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ABSTRACT

The present status of the weak mixing angles, in the standard six quark model, is re-

viewed. The implications of the recent measurements of the beauty lifetime and branching

ratios are discussed, in the framework of the Kobayashi-Maskawa and the Wolfenstein

parametrizations. Expectations for B - B mixing and consequences for the collider data

are given. Other topics briefly reviewed are CP-violation, top quark mass and possible

implications of the existence of a fourth family.

* On sabbatical leave from University of Bergen, Bergen, Norway.



The CERN Antiproton-Proton-Collider has, within the past couple of years, pro-

duced very beautiful data. Thanks to it the intermediate bosons W and Z are no
1 ) 2)

longer among the fictitions particles "only" required by the theory but belong to the
real world.

3)During this Meeting we heard that the most recent collider data may in fact be

indicating that we are now entering into a new Era, the Post Standard Model Era. Indeed

I was told by a great physicist (it is left to the reader to figure out who) this morning

that "the standard model is finished". It may well turn out to be so, nevertheless, in

this talk I shall assume that the standard model is still O.K. After all, no one expects

the standard model to be the "Ultimate Theory", and indeed any deviation from the pre-

dictions of the standard model which could help us in a deeper understanding of Nature

will be most welcome. No matter what happens, the standard model will always be re-

membered as one of the great steps in progress in physics.

In this talk I shall discuss the following topics:

1. Weak mixing angles in the standard model

2. What do we know about the V..

2.1 The Cabibbo-sector

2.2 The GEM-sector

2.3 The KM-L-sector

3. The Wolfenstein parametrization

o —c
4. M -M systems, CP-violation and the top quark mass

4.1 The box approach; Am and Af* for the neutral kaons

4.2 CP-violation, 6 and 6 for the K-system

_ _o -o . .
5. B - B mixing

5.1 Signatures of B - B mixing
s s

6. Beyond three families

7. Concluding remarks
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1. WEAK MIXING ANGLES IN THE STANDARD MODEL

The weak mixing, which I was asked to discuss, is related to the coupling constants

of W •* ff', where ( f , f ) denote a pair of quarks or leptons (Fig. 1).

W

d, s,b

W

Fig. 1
u,c,t

It is important to keep in mind that the vertices in Fig. 1 (as well as those for W )

account forell the observed flavour-changing phenomena in Nature. Moreover, there

seems to be a major difference between the leptonic and hadronic transitions in Fig. 1.

The leptons produced belong to the same family whereas the quarks may either belong to

the same family (e.g. , W •• du) or to two different families (e.g. , W •• dc). Thus, in

the leptonic sector the (family) mixing angles are all consistent with zero and I shall not

discuss them here (for a review of the present situation see, for example, Ref. 4.)

The Lagrangian responsible for the hadronic transitions in Fig. 1 has the form

;

ud

'cd

'td

us

cs

ts

ub

'cb

tb

I d

s

b

W.+ h.c. (1)

where the V's are coupling constants; the notations are explained in detail in Refs. 5 and 6.

With arbitrary V's, the above Lagrangian is a simple generalization of the Feynman-Gell-
7)-Mann ' W-mediated V-A Lagrangian of the year 1958. As the V's are, in general,

complex numbers it would seem that in Eq. (1) there are 2x9-1 = 17 (an overall phase is

irrelevant) real parameters to be determined by experiment. However, in the standard

model the 3 by 3 matrix in (1), hereafter denoted by V, is unitary and moreover, as
8 \

shown 'by Kobayashi and Maskawa (KM), depends on only 4 real parameters, 3 rotation

angles ^ and a phase angle 6 . The KM parametrization ' is reproduced by the
1,1, 6

following product of 3 rotation matrices and a phase matrix

(2)



The observed CP-violation implies that all four angles are nonzero. Life might

seem complicated enough, but it could have been much worse1. For example, if there

were four families V would be a 4 by 4 matrix, obtained from the product of 6 rotation

matrices and 3 phase matrices, and the degree of complication increases roughly quad-

ratically with the increasing number of families (n(n- 1 )/2 rotation matrices and

(n - 1) (n - 2 )/2 phase matrices; n = number of families).

