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We report on a search for B°'--q) ° oscillations (mixing) using events with two identified muons from data collected at the CERN 
pp colhder In the absence of B°'--q) ° oscdlatlons, dlmuons coming directly from decays of beauty-antlbeauty pairs must have 
oppostte signs Llke-stgn dlmuons are expected from events where one muon arises from beauty decay and the other from the 
charm decay of the assocmted beauty-charm cascade Takang these processes into account, together with the contribution from 
charm production, the predicted ratio of hke-slgn to unlike-sign muon pairs is 0 26+0 03 Experimentally we measure 
0 42 + 0 07 + 0 03 A natural explanation for the excess of llke-sxgn events is the existence of a slgmficant amount of B°,--q3 ° 
transitions The fraction of beauty particles that produce first-generation decay muons with the opposite electric charge from that 
expected without mixing is deduced to be Z = 0 121 + 0 047 Combined wxth the null result from searches for B°,--,fi ° oscillations 
at e+e - colhders, our results are consistent with transitions In the B ° system, as favoured theoretically 

I I n t roduc t t on  T h e  decays  o f  n e u t r a l  k a o n s  h a v e  

so f a r  b e e n  t h e  u n i q u e  too l  fo r  s t u d y i n g  s e c o n d - o r d e r  

w e a k  i n t e r a c t i o n s  S ince  w e a k  i n t e r a c t i o n s  n e e d  n o t  

c o n s e r v e  f l a v o u r  q u a n t u m  n u m b e r s ,  t r a n s i t i o n s  

b e t w e e n  K ° =  (gd)  a n d  I ( ° =  ( a s )  a re  p e r m i t t e d  As  

is well  k n o w n ,  t he  m a s s  e Igens t a t e s  a re  n o t  K ° a n d  

I (  °, b u t  t h e i r  l i n e a r  c o m b i n a t i o n s  K ° a n d  K ° T h e  

m a s s  d i f f e r ence  b e t w e e n  the se  s ta tes ,  AM,  resu l t  In a 

t i m e - d e p e n d e n t  p h a s e  d i f f e rence  b e t w e e n  the  K ° a n d  

K°L w a v e  f u n c t i o n s  a n d  a c o n s e q u e n t  p e r i o d i c  v a r i a -  

t i o n  o f  t he  K ° a n d  I~ ° c o m p o n e n t s  T h u s  K°,--,I( ° 

o sc i l l a t ions  a re  o b s e r v e d ,  w i t h  a p e r i o d  g i v e n  b y  

2 n / A M  A n  exce l l en t  r e v i e w  o f  t he  phys i c s  o f  t he  K ° 

s y s t e m  c a n  b e  f o u n d  In r e f  [ 1 ] :t 

S ince  t he  d i s c o v e r y  o f  t h e  n e w  q u a r k  f l avours ,  

~t A more recent review of CP violation phenomena is given in 
ref [2] 

248  

c h a r m  a n d  beau ty ,  i t  h a s  b e c o m e  n a t u r a l  to  c o n s i d e r  

t he  pos s ib i l i t y  o f  o sc i l l a t i ons  in  t he  case  o f  n e u t r a l  D 

or  B m e s o n s  [ 3 ] M i x i n g  is o b s e r v a b l e  in  t h e  K ° sys- 

t e m  on ly  b e c a u s e  t he  l i f e t i m e  is c o m p a r a b l e  to  t he  

osc i l la t ion  p e r i o d  T h e  decay  o f D  ° m e s o n s  is C a b i b b o  

f a v o u r e d ,  r e su l t i ng  in  a s h o r t  h f e t i m e  I t  is t h e r e f o r e  

n o t  s u r p r i s i n g  t h a t  n o  m i x i n g  h a s  b e e n  o b s e r v e d  in  

t he  D ° - D  ° s y s t e m  [ 4 ] 

