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The propert i es of B decays are br i ef l y  rev i ewed. The CLEO results on the 
exc l us i ve B decay modes are presented and the results of a new search for b+u 
2-body trans i t i ons i s  reported. A novel techn i que for "part i a! " B reconstruct i on 
i s  presented, y i e l d i ng rates for the decay modes of the form B + D*+x-, where X 
is �. p, or F. The0C�go results on the rat i o  of the charged and neutra l B 
l i fet i mes and the B -B m i x i ng l i m i t  are also presented. F i na l ly, future 
prospects w i th an enlarged data set are outl i ned . 
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Br i ef Rev i ew of  Early Results : Most of what i s  known of B mesons has been 
l earned through the study of the decays of the T (4S) meson. The T (4S) , produced 
as a resonance i n  e•e- ann i h i lat i on, i s  the f i rst bb bound state wh i ch i s  above 
threshold for product i on of mesons w i th net beauty. The CLEO data set on wh i ch 
the follow i ng i s  based consi sts of 40 . 6  pb-l of i ntegrated lum i nos i ty taken on 
the T (4S) and 17.3 pb-l taken on the cont i nuum i mmed i ate l y  below the T (4S) . The 
data were taken at the Cornel I Electron Storage R i ng (CESR) . 

The exami nat i on of the leptons com i ng from T(4S) decays has been espec i a l l y  
fru i tfu l .  I n  part i cular, the y i e l d  o f  prompt leptons prov i ded the f i rst ev i dence 
that the decay products of the T (4S) , B mesons, carr i ed a new flavor and were 
weak l y  decay i ng1 • 2l CLEO has measured the average lepton i c  branch i ng fract i ons3] 

for B mesons to be: Br (B+evX) = . 120 : . 007 : . 004 and Br (B+µvX) = . 108 : .006 : 
. 010 where the f i rst errors quoted are stat i st i cal and the second errors are 
systemat i c. A search for d i  lepton events of the form B+�·�-X y i elded an upper 
I i m i t  for f l avor chang i ng neutral current decays of less than . 31% at the 90% 
C.L . 4] The semi lepto n i c  charged mult i pl i c i ty was measured to be 3 . 8 : . 45) Of 
more s i gn i f i cance than the s i mple count i ng of leptons observed, however, are the 
shapes and endpo i nts of the lepton momentum spectra. F i gure 1 shows the electron 
momentum spectrum observed i n  T (4S) decays .  Stud i es of th i s  spectrum have shown 
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that the hadron i c  recoi I mass i n  the decay 
ELECTRON SPECTRUM B+evX i s  approx i mate I y 2 GeV /c . The 
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F i g. 1. Electron momentum 
spectrum from T (4S) decays. 

shapes and the endpo i nts of the lepton 
spectra i mply that the rat i o  of b+u 
trans i t i ons to b+c trans i t i ons i s  < 4% at 
the 90% C . L . 6] It seems therefore an 
exce l l ent approx i mat i on to assume that 
every b decay produces a charmed part i cle. 
The electron momentum spectrum i s  
consi stent w i th a hadron i c  system composed 
of 50% D and 50% o* mesons. Us i ng the 
measured semi lepton i c  charged 
mult i pl i c i t i es of the D mesons, the 
calculated charged mult i pl i c i ty result i ng 
from such a m i xture would be 2.52 wh i ch 
suggests that there i s  l i ttle, i f  any, 
add i t i onal fragmentat i on of the daughter c 
quark and the spectator ant i -quark. 
F i gure 2a schemat i cally depi cts the 
spectator decay of a B meson i n  wh i ch the 
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Fig. 2 .  Spectator decays of B mesons. 
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virtual W boson decay products form hadrons independent o f  the c quark and 
spectator anti-quark. Figure 2b shows a spectator decay in which one of the 
decay products of the W boson has the appropriate color to form a color-singlet 
hadron with the daughter c quark . This process is cal led "color-mixing" . A 
simple argument involving the probability of producing the appropriate color 
anti-quark which forms a color-singlet with the daughter c quark suggests that 
this latter process is expected to be suppressed by approximately 1/9 . Phase 
space calculations give a rate for W-+cs of - 15� . A search for decays of the 
form B+�X yields an upper limit for this process to be less than 1 . 6� at the 90� 

C .L . 71 in good agreement with theoretical expectations. 

