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m 

B, -B, Efl'ects of  a fourth generation in o o mixing (x~) and ('P violation in the B system are discussed. Although four-generation 
models can aecomodate practically any value ofx~ most of  the four-generation parameter space predicts x, to be in the standard 

B, -B~ model range. At most ~ 1% of  the parameter space predicts small o 0 mixing (.~:~ < 2 ). The effects are much more striking in 
CP violating hadronic decay asymmetries. The CP asymmetry, in Bd--*WKs is found to be negati',e in about half of  the four- 
generation parameter space, and ~ 40% of the space predicts an asymmetry' IA ( B ~ W ¢ )  I > 0.2. 

It is well known that the measurement of  BC]-B ° mixing will be an important test of  the three-generation 
standard model (SM) [ I ] '*~ In the SM. R ° R° mixing is dominated by t-quark exchange [ 3 ] (fig. 1 ), so that • - - q  - -  ~ q  

- -  ' -  "2 - - - -  ~ " .Vd \t lBd:t ' l .drBjn. BBd/I ~" ,a r, . I  

where the mixing parameter .vq=AM~, / [ '~ .  In eq. ( 1 ), tlB, are QCD corrections, ./~q //B, represents our lack of  

knowlcdgc of  the hadronic matrix element ( Bq°l [c]7~'( I - ; ' 5  )h]21Bb ),  and the I '  U are the Cabibbo-Kobayash i -  
Maskawa (CKM) matrix elements. Using the Wolfcnstein parametrization of  the CKM matrix [4].  

( ) I -- i i . "  ). , 'lp23 e x p ( - - i ¢ $ )  

I ' =  - 2 [  I +.-t224p exp(i¢5) ] 1 - ½).2-A2p26 exp(id) A). 2 . (2) 

,.I/1.3[ 1 - - p  exp ( i g J )  ] - - A 2 2 [  1 + 2 2 p  exp( i~6)  ] 1 

where 2=  0.22, .-1 -~ 1.00, and p~< 0.9 [ 5 ], one would naively expect .v~ ~ xd/22 ~ 14. In fact. taking all uncertain- 
ties into account, and assuming that tln, Ma, ra,./~,BB, ~- ~h~: IRdrB~./~dBBd, the SM prediction for .,:, becomes 

2~<% ~<35. (3) 

(SU ( 3 )n-breaking effects generally act in favour of  incrcasing.~,, - for instancc, lattice calculations [ 6 ] indicate 

• f ~ B  .... B that tr3, mLl[~d Ha ~ 1.5. ) Therefore a measurement of .c ,<  2 would b c a  clear indication of  physics beyond the 

standard model. 

t Address after October 1, 1989: Nuclear Physics Laboratory, Universit6 de Montreal, MontrEal, Quebec. Canada H3C 3J7. 
~' For an overview of mixing in heavy quark systems with three and four generations, scc ref. [ 2 ]. 
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H o w  can  o n e  o b t a i n  va lues  of.v~ < 2? A p a r t  f rom c e r l a i n  e x t r e m e l y  f i n e - t u n e d  l e f t - r i gh t  s y m m e t r i c  m o d e l s  
O O [7] ,  the only possibility is to add a fourth generation [8] .  In this case, the expression for Bq-Bq mixing is 

altered. In addition to the SM contribution, one must also consider diagrams in which one or both of  the t- 
quarks in fig. I are replaced by t'-quarks. Ignoring again SU (3)r~-breaking effects, and assuming all QCD cor- 
rections to be equal, one has 

A~ I E ( ) ' , , . l ' t ) ( l " ~ . ~ l ' t b ) 2 + 2 E ( ) ' , , . l ' ,  )(  I',~ I ' tb)(  l '~s  l ' t . t , ) + E ( ) ' , . . . l '  , ) ( l ' * .~ l ' t -b )2 l  

