit careful measurement. The determination of V,; and V34 or, equivalently, of
s13 and 6 in the standard parametrization, is limited in accuracy due to theoretical
uncertainties in modeling b — u transitions and in hadronic matrix elements (fg).
CP asymmetries in B® decays provide us with a unique way to measure the CKM
parameters. They measure relative phases between various combinations of CKM
elements. As these asymmetries are expected to be sizable, systematic errors will
probably not obscure the signal. Various consistency checks will further reduce
such errors. Most important, theoretically, CP asymmetries in B® decays are free

of hadronic uncertainties.

We emphasize that even in the case that the answers to the above two questions
are consistent with the SM, we will still gain most valuable information. However,

in this work we are interested in the following question:
(171) Is there new physics in the quark sector?

CP asymmetries in B® decays test those aspects of the quark sector that are

most sensitive to the possible existence of new physics: C'P violation, mixing in



the neutral meson systems, and unitarity of the CKM matrix.

In the first part of this review, we describe the ingredients of the SM which are
relevant to the analysis of C'P asymmetries in B® decays. We study the prospects
of these ingredients being modified in the presence of new physics. In the second
part we list the classes of asymmetries that can be cleanly interpreted, and give
the SM predictions for these asymmetries. We then explain which of the predic-
tions are likely to be modified with new physics and which are maintained. In the
third part, we survey specific models: Four quark generations; Z-mediated flavor
changing neutral currents (FCNC); Left-Right Symmetry (LRS); Supersymmetry
(SUSY); Multi-Higgs Doublets with natural flavor conservation (NFC); Real su-
perweak contributions to B mixing. We investigate for each specific model whether
it is likely to modify the SM predictions and discuss whether these modifications

have unique properties.

Previous general discussions of CP asymmetries in B® decays beyond the SM
can be found in refs. [2 — 4]. References to studies of specific models will be given
in chapter 3. A comprehensive analysis of B — B mixing beyond the SM is given
in ref. [5]. The present status of the SM predictions for CP asymmetries in B°
decays is described in refs. [6 — T7].

1. The Standard Model Assumptions

ACP

The C'P asymmetry in neutral B decay, , is the ratio

cprn  D(Bpnys(t) = for) = T(BRy,(t) = fop)
A0 = B, 0 Jor) T T 0 = Jor)’ (1

B;()(l)l)ys [thys(t)] is a is a time-evolving initially pure B [BY] state. fcp is a
final C'P eigenstate. I'(t) is the time-dependent decay rate. Two ingredients of
the SM are essential for any clean interpretation of a measurement of A“F. (By

“clean interpretation” we mean that the measured value of the asymmetry can



be translated into a value of a basic parameter of the electroweak sector or its

extension with no significant hadronic or other uncertainties.)

e In the neutral B system the difference in width between the two mass eigen-

states is much smaller than the difference in mass, I'1; <« Mjs.

e The direct decay is dominated by a single combination of CKM parameters
(or by a single strong phase). This means that the asymmetry is a result of
the interference between a direct decay B — fcp and a process that involves

mixing B — B — fcp.

Under these two conditions, A°F depends on only two properties of the decay
process: The type of the decaying neutral B, whether By or B, and the quark
sub-process involved in the direct decays. Therefore, we denote an asymmetry in a
B, decay through a quark sub-process ¢ by ASP . Under the same conditions, the

asymmetries have a simple time-dependence:
AGE(t) = Im Aig sin(AM, t). (1.2)
AM, is the mass difference in the By system, defined to be positive:
AMy = M[B,(heavy)] — M[B,(light)). (1.3)

Im A;; is the amplitude of the sinusoidal time-oscillation, to be determined by
experiment. Ajq is a pure phase. To show what ingredients of the SM are further

used to calculate A;y, we derive the specific prediction:
Im AM(Bs; — pKg) = —sin 27, (1.4)

where v is an angle in the unitarity triangle (see Fig. 1). The list of ingredients

goes as follows:



e The direct decay b — @ud is dominated by the W-mediated tree level dia-

gram. This gives:

