
:  

Recen t  Resu l ts  f r om C L E O  I a n d  A  G l a nce  at  C L E O  II Da t a  

Yu i ch i  K u b o t a  
Un ivers i ty  o f  M i nneso t a ,  M i nneapo l i s ,  M N  5 5 4 5 5  

Abs t rac t  

W e  p r e sen t  h i gh l i gh ts  o f  resu l ts  b a s e d  o n  4 2 8  p b - ’ o f  e + e -  
ann i h i l a t i on  d a t a  t a ken  w i th  t he  C L E O  I de tec to r  a t  C E S R  (Co rne l l  
E l ec t r on  S t o r a g e  R ing ) .  M e a s u r i n g  t he  b r a n c h i n g  f rac t ions fo r  
B - - + D ’l- i a n d  k ?“+ D + l - V  w e  es t imate  that  IVbc l - 0 . 040 .  T h e  
ra t i o  o f  sem i l ep ton i c  w id ths  fo r  f ina l  s ta tes w i th  vec to r  a n d  
p seudo - s ca l a r  D  m e s o n s  a r e  d e t e rm i n e d  to  b e  2 .6k1 .1 ,  a n d  t he  
ra t i o  o f  B -  a n d  i o  l i fet imes, z (B- ) /T (  ~ “) = 0 . 89 f 0 . 1 9~0 . 13 .  W e  
h a v e  o b s e r v e d  t he  d e c a y  D& j l +v ,  wh i c h  l e a ds  to  a  de t e rm i na t i o n  
o f  a bso l u t e  0 :  d e c a y  b r a n c h i n g  f ract ions.  T h e  asymmet r y  w e  
h a v e  o b s e r v e d  i n  t he  d e c a y  A Z  - +  A n +  demons t r a t e s  a  v io la t i on  o f  
pa r i ty  conse r va t i o n  i n  t he  w e a k  d e c a y  of  a  c h a r m e d  par t ic le .  T h e  
C L E O  II de tec to r  s ta r ted  o p e r a t i o n  i n  t he  fal l  o f  1 9 8 9 .  W e  r epo r t  
o n  t he  p e r f o r m a n c e  of  its CsI ca lo r imete r .  

I. I n t r oduc t i on  

T h e  e + e -  ann i h i l a t i on  d a t a  u s e d  i n  t he  ana l y ses  w e  r epo r t  
h e r e  w e r e  co l l ec ted  w i th  t he  C L E O  I de tec to r  i n  1 9 8 7  at  Co r ne l l  
E l ec t r on  S t o r a g e  R i n g  (CESR ) .  2 1 2  pb - l  o f  t he  d a t a  w e r e  t a ken  o n  
t he  Y ( 4 S )  r e s onance ,  1 0 2  p b - ’ o f  t he  da ta ,  a t  a n  e n e r g y  b e l o w  t he  
Y ( 4S ) ,  a n d  1 1 6  p b ‘l o f  t he  da ta ,  o n  t he  Y ( 5 S )  r e s onance . ’ In  B  
phys ics  ana l yses ,  t he  f o rme r  two  sets o f  d a t a  a r e  used .  I T h e  
s e c o n d  set  is u s e d  to  es t imate  t he  con t r i bu t i on  o f  c o n t i n u um  e + e -  
ann i h i l a t i ons  i n  t he  first. In  t he  o t h e r  ana l yses ,  a l l  t h r e e  sets a r e  
used .  

@  Y . Kubo t a  1 9 9 1  
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The CLEO detector1 went through a major upgrade in its 
tracking system. The main drift chamber consists of 51 layers of 
wires, 11 of which are stereo, and cathode pads on the inner and 
outer walls. It measures the specific ionization of particles to a ’ 
6.5% accuracy.2 Inside the main chamber is a IO-layer vertex 
chamber with cathode pads. The innermost chamber provides 
additional three layers of tracking with straw tubes.3 The 
momentum resolution using the whole system is (&p/p)* = 
(0.23%p)* + (0.7%)*, where p is in GeV/c. 

