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I. ' INTRODUCTION 

In thii talk I ahall tocua mo~tly on diacuBaing tho CP viola
: tion conaequoooae of tho K-M modal, which Kobayaohi, MaBkawa 1 intx 
duood in 177 tor tho purposo ot incorporating CP violation viA thf 

. comploxity in tho mixing mAtrix ot thQ quarKo. Much ot tho tA1k2 
raviow.ingcurront work on the subjoct. -Soma lHIW rOllultll ot mine c 
iho CP violation effocts in oxcluaive And inclusivo decays of bott 
~h4rm And strange partioles Are Alao given. 

I~. 'rUE MIXING MATRIX 

In'tho K-H model, Aoouming the exiotence ot the yet to pe dil 
covered. top qUArk t, there are throe doublotu, (u,dl)L' (C,sl)L III 

I (t,h'lt., where (dl,SI,b l ) • (d,s,b)V. V is A J x 3 unitary matr1: 
V + V .. 1. In general for n doublets, the number ot physically B 
nificant parameter& in V is equAl to the number of pllrAmetera for 
o x n unitary matrix minus the relAtive phasos ot tho doublets, i 
n2 _ (20 ~ 1). An orthogonal matrix can PO charActerized by 
~n(n - 1) angles, thuo the rest ot the paramotero [02 - (2n - III 
~n(n - 1) .. ~(n - 1) (n - 2) has to be charActerized by phaooa. F 
n .. 2, V CAn pe oharActerized by an anglo 00 and no phaDe. For n 
V is oharActerized Py three angles And one phAse 

~he V mAtrix is parametrized by KoPAYAShi And Maakawal ali 
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It io thia complexity in V that provldQlJ tho CP violation. Thuu, 
tho SAlient feature of tWe K-H model io that the CP violation off 
ill tied with the nonvanillhinc;r of SO~O c·t the matrix elomonts in t 
third row or third column, which means thAt tho b and the t flAvc 
.particlos must hAve pura hadronia dacaye. Modolo with CP violati 
aominq from tho Higgs couplin'iltJ, Py havin9 more Ili9911 doubleta tr 
tho §tandar4 SU(2)L x U(l) modol, hAve no a~ch corralAtion. ~ctt 
in ~ny ot thijue modell, tho b-tlavorod particlas havo only uomi· 
leptonic docayu tho~9h thie 10 not imponod on by Dny fir~t prio
c1ples,3 

Sinco the modal io designed to provide CP violation, soma oS 
tho paramoterB must DO dgtor~inod trom tho CP violAtion ot tho Kl 
KS ilylltom Which, ao !:sr, h still tho only o)<poril11UntAlly ootnb
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liRhcd ~y5tem having CP violation. Tho four paramoto~B of the V 
m.ltrix h.lve been 50 far determined from four scts of cxperil~ont.:11 
informations. The 0+ -+ 0+ nuclear /l decay rateD comparing to that 
of \J decay (assuming no effects from tho mixing of tho lepton!]) do
termines IVud I, and the hyperon scmiluptonic decays determincB 
IVysl. The results of Shrock and Wang's anal~!lia4 in '7D aro IVud 

' 
g

l2.9737 ± .0025, IVu.sl "" .219 1: .003, nn(l IVudl + ·jvus ... 996 
:t .004, The important point of the rOllult is that tho central villuo 
of IVudl2 + lvusl2 is less than one, indicating that the old Cilbibbo 
theory was not exactly true and thero is "loakngo U from tho firBt 
two doublets. It ll110ws the third doublot to dOCIIY, 1.0. I ~ho b con 
decay into u, 

Tho constraint the othor two para~ctors Von' Vcd we usa tho two 
sets of cXperilTlCntal infor111iltions, Le., tha KL' KA mass differonco 
and the CP violation parameter lei. T~ remind you 5 about tho pu
romcter t, consider the mass matrix of IKO> and IKo> statesl 

- ir /2 MI,H 11 1 1 12 - ir 12/2) 
(2.2)

H 'Q \

' M - ir /2 H if /2 . 