The standard model does not explain why Nature is left- right asymmetric. The

left - right symmetric models do better in this respect, as the asymmetry is attributed

to the spontaneous symmetry breaking. On the other hand, the simplest left - right

symmetric model has three more gauge bosons and much more involved Higgs sector.

The point I would like to emphasize here is that we don t understand the quark mixing

phenomenon. The elements of the matrix cannot be predicted from "first principles".

Indeed, as of today, "Susy does not attack the family problem" . Composite people have

no families , and so on. However, in some models , by making some assumptions

about the general structure of the quark mass matrices, one finds interesting predictions

for the coupling constants V.. . Another interesting point is that if there are more fami-

lies, because of the unitarity of the matrix V, by measuring the strength of the observed

transitions one, in principle, obtains a measure of the "leakage" to the unobserved fami-

lies, for example

x Kii
where k denotes the charge -1/3 quarks of the as yet unobserved families. The measured

(long) b-lifetime is however indicating that the "leakage" is decreasing rapidly (at least

for the third family) and it might be impossible to learn anything about the as yet unborn

families, even if we could measure the coupling constants quite accurately, simply be-

cause the higher families are less communicative (see Section 6).

2. WHAT DO WE KNOW ABOUT THE V.. ?

The V.. are (fundamental ? ) natural constants. In principle, the best way to deter-

mine them is to measure the strength of all hadronic decay channels of the W. However,

as often happens, what can be done "in principle" seems to be orthogonal to what is fea-

sible in practice. At the moment it is not clear whether we shall learn anything in the near

future about the V's from the W's who are produced and decay at the CERN pp-collider.



2.1 The Cabibbo
12)

sector (V ,, V ).
ud us

13 \ £
V , has been known for a long time , however it used to be called G,_

ud V It is

determined from the ft-values of O -O nuclear beta transitions and from the neutron

lifetime. In the modern language all these processes involve u-*d + e ^ i», d ~»u + e +y

i .e . , the beta decay of a virtual up or down quark. The strength of these transitions

compared with that of the muon decay gives V ,.

The constant V is determined from the reactions s •• u + e + y, s -*u+u + y
us

(and antireactions) which take place in a meson or a baryon. Recently the CERN WA2-

Collabo ration
14)

has presented us with the most accurate value of V which is obtained
us

from the study of several beta transitions, B. "* Bf (ef, /it/), in the baryon octet, see

(Fig. 2) .

The WA 2-Collaboration has also reanalyzed

the present information on V ,. They find,
ud

after applying radiative corrections,

V . | = 0.9735 10.0015
ud

IV = 0.231 -0.003
us

(4)
Fig. 2

It is gratifying that the value of V has been quite stable in the past. Actually, it

is amusing to note that the very first estimate of Vug dates back to 1960 when Gell-Mann

and Levy ' , in the framework of the Sakata Model1") (which had no quarks but made

hadrons out of p,n,A and their antiparticles) found V .** 0.23. Translating

p,n,A-»u,d,s gives V ^0 .23 which happens to be what one finds now, Eq. (4). After

the advent of the Cabibbo theory numerous determinations of V ,, V have appeared in
17) u d U s

the literature , with results in the vicinity of the values in (4). Thus we don t expect
V , and V to change much in the future,

ud us
18)

The GIM -sector

The coupling constants V . and V are measured by studying dimuon production
co cs

in neutrino and antineutrino interactions (Fig. 3)

2.2

I
Fig. 3



There are several uncertainties in such a determination. The double differential cross

sections for charm production in neutrino and antineutrino charged current interactions

in an isoscalar target are of the form

where the notation is the standard one ; u(x) denotes the distribution function for the

up quark in the proton which is assumed to be equal to that of the down quark in the

neutron, etc. Thus the knowledge of the strange quark content of the nucleon is essential,

especially for the antineutrino case, where the strange quark gives the dominant contri-

bution. The parton distribution functions, in (5), are determined from the deep inelastic

processes. One also needs to know the effective semileptonic branching ratio of the

mixture of charm particles which is produced in neutrino interactions. For a more de-

tailed discussion see, for example Refs. 20-22.