T h e  r e c e n t  o b s e r v a t i o n  t h a t  b e a u t y  pa r t i c l e s  h a v e  

re l a t ive ly  long  l i f e t imes  [ 5 ] suggests  t h a t  o sc i l l a t ions  

m a y  b e  o b s e r v a b l e  in  t h e  B ° - l )  ° s y s t e m  T h e  deg ree  

o f  m i x i n g  ( r )  c a n  be  e x p r e s s e d  as t h e  p r o b a b i l i t y  t h a t  

a B ° osci l la tes  i n to  a 13 ° re la t ive  to  t he  p r o b a b i l i t y  t h a t  

i t  r e m a i n s  a B ° 

r = P r o b  (B°  ~ g ° ) / P r o b ( B ° - - ,  B ° ) 

_ ( A M / F ) 2 / [ 2 +  ( A M / F )  2 ] , 
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assuming AF<<AM, AF  Is the difference between the 
decay widths o f  the B ° and B ° states, 
B ° L = (B °+  B°)/x/~ and CP wolat lon Is neglected 
Oscillations may occur for the two neutral meson 
states B ° = (bd) and B ° (fis) The o o BH-BL mass dif- 
ference can be calculated according to box diagrams 
using the experimentally determined values o f  ele- 
ments in the Kobayashl-Maskawa matrix [6] ~2, 
which describes weak couplings between quarks o f  
different flavours Following Wolfenstem's parame- 
tnsat lon [ 8 ] ~3 

V= 

= - 1 -22 /2  
LA23(1 - p -  lr/) -A,;t 2 

+ 0 ( 2  3) , 

where 2 = s i n  O c = 0  23 and Oc is the Cablbbo angle 
Currently, A =  1 0 + 0  2 a n d p 2 + ) / 2 < 0  65 [8,9] The 
terms Vu~ and Vua determine the transition rate for 
K°,--,I( ° or equivalently the mass difference 
AMs~ I V~dV~sl2~22 Since the term Vt~~22 in the 
Kobayashl-Maskawa matrLx is large compared to 
Vtd~23, --sn0"-*~Oo~ Oscillations are likely to be more 
prominent  than B°,-q3 ° oscillations A recent calcu- 
lation [ 10 ] gives AM//" (B ° ) ~< 0 1 and AM/F ( B ° ) in 
the range 1-4 The corresponding values for the 
degree of  oscillaUons are rd ~ 0 005 and r~ in the range 
0 33-0  89 Hence, no significant oscillations are 
expected for B ° and substantial oscillations are pre- 
dicted for B ° 

Experiments at e+e - colhders have recently placed 
limits on B°,--,I] ° oscillations CLEO ~4 and ARGUS ~5 
have excluded substantial oscillations in the no,_,rio .o d ,o d 

system by measuring the rate o f  like-sign dlleptons 
from samples o f  I]B events on the Y(4S) resonance 

~2 Ref  [ 6 ] certams a generahsatlon of  the work of  Cablbbo [ 7 ] 
:3 For  a recent review see ref  [9] 
.4 The CLEO Collaboration reports a 90% confidence level upper  

hml t  of  rd < 0 30 [ l 1 ] They have recently improved this hml t  
tOta l<018  [12] 

~s The A R G U S  Collaboration reports  a 90% confidence level 
upper  hml t  of  rd < 0 12 [ 13 ] 

However, they have no sensitivity to oscdlatlons m 
the B°,--)l~ ° system since the Y(4S) is below the 
threshold for producing -o o Bs Bs pairs The M A R K  II 
Collaboration [14] has examined dllepton events 
produced in e+e - collisions at x /~=29  GeV While 
they are in pnnclple sensitive to B°,--)I) ° mixing, they 
so far have too few events to place a significant limit 
on this channel 