21 21 22 22 


where Hij' fij are transition matrix elcmontn from virtual and phys
ical intermediate states respectively and can be complex nwNJo~s. 
CPT implies Mil" H221 r 1 \ a r 22 , Hermltic1ty Mij '" Hji*' rij '" rU'" 
and CP invariancc Hij n Mii' fii • fji' Thus CP invariance with CPT 
and hermiticity impl~es tnat all Mii' fii are real. Therefore, 
imaginary parts Mlj and rI j gives cP violation. Af~er diagonali~ing 
tho m.lSS m.Jtrix ~II ono obtains the oigonstato8 IK > .. (1 + t) IKO> 
- (l - c) IRO;" and I~> .. (1 + c) IKO) + (l - c) IRO>, whero 

c; • i(M1 -.!.. rI 1/ (HR ~.!.. rR ) (2. 3)
12 2 12 12:2 12 I 

whoro the superscripts I, and R stand tor imAginary and real parts 
respectively. The parameter c can be moaaured by measuring 

n " ++_ - (1T 11 IK.;' /<'11 +1T -I H IK :> " f; + C' I. L W !l 

and (2.4) 

• <nO,OI» IK.>I<rr-lI-l» Ix) • e .. 2c I Inoo W L w Il 

\IIhoro 1;' ~ fi 0
1 (~2 .. ~O + 11/2) ImY'2/"'O) 

rh~ 62 and aO Aru raapoctivel~ tha Is 2. X • 0 ph~DO ph1tta of 
tho nll scattering amplitudos. Tho rcal pArt ot thQ otf diagonal 
~trix clement is related to tho eigenvalu&o M5! H , r I rL of tho 
r",ISS matrix M by Mf~ '" ~(ML .. rls) I r~2 .. ;(rs .. fLr, w~oro Hll' rUI 
iLl rL arc th~ n~6S 4nd width of Y-s' KL rospocttvely, Tho otratogy 
lore is t ·xQ fli. 1 7,4 X 10"15 GoY nnd f12 ~ 0 !rom oxperimenta 

mu calcw M~2' !1L~ from Fi.g., eLl). which involvos tho mixing.J '--- ... 

I, ·1 

v V V 
U8, CS , h, 

J. Jii ~ 

d tv > S w-
VUd,J.d, Vtd 

Fig. (2.11 

Fig. (2.1). The box graph for calculating 
the XO ~ RO trnnsition matrix 

The imaginary part MlI ~ 51 5Zs366 1s directly from the complexity 
in tho Vij IS. comparIng the calculated H~2/ Mt2 with experiment3l 
nU1NJars H1RZ • .. ls )( 3.52 )( lO~15 And 

Jt I .. IMfz11 ~2) 2 + (~r~2r2 • 2 x 10w3 , 

we thus obtained VCB and Vcd' There is one WArning in calculating 
H1Z 1 after abstracting all the known weAk interaction information 
from r1g. (2.1), ono still noeds to ostimate a atrong intoraction 
matrix olomllnt..4'1t2 .. <i<DlriY\l(l - ysldl{sylJ(l- ysld] b~O>. Hero 
tho uncertainty can be AS big as A factor of two from two differont 
methods ot oalculations,7,8 Another uncertAinty 1s that wo cannot 
fix tho quadrants in which tho angles 0 I 0 and 6 of eg. (2.1) tull 
1n/ only C i II1gn (tan~2'tMlJl·aOQ6) mileto..l. Tho rQlIulta aro ratho 
insensitive to the t'quark mass. AB an oxamplo wo give ono of tho 
oentralS values ot the V mAtrix detormined in Rot. O. 

