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Abstract

This article covers three topics

i) the status of the flavor mixing matrix, where two changes of the
past year are included,

ii) a review of our understanding of CP violation in the standard
model, and

iii) a summary of the properties of a fourth generation (family) of
quarks, including modifications of low energy predictions.
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The Flavor Mixing Matrix

The basic constants which occur in the flavour mixing matrix together
with the fermion masses comprise the larger set of unexplained parameters
of the electroweak theory. Their values are known accurately and are used
in order to test the completeness of the theory by probing the existence
of additional generations of quarks and the origin of CP violating pheno-
mena. The conclusions from such analyses depend crucially on the precise
values of the parameters and especially their estimated errors. A recent
development is the publication of more accurate data in several experi-
ments which instead of bringing the data together indicate several incon-
sistencies. Before these inconsistencies are attributed to the theory, it

is necessary to look again into the assumptions going into the analyses.

1. Beta Decay. The Vu matrix element is most accwrately known. It is

d
determined by comparing superallowed nuclear beta decays to muon decay.i’z)
the experimental ft-values are corrected for radiative corrections (dR) and
for isospin mixing in the nuclear levels. From the experimental ft-values

one obtains correctd :Ft—values through the equation
Fe = seaes) -8
which should be the same for all transitions. Improved experimental dataz)

indicate that the corrected :?t—values instead of coming together, they

1
cluster at two distinct values: for the lighter nuclei ( 4O, 26A, 34Cl,
38K) the values are consistent with jnt = 3075.2 * 2.1 sec, whereas for the
four heavier nuclei (428c, 46v, 50Mn, 54Co) are consistent with

F t = 3087.7+ 2.6 sec; there is a five standard deviation inconsistency.
Towner and Hardy3) conjecture that the root of the discrepancy must be the

calculation of 6R and GC. A recent summary of deviations in theoretical
estimates of GC showsl) that they are comparable to the discrepancy in the

th—values discussed above and could be the origin of the discrepancy.

Until the discrepancy of the Tt-values is resolved we must allow for
a range which spans both values. From table 2 we obtain for the weighted

average of the four lighter nuclei

y(Light) _

0.9750 * 0.0002
ud



and for the four heavier one

vheavy) _ 4 9799 + 0.0001
ud

where the errors are statistical. The weighted average for all eight decays
is vud = 0.9742 * 0.0004 + 0.0009 +* 0.0012. Here, the first error is sta-
tistical, the second is the uncertainty from the inner radiative correc-

4) 1)

tions and the third one is our estimate of the uncertainty in the iso-

spin corrections. Combining the theoretical errors in quadrature we re-

commend a range

Vud = 0.9742 + 0.0004 * 0.0015 (1)

which covers the values for v(élght) and vl(lgeavy). To this the reader may

u
include a reduction of the central value by 1 o/oo due to part of the
4)

higher order radiative corrections.

2. Determination of Vit Of the various ways for determining Vus the Ke

decays are the cleanest. We adopt the values) 3

v = 0.221 + 0.002 (2)
us

values for Vus from hyperon decays are traditionally larger but there are
many more theoretical loose points. The larger values from hyperon decays
must carry a larger error. This is also supported by the fact that a xz—fit
of the hyperon decays with vus = 0.221 * 0.002 as an input parameter gave6)

an acceptable x2 .

3. B-Meson Decays. B-meson lifetime measurements gave

v = 0.053 + 0.004
cb

which still remains unchanged. There are two methods for extracting Vub

from the lepton momentum spectrum. In the first, one fits the measured
spectrum over the entire momentum range to a mix of b <+ ufv, b > cfv and
b > c + sfv. In the second method, one counts the leptons beyond the end-

point for b + cfv (the 2.4 to 2.6 GeV/c region). The published results

7) 8)

from CLEO and CUSB ' have used the first method and obtained

Br (b > uev)

< <
Br(bscev) - 0.04 (CLEO) and < 0.045 (CUSB).



9) of old

In the meanwhile CLEO acquired more data and made a combined fit
and recent data. For the best value of the Fermi-momentum they found a ne-

gative value for the ratio

(b-*u) . IVbu
b+c’ | |2f
b ph.