Figure 3 shows the observed momentum spectra of charged o* • s  and neutral O's 
coming from B decay. The dashed curve is 
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Fig. 3 .  o* ,  0° momentum spectra. 

a simple phase space distribution and the 
solid curve is obtained by using a V-A 
weak decay matrix element for the process 
b+cev in which the b quark has been given 
the mass of the B meson and the c quark 
has been given the mass of the D meson. 
The similarity in shape between the 
observed momentum spectra and the b+cev 
curve suggest that the fragmentation of 
the decay products of the virtual W boson 
emitted by the decaying b quark is nearly 
independent of the fragmentation of the 
daughter c quark and the spectator anti­
quark. In summary, b decay seems wel I 
described by the spectator model with no 
•color mixing• ; i.e. the b decays via V-A 
matrix element to a c quark with emmission 
of a virtual W boson. 
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Fu l I B Reconstruct i on :  Ful I reconstruct i on7• 8] of B mesons requires the detection 
and correct i dent i f i cation of al I of the decay products . This is very difficult 
because B mesons resulting from T(4S) decays are nearly at rest in the laboratory 
frame (p-.08) produc i ng a nearly isotropic decay . With a mean charged 
mult i plicity i n  BB events of - 11, the combinator i al problem of correctly 
choosing and ident i fy i ng the r i ght set of particles corresponding to the correct 
B meson decay i s  quite formi dable. The situation becomes worse when actual 
acceptances and eff i c i encies are folded i n. The most v i able strategy for 
reconstruction of B mesons with CLEO data is to search for low mult i plicity 
decays i n  wh i ch a charmed particle can be reconstructed, e . g .  B-+D0r-+(K-r+)r- or 
..,o *+ - 0 + - 9] o +D r +(D r )r . The data were cut on the ratio of Fox-Wolfram moments H2/H0 
= R2 < . 3  i n  order to reduce the 2-jet continuum background . D0's were made by 
comb i n i ng i dent i f i ed kaons with oppos i tely charged tracks and requ i red to have a 
momentum between 1 and 2.6 GeV/c, the k i nematic maximum. S i nce the D0 momentum 
is fa i r l y  hard, the directions of its decay products are correlated with its line 
of fl i ght . A cut of l cosO I < .8 was made for the angle of the D0 daughter r with 
respect to the d i rection of the Kr system . For Kr comb i nations w i th a mass of 
1865 z 40 MeV/c2 , D* 's were reconstructed by computing the Krr - Kr mass 
d i fference, wh i ch i s  known to be 145.4 MeV/c2 for the decay D*++D0r+. An overall 
energy constraint of m2B = E2b + (E.p.)2 was imposed and the 4-momenta of D0 and eam 1 1 
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F i g. 4. B reconstruction results. 

D* candidates were constra i ned to have the 
correct invar i ant mass. F i gure 4 shows 
the reconstruct i on results for events 
satisfying a x2 cut . Background estimates 
were made by performing the same analysis 
on continuum data taken below the T(4S) 
(no signal was observed) and by displacing 
the Kr mass cut z200 MeV/c2 from the 
correct D0 mass (known as the D0 s i de­
bands). The branching fractions were 
computed under the assumption that the B°­
B- mass difference i s  E i chten 'slO] 

theoretical value of 4.4 MeV/c2 , yielding 
Br(T(4S)+B°B°) = .40 and Br(T{4S)+B+B-) = 

. 60 .  The results are l i sted in Table I .  

Knowledge of the B meson masses 
enables a precision search7l for b+u 
2-body decays such as B°+r•r- and B-+p0r-. 
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Table I 
<B> = 5273. 0 • 1 . 3  • 2.0 MeV/c2 

B- = 5271. 2  • 2 . 2  • 2 . 0  
= B-+D0r­

B°+D0r+r­
B°+D*+r­
B-+D*+r-r+ = 

(4.2 • 4 . 2)1 
(13 .0 • 9 .0)" 

(2. 6 • 1 .9)" 
(4 . 8  • 3 .0)" 