One of the most recent results in B physics is the 
measurements of the branching fractions for the decay 
B-+D”l-i and ~‘-tD+l-V. We  discuss these measurements as 
well as their implications in Chapter II. We  have observed the 
decay D&l+v, which al lows us to calculate the branching 
fractions of 0: decays, as reported in Chapter 111. In Chapter IV, 
we describe the observation of a non-zero helicity polarization of 
the A in the decay AZ -rArr’ , which demonstrates a violation of 
parity conservation in the weak decay of a charmed particle. 
Finally, in Chapter V, we demonstrate the high performance of 
the CsI-crystal calorimeter. 

II. B-+Di-34 

QCD effects in semileptonic B decays can be summarized in 
terms of form factors, and are easier to understand than hadronic 
decays. We  calculate the Kobayashi-Maskawa matrix element 
Vet, in a way similar to the way Vud and V,s were measured 
using pseudo-scalar meson decays. 5 The differential decay rates 
as functions of momentum transfer, q*, lepton momentum, pr. 
and the polarization of the charmed meson (if it is a D*) would 
provide constraints on the form factors which have been 
estimated by various models.6.7Jt 

We  present the first measurements of the J exclusi e 
branching fractions B(B--+D’l-iS) and B(B-+D*‘l-ii) and a new 
measurement of B( i’+D+l-7). Using the average of 
B(B-+D’l-i) and B( ~‘-tD+l-T) we calculate IVbel. Then 
combining B( p+D*+l-T)g with the current results, we derive 
the lifetime ratio of the B- and i”, .r-/ro, and the ratio of vector 
meson (DC) and pseudo-scalar meson (D) productions in the 
semileptonic B decay. 

We  search for the decays D’+K-x+ and D’+K-n’rr+ in 
events with at least one lepton candidate. Figure 1 shows the 
K-xi and K-n+n’invariant mass distributions in Y(4S) and 
cont inuum samples. Existence of the Do and D+ in these events is 
evident. Many processes contribute to these signals. They are: 

(a) B+Dl vdecays. 
(b) B+D*l {decays, where we ignore x ‘s or y’s from D * 

decays. 
(c) B+D’*l vdecays or B+D(*)Xl vdecays, where X=&s. 

Since we cannot distinguish these two, we consider 
them together. 

(d) Y(4S)+B”Bo, i’+DX and B’+mixing-+ 2+1-X; or 
Y(4S)+ 6B. i+DX and B+6X fol lowed by &l-X. The 
latter contributes many fewer events. 

(e) lepton candidates are misidentif ied hadrons (fake 
Ieptons). 

(0 cont inuum contribution. 
The cont inuum contribution (f) is reduced using a difference in 
event shapes between BB and cont inuum events. We  require 
that the ratio of Fox-Wolfram moments R2 be less than 0.4. With 
this cut only 5% of spherical BB events are lost while’ 55% of the 
cont inuum events are rejected. The remaining cont inuum 
contribution is removed statistically by subtracting properly 
scaled cont inuum data from the Y(4S) data. Fake lepton 
contribution (e) is subtracted using hadron misidentification 
probabil ity and the number of events which have D and potential 
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Figure 1. Invariant mass distributions for D  candidates in events 
containing identified leptons. The histograms show 
scaled cont inuum data. The solid lines are the fits to 
the spectra. 

I- candidates (t racks which satisfy the same fiducial volume 
requirement that lepton candidates are subject to). The hadron 
misidentification probabil ity is calculated using a lepton poor 
Y(lS) decay sample, as well as a sample of A’S and protons from 
e and A decays which are identified using their separate 
secondary vert ices. 

Since B’pmixing is the major source of (d). knowing the 
mixing ratetu we can calculate its relative contributions to DI- 
and Dl+ final states [the latter state results from process (d) if B 
does not mix]. By counting the number of Dl+ candidates ]which 
are mostly from process (d)], we can, therefore, estimate** the 
number of Dl- due to this process (d). Before we subtract this 
background, we attempt to reduce it using its difference in 
kinematics from signal processes we are interested in, namely, 
processes (a-c). Since while D  and I- tend to be in the opposite 
hemisphere in the processes (a-c), there is no direction 
correlation between the two particles in the background process 
(d). Therefore, we require that the angle between the D  and I- , 
eDI- satisfy COS~DI-~0. We remove the remaining contribution 
from process (d) in our sample by subtracting the proper ly scaled 
Dl+ sample. 

