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I. INTRODUCTION

In this talk I shall focus mostly on discussing the CP viola-
tion consequences of the K~M model, which Kobayashi, Maskawa! intro-
duced in '77 for the purpose of incorporating CP violation via the
complexity in the mixing matrix of the quarks. Much of the talk? is
reviewing current work on the subject. Some new results of mine on
the CP violation effects in exclusive and inclusive decel's of bottom,
charm and strange particles are also given.

IL. THE MIXING MATRIX

In the K-M model, assuming the existence of the yet to be dis-
covered top quark t, there are three doublets, (u,d')p, (c,s'); and
(t,b'),, where (d',s',b") = (d.,s,b)V. V is a 3 ¥ 3 unitary matrix
vt v = 1. 1n general for n doublets, the number of physically sig-
nificant paramcters in V is equal to the nuber of parameters for an
n x n unitary matrix minus the reclative phases of the doublets, i.e.,

n? - (2n - 1). An orthogonal matrix can he characterized by
Ln(n - 1) angles, thus thc rest of the paramciers [n? ~ (2n - 1)} -
Lbn{n - 1) = %(n - 1){n - 2) has to be charvacterized by phases. For

n = 2, V can be characterized by an angle Oe and no phase. TFor n=3,
V is characterized by threcce angles and one phase
The V matrix 1s paramctrized by Kobayashi and Maskawa' as

v v Vv ¢ -s C -5 C
ud cd td 1 1 2 1 2 .
16 ] 016
= ! A% v = s C cc e =555 C c s ¢ tc s e
v Yus Ves Vs 13 123 23 123 23 (2.1)
N i8 ¢ o eié
i \Y v s 5 cCc s +ts ¢ © c s 5 -C C
Yab Veb Vb 13 123 23 27723 23

It is this complexity in V that provides the CP violation. Thus,
the salient feature of the K-M model is that the CP violation effect
is tied with the nonvanishing of some of the matrix elements in the
third row or third column, which means that the b and the t flavored
particlés mist have purc hadronic decays. Models with CP violation
coming from the Higgs couplings, by having more Higgs doublets than
the standard SuU(2); » U(1l) model, have no such correlation. Actually
in many of these models, the b-flavored particles have only semi-
leptonic decays though this is not imposed on by any first prin-
ciples.3

Since the model is designed to provide CP violation, some of
the paramcters must be determined from the CP violaticn of the K,
Kg system which, so far, is still the only experimenially estab-




lished system having CP vioclation. The four parameters of the V
matrix have been so far determined from four sets of experimental
informations. The 0% + 0% nuclear B decay rates comparing to that
of u decay (assuming no effects from the mixing of the leptons) de-
termines IVud|, and the hyperon semileptonic decays determines
]Vus|. The results of Shrock and Wang's analysis“ in '78 are lvud!=
L9737 1 .0025, [Vyg| = .219 & .003, and |vygl? + |vyel? = .996

+ ,004. The important point of the result is that the central value
of ‘Vud{z + ‘VuSlP is less than one, indicating that the old Cabibbo
theory was not exactly true and there is “leakage" from the first
two doublets. It allows the third doublet to decay, i.e., the b can
decay into u.

The constraint the other two parameters Vogr Veg We use the two
sets of experimental informations, i.e., the K, Kg mass difference
and the CP violation parameter lcl. To remind youd ahout the pa-
ramcter €, consider the mass matrix of ‘K > and |K0> states:

/M - i /2 M~ ir /2
v 1l 11 12 12
M = (2.2)

\ M - i /2 M - it /2
21 21 22 22

where Mj4, I'j; are transition matrix elements from virtual and phys-
ical intcrmediate states respectively and can be complex numbers.