B° = 5275. 2  • 1 .9 • 2.0 
B°-B- = 4.0 • 2 . 7  • 2.0 

For both cases a cut was made which required the reconstructed system to be near 
the known beam energy within some limit : for the B°+r•r- case this limit was. 300 
MeV and for the case of B-+p0r- it was 250 MeV. A p0 was defined as any r+r­
combination with invariant mass between . 5  and 1 GeV. As before, the energy of 
the reconstructed B meson was constrained to have the beam energy. The topology 
of these two-body decays is quite specific . They must have two high momentum 
particles with invariant mass near the beam energy and yet the sum of their 
momenta must be relatively small : - 400 MeV/c. This means that they must be 
energetic and nearly oppositely directed in the laboratory frame, appearing much 
like 2-j et continuum events . The continuum background can be greatly reduced by 
computing the j et axis of the event without the particles comprising the B 
candidate . In a true B°B° event the other B decay should be nearly isotropic and 
there should be no correlation between the computed j et axis and the direction of 
the other B ' s  daughter particles . However, in a 2-j et continuum event the 
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direction of the high momentum particles, 
which would normally make promising B 
candidates, is highly correlated with the 
j et axis. This point is illustrated in 
Figure 5. In order to reduce this 
background, events were rejected if at 
least one of the high momentum particles 
has l cos8 1 > . 8  with respect to the jet 
axis. For the B-+p0r- case, an additional 
requirement was made on the polarization 
of the p0 • CLEO finds upper limits of 
Br (B°+r+r-) ( 0.05" and Br(B-+p0�-) ( 
0 . 06" at the 90I C . L .  Since the method 
used here is not sensitive to the mass of 
the final-state particles, the lepton 
identification capabilities of the CLEO 

detector can be used to set limits on 
processes of the form B°+.e..+.e..-. Upper 
limits for these processes are Br (S0+e+e-) 
( 0.03", Br(B°+p+p-) ( 0.02", and 
Br (B°+e•p�) ( 0 . 03" at the 901 C .L .71 
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Parti al B Reconstructi on :  As ev i denced i n  the preceed i ng sect i on, full B meson 
reconstruct i on i s  a d i ff i cult task. Fr011 a data sample of approx i mately 80,000 B .  
decays, CLEO has only been able to fully reconstruct about 25. In th i s  sect i on, 
a novel techn i que of •parti al• B reconstructi on71 i s  outli ned whi ch y i elds 
measures of the branch i ng fract i ons for processes of the form lf'+D*•x-+(D0•+)X-, 
where X can be •, p, or F. 

The word •parti al• i n  th i s  case refers to the fact that the D0 i s  not 
d i rectly observed. To i llustrate the techni que, consi der the decay lf'+D*+•- The 
object i ve here wi I I be to max i mally explo i t  the part i cular k i nemati cs of th i s  
decay i n  order to obta i n  an i mproved s i gnal-to-background rat i o. As menti oned 
prev i ously, the B mesons produced i n  the decay of the T (4S) are mov i ng very 
slowly (/1- .08) ; therefore 2-body decays of the B meson have nearly monoenerget i c  
spectra i n  the laboratory frame. I n  parti cular, the .- momentum i s  constra i ned 
to l i e  between 2 and 2. 6 GeV/c. The D*++D0•+ decay has a �  value of only 145 
MeV. Th i s  means that the •+ i s  very soft, less than 250 MeV/c i n  the laboratory 
frame, and that i t  essenti ally reta i ns the D*+ d i recti on. S i mple energy 
conservat i on g i ves F_o = (Eb - E - - E +) .  Th i s  allows the calculat i on of the 

0
-U eam • • 

0 magn i tude of the D momentum . The angle between the D and the •+ i s  g i ven by 
cos9 = (m�o + m�+ + 2EooE•+ - m�•+)/(2 lpD0 l lP.+ f ). The D0 i s  thus constra i ned to 