.V7 = -I I:'(Y,, Y, ) ( I'~cl l',b ) 2 +  2 E ( y , .  y ,  ) ( l"~a I~ , )  ( l '~d  l" t h ) "Jr" E ( y ,  . .1', ) ( I'~,~ I ' t .h)2 [ ' ( 4 )  

where  y, = m ~/,1/~,,  a n d  

f ( :  3 I 3 1  " ] I n 1 ' ,  3 , ] 
E ( y , .  3;, ) = Y,3) + 5 ( I -.17,~ - 4 ( I - - y ;  )2 / ,  I ' ~ - ~ ' ,  + (3' ,"- 'Y;)  - 4 ( l - ) ' ,  ) ( ] - 3 ' ;  i " ( 5 ) 

Here it is possible to obtain small .\~. First of  all. in the three-generation SM, CKM matrix unitarity constraints 
gave l',d ~2 I'~. which led automatically to large .,q. With lbur generations, these constraints are relaxed, so that 

B~ -B~ mixing need not be sizeable. Secondly, one can have cancellations among the the  t - q u a r k  c o n t r i b u t i o n  to o B 

t e r m s  in the  n u m e r a t o r  o f e q .  ( 4 ) .  It is clear ,  therefore ,  tha t  smal l  va lues  o f &  are poss ib le  in f o u r t h - g e n e r a t i o n  
mode l s .  

O n e  migh t  w o n d e r ,  h o w e v e r ,  how l ikely this  is. T h a t  is, wha t  f r ac t ion  o f  the  a l lowed  p a r a m e t e r  space  ac tua l ly  
p red ic t s  smal l  .v,? In a recen t  p a p e r  [ 9 ] .  it was  c l a i m e d  by Hewe t t  a n d  Rizzo  that  th is  f r ac t ion  is qu i t e  large. 
U s i n g  .vJ.vd < 1 to be  the i r  d e f i n i t i o n  o f  smal l  .v~, the}' f o u n d  that ,  d e p e n d i n g  on  the t- a n d  t ' - q u a r k  masses .  
b e t w e e n  20% a n d  45% o f  the  p a r a m e t e r  space  gave  .v~ <-Vd! T h i s  is an  e x t r e m e l y  s u r p r i s i n g  result .  Fi rs t  o f  all ,  one  
w o u l d  expec t  the  c a n c e l l a t i o n s  n e e d e d  in eq.  ( 4 ) to g ive  .v~ <.\-,~ to be r a the r  de l ica te ,  a n d  the re fo re  less p robab l e .  
S eco n d ly .  the  e x p e r i m e n t a l  l imi t  on  the  C K M  m a t r i x  c l e m e n t  [ I~.~ [ is r a the r  weak:  [ I',.~ [ > 0 .66 ( 9 0 %  ( ' L )  [ I 0 ]. 
It is on ly  u n i t a r i t y  wh ich  res t r ic l s  it to the  range  0 .9733  ~< [ l ' , . ~ / ~ 0 . 9 7 5 4  in th ree  g e n e r a t i o n s  [10 ] .  W i t h  four  
g e n c r a t i o n s ,  th is  u n i t a r i t y  c o n s t r a i n t  no  longe r  appl ies .  In fact. large va lues  o f  I'~, ( a n d  I ;  ~ ) are  a l lowed.  T h e r e -  
fore, one  w o u l d  guess  tha t  f o u r - g e n e r a t i o n  m o d e l s  f a v o u r  l a r g e r  va lues  of.v~ than  the  SM. no t  s m a l l e r  va lues .  
For  these  r ea sons  it s e e m s  w o r t h w h i l e  to repea t  this  ana lys i s ,  a n d  it is th is  work  which  is the  m a i n  po in t  o f  this  
paper .  