Before the last summer, there were several independent determinations of these

coupling constants in the literature which all quoted a reasonably accurate value for V ,.
cd

The value of V was, however, because of the uncertainties mentioned above, very
cs

poorly determined. As an example the results found by three independent groups were

(6a)

(6b)

(6c)

As far as the determination of these coupling constants directly from data is con-

cerned nothing has changed since the last summer. However, in the framework of the

standard six-quark model, the V's are not independent. Using the recent information

on beauty decay and the unitarity of V one may pin down the V considerably, as I shall
US

discuss below.

2.3 The KM-Lederman sector
23) 24)

Last summer, at the Brighton and Cornell Conferences, an amazingly long
25)

lifetime for the beauty was reported. In general one expected ' the beauty lifetime to
2fi \

be shorter than the charm lifetime. The wo rid-averaged D-lifetimes are '

20)
Paschos and Törke '

21)
Chau et al.

22)
Kleinknecht and Renk

0

0

0

V

.25

.20

.24

cd
±0.

±0.

i 0.

04

03

03

V
cs

>0.

>0.

>Q.

81

66

59



t(O'j ( 4 . 4 ^ 0 . 6 ) ( 0 " 1 3 s

f ( D * ; = (8 .8 i 1.2) 1 0 ~ 1 3 s .

-14
The expected beauty lifetime was of the order of 10 s. The reason for expecting a

shorter b-lifetime than the c-lifetime is due to the larger phase space available in the

b-decay, specially if b "*u would have been the dominant mode, (rn /m ) *= (5/1.5) ** 400.

On the other hand, the c ~»s is a transition within the family while b ~*u, c necessarily in-

volves a family "jump" (see Fig. 4).

b c,u c s
Fig. 4

Thus some suppression, in the transition rate, was expected. A reasonable guess was
2

6 ~ 1/20. Thus if the measurements would have found T(b)/T(c) * 1/20 nobody would

have been surprised. But the results reported by the MAC and MARK-II Collaborations

came as a real surprise. The published values of the b-lifetime are

M A C - C o l l . 2 7 ) T(b) = (1.8 ± 0 . 6 ± 0.4) 10~ 1 2
s

(8 \
MARK-n-Coll.28) = (1.20 +°'il ±0.30) 1O"12

S
- 0. ob

29)
This year the MAC-Collaboration has obtained a new value

T(b) = ( 1 . 6 i 0.4 ± 0 . 3 ) 10"1 2s (9)
29 \

and MARK-II will also soon quote an improved result

The long b-lifetime implies that both |v . ! and |v . | are small (<€>(Ö ),
cb ub c

where 8 = Cabibbo angle). Furthermore, it has been known for some time that the b

decays preferentially to c . From comparing the shape of the energy spectrum of the lep-

tons produced in the semileptonic b-decay with the theoretical expectations for b -»u lv

and b "• c I v one finds

B r ( b - u e f ) g b - u
B r ( b - » « i ' ) b ^ K '30)

is much smaller than one. The present upper limit reads

R-5 0.03 90% c.l .

50.04 95% o . l . ( 1 1 )

31 )
obtained from combining the CLEO and CUSP data, from CESR. The above information



gives (for details and formulae see, for example Ref. 2G)

i r ^ i <O.11, (12)
cb

I V , | = 0.05 2 0.01 (13)

cb

Thus the coupling constant for the transition from the third to the second family is

approximately equal to the square of the coupling constant for the transition between the

second and the first families. For the rates that matters a lot as the square of the

coupling constant enters. The above results indicate that whereas the transitions between

the first and the second families are only "first forbidden" (Cabibbo-suppressed) those

among the second and the third are "second forbidden" (doubly Cabibbo-suppressed).