3 1oyl 1o M = M T = T Hermitici VL. o= LK c.o= . *
CpT *mgflvv o8 h22' I Foar hilmlblclty by . MJ; , Flj. ]gl ,
and CP invariance M5 = Mji' Fis = Iji' Thus CP invariance with CPT
and hermiticity implies that ali ”ij' rii are real. Therefore,

ij and Pfj gives CP violation. Afler diagonalizing
the mass matrix M, onc obtains the cigenstates |K >= (1 + a)|KO>

55

imaginary parts M)

- (1 - c)l§0>, and IKL> = (1 + c)lKO> + (1 - C)IRO>, where
. I i R i R
e = 1M - %‘FI )Y/ (M - %’T )y ., (2.3)
12 12 12 2 2

where the superscripts I, and R stand for imaginary and real parts

respectively. The parameter ¢ can be measured by mcasuring

N,z o<nw |H |k sy<ntn T |n |K s = co+ e
+- w!L w''s '
and (2.4)
U <afu0fn Jx >/<n v |0 k> = e - 20t
where €' = V2 (31(03Z - 60 + 11/2)11;1(1\,,/1\0)
r'd

The 6, and &, are respectively the I = 2, I = O phase shifts of

the mm scattering amplitudes. The real part of the off diagonal
matrix element is ﬁelatod to the eigenvalucs Ms’ ML’ FS, TL of the
mass matrix M by M, = LM, = Mg). F?z = 4(Ig - Ty), where Mg, Ty,
M, FL are the mass and width of FS'KL respectively. The strategy
here is to take Tyy = % 7.4 x 107}° GeV and T'j, = 0 from experiment
and calculate M?z, M}z from Fig. (2.1), which involves the mixing

matrix.
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Fig. (2.1). The box graph for calculating
the K? - R transition matrix

. . I
The imaginary part Ml? o SpE, 88 6 is directly from the complexity
in the Vi 's. Comparing the calculated H?;, “12 with cexperimental
numbers Mfé = - 4 x 3.52 x 1071% and
el = el e 57 = R a7 o2 w1673
€. = ,1'112, \\1'1121 + 127 B ’

we thus obteined V , and V4. There is one warning in calculating
M,,: after abstracting all the known weak interaction information
from Fig. (2.1}, onc still needs to estimate a strong interaction
matrix elcment‘zéﬁy = <Rollng(1 - Ys)d][gy“(l - Yb)d]]KO>. lexe
the uncertainty can be as big as a factor of two from twon different
methods of calculations.’’®  Another uncertainty is that we cannot

fix thc quadranis in which the angles 0 6 and 6 of Egq. (2.1) fall

in; only ¢ 7 siqn (1anC stan0, -(o") mx{lo)‘ The results are rather

insensitive to the t qualn mass.  As an example we give one of the
central? values of the V matrix determined in Ref. §.

u § 1
97 -2 046 4
v=| .22 .85 - .66 x 1073 A8 b 3.2 % 10‘31\ S{2.5%
\ .068 .48 + 2.1 x 1077 ~.88 -~ 1.0 x 1073 b

It is interesting to observe that the magnitude of the matrix
element is the largest on the diagonal and decrcases as tho element
move s away from the diagonal, i.c., there are flavor mixings but
they like to keep the criginal identity. 1In physical terms, quarks
decay in a cascade fashion. The b particles will prominently decay
into charm particles, then charm to strange. This is now supported
by experiment from CESR. 10 rhe t particles will decay malnly into b

particles.



Though the central value of the V matrix, Eg.(2.1), has not been
challenyed by various considerations,ll it is important to have in-
dependent determinations of Vest Veg in a more model-independent?
way similar to the determination of Vud’ Vis- Here I list a few of
such possibilities:

{1) Obtain V.g from D - QGQX (with K), and Voq from D - EGRX
(without K). It is desirable to study decay rates in ete™ » y{(3770)
- DD with one D or D explicitly selected from its exclusive decays.

+ + + ~q +
(2) From the results of Ref. (12) T(D - n 7n0)/r(p - K%")
= %IVCd/VCSIZ, which, in addition, has the nice fcature that both
final states nt0, K04+ are exotic, thus free from possible compli-
cations of final state interactions.,
3 , PR NI . ot - - + -
(3) Comparing the deccays b = o and b Cw'*uv ought to

give information about Vc“ ¥

It is interesting to note that if Vudvus £ - VesVear i.e., if the

strangeness neutral current is not cancelled in the first two doub-
lets then the t quark that so far cludes obscervoation is necded. If
|VCS|7 + |Vcd|? < 1, the b flavored particle must decay into charm.