X
A X (:i;;) H Xi)—»ﬁ.ud_ = Vuqu*d. (15)

e The mixing in the B; system is dominated by a box diagram with virtual

t-quarks. This gives:

A x (%) i Yy =V Vis. (1.6)

e The mixing in the K° system is dominated by box diagrams with virtual c-
quarks. (As BY produces a K° and B? produces a K°, interference is possible

only with K — K mixing.) This gives:
Vo ()i 2k = VeV )
The result is:
ook = (evs) Garg) () -+ 09

e The following unitarity constraint holds:

Up = (Vu*svub) + Vc’..;‘/cb + Vt:‘/tb = 0. (19)

(We put the first term in parentheses as, based on experimental information,

we can safely neglect it.) This allows a simplification of (1.8):

A(B, — pKs) = (V“*” ud) ( cbVCd). (1.10)

e The following unitarity constraint holds:
Uiy = VyqVub + VogVes + VigVs = 0. (1.11)

Geometrically, this relation can be represented by a triangle (see Fig. 1) with



angles a, 3, that are given by:

VeV ] [ VudVih ]
; = arg |— ; = arg |~ | - (112
4 g[ ) Kl v 7 (1.12)

ViaVi ]

a = arg [— Vud Jb

Thus, we derive the prediction of eq. (1.4):
Im A(B; — pKg) = —sin2y. (1.13)

The L.h.s of this equation will be experimentally determined: it is the amplitude of
the sinusoidal oscillation in time of AP, As for the r.h.s, the SM allowed range
for sin 2y will be determined using information on the length of the sides of the

triangle. Thus we need to assume, for example:

e Mixing in the B, system is dominated by a box diagram with virtual ¢ quarks

and, therefore, proportional to |Vj3Vjs|.

For any of the asymmetries that we discuss, the analysis goes along similar
lines to those presented above. To discuss the sensitivity of the analysis to new
physics, we divide the various ingredients into five groups, and comment on each

of them in turn.
a. In neutral B? systems, I'12 < Mjs.
Within the SM, one can explicitly calculate the two relevant quantities (as-

suming that a quark-level description is appropriate):

Tip _3r 1 m
My 2 fo(ys) m?

~ 1072, (1.14)

f2(yt) is a slowly varying function of y; = m? /M%,, which assumes values in the
range {3/4,1/4} for y; in the range {1,00}. However, it seems that the order of
magnitude estimate holds far beyond the SM [3]. For I';2 to be enhanced, one
needs a new decay mechanism which significantly dominates over the W mediated

decay. This is most unlikely; there seems to be no viable model that suggests



such a situation. Therefore, a ratio I'13/Mj2 significantly higher than in the SM is
possible only in models where M, is significantly suppressed. This requires fine-
tuning to cancel the known top contribution with some new physics mechanism.
Again, we know of no model where a cancellation to two orders of magnitude is
predicted. The argument is particularly solid for the By system, as it is supported
by experimental evidence: AM/T ~ 0.7, while (upper limits on) branching ratios

into states which contribute to 13 are at the level of 1073.

b. The relevant decay processes are dominated by the SM W-mediated

amplitudes.

Within the SM, there are contributions from penguin diagrams as well. If the
matrix elements for the penguin operator are not significantly enhanced, then these
amplitudes are suppressed by a factor of (as/127) In(m? /m?) compared to the tree-
level amplitudes. The situation is particularly promising in the b — &c3 processes,
where the CKM combinations for the W-mediated and penguin amplitudes carry
the same phase. It seems reasonable that for other processes (except for b — wus

which we do not consider here) the effect is within 10% or less [8 — 10].

In models beyond the SM, violation of this SM assumption is possible if there
is a new decay mechanism which competes with the W-mediated tree-level decay.
Unlike our discussion of I'2, the effect will be important even if it is comparable to
the SM diagram (and not necessarily dominating over it). However, experimental
measurements of rare processes (e.g. B—B mixingor B — X{¢*{~ decays) typically
constrain the couplings or the scale of the new physics in a way which renders the
contribution from the new physics to tree-level processes very small. For example,
amplitudes from new physics at the 1 T'eV scale typically give S 1% of the SM

amplitude.
c. K — K mixing is dominated by box-diagrams with virtual c-quarks.