We use distributions of the missing mass squared (MM) of 
the system recoil ing against Dl- (the mass of X for: the decay 
B+Dl-X), in order to distinguish var ious contributions. As seen in 
Figure 2, the distributions of those candidates from, (a-c) will 
center around MM=O, whereas the one from (d) extends to large 
negative values. We obtain the Dl- yield in a given’ MM interval 
by plotting K-x+(K+) invariant mass distributions for 
combinations whose MM falls in that interval. Then we fit them 
with a Gaussian representing the D  signal and a polynomial 
background. Figure 3 shows MM distributions obtained in this 
way for D+l-and D’l- candidates. When we subtract the 
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contribution of process (d), we use the shape of the MM 
distribution from Monte Carlo simulation of mixed events, and 
the normalization determined from the number of Dl+ 
combinations in order to improve the bin-to-bin statistical 
fluctuation of subtraction. The MM distributions after the 
subtraction are shown in Figure 4 for D+l-and Dole. 

In order to distiguish among processes (a-c), we utilize the 
differences in the D momentum spectra and MM distributions 
expected for them. The predictions by ISGWe are shown in 
Figure 5. The form factors are such that process (a) gives hard D 
spectrum (80% of D’s have momenta above 1.5 GeV/c). whereas 
that from (b-c) is somewhat softer (only 50% of D’s fall in the 
same momentum range). The predictions of other models7** are 
very similar. The MM distribution from (a) centers almost 
exactly at zero with a width of about 0.3 (GeV@)*.tz The MM 
distribution from (b) centers at 0.3 (GeV/c2)2 above (a), and that 
from (c) centers at 1 (GeV/cz)* and extends above 2 (GeV/c*)*. 
In order to fully utilize these two variables, we make two MM 
distributions for D+i (and two for Dole): one with D  momenta 
above 1.5 GeV/c; and the other below 1.5 GeV/c. We  fit each MM 
distribution to the sum of the MM distributions predicted for the 
processes (a-c): 

F(MM)=AD FD (MM)+AD*FD*(MM)+AD’*F~+L(MM), 

where AD, AD* and AD** are the number of the D, D* and Da*. 
The functions FD, FD* and FD** are normalized so that their 
integrals are unity. For each of the processes (a-c) we constrain 
the ratio of its contributions to high and low D momentum 
samples to the value ISGWe model predicts. Furthermore, the 
contribution of i’+D*+l-F is constrained using its measured 
branching fraction.9 The results of the fits are shown in Figure 4 
by a solid line along with the contribution from each process. 

Mtssing Moss Squqrcd iGcV2/c’) 

Figure 4. Missing mass squared distributions aftei subtracting 
the contribution from process where the D comes from 
one B and the lepton comes from the other B. The fits 
to the distributions in solid curve (higher one), as well 
as various components are displayed. B+DI-V (solid 
line), i+D*l-V, D+DX (dashed line), i-tD**L-7, 
D**+DX (dotted line). 
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Figure 5. Momentum distribution of D's in semileptonic B decays, 
as predicted by ISGW model (Ref. 6) and CLEO detector 
simulation. The decay modes shown are B-+Dl-i 
(solid line), B+D*1-T,D+DX (dashed line), i-+D**l-V, 
D**+DX (dotted line). 

Since the sample with D + momenta below 1.5 GeV/c Iis 
dominated by already-measured D * ' I- F decays9 (D * 'I- V decay 
does not feed into this mode) and, furthermore, the D' signal in 
that sample is statistically very weak due to a large combinatoric 
background, we do not use it. 