I1I1. CP VIOLATION FROM THE COMPLEXITY
IN THE MASS MATRIX

As we have claburated in the last scction, the complexity in
the mixing matrix gives rise to the CP vielation effect in the K0
system.  The parameler Ex specifies the deviation of K, Kp, from CP
eigenstates. It is Rature's magic that K has a mass so near the 3w
threshold so that K, {mainly goes to 2n) and Kp (rainly goes to 3u)
can have such large time differences in life. Such wonder probably
will not happen avain in p®, DO system again. It probably will be
hard to measure €., €p using the same method as for €. As pointed
out a few years ago in Fufs. (13) and (14), the transition of pl 2 pod
{or B® 2 BY) can give rise to the anymiotry & of same sign double-
lepton final state in ete~ > Doﬁoxo(or-- BOﬁOXU) > Q+R+X", gmomxtt
is 6 & (Ny, - Nm_)/(N+6-+N__) = 4Ree, where e is the CP violation
parameter for p?, or B system. It was estimated'® to be small,

(6 v 1073) for the K~-M model, but bigger (& ~ 1077) for the lliggs CP
violation. Thas a larqe double chargz asymmatry in e e~ experiment
can rule out the K-M model. However, such a double lepton charge
asymmotry has scver contaminarion form the chain semileptonic decays
of quarks.

IVv. CP VIOLATION IN PARTIAL DECAY RAYTES

Besides contributing CP violation c¢ffccts in the mass matrix,
the complexity in the mixing matrix can also rise CP violation in the
decay amplitudes. There have been many earlicr studics!3.16,17,18
on the subject from various points of view. For convenience of dis-
cussion, I shall first usc the quark-diagram scheme of Ref. (19) to
give an overall view and also some new results. I shall comment on

the known results where they fit.




The decays of a heavy-quark meson (the bottom, the charm, and
the strange) can be described by six independent amplitudes, a, b,
c, 4, e, f, as shown in Fig. (4.1).
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Fig. (4.1)

For a given final state of particles, we need only to add the ap-
propriate gq lines (the hairpin guark lines) to cach diagram and then
project out the given final particies. In Ref. (19) the amplitudes
of charm mesong Dn, D+, pt decaving into two pscudo scalar mesons
arc given. These diagrams are meant to include all strong intecrac-
tion effects (the gluon lines), which are, in gencral, not yet cal-
cul.ble. Thus we do not know the magnitude of each diagram. How-
ever, we can classify experimental results using the diagrams.
Eventually, we can obtain the sizes and phases of these diagrams
from decay rates and CP violation effects, which we shall elaborate.
It was discussed quite some time ago by the authors of Refs.
(13) and (14) that, though CPT predicts ecqual total decay rate for
particle and anti-particle, the partial dccay rates of particle and
anti-particle into CP conjugated final particles can be different
if CP is not invariant. The quark-diagram scheme provides an casy
way to sort out the decay channels wherc particle and anti-particle
decay rates can be different.

a) CP violation in Charm decay.

In the following we list all the scmi-mixing-angle-suppressed
decays of P, p*, Ft into two pseudo mesons, taking from Ref. (19):



