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‘Particles and Fields Subseries No. 23 I, INTRODUCTION .

In thie talk I shall focus mostly on discussing the CP viola-
rtion consequencas of the K-M model, which Xobayashi, Maskawa! int:
‘duoed in '77 for the purpose of incorporating CP violation via the
~complexity in the mixing matrix of tho quarkse., HMuch of the talk?

iroviewing current work on the subjoct., -Some new rosults of mine ¢
. tha CP viclation effocts in oxclusive and inclusive decays of bott
fvch;rm and strange particles ars alsc given.

I

Weak Interactions ‘ - | | II. THE MIXING MATRIX

In the X-H model, assuming the sxistence of the yst to be di,

. » i
aS PI’ObeS Of UIllﬁCﬂthIl | covered top quark t, thexre are three doublets, {u,d')y, {c,8'}y a
: Vis a 3 x 3 unitary matri

Virginia P - (t,b! )L, where {d',s',b'}) » (4,s,b)V.
(Virginia Polytechnic Institute 1980) v*’ Vvel, In gen;ral for n doublaets, the number of physically s

. nificant paramstexs in V ls equal to the number of parameters for

n ¥ n unitary matrix minug the relative phases of the doublets, 1
nf .~ (2n = 1), An orthogonal matrix can bo characterized by
hni{n - 1) angles, thue the reat of the paramaters (n? - {2n - 1))
kn{n = 1} = &{n =~ 1}{n = 2) hes to be characterized by phasos, F
n w 2, V can ba characterized by an angle 8, and no phase, For n
Viag oharactarized by three anglas and ons phase

The V matrix 1s parametrized by Kobayashi and Maskawa' as
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Virginia Polytechnic Institute ,
It is thie complexity in v that provides the CP viclation., Thus,
; the salient feature of the K-M model i@ that the CP violation aff

is tied with the nonvanishing of some of the matrix elemonts in t
third row or third column, which mosans that tho b and the t flavc
particles must have pure hadronic docava. Modols with ¢P violatd
coming from tho nggs couplings, by having moxe Higgs doublets tt
the standard BU(2)y * U(1) modol, have no such correlation, Acti
in many of thesa modals, the b-flavorod particlos havo only somi-
leptonic docays though this {8 not imposod on by any férvt prin-

" e¢liples,
Am I‘]_ P : ~ Slnce the model {8 designed to provide CP viclation, some of
New Y (?‘ cqn InStltute Of h SICS ? the paramoters muat be detormined from the CP violation of tho X
ew Yor 1981 ~ Kg eystom which, go far, ie still tho only oxporimuntally ocotab-
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lished system having CP wviolation. Tha four parametods of the V
matrix have been so far determined from four scts of experimental
informations. The 0% - 0¥ nuclear B decay rates comparing to that
of u decay (assuming no effects from tho mixing of tha leptons) do-
termines [vud[, and the hyperon semileptonic decays determines

The results of Shrock and Wang's ana1¥aia‘ in '78 aro |V 4| =
9937 ¢ 0025, Jvygl = 219 £ .003, ana |vyg)? + |vye]? = 096
£ .004, The important point of the rosult {s that the central value
of fVu ] ]V iz is less than one, indicating that the old Cabibbo
theory was not exactly true and there is “leakage” from tho first
two doublets, It allows the third doublot to descay, L.o., the b can
decay into u.

The constraint the othor two paramators Veoar Veog We use the two
sets of experimental informations, l.e,, tho Ky, Xq mass differonce
and thae CP violation parametar Ic[. To remind youd about the pa-
rameter €, consider the mass matrix of lK > and 1K > states

/ M - il /2 K - ir /2
MRS i1 12 12

- 2.
M- ir /2 Moo= dr /2 47 :
21 21 22 22

where Mig, Tyy are transition matrix elements from virtual and phys-
ical intcrmedzate states respectively and can be complex numbera.

