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We discuss present-day uncertainties for the value of the CP-vlolatmg phase 8 m the CKM 
matrix and point out how a knowledge of m t a n d / o r  x~ could substantially reduce this 
uncertainty A model-independent measurement  of 8 is, in pnnclple, possible by studying certain 
CP-wolat lng asymmetnes,  revolving B ° mesons decaying into CP-conjugate hadromc final states 
There exist three different classes of these asymmetnes  and we glve estimates for their values, 
based on our present knowledge of the C KM  matrix Some comments  on the experimental 
reqmrements  for detecting these asymmetnes  are also presented 

1. Introduction 

In the standard electroweak model, with three generations of quarks and leptons, 

CP-vlolatlng phenomena arise simply from the presence of a nontrlvlal phase 8 in 

the Cablbbo-Kobayashl -Maskawa (CKM) mixing matrix V,s Although the stan- 

dard model cannot explain the deeper origin for this phase, it is obviously very 

important to know whether or not the observed CP wolatIon m the kaon system 

arises from the phase 8 All the evidence we have at present, mchidmg the recent 

positive signal of a nonvanlshlng value for g / e  [1], is consistent with this hypothe- 

sis However, the evidence for CP violation being due only to the CKM phase 8 is 
weak, and this phase itself is badly deternuned 

In the coming years this situation is hkely to be ~mproved by new experimental 
observations Of particular ~mportance would be a determination of the top quark 

mass and of the value of the mixing parameter x S m the Bs-B s system It may well 
be that, with these measurements in hand, one will find an inconsistency with the 

simple CKM mixing scheme However, even if this turns out not to be the case, 
there is likely to remain considerable uncertainty attached to the value of 8 This ~s 
because we are still unable to calculate the hadronlc matrix elements of weak 

operators rehably and this, obviously, directly affects & The purpose of this note as 
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to d~scuss critically what future experimental lnformatmn is most likely to prowde 
clear tests of the CKM scheme and, in pamcular, wdl allow for a rehable determina- 

tion of the CP-vlolatlng phase 
The plan of this paper is as follows We shall begin by briefly reviewing the 

present uncertainties m determining the CP-vlolatlng phase m the CKM matrix, 
which stem both from our ignorance of a precise value for m t and of the value of 
the r a t i o  ] V u b / V c b [ ,  as well as from the unrehabdlty of hadromc-matrlx-element 
calculations We shall show, next, that these latter uncertainties, however, can be 
largely obviated by studying certain classes of CP-violatmg asymmetries in B 
decays, involving decays of neutral B's into CP-conjugate hadromc final states The 
non-neghglble asymmetries of this type, either time integrated or time dependent, 
measure one of three possible combinations of phases of the matrix elements V,/ (m 
a convenient parametnzatxon), each of them, of course, being a function of 8 Using 
the best reformation available at present on the CKM matrix, we then present 
ranges of predictions for these important CP-violatlng asymmetries in the B system 

and draw some conclusions on their likely observabdity 

2. The mixing matrix 

For our purposes, it IS convenient to parametrlze the CKM matrix in the form 

suggested by Malanl [2] 

V =  

ClC 3 SIC 3 $3 et8 

_SlC2_C1S2S3e- t8  c i c2_s1s2s3e  18 $2c3 

s i s 2 _ ¢ l ¢ 2 s 3 e - t 8  _CLS2_S1C2S3 e 18 c2c3 

(1) 

where s 1 ~ s i n  0 i ,  c 1 ---- c o s  Ol, etc Since the angles 0, are known to have a hierarchi- 
cal pattern, it is useful to write, following Wolfensteln [3] 

S 1 = ~k, S 2 = A X  2, s 3 = A p X  3 , (2) 

with )k corresponding essentially to the Cablbbo angle, X = 0 22 Then, to O(X4), but 
keeping for the moment the phase information for each of the elements of the CKM 
matrix, one has 

V =  

1 - l~k2 • A p X 3 e  '8 

_)k( l+A2X40e ,8 ) l_~)k2 A2pX6e ,8 A)t2 

A)t3(1 - p e - ' " )  -AX2(1 -I- ~t2p e '*) 1 

(3) 