There have been several recent determinations of the V's inspired by the long

b-lifetime. Unfortunately I can't quote all of them here because then I would violate the

(page) unitarity limit imposed by the organizers. A few of the papers are, however,

quoted in Refs. 32 and 33. These determinations use the old value of R, R <0.05. With

the new limit, R $ 0.03, the analysis needs be redone, as the V's are somewhat affected.

In summary, the V's, as of today, are

|V J = 0.9735 ± 0.0015, |v j = 0.231 ^ 0.003, | v . | < 0.006
ud us ub

|V .I = 0.24 ±0.03 |V | ^ 0.96 | V . I = 0.05 ± 0.01 (14)
cd cs cb

| V , | £0 .06 IV. i £ 0 . 0 6 I V t . | ^ 0.998

td ts tb

where I have taken the experimental values (Eqs. (4), (6c)) and have used the results

(12) and (13). The remaining entries in (14) follow from unitarity. Note that the limit
on |v |, from unitarity is now by far superior to the measured value, Eq. (6). Actually,

cs

one gets a much better feeling for the above coupling constants in the Wolfenstein approach

which is reviewed in the next section.
33)

3. THE WOLFENSTEIN PARAMETRIZATION '

The above structure of the elements of the family mixing matrix V is very nicely

summarized in a transparent and easy to remember parametrization by Wolfenstein, as I

shall describe now.

We know from experiment that the coupling constant V I is a rather small number.

Let us, following Wolfenstein, define V = X and expand the matrix V in powers of X,

Xs" 0.23. This is possible to do if we use the available experimental information (Eqs. (4),

(12) and (13))to fix three of the nine elements of V. We put



( 1 5 )

where \ = 0.23 aad A ̂  1.0 follow from Eqs. (4) and (13). Furthermore, the limit

i V / V u i < 0.11 tells us that
ub cb

(15a)

The remaining elements of V are now easily accessible, through unitarity of the matrix V

whichich provides extremely powerful constraints, row Ct) . fSw<j) s St" c«l*»> . cole [> £ -

| l | ld d lFor example, the constraint |col(3) | = 1 yields immediately that

[* \ - A*> + higher orders
(16)

Thus the coupling constant for t#* b is even closer to 1 than that of u **d, which from
\2

row (1) i = 1, is |v ,! = 1 -— + higher orders. Repeated use of the unitarity con-ud 2
straints yields, to order \ ,

Is-t

2 2
where p and rj are two real constants restricted by p - TJ G 0.23, a relation which

follows from the upper limit |v . /V . i <0.11 . Note that T) plays the role of 6, of the
ub CD

KM-parametrization, as the origin of the CP-violation. The KM and Wolfenstein para-

meters are related, to order \ , via

(18)

2 -3
As Tj $0.23 one immediately finds s s sin 6 ̂  10 ; this combination appears in CP-

2 2
-violation calculations (see section 4.2). It is now easy to use (18) and p + T) £0.23
to give the range of the KM-parameters

(19)



If the upper limit on ratio R, Eqs. (10) and (11 ), should decrease further the upper limit

on T) will also go down and the six quark model, as the origin of the CP- violation, will
8 ^

be ruled out. What an irony of fate'. The six quark model was invented , prior tothedis-
34)covery of the b-quark, in order to explain the observed CP-violation and it may well

turn out that just the observed CP-violation will cause the fall of the six quark model.

4. M° - M° SYSTEMS, CP-VIOLATION AND THE TOP QUARK MASS

In the following M denotes a neutral spinless boson such as K , D , B., B , . . .
d s

In the previous sections the values of the coupling constants quoted ( i .e . , Eqs. (14)

and (19)) were rather model independent. Of course the treatment of the phase space,

quark masses, etc. do matter in determining the coupling constants but these dont involve

any "deep theoretical prejudices. If one wishes to go further (and as theorists we usually

like to go as far as we can, perhaps sometimes a bit too far) one must make assumptions.