CPT implies M) = M,o, Ty, = Iy, Hermiticity Mgy = Mye*, Ty Tyy*
and CP invariance Mi 2 Myyy Dy =7 jir Thus CP invatrlance with PT
and hermiticity melles t at al T(4 are real, Thercfore,
imaginary parts n1 and F glves CB vioiation. After diagonalizing
the mass matrix M, one obtains the cigonatatos |K >'w (1 + e)iK >

- (1~ ¢)|Kk®, and }KL> e (1 + g)|x0 + (1 - g) K%, whero

I 1.1 R i R ’
¢ = L(MT - =T Mr -z : 2.3
P YUY 12) ! : (2.3)

where the superscripts I, and R stand for imaginary and real parts
respectively, The parameter ¢ can be measured by moasuring

n,. = <n+n"{HWIKL>/4n+u'le|X8> e te!,
and ' P (2.4}

LI anln®fu [k /en™n [ |y w e - 2ct

vhere ¢! w /7 ott82 7 St "/2’Im(52/ho)
T™he ¢, and 8, are respoctively tho I = 2, I = 0 phase phifts of

the nn scattering amplitudes, Tho real part of the off diagonal
ratrix element is related to the eigenvalues Mg, My, Ty, Ty of the
rass matrix M by HR s 4 (M, = Hg), P = Yy = FL¥ whoxo bg, Tyt
iy Ty are the nwss und width of V., ¥Xp rospoctively- The strategy
were gt vk Pyp =4 7,4 % 107 15°%GeV and Typ ® 0 from oxperiment
nd ?“lCh».AJ Ml , wls from ?Lg. {2.1), which involvcs tho mixing

uschytm
H G | - < J
W+
(
\U..O,t '
d ———-%>————;?ﬁv\/\ﬂv1/z$<§/\/v* > 9
Vi, Ved, Vid
Flg. (2.1)

Fig. (2.,1). The_box graph for calculating
the X0 - ¥ transition matrix

The imaginary part M « 818,848, is directly from the complexity
in thoe wd 8. Comparinq the calculated M?za M{z with experimental
nurbors W% = = & x 3.52 x 10=15 and

fel = lMlgl/ (M 22+ t%r,z}z =2 x 1079,

we thus obtained V., and V.q. There is one warning in caleulating
Mya1 after abatracting all the known weak interaction information
from Flg, {2.1}, ono still noods to ostimate a astrong intoraction
matrix element_déy w <k0 ‘{syv(l - }dl[sy“(l -y }d]]h >, Here
the uncertainty can bs a8 big as & factor of two from two differaont
mathods of caloulations,?'& Another uncertainty is that wo cannot
tix the quadrants in which tho angles 0 and § of By, (2,1} fall
in; only ¢ % eign (tanozvtane raqod) ma@taxa Thae yopulto are vatho
1nsona1tiva to the t' quaxk masa. A8 an cxample wo glve one of the
central? values of the V matrix dotormined in Rof. 8.

] ¢ t
.97 -, 22 -, 046 _ 4
vl .22 85 = .66 % 10”% A8 + 3,2 x 107% | e(2.5

068 =40 + 2.1 % 1073 .88 - L,0x 30"/ b

It {8 interosting to obeeyve that the magnitude of tho matrix
olemont is tho lurgowt on the disgonal and dgcroases as the oloment
moves away from thae dlagonal, i,a¢., thoro are flavor mixings but
they like to keep the orlginal i{dontity, In physical terms, quarks
decay in a cagcade fashion, The b particles will prominently docay
into-charm partiolesa, then charm to strange, Thio lu now supportod
by exporimant fxom SR, 19 Thot paxticles will dvcay  tnly into
partiolos, . ) o
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Though the central value of the V matris “.{2.1), has not becen
vhallenged by various considerations,!! {¢ is .portant to have in-

dependent determinations of v Veq in a more model-independont?

. 8" "¢ .
way similar to the determinatfon of V. o, V.. Here I list a few of
, ud us
such possibilities;

(1) Obtain V.. from D + £3,X (with K), and Veq from D+ 230x
(without X). It is_desirable to study decay rates in eta~ - Y (3770)
+ DD with one D or B explicitly selacted from its exclusive decays.