The technique used to search for B°,--*B ° oscilla- 
tions in the present paper Is similar to the one already 
applied m the e+e - experiments [ 11-14 ], namely it 
consists o f  looking for an excess o f  like-sign d lmuon 
events In first generation decays, I )p--)bb+X fol- 
lowed by b-- , IX-9+X and b ~ i x + v + X ,  only unhke- 
sign d lmuon events are produced I f  oscillations 
occur, the b antlquark in the B ° meson may, for 
example, be transformed into a b quark in the I) °, 
resulting in a Ix-Ix- event Likewise, ~o mesons con- 
vertlng into B ° mesons can give rise to Ix+Ix + events 
In addition, like-sign d lmuon events are produced in 
a mix o f  first-and second-generation decays, for 
instance, I3p--*bb+X followed by b---,Ix-gX and 
la--)eX with e- - ) Ix-9+X The signature for B°,--q) ° 
oscillations is a yield of  like-sign d lmuon events in 
excess o f  that expected for second-generation decays 
No significant contribution to mixing is expected 
from the D ° - D  ° system where stringent limits have 
already been set [ 4 ] 

2 Data sample and background calculatton 
Because o f  the large cross section for beauty produc- 
tion at the CERN lbp colhder [15],  seml-leptonlc 
decays o f  beauty particles are the dominant  source o f  
pairs o f  hlgh-pr muons (p~ > 3 GeV/c),  where we 
define Px as the component  o f  the muon  momen tum 
transverse to the beam dzrectton We can therefore 
study a relatively large sample o f  muon  pairs from 
beauty decays, w~th little ec contamination Data were 
recorded dunng  three colhder runs at x /~= 546 and 
630 GeV with a total integrated luminosity of  692 
nb-~ The d lmuon event selection procedure and 
background calculation are described in ref [ 15 ], and 
only a brief  summary Is given here We select a sam- 
ple o f  512 dlmuon events with m . u >  6 GeV/c 2 and 
with PT>3  GeV/c for each muon,  excluding 
Z°~IX+IX - decays The isolation o f  the muons (i e ,  
the absence o f  hadronic activity around each muon)  
is used to separate Drel l -Yan and Y events f rom 
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heavy f lavour decays We define 
S =  [F~Ea-(IX~)]2+ [~ET(IX2)] 2 where EET(IX) is the 
scalar sum of  the transverse energy measured m cal- 
or imeter  cells m a cone o f A R =  (A~02+Ar/2) 1/2<0 7 
a round  the muon,  r / i s  the pseudo-rapid i ty  and ~0 is 
the az imuthal  angle measured  in ra&ans  We classify 
&muons  to be isolated when S <  9 GeV 2 There are 
98 unhke-slgn and 15 like-sign events which satisfy 
this c n t e n o n  In the non-isolated sample there are 
257 unhke-slgn and 142 hke-slgn events The charges 
o f  all the muons  m the sample are well de te rmined  
The total  background to the & m u o n  sample is est~- 
mated  to be 132 + 21 events, & v l d e d  into 8 unhke-  
sign plus 8 hke-slgn for the isolated &muons ,  and 58 
unhke-slgn plus 58 hke-slgn for the nomsola ted  
d lmuons  [ 15 ] 

3 The evidence for B ° ~ B  ° oscdlatlons We have 
de te rmined  the background subtracted rat io o f  the 
number  of  llke-s~gn to unhke-slgn &muons  
R = N [  + + ]IN[ + - ] by two methods (1) using only 
the non-isolated events for which the cont r ibut ion  
from DreU-Yan and "F~ IX +l x -  decays are negligible, 
and (11) using all the events and  subtract ing the 
measured contnbuUon from Y ~  IX÷ IX- [ 15] and the 
calculated number  o f  Dre l l -Yan  events [ 16 ] Wi th  
method (1) we obtain R = 0 42 + 0 07 + 0 03 and with 
method (H) R = 0 45 + 0 07 + 0 05 The second error  
is the systematic error  reflecting the uncer ta inty  m 
the background subtract ion 