\.I C 

•• 22 -,0.40 ) d 

V. .22 ,as .. .~5 x 10·'i ,48 + 3.2 ~ 10. 31 6(2.5)(' 
t 

,OGB ~.40 + 2.1 ~ lO·3~ .... ea • 1,0 )( 10"'1 h 

It ~D 1ntaraut1nq to obaervo that the rna9nitu~Q ot tho matrix 
olomont 15 thtl lursoiolt on thLl dil!gonAl lind dQCrellflOf) aD tho olooicnt 
moVQ$ away trom tho diac;onal, 1.0., thoro arc !l<1vor rnixings put 
they liko to kaep tho ori~inal idontity. In phYDica~ tcrrno, quar~n 
docay in " OAQCa~O tuj)ion. The b pilt'Uolc.8 will p):'ornincntly do cay 
into' oh~rm partiolos, then charm tQ otrAn\lo. It'llto h nolY Iluppo.tac.! 
by oxporimont f);"om CE!lR; 10 Tho t Vn);"ticleq .....111 dt3GAY \nly into b 
pArtiololl. -/' 
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Though the central value of the V IMtri, 
;'1. (f·l), has not beenc:h.Jllenged by various considerations, II it is ",)ortant to havo in

dependent determinations of V s' Vcd in a more 
mode~-independant2

way similar to tho determinatfon of V d' V . Hore I !iut a j;'cw ofsuch P?ssibilitiesr u us 

(1) Obtain Vcs from D ~ tVtX (with Kl, and Vcd from D ~ tVtX
(without Xl. It is desirable to study decay rates in 0+0- ~ ~(3770) 

+ DO with one D or 5 explicitly selected from its exclusiv~ decays. 

(2) From the results of Ref. (12) r(D+ + 11 + 0 l/r(D -071 + ~ K 71 +) 

~ ~IVcd/vcsJ2, whic~ in addition, has the nice feature that both 
final states rr+7I O, K6 71 + are exotic, thus free from possible compli
cations of final state interactions. 

(3) Comparing the decays b ~ cW t - and b + cW+ _ ounht to 

give information about Vcs 
 ..... cs -+ \1\\ :.1 

It is interesting to note that if VudVus 'I - VcsVCd' i.e., if the 
strangeness neutral current is not cancelled in the first two doub
lets then the t quark that so far eludes observation is needed. If

2
IVcs l2 

+ IVcdl < 1, the b flavored particle must decay into charm. 

III. CP VIOLJ,lTION FHOM THE COIWLEXITY 

IN TilE "'.ASS MATRIX 


As we have elaborated in the last section, the comploxity in 

the mixing matrix gives rise to the CP violation effect in the ~O 

system. Tho param~ter tK specifies the deviation of Ka, KL from CP 

eigonstates. It ia Nature I S magic that K haa a mass so near the, 371 

threshold so that Ks (mainly goes to 271) and KL (mainly goos to In) 

can have such large time differences in life. Such wonder probably 

will not happen a9 a in in DO, 50 system again. It probably will be 

hard to measure cc' ~B using the same method as for t • As pointed


Kout a few ~ears ago inR~fs. (13) and (14), the transition of DO ~ 50 

(or 0° : D ) can givo rise to the asymmetry 0 of sarno sign double

lepton final state in e+e- ~ 0050XO(or ~ BOaOXO, ~ t+ttx--, t-t-X+T 

is 6 ;; (N++ - N__ l/ +N__ l .. 4Ret:, where c is the CP viOlation 

parameter for D°, or system. It was estimatedl5 to be small,' 

(6 '\, 10- 3) for the K-M model, but bi9ger (6 '\, 10-2) for the, Hig']s CP 

violation. Thus a double charge asyw~etry in e+o- experiment 
can rule out the K-H model. However, such a double lepton charge 
ilsymmctry has sever contamination form the chain semiloptonic decays
of quarks. 

IV. CP VIOLATION IN PARTIAL DECAY RATES 

Besides contributing CP violation effects in the mass matrix, 
the ~ompl~xity in the mixing matrix can plso rise CP violation in the 
deoay amplitudes, There havo been many ailrlior s~udies13, 16, 17/ 16 
on tho subject from various points of view. for convonience of dis~ 
CUSSiOll l I shall first use tho quan;-dia,]ram sche~ at Rof, (19) to 
g1vc lIll ovc.illl View and also Borne now reaulto. I ehall .commont;: on 
tho known rCGults whore they fit, 

\ 

Tho decays of A heavy-quArk meson (the bottom, the charm, and 
the st.angel can be described by six independent Amplitudes, a, b, 
C', d, e l f, as shown in Fig. (4.1). 