{2) From the results of Ref, (12) I‘(D+ + n+'n0)/I'(D+ -+ R°ﬂ+)
= S}Vcd/vcslz, which, in addition, has the nice feature that both
final states N+ﬂ0, ién+ are exotlc, thus frea from possible compli-
cations of final state interactions,

{3) Comparing the decays b + cwt - and b + cwt - ou ht to
+Cs +pv g
give information about vcs’ H

It is interesting to note that L{f Vudvus # - Ve Vear i,e., if the

strangeness neutral current is not cancelled in the first two doub-
lets then the t quark that so far oludes observation is needed. If
]Vcslz + lvcd52 <1, the b flavored particle must decay into charm,

III. CP VIOLATION FROM THE COMPLEXITY
IN THE MASS MATRIX

As we have elaborated in the lagt section, the complexity in
the mixing matrix gives rise to the CP violation effect in the XV
system, The parameter tyx specifies the deviation of Kg, Ky, from Cp
elgenstates, It ig Nature's magic that X has a Inass g0 near the 3n
threshold so that Kg (mainly goes to 2n) and Ky (mainly goas to 3n)
can have such large timg differences in life. Such wonder probably
will not happen again in p0, po system again. It probably will ba
hard to measure £or €g using the same method as for Ex. AB pointed
out a few gears ago in Refs, (13) and {14}, the transition of p? #p
{or 8% 7 p } can give rise to ths asymmetry & of samo sign double~
lepton final state in s*ta- - p%B9%0 (or + BUEOXO) o prptx--, gyt
is § 2 (Ny, ~ N-,}/(&+3-+N_-} = 4Rese, where € is the CP violation
parameter for DO, or BY system. It was estimated to be small,
(6 ~ 1073) for the K~M model, but bigger (§ ~ 10-2) for the liggs cp
viclation, Thus a large double charge asymmetry in e¥e~ experiment
can rule out the X-4 model. However, such a double lepton chargs
asymmetry has sever contamination form the chainsemileptonicdecaya
of quarks,

<

IV CP VIOLATION IN PARTIAL DECAY RATES

Besides contributing cp viclation effects in the mass matrix,
the complexity in the mixing matrix can also rise CP viclation in the
decay amplitudes, Thore have been many earlier studiesgld.,16,17,18
on the subject from various points of view, For convanience of dig-
cussion, I shall first use thg quark-diagram schema of Raf, (19) to
glve an overall view and also BOmMe now resulte. I ehall commant on
the known results whore they fit, '

S un

he bottom, the charm, and
d 8 of a hoavy~quark meson (¢t

the siﬁzngZ?azan be described by six independent amplitudes, a, b,
¢, 4, e, £, a8 shown in Fig. (4.1},

4
3 ¢,b,s
C,bis N l g > 1
¢,b,s L1/L1 4
- P} :
3 o’ s 2
-t 2 ~ ~ 2 c
b
18
¢c,b,s
C'b’B ‘1 C'IIQSIUUVVL 1
: \df\<:::i::2 wﬂ‘*ﬂ“ﬂ—“—~*"~2. ) i
d ¢ 6
Fig. (4.1)

r a glven final state of particles, we need only to add the ap+

;:oprigte q& lines (the hairpint?uirt li?:s;ago i?:? 3é§g§321§2§a§2
clen. o
piogggzmc;:szgi géreg*figgidgzzying into two pseudo scalar mesons
:ra given., These dlagrams are meant to include all strong intez:iz
tion affects (the gluon lines), which are, in gensral, not yo poat
culable, Thus we do not know the magnituds of each diagram. o
ever, wa can classlfy expexnimental results using the diagiama.ms
Eventually, we gan obtain the sizes and phases of these agr: S e
from decay rates and CP violatlon effects, which wa shall @ g 2\
It was discussed quite some time ago by the authors of Re i.

{13) and (14) that, though CPT predicts cqual total dacay ia;a og
particle and anti-particle, the partial decay rates of par; ? £} az
anti-particle ipto CP gonjugated final particles can be dif erozn
if CP {8 not {pvariant, The quark~-diagram scheme provides an iicio
way to sort qut the decay channels where partiocle and anti-par
decay ratas can he dlfforent,

a) Cp violation {n Charm decay,

Lemixing-anglo-supprossod
In the folleowing wa list all the som
decays of DY, p¥, ¥* into two pssudo mesons, taking from Ref, (1?);




