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ABSTRACT 

We discuss present. day uncertainties for the valu(' of the CP violating phase b in the CKM 

matrix and point out how a knowledgt· of m 1 and/or ;r, could substantially reduce this 

UlH'ertainty. A model indt')>t"Udent UH"a:mrement of lo is, in principle, possible by study­

ing certain CP violating asymmetries involving B 0 mesons decaying into CP conjugate 

hadronic final states. There exist three different dasses of these asymmetries and we give 

estimates for their values, based on our present knowledge of the CKM matrix. Some 

comments on the experimental requirements for detecting these asymmetries are also pre­

seukd. 

.. Alt·xauder Von Humboldt fellow. On leave of absence from the Instit-ute of Theoretical 

Physics, \·Varsaw University, VVarsaw, Poland. 

1. Introduction 

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

CP violating phenomena arise simply from the presence of a nontrivial phase b in the 

Cabibbo-Kobayashi-Maskawa (CKM) mixing matrix V"ij· Although the standard model 

cannot explain the deeper origin for this phase, it is obviously very important to know 

whether or not the observed CP violation in the kaon system arises from the phase 0. 

All the evidence we have at present, including the recent positive signal of a nonvanishiug 

value for f
1 

/ f 11 ), is consistent with this hypothesis, However, the evidence for CP violation 

being due only to tlH' CKM phase 0 is weak and this phase itself is badly determined. 

In the comiug years this situation is likely to be improved by new experimental obser­

vatiom;. Of particular importance would be a determination of the top quark mass and of 

the value of the inixing parameter ;r& in the B&-B, 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 ease, there is likely to remain considerable 

uncertainty attached to the value of /J. This is because we are still unable to calculate the 

hadrouic matrix elements of weak operators reliably and this, obviously, directly affects 0. 

The purpose of this uote is to discuss critically what future experimental information is 

most likely to provide dt·ar tests of thf' CK~·:I schemt' and, in particular, allow for a reliable 

determination of the CP violating phase 6. 

The plan of this paper is as follows. We shall begin by briefly reviewing the present 

uncertainties in detertUining tht! CP violating phase in the CKM matrix, which stems both 

from our ignorance of a precise value for m 1 and of the value of the ratio IVubf\~bj, as well 

as from the unreliability of hadronic matrix elentent calculations. VYe shall show next that 

tlwse latter uncertainties, however, can be largely obviated by studying certain classes of 

CP violating asymnwtries in D decays, involving decays of neutral B's into CP conjugate 

hatlronic final states. The non-negligible as~·mmetries of this type, either time integrated 

or timt• dept>ndent, measure oue of three possible combinations of phases of the matrix 

clements V, 1 (in a convenient parametrization), each of them, of cour~e, being a function 

of 6. Vsing the best information available at present on the CK11 matrix, we then present 

nmgt'S of predictions for thes<' important CP violating asymmetries in the B system and 

dru.w some conclusions on their likely obsnvability. 
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2. The Mixing Matrix 

For our purposes 1 it is convenient to parametrize the CKM matrix in the form sug­

gested by Maiani [2L 

( 
c,c, 

-· - .. s ~ := -SJC"2- CtS2SJC 

SJS'l- CJC2S3C-ih 

SJ C3 

CtC2- SJS:.!SlC-ih 

--Ct.'l2- SJC'lSlC-ih 

'' e") 
S2C3 ' 

C2C3 

(1) 

where .5t ::::: sin 91 , c1 :;:::; cos 9h etc. Since the angles 9; are known to have a hierarchical 

pattern, it is useful to write, following Wolfenstein [3J, 

SJ =). S2:::::: A).2 sl = Ap>.l (2) 

with A corresponding essentially to the Cabibbo augle, A :::: 0.22. Then, to 0(>, 4 ), but 

keeping for the ·moment the phase information for each of the elements of the CKM matrix, 

one has 

( 

1--'-1' 
V = ->.(1 + Al).4pe-i") 

A-1 1(1- P<-") 

>. 
1 _ ~ ).Z __ 42 p>.6c-i6 

-AA2(1 + ).1pe-'6) 

Ap,\',;') 
AAz . 