Under the circumstances it is prudent to add to the minimum x2 five units

and obtain the upper bound

2
vy, |
b‘2‘ < 0.08
Vel “fog
which givesg)
Ivbu[ < 0.012 . (3)

4. Implications for the Six-Quark Model. Unitarity. The above results for

the three matrix elements Vud, Vus and Vub can be used to test the unita-

rity of the KM matrix

2

Val® |2 + v, |? = 0.997  0.005 (4)

wal * |v

us
Thus, the KM matrix is consistent with unitarity; however, the existence

of a fourth generation of quarks (T,B) with a coupling

|v .| s o0.08

sl
can not be excluded. Combining the above bounds with the constraint from
the measurement of the B-lifetime, we can use the unitarity of the 3x3

KM-matrix to derive bounds on the other matrix elements. Thus, we arrive

at a mixing matrix whose elements satisfy

0.972 ... 0.976 0.218 ... 0.222 0.000 ... 0.012
vV = 0.217 ... 0.222 0.973 ... 0.975 0.048 ... 0.057 | (5)
0.000 ... 0.024 0.044 ... 0.058 0.998 ... 0.999
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In summary, we note that more precise data for several elements did not
restrict their values but point to difficulties which demand enlarged

ranges (weaker bounds).

CP Violation

The observation of CP violation can originate either in the mass ma-
trix or from the presence of phases in the decay amplitudes. So far all
observations of CP-violation can be attributed to the formation of K mesons,
which are not pure CP-eigenstates but instead the following admixtures

1 - - 5
K, = ———————F— 7 {(KO-KO) + E(K°+Ko)}

S raqi+le|H1t?

1 - -
K = —m7 {E(KO—KO) +(K°~PK°)}

L [a14le]?) 12

The € parameter is routinely computed in terms of the box-diagrams and the
observed KL—KS mass differences. It gives correlations among the unknown
parameters: the mass of the top quark, the CP-violating phase §' and the
reduced matrix element

B, = <] [&yu (1-v;) s12|8%, (éfiMK)
For B, theoretical calculations give a wide range of values. Recently, Pich
and de Rafaef(thainedlBK|= 0.33 from QCD sum rules, but other articles
using the same sum rules give different values.ll) The value BK =1/3 is
also in good agreement with an older determination using PCAC12) and SU(3)
symmetry. Taking this value seriously a lower bound for the top quark is

derived

= 2 50 .
BK 1/3 mt~5 GeV

On the other hand, the vacuum saturation value BK = 1 does not improve the
existing experimental bound for m > 22 GeV. Alternatively, since lel is

proportional to the product |Vub Vcb Vuslsiné', the small experimental va-
force sind' to be large. In figure 1, we plot lower

lues for V and Vc

ub b
and upper bounds on §' as a function of the top-mass for BK = 1/3 and BK= 1.

We shall use these correlations for the remaining part of this article.
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The existence of an e-parameter can be attributed to Wolfenstein's

13)

superweak theory, which introduces a superweak force that violates CP
and forms the K meson eigenstates. CP-violation can also occur in the decay
amplitudes. In this case the decay amplitudes of a state into two distinct
final states have different phases (the reference here is to phases over
and beyond final state interactions). In the decays of Ko -+ 21 we can

distinguish two isospin states of the pions and define two amplitudes

A =A (K +2m, I=0) e~
o o [o]

A=Ak +2m 1=2) e 182
2 =~ fal% rL=4) e

The phases 60 and 62 come from final state interactions and are removed.
If the amplitudes Ko and Xz still have different phases, then the origin
of the effect can not be the mass matrix and could be attributed to the
phase occuring in the Kobayashi-Maskawa matrix. In the quark phase conven-
tion the first row of the matrix is real and a phase can be produced only
through the Penguin diagrams. They produce AI = 1/2 transitions and thus
contribute to the Ao amplitude, which is written as

o= [a_|et®
[e] [o]
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In general we define

Amp(l(°->1r+1r_)
L
n = ——— =4

+ Amp (Kg >t

Amp(Ki—» 21r°)
n = —— = g~ 2g"
oo o

Amp(KS - 21r°)

In the quark phase convention

R A ImA

. e 2 o 1(m/2 + &5 = &)
et = - B 3 © o
) e}
and e'/e = -15.5¢& (6)

Our next problem is to determine £.