-+
A(DO - ) = +c+e + 29 - /
( * K K) Vuchs(a 4 e 24) VudVCd(O + 24), (4.1a)
0 oty L {
A0 > 4 = v + -V +eo+e +
( W) vus CS((’ 240 udvtzd(a cte +¥2f), (4.1b)
0., 200y - - v Qe+
A » KOy = nv v - v Vo) (e v 4,
0 0,0y » 1 .
pY - = e \Y ¢+ 28 + - - ¢ - 24
Al nu?) T [V,eVes §) Vi Vg0 - - e - 2], t4.1c)
1 2 1 1
AMY > 00 = — [v (Fe-=h+zeC+§
/7 us cs 3 o 6
1 1 1
-— — Y A—— + - .}
Vad'eaG L Gt g et O, {4.1d)
D 0,0y ]
A(pY o g R Y -h o+ + v -0 s
( ) V3 [\usvcs( b ¢ \udvcd(c @), (4.1e)
and
+ 0.+ ] .
A(D > K'K') =V V ({a+¢) -V V («+), (4.2a)
us cs ud cd
+ + 1
A > wlaT) = v v (a4 D), (4.2b)
s oud cs
V2
+ .t ; 1 . .
A 2> nm ) - ==V V(- 204 20) -V vV (a+d + 2d + 20)
/9 us s ud cd !
(4.2¢)
and
+ +
A(F o gV = ; d+ ey ~v v 4 oe
{ > KD Vus\lc&‘.( ) Vud\(:d(( ) (4.32)
+ + 1
a 0y - { )
A(F o K = a4 ) + ’ -
Y » x 1Y) = [Vusvcs( ) vud\(‘d(b ey), (4.3b)
V2
AET S R = v v a+ 2 dae)y v vV (b-e)] (4.30)
/5 us cs ud cd . .
V2
For b, D, F decays, we replace Vij in Egs. (4.1), (4.2) and (4.3)
by vi.. That the emplitudes «, b, ¢, d, ¢, § do not change in par-
ticle and anti-particle decavs is a consequence of CP invariance in
strong interacticns. I have not listed the mixing-angle nonsup-~
vressed and doubly suppresscd channels since they have the same
decay probability for particle and anti-particles, sce Ref. 19.
Typically, the decay amplitudes for particle, anti-particle
are of the following form, e.g.,
+ -qg..+
» g0 = + v A
A(D KK) VusvcsA] udvcd 2’ (4.4a)
T o 10 Ve uk Uk 4 Yk oy
AD > KTK 3= VEVEs B vavea Mo (4.4p)



where Ay =a t e, A, = d + e. For different decays, Ay, A, repre-
sents the corresponding combination of amplitudes a, b, ¢, d, ¢ as
given in Eqgs. (4.1), (4.2) and (4.3). That the partial decay rates
of particle and anti-particle can be different in the K-M model is
due to the complexity in Vij'
3 T a2
A = r-r = ‘Alz - 'A‘ , where T = lAlz, T = liiz,

N NEINTE

4 * gk (A, N
Im(Vus\ICSVud cd)]n(hlhﬁ)

[n]? + [&]?
48,848, € Cpuy Im(AAY) :
s 3 nh (4.5)
(A7 + [R[2)s7?

We divide the demoniator by 512 because both IA|7 and |5!7 have
a factor of s 2, A now is again proportional to s, s.s.. The sane
combination contributes to the CP violation paramcter e in K; decay.
In addition to mixing angles and phascs, A depends crucially on the
phases and magnitude of A and A. A is zero if A and A have the same
phase. Unfortunatcely we do not have reliable ways to calculate A
and A. Therefore, it is extremely difficult to give an accurate
prediction of 4. The present schem- provides the information about
what are the possible channcls where particle-anti-particle dccay
rates can be different.

Using I'ig. (4.1), we can work out decay amplitudes for higher
multiplicty final states and for scmi-inclusive decays. Here we
list the channels for which particle and anti-particle can have
different decay rates:

+ -9+ * 1 4
p- -+ &0k , noﬂ , K K’X(s = 0 states), non ¥(s = 0 states),

" _ _
K X(s = + states), K+X(s = + gltates), nox(s = 0 states), ctc.
(4.6a)

+ + + 4 ¢ 4
J RS Kon", K'wo, K'no, Koﬂ'x(s = 0 states), K TOX(S = 0 states),

+ 4 '
K“no(s = 0 states),w X{(s = '} 1 state), K X(s = 0 states), etic.
(4.()}1)

0 - + -
D »> K K+, T, "0“0’ nonn, HOHO, nono, and their inclusive statoes.
BO

(4. (:C)

Here s denotes strangeness. The inclusive state X for decays of
particle and anti-particle are CP conjugated. It is intercsting
to note from Eg. (4.2b), the mixing-angle-semisuppresscd decay
p* + 707* has same decay rate, so do D , D? » gOkO.



Here we see a rich variety of channels where one can search for
CP violation effects. Needless to say high experimental sensitivity,
‘n the range of €, is needed in such searches.

b) CP violation in B dccays.