1 

(3) 

One sees immediately that, with this parametrization, only two elements of\~ can have a 

significant imaginary part: V ... o and V1d. It is these phases which will play a crucial role in 

the B-decay CP asymmetries and which should give rise to rather substantial experimental 

signals. In evaluating the CP violating f and l paramet-ers in the K sector, however, one 

needs also to keep track of the "small" phase in \-cd· Of course, all CP violating pheuumena 

disappear if the CKM phase b = 0, 1r. 

The parameters A and p are, in principle, obtainable from B decay. The ratio [4] 

r(b~u) _ 2
1V,.I' , 2

pp)' 
R ~ f[b ~ c) - IFbci 2 

(4) 

measures p, while the B lifetime fixes A. A recent analysis by Altnrdli and Franzini ~5;, 

g1ves 

I
tT .2- \4A2 - (2.9 ± 0.6) X 10--l 
l'bc 1 ·- -" -

' TB(10 12sec) 
(5) 

Using TB = (1.11 ± 0.16) x 10- 12sec [6J, the above implies 

A= 1.05±0.17. (G) 
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In the analysis which follows, we shaH take A. t'qual to it.s \entral value. The ratio R is 

subje\1 to lUore theoretical unct•rtainty. From a study of B sem..ileptoni' de\ays [7], one 

infers the rather conservative upper bound R :___ 0.08, which implies p ~ 0.9". On the utht•r 

hand, the recent observation of charmless B decays b~· the ARGUS collaboration [9] shows 

that Fub f:- 0 and so prm·ides a lower hound for p. Another very. conserwdive analysis j9j 

gives p ~: 0.3 1 so that p lit"s in tht' range 

0.3 :::___ p :::___ 0.9 . I 7) 

Tht" phase b is din·ctly, but far from uniquely, determ.ined by the CP violating param­

eh'r tin the I\ system. A further constraint on 6 is also provided by the recent. observation 

of Bd-D.1 useillatious. The mixing parameter .rd is proportional to Wtal~ and ht"uce it i:. 

sen:.itivt· tu the rombiuatiou (1 + p2 - 2peosll). In principle, the new data on t
1
jf [1: 

provide a further constraint on 0. However, the theoretical uneertainties are such that thi:, 

measurement docs not restrict 6 beyond the range allowed by f and xd poj. Siure m 1 is not 

known, and pis only fixed to be in the interval of Eq (7), we will display below the allowed 

value, of bas a fut1ctiou of th('Sf" two paranwtt-rs. indi\atiug furthermore the effects of the 

uu\ert.aiuti!-'~ induced by the hatlroui< 1uatrix elt>un·nts. Similar aualy:.es ha\'t' lweu carried 

out by a number of differt'Ut group~ recently i)l-1-lj. 

The standard analysis of Buras et al )5] gives fur lti the formula 

ltl " C}j.jf, -~~- M(r B 1,- (A 2 p,.\ 6 sinh) (Yc { 113h (Yn yt) - 1/d 
6/2:rr 2 ,_'dfr: 1 

l/~.lhf-:(ytlAZAJ(1 .. ero~l>)) ,-- -~.h( 

(8) 

Here y, c_ ru;/;.Uf1. and h IUld / 3 are weakly dependent functions of the top and charm 

1nas:,es: 
3yt(l + yt) ( 2yt ) 

h(yr) = l- -----2 1 + ~-i lny, , 
4( l - Yt) 1 - Y1 

(9o) 

IdYn yl) = lu- - --· 1 T ~- lu Yt Yt 3yt ( !It ) 
Yc 4(1 ·-- Yt) l- Yt 

(9b) 