Fitting the Do data alone yields the following number of Do's 
for processes (a)-(c): 

ADO= 42 f 14, Ao’(D’) = 218 rt 35, and AD**(D’) =‘79 f 29 

in the entire Do momentum range, while fitting the D+ data alone 
gives 

AD+= 54f 18,and AD**(D+)= 27k 17 

in the D+ momentum range above 1.5 GeV/c. AD* is fixed using 
the B( i"+D*+ldY).9 

If we impose in the fit an isospin symmetry constraint (the 
ratios of D'l-i and Of-T rates are the same for the i” and B- 

decays): 

we obtain 

l-( S--a*+i~) ~-(B---sD*~~--$ o 

r( t%D+i---) = I-(B-+D"l-i) ' 

ADO= 39 f 14, Ao*(D') = 220 f 25, and AD**(D') = 79 f 28; and 
AD+= 54 f 18, and Ao**(D+) = 27 f 16. 

Furthermore, 

l-( $-+D*+iT) I-(B--+D*'l-i) I 

l-( &+D+i==) = I-@-+D'li<) 
= 2.6 f 1.1. 

The fit gives a chi-squared per degree of freedom, xz/DF, of 0.5. 
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The branching fractions B($-+D+I<) and B(B-+D”l-%) can 
be calculated by 

B(ii”+D+rT) = AD+ 
2bf+W+FFs&x 

, and 

B(B-+D”I-7) = AD’ 
2N4sfooED°FFs ’ 

where 2N4s = Ng = 480.000 is the total number of B mesons, f+- 
and foe are the fractions of Y(4S) decays to B+B- and BOB’, &DI is 
the efficiency for detecting the D in a semileptonic B decay, ~1 is 
the efficiency for finding a lepton with momentum pl> 1.4 GeV/c 
(62% for electrons and 41% for muons,) ES is the lepton 
momentum acceptance, and &x is the fraction of the D+ in the 
momentum range above 1.5 GeV/c. We  obtain 

B($‘+D+I-i) = (1.8 f 0.6 f 0.3)9 , and 
00 

B(B--+D”l-i) = (1.6 f 0.6 f 0.3)3. + 

The former result agrees well with ARGUS result of 
(1 .6f0.5*0.5)(0.5/fo,)%. The systematic errors are dominated by 
the uncertainties in the background estimate in the fit and the 

contribution of p+D*‘l-7. 

We  obtain the branching fraction B(B--+D*“l-7) from 

Ao*(D’) after subtracting the contribution from i’+D*+f-V (87 
events). We  find 

B(B--+D*‘f-7) = (4.1 * 0.8 f o.9 f+- o. o.8)q 

Note that this result is not statistically independent from! the 
previous two due to the isospin symmetry constraint we have 
introduced. 

We  calculate the rate for i?+DI-T using r( i+DI-V) = 

B(i+DrY)/r(B). Since we do not know the lifetime of charged 
and neutral B  mesons individually, we use the lifetime measured 
at higher energy e+e- coll iders for an unknown mixture of 
various b-flavored particles, and assign 20% error to account for 
the uncertainty in this procedure. For B(i+Dl-i ) we use the 

average of B($+D+I<) and B(B-+D”l-F) assuming f+ =foo=0.5. 

The final result is only weakly dependent on the values of f+- 
and foe since when one branching fraction increases, the other 
decreases. We  obtain 

I-(LDl-v) = 
B(i+DrY) 

r(B) 
= (1.5*0.4*0.4)x10’%-‘. 

This result implies that IVhcl=0.037f0.005 in the ISGW model and 
lVhcl=0.043f0.006 in the WSB7 and KS8 models. As our final 
result we average these two values (in the absence of a better 
way) and obtain lV~cl=0.040f0.006f0.006. The systematic error 
reflects the difference among the models. This agrees well with 
the result obtained from B(~“+D*~mV) of (0.039kO.004). 

As noted above, we obtain the ratio of semileptonic widths 
for final states with vector and pseudo-scalar D  mesons, 

I-( i%D*+l-T) I-(B--+D*‘l-i) 

r( k%D+l%) = r(fF--+D”l-ii) 
= 2.6 f 1.1. 