We proceed now to an es t imate  of  the expected 
value o f R  m the absence o f f l avour  mixing The rate 
of  hke-slgn & m u o n  events from second generat ion 
decays relat ive to first-generaUon decays can be reh- 
ably calculated since it depends  mainly  on weak 
decays and measured  branching rat ios We have 
recently made  a deta i led compar ison  between the 
pre&ct lons  of  QCD Monte  Carlo programs [17 ] $6 
and the measured  beauty  and charm decay proper-  
ties [23] The Monte  Carlo 's  reproduce the meas- 

:6 Proton structure functions are taken from ref [ 18 ] Branching 
raUos for charm and beauty states are taken from the latest 
experimental measurements [19] For nonleptomc decays of 
beauty states, which are mostly unmeasured, branching ratios 
were taken from the Eurojet program [20,21] For both pro- 
grams we have made a detailed comparison of the results with 
measured beauty and charm decay properties Calculations were 
done using a too&fled version of the ISAJET Monte Carlo 
(version 5 21 ) m which the spectator particle parameters have 
been adjusted to be consistent with UA1 data See ref [22] 

ured propert ies  of  B meson decays the inclusive 
lepton spectrum, the reclusive D and  D* spectra, and  
the total  charged part icle  mult~phclty For  all beauty  
states (B) we assume the same branching ratio BR(B 
-,IX+ + X ) =  12% Dlmouns  from ec product ion  are 
also included m the Monte  Carlo calculations and our  
measurement  of  the relat ive transverse m o m e n t u m  
between the muons and their  accompanying  je ts  
(pr~)  descr ibed m ref  [ 15] is consistent  with the 
p re&ct lon  that  they account  for about  10% of  
d lmuons  f rom heavy f lavour decays Also Included 
in the Monte  Carlo program are (1) decays o f  beauty  
part icles into J/t~, and ( n )  higher order  processes, 
including double ec product ion  via  gluon spht t lng 
( g ~ e c  or  fib) Double  par ton scat tenng is not  
included in the Monte  Carlo, but  it  has been esti- 
mated  to be mslgmficant  p rov ided  that  there are no 
strong correlat ions at the par ton  level 

The predic ted  [ 17-22] rat io of  numbers  of  hke- 
sign and unhke-slgn d lmuons  f rom bb and ec pro-  
ductlon,  without  oscillations, is R = N [  + + ]/ 
N[ + - ] = 0 26 + 0 03 The predicted value for R may  
be writ ten 

R = N s / ( N f + N )  , 

where Nr is the p re&cted  number  of  d lmuon  events 
passing our cuts due to two first-generation decays 
from bb, Ns is the number  due to one first plus one 
second-generat ion decay from fib, and Nc Is the num- 
ber  due to ec decays Monte  Carlo calculat ions show 
that we can neglect the small contributions due to two 
second-generat ion beauty  decays and to double  ec or  
f b  product ion Note that R depends only on the ratios 
Ns/Nf and NJNf  The uncer ta inty  on the pred ic t ion  
for R with no oscil lat ions ( + 0  03) has been esti- 
mated  by propagat ing the errors on the average 
beauty  and charm m u o m c  branching rat ios ~7 and by 
varying the ec contr ibut ion,  N~, by + 50% to account  
for the uncer ta inty  m the pa rametnsaUon  of  the 
charm fragmenta t ion function The ISAJET value o f  
R = 0 26 + 0 03 can be compared  with independent  
calculatmns [ 17,20] ~8, summarized in table 1, which 

'~7 The average seml-leptomc branching ratios for beauty and 
charm particle decays were taken from the measurements m 
ref [23] BR(B--,e)=(12+07)%,BR(D--.e)=(13_+I 3)% 

~8 R=0 25 for no mixing, R=0 36 for full B ° mixing andf~=0 2 
[24] R=0 25 for no mixing R=0 41 for full B ° mixing and 
f~=0 20[25] R=0 21 for no mixing, R=0 36 for full B ° mix- 
ing andf~=0 20 [20] 
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Table 1 
Pre&ctlons for R without oscillations (column 1 ), with oscdlatlons for different values off~ (columns 2,3,4) assuming full mixing m B ° 
s tatesonly ( X d = 0 , x , = l / 2 )  The las t  column contamsthepred~cted fraction o fd lmuon  events due to ec decays 