2 Bo_l BO—

b ba ba ordinary (no charm) particle final states:

The B

We first list the decay amplitudes of the BLG, Bga, ng to two

ordinery pscudo meson (no charm particle in the final states).

- - 1
A(B - - 0) = —=— : e :
(B > ) : [vubvud(a r b+ e+ dy + VorVea e.]' {(4.7a)
ABO= » 7 wT) =V .V (@4t £y +v._v e+ P {4.7b)
bd ub ud ch cd ’ y
0_ o "y - ) '
A(Bpo = w0 K) =V Vo a VapVeg C- (4.7¢c)

Wwe sec that the interference can only come from the loop diagrams

¢ and §, the so called "Penguin" diagrams. The partial decay rates
can be different for particle and anti-particle for the following
channels:

B -
b
U.S_.’ T]q,ﬁ()’ ,HOXO(S ~0) , (4.8a)

+ - + - - -
>aow , wow X0(s = 0}, 7 x (s =0), n X+(S = 0), (4.8b)

¢ t,t 0 1, Vot -
-~11K,1rKX(s=0),KX(S=0),1IX(3=+1).(4_8C)
70 |
bs

The differcence of partial decay rate in the CP conjugated decays
«re of the form

4Im(V V. V* V¥ ]} Im(A]A;)

A - r - ff; ub ud 'cb cd
T+ T |a]? + |&[2
= - g ¢ o _ - 2 17 N P
2(s,/s )s.c c e Im(A]A;)/”A, +a1?) (s s
wherc‘J]A}2+Iﬁ}2](sl)_2(53)—?=lclA1}2Fc2Hc1c2+{sz/s3)c3eld]A2‘2

- 2eje,leye, 4 (s,/59) C3C6]'RC(A1A3)' (4.9)
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The important thing here is that A now is proportional to a factor
of (52/33)5 different from that in charm decays, s,s;3s which is
constraint to be small ~ 107" by the observed CP violagion in Kp,
decay. From the angle analysis of Ref. {8), we can, in primnciple,
make s3 very small and s, close tounity. For example, we can choose
sp = .3, s, = 1 and s3 = 0.005, while still being consistent with
all existing data, including the recent results of cEsR. 10  fThere-
fore, if the phases of Al' A, are favorable, A& can be large. We see
that the study of CP violation in B decays will provide crucial in-
formation about the angles, phascs, and strength of the amplitudes.
Barlier analysis of Bander, Silverman and Sonil® estimated dif-
ferent partial decay rates for B and R from a time-like single gluon
emission diagram.

The B;G' Bgﬁ' ng > double charm particle final states:

s . . ~ +
The mixing matrix and amplitude dependences of Bb— » pip’,
B,~ » D*D™, B, - » F'D™ are listed as follows: u

bad bs
-__ - O - = . O )
A(Bbu » DVD ) VCbVCd (a + b + e) + Vubvud(d Foe), (4.10a)
°_ 5 p'pT) = :
A(Bbd e VCbVCd(a tbheo) s Vab¥ua ¢ (4.10b)

vV G+ b+ o) +n e . (4.10¢)

¢ \ .
A(B - *F H vV
A(’bs FDy Yeb'ed ub ud

Again we see that there can be particle-antiparticle partial
decay rate differences in

4 1 1
> plp, b pls = 0), DX(c = F 1), (4.11a)

+ - 4 - 4 - - -
>p'p, DD R(s = 0), DX (c v - 1), DX (c=4 1)4.11b)

* 4 L - 'L -
> F D', FD'x%(s=0), Fx'(c=%1),D % (s=%1, ¢ = + 1).

bs (4.11c)

The partial decay rate is given by the same formula as in Eg. (4.9).