Even within the SM there is a non-negligible long-distance contribution. The
important ingredient is that the relevant CKM combination is arg(Z) = arg(V; V).
The validity of this assumption holds far beyond the SM: Although Z may be mod-



ified with new physics, arg(Z) is not [4]. Consider the condition on mixing in the

K system from the measurement of the e¢ parameter:
arg(Mi2/T12)(mod 7) = 6.6 x 1072, (1.15)

Therefore, to an excellent approximation, Mjs and I'jz carry the same phase
(mod 7). Assuming that the K — 27 amplitude is proportional to V. Vus, we
may use arg(Z) = arg(V,};Vus) independent of the model for mixing. A new mix-
ing mechanism will not be revealed through CP asymmetries in B® decays as long

as

arg(V);Vus) = arg(V;Ves)(mod ). (1.16)

U

Within any three generation model, eq. (1.16) holds to an excellent approximation
due to unitarity constraints. Even within extended models, eq. (1.16) is likely to

hold, but with contrived models it could be violated.
d. B — B mixing is dominated by box-diagrams with virtual ¢t-quarks.

The SM box-diagram is suppressed by being fourth-order in the weak coupling
and by small mixing angles (the GIM mechanism). Thus, it is not unlikely that new
physics contributions, even when suppressed by a high energy scale, will compete
with or even dominate over the SM diagram. Indeed, in many models, a new such
mechanism for mixing of neutral B’s is suggested. If this is the case, there are two
possibilities:

() The phase of the new mixing mechanism is the same as that of the SM

ACP

mechanism. Consequently, the SM predictions for will not be violated,

even though there is new physics in the relevant processes.

(2¢) The phase of the new mixing mechanism is different from the SM mechanism.
Consequently, CP asymmetries in B? decays may be very different from the
SM predictions. They no longer measure the relative phase between the

CKM combinations that determine the decay and the mixing. Instead they



measure the relative phase between the CKM combination that determines
the decay and the phase from new physics that determines the mixing. As
these new phases have no experimental constraints, their effect could be
rather dramatic, e.g. give maximal asymmetry where the SM predicts zero

asymmetry.
e. The three generation CKM matrix is unitary.

The relevant unitarity constraints are:

3
Upp = Z VitV =0; ¢=d,s. (1.17)
k=1

We would like to argue that there is a connection between the three generation
unitarity constraints and mixing in the B system. More specifically, if Uz # 0
[Ugs # 0], there will be significant contributions from beyond the SM to By — B;
[Bq — Bg] mixing [4]. If the full spectrum of colored fermions consists of the
three known generations of quarks, the 3 x 3 CKM matrix is unitary, and all
the constraints hold. There are two basic ways to extend the quark sector, thus

allowing a violation of the unitarity constraints:

1. Adding sequential quarks, namely left-handed doublets and right-handed
singlets. With n generations, the CKM matrix is a sub-matrix of an n X n unitary

mixing matrix. The relevant unitarity constraints of eq. (1.17) are replaced by:
n
Up = — Z kaVk*q. (1.18)
k=4

At the same time, the uy quark contributes to B;— B, mixing through box-diagrams

proportionally to (kaVk*q)z. This contribution is enhanced by m?/m?.

2. Adding non-sequential quarks. The charged current mixing matrix is non-
unitary, and consequently there are flavor changing neutral currents. The best-

known example is the model with an SU(2)[ singlet of charge -1/3 quark. In this



case, the unitarity constraints are modified to
Ugp = Ug, (1.19)

where Uy is a flavor-changing coupling of the Z0 gauge boson. At the same time,
there is a contribution to By — By mixing from tree-level Z-mediated diagrams,
proportional to (Uqb)z. This contribution is enhanced because it appears at tree-

level.

The conclusion is that a small violation of the unitarity constraints usually
gives a significant new contribution to B — B mixing. For CP asymmetries in B°
decays, this second effect is the one that may give substantial deviations from the

SM predictions.