1 will use the  B o t e l l a - C h a u  [ I 1 ] p a r a m e t r i z a l i o n  o f  the  t b u r - g e n e r a t i o n  ( ' K M  m a t r i x  shown  in tab le  I. T h i s  
p a r a m e t r i z a t i o n  is p a r t i c u l a r l y  c o n v e n i e n t  because  the  a l l owed  ranges  o f  the  angles  are  eas i ly  o b t a i n a b l e  f rom 
e x p e r i m e n t a l  i n f o r m a t i o n  a b o u t  the  I;~. T h a t  is. s ,  ~) .  ( f r o m  l'u~), s: < ) .3 ( l '~b ) .  s,.----).2 (l'~.b). a n d  s,, < ) . 2  ( u n i l a r -  

ity ). S ince .  in f o u r - g e n e r a t i o n  mode l s .  I "~.~ can  be as smal l  as 0.66.  s ,  can  be as large as 0.72.  s~, a n d  the  phases  0~ 
are  free. T h e  t a n d  t '  masse s  are  t aken  in the  ranges  

7 8 G e V ~ < m , ~ 2 0 0 G e V .  m ~ < m ~  ~ 4 0 0 G e V .  (6 )  

T h c  lower  m, l imi t  c o m e s  f rom the  latest  C D F  m e a s u r e m e n t s  [ 1 2 ] :  the  u p p e r  b o u n d  c o m e s  f rom c o n s i d e r i n g  

Table 1 
The four-generation CKM matrix. 

C,,CaCz 

-s', .~,,~',G cxp [ i ( 02 - 03 ) J - c,s,~,. 
- c,x'.,s,3: exp ( iOr ) 

- s , , c , s , c ,G  exp ( io~ ) +.~,~s',s,c,. exp ( iO~ ) 
+ . ~ ' , . ~ , t ' , . ~  , . r :  e x p  [ i ( O~ + O~ ) J + c ~ , s , .  
- c,,c,.c,.v: exp ( io~ ) 

- c,c,.~',,c,c- exp ( i02 ) + c,,s,s,z,, exp ( i03 ) 
+ C,S,L',.LS. exp [ i ( O~ + Oi ) ] -- s,~v,.~', 

+s,,c.,c,a: exp( io, ) 

- Y , .~ . s ,c :expl  i ( 9 2 - 0 3 )  l +c,t ' ,G. 

- c , . % ~ &  exp(iOl ) 
- s,c,s,,a-,c= exp ( iO: ) - s~s,c.,~, ex p ( iQ3 ) 

+ s~',&.b.r: exp [ i ( 03 + O~ ) ] - c,c.,s~. 
- c~-~c,.s: exp( iO, ) 

- c,,( ' , .~~,z':  exp ( iQ2 ) - c~,~',c,, exp ( igb ) 
+ c,~,.r ,s,.~: exp [ i ( 03 + O~ ) ] + s,,c,.~~. 

c , s :  exp( - i% ) s.,. exp( - iO: ) 
- s , s , , a ' ~ e x p [ i ( o : - O ~ - O , ) ]  .%c, exp( - ion) 

%c,s . s :  exp[ i(02 -91 ) ] s,,(.,z.,. 
- s~s,.s,~'~ exp ( io.~ ) + c,c,~: 

c,c,.s,,.s: exp[i (02- O, ) ] 
- c,~s,a',,: exp ( i03 ) - .%c,z': 

CuC~I." ~. 
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radiative corrections to the p parameter [ 13 ]. The upper bound on mr. comes from perturbative unitarity [ 14 ]. 
Above this value perturbation theory breaks down and the simple box diagram approximation is no longer valid. 
Note that the upper bound of  200 GeV from the p parameter applies also to the t ' - b '  mass difference. Thus, 
unless the t '  and b' quarks are fairly degenerate (which seems somewhat unlikely, based on our experience with 
t and b quarks),  the bound of  200 GeV applies to the t' as well. 