One sees immediately that, with this parametrlzatlon, only two elements of V can 
have a significant imaginary part. Vub and Vtd It IS these phases which will play a 
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c ruc ia l  role  in the B-decay C P  asymmetr ies  and  which should  give rise to ra ther  

subs t an tml  exper imenta l  signals. In  evaluat ing  the CP-vlo la t lng  e and e' pa rame te r s  

m the K-sec tor ,  however,  one needs  also to keep t rack of  the " sma l l "  phase  i n  Vcd 

Of  course,  all  CP-vaolat lng phenomena  d i sappea r  if the C K M  phase  8 = 0 or  qr 

The  p a r a m e t e r s  A and p are, in pr inciple ,  ob ta inab le  f rom B decay.  F o r  the 

esUmate  of  these quanti t ies ,  we rely (as is c o m m o n l y  done)  on the quark  pic ture  

s u p p l e m e n t e d  by  some hadron lza t lon  model  The ratio* 

r(b  -~ u) I Vbu 12 
R -  r(b-~ c) 21Vbcl------~ = 2(Xp)2' (4) 

measures  p, while  the B l i fet ime fixes A A recent  analysis  by  Al tare l l l  and  Franz ln l  

[5] gives 

(2 9 + 0.6) × 10 -3 
I Vbc[2 = ~'4A2 = ~'B(10 -12 S) (5) 

U s i n g  T B = (1 11 + 0 16) × 10 -I2  s [6], the above  implies  

A = 1 05 _+ 0 17 (6) 

In  the  analys is  which follows, we shall  take A equal  to its centra l  value. The  ra t io  R 

is subjec t  to more  theoret ical  uncer ta in ty  which is re la ted  to p rob lems  with  the 

In t e rp re t a t i on  of  the lep ton  spect ra  f rom semileptonlc  B decays F r o m  a s tudy of  

these decays  [7], one infers the ra ther  conservatwe upper  b o u n d  R < 0 08, which 

i m p h e s  p < 0 9** On the o ther  hand,  the recent  observa t ion  of charmless  B decays 

b y  the A R G U S  co l l abora t ion  [9] shows that  Vub :7 ~ 0 and so provides  a lower b o u n d  

for  p. A n o t h e r  very conservat ive analysis  [9] gives p > 0.3, so that  p lies m the range 

0 . 3 ~ p ~ 0 9  (7) 

T h e  phase  8 Is directly,  but  far  f rom uniquely,  de te rmined  b y  the CP-vlo la t lng  

p a r a m e t e r  e in the K system. A further  cons t ra in t  on 8 is also p rov ided  by  the 

recen t  obse rva t ion  of  Bd-B d osci l la t ions The mixing pa rame te r  x d is p ropo r t i ona l  to 

]Vtd[ 2 and  hence  it is sensitive to the combina t ion  (1 + p 2 -  20 c o s 6 )  In pr inciple ,  

the  new d a t a  on  e ' / e  [1] p rovide  a fur ther  cons t ra in t  on  & However ,  the theoret ica l  

unce r t a in t i e s  are  such that  this measurement  does not  restr ict  8 beyond  the range 

a l lowed  by  e and  x d [10] Since m t IS not  known,  and  p is only  fixed to be in the 

in te rva l  of  eq (7), we will display,  below, the a l lowed values of t~ as a funct ion of 

* The factor 2 m eq (4) arises from phase space and QCD correctors See, for example, ref [4] 
** Theoretical analysis (for a discussion, see ref [5]), along with the CLEO result [8], mdacate that 

p _< 06 However, m hght of uncertamues in extracting R from experiments, and m eqs (4) and (5), 
we will use the conservauve upper bound 0 -< 09 Since we will plot the allowed region in  p-t~ space, 
the CLEO bound as easily seen 
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these two parameters, indicating, furthermore, the effects of the uncertainties 
mduced by the hadronlc matrix elements Similar analyses have been carried out by 

a number of different groups recently [11-14] 
The standard analysis of Buras et al [15] gives for lel the formula 

G2¢2M M 2 
F J K  K W 2 6 

tel -- ~ BK( A p~ sln3)(Yc{ "13f3(Yc, Yt) - '1I} 

+'12Ytf2(Yt)A2X2(1 -- p c o s 6 ) )  + ~22} (8) 

Here, y, = mZ/M 2 and f2 and f3 are weakly dependent functions of the top and 
charm masses 

