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Abstract 


We investigate the effects of CP violation in nonleptonic 

decays of neutral B mesons (Bd , Bs) in the Kobayashi-Maskawa model 

through the quark exchange- and W emission-diagrams for three and 

four generations. We obtain the result that the CP violating 

+ - + - + asymmetries for Bd~D D , n nand K K reach the order of 40% and 

the number of bb quark pairs needed to detect the asymmetries is 

6 8 -0 0 - + 0 010 -10 at 30 level, and the asymmetries for Bs~D n , D n , D n 

+ and D n reach the order of 20% and the number of bb pairs is 

order of 108 
. The 4th generation hardly enhances the CP 

asymmetries except for the mode b~ccs for B -decay among the s 

eight "tree diagram" decay modes studied here. The reason for such 

an effect of the 4th generation is investigated. 
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In this report, the CP asymmetry in nonleptonic decays of 

tagged neutral b-flavored mesons is investigated within the 

framework of the Kobayashi-Maskawa(KM) mode11 through the quark 

exchange- and W emission-diagrams for three and four generations 

in the light of the large Bd-sd mixing. 2 ,3 

4The time-integrated CP-violating asymmetry is defined as 

(1) 


where B~hYS is the physical BO meson evolved from a pure BO 

produced at t=o and r(B~hYS~f) is the partial decay rate of B~hYS 

into the specified final state f. The decay rate can be calculated 

in the usual way under the BO-SO mixing4 ,5 under the assumption of 

the box-diagram dominance and no direct CP-violation in the 

magnitude in pure BO and sO decays, and it leads to the following 

expression, 

2z Imh 
C = - (2)
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where z is the mixing parameter defined by z=aM/r, aM and r being 

mass difference and average lifetime of the two mass-eigenstates 

1BO> of BO-SO system, respectively, x is the ratio of decay
± 

amplitude A(SO~f) to A(BO~f) and h is the product of x and ratio 

of the mixing coefficients, q/p ( where IB~>=prBO>±qISO> ), i.e. 



q 
(3)x==. --- A= pA(B°-+f) 

Using the Wolfenstein parametrization6 for the KM matrix and 

- .. 2,3 ° 70±0 13t h e measure d vaI ue 0 f t h e Bd-Bd mlxlng, z=. ., we 

calculate the asymmetry, Eq(l), for the modes, 6"'uud, 6"'ucd, 6"'cud 

and 6-+ccd for the Bd decays and for 6-+uus, 6-+ucs, 6-+cus and 6-+ccs 

for the Bs decays. 

In the three-generation model, the Wolfenstein matrix is 

given as follows, 

1_1,\2 
2 

v -,\ (4) 

( 
A,\3 (1- p- in) 1 

where ,\ is defined by ,\:sin9 :O.22 where 9 is the Cabibbo angle,C C 

A = 1 is derived from the B-meson lifetime, and a range for the 

parameters P and n is obtained from the conservative limit7 ,8 

9 10IVub/Vcbl <0.16 and the analysis of £ determined from the data

on the kaon system as 

2 2P +n <0.53 and 0.2;:;; n ;:;;0.7 . (5) 

By using the constraints, Eq.(5), the asymmetry is obtained and 

summarized in Table I(a) and (b) together with the number of b6 

quark pairs needed to detect the asymmertry at 30 level. 

In the four-generation model, the effect of the fourth 
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generation occurs only in the mixing coefficients' ratio q/p 

appearing in A, Eq(3). We parametrize the KM elements for the 

fourth generation as9 ,11 

where ~, m and n are the exponents for A. We take tentatively 

mt =40 GeV, mt ,=200 GeV, and n=3, m=2, ~=1, A=B=l and use the range 

of Eq.(5) for P and n and the constraints of a 2+S2S1 and ~2+62S1 

which assure the validity of a perturbative expansion in A of the 

KM matrix elements. The result of the maximum value for the CP-

asymmetry in the four-generation model is summarized in 

Table II together with the maximum value of C(3) for the three
f 

generations and the ratio ci4 )max/ci3 )max. 

As can be seen in Table II, the 4th generation hardly 

enhances the CP asymmetry for the "tree-diagram" modes of Bd and 

Bs mesons, except for the mode of b~ccs for Bs decay for which 

the higher-order term of the KM matrix element Vcb in A affects 

the CP violation. The reason for this small effect can be 

understood as follows. If we define the phase of A as ei~=A/IAI, 

the phase is already very close to n/2 for the maximum value of 

cf (3) in the three generations. For the mode b~cud, for example, 

the phase ~ is as sinW=O.995 for (p,n)=(O.7,O.2). Therefore, the 

4th generation might at most bring sinW to its maximum; sinW=l, 

which would enhance C (3)max only by a factor 1/0.995. On the
f 

other hand~ the mode b~ccs, for which the 4th generation largely 
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affects the asymmetry, has a phase of sinW=0.068 for n=0.7 which 