* Tht"oretical analysis (for a discussion, see [5 ), along with the CLEO result [8~, indirate 

that f! 0.6. VVe will nevertheless use the conservative upper bound p < 0.9. Since we 

will plot the allowed region in p-b space, the CLEO bound is easily st"etl. 
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The lli are QCD correction factors (1) 1 ::::: 0.7, 172 ::::: 0.6, 173 ::::: 0.4 [16]), while Bl\ encap­

sulates our present. ignorance of the matrix element of (d/P(l -15 )s)
2 

between K 0 and 

1\.0
, with Bl\ = 1 corresponding to the vacuum insertion approximation. Finally,~ is the 

phase parameter of the (J = 0) K- 211" weak amplitudes(<" = hnA0 /ReA0 ). In the quark 

phase <"onvention which we are using, its presence guarantees that lEI is actually convention 

independent. {is directly related to le'l [15] and one has 

k' 1 = _2_ ReA2 v'z ReA, I( I "'0.0351(1 (10) 

where the nutnt'rieal value above uses experimental information for the kaon amplitude:>. 

The reeent determination of It' f t] [1 J implies that Jel ~ 0.1ltl. In view of this, and of the 

other uneertainties in Eq (8), we shall neglect~ altogether in our analysis. 

3. Bd-Bd Mixing 

The observation of BrJ-Bd mixing by the ARGUS eollaburatiuu ]17] has provided 

au independent eoustraint on the parameters of the Cabibbo-Kobayashi-Maskawa matrix. 

Sinee for the Bd system one expects [15] .D..r <>_::: 6.M and the magnitude of the !lB = 2 

CP violation to be small (I~ I ::::::,: 1), the measured ratio 

rd = r(Bd ~ 1- X) 
r(Bd ~I+ X) = 0.21 ± 0.08 (II) 

directly fixes the mixing parameter Xd = 6.Mjr. Using the expression 

X~ - ---, TrJ - 2 + xd 
( 12) 

and the ARGUS measurement (17] yields XrJ = 0.73 ± 0.18. In our analysis, following Ali 

lll], we shall use for XrJ the 90% eonfidenct' limit provided jointly by tllls measurement 

and the upper bound of the CLEO collaboration: !IS] 

0.78 :_::: Xd 2 0.44 . (13) 

Theoretically, XJ receives its dominant rontri.bution by the presenee of top quarks in 

the box diagram and one finds [15,19] 

XrJ = TB ~!z AfnM'tv (ftBad) 7/~Yth(yt) { A2 
,\

10 (1 + p
2 

- 2peosli)} (14) 
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Here the hadronic uncertainty is hidden in the factor f~.J Bs., whose meaning is analogous 

to that of the corresponding quantities in the kaon system, except that here also fs is not 

measured. The parameter 'T/B is a QCD correction factor, which in Refs [15,19] has been 

estimated to be 7/B ~ 0.85. A recent calculation [20], however, including certain higher 

order QCD effects obtains a lower value, 7/B ::::::,: 0.63. We shall adopt this value here, but 

we note that since fkd B Bd is quite uncertain, one cannot really tell the difference between 

these two assumptions. Being rather conservative, we shall allow for (fkd Bad )112 the range 

100-200 MeV, which is slightly larger than that used in Ref [5]. 

We have not included in our analysis the MARK II [21] or UA1 [22] results on B-B 
oscillations, since these experiments cannot distinguish B.-B. from Bd-Bd oscillations. As 

Ali ]ll] has pointed out, these results can powerfully eonstrain the CKM matrix, given a 

knowledge of th~ relative amount of Bd and B, produced. However, these constraints are 

very dependent on the Bd/B. production ratio. The experiments measure the quantity.\, 

which is 
;r2 x2 

A= Pd d + P,--• 
2(1-t-:r~) 2(1+x~) 