The above angles, phases and masses must also satisfy' constraints from AMK, e and xd. The theoretical expres- 
sions are 

( i~MK M~, [~, 
A,IIK-- 67r2 BK ,.j=~,.,,.t q~lz ' ( l" 'Y')Re(I '*d l;~l'Td I i ' ~ ) "  , (7) 

e=exp( iz t /4 )  Iexfen2AMK BK [,.,=c.,,, ,I~E(.I',, ) ' , ) Im( l',*, I',~ I ea I'~) . (8) 

- ~  ,,~! 2 I 
OvMBq:;,~,.rB~,~,,Bu, ,I~"E(v,,. .~5)( " l'ro I'~b) .vu,, = 6n- ,.,~., I* .  I'~*~ . (9) 

The experimental values are n-" 

A M K = ( 3 . 5 2 1 + _ 0 . 0 1 4 ) × I 0 - ' 2 M e V .  1~1=(2 .28+_0.02)×10 -s,  Xd=0.70+__0.13. (10) 

In the above equations, the q's are QCD corrections. For the kaon system, they are taken to be ~ q~ =0.7. 
*I~ =0.6. *I~ =0.5.  q~ "-0.5. r/~ =0.5,  ~1~, =0.6.  In the B system, q~ =ql ~, =q~t is assumed and a value q~ = 
0.85 [ 3 ] is used. although it must be noted that a recent calculation [ 17 ] obtains a lower value, q~ = 0.63. (The 
difference is basically due to the scale at which the QCD corrections are evaluated. ) in eqs. (7).  (8),  the bag 
parameter /JK denotes our ignorance of  the hadronic matrix element ( K°I [ &, ' (  1 - 75 )s ]:  I K° ).  Reasonable 
ranges for the hadronic uncertainties are 

~4BK~<I, (100MeV)~_< -2 -,~.IB~BBj <~ (200 MeV) 2. ( 11 ) 

In the case of&t/K, long-distance effects are important,  so that considering only the short-distance contributions 
(eq. ( 7 ) )  is not a good approximation. However, it is reasonable to demand that the short-distance contribu- 
tions do not exceed the experimental value. 

In principle, there are other experimental data which could further constrain the four-generation parameter 
space. For cxample, the NA31 group has measured ~ ' /c  to bc ( 33.3 + 1.1 ) x 10- t [ 18 ]. Theoretically, however, 
the hadronic uncertainties are enormous,  making it very difficult to relate the experimental value to the CKM 
matrix elcmcnts. In fact, realistically, the only information which is useful is the sign of  e'/~. But this only has 
the effect of  cutting the allowed parameter space in half: the fraction of  this space which predicts an}' particular 
range for x, is unchangcd. Furthermore, preliminary results from Fermilab [ 19 ] give e ' / e  = ( - 0.5 '_ 1.5) x 10-3  
in mild conflict with the above measurement. For these reasons, e ' / e  is not included in the analysis. Othcr 
processes, such as D ° - D  ° mixing (given a value for the b'  mass), K--,rtvg, etc.. constrain the parameter space 
very littlc (if  at all), and arc likcwise not included. 

One problem is that the criteria for deciding which points in the parameter space satisfy experimental con- 
straints are somewhat arbitrary. For example, should one require that the central values of  I ~ [ and .v,j bc repro- 
duced exactly, or should one take a 90% CL (or 30-) region? Similarly, one must deal with the fact that some of  
the l;, have only 90% CL limits, while others have been measured. 

One possible prcscription is to use only 90% CL limits. The angles and phases (&. %, k = x ,  y, z, it, v, w; l= 1, 
2, 3 ) are required to reproduce the I" v within their 90% CL ranges, m, and m,  are varied randomly within their 

"" For AMK, I ~ I. see ref. [ 10 ]; for xa, see ref. [ 151. 
'*J Standard model Q C D  corrections in the kaon system have been calculated in ref. [ 16 ]. 
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allowed ranges. This set of  points (sk. Of mr. m,. ) is then considered to sat is t)  experiment  if there exist values of  
BK and./~<,Bnd in their  allowed ranges such that the calculated value of  AMK is less than the exper imental  value. 
and such that the calculated I t l  and x,s fall within their  90% CL ranges. ( In this paper, this will be referred to as 
the "'90% CL prescr ipt ion" .  ) Using this set of  points,  the value of  the ratio &/Xd is then de termined (cq. (4)  ). 