4 

O,b/B
i~l c,b~ cc;:;c: :: I::=: 

"" .... 2 III '" 2 
c 

It b 

clb,s , c , b ,ef'\0:'!":'l ill 1
-)0 C':Dc:
... ,. 2=rc: . 


e 6 
, 

d 

Fi9. (4.1) 

For a given final state ot partiolos, wo need only to add the ap· 
propriAto qq linos (the hairpin qUArk lines) to each diagram and th 
projeot O\lt the ",iven t1nill particles. In Ret, (19) tho amplitudes 
of charm mesons DO, D+, rt deCAying ~nto two pseudo scalar mesons 
are givan. These diagrams are meant to include all strong interac
tion affects (the 911.100 lines), which are, in genoral, oot yet cal
culable. Thus we do not know the magnitude of each diagram. How
ever/ wo can classify expe;imental results using tho diagrams. 
Eventually, we can obtain the sizes and phases of these diagrams 
from decay rates and CP violation effects, which wo shall elaborate 

It was discussed quite some time ago by the authors of Refs. 
(13) and (14) that, though CPT predicts equal total d~cay rate for 
particle And anti~particle, the partial decay rates of particle and 
anti-particle into CP oonjugated final particlos can be differont 
if CP is not j.nvariant. The quark-diagram schema provides <Ill eaoy 
way to sort Qut tha deoay channels whero p~rtiole and anti-particlo 
docay ratos can b@ aittorent, 

A) eEl violation in Charm decay, 

:tn thQ followin" wa list AU the ilol1liwmhiI19-/l.n91a~llupp:r(jufJod 
docays of 0°/ Dt/ ft into two paaudo mesons, tukin9 from Ref, (19)1 
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DO ~ K-K+) V V (a + c + e + 26) - V dV dIe + 26), !4.1a)g us cs u C 
I

DO ~ IT- n+\ V +26), 14.1b)V le+ 2n)-V dV d(a+c +e us cs u c 

D° ~ KOKO) " ~(V V - V V )(2(; + 46),
us os ud cs 

1D0 ... nO nO) = ---. (V V (e + 26) + V V (b - c - e - )1, (4.10) 
~ us cs ud cd 

1 2 1 1D0 .. IlOTl O) '" --- [V V C - - b + -. e + 6)Ii us cs 3 6 

111 J 

- VudV cd ('6 b + 6' c + 6' e + 6) 1 , 14.1d) 

D0 ... lTD [ V V (- b + e) + V dV dIe - e) 1, (4.1e)
us cs u c13 

d 

+ +o ... K) = V V (a + el - V dV dId + e), (4.2a)
us cs u c .' 

.. nO ) .. V (4.2b)12 udvcs 1a + b), 

+
) ... llOlT+) '" V V (- 2b + 2C) - V dV d(a + 6 + 2d + 2e),

us os u c 

(4.20) 

:l 

+ 0 + ~ ~l{lT l "*V V (d+e) -V V (a+e), (4.3a)
us cs ud cd 

-+)(+nO) .. (4.3b)[V V (d+e) +Vdvd,b-e)),us cs u c 

o 0) " _fi1 
[V V (2a + + d + e) + V dV d (b - e) 1~+""Kn (4. 3c)us cs U 0 " 

.50 , D-, P- decays, we replace Vij in Eqa. (4.1), (4.2) and (4,3) 
vtj' That the amplitudes a, b, c, d, e, 6 do nQt change in par
;le and anti-particle decays is a consequence of CP invariance in 
:ong interactions, ! have not listed the mixing-angle nonsup
;ssed and doubly suppressed channels since they have the sarno 
:ay probability for particle and anti-particles, see Ref. 19. 

TYpically, the decay amplitudes for particlo, anti-particle 

i of the following form, e.g., 


1- -0 + (4.4a)) .. K K l"V V A 1 t V dV " 1\" Ius cs il C.. .. 