(15) 

where Pd (P,) is the probability that a BrJ (B&) is produced. The MARK II experiment 

gives a 90% confidence level upper limit on x: 

x::::o.12. (16) 

Thus, for a given Pd, P. and :r,, this gives an upper limit on Xd In Table 1, we have 

shown this upper limit, for x, = 7 (a typical value), as a function of Pd and P&. As is 

evident from the table and Eq (13), depending on the values of Pd and P, taken, this 

data ean either rule out the standard model (e.g. Pd = 0.4, P, = 0.2) or give no bounds 

whatsoevt·r (e.g. PrJ= 0.375,P, = 0.1). Given the uncertalnty in the information which 

these experiments proYide, we have prefer~ed to be conservative and ignore this information 

altogether. 

Assuming sou1e (typical) vanes for B /\. and /1d B BJ, Eqs ( 8) and ( 14) determine f, as 

a fuuetion of m 1 <md p'"'. For example, taking B1.;: = 1 and f~4 Ba4 = (150 MeV)2 and 

letting m 1 vary from 40 to 180 GeV [23] gives the "moon-shaped" allowed region in the p-~ 

plane of Fig 1 (a similar analysis has been C!trried out in Ref [13] ). Low values of m 1 require 

* The measurement oft and the allowed range for p constrain sin b to be positive. 
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that the phase h be near rr [11-Hj, so as to enhance the ( 1 + p:l - 2p cos 1i) factor in Eq ( 14). 

A substantial portion of the allowed h values is eliminated when one imposes the lower 

bound of p > 0.3. Fur this choke of theoretical paramders, the observation of channlesll B 

decays [9~ ruts the moon in half, eliminating allli-values below h::.; 2.7! This effect is still 

present) althougb·Iess sharply so, when one allows variations in the theoretically uncertain 

parameters over sensible ranges: 1/3 S BK S 1; (100 MeV)
2 :S f1~BB~ :S (200 MeV):l* 

This is demonstrated in Fig 2. We see that for Bh· :::; 1, but ranging over f1~Bad, the 

moon shaped region of Fig 1 expands. Tills expansion grows further as B K is lowered to 

2/3 and a considerable portion of the p-h plane is filled if BK :::: 1/3. In the analysis of 

CP violating phenomena in the B system, we shall take for definitiveness BK = 2/3, but 

shall continue to allow mt and f1JBB4 to vary over the ranges indicated above. 

A dirt>ct m~asurt>ment of m 1 and/or of B,-B, oscillations would do much to clarify 

tlw abow• situation, even if p cannot be restric.ted better than Eq (7). This is illustrated in 

Fig 3a, where we show the allowed -p-6 ranges for four values of mt (mt = 60, 90,120,180 

GeV), for the full uncertain theoretical ranges. This uncertainty comes mainly from our 

lack of knowledge of BH, as is demonstrated in Fig 3b. There we plot the allowed areas 

corresponding to fixed values of BK = 1/3, 1/2, 2/3 and 1, for m 1 = 150 GeV. The ratio 

xd/x. is free of major theoretical uncertainties since one expects Ta,..Ma4 t1a4 f1JBB~ ::::: 

TB,MB,lJB,J1,Ba, and is given by 

Xd 2 :l - = >. (I +p - 2p<o•o) 
'· 

I I 7) 

lu Fig 4, we plot the constraints on the allowed p-6 range, for three values of .r, (x, =--: 

3, I, 15·), using the range of Eq (13) for Xd. Because fixing x, gives correlated ranges 

for f1
4
Ba., and mh the interval (13) for ;rd is not always fully allowed. This has bt'en 

taken into account in Fig 4. Thus a measurement of .r, is particularly constraining for 

the Cabibbo- Kobayashi-Maskawa model and we very much hope it will be attempted at 

Cornell (or DESY?). 