gives the maximum value of c (3). Since the phase W is small for
f 

this mode, the 4th generation could enhance the asymmetry 

by a large amount as seen in Table II. 
+ - +

In summary, the CP violating asymmetries for Bd~D D , n n , 

and K+K- reach the order of 40% and the number of bb quark pairs 

needed to detect the asymmetry is 106 -108 at 3a level, and the 

-0 0 - + 0 0 + asymmetries for B ~D n , D n , D n , and D n reach the order of s 
820% and the number of bb pairs is order of 10 . Therefore, we may 

conclude that the CP-violation for these decay modes is possibly 

observable. The 4th generation hardly enhances the CP 

asymmetry, except for the mode b~ccs for Bs-decay. So, it is 

interesting to observe the CP-asymmetry for the processes Bs~D +D - , 

F+F-, and ~~. If the asymmetry larger than 10% is found, it would 

indicate the existence of "new physics" such as the 4th generation. 

This work is collaborated with T. Hasuike, T. Hattori, and 

T. Hayashi. For details, see ref.12. 
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Table I(a). Numeric'al results of Cr and Nb'bo 

Case Process Of NbS 

l)b-+iiud -x-+-x-- (ex d) 

K+K- (ex s) 

IOfl ~ 0.49 7.2· 105 ~ NbL 

7.2· lOs ~ NbL 

2) b -+ ucd D+~- (ex d) 

F+K- (ex s) 

'I/IDo (ex c) 

O°?r° (ex u) 

0.004 ~ -Of :5 0.122 3.0 . ~OT :5 NbS ~ 7.0. 1010 

3.0· 108 ~ NbS :5 7.0 . lOll 

2.2· 108 :5 lVbS ~ 5.0 . lOll 

3.0· lOT :5 NbS :5 7.0· 1010 

3) b -+ cud o-~+ (ex d) 

F-K+ (ex s) 

",00 (ex c) 

Oo~o (ex u) 

0.001 :5 -Of ~ 0.022 
I 

1.6· 108 ~ lVbS ~ 4.1 • lOll 

1.6· 109 ~ NbS ~ 4.1 .)012 

1.1 • 109 ~ Nb'L ~ 2.9· 1012 

1.6· 108 ~ NbL ~ 4.1 . 1011 

4) b -+ ccd F+F- (ex s) 

O+O-(ex d) 

0.10 ~ Of ~ 0.49 3.7· 10' ~ NbS ~ 4.0· 1011 

3.7. lOT ~ NbS ~ 4.0· 10' 
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Table I(b). Numerical results of Gr and lVb6 . 

Bs - Bs system 

Case Process C( ·Nb'b 

1) b -+ iius ?r+?r- (ex d) 

K+K- (ex s) 

IC,I 5 0.19 2.4· 108 5 Nbb 

2.4 . 108 ~ lVbb 

2) b -+ iics D°q, (ex c) 

F+K- (ex s) 

D+~- (ex d) 

D°?r° (exu) 

0.05 ~ Cf 5 0.19 1.8· 108 ~ NbS 5 8.8· 109 

9.1 . 108 5 NbS ~ 4.4· 1010 

9.1 . 107 ~ NbS S 4.4· 109 

9.1 . 107 5 NbS ~ 4.4· 109 

3) b -+ ellS D°q, (ex c) 

F-K+ (ex s) 

D-?r+ (ex d) 

i)0?r0 (ex u) 

0;05 5 Cf 5 0.18 1.8· 108 51VbS 5 8.5· 109 

8.8· 108 5 NbS 5 4.3· 1010 

8.8· 107 ~ NbS 5 4.3· 109 

8.8· 107 ~ Nb& ~ 4.3· 109 

4) ~ -+ ccs D+D-(ex d) 

F+F-. (ex s) 

q,.,p (ex c) 

0.004 ~ Cf ~ 0.014 6.4· 109 ~ Nbb ~ 3.0· lOll 

6.4· lOll ~ Nb'b ~ 3.0 . 1013 

9.2· 108 ~ NbS S 4.3· 1010 

Table II. The effects of 4th generation. 


Bd -Ed and B$ -E$ systems 


Case (3)
G/max 

( 4) 
C/max 1CJ4)IC?) I 

1) b --+ uud 0.491 0.491 1.000 

2) b --+ ucd 
1::U. 

-O.~ 
12.! 

-O.~ ~1. 

3) b--+ cud -0.0216 -0.0217 1.005 

4} b~ ccd 0.491 0.491 1.000 

1) b --+ uus 0.192 0.192 1.000 

2) b --+ ucs 0.185 0.185 1.000 

3) b --+ cus 0.181 0.181 1.000 

4) b --+ ccs -0.0136 -0.192 14.17 
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