04 x k) = -
D KK) =V Vlate e+ 20 -v v le+ 20, {4.1a)
0 -+ !
8] = - ;
o on ) vuavcs(e + 24) Vudvcd(a te o+t e +24), {4.1b)
0, 700y o . ,
D ‘w KV EY) %(vusvcS ViaVeg) (28 T 44)
0 0.0y - 1 , - - - Jle
Y + Pyl o (vusvcs(a + 24) + vudvcd(b e - e =241, (4.1
0 0,0y o L= 2..% 1
p¥ + n'n®) s (vusvcsf3 c-gbrger )
1 1 1 “ o
- vudvcd(g-b tge + ze + 5}]' {d.ld}
o 0.0} w ke - o
0¥ » w'n%) s VyVeg(-b + @ +V v (e~-el] {4.1e)
4
+ -o+n _
D+ ¥k} vusvcsta +¢) vudvcd(d + ey, ‘{4.2a)
+ Opty o ' o
Do+ ¥y 5 VudVCS{a + b, (4.2??
fanbety 2 A - - ‘
3 <+ ntv} = vusvcs( 2b + 20) Vudvcd(a +b + 2d + 28},
(4.2¢)
1
o 0.t 4 . :
P KV ) vusvcs(d + e) vudvcdta + ey, ; (4.3a)
ot t 0y n
= X a0 y V Vog (4 2) + v V. (b0, (4.3b)
o x0n0) = ;ér [VisVes!28 * 2b +d + 2y + ViaVealb - e)], (4.3¢)
2 .

- B9, b7, ¢ decays, we replace Vij in Bqa. (4.1), (4.2) and (4,3)
Vii. That the amplitudes a, b, ¢ d, e, § do not change in par-

:le"and anti-particle decays is a consequence of CP invariance in

rong interactions, I have not listed the mixing-angle nonsup-

:ssed and doubly suppressed channels since they have the same

ray probability for particle and anti-particles, see Ref. 19.

Typically, the decay amplitudes for particle, anti-particle
: 0f the fellowing form, e.g.,

Yo R0y e v 4.4a
H kYK ) Vusvcs}\l + vV aveq 9.2, ( )
T4 x0T * .4b
! KK )= VGSV;S Ak + Vcdvcd Az, {4 )
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whora Ay w a + @, A;'= d + a, For different decays, Ay, A, repre-
gents the corresponding combinaticn of amplitudes 4, b, ¢, d, ¢ as
given in Egs., (4.1}, (4.2) and (4.3), That the partial decay rates
of particle and anti-particle can ba differont in the K-M modol is
duo to the comploxity in vV

i3’
- 2 . Ixl2 - -
6, = L i E lh[ : ‘AI ,where T = |al2, T = ih§2c
SR LR

4Im(vusvcsvadvéd)Im(hlhi}

a2 + |32

©1¢2C3 Im(AAL)

4828385

(A2 + [R[ag2

(4.5)

We divide the demoniator by 8,2 because both |A|? and |R|2 have
a factor of s,%, A now is again proportional to s,s,s.. The same
combination contributes to the CP violation parameter ¢ in K; decay.
In addition to mixing angles and phases, & depeonds crucially on the
phases and magnitude of A and A. & is zero if A and A have the same
phase, Unfortunatsly we do not have reliable ways to calculate A
and A. Therefore, it is extremely difficult to give .an accurate
prediction of A. The present scheme provides the information about
what are the possible channals where particle-anti-particle decay
rates can be different,

Using Fig. (4.1}, we can work out decay amplitudes for higher
multiplicty final states and for semi~-inclusive decays, Here we
list the channels for which particle and anti~particle can have
different decay rates:

. B
p* =+ k9T, nor*, kK" X(s = 0 states), n%y’X(s = 0 states),

Kixis = ¥ states), X'X(s = ¥ states), nP%(s = O states), etc,
{4.6a)
FY o4 k0%, x500, k%00, x0n¥x(s = 0 states), K'1%%(s = 0 states),

Kino(a = 0 Btatca).ntx(s = t 1 state), Kix(s » 0 ptates), ste,
{4.6b)
p? - -
~0} + KkY, 1T, 100, nfn?, w040, #040, and their inclusive states,
D ,
(4.60)

Hers s denotes strangeness, The inclusive state X for decays of
particle and anti-partiole ave CP conjugated, It is interosting

- te note from Eq, (4,2b), the mixing-anglo-semisupprassed dorev

+ %0?* has sama docay rate, so do D , B0 + ROKD, »

e - B
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‘Here we see a rich variety of channels where one can scarch for
;P vioclation effects. MNeedless to say high experimental sensitivity,
in the range of €, is needed in such searches,

b) CP viclation in B decays.