Bernabeu and Jarlskog18 discussed this situation. But only partial rate

difference of B pp* is predicted since the diacram € was ignored.
The dominant decay channels of Bogo Bba, BbE arce final states

with ¢ = 1. They, in this model, will in general have the same decay

rates between particle and anti-particles, except the case considered

in Ref. (17) where the final states can come from both D? and DI

state of the sams B decay. The intcrference between DO and DY pro-

vide CP violation effects. They considered the difference of the

two dacays



B—< ?0 st_-» }\SKSX
DoKX ' (4.12a2)

+ + +
B =Dk X —o—zcvxbx

S D)

jOKsY . {4.12Db)

The rate difference again is of similar form to that of Eq. (4.9).

c¢) CP violation in the strange particle decay

Besides the CP violation effcects in the KS and K; decays, we
can olso ask about partial rate differcnces: It is well known that
kKt > 790 jnst have the same decay vates from CPT.  Our gquark diagran
scheme chocks with that.  We list the decay amplitudes of K into two

MSON i,
+ + 1

MK o onal) s -Tov v (a + b (4.13a)
75 us ud !
V2

AU s awTy = v v @ ka4 2f) V. V(e + 2f), (4.13b)
us ud cs cd

AKE > a0y S v v (b w2y vV oV o0, (4.13¢)

us ud cs cd

For K decays, same equations apply oyoepL Vi+s replaced by V* . Here
we sco that the rate of kK0 - 1+*'(n ) can bo different from

k0 - w+n"(ﬂ0) and K oo wtu e can differ in decay rates. Note that
the diffcrences here like in the B - ordinary particle case, como
from the interference of the Penguin diagrams. The decay rate dif-
fercnce is again of the form of Eq. (4.5). They are always propor-
tional to s,s.s., therefore of the same order of value as g, de-
pending on the phase and magnitude of Ay, A,.

Basced on the sawme quark diagram argument:, it is easy to see
that A(A) - ﬂ—p(ﬂ+p_) sTETy » pwo(ﬁno), pr¥(pnT) can have different
particle—-anti-particle decay rates. The magnitudes of the differ-
ences arc aqgain proportional to Sp83S55 -

We scee that the K-M model in our quark diagram formulation
gives a systematic way of study the CP violation in partial decay
rates. It is of interest to do experiments to check these partial
decay rates systematically.

V. THD NEUTRON ELECTRIC-DIPOLE MOMENT
There are three form factors for the neutron, <nIJ e'm'(O)!n>
- o

"N q(p')[F (Q“)Y - F, (q )Uquv + F_{a?)iy olqu]u(p), where F_(0) = 0
the charge form fagtor, 2(O) =y, the maqncth moment and F (0)

= d_ the electric dipole moment. Again the complexity in Vj. ran
give d, of the neutron via the diagrams of Fig. {(5a) with a photon
attached in all possible wavs. It was first estimated by Ellis,




=
-+

Fig. (5b)

Diagrams considerced for the neutron electro~dipole moment, where
qi1/3, q%/3 are the quavks of charge of -1/3 and 2/3 respectively.

Gaillard, NanOPOL‘oszo in '76, dn v 10“30 cm.  Then Shabalin21 showed
that actually the sum of graphs in Fig. (5a) gives d, = 0, Calcu-
lations have also been done including slrong interations?? and
interquark exchange forces? 3 Fig. (5b). The results are quite model
dependent but they all give very small dn in contrast to the rcsult
trom Higgs CP violation, which is very close to the L)POerCHLa1

limit d, < 1.6 x 107 24 om.
VI. CONCLUDING RIMARKS

To end the leciure, I would put these challenges to the
experimentaliste:

(1) "Direct" measurements of V.., V$d’ Inclusive and somi-
leptonic decays of charm and B decays, (D" - ey (0t ROnty.

(2) To narrow down alternatives Lo the K-M mod-l it is crucial
to know the B decay properties: Does B decay only semileptonically?
which decay of B is favored b > ¢ » s or b - u? For these CLRSR
already have an answer, yes and b > ¢ > s respectively. Is there
b-changing ncutral current, b > q 2? B > ££? Some limits arc al-

ready given by the CESR Experiment. 0
4 _ g
(3) CP properties of the charm and the B system: e, %¢er%::,

differences of various partial decay rates of CP related channels.

(4) Better neutron clectric dipole moment measurements.

The real challenge that confronts us is the “"family" problem.
How many generalions of quarks are there? How does the mixing
come about? What is the origin of CP wviolation? It is likely that
the current distinction beotween the K-M origin and complex-Higgs
origin may turn out to be a superfluous one.
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