2y  t 3yt(a +Yt) 1 + ~ l n  Yt| (9a) 
/2(Yt) = 1 4(1 _ y t )  2 1 - y  t ] '  

f3(Yc, Yt)=lnYt 3yt ( \ Yt l ny t )  (9b) 
Yc 4(1 -Yt )  1 + 1 -Yt  

The '1, are QCD correction factors ('11 - 0 7, '12 • 0 6, '13 = 0 4 [16]), while B K 
encapsulates our present ignorance of the matrix element of (d7"(1 - ~,5)s) 2 between 
K ° and ~0,  with BI,: = 1 corresponding to the vacuum insertion approximation 
Finally, ~ is the phase parameter of the ( I =  0) K ~ 2~r weak amphtudes ( ( =  
ImAo/ReAo)  In the quark phase convention which we are using, its presence 
guarantees that ]e I is actually convention independent ~ is directly related to l e'l 

[15] and one has 

1 ReA 2 
le'l - ~ -  oReA--I~l = 0.0351~21, (10) 

where the numerical value above uses experimental information for the kaon 
amphtudes The recent determination of [e'/e[ [1] imphes that ]~1 = 0.1]e I In view 
of this, and of the other uncertainties in eq (8), we shall neglect ~ altogether m our 
analysis 

3. Bd-B d mixing 

The observaUon of Ba-B a n~nyang by the ARGUS collaboration [17] has provided 
an independent constraint on the parameters of the Cablbbo-Kobayaslu-Maskawa 
matrix. Since for the B d system one expects [15] AF << AM and the magnitude of 
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the AB = 2 CP-vlolation to be small ([(1 - ed)/(1 + ed) [ ---- 1) the measured ratio, 

= 0 21 _+ 0 08. (11) 
rd ---- F(  B d ~ g + X ) 

directly fixes the mixang parameter x d = A M / F .  Using the expression 

rd - 2 + Xd 2 ( 1 2 )  

and the A R G U S  measurement [17] yields x a = 0 73 + 0 18 In our analysis, follow- 
ing All [11], we shall use for x d the 90% confidence limit provided jointly by this 

measurement  and the upper bound of the CLEO collaboration [18] 

0 78 > x d ~_~ 0 44. (13) 

Theoretically, x d receives its dominant contribution by the presence of top quarks 
in the box diagram and one finds [15,19] 

G 2 
F 2 2 Xd = , r _ ~ 2 M . M w ( f B B . d ) ~ l . y t f z ( y t )  { A2X6(1 + p2_ 2p cos 6)} (14) 

Here, the hadronxc uncertainty is hidden in the factor f2dBB~, whose meaning 1s 

analogous to that of the corresponding quantities in the kaon system, except that 
here also fB is not measured The parameter */B is a QCD correction factor, which 

in refs [15,19] has been estimated to be */B = 0.85. A recent calculation [20], 
however, including certain higher order QCD effects, obtains a lower value, ~/B = 

0.63. We shall adopt tins value here, but we note that since f2BBd is quite uncertain, 
one cannot really tell the difference between these two assumptions Being rather 
conservative, we shall allow, for (f2dBBd)l/2, the range 100-200 MeV, which is 

shghtly larger than that used in ref. [5]. 

We have not included in our analysis the M A R K  II  [21] or UA1 [22] results on 
B - B  oscillations, since these experiments cannot distinguish Bs-B s from Ba-B d 
oscillations. As Ah [11] has pointed out, these results can powerfully constrain the 

C K M  matrix, given a knowledge of the relative amount of B a and Bs produced 
However,  these constraints are very dependent on the Bd/B s production ratio The 

experiments measure the quantity X, winch is 

2 X 2 X s 

X =  Pa2(1 + x~) + Ps2(1 + xff) ' (15) 

where Po (Ps) is the probabihty that a B d (Bs) is produced. The M A R K  II 
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TABLE 1 

The upper bound on x d from the MARK II data [21], assuming a value of x, = 7, 
is shown here as a function of the production probablhtles Pd and P, 

Pd P~ (xd) .... 