K-meson Issues: In addition to the BK parameter there are two other effects
of the K mesons, which are still very debatable: the ratio £'/e and the
enhancement of the AI = 1/2 amplitude. In the standard model the ¢* para-
meter is a short distance effect since it involves the imaginary part of
the diagram in fig. 2 with only charm and top quarks in the interxrmediate
states. The AI = 1/2 amplitude, on the other hand, contains short and long
-range contributions and it is harder to estimate. The two effects are
closely related to each other and I try to give an up to date summary of

the situation.

Fig.2

Pengquin Diagrams

Most, but not all, investigations begin with an effective Hamiltonian

generated from the operator product expansion (OPE)
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As=1 _ / . 15
:}Ew = V2 Gp sin® cosb n£1 Cn Qn

m
where Cn(g’i%) are the Wilson coefficients obtained from renormalization

group equations in QCD and Qn are the following four-fermion operators

Q1 = 59y (v-a) B8 e (v-2)’

2, = 5,3 (v-a)g% (v-a) ’

Q, = sada(V—A)[uBuB(V—A)4-deB(V—A)~+SBSB(V-A)]' (7)

Q5=S L ]I

oS (v-2) "e%s(v+a) t Yp%p (vea) T 658 (v4a)

Uely (v4a) T 96 (vn) T S50 (via)

Q = sudB(V—A) 1.

C

Finally, Q4 is the linear combination
Q= R+ +Qy -

This is a short distance expansion and it is justified for the imaginary
part, mentioned above, but could be problematic for the real part which is
important for the decay amplitudes. The operator product expansion is gene-

ral and holds for hyperon, as well as K-meson decays.

14)

The first papers noticed an enhancement of the AI = 1/2 amplitudes

originating in the Wilson coefficients. Subsequently Shifman, Vainstein

15) observed that an additional enhancement comes from the

and Zakharov
Penguin type diagrams and were able to account for many amplitudes in hype-
ron- and K-meson decays. In their work it was necessary to select the co-

efficient cg + 3/16 g
their estimate from the renormalization group analysis (see their Table I).

= -0.25 which is a factor of 2 to 4 larger than

This point has been criticized, as it seems that the renormalization cal-
culation does not give a sufficient AI = 1/2 enhancement. Here one can
either abandon the OPE or take the attitude, as I do, that the operators
represent a basis for a "useful" expansion with the coefficient to be taken

from the experiments.
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To be specific the renormalization analysis gives

/2

G 3
Re H .. = 75{—1.17(91—Qz)+o.629 -0.03 Q3+0.02Q5 -0.10 Q6} ] (8)
= £ (0.03(9.-0.)+0.01 Q. +0.08Q } Im £* 9)
Im Hoge = 75170-03(Q,-0,)+0.01 03 +0.08 0, 5c (

The coefficients were computed for A = 0.1 Gev, as(uz) =1.0, mc = 1.5 GeV
and for a range of the top-quark mass: 30 GeV < m, < 60 GeV. The dominant
terms in the real part are two AI = 1/2 terms: {—1.17(Q1—Q2); —0.10Q6} and

the AI = 3/2 term O.62Q3/2. The AI = 3/2 operator has a large Wilson co-

efficient which accounts for 50% of the K+ - ﬂ+w° amplitude§7&t is also
important to remark that only up and charm quarks contribute to the real
part while in the imaginary part unitarity requires ImEc = —Imiz and there
is a cancellation between the charm- and top-quark Wilson coefficients. For
this reason I believe that estimates of the imaginary part must be quite

reliable.
We now proceed and estimate &

Ion - -Bysing

_— R
ReA siné
o)

£ =

with

0.08 + 0.01 '<Q3>/<Q6>
-0.10 + (—0.03<Q3>—1. 17<Q1-Q2>+0.02<Q5> + L) /<Q6>

We can obtain a reasonable estimate of R with the following assumptions

(1) <Q6> must interfere constructively with the other terms of the ampli-
tude, because if cancellations occur then the other térms must be
immense in order for the left-over term to give a large AI = 1/2 am-
plitude.

(ii) (@) For dominant <Q6> we obtain R = -0.80.