To summarize: When we survey models of new physics for possible violation
of the SM predictions for C P asymmetries in B decays, the main questions to be

asked are:
1. Is there a possibility of a new mechanism for mixing of neutral B’s?
2. Does this mechanism carry new phases?
We also check the following aspects:
3. Is unitarity of the 3 x 3 CKM matrix violated?

4. Are there significant new contributions to the direct B — f¢p decays?

10



2. Modifications of the SM Predictions

Our study involves those classes of asymmetries for which, within the SM,
the direct decay is expected to be dominated by a single combination of CKM
parameters. The asymmetries are denoted by Im A;;. The sub-index ¢ =1,...,5
denotes the quark sub-process. The sub-index ¢ = d, s denotes the type of decaying
meson, B;. In Tables I and II we list CP asymmetries in By and By decays,
respectively. The list of hadronic final states gives examples only. Other states
may be more favorable experimentally. We always quote the C P asymmetry for
C P-even states, regardless of the specific hadronic state listed.

TABLE I
C P Asymmetries in By Decays

Class Quark Final statey SM
(2q) | sub-process | (example) | prediction]
1d b — ¢cs YKg —sin2p
2d b— écd DY¥D~ | —sin2p
3d b— uud rtr~ sin 2«
4d b— 553 oKg —sin243
5d b— 3sd KsKg 0

TABLE II
C P Asymmetries in Bs Decays

Class Quark Final statey SM
(2q) | sub-process | (example) | prediction}
1s b — ccs D¥D; 0
2s b — écd YvKg 0
3s b — aud pKs — sin 27
4s b— 353 n'n' 0
5s b— ssd ¢Kg sin2f3

11



From our general analysis in the previous section, it follows that in most models

of new physics:

e )\ is of the form (|Aiq| = 1):

-EHEE @

The X;-factor depends on the quark sub-process amplitude. The Y,-factor
depends on the mixing amplitude of the decaying meson. The Z;,-factor
(which differs from 1 only for final states with an odd number of neutral

kaons) depends on the K — K mixing amplitude.

e The X; factor is given by

— ¢c3) =Vu V),
b — ecd) =V Vi, (2.2)
X3 = X(i) — UU ) =V Jd'

For classes i = 4,5, the dominant direct decay mechanism within the SM is
the penguin amplitude. We include them in the tables for completeness, but

will not discuss them in detail. A detailed analysis is given in ref. [11].
o The Z;, factor is given by:

Zog =Z43q = Zsqg = Z1s = Z4s = 1,
Zya =244 = Z;s = ng = ng = VJqus-

On the other hand:

O arg[Yy] and arg[Ys] may differ significantly from the SM values, if there are
new contributions to the mixing of neutral B’s, and if these contributions

carry new phases.

¢ The unitarity constraints on Uy, and Uy, may be significantly violated in

models of extended quark sector.
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Within the SM, the asymmetries measure angles in the complex plane between
various combinations of the charged current mixing matrix, as those determine
both b decays and B; — B, mixing. These angles are calculated within the SM on
the basis of direct measurements and unitarity of the CKM matrix. Within models
of new physics, unitarity of the charged current mixing matrix may be lost, but this
is not the main reason for the asymmetries being modified. The reason is rather
that, when B, — B, mixing has significant contributions from new physics, the
asymmetries measure different quantities, namely angles between combinations of
elements of the charged current mixing matrix determining b decays and elements
of mixing matrices in sectors of new physics (squarks, multi-Higgs, etc.) which

determine B, — B, mixing.

In view of these observations, let us examine which of the predictions of Tables

I and II are likely to hold and which may be violated with new physics [4,11].

The predictions
Im /\ld =Im )‘211’ Im /\13 = Im /\23, (2.4)

do not depend on the mixing mechanism for neutral B's. Instead, they depend
only on the mechanism for tree-level decays and for K — K mixing. They will
hold as long as arg[X1] + arg[Z14] = arg[X2] + arg[Zz4]. As explained above, this
relation will hold in all but some very contrived models with both new mechanism

for K — K mixing and extended quark sector.