0 4  0 2  035 

015 055 
0 1 074 

0 375 0 2 0 37 

0 15 0 57 
01 078 

experiment  gives a 90% confidence level upper hnnt  on X 

x K O . 1 2  (16) 

Thus,  for a given Pd, Ps and x s, this gives an upper  hmit on x a In  table 1, we have 
shown tins upper  llmat, for x s = 7 (a typical value), as a function of Pd and P~ As is 

evadent f rom the table and eq (13), depending on the values of  Pd and P~ taken, 

tins data  can either rule out the standard model (e g. Pa = 0 4, Ps = 0 2) or give no 

bounds  whatsoever (e g Pd = 0 375, Ps = 0 1) Given the uncertainty m the reforma- 

t ion winch these experiments provide, we have preferred to be conservative and 

ignore this information altogether 

Assuming  some (typical) values for B K and f2dBBd, eqs (8) and (14) determine 3 

as a f uncuon  of m t and P* For  example, taking B K = 1 and f~dBBd = (150 MeV) 2 

and letting rn t vary from 40 to 180 GeV** gives the "moon- shaped"  allowed region 

in the 0 - 3  plane of fig. 1 (a similar analysis has been carried out in ref [13]) Low 

values of m t require that the phase 3 be near 7r [11-14], so as to enhance the 
(1 + p2 _ 2p cos 3) factor in eq (14) A substanttal port ion of the allowed 3 values is 

ehmmated  when one imposes the lower bound  of p > 0 3 For  tins choice of 

theoretical parameters,  the observation of charmless B decays [9] cuts the moon  m 

half, ehmlnat lng all &values below 3 _< 2 7! Tins effect is still present, al though less 

sharply so, when one allows variations m the theoreucally uncertain parameters over 
sensible ranges 1 / 3  < B K < 1, (100 MeV) 2 Nf~dBBd < (200 MeV) 2 . * *  Tins is 

2 B demons t ra ted  in fig 2. We see that for B K = 1, but  ranging over fBd Bd' the moon  
shaped region of  fig. 1 expands. This expansion grows further as B K is lowered to 32 

and a constderable port ion of the 0 -3  plane is filled if B K = -13 In the analysis of 

* The measurement of e and the allowed range for p constraan sin 3 to be poslnve 
** Whde the lower bound on m t follows from the internal consistency of the presented analysis and 

refs [11-14], the upper bound results from the study of radiative corrections within the standard 
model (see ref [23a]), a bound of m t _< 180 GeV at 90% confidence hmlt is obtained in ref [23b] 

*** These ranges are extensive enough that they compensate any reasonable variation m A 
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Fig  1 The  d o m a i n  m p - 8  space (8 m radlans) ,  w l thm which the s t andard  model  is compat ib le  wi th  the 
m e a s u r e m e n t s  of e and  x d (90% confidence hml t )  We vary  m t be tween 40 GeV and 180 GeV and use 

(f~.jBBd)l/2 = 150 MeV and B x = 1 The  dashed  hne  represents  the lower  bound  p > 0 3 inferred from 
the observa t ion  of charmless  B decays by  A R G U S  [9] 
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Fxg 2 As m fig 1. bu t  now. m addmon .  (f~.BB,) 1/2 is v a n e d  be tween  100 MeV and 200 MeV 
(a) B K = 1, (b) B K = 3 z, (c) By,: - 1 - 3 -  
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Fig 3 As m fig 1, but now m t is kept fixed whale B K and (f2dBB~)l/2 are allowed to vary within the 
ranges ~1 < BK < 1 and 100 MeV _< (f~dBBd) 1/2 __< 200 MeV (a) The areas 1, 2, 3, 4 correspond to fixed 
values m t = 60, 90, 120, 180 GeV, respectively (b) Taking m t = 150 GeV, the strips 1, 2, 3, 4 correspond 

to B K = 13,2,~,1 2 1, respectwely 

C P - v l o l a t m g  p h e n o m e n a  in the  B-sys tem,  we  shal l  take,  fo r  de f in i t iveness ,  B K - 2 

b u t  sha l l  c o n t i n u e  to  a l low m t a n d  f~dBBd to  va ry  over  t he  r an g es  i n d i c a t e d  a b o v e  

A d i r ec t  m e a s u r e m e n t  of  m t a n d / o r  of  Bs -B  s o s c d l a t l o n s  w o u l d  d o  m u c h  to  

c l a r i fy  the  a b o v e  s i tua t ion ,  even  if  p c a n n o t  b e  r e s t r i c t ed  b e t t e r  t h a n  eq  (7) Th is  is 

i l l u s t r a t e d  in  fig 3a, w h e r e  we  s h o w  the  a l l owed  0 - 3  r an g es  fo r  fou r  va lues  o f  m t 

( m t  = 60, 90, 120, 180 G e V ) ,  fo r  the  full  u n c e r t a i n  t heo re t i c a l  ranges .  Th i s  unce r -  

t a i n t y  c o m e s  m a i n l y  f r o m  our  lack  of  k n o w l e d g e  o f  B K, as is d e m o n s t r a t e d  in  fig. 