Reference No mixing Maximum B ° mixing Charm fraction 
N~( N,+ Nc) Nd(Nf+ N,+ Nc) 

f~=0 10 f~=0 20 f~=0 30 

Barger et al [24] 025  031 0 3 6  042  023  
Ha lzene t a l  [25] 025  033  041 048  0 11 
ISAJET [ 17] 0 26 0 34 0 42 0 50 0 10 
EUROJET [20] 0 21 0 28 0 36 0 43 0 15 

predict values for R in the range 0 21-0  25 
The possible effect o f  it product ion has also been 

taken into consideration, for a top mass o f  25 GeWc 2, 
which is near the lowest value allowed by e+e - 
experiments [26],  we would expect a i t  production 
cross section o f  13 nb corresponding to 11 like-sign 
and 25 unlike-sign events passing the selection crite- 
ria I f  one Includes these ad&tlonal  events, the pre- 
diction for R increases to only 0 27 The effect is even 
smaller for higher masses o f  the top quark 

Our  measured value o f  R ( 0  42_+0 07_+0 03) is 
larger than that expected for the case o f  no mixing 
(0 26 _+ 0 03 ) On the other hand, predictions for full 
B ° mixing give R in the range 0 28-0  50 depending 
mainly on the fraction o f  d lmuon events due to B ° 
decays and the contribution from ~c as shown in table 
1 

An experimentally accessible quanti ty that meas- 
ures the degree o f  OSClallatlons is the fraction o f  
beauty hadrons that decay into muons o f  the oppo- 
site charge to that expected from first-order weak 
decay This fraction is 

X = BR( b--' ~° ~ B °  -*IX+ + X)/BR(b-- ,  B ~ Ix -+ + X) 

Note that the denominator  includes all beauty had- 
rons (mesons and baryons)  and is the average seml- 
muonlc  branching ratio weighted by the relative 
probabilities to produce the different states in b quark 
fragmentation We refer to 2' as the fraction o f  
"wrong-sign" decays in the sample o f  all beauty had- 
rons (mesons and baryons)  where only first genera- 
tlon decays are considered G~ven the predictions for 
Nf, N~ and No, 2" is related to our  measured value o f  
R as follows 

22'(1-2")Nf + [(1 _2"2)2 +x2lNs 
R = [ ( 1  --2') 2 +2'2 ] Nf + 22'(1 - x ) N ,  +No 

For Z = 0  we recover the no-mixing expression, 
R=N,/(Nf+Nc) Using the measurement o f  R, the 
Monte Carlo predlcuons for the ratio Ns/Nf and for 
the charm fraction Nd(Nf+Ns+Nc), we obtain a 
measurement o f  the mixing parameter  X The 
dependence o fx  on R and Nc is shown in fig 1, using 
the predicted ratio Ns/Nf= 0 30 For Nd(Nf+ Ns + N~) 
= 0  10we f i n d 2 ' = 0  1 0 + 0  05 

Since the muons from second generation decays 
have a softer PT spectrum than those from first gen- 
eration decays, we have also determined 2' with a 
likelihood fit in which the differences In the Pa- dis- 
tributions for like- and unhke-slgn dlmuon events are 
taken into account The two-dimensional PT distri- 
butions for first- and second-generation decays of  
pairs of  beauty particles, and decays of  pairs of  charm 
particles were determined using the ISAJET Monte 
Carlo program [ 17 ] The fraction of  events from ec 

['s (Xd =0, fs= 02) 

os 1o 
l l 

f 

l ~  0 3 + 

'~ 02 
z 

oi . . . . . . . . . . . .  ~- 
) 