l i e  on a cone around the soft •+. The 
only unknown left i n  the problem is the 
angle between the D*+ and the .-. Th i s  
angle i s  chosen to max i m i ze the 
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reconstructed B (pseudo)mass. For a 
genu i ne If' decay there w i ll be an angle 
wh i ch y i elds a reconstructed If' mass 
w i th i n  14 MeV of the beam energy, however 
th i s  w i ll not be possi ble for the bulk of 
the fake comb i na t i ons. As seen i n  F i gure 
6, Monte Carlo stud i es of B°B0 events show 
that th i s  techn i que y i elds a pseudomass 
for the B IJl&SOn wh i ch peaks between the 
true B mass and the beam energy. The 
background from 3-body decays such as 
lf'+o*•e-v was el i m i nated by requ i r i ng that 
the hard p i on from the B decay have 
momentum ) 2. 3 GeV/c. The cont i nuum 
background was reduced by requ i r i ng 
R2 < .5. The shape of the background can 
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be measured in several ways. One method 
is to reverse the 3-momentum of the soft 
pion from the o•+ decay. The hard pion 
from the primary B decay and the soft pion 
i n  the o•+ decay should be essentially 
back-to-back; thus the true n" signal 
should not contribute in the track­
inverted analysis. Another measure of the 
background is the analysis of the 
continuum data taken below the T (4S) . In 
this method the particle momenta are 
scaled by the ratio of the mass of the 
T (4S) and twice the actual beam energy; 
and in the analysis itself, the beam 
energy is set to be half the mass of the 
T (4S) . Figure 7a shows the track inverted 
analysis on (solid) and below (dashed) the 
T (4S) . Figure 7b shows the subtraction of 
the two. Figure Sa shows the partial B 
reconstruction pseudomass distribution 
(solid line) and the scaled continuum 
background (dashed line). Figure Sb shows 
the continuum subtracted signal. The 
analysis finds 41 • 12 n" events giving a 
value of Br ("B°+o••�-) = (2.1 • .5 • .5)%, 
assuming Br(T (4S) +B0"B°) = .4 and 
Br(o••+�•o0) = . so • .15.71 

Using a similar technique11l , CLEO 
has measured the branching fraction for 
n"+o••p-+ (�+0°) (�-�0) .  As in the previous 
example, the momentum of the p- is 
k i nematical ly restricted to lie between 2 
GeV/c and 2.4 GeV/c. Photon showers with 
energies greater than 250 MeV were 
observed in the CLEO electromagnetic 
shower counters which consist of layers of 
proportional wire tubes interleaved with 
lead sheets. Pairs of showers were used 
to make �0 ' s .  Figure 9 shows the 
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i nvar i ant mass spectrum of photon pa i rs 

wh i ch make wh i ch make a r0 cand i date w i th 

energy greater than 1 GeV . In the 

ana lys is ,  a r0 was def i ned as any photon 

pa i r  w ith i nvari ant mass between 70 MeV/c2 

and 200 MeV/c2 and w i th energy greater 

than 1 GeV . The photon energ i es were then 

constra i ned to y i e l d  an i nvar i ant mass of 

mro . The soft r+ from the o*+ decay was 

requ i red to have momentum of l ess than 230 

MeV/c and i ts d i rect i on had to be w i th i n  

26
° 

of the reverse p- d i rect i on .  The r0 
cand i dates were pa i red w i th negati ve l y  

charged tracks to make p- cand i dates . The 

ana lys i s  was repeated for var i ous ranges 

of the i nvar i ant mass of the .-.o 
system; 

i n  each mass range the momentum of the 

.-.o 
system was restr i cted to be l ess than 

the k i nemati c  maxi mum a l l owed for 

lf+o*• cr-r0) . As before, the background 

from 2-jet conti nuum events was reduced by 

requ i r i ng R2 < . 3 .  The resu l ts are shown 

i n  F i gure �O. A c l ear s i gna l i s  observed 

for m.-.o between . 62 and . 92 GeV . The 

background was esti mated i n  three ways : by 

study i ng the process If +o••x•+o• cr•r0) , by 

i nvert i ng the 3-momentum of the soft p i on 

from the o*• decay , and by study i ng the 

decay 1f +o*•x0 • Subtracti on of the 

average of the var i ous background 

esti mates l eaves a s i gna l of 12 .4 • 4 . 5  
events . Under the same assumpt i ons used i n  

the ca l c u l at i on of Br(B°+D*r-) , th i s  

y i e l ds Br(B°+o*•p-) = 7 . 3  • 2 . 6  �� :�· 
The parti a l  reconstruct i on techn i que 

has a l so been used to search for the 

process lf+o*+F-+D*+ c;r-) 121 .  Oppos i te l y  

s i gned tracks not pos i t i ve l y  i dent i f i ed as 

p i ons were pa i red together under the 
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assumpti on that they were kaons . The K+K- pa i rs w ith i nvar i ant mass w i th i n  7 

MeV/c2 of the � mass were then pa i red w i th negat i ve l y  charged tracks to make F­
mesons. On ly  F- cand i dates w i th momentum greater than 1 GeV/c and l ess than 2 . 5  
GeV/c were kept. No s i gna l was observed, i mp l y i ng Br (9°+o••F-) < 10% . 