3b.  The re ,  we  p l o t  the  a l lowed  areas  c o r r e s p o n d i n g  to f ixed  va lues  of  B K = 13 , ½, 2 

a n d  1, fo r  m t = 1 5 0  G e V  In  the  SU(3)  l imit  we  have  "radMB*lBdf2dBad = 

1 0  i ,  , ' 1 1 ' 1 r 1 1 ' 1 1 1 1 1 + 1 1 1 ' 1 1 1 ~ 1 ' 1 1 1 ' ' 1  
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Fig 4 As m fig 1, but now all three parameters m r ,  (f2dBBa)l/2 and B K a r e  vaned 40 GeV < m t < 180 
GeV, 100 MeV _<_< (f2dBad)l/2 < 200 MeV and ~ _< B K < 1 In addltxon, the further restrictions ~ven by 

fixed x S = 3, 7, 15 are shown 
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%MB~Bsf~BB~ and thus the ratio Xa/X ~ is given by 

Xd 
= 7t2(1 + 102 --  210 COS 6) .  

X s 

27 

(17) 

Even if f2BBs should turn out to differ from f2BBd by a factor of 2, a measurement 

of x s would still give substantial restnctmns in the 0 -6  plane To dlustrate this 
point, i n  f i g .  4,  usmg eq (17), we plot the constraints on the allowed 0-~ range, for 

three values of x~ (x~ = 3, 7, 15), using the range of eq (13) for x a Because flxang x s 
gives correlated ranges for f 2 B B ,  and m t, the interval (13) for x d is not always fully 
allowed. This has been taken into account in fig 4 Thus, a measurement of xs is 
pamcula r ly  constraining for the Cab lbbo-Kobayash l -Maskawa  model and we very 
much hope it will be attempted at Cornelt (or DESYg). 

4. CP-violating asymmetries 

Because B mesons possess many more decay channels than K mesons, there eyast 
a considerable variety of CP-vlolatlng phenomena that one can search for experi- 

mental ly This subject, naturally, has generated intense theoretical interest and has, 

m some sense, been fully explored [24-27] However, most of the investigations to 
date have been "b road  band",  concentrating on the totality of the phenomena, 
without looking at any one decay, or class of decays, m detad Furthermore, in 
many  instances, predictions are given only for what the maxlmurn signal of CP 
violation could be Thus, many optlnUStlC dynamical assumptions are made and the 
C a b i b b o - K o b a y a s h l - M a s k a w a  parameters are stretched to their limits [26,28] 
Here, we would hke to take a rather more "narrow band" approach, by concentrat- 
ing on CP asymmetries which are essentially independent of theoretical assump- 
tions Furthermore,  we want to predict what are reasonable expectations for these 
asymmetries,  based on the constraints which we know today already exist for the 
C K M  matrix elements 

To observe CP-vlolatlng effects m B decays requires that there should be 
interference between two amplitudes with different phases Because the B and the 
states mix, if one looks at decays of B mesons into a final state f which can be 
reached by both B ° and ~0 decays, then the reqmred interference exists The 

interesting asymmetry to consider is the difference between the decay probability of 
a state which at t = 0 started as B ° - denoted here by B°(t) - into f, compared to 
the decay probabil i ty o f B  ° (t)  into ( ( fo r  a recent discussion, see [25, 26]) One finds 
the time integrated asymmetry 

F ( B ° ( t )  -~ f) - F ( B ° ( t )  -~ () 2x Im ?~f 

A f  = F(BO(t ) ~ f) + F(~o( t  ) ~ ()  = - 2 + x 2 + x2lpfl 2" (18) 
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Here, x ~s the rmxang parameter of the B meson, while 

A (~o ~ f) 

Of A(B o ~  f ) ,  (19) 

1 m EB 
- - 0 f ,  ( 2 0 )  X f - -  l + e B  

where e B is the analogue of e for the B system This asymmetry becomes indepen- 

dent of strong interaction effects if f is a CP e~genstate ( ( =  _+ f), and the weak-decay 

process Is dominated by just one amplitude* [27]. In this case [pf[ = 1 and eq (18) 

reduces to 

x 
A f =  l + x 2 I m X f  (21) 