This is independent of the values of foe and f+- and is compatible 
with theoretical predictions, which vary from 2.3 to 3.1. as well 

3.7 
as the value found by the ARGUS collaboration*3 of 3.3fl 1. 
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Isospin symmetry implies r( ~-tO*+I-~)=r(B--D*‘~-~) and 
- 

r(P4+f~)=r(B-+o”~7h Therefore, the lifetime ratio of charged 

and neutral B mesons can be calculated from the ratio of 
semileptonic branching fractions. 

t(B-) B(B--+D*“l-7) B(B---tOoI-i) 

Gi”)-~(S-+~*+~7) = B(i%D+l-i) 
=  (0.89kO. 19ztO. 13)e. 

The systematic error is dominated by the uncertainties in the 
determination of the background levels under the D peaks, and - 
the size of B”+D*+l< feeding into our Dl samples. This result is 
consistent with our previously published limits,ta and a recent 
indirect measurement by ARGUS.15 Theoretical predictions for 
this ratio lie in the range between 1 .O and 1.2. Note that this 
result is sensitive to the change in foe and f+-. 

III. Observation of the Decay D&d+v16 

Although the D$ meson has been observed in several decay 
modes, there have been no measurements of an absolute 
branching fraction. We accomplish this by observing the decay 

D+&+v. 

The branching fraction of the decay D&@l+v can be 
calculated since the partial decay width may be inferred from the 

partial width for the decay D++K*l+v. The difference in the form 
factors and decay phase spaces are such that 

r(D&d+v) = 0.8r(D++K*I+v).L7 

From the ratio of the lifetimes of these two particles, 

Therefore, we obtain 

B(D&l+v) = 0.35B(D+-+K*l+v) = (1.55fo.37)%. 

Due to missing v, the distribution of the invariant mass of 

91+ would not form a narrow Gaussian peak but rather extend 

from the threshold of 1 GeV/cZ up to the 0: mass of 1.97 GeV/c2. 

Since the majority of the 0: is produced in the momentum range 
above 2.5 GeV/c, and there are many fewer random background 
combinations in that momentum range than in the lower 

momentum range, we require that the momenta of $I+ candidates 
be greater than 2 GeV/c. which approximately corresponds to the 
0: momentum of 2.5 GeV/c. We also require that the 
momentum of the $ be greater than 1 GeV/c. The implication of 
this cut is described later. 

Figure 6 shows K+K- invariant mass distributions for 
events with either identified electrons or muons. As described 
above, the momentum and invariant mass requirements on the 
$1+ candidates as well as the momentum requirement on the $ 
candidates have been imposed. There are 49 I$ candidates in the 
electron sample and 26 in the muon sample. 

Of those 75 $I+ candidates, 16.6 are attributed! to events 
with a $ and a hadron which is misidentified as a lepton. A 

sample of K! decays is used to estimate the probability that a x is 
misidentified as a lepton. In addition, in the Y(4S) and Y(5S) - 
samples, which contain some BB events, we estimate’ based on the 
number of 0’s and leptons per B decay that there are 4 random +- 

l+ combinations. 

l-to& = 2.3r,ol(D+).la 
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It is possible that a substantial number of our events 

are due to cont inuum random $-I+ combinations. Since the high 
momentum leptons which we use in this analysis come only from 
charmed particle decays, only if a $ is produced with charmed 

particles or from their decays, will a $-I+ combination result. 

Since neither the Do nor D+ is likely to decay into $I+ we ignore 
this contribution. The remaining source of background is: 

(1) e+e--+c C jets; c jet + D  and $; D&X, or 

(2) e+e-+c C jets; c jet -r D  and5 jet++; D&X. 

(a) electron sample 

(b) muon sample 

1 

f 

I- 

)- 

2950690-006 I 

M  (K+K’) GeV 

Figure 6. Invariant K+K- mass for events with identified leptons 
after kinematic cuts described in the text. The curves 
show the fits to the background and signal. 