The short distance (box diagram) approach in describing the K - K system (and later on

also D - D and B - B ) has been very popular, within the past 10 years. The reason is
35)that, in a pioneering work, Gaillard and Lee used the box diagram and predicted that

the charm quark could not be too heavy. Actually their limits were very generous,
ne v

m « m « m . The subsequent discovery of the charm quark turned the box-ap-
u c w

proach into a "religion", which was employed not just as a framework for an order of mag-

nitude estimate but for a precision calculation. For the latter purpose the box-approach is

simply unreliable. For systems consisting of heavier quarks, however, the short distance

approximation and thereby the box-approach is expected to do a better job. Nevertheless

I shall review the box-approach, even for the kaons, just because it is so widely used.

Furthermore, one may easily generalize the results to describe the neutral D and B-

mesons.

4.1 The box-approach; Am and AT for the neutral kaons

Th<

of Fig. 5

The K -K mixing, in the short distance (box) approach, is given by the diagrams

u

t
e - c:

w t

I
Fig. 5



10

For the B - B system the corresponding diagrams arc obtained by just letting either

d ** b, d " * b o r s " * b , s "* b, in Fig. 5. However in the D - D system, the external

quarks are (u, c) and those in the loop d, s and b.

These diagrams may be used to calculate the M - M mass matrix

M - *
(20)

The physical states, with well defined masses will be denoted by H (heavy) and L (light),

although in general the mass difference between them is minute. The measurables origi-

nating from the mass matrix are

* r(H)-r(D
r si

(m - mass, T = width) as well as the parameter c which gives the CP-impurity of the

mass eigenstates. Diagonalization of the mass matrix gives immediately that

(22)

(23)

A quantity of great interest is the degree of mixing, denoted by A,

(24)

where from 0 £ y< 1 follows that 0^ A £ ' .

In the case of K -K system r(K o ) » T(KT ) whereby y » 1 and mixing is complete,

This is a fortunate co-i.e. , the physical states are essentially "half K and half K "

incidence which happens due to the small phase space available to K •* 3ff decays. For
Li

all other known M - M systems such a fortunate circumstance is not expected, because

the available phase space in both H and L decays is large. In general the widths of the H



11

and the L will be comparable and y « 1. A second case where A can be large is if

/ i » 1. In the box approach, the present values of the coupling constants indicate that
o —o

this is expected to happen in the B - B system, where n is expected to be appreciable,

however not much larger than unity.

The box diagrams provide us with M and T and thus we can calculate all the

quantities in Eqs. (22) -(24). For example, for the mass difference
2 2 2

= m(K ) -m(K ), in the limit m « m , m and m , m « M , is given by

si
(25)

38 \
Here the T|'s are QCD correction factors of order 1 and B i s the "infamous" bag para-

meter which measures the renormalization of the relevant i As|= 2 operator when one

goes from quarks to hadrons

' I 2 |K°> « -X f* mK BK , (26)

f is the kaon decay constant and m refers to the mass. The value of the constant
K

B is not known from first principles and the largest uncertainty in the box approach is due

to this unknown B. For other systems, there is an additional uncertainty due to the fact
o o

that the decay constants f,,, M = D , B , , . . . , have not been measured. In (25) the
M d

first term is due to two charm quarks in the loop (see Fig. 5); the second term comes from

two t-quarks and the last one is the contribution of the pair c, t . The numerical value of

for canonical values of B, 0 < B < 1, comes out to be too small and increasing the top
2

quark mass doesnt help much because m s . /m 2) 1 already requires
2* 2 c •

m £ m / s > 1.5/(0.07) GeV * 300 GeV which is a huge value and violates the assump-
39)

tion m « m . Even using the exact formulae doesn't help and Am is not reproduced.
3 2The reason is simply that the coupling constants V and V are small, order X and \

LU CS

respectively. Thus one believes that there is a substantial long distance contribution to