Observe that the sign of Af depends on the CP elgenvalue of f, thus, final states 
with opposite CP properties give rise to asymmemes of opposite s~gn [25]. Various 
comments  are In order 

(1) The asymmetry Af vamshes, either in the case of no mixing (x ~ 0) or full 
rmxmg (x ~ o0) For B d, eq (13) puts one almost in an ideal SltUaUon since 
Xd/(1 + x 2) ---- 0 5 For B s, on the other hand, the situation :s less favourable. Using 
eq. (17), our analysis suggests x s extends over the range 3 < xs < 20, so that 

0 3 > Xs/(1 + x~ 2) > 005 
(n) The magnitude of the factor (1 - %) / (1  + eB) in eq (20) is very nearly umty 

[15]. However, one must be careful about its phase, since only by including this 

phase information will Im Xf be independent of the phase conventmn adopted In 
the quark phase convention we are using, sxnce the top-quark graph totally 

dominates,  one finds simply that 

1 -- E B 

1 - t - e  B 

{ Vt~ Vtd Vt d 

_ _ -  
vg V,s 
Vtb Vt ~ ~ 1 ,  

- e 2 , , ,  ( B d )  , 

(Bs), 

(22) 

where the second hne follows from the form of our C K M  matrix, eq (3), in which 

only two elements have non-neghglble phases, Vub and Vtd 
(in) Since loll = 1, pf Rself is also a pure phase In fact, since only one weak-decay 

amplitude enters by assumption, Of is a ratio of two Cab lbbo-Kobayash l -Maskawa  

* Tl'us wall happen, an general, af the quark subprocesses in the decay do not contmn both a u and a 
quark Decays where the quark subprocess revolves, for instance, b ~ ufid or b ---) cEs (e g B d ~ ¢r+~r - ,  
B a ~ q 'Ks)  are examples where one expects [Or[ = 1 
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matrix elements (umes a CP-slgn, which we take to be posxtlve in what follows). The 

ratio of C K M  matrix elements in to e containing only light quarks (u, d, s, c), wath the 

convention of eq. (3), as essentially real and unity Thus, it can be ignored m the 
followmg Since V~b as real, only for Cablbbo suppressed decays wall tof revolve a 

phase. 

Vu b ~_. e2t8 
Vat 

pf  = Ve b 
= 1 ,  

(Cablbbo suppressed),  

(Cablbbo allowed). 

(23) 

The above simple considerations tell us that, m B decays, there are three classes of 
model-mdependent asymmetries wtuch can be sizeable Each of these classes mea- 

sures a dtfferent combination of phases of the C K M  matrix e l e m e n t s -  all, of 
course, related ultimately to 8 

(1) Cablbbo-allowed B a decays (e.g. B d ~ xOK s [29]), 

Vta 20 sinS(1 - O cos 8) 
I m k l  =ImVt~,  = s m 2 q ~ =  l + o  z - 2 0 c o s 8  ' (24) 

(2) Cablbbo-suppressed B a decays (e.g. B a ~ 7r+~r - [25]), 

Vtd Vub 2 sin 8 (cos 8 - / 9  ) 
sln2(q5 + 8) = (25) I m X 2 = I m v  d, Vu~, l + p 2 - 2 p c o s 8  ' 

(3) Cabibbo-suppressed Bs decays (e.g B s ~ p°K s [14]), 

Vub 
I m N 3 =  Im = sin28 = 2s lnScos  8 

vg (26) 

It  IS obviously very interesting to know what ranges of Im(h , )  are allowed by 
present data. The relevant plots are presented in fig. 5, where Im(~, )  (z = 1, 2, 3) is 

plotted against to, in the range 0.3 < p < 0.9. In these graphs we have let m t range 
f rom 40 to 180 GeV, have fLxed B K = 2 and let 100 MeV < (f2dBBd)1/2 <__ 200 MeV 

Fig 6 presents the same quantlUes but now for speoflc m t values (rot= 60, 90, 120, 
150, 180 GeV). 