~ KOK-)~ V. V. A + V· V* A, (4,4b)
US C5 I ud cd 2 

whora Al .. A + e, A2 ' .. d + e, For different decays, AI' }\.2 repre
oents the corresponding combination of amplitudes a, b, c, d, e as 
given in Eqa. (4.1), (4.2) lind (4. J). That the partial decay rates 
of particle and anti-particle can bo differont in tho K-M modol is 
duo to the complexity in Vij , 

r - F IAI2 jil 2 j I~ - '-1 26 :: --_ :: . ,where r:: A", r.. A ,
0 

r + r IAl2 + IAI2 

4Im(VUSVOsV~dV~d) Im(AIA~)
• 


lAI2 + IAI2 

4S 2s 3sp c l 0 2c3 Im(A1A!) 

(4.5)
(IAI2 + IA12)sj2 

Wo divido the demoniator by 8 1
2 because both JAI2 and JAI2 have 

a faotor of 5 1
2 • A now is again proportional to 8 25 38 , The same 

combination contributes to the CP violation parameter e: 0 in KL decay. 
In addition to mixing angles and phases, A deponds crucially on the 
phases and magnitude of A and A. A is ~ero if A and Ahave the sarno 
phase. Unfortunately we do not have reliable ways to calculate A 
and A. Therefore, it is extremely difficult to give ,an accurate 
prediction ofA •. The present scneme provides the information about 
what are the possible channels where particle-anti-particle decay 
rates can be different. ' 

Using Fie;. (4.1), we CAn work out decay amplitudes for higher 
rnultiplicty final states and for semi-inclusivo decays. tlers we 
list the channels for which particle and anti-particle can have 
different decay ratesl 

± -0 + 0 ± t t 0 ±D ~ K K , nIT, K K X(s - 0 states), n n XIs a 0 states), 

± - + K XIs" + statcu), K XIs " + states), n0XIs c 0 states), etc. 

(4.6'1) 

± 0 ± i 0 i 0 0 t ± 0F ~ K • , K n , K n ~ K • XIs A 0 states), K n Xis g 0 states) I 

KtnO(s • 0 statos) ,nix(s • ± 1 state), K±X(S • 0 states), ete. 

(4.6al 

+ K-K+, .t.-, nOnO, nOnO, nOna, nOn O, and their inclusive states.
}50 

(4.00) 

Here B denotes strangeness. The inclusive state X for do cays of 
particle ~nd anti-partiale 6ro CP conjugAteq, It is intOrostin9 
to notll from E'l' (4, 2b), tho mixinCJ-IUl910-tlQIlILauPbrollscQ Llornv 

, + 1I 0'1f t hall sarna docay rate f 60 do D I 50 .~ R.ol< • 
---'- 
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Here we see a rich variety of channels whera one can search for 
CP violation effects. Needless to say high experimental sensitivity, 
in the range of 1::, is needed in such searchee. 

bl CP violation in B decays. 

The Ebu , Ega. Egg ~ ordinary (no charm) particle final st~teal 

We first list the decay amplitudes of the Bbu ' nga, Bga to two 

ordinary pseudo meson (no charm particle in the final states). 


A(Bb- + n-rrO) ~ ~ [VubV d(a + b + e + d) + V bV d el (4.7a)U fi U C C , 

o + 
A(Bbd + rr rr ) • vubvUd,a + c + e + 0) + VcbVcd (e + 0), (4.7b) 

o - + 
A (Bbs .... 1T I< ) .. VubVud a + v cb V cd e. (4.7c) 

We see that the interference can only come from the loop diagrams 

e and 6. the so called "Penguin" diagrams. The partial decay rates 

Can be different for particle and anti-particle for the, following

channels; 

B--}bu 
n+n O, n+X O(15 :; 0) ,+ 

~ 

(4.8a)B
bu 

Ega} +_ 
-Il 

.... rr rr , rr + n - X0 (s .. OJ, 11 
+X - (e • 0), TI 

- X+ (£I • a), (4.8b)
Bbd 

BO
 
bs_} :;: ± t:!: :t f 


.... TI K , rr K XO (s .. 0), I< X (s • 0 l,-11 1T;X±(f;i • + 1) • (4.6c)
Bps 

The differencQ of partial decay rate .in the CP conjugated deoays 
are of the form 

A S r - ~ • 4Im(VubVudV~bV~d) Im(A1A~) 

r t r 1"1 2 t IA':! 