Am from diagrams in Fig. 6

7t

Fig. 6
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Such one-particle, two-particle and more-particle intermediate states have been con-
40 \

stdered since a long time ago . There are huge cancellations between such contri-

butions and the unknown hadronic form factors make the calculations tough and un-

reliable. In conclusion, the mass difference between K and K is not naturally re-

produced in the six quork model if only the short distance (box) contribution is taken

into account.
4.2 CP-violation, C and t' for the K-system

41 )
The Fitch-Cronin parameter c, in the box approximation, is given by

(27)

As we saw before, Eq. (19 )#the "KM-coefficient" in (27) is small. Again the quantity

in i . . . | needs to be large in order to explain the experimental value of c,. Here a

large top quark mass can help to give agreement, because the coefficient of (m /m )
t c

could be as much as 50 times larger than it was in the case of Am, Eq. (25), viz.,
2 2 42)

(s2) $ (0.07) . The formula (27) was used last year by Ginsparg et al. ' who ob-

tained a lower limit on the top quark mass. The new value of R will increase their lower

bound. Again the largest uncertainty comes from the unknown bag parameter B. So one

usually quotes the limit on m together with the assumed value of B. Taking a larger
32)

value of B allows a smaller lower limit on m . Many authors have recently provided

graphs of the lower limit on m as a function of 6, B, etc. The general conclusion of

such studies is that the value of | c| is reproduced provided m is larger than 30(90) GeV

for B equal to 1 (1/3).
Another interesting result in the K-sector is a lower bound on !c7c | , which has

43^been obtained by Gilman and Hagelin . Here e'ts the (non-superweak) CP-impurity in

the transition. One defines

m

Here A = amplitude. Gilman and Hagelin were able to relate
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I * s * S 3 5 l"^ -(known quantity)

where the quantity in the parenthesis can be extracted from experiment. Moreover,

since we know the empirical value of e, we may use Eq. (27) to calculate s^s. sin Ö,

for any given value of B and m . Actually this calculation gives a lower bound on
1 43)

s, s sin 6̂  as we have neglected a small contribution (with a negative sign) in the RHS of
dt o

Eq. (27). The lower limit on s s sinö can then be

! e*/€ j which has approximately the functional form

Eq. (27). The lower limit on s s sinö can then be translated into a lower limit on

(28)

for m <<: m . For larger m the expression, which replaces the square bracket in the
^ W 39) 43)

denominator is known and has been used in the bound. The general conclusion of

Ref. 43 is that | e ' | cannt be too small, for "reasonable" values of m and B. Typically

e ' /el 's 0.01 for m £30GeV and B $ 2 / 3 . Of course for larger m and/or B the

lower bound becomes smaller and less interesting. The present experimental limit
44) i 45)

reads i e ' /ci < 1/20 but the ongoing generation of CP -experiments aim to explore

the region ! c'/ €• £ 0.001. Thus one should observe i c ' | * 0 soon, if the box approach

makes sense and B as well as m have "reasonable" values. It is going to be very in-

teresting to see what the verdict, from the ongoing low energy CP-experiments and the

high energy pp-collideij is going to be. The lower bound on i e'/el is already a bit un-
43)

comfortable and could easily be violated.

5. B° - B° MIXING

The short distance (box) approach, described in the previous section, is expected

to be much more reliable in describing the neutral D-D and B - B systems, as these

contain heavy quarks. The relevant diagrams are shown in Fig. 7.

c ei,s,b

F j k

b »,£,t i.

;
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b «*/C,t

(29c)

Fig. 7

Note that the crossed diagrams (see Fig. 5) have not been depicted because they have

the same general structure as the diagrams which are shown and thus don 1 modify the

conclusion drawn below. In Eq. (29) the F's are functions of quark masses, decay con-

stants, etc. Their general form is similar to the quantities we had in Eqs. (25) and (26).

From the general structure of the diagrams in Fig. 7 we may immediately conclude that

the mixing in the D system is much suppressed, as compared to the B, because the
2

heaviest internal quark is the b. However the coefficient of m, is very small, viz.
b

For the B's the situation is much more promising, because the heavy t quark contributes.