In order to investigate how often the I$ is produced with charmed 

particles, we search for D  *‘I’ and DoI’ combinations using 

D*++D’n+; D’+K-lr’ or Kn-x+n+ for D*’ and D’+K-lr+ for Do. To 
study (1) and (2) separately, we consider two cases: one where 
the D and the $ are in the same hemisphere, and the other, in the 
opposite hemisphere, as shown in Figure 7. We  reject events if 
the momenta of 0 candidates are less than 1 GeV/c, since it is not 
easy to decide for these events whether the $ and the charmed 
meson come from the same jet or opposite jets in those events. 
There is an evidence for some e’s in the hemisphere opposite 
from the charmed mesons, but none is observed in the same 
hemisphere. 

If a lepton and a $ come from the same jet, their invariant 
mass is very likely to fall below 2 GeV/ct, whereas !if they are 
from two different jets, their invariant mass will be higher than 2 
GeV/cz. From these observations, we conclude that there are at 
most 11 events in our signal from this source. Figure 8 displays 

+!+ invariant mass distribution along with the sum elf the estimate 
of various background contributions shown in solid histogram 
and signal, in dashed line. 
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From the number of decays D&d+v, we can obtain 0: 
production cross section by 

ND++$l+” 
W$= 

L B(D&r+v) &&+,+v 

where N~&+l+v is the number of D&$l+v events observed, L is 

the total luminosity, and &D&~+v is the efficiency for detecting 

D+&+$l+v decays. This gives rise to a 0: production cross section of 

about a quarter nb-t (or R-0.3) at the center-of-mass energy 
10 GeV. Similarly, we obtain the absolute branching fraction 
the decay D&$ut+ by 

of 
for 

B(D&+)-p 
t o(Dss, E&n-N&+r+v &D&T 

B(D&l+v), 

where NLs(,~~.+r-++n) is the number of D\o(~,&jut events 

observed, and ED:+@ is the efficiency for detecting Dsf$n decays. 

We  obtain 
+0.9 

B(D~on+)=(3.1~0.6-o~6+0.6)%. 

IV. AT-t An Decay Asymmetry19 

Since the AZ decays weakly, parity is not necessari ly 
conserved in the decay. Bjorkenza predicts that there should be a 
maximal parity violation in most of the A: decays, because the 

decay products in these decays are relativistic due to the AZ 

mass, and therefore, the quark level expectation of gA/gv--1 is 

preserved at the hadron level, giving a,;--1. In the decay 

&-PAX. parity non-conservation might be observed as an 

asymmetr ic A distribution with respect to the AZ spin direction, 
or an asymmetry in the A helicity. Since we do not a priori know 

the polarization of the AZ. we use the latter method to search for 
parity violation. If one observes only the helicity of the A, its 
polarization, PA = aLA:. The angular distribution of the proton 

coming from the A decay is described by 
dN 

dcose - = 0.5( 1 +PAa,cosB) = 0.5( 1 +a,:a,cos@, (1) 

where 8 is the angle between the directions of the A.: and the rr 
from the A decay in the A rest frame. 

Figure 9 shows the distribution of An candidate invariant 
masses. The A candidates are required to decay 2 mm away 
from the production vertices. We  also require that x=p/p,,,>O.6 

and lcos 8hlXO.8, where p and pmax are the momentum of the AK+ 
candidate and the kinematically al lowed maximum momentum, 
and 8h is the angle between the directions of the center-of-mass 

system and the A in the AZ rest frame. We  have combined charge 

conjugate modes (AZ and i;). This is possible since although a’s 
have opposite signs for a particle decay and its charge conjugate, 
the product of two a’s for cascade decays has the same sign as 

their charge conjugate. There is clear evidence for the AZ. There 
is a second broader peak at the lower side of the first one. This 

may be due to the decay chain A~-+J?n’ fol lowed by J?+Ay, 
where the y is ignored. We  repeat our analyses with and without 
this contribution and we include the difference as a systematic 
error, since we are not sure whether or not this second peak is 
real. In order to obtain the dependence of the rate on core, we 
plot An invariant mass distributions for four core intervals. 