These ranges are extensive enough that ihey compensate any reasonable t•ariatiun in 

.4. 
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4. CP·violating Asymmetries 

Dt•cau;;c B !Ut':.uns possess many more dt•cay dmnncls than K mesons, there exist a 

cousideraLle variety of CP violating phenomena that one can search for experimentally. 

This subject naturally has generated intense theoretical interest and has, in some sense, 

been fully explored !24-2i]. However, most of the investigations t.~ date have been "broad 

baud", concentrating on the totality of the phenomena, without looking at any ont' decay, 

or class of decays, in detail. Fut!:hermore, in many instances, predictions al-e given only 

for what the mazimum signal of CP violation muld be. Thus· many optimistic dynamical 

assumptions are made and the Cabibbo-Kobayashi-Maskawa parameters are stretched to 

their limits [26,28]. Ht·-re we would like to take a rather more "narrow band" approach, 

b~' mureutrating on CP asynuuetrit•s which are essentially indepen:dent of theoretical a~­

sumptions. Fur~hermore we want to predict what are reasonable C"xpectations for these 

asymmetries, based on the constraints we know today already exist for the CK?-.·Imatrix 

elements. 

To observe CP violating effects in B decays requires that there should be interferenn• 

between two amplitudf's with different phases. Bt>cause the B and the B states mix. if oue 

loob at dt>cays of B mesum into a final state f which can he read1ed by both B 0 and 

B
0 

derays, then the required interference exists. The interesting asymmetry to consider 

is the difference between the decay probability of a state which at f = 0 started as B 0 

co<l -
denoted here by B 0 

( t) - into f, compared to the decay probability of B {t) into J (for a 

recent discussion, see [25,26) ). One finds the time integrated asymmetry 

--0 -
fiB0 (1) -• f)- fiB It)~ f) 

AJ ~ ~------------::-u--
f(B"(t) ~ fl-•- fiB It)~ f) 

Ht•rt> .r is the mixing parameter of tl1t> B meson. whilt> 

and 

Pt--= ~II"--='.JI 
A(B" -• f) 

1- fB 
).! =---pi 

1 -r fB 

2.rlm..\/ 
--,--.. ' 

2 + .r 2 + X2iPt! 
1 18) 

I 19) 

(~0) 

where tB is tht• analogut> off for the B system. This asymmetry becomel:i iudepnldent uf 

stroug interaction efft·cts iff is a CP eigenstate(] :if) and the weak dt>cay pro\ess is 
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dominated by just one amplitude"' [27j. In this case IPtl = 1 and Eq (18) reduces to 

Various comments are in order: 

X 
At= ---,Im.\1 1 -+ ;r 

(21) 

i) The asymmetry A 1 vanishes either in the case of no mixing ( x --t 0) or full mixing 

(x---> oo). For Bd, Eq (13} puts one almost in an ideal situation since XJ/(1 + x~}:::::: 0.5. 

For B, on the other hand, the situation is less favourable. Using Eq (17), our analysis 

suggests x. extends over the range: 3:::; x.:::; 20, so that 0.3 ;=:: :r./(1 + x~)? 0.05. 

ii) The magnitude of the factor (1- ~"B)/(1 + fB) in Eq (20) is very nearly unity [15]. 

However one must be careful about its phase, since only by including this phase information 

willlmA 1 be iudependt·nt of the phase convention adopted. In t.he quark phase convention 

we are using, since the top quark graph totally dominates, one finds simply: 