Another  possibi l i ty is to assign a statistical weight to each set of  points [ 20 ]. In this case. SU( 3 )n-breaking is 
ignored, and it is assumed that all values ofB~: and.l~,B~,j in the ranges ofcq .  ( 1 I ) are equally likely. Each set 
of  points (.sk. 0f mr. mr .  BK./'~dBB<, ) is required to satist3 the constraint  from AJlK. I~1 and .va are calculated 
and this set of  points  is then assigned a w.eight exp( - Z 2 / 2  ), where 

(This wi l l  be called the "'Z' 2 prescript ion". ) The value of.v s calculated tYom this sol o f  parameters is given the 
same weight; when the entire pararncter  space is integrated over, this yields a probabi l i ty  dis t r ibut ion for the 

. . .o is predict ion o f &  in the tbur-gcncrat ion SM. That is. the probabi l i ty  of  finding & with the value ~ 

l,(.vt, ) = = l d - - ' - - e x p [ - z 2 ( z ' ) / 2 ] d ( & ( z ' ) ,  . ~ - r ~ )  (13)  
d z < e x p [ - y - ( z , ) / , ]  

where the z, arc the parameters  in the space. (The shape of  the dis t r ibut ion is. of  course, somewhat dependent  
on the assumpt ion  that all values of  m,. m,.. BK and.f~,B~d arc equally probable within their  allowed ranges. ) 
From this. the fraction of  the paramete r  space which has .v~ <.v,~ (or  a ,  < 2 or .v~ ~ 35) is easily obtained.  

In this paper  the results using both prescript ions will be prcsented. There turns out. however, to be little 
difference between them. The paramete r  space is sampled using a Monte Carlo lottery technique. 107 sets of  (sx. 
o/. m,. m,. ) are generated,  consistent  with exper imental  l imits on the I l ',,I. and tested against AMK. I el and .Yd. 

Let us first consider  the 90% CL prescription,  s ,  is taken to be equal to 0.22. Values for [ I~,~1 and I l',.b[ are 
generated according to [ 10] 

J l].d I =0 .2  I _+ 0.03. [ I ',.~, [ = 0.046 _+ 0.0 I 0. (14)  

except that values more than 1.64a (90% CL)  from the central values are not allowcd. I I',-~1 and ] l ' ub  I a r e  

generated in the ranges 

0.66~<11',..~1~<x//i-11",~12-11~.~,12. 0 ~ l l ' , t , l ~ 0 . 2 1 l L . t , I .  (15)  

From the I,j, values for s,., s-. s, and s,, arc obtained.  Random values o f s ,  and the 0z arc also generated, as arc 
m, and m , .  Each set of  points  is tested to see if it passes the constraints  for A.IlK. l el and .yd. This was done for 
two cases: first, when the upper  bound on m ,  was the unitar i ty bound (400 GcV ), and second, using the bound 
from the p paramete r  (200 GeV) .  The number  of  sets which had .v~ <.vd was counted, as wcrc those with & /  
Xd < 2.2 ( m i n i m u m  SM value)  and xJ.r ,~> 71.4 ( m a x i m u m  SM value).  

The results are as follows. For m, ~<400 GcV, of  the 10 7 initial sets, ~ 12000 satisfied the constraints  from 
A.IIK. lel and_va. Of  these, 

0.09% had .~~ <.Vo, 0.7% had .r~/x,~ < 2.2. 3.3% had .vJ.rd > 71.4. (16)  

In the case of  mr ~<200 GeV. ~ 16000 sets of  points  passed theAJlK,  i~l and_t-a tests. Here. 

0.03% had .v~ <_va, 0.2% had xJ.Vd < 2.2, 0.3% had .v,/&j > 71.4. (17)  

From these numbers,  it is obvious that. cven with four gcnerations,  small valucs o f &  are quite unlikely. 1 find 
that .xk <.v<~ less than O. 1% of  the time, which clearly contradic ts  the results of  rcf. [ 9 ]. In fact. most of  the param- 
eter space predicts  _rJA-,~ in the SM range. And, consistent with expectations,  those sets of  points in which larger 
values of  m, are allowed predict  &~.to > 71.4 more often. 