The BbG' Bga, ng ~+ ordinary (no charm) particle final states:

We First list the decay amplitudes of the Bgﬁ, nl . Bl to two
erdinary pseudo meson (ne charm particle in the final states),

- - 1 k
AB- ¢ [ R ——
(bu*nrr) [vubvud{a+b+e+d)+vv 2]

/3 ch’ed 4 (4.7a)
0. e
AlB= =+ win) Vatuaf®@ + e+ e+ {) + VpVeq (€ + £), (4.7b)
ABl- » 1 xh) =
( by T 7 K ) Vubvud a + vcbvcd e, {(4.7¢)

We see that the interfersnce can only come from the loop dlagrams
e and {, the so called "Penguin® dlagrams, The partial decay rates

can be different for particles and anti-particle for the following
channels; ‘

} - n*qo, 1¥%0 (5 = c) , {4.8a)

B~ ’
bd + - + - - -
§Q§*un,nﬂxo(9ﬂ0),n+x (s =0), "x(a w0),  (4,8h)

¥t ¥ x ¥ '
} -+ ? 7, m K x0 (s = 0), KX (s =y, W;Xi(s - i), (4.80)

The dlfferencae of partial decs

rate tl
are of the feer 54 in the CP conjugated decays

Poof o ATV VL Ve Ve Im(a A%)

A4z LA ud ¢cb ¢d
T a2+ [5]2
- 2sy/s w00, I A/ + [R12) (s ey,

21T -2, =2
wheze 4{[a] R[] (s)) (83) “=|c a |2+ cﬂ[c1c2+(92/93)c3eid}hz[2

- 20102{0102 + (82/83) c.c,}*Ra{A ASY,

K 6] 172 {4.9)

 differance of Bi- + D
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The important thing here is that A now ls proportional to a factor
of {s,/83)8, different from that in charm decays, 8,845, which is
conotraint to be small ~ 10" by the observed CP vio agion in ¥y,
decay, From the angle analysis of Ref, (8), wa can, in principle,
make 83 very small and 8, olose tounity, For example, we can choose
s = ,3, 8, = 1 and 83 = 0,005, while still being consi{stent with
all exlsting data, including the recent rasults of CESR.!? There-
foro, if tho phasea of Ry, A, are favorable, 4 can be large., We sae
that the study of CP vioiation in B decays will provide crucial in-
formation about the angles, phases, and strength of the amplitudes.
Earlier analysls of Bander, Silvgrman and Sonil® estimated dif-
forent partia) decay rates for B and B from a time-like single gluon
emisslon diagram,.

The B O~ 4 double charm particle final states:

_—
va’ Ppd’ Bpa

- +
The mixing matrix and amplitude dependences of Bbﬁ + p%p7,
B, = + pfp™, Bz + D~ are listed as follows:

bd
T- Op” 4.1
A(Bbu + DV ) - vcbvcd(a +b+e) + vubvud(d + e) { Qa
0. + -
AB g +DD) =V Vola+b+e)+v v, e (4.10b
0 +o-
A(Bbg +FD) = vcbvcd{a +b+ e+ VaVug ¢ (4.10¢

Again wae Bee that there can be pafticle—antiparticl& partial
docay rate differences in :

B -
b 1 -

f“.} + 000, 0*D%%%s = 0}, p'x(o = ¥ 1), (4.11a
B

By

0

Bbd - b - ¥ - s -
g8 (*DD, DD X8 w0), DK (e= 1), DX (¢ =¥ 1)(4.110
bd

Bow - ) ,

28} + #*0%, F*DTx0 (s = 0), FxT(a w T 1), 0%k (am T, ¢ wr 1
Pbs ' (4.11c

The partial decay rate is given by the same formula as in Eq, (4,9},
Bernabeu and Jarlskog‘a disoussed this situstion, Butonly partial ra
p? s prediocted sinoe tho diagram ¢ was ignoroc
Tho dominang dacay channels of Bymy 3+ Bpp are final statos
with ¢ = 1, They, in this model, will in generaf have the same decay
rates between particle and anti-partigles, except the case considerec
in Ref, (17) where the final states can come from both B% and DY
state of the sama B decay, The {nterferenco batwoen DY ana DO pro=-

vide CF violation effects, Thoy considored the diffovencs of tha
two decays
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"R ?0 KBX:-/-%; K KX
DK X ‘ {4,124)