The predictions
Im Mg =Im Ay, Im As =1Im Mg, (2.5)

do not depend on the mixing mechanism for neutral B's. Instead, they depend
only on the mechanism for direct decays and the unitarity constraint U, = 0. They
are likely to be violated in any model with Uy # 0. Similarly, certain relations

between asymmetries in classes ¢ = 2,3 and ¢« = 5 will be violated if Uy # 0.

13



The prediction

Im Mg =0 (2.6)

depends on the mechanism for tree-level decays, on the unitarity constraint Us, = 0
and on the mechanism for Bs mixing. It is likely to be violated in models with

new phases in B; — B, mixing.

The predictions
Im Ayg = —sin(28), Im Azg = sin(2a), (2.7)

depend on the mechanism for tree-level decays, on the unitarity constraint Uz, = 0
and on the mechanism for By mixing. They are likely to be violated in models

with new phases in By — By mixing.

Finally, we note that the three angles deduced from measurements of the
Im A1g, Im A3q and Im A3, will sum up to 180° whenever the amplitude for B, — B,
mixing is real [4]. This is independent of whether they correspond to the angles of

the unitarity triangle or not.

3. Models of New Physics

We now briefly survey relevant models of new physics. As explained in previous

sections, we look for violation of the unitarity constraints:
U =0; Usp =0, (3.1)

and, more important, for new contributions to By — Bq mixing which are at least
comparable to the SM contribution:

2
GF

N Mp(Bf5)Miyyif2(y) (Vi Vig)*. (3.2)

Mi,y(By) = T9nZ

14



1. Four quark generations [12 — 15]:

There are no new tree-level contributions to b decays. Thus, I'j2 remains
unmodified and the direct tree-level decays are still dominated by the W-mediated
diagrams. Unitarity of the CKM matrix is violated:

Up = —Vis Vi, (3.3)

There could be significant new contributions to By — B, mixing. For example, a

box-diagram with virtual ¢ quarks contributes:

2

, a .
Miy(B,) = 12%UMB(BBf%)a)f\/ftzalyt'fz(:l/t')(Vt'th’q)z- (3.4)

The full (4 x 4) mixing matrix has three independent phases, which could appear
mn Mjis.

2. Z-mediated flavor changing neutral currents (FCNC) [16]:

There are tree-level Z-mediated contributions to b decays. Experimental con-
straints imply that they are below 10% of the W diagram for i = 1, but could be
as large as 20% for 7 = 2,3. Although I'12 has new contributions from Z mediated
diagrams, it is not expected to be enhanced. The direct decays are still dominated
by the W-mediated diagrams, but the theoretical analysis of 6 — d processes may

be less solid. Unitarity of the CKM matrix is violated:
Up = Ugy, (3.5)

where Uy is a non-diagonal Z-coupling. There could be significant new contribu-

tions to By — B, mixing from tree-level diagrams:

V2GF
Mlzz(Bq) = 12

nMp(Bpf3)(Up)*. (3.6)

There are new independent phases in the neutral current mixing matrix which

could appear in M.
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3. Multi-Higgs doublets with natural flavor conservation (NFC):

There are tree-level ¢+-mediated contributions to b decays. Experimental lim-
its on the mass of the charged Higgs imply that they are negligible. Thus, there is
no significant effect on I'12 and on the direct decays. Unitarity of the CKM matrix
is maintained. There could be significant new contributions to By — B, mixing
from box-diagrams with charged Higgs. In a general n-doublet model with NFC,
the couplings of the physical charged scalars to quarks are given by [17]:

_Z 92¢k —(Yir/ Yi1) Mu V(1 =75)+(Yar [ Ya1)V Mg(1+75)] D+h.c. (3.7)

Y is the matrix that rotates the mass eigenstates charged scalars to the interaction
eigenbasis. Without loss of generality we took ¢T to be the Goldstone boson. The
Y -matrix introduces new phases which are not related to those of Vo g pr. However,
the leading contribution from ¢Z—exchange diagrams to B — B mixing comes from
the term proportional to m;. This gives (Y13 Viq)(Y1xVis)*, and has exactly the
same phase as the SM W-exchange contribution. Consequently, arg(Mj2) remains

unmodified.