Furthermore the strange-beauty looks more promising than the down-beauty. Both have a
~ 2 2 2

term (in F and F) which goes as m , for m « M . However, the coefficient of this
t t W

contribution is much larger for the B system than for the B,, viz.
s d

(30)

2
and X =* 0.05. Thus among the heavy systems the mixing is expected to be largest for

the B - B system, on which I shall concentrate from now on.

s s

There are, as for the K-system, several uncertainties in the calculation of the

mixing in question. Again the parameter B is not known. Moreover the B -meson decay
s

constant f has not been measured, and the t-quark mass is also unknown. Many
authors have computed the relevant quantities needed to predict the B-B mixing. As

2 2 >
an order of magnitude estimate, it is perfectly O.K. to take the limit mL « m « m .

b t w
Then

r i i ( 3 1 )
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where the quantities f, B and m denote respectively the B-meson decay constant,

"bag parameter" and mass. These are, of course, the analogs of their namesakes,

introduced after Eq. (-5), for the K-system. In order to proceed further and calculate

the degree of mixing A, Eq. (24), one must make some "reasonable" assumptions about

the above unknown quantities. Furthermore the width, F , is calculated from the measured

b-lifetime. Several such estimates of the mixing exist in the literature and the conclusion

is that the mixing could be substantial, perhaps even almost complete. Typically, A is

found to lie in the range 0.2 - 0.9. Although we don t know how good the assumptions

made are there is nevertheless a good chance that L may well be large. For the sake of

simplicity I shall assume that the mixing is complete in the B - B system and discuss
s s

its consequences for the pp-collider experiments.
o —o

5.1 Signatures of B - B mixing

The signatures of mixing and CP-violation in M -M systems were discussed

in detail after the discovery of charmed particles. Experimentally, the D - D mixing

is known to be small and that is no surprise, according to our estimates above. Since then
4S \

the theoretical formalism developed in mid seventies has been repeatedly applied to the
B- B system. The most spectacular signature of such mixing is perhaps the so-called

47)
same sign dilepton phenomenon . The semileptonic decay b(b) produces a charged

lepton (antilepton) as shown in Fig. 8.

Fig. 8

If mixing takes place, however, the b inside a neutral meson may turn into a b and

thereby produce positively charged leptons as well. Thus at the CERN pp-collider the

following sequence of events may happen

fp —? C \>s) -¥ ils) -» •• •
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A rough estimate of the expected ratio of the number of same sign (SS) and opposite

(OS) dileptons, say dimuons, may be obtained as follows. Assume that the produced

b-quark has equal probability of picking up a u, d or s from the sea. Then neglecting the

beautiful baryons, a produced b quark will end up as the mesons B , B, or B with equal
u d s

probabilities (1/3 each). Furthermore the probabilities of finding the produced B as B
s s

or as B are equal (1/2 each), by our assumption of complete mixing. Thus the "proba-
s

bility chart" looks as follows

04)/-

and similarly for the b

The ratio of the opposite sign and the same sign dimuons is given by

os
I L «<>.<

which is quite a substantial number. Furthermore the mixing being in the B - B sector,
s s

when the b-picks up a strange quark from the (ss) in the sea the s is left behind and may

produce strange particles, viz.

Fig. 9
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Thus the sign of l!ie leptoti and the strangeness quantum number of the produced hadrons

are correlated. One expects

Of course the above discussion has been on purpose much simplified in order to explain
49)

the underlying ideas. However we have done a more detailed realistic calculation,

taking into account backgrounds, etc. and have compared our results with the UA1 dimuon

data. The conclusion is that the same sign dimuons could be due to B - B mixing
s s

phenomenon. If so, this would be quite remarkable in view of the fact that the strange

beautiful meson has not been seen yet1. She certainly deserves her name "the strange

beauty".

I have not discussed CP-violation in the B- B system which would have as a signa-

ture, for example, that the number of pi y. and /j /i , produced due to mixing, are not

equal. Unfortunately, the very same theory which predicts large mixing (at least for
B - B ) also tells us that essentially all CP-violating effects (such as for the same

s s

sign dimuons) will be very small. Thus it is extremely interesting to test this strong

prediction of the standard model.