+
B aaD K x+-wux X X+
\\k_c & +’/f 88

DGKBX {4.12b}

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

¢) €P violation in the strangse particle decay

Besides the CP viclation effects in the K_ and Ky decays, we
:an also ask about partlal rate differences; It is well known that
X o 3ty0 puat have the same decay rates from CPT, Our quark dlagram
cheme checks with that, We list the decay amplitudes of X into two

@asons.,
+ 1
K e s 2=V v a4+ b (4.13a)
V7 us ud 4
0 ooy .
(KO =+ n™n) = v V@ et e 2f) VvV (et 2(), {4.13b)
(KO + 19%0y =y v v (b+re+e)+V V.. e, (4.13c)
us ud cB ¢
or ¥ decays, same equations apply except V{4 replaced by vgj . Here
e see that the rate of x¥ + n%r~(s%) can be dlfferedt from
O 4wt~ (x%) and k¥ + nisin  can differ in decay rates. HNote that

he differences here like in the B -+ ordinary particle case, come
rom the interference of the Penguin diagrams. The decay rate dif-
erence is again of the form of Eq. (4.5)., They are always propor-
ienal to By8.8 therefore of the same order of value 8s ¢, de-
ending on the ghasa and magnitude of Ay, A,.

Based on the same gquark diagram argument, it 1B eaoy to seo
hat A(R) =+ p(atp™) tt(r~) -+ pn%(pn®), put(Pr™) can have different
article-anti-particle decay rates. The magnitudes of tha diffor-
nces are again proportional to ByBgSg.

We see that the X-M model in our quark diagram formulation
ives a systematic way of study the CP violatlon in partial decay
ates, It is of interest to do experiments toc check thoso partial

¢ccay rates systematically.

V. THE NEUTRON ELECTRIC-DIPOLE MOMENT
. There are three form factors for the ngutron, <n[J!°'m'(0}In>
Sp [P ey, = Fala?lo,yyy + Fo(a?)iy 0 a?lulp), whera F (0) = 0
he charge form factor, FZ{O) = 4n the magnetic moment and P, (0)
d,, the electric dipole moment. Again the complexity in V( ¢an
lve d, of the neutron via the dlagrams of Fig. (5a) with a photon
ttached ’ ‘11 possible ways, It was first estimated by Ellls,

S
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Yt

=2 =9 o

Fig. (5b)
Diagrams considered for the neutron electro-dipole moment, where
q_1/3, q2/3 are the quarks of charge of ~1/3 and 2/3 respactively.

Then Shabalin?! showed
glves d, = 0, Calcu~
interations?? and
results are quite model
contrast to the result
to the experiment312“

Galllard, Nanopoulos20 in 76, 4. ~ 10738 ¢,
that actually the sum of graphs ?n Flg. (Sa)
lations have also been done including strong
interquark exchanga forces?? Fig. (S5b). The
dependent but they all glve very small d, in
from Higgs CP violation, which is very close
limit 4y < 1.6 x 10724 cm,
VI. CONCLUDING REMARKS

To end tha lecture, I would put these challenges to the

experimentalists:

(1) "Direct” measuremants of V g4, vgd; Inclusive and semi-
leptenle dacays of charm and B decays, I'(D% - n*ng)/I’(D+ K0nty,

{2) To narrow down alternatives to tha K~M model it is crucial
to know tho B decay properties: Does B decay only semileptonically?
Which decay of B is favored b + ¢ *+ 8 or b =+ u? For these CESR
already have an answer, yes and b - _c¢ + 8 respectively. Is there
b=changing noutral current, b +~ ¢ 4%, B - 22? Some limits are al-
roady given by the CESR Exparimant.!?

NFt -y

differences of various partial decay rates of CP related channels,

(3) CP properties of the charm and the B Byétem: e,

(4} Better peutron electric dipole moment measurcments.

, The real challenge that confronts us is the "family" problem.
liow many generations of gquarks arc thare? How does the mixing

"come about? What is the origin of CP viclation? It is likely that
the current distinction between the K-M origin and complex~iliggs
origin may turn out to be a superfluous one.
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DISCUSSION

LANGACKER: In that last model that you just mentioned, surely
there must be a strangeness-changing neutral current at some

level,

it is designed not to have it.

WANG: 1o,

LANCAC&ER: But {s that just basically unnatural or 1s there
some reason for that to happen?

WANG: Well, if you dumnnd their absence, then you can avoid

them,