0 
0 05 0 10 0 15 0 20 

X 

Fig 1 Variation of X, the fraction of wrong-sign beauty decays, 
as a function of the fractmn of~c decays m the data sample The 
curves correspond to the experimental measurement of the ratio 
of numbers of hke-slgn to unhke-slgn dlmuons 
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was also taken from the Monte Carlo with a + 50% 
error based on the uncertainty in the parametnsa-  
tlon o f  the charm framentatxon function The uncer- 
tainties on the measured beauty and charm muonlc 
branching ratios ~7 were propagated to determine the 
errors on the fraction of  events from first- and sec- 
ond-generation beauty decays The calculated back- 
ground dlstrlbuttons were used, with an 18% error 
on the normalization The likelihood curve is shown 
In fig 2, giving X = 0 121 + 0 047 The alternative o f  
no mixing (X = 0) is dlsfavoured relative to the best 
fit for X with a likelihood ratio of  1 73 or 2 9 stand- 
ard deviations 

The mixing parameter Z measured in this analysis 
is an average over all beauty states as in ref [ 14] 
Oscillations can only occur for the neutral meson 
states B ° and B ° and we define mixing parameters Xd 
and Xs for these mesons to be 

0 - 0  Xd(s) =Prob(Bd(,)  ~Bd(s)) 

BR(B°(s) --,Ix- + X) 
-BR(B°(s )  ~IX-+ + X) 

They are related to X by 

(BR) 0fdXd (BR) J~X, 
Z -  <BR)  + ( B R )  ' 

where (BR)d ~ are the muomc branching ratios for 

I I I I I 

o 7 10 ) 

6 

o L 5 ~4 ¢:) 102 3o" 

I0 ° 0 
0 01 02 03 01+ 

X = Fracflon of Wrong Sign 
Beauty Hadron Decays 

Fig 2 LNellhood raUo as a function of X, resulting from a fit to 
the PT distributions of first- and second-generation bb decays, ~c 
decays, and &muon background The nghthand scale shows the 
logarithm of the hkehhood ratio The hkehhood ratio values cor- 
responding to 1,2 and 3 standard deviations are represented as 
horizontal hnes 

B ° and B ° decays, ( B R ) =  ~'~BR, is the muonlc  
branching ratio for all beauty states, t, and fd(s) are 
the fractions o f  beauty quarks hadronlzmg into 
B °(st mesons Most o f  these quantities are unknown 
Based on measurements of  the K+/x  + ratio at large 
PT at the ISR [27],  reflecting the probablhty that a 
scattered u quark picks up an ~ or a in the fragmen- 
tation process, we assume that fd = 0 40 andf~= 0 20 
Thus, for example, talong Xo = 0 0 and Xs = 0 5 (max- 
imal B ° mixing) and equal seml-leptomc branching 
ratios for the different beauty particles, we get 
X = 0 10, consistent wtth the measured value 

Our result is consistent with experiments at e+e - 
colhders, which exclude substantial mixing in the 
B°,--,B ° channel, tf we assume that mixing occurs 
mainly in the B ° ~ l )  ° system We express all results 
in terms of  the mixing parameters 

BR[B°(s)-)IX - + X  ] Zd(~) 
rd(s> -- BR[B°( , ) - - )g+X] - [ 1 --Xd(s)] 

In fig 3 we show the 90% confidence level limits for 
rd and r, coming from ARGUS [ 13 ] and M A R K  II 
[ 14] as well as from our own measurement,  calcu- 
lated for fd = 0 40 and f,  = 0 20 and equal seml-lep- 
tonic branching ratios for all beauty particles The 
allowed region overlaps with the theoretical predic- 
tions rd--0 and r , = 0  33-0  89 [ 10] 