It is amusing to note that in the multi-scalar models with NFC and with
spontaneous C P violation (SCPV), where éxar = 0 (so that the unitarity triangle
becomes a line), C' P asymmetries in classes ¢ = 1,2,3 all vanish. (This was shown
in detail for B — 9 Kg in ref. [18]. A more general discussion of the éx pr = 0 case
is given in ref. [2].) However, it seems that with the new limits on scalar masses

from LEP, this class of models is phenomenologically excluded.
4. Left-Right Symmetry (LRS) [19 — 20]:

There are tree-level Wg-mediated contributions to b decays. Experimental lim-
its on the mass of Wg imply that they are negligible. Thus, there is no significant
effect on I';2 and on the direct decays. Unitarity of the CKM matrix is main-
tained. The experimental limits on M(Wpg) from K — K mixing and the relations

between the mixing matrices for Wi and Wg interactions imply that there could

16



be no significant new contributions to By — Bq mixing. The only way to evade
these conclusions is by giving up the left-right symmetry (namely, a model of
SU(2)p x SU(2)g x U(1) p— gauge symmetry but no discrete L « R symmetry),

and even then one needs to fine-tune the quark sector parameters.
5. Supersymmetry (SUSY) [21]:

There are no new tree-level contributions to b decays. Thus, I'j2 remains un-
modified and the direct tree-level decays are still dominated by the W-mediated
diagrams. Unitarity of the CKM matrix is maintained. There could be significant
new contributions to B, — B, mixing from box-diagrams with intermediate gluinos
and squarks. Whether these box diagrams carry phases that are different from
those of the SM box diagrams depends on the specific SUSY model. In the min:-
mal SUSY model, only left-handed squarks (namely, superpartners of left-handed
quarks) contribute. The couplings Gdrid L; are proportional to the CKM element

Vi; and thus no new phases are introduced:

2

g Qg *
M}y(By) = 525 BfgMp(ViaVip)* ASi(mg, my, mg)- (3.8)
F

The function AS; can be found, for example, in ref. [5]. Thus C'P asymmetries are
not modified in minimal SUSY models. However, in less restrictive SUSY models,
there are contributions from box-diagrams with right-handed squarks as well. The
mixing matrices are not related to Vogp and carry, in general, new phases {22].
We emphasize that (unlike our discussion of LRS models), the difference between
minimal and extended SUSY models is only in simplicity and predictive power,
but not in the basic theoretical principles, and thus extended models are not less

motivated than the minimal ones.
6. “Real Superweak” models [2]:

This generic framework assumes that AB = 1 processes are dominated by
the SM amplitudes, but AB = 2 processes may have significant new contribu-

tions. The only assumption additional to our general discussion in chapter 1 is

17



that these new contributions are real. This means that the phases from the di-
rect decays (arg X) remain the same as in the SM. As for the mixing, while the
phase in Bs mixing (arg Y;) remains the same, the phase in By mixing (arg Yy) is
reduced. Consequently, this model predicts no modification of the SM prediction
for asymmetries in Bs decays; a reduction in the asymmetry in B — ¢ Kg; and
a modification (in either direction) of the asymmetry in B — n*z~. This model
demonstrates a general feature noted in ref. [4]: Even though the measurements of
B — ¢ Kg and B — 7t71~ do not measure 8 and a anymore, the angles deduced
from these measurements will sum up with v (deduced correctly from B, — pKg)

to 180°. This is guaranteed by the B, mixing amplitude being real.

A summary of our conclusions is given in Table III. The second column de-
scribes, for each model, whether unitarity of the three generation CKM matrix
is maintained (a triangle) or violated (a quadrangle). The third column gives an
example of a new contribution to By — B, mixing. Unless otherwise mentioned,

the contribution could be large and carry new phases.

The measurement of CP asymmetries in B decays should constitute a whole
program: the more classes of asymmetries measured, the better we understand
the detailed nature of new physics which may account for deviations from the SM

predictions.
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FIGURE CAPTIONS

Figure 1. The unitarity triangle. Relevant classes of CP asymmetries are

indicated for each angle (see Tables I and II).
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