The L i fetime Rat i o  and M i x i ng:  In semi l epton i c  decay , on l y  the spectator d i agram 
contr i butes; thus the part i a l  w i dths for B°+�-vx• and for B-+�-vX0 are equa l .  
Th i s  means that the rat i o  of the l i feti mes of the charged and neutra l B mesons i s  
equa l to the rati o  o f  the respect i ve semi l epton i c  branch i ng f ract i ons . The 
exper imenta l prob l em  for CLEO i s  that on l y  the average of the sem i l epton i c  
branch i ng fract i ons f o r  B mesons i s  measured . I f  the rat i o  o f  product i on of 
neutra l and charged B mesons f rom T (4S) decays i s  taken to be 4 : 6  as d i scussed 
ear l i er ,  then measurements of the prompt s i ng l e  l epton and d i  l epton (from 
para l l e l  B decays) y i e l ds com i ng f rom B decays can be used to unravel the average 
B meson l epton i c  branch i ng f ract i on i nto i ts component parts . CLEO f i nds 85 • 
16 d i  l epton events f rom para l l e l  B decays y i e l d i ng a l i m i t  on the rat i o  of 
neutra l to charged l i feti mes of . 25 < r0/r- < 2 . 9  at the 90% C . L . 4] 

As i n  the K0
-K° system, mi x i ng between B0 and n° i s  poss i b l e  through the 

d i agrams shown i n  F i gure 11 . An observab l e  consequence of B0
-n° m i x i ng i s  the 

u,c,t  

F i g .  11 . B0 -rf' mi x i ng d i agrams . 

number of l i ke s i gn d i  l eptons com i ng from 
para l l e l  B decays . A conven i ent parameter 
for measur i ng B0

-B° m 1 x 1 ng i s  
Y = [N(B°B°) + N (B°n°) ] /N(B0n°) .  For 
comp l ete m i x i ng Y = 1, and for no m i x i ng Y 

= 0 .  Exper i menta l l y ,  Y can be rel ated to 
the numbers of observed d i  l epton events by 
Y = [N (�+�+) + N (�-�-) ] /N (�+�-) .  On l y  
d i  l eptons from para l l e l  B decays are 
i nc l uded; fakes and cascade contr i butions 
must be subtracted out . Unfortunate l y ,  
the computati on of N (�·�-) depends 
strong l y  on the producti on rat i o  of 
neutra l to charged B mesons on the T (4S) 
and on the rat i o  of the semi l epton i c  
branch i ng f racti ons . F i gure 12 shows the 
9°" C . L .  upper l i m i t  on Y versus the rat i o  
o f  semi l epton i c  branch i ng f ract i ons4l . 
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Future Prospects : CESR has recent l y  
upgraded i ts LINAC to enhance i ts abi l i ty 
to produce pos i trons and has now moved to 
a seven bunch mode of operation Current 
runn i ng cond i t i ons now produce -1 pb-l of 
i ntegrated l um i nos i ty per day at the T (45) 
energy . The poss i b i l i t i es for tr i p l i ng 
the CLEO B meson data set i n  1985 are 
qu i te good . CLEO has a l so now added a 
h i gh prec i s i on secondary vertex detector 
and i nsta l l ed charge sens i t i ve e l ectron i cs 
for dE/dx measurements on i ts ma i n  d r i ft 
chamber ,  s i gn i f i cant l y  enhanc i ng CLEO 's 

2.o charged parti c l e  momentum reso l ut i on and 
i denti f i cati on ab i l i ti es .  W i th an 
en l a rged data set, i t  seems feas i b l e  to : 
reduce the l i m i t  on b+u/b+c trans i t i ons by 
a factor of 4 ;  reduce the l i m i t  on B0

-B0 

m i x i ng and the rat i o  of neutra l to charged 
l i feti mes by a factor of 3; perhaps 

measure r8 d i rect l y ;  reconstruct - 100 add i t i ona l B mesons; and i mprove the 
measured branch i ng f ract i ons and the B0

-B- mass d i fference. 
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