1- fB 

1 + tB { 

~!'U = fu = e2i<P v,b v,-:.. v,-:.. -
~~~1 v, • .. 

(B,) 

(B,) 
(22) 

where the second line follows from the form of our CKM matrix, Eq (3), in which only two 

elements have notHJegligible phases, Vub and "V,.J. 

iii) Since IPtl = 1, Pt itself is also a pure phase. In fact, since only one weak decay 

amplitude enters by assumption, PJ is a ratio of two Cabibbo-Kobayashi-Maskawa matrix 

elements. The ratio of CKM matrix elements in p 1 containing only light quarks ( 11, d, s, c), 

with the convention of Eq (3), is essentially real and unity. Thus it can be ignored in the 

following. Since 1-'cb is real, only for Cabibbo supprf"ssed decays will PJ involve a phase. 

{ 

~ = e2'6 v· -.. 
P!:::::: ~ = 1 

"v;b . 

(Cabibbo suppressed) 

(Cabibbo allowed) 
(23) 

The above simple considerations tell us that in B decays, there are three classes of 

model independent asymmetries which can be sizeable. Each of these classes measures 

a different combination of phases of the CKM matrix ele1nents - all, of course, related 

* This will happen in general if the quark subp~ocesses in the decay do not contain both 

au and a C quark. Deeays where the qua~k subprol'ess involves, for instance, b ....... uUd or 

b ....... cCs (e.g. Bd---> pp, Bd --t 'l'Ks) are examples where one exp~ds IPtl = 1. 
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ultimately to h: 

1) Cabibbo allowed Bd decays (e.g. Bd---> .:PKs [29]) 

lm.\
1 
~ Im Vtd = sin 2¢ = 2psinb

2
(1---: pcosb) 

v;d 1+p 2pcosli 

2) Cabibbo suppressed Bd decays (e.g. Bd---> pp [30]) 

I ). I Vtd Vub . ?(" ') _2_o.,..·u_bo'(_w-c'~'--~p~) 
111 2 ~ m~- = stn ... op + o = • 

Vtdv:b 1+p2 -2pcosb 

3) Cabibbo suppressed B. decays (e.g. B. --t p° Ks [14]} 

Im.\ 3 :::::: lm V~.~b = sin 26 = 2 sin 6 cos li v· 
"' 

(24) 

(25) 

(26) 

It is obviously very interesting to know what rauges of Im(A;) are allowed by present data. 

The relevant plots are presented in Fig 5, where Im(Ai) (i = 1,2,3) is plotted against p, in 

the range 0.3 ~ p :::; 0.9. In these graphs we have let m 1 range from 40 to 180 GeV, haw 

fixed Br: = 2/3 and let 100 MeV S U1dBnd) 112 S 200 MeV. Fig 6 presents the same 

quantities but now for specific m 1 values (m1 = 60, 90,120,150,180 GeV). 

One sees from Figs Gh,c that lm(A 2 ) and lm(,\ 3 ), for 0.3 ~ p ::::_ 0.9, can take ou 

rather large values. For Im(>. 1 ), on the other hand, values greater than,.._ 0.4 appear to be 

excluded. The actual measured asymmetries are, however, reduced by the mixing factor 

.z:/(1 i· x 2
). This is at least a factor of 2 for Bd and could be near a factor of 10 for B •. 

From this viewpoint, therefore, the most promising processes appear to involve Im(A2 ). 

However, since these asymmetries concern Cabibbo suppressed Bd decays, this overall rate 

is going t.o be considerably su11J.ler. For instance, the branching ratio Bd---> pp is probably 

of Opu-t.), while we know that B(Bd---> 'I'Ks) is of 0(10~ 3 ). If it is possible to follow 

the time development of the B decays [24,27], then one gets rid of the reduction factor 

J"/( 1 + .r 1 
), since the probability of obtaining a state f at time i, for a beam which at t = 0 

was pure D 0
' is simply 

Nj{t) = N1 (0)e~""~"t [1- lmA1 sin6.mt] (21) 

If oue has a large mixing parameter, x = 6.m h, as is likely to be the case for B •, then 

the non-exponential behaviour of Eq (27) should be visible, provided of courst' that one 