Similar  results arc obta ined when the Z-" prescript ion is used. In this case, the parameters  are generated as in 
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the 90% CL prescr ipt ion,  except that I I'~,~ I and  I l'~bl arc not  restricted to be ~< 1.64cr from their  central  values. 
Since wc have no o ther  i n to rma t ion .  I I'~.,I and  I l , t ,I  arc still takcn to be in their  90% CL ranges. Probabi l i ty  
d i s t r ibu t ions  arc ob ta ined  as detai led above for the two cases mt ~< m,. ~< 400 GeV and  m, ~< m, ~< 200 GcV. These 
arc shown in fig. 2. The  curves are clearly qui te  s imilar .  For  the m ,  ~ 400 GeV dis t r ibu t ion ,  o f  the total area 
unde r  the curve,  

(). l% has x, <_rd, 1.2% has & < 2, 7.0% has x, > 35. (18)  

In the second ( m r  ~< 200 GeV ) d i s t r ibu t ion ,  

0 . 0 7 % h a s & < & ~ ,  0.6% has x, < 2, l . l % h a s & > 3 5 .  (19)  

Again.  small  values o f &  arc d i s favoured  - at most  0.1% of  the pa ramete r  space predicts  .v, < Xd. Fur the rmore .  
.v, > 35 is more  likely than .\, < 2 (par t icu lar ly  tbr  m, ~ 400 GcV ). which is precisely what one expects. However.  
the thrcc-gencra t ion  prcd ic t ion  (eq. (3)  ) is largely reproduced cven with four generat ions .  

Ano the r  area which is o f  great interest  is ( 7 '  v io la t ion  in the B system. Because of  mixing,  an ini t ial  B ° or B '3 
state will evolve m t ime into a mix ture  of  B" and  B ~. A nonzero  value of  the a symmet ry  

F(  B°( t ) . f) - I '( B ° ( t ) ~ [') 
.I,.= F~-B"(t) , f )  + I (  B ° ( t )-  , t i  (20) 

will indica te  ( ' P  viola t ion.  ] 'he  most  in te res t ing  ( ' P  asymmet r i e s  arc those in which the final state f is purely 
hadron ic  and  a ( T eigcnstatc  ( 1"= :L f ) [ 21.22 ]. In this casc, the a symmet r i e s  mcasurc  the quan t i ty  

,~,.= - Im ( p f : ) .  (21)  

where 
__. 

..I (B° -~f) _q ,,. ._t l )  (22.23) 
P f = - t ( B  ° , t ' ) "  p "~ / , ' t l l ~  " 

( I  1.1 where .~/~ 2 is the off-diagonal  e lement  of  the Bq-Bq mix ing  matr ix  ( J . t l ,  = 21 .'ff~ 21 ). 
In the SM. for each of  Bd and  B~, there are only  two d is t inc t  classes of  a symmet r i e s  - those which involve  the 

quark-level  decays b - , cos ,  c~:d ( C a b i b b o  a l lowed) ,  and  those which have b-~uas ,  mad ( C a b i b b o  suppressed)  
[22 ]. Al though the ( 7 '  asymmet r i e s  in ( ' a b i b b o  suppressed Bd and  B, decays may take any value in the three- 

I I 1~ 

>- I-- 
J 

cn 
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m 

i II ~\\~ i : i ~ -  ~ : i i 

5 10 15 20 25 30 35 
Xs 

Fig. 2. The probability distribution for the four-generation stan- 
dard model prediction of x~. The solid (dashcd) lmc is for 
mt <400 GcV (200 GcV). 
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Fig. 3. The probability distribution for the four-generation stan- 
dard model prediction of the ('Pasymmetry in the decay B~ ,hUq. 
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generation SM, the as3'mmetry in ( 'abibbo allowed Bd decays (e.g. B d ,qaK s, D ~ D -  ) is predicted to be positive. 
Furthermore, the CI' violation in Cabibbo allowed B, decays (e.g. B~-~q~0, qJKs) should be ~ zero! 