•• 2(12!1I3!II~olo2a3 Im(A1A;l/(IAI' + IAJ2J ('1,.2('3,"2 1 

j '2 '-12 -2 -2 I 12 \ 10 12whore~! AI + A J (e l ) (6 3 ) '" CIA I ,t C2(CtC2+(lIZ/113)C30 ]", 

• 20 c [01
1 2 + (SZ/R j ) C C6]·RO("/"!).a (4.9) 
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Tho important thing here is that A now Is proportional to a factor 
of (s2/s3)8& different from that in charm decays, 5 28)5& which is 
conDtr~int to be small ~ 10-~ by the observod CP violation in KL 
decay, From the angle analysis of Ref. (8), we can, in principle, 
make 53 ',lory small and 116 close to unity. For example, we can chooso 
s2 - .3, S6 A land 03 • 0.005, while still being consistent with 
all I.lx1Bting data, including tho recent re,eults of CE5R. 1,0 There
foro, if tho l'hasea of AI' A2 Are favor/.\blo, A can be lArgo. We see 
thnt tho study of CP vio ation in B decays will provide crucial in
formation I.Ibout the angles, phases, and strength of the amplitudes. 

Earlior nnalysis of Bander, Silverman and 50ni l6 estimated dif
ferent partia~ decay rates for Band B from a time-like single gluon 
emienion diagram. 

'I'he B;,u' B~d' B~ii + double charm part1cle final statesl 

- 0 +'I'he mixing matrix And amplitude dependences of Bb - .... 0 0 , 

Bbd + DtD-, Bbs + r+o- are listed as follows! u 


A(B~U + 0°0-) • Vcbvcdla + b + e) + VubVud(d + e), (4.100. 

A,(B~d + 0+0-) • VcbVCd(a. + b + e) + VubVud e, (4.l0b 

A(Bbs 
0+

.... F D ) .. Vcbvcdta. + b + e) + Vl,lbVUd e. (4.10c 

A9ain we see that there can be partiale-antiparticle partial 

decay rate differences in 


.--}~U + DOOi: I p±OOXO(s • 0), O±XCO • ;. 1), (4.110. 

SSu

.,-)bd 
+ - + - t - • + sD + 0 0 I D 0 XO(s • 0),0 X (0 • - 1) I D X (c a + 1~(4.llb

pd

,0_)
be ± ± + ±;.' ± 
Q + F Oi, r 0 xOCs .. Ol, f X (0" t l),D;~(s"+l, c "'-,:,1 

ilbs (4.llo 

~e partial deoay rate is given by the sarno formula Ai in Eq. (4.9) I 

HlSernabeu 4Ind JarlSkO dhoullsed thh dt.uation. But. oilly partil.ll ra'
O. diHeronaa ot ~ii + 0 Oi 1. prediot.d linoe tho diagrAm e WiIIJ iQnoro( 

Tho dominant dacay channelll of abO' ~a, Sb- are f inll! etl1 to u 
with c .. 1, They, in this model, will in generaf have the sarno docui 
rat~s between part.ic10 and anti-partioles, except the calle oonsiderec 
in Ret. (17) where the final states can come trom botn DO and 50 
utate ot the sama a,deoay. The interferenco betwoen DO and 60 pro
vide cr violation offeote. They considerod tho difforonoo of tho 
two decays 

http:partil.ll


428 429 

- ........... OOK )(:"""'K K Xll I> /' S B 
......... 0 K X (4.12/0o s 

+ + +B-....DKX-KKX 
'" _0 S /' S Ii 
'D K X+ (4.12b)o 5 

'he rate difference again is of similar form to that of Eq. (4.9 ).• 

c) CP violation in thG strange Eqrticle decal 

Besides the CP violation effects in the K8 and KL decays, we 
:an also ask about partial rate differences I It is wall known that 
,f + ninO must have the same docay ratos from CPT. Our quark diagram 
cherne checks with that, We list the decay amplitudes of K into two 
~sons. 