In conclusion the B-physics which so far has supplied us with surprises and taught

us lessons may well continue to do so also in the future.

6. BEYOND THREE FAMILIES?

I was asked by the organizers of this workshop to talk also about heavy flavours.

I have already discussed some aspects of the b-physics and possible signatures at the

Collider. The theoretical aspects of the b and t-physics at the Collider are also reviewed

in tl
53)

by Francis Halzen and Allan Martin . Therefore, in the remaining few minutes I

shall speculate a little about a hypothetical fourth family

We have seen already that the degree of family mixing seems to decrease with the

increasing family number. Thus the third and second families mix much less than the

second and the first do. This pattern may continue on, if there are more familiesyso that

the new families become less and less "communicative". So far, there is neither an

urgent need nor any serious objection against the existence of a fourth family. The magni-

tude of the CP-violating parameter e, in the K system, is somewhat problematic in the

short distance approach. Of course one has the freedom of blaming the disagreement on

the unknown bag parameter B and the t-quark mass. Another possibility is, however, to
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have more families. Although there are restrictions on the number of neutrinos

(and thus on the number of families) from the BIG-BANG nucleosynthesis, I believe that

if a new family is discovered it will be accomodated. Much more powerful restrictions are

expected to come from the measurement of the ratio of widths of the Z and W at the

CERN pp-collider.

Suppose that there is a fourth family with the quarks (a, r) having charges 2/3 and

- I/3 respectively. Then it follows from Veltman's calculation , of the coriections to

the W and Z propagators, that the mass difference |m -m | cannt be too large,
** ^ 55 \Im - m

a r 300 GeV. Furthermore the most recent data from DESY show

are no such quarks with masses below 20 GeV.

that there

We don't know how the fourth family will communicate with the other three. One

suggestive pattern is as shown in Fig. 10.

The most amusing situation occurs if ^ ^^__ - ^__ — ___ j

m < m and m . Then the r will
r t w

presumably decay predominantly to the c

c-quark (Fig. 10).

We don't know the coupling constant for

the r<-> c transitions. A "good" guess

is V * \4 • X2 = X6. If so the r-quarkcr
could be remarkably long lived.

Fig. 10

w
where the factor 1/9, from the number of

decay channels, could be 1/10 if there is

a new heavy lepton with mass smaller than t c
-12

m . Putting m ~ 40 GeV gives T ** 10
r r r

sec. which is a remarkably long lifetime

for such a heavy object. The point here is that with the present pattern of family mixing

unexpected things may happen and there could indeed be one or more very long lived heavy

flavours.

7. CONCLUDING REMARKS

In this talk I have reviewed the present status of the flavour mixing in the standard

model. The standard six quark model has no serious difficulties in accomodating the ob-

served pattern of family mixing. However the simple short distance approach does not
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work as well as it did before. Furthermore, the Collider may tura out to be an ideal

instrument for studying B - B mixing. This year marks the 20th anniversary of the
41)discovery of the CP-violation and yet there is no sign of CP-violation anywhere except

o —o
in the mass matrix of the K -K system. The ongoing experiments looking for c? c:

may supply us with the first indication of CP-violation in a transition. For heavy quark

systems, the standard model gives little hope of seeing any effect. A few years ago the
56)

situation looked very promising for the charged B decays. Since then we have learned,

from experiment, that it is unlikely that there will be, in such decays, two opposite CP

amplitudes with comparable strengths. Within the standard model such CP-effects are

hopelessly small.

Perhaps the standard model has already done its job, as the link to the next Era in

front of us? Some observed phenomena may be just the first indications in this respect.

Putting aside such deep questions as why families, masses, etc. , let us remember that

we don \ understand
57)

- the same sign dimuons observed in neutrino interactions
+ - + - 58)

- Z ~* e e y, MMV observed at the Collider
3 ̂

- some of the phenomena observed by UA1 and UA2 as reported as this Workshop.
I rather not quote these effects here, as the results were stamped "preliminary".
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