10 

08 

06 

rd MARK II 

0~. ~,~x~/, ARfiUS 

02 01+ 06 08 10 

rs 

Fig 3 Limits on rs and rd at 90% confidence level, from Argus, 
Mark II and UA1 The mzxlng parameters rs and rd are the ratios 
of wrong-sign to right-sign B ° and B ° decays, respectwely The 
curves for Mark II and UAI are for fd=0 40 andf~=0 20, where 
fd and f~ are the fraeUons of beauty quarks hadromzmg into B ° 
and B ° mesons, respectively We assume equal sem~-leptonlc 
branching ratios m the muon channel (12%) for all beauty states 
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Finally, we can give a very rough estimate of the 
BH-BL mass difference Taking F=I/zB, where 
r a =  (1 1 2 + 0  1 6 ) ×  10 -12 s is the measured beauty 

llfeUme [ 5 ], the hml t  rs> 0 12 from fig 3 corre- 
sponds to a mass difference AM(B ° ) > 3 × 10 -4 eV, 
to be compared with A M ( K  °) = (3 521 
+ 0  014) ~ I0 -6 eV 

4 Conclustons We have examined the charge com- 
posit ion of the UA 1 d lmuon  event sample described 
in ref [ 15] to search for B°,--,B ° oscillations We 
determine R = N [  + + ]/N[ + - ] by two methods 
which give R = 0  4 2 + 0  0 7 + 0  03 and R = 0 4 5  
+ 0 07 + 0 05 We find an excess of hke-slgn d lmuon  
events compared to expectations for product ion and 
cascade decays of beauty particles with no oscilla- 
tions Predlctmns without oscdlatlons give R between 
0 21 and 0 26 A natural  explanation for the large 
fraction of hke-slgn d lmuon  events is a significant 
amount  of B°*--d) ° oscillations The fraction ofwrong- 
stgn b-quark decays (averaged over all b-hadron 
states) is )~=0 121+0  047 The alternative of  no 
mixing (X = 0) is dlsfavoured with a hkehhood ratio 
of I 73 or 2 9 s tandard devmtlons. The parameter  Z 
is averaged over the unknown beauty particle com- 
posit ion of jets at the colllder 

Our result IS compatible with existing hm~ts on 
B°,--*l) ° oscillations coming from experiments at e - e -  
colhders prowded the OsclllaUons occur mainly m the 
B ° system, as favoured theoretically The hmlt  on the 
ratio of wrong-sign to rlght-s~gn decays for 
B °, r s>0  12, corresponds to a mass difference, 
AM(B ° ) > 3 × 10 -4 eV 

We are thankful  to the management  and staff of 
CERN and of all participating institutes for their v~g- 
orous support of  the experiment  The following 
funding agencies have contributed to this programme 
Fonds zur Forderung der Wlssenschaftllchen For- 

schung, Austria 
Valtxon luonnont le tee lhnen tOlmlkunta, F in land  
Instl tut  Nat ional  de Physique Nucl6mre et de Phy- 
sique des Part~cules and Inst l tut  de Recherche Fon-  
damentale  (CEA),  France 
Bundesmlnls ter lum fur Forschung und  Technologle, 
Fed Rep Germany  
IstltUtO Nazlonale dl Flslca Nucleare, Italy 
Science and Engineering Research Council,  Umted  

Kandom 

Stlchtmg Voor Fundamentee l  Onderzoek der Mate- 
rle, The Netherlands 
Depar tment  of Energy, USA 
The Natural  Sciences and Engineering Research 

Councd of Canada 
Thanks are also due to the following people who 

have worked with the collaboratmn m the prepara- 
tions for and data collection on the runs described 
here L Baumard, F Bernasconl, D Brozzl, R Conte, 
L Dumps,  G Fetchenhauer,  G Gallay, J C Mlche- 
Ion and L Pollet 