(B) In order to allow for long distance effects, I introduced in the
denominator the term L/<Q6>. If we assume an extreme case, where
<Q6>is only 25% of the total amplitude then R = -0.02. For this

range of R we find the bounds
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1c:"4~s|.§|ss.2><1o"4 (10)
for B = 0.012, y = ©.06 and §' = /2 ,
-3 -3
and 107° < g'/e £ 8.4% 10 . (11)

Alternatively, we can repeat the standard analysis for €'/e, where in
the numerator of equ. (6) we take a value three times smaller than that

used earlier17)

fe) 3
r = 0.
<27 I=o|Q6lK > = 0.47 GeV

. Fig. 3 depicts

and for the denominator the experimental value for |A°
the allowed region for e'/e for a range of the top quark mass below the

W-mass and for BK = 1/3 and B = 1. The positive sign of e'/e depends on

0.01
gle |
ooosf V7 Fe-3
L ./px=
0 L 1 " 1
30 50 70 m,{GeV)

the hypothesis that the penguin contribution interferes contructively
with the rest of the AI = 1/2 amplitudes. The results of equ. (11) and

18)

Fig. 3 are consistent with the experimental value e'/e =-0.003+ 0.005.

The above discussion represents one of the numerous approaches to

this problem. Other proposals fall into two general categories.

(i) To adopt the short distance expansion and compute the matrix elements
of the Qn operators in one of the following schemes: Factorization

19 . 20
) 1/N-expansion, ) -+ « These groups obtain

and chiral symmetry,
€'/e in the range discussed in this article, but the enhancement of
the Ao amplitude is not large enough as required by the observations.
The difficulty is the small Wilson coefficients discussed earlier.

21)

(ii) The second group uses dispersion relations or saturation with
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22)

intermediate states and obtains a consistent AI = 1/2 amplitude,
but a prediction for €'/e larger than the experimental upper bound.
My concern here is that such calculations can miss cancellations and

in particular the cancellation in Im He £ which makes it a short

£
distance operator and this may be the origin of their large value

for €' /€.

iii) For other approaches, I refer to the articles by Eeg, Pich, Soni, and

Pham in these proceedings.

This brief summary shows that the experimental observation of e'/e at
the level of (few) X 10_3 will be an important achievement and will lead to

several wonderful conclusions:

i) It will show that CP-violation can be attributed to the phase occuring

in the Kobayashi-Maskawa matrix.

ii) It will give a lower bound for Vub' in the neighborhood of the upper

bound given in inequality (3).

iii) It will provide new insight in the structure of QCD with the
<nn,I=O|Q6|K> amplitude determined by the experiment and will indicate

its enhancement.

The Fourth Generation

A modest extension of the standard model is the introduction of a fourth

23-25) pirect evidence for their

generation (family) of quarks and leptons.
existence can come from the production of a charged heavy lepton and in-
direct evidence from low energy effects induced by the heavy intermediate

states.

Renormalization studies of the mass matrices for heavy quarks show
that they are attracted at low energies to fixed points values. The attrac-
tion occurs for masses heavier than 70 GeV. Thus a very heavy pair of

quarks is expected to have masses

200 Gev

=]
143
B
4

mT - mB = 5 GeVv from U(1) breaking

and small mixing angles of the heavy generation to the lighter ones. When
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the flavor mixing matrix is extended to a 4x4 matrix there are six mixing

angles and three phases. The constraints discussed in the first section

allow two solutions, obtained some time agoza)

i) VKM =1 + Vantl, with Vanti an antisymmetric matrix with

very small elements, or

ii) v breaks into block diagonal form

KM
1 06
8 1 o(e)
VKM } 1 o
G (g) o 1

with 6 and ¢ large and the remaining elements much smaller.

The fourth generation (family) makes several predictions which are diffe-

rent than those in the standard model.

24
1) The CP-violating parameter € has a finite value even when the ele-

ment V anishes.
ent V= van e

2) The extension modifies the ratio €'/e by changing the dependence on the

25)

mixing angles

<2n,1=0[ 9[>
e'/e = {40.7Bysins"' —52.Oorsin62} —_—
1.4 GeVv

where ¢ and T are two new mixing angles, §, one of the new phases and

2
dominance of the Q6 operator was assumed.

+ + =
3) Finally, the rare decay K - 7 vv has additional intermediate states

26
and the upper bound for the branching ratio is relaxed

pr(xt » 73y < 8.1077,

27)
This bound is accessible to the experiments now running at Brookhaven.
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