e1m tmck the decay at all. 

10 
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It is difficult to estimate the number of B 0 'decays needed to perform the CP violation 

tests· we-- hav~-discussei-li: First,- of-~all_} these -as.ynimetries--A-J· -require that. one know if the 

decaying B- was··origiu_all-y R· B 0:·or- a: :i/-.- ·To"dt>termine· t-hi!:i 1 -perhaps- the--be-st method-is 

to try t.o-·estaOliSh the charge of _th~ associat_ed -W!27]. This re_quires looking for another 

secondary. vertex, _b_esides that of tht' original decaying B. Even being optimistic, this 
-_.-o 

should cost at least a factor of 10. Consider, for the sake of argument, the decay Bd- pp 

aud imagine Im(A2) c:::: -0.5, so that App ~ +0.25. Establishing this asymmetry at tht> 

3a level requires approximately 150 tagged BJ(t) -----t p"'fj events, which, with B(Bd ....__. 

pp) -::::: 10-!> and a tagging _dfici¢u~y_- of 10% calls- for--108;-'.8,·-de-e-ays. This number is quite 

typical and appl:"ars disNmraging*, -As a·c-onsola.ttot\',-p-erluqjs-we-should point out that the 

situat-ion-would be much wprseif the predided_ asym!netries w~re belo_w 10_%. Fortunately, 

as Fig 5 shows, ~m(..\i) in the s.t-_ailda.td mo_del s_ee_ms to be well away from this unfortunate 

region. Obviously, as Fig 6 shows, a knowledge of m 1 would allow a much more restricted 

pre-_dic_ti_on fo_r these- _CP violat~1_1g_ asy_n~I_n~tri_e~ in B decays. 
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Table 1: The upper bound on ;rd from the 1'1ARK II data (21), assuming a value of .r, = 7, 

is shown here as a function of the production probabilities Pd and P,. 
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Figure Captions 

Fig I: The domain in p~¢ space (h in radians), within which the standard model is com­

patible with the measurements of~ aud ~d (90% c.L). We vary m 1 between 40 GeV and 

180 GeV and use U1dBB
4

)
112

::::: ISO MeV and BK = 1. The dashed line represents the 

lower bound p ~ 0.3 inferred from the observation of charmless B-decays by ARGUS !9). 

Fig 2: As in Fig 1, but now in addition (f}J~Bn4 ) 112 is varied between IOO MeV and 200 

MeV: a) BK = 1 

b) BK ~ 2/3 

<) B,. ~ 1/3. 

Fig 3: As in Fig I, but. now mt is kept fixed while BH and (ff.,dBs~) 111 
are allowed to 

vary within the ranges 1/3::; BK::; 1 and 100 MeV S (f]J~Bs4 ) 112 S 200 MeV. 

a) The areas I
1 

21 3, 4 cor~espond t_o fixed values mt = 60, 90, 120, 180 GeV, respec.tively. 

b) Taking mt = I5:0 GeV, the strips 1, 2, 3, 4 correspond to BK = 1/3, 1/2, 2/3, 1, 

re.spectively. 

Fig 4: As-in Fig 1; but now all three para~~le~e.rs m 1, (ftBB.)
112 

and BK are varied: 

40cGeY:S: m,.·:; 180 GeV,.100.MeV S. (f}J4 BB~}112 ~ 200 MeV and 1/3 :S BK :51. In 

addition, the further restrictions by .fixed x.. = 3, 7, 15 are shown. 

Fig 5: Var.ying (.f~.B8,) 1 f:l and mh 100 MtV $ (f14 Ba4 }
112 

S: 200 MeV and 40 GeV 

~ mt :S 180 GeV, aud fud:ug- BJ.; = 2/3, the areas·wit:hiu w:hich the standard model is 

compatible with the measurements oft and Xd (90% c.l.) are shown for the following 

parameter spaces: 

a) (sin2¢, p) 

b) (•in2(.5 + </>), p) 

c) (sin2jj, p) 

15 

Fig 6: As in Figs 5 a,b;c, but now the.strips 1, 2, 3, 4, 5 correspond to fixed values of m 1: 

60, 90, 120,150, 180 GeV, respe-ctively. 
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