References 

[1]TD LeeandCS Wu, Ann Rev Nucl So 16(1966)511 
[2 ] L Wolfenstem, preprlnt CMU-ITEP-86-3, to be pubhshed 

m Ann Nucl Scl 
[3] J Elhs et al ,Nucl Phys B 131 (1977)285, 

A All and Z Aydln, Nucl Phys B 148 (1979) 165 
[4] WC Lomsetal, Phys Rev Len 56 (1986) 1027 
[ 5 ] V Luth, Lifetime of heavy flavour particles, m Proc Phys- 

ics in Colhslon 5 (Autun, France, July 1985) (Editions 
Frontleres Dreux), and references therein 

[6] M Kobayashl and K Maskawa, Prog Theor Phys 49 
(1973) 652 

[7] N Cablbbo, Phys Rev Lett 10 (1963) 531 
[8] L Wolfensteln, Phys Rev Lett 51 (1983) 1945 
[9] A Ah, Heavy quark physics at LEP, Physics at LEP, Vol II, 

CERN yellow report 86-02 
[10] A Ah, preprlnt DESY 85-107, 

see also A Ah and C Jarlskog, Phys Lett B 144 (1984) 
266, 
V Barger and RJ N PhlhpS, Phys Rev Lett 55 (1985) 
2752, Phys Lett B 143 (1984) 259, 
I I Blgl and A I Sanda, Nucl Phys B 193 (1981 ) 85, Phys 
Rev D29 (1984) 1393 

[ 11 ] Cleo Collab, Phys Rev Lett 53 (1984) 1309 
[ 12 ] D Krelmck, Recent results from CLEO, talk Intern Symp 

on ProducUon and decay of heavy hadrons (Heidelberg, May 
1986) 

[ 13] ARGUS Collab, V Matveev, ARGUS results on B°-13 ° 
mixing, talk Intern Symp on Production and decay of 
heavy hadrons (Heidelberg, May 1986) 

[ 14] MARKII Collab, T Schaad et al, Phys Lett B 160 (1985) 
188 

[15] UA1 Collab, HC Albajar et al, Phys Lett B 186 (1987) 
237 

[ 16] G Altarelh et al, preprlnt CERN-TH 4015/84 
[17] F Pa~ge and S D, Protopopescu, ISAJET Monte Carlo, 

BBNL 38034 (1986) 
[18] E Elchtenetal,Rev Mod Phys 56(1984)579 
[ 19 ] Particle Data Group, Review of Particle Properties, Phys 

Lett B 170 (1986) 1 

253 



Volume 186, number 2 PHYSICS LETTERS B 5 March 1987 

[20] A All, E Pletannen and B van Eijk, Eurojet, a Monte Carlo 
program for jet slmulaUons, B van E1jk, presented 5th Top- 
lcal Workshop on Proton-antlproton colhder physics (Stunt 
Vincent, Italy, 25 February-I March 1985) p 165 

[21 ] A All, B van Euk and I ten Have, Heavy flavour produc- 
uon m large transverse momentum proton-antlproton col- 
hslons, prepnnt CERN TH-4523/86 

[22] UAI Collab, C Albajar et al ,  Inclusive production of low 
transverse momentum jets at the proton-antlproton colh- 
der, in preparation 

[23] A Chen et al ,  Phys Rev Lett 52 (1984) 1084, 
J Greenetal  ,Phys Rev Lett 51 0983)347,  
S E Csorna et al,  Phys Rev Lett 54 (1985) 1894, 

W Bacmoetal ,  Phys Rev Lett 43 (1979) 1073, 
R Schmdler et al,  Phys Rev D 24 (1981) 78, 
R Baltrusa~tls et al ,  Phys Rev Lett 54 (1985) 1976, 
S Bethke, DESY prepnnt 85-067 (1985), and references 
thereto 

[24] V Barger and R J N Phlhps, preprlnts MAD/PH/155, 239, 
266 

[25] F Halzen and A Martin, preprmt DTP/84/14 
[26] TASSO Collab, M Althoffet al,  Phys Lett B 138 (1984) 

441, 
B Adevaet al,  Phys Rep 109 (1984) 1 

[27] ABCDHW Callab ,A Breakstone et al,  Left B 135 (1984) 
510 

254  