These simple predictions should be altered in models with tbur generations [23].  First of  all, because of  the 
t~vo extra phases in the CKM matrix, one would guess that all values of  the CI '  asymmetries in Cabibbo allowed 
B, and B~ decays would be possible. Secondly, since the phases of  the matrix elements I ",,,j and I'~.~ are, in general 
neither equal to one another nor zero. the asymmetries ,-1 ( B,~ , WKs ) and A ( B,~ .-, D + D -  ) are not expected to be 
equal (and similarly for ,,t (B~ - 'W9) and A(B~--.WKs) ). However, it would be interesting to see if these expec- 
tations arc indeed born out, and how much of  the parameter space predicts unequal asymmetries in the above 
decay modes. 

As in the case ofx~, the parameter space is sampled using one of  the prescriptions described earlier. The limits 
on m~ arc taken to be mt~<mt ~<400 GeV. For Cabibbo allowed Bd decays, the 90% CL prescription is used. l 
find lhat, as expected, all values of  the asymmctr3' in Bd --,qJKs are allowed, with about equal probability, so that 
roughly half of  the parameter space predicts A (Bd--,qJKs)<0. However, a difference in the asymmetries in 
B,~--,qJKs and B,j --,D+ D - is rather rare. Only about 3.5% of the parameter space fulfills the requirement that 

A(B,t , q J K s ) _ ~ I ( B d ~ D + D  - )  
~.i ( ~,~ ~-W~-s ) >/10%. (24) 

Thus, although negative values of  A(Bd-,WKs) are quite likely, the SM expectation A(B,~ ,WKs)-~ 
.-1 ( B,j-, D ~ D -  ) is reproduced in most of  the four-generation parameter space. 

For Cabibbo allowed B~ decay.s, it is convenient to use the Z" prescription. A probability distribution of  the 
four-generation prediction for .-I(B~ ,WO) is obtained as in eq. (13).  This is shown in fig. 3. ,As expected, all 
values are allowed, although the distribution is still peaked at 0. I.-l(B~ *q'O)l > 0.1 occurs in ~ 60% of  the 
parameter space, and ~ 40% of  the space gives an asymmetry larger than 20%. In other words, a large fraction 
of  the four-generation parameter space predicts the asymmetry in Cabibbo allowed B~ decays to be significantly 
different from 0. 1 also find that ~ 12% of  the allowed points predict ..! (B~--,q~O) and ..l(B~-,q~Ks) to differ by 
more than 10%. However, this is rather uninteresting, since a nonzero measurement of  either of  these asymme- 
tries would by itself indicate new physics. 

, • 0 In conclusion, although essentially an3.' ~ aluc of  B~ -B~ mixing can bc accommodated in models with a fourth 
generation, small values of.~.-~ arc unlikely - the3. occur in a very small region of  the allowed four-generation 
parameter space. At most ~ 1% of  the parameter space predicts .x'~ < 2 (the minimum value in the SM ). And 
x~ <.¥,j in at most 0.1% of  the space, in sharp contrast to the claim of  Hewett and Rizzo[9] .  In fact, four-gener- 
ation models arc more likely to give larger values of.,,~ than the SM. in accord with naive expectations. It is more 
probable that C'P violating hadronic decay asymmetries will show effects of  a fourth generation. A much larger 
region of  the parameter space predicts non-SM values for these asymmetries. ,About halt" of  the space predicts 
the asymmetry in Bd ,qJKs to bc negative. ( However, only about 3.5% of the allowed points yield values for the 
asym metrics .4 ( B,~ .-, qJKs ) and .~l ( Bd-, I) + D -  ) which differ from one another by more than 10% ( they arc equal 
in the SM ). ) Furthermore. the asymmetry in the Cabibbo allowed B~ decay B~--,qJ~ is found to bc larger than 
20% in ~ 40% of  the parameter space (it is --- 0 in the SM ). Thus. although a measurement ofx~ is not likely to 
reveal the existence of  a fourth generation, measurements of  CT violation in the B system may well do so. 

I wish to thank Paul Langacker for helpful discussions, and tbr the hospitality of  the Llniversity of  Pennsyl- 
vania, where part of th is  work was done. 
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