One sees f rom figs. 5b, c that Im(~,2) and Im(X3), for 0.3 < p < 0.9, can take on 
rather large values. For Im(?,l) , on the other hand, values greater than - 0 4 appear 
to be excluded. The actual measured asymmetries are, however, reduced by the 
mixing factor x / ( 1  + x 2) This is, at least, a factor of 2 for B a and could be near a 
factor of 10 for B s. From thas viewpoint, therefore, the most protmslng processes 
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Fig 5 Varying (f2dBBd) 1/2 and mt,  100 MeV _< (f2dBBd)l/2 < 200 MeV and 40 GeV _< m t _< 180 GeV, 
and fixing B K = z, the areas within which the standard model is compatable with the measurements  of e 
and x d (90% confidence limit) are shown for the following parameter spaces (a) (sxn2~,,O), 

(b) (sin 2(~ + q~), p), (c) (sln2~, p) 

a p p e a r  to involve Im(X2) However,  since these asymmetr ies  concern  Cab ibbo- sup -  

p ressed  B a decays,  this overall  rate  is going to be cons iderab ly  smal ler  F o r  instance,  

the b r a n c h i n g  rat io  Ba~Tr+Tr - ~s p r o b a b l y  of O(10 5), while we know that  

BR(B d ~ ' P K s )  is of O(10 -3)  If  it  is poss ible  to follow the t ime deve lopment  of the 

B decays  [24, 27, 30], then one gets rid of  the reduct ion  factor  x/(1 + x2), since the 

p r o b a b i l i t y  of  ob ta in ing  a state f at t ime t, for a beam which at t = 0 was pure  B °, is 

s imply  

Nf(t) = Nf ( 0 ) e - ~ [ 1  - Im ~k fsln Arnt]. (27) 

If  one  has a large mlxang parameter ,  x = Am~y, as is hkely to be the case for Bs, 

then  the non-exponen t i a l  behavxour of eq (27) should be  visible, p rovided  of  course 

tha t  one can  t rack the decay at all 

I t  IS diff icul t  to est imate the number  of B ° decays  needed to pe r fo rm the 

CP-v lo l a t lon  tests we have &scussed Firs t  of  all, these asymmetr ies  A f require  that  

one  know if the decaying B was original ly a B ° or a ~0  To de te rmine  this, pe rhaps  
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Fig 6 As m figs 5a, b, c, but now the strips 1, 2, 3, 4, 5 correspond to fixed values of m t 60, 90, 120, 
150, 180 GeV, respectively 

the best method is to try to estabhsh the charge of the associated B [27] This 
requires looking for another secondary vertex, besides that of the original decaying 

B Even being optlnustxc, ttus should cost at least a factor of 10 Consider the decay 
B a ~ 7r+~r - and imagine Im(?~2)= - 0  5, so that A~+~---- +0.25 Estabhshlng this 

asymmetry  at the 30 level requires approxamately 150 tagged Bd(t ) ~ ~r+~r - events, 
winch, with BR(B d ~ ~r%r-) = 10 -5 and a tagging efficiency of 10%, calls for 108 B 
decays. This number  is quite typical and appears discouraging* Perhaps it is more 
important ,  therefore, to look for final states with clear experimental signals The 
decay B a ---, p~**, for instance, whose brancinng ratio should also be of O(10-5), 
appears  very interesting. However, a cautionary remark is m order Since the p~ pa~r 

in the final state can either be in a p -  or an s-wave configuration, winch have 
opposite CP elgenvalues, one may expect a large cancellauon of the asymmetry, 

* One should, of course, do a detmled study for any given process, before quoting a deflmtxve number  
of  B mesons  needed However, we are skeptical of optamlstlc statements m the hterature [31] 

**  Ttus decay was suggested by Haran  [32a], but  see also ref [32b] The relevance of B decays into 
baryomc final states has also been stressed (although not an the context of CP violation) by Stech 
[32c] 
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unless there is a dynamical  suppression of the p-wave configurat ion.  In  tlus respect, 

the final state *r+rr - ts safe since it involves only spin-0 parncles  

Al though  the n u m b e r  of 10 8 B's is unpleasant  to countenance,  perhaps we should 

po in t  out  that  the si tuation would be much worse if the predicted asymmetries were 

below 10%. Fortunately ,  as fig. 5 shows, I m ( k , )  m the s tandard  model seems to be 

well away f rom ttus unfor tuna te  region Obwously,  as fig. 6 shows, a knowledge of 

m t would allow a much more restricted p red lcnon  for these CP-vlolatmg asymme- 

tries in  B decays. 

We would  hke to thank A Ah and P. Langacker for helpful conversations.  
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