+ V V ( (4.l3a).. 
12

1 
us ud a + b) , 

0+
(K + n n ) - V V d{a + c + e + 26) + V v dee + 26)/ (4.13b) 

us u cs c 

(KO + nOnO) .. ., V V d{b + c + e) + v v de. (4.13c)
us u cs c 

or Kdecays, sa~ ~quations apply except Vij replaced by V!j' Here 
e sce that the rate of KO + n+n-(n O) can be different from 
o + n+n-(nO) and KI + n1n1n can differ in decay rates. Note that 
he differences here like in the B + ordinary particle case, com~ 
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
ional to 8 28 S 6 , therefore of the same order of value 46 c, de

3
ending on thQ phase and magnitudo of Ai' AZ' 

Based on the same quark diagram argument, it is edoy to BOO 
hat A(A) + n-p(n+p-) ~+(~-) ~ pnO(pn O), pn+(pn-) can have different 
article-anti-particle decay rates. The magnitudes of the differ
nces are again proportional to B2B3Bo' 

We sae that the K-H modal in our quark diagram formulation 

ives a systematic way of study tho CP violation in partial decay 

ates. It is of interest t,o do experiments to check thauo pilrtial 

ocay rates systematically. 


V. THE NEUTRON ELECTRIC- DIPOLE MOMENT 

There aro three form factors for tho neutron, <nIJuo.m·(O) In> 
:i(p'l[r'\ (q2jY\l - f 2 (q2)ouvY", + F (q2)1Y SO\l",q2]u(p), where Fl (0) .. 0 

he charge form factor, F2 (O) a Un 3 the magnetic moment and Fl(O) 
dn the electric dipole moment. Again the complexity in Vlj can 


ive dn of tho neutron via the diagrams of Fig. (Sa) with a photon 

ttachcd' '11 possible ways. It was first estimated by Ellis, 


' 

w+~ ~ 

u.>v..~ -=t-~ 

d .. ) • 
Q ->-----------= 

Fig. (5~) Fig. (5b) 

Diagrams considered for the neutron electro-dipole moment, where 
q~1/31 q~/3 are the quark~ of charge of -1/3 and 213 respectively. 

Gaillard, Nanopoulos 20 in 176, d
Q 
~ 10- 30 cm. Then Shabalin21 showed 

that actually the sum of graphs in Fig. (5a) gives dn - O. Calcu· 
lations have also been done including strong interations22 and 
interquark exchange forces 23 Fig. (5b). The results arc quite model 
dependent but they all give very small dn in contrast to the result 
from Higgs CP violation, which is very close to the experimenta12~ 
limit d ~ 1.6 x 10-24 ern.n 

VI. CONCLUDING REMAlU<S 

TO end the lecture, I would put these challenges to the 

experimentalists I 


(1) "Direct" maasurementa of Ves' V dl Inclusive and semi

leptonio decays of charm and B decays, r(o~ + n+nO)/r(D+ KOn+). 


(2) To narrow down alternatives to the K-M modul it is crucial 
to know tho B decay properties I Doos B decay only scmileptonically? 
Which decay of B is favored b + c + s or b + u? For these CESR 
already have an answer, yes and b + c + s respectively. Is there 
b-changing noutral current, b ~ q tI, B + it? Some limits are al 
roady 91ven by the CESR Experiment. 10 

(3) CP propertios of tho charm and the D systeml c·, 

differences of various partial decay rates of CP related channels. 

(4) Better neutron electric dipole moment measurements. 

Tho real challengo that confronts us is the "family" problem. 

How mAny generations of quarks aro thoro? lIow does thc mixing 

como about? Mlat is the origin of CP violation? It is likely that 

the curront distinction botwocn the K-M origin and compleX-Higgs 

origin may turn out to bo a superfluous one. 
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DISCUSSION 

LANGACKERI In chat last modal that you just mentioned. surely 
there wust be a strangeness-changing neutral current at some 
1uvel. 

WANG I No. It is designed not to have it. 

LANCACKER; But is that just basically unnatural or is there 
some reason for that to happen? 

WANGl Well, if you dcmund their absenco, chen you can avoid 
them. 