-347- 



0040790-002 

60.0111 

0.01 
2.010 2.108 2.206 2.304 2.402 2.500 

An* invoriont mass (GeV/c’) 

Figure 9. Invariant An+ mass distribution with x=p/pm,,>0.6 and 
1~0s 8hko.8. 

Figure 10 shows invariant mass distributions with the results of 
maximum likelihood fits described below. When cos0 is near -1. 

there is a strong AZ signal, whereas there is almost no signal 
when cost) is near +l. Figure 11 shows the production rates as a 
function of cosfi. which are obtained by fitting the mass 

distributions with a Gaussian representing the AZ signal and a 
polynomial background. Fitting the cos6 dependent rates to the 
equation (1) yields aAc+=-l. lf0.4. If we carry out the same 

analyses for the AZ and i: separately, we obtain a,;=-1.2f0.7. 
and a ;=+0.9iO.6. which is consistent with a,; = -a ;; This 

demonstrates the existence of parity violation in the decay 

&+Ax at the 99% confidence level. 

V. A Glance at CLEO II Data 

The CLEO II detector, shown in Figure 12, started collecting 
data at the Y(3S) resonance last summer. Its Csl crystal 
calorimeter has been working well and accomplished an energy 
resolution at 5.2 GeV of less than 1.5%. By observing the average 
energies calculated for Bhabha electrons as a function of time, we 
note that there are small systematic shifts in the energy, for 
which we have not found reasons. However, despite these shifts, 
the stability of the calorimeter is better than 0.2% (rms) over a 
period of a month. A preliminary study of photons arising from 
the decays Y(3S)+yx,, where J=O, 1 and 2, we infer that the 

energy resolution near 100 MeV is about 4%. The energy 
distribution of the photons from the decay B*+By \from data 
taken above B* production threshold) indicates that the 
resolution in the 50 MeV range is about 8%, which is dominated 
by electronics noise. 
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. . . 

Figure 12. Schematic front and side views of the CLEO II 
detector. 

Figure 13 shows a typical candidate for the seqt/ential 
decays Y(3S)-lm,; x,+yY(lS); and Y( 1 S)-+u+p-. The calorimeter is 

free of noise. 

In this paper we show only very preliminary results on 
one-prong r decays using one-vs-one charged track topology 
events. Figure 14 shows my invariant mass distribution for one- 
vs-one events with only two photon candidates in one 
hemisphere, In Figure 15, the distribution of the invariant 
masses of x+rt’ shows a prominent peak due to the p+. We 

observe about 2,400 r++p+ Vr in about 80 pb-’ of data. Notice 
that there are very few events beyond the r mass, indicating that 
the background from qqannihilation events is very ,low. 

Figure 16 shows a scatter plot of invariant masses of two 
pairs of y’s in one-vs-one topology events with 4 photon 
candidates in one hemisphere. Figure 17 shows the mass 
spectrum of the second yy pair when the first pair is consistent 
with no, indicating that most of the background is due to 

matching wrong y pairs. Again, IC+II~X~ invariant mass 
distribution, in Figure 18, suggests that the majority of these 670 
events is due to a production of a~-+ttirtorto, There is only a 

handful of events with rt+rr”lto invariant masses greater than the 
‘L mass, indicating again that the background from! qqannihilation 
events is very low. This is in good contrast with CLEO 1 three- 

vs-one topology data resulting from r’+rt+n+rt- ( instead of 

a+rrOnO). These data include about 17% of qq anni elation events 9. 
since CLEO I was not capable of rejecting events with extra 
neutral energy clusters because the photon detection efficiency 
was low and there were too many spurious photon candidates. 
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In order to show one of CLEO II’s potential capabilities for 
new physics, Figure I9 shows a scatter plot of invariant masses 
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Figure 15. Invar iant x+x0 mass distr ibution for the same events 
as  Figure 14. 

Figure 16. Scatter plot of invariant masses of two ,pairs of y’s in 
one-vs-one topo logy four photon  events. 
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Figure 19. Scatter plot of invariant masses of two pairs of y’s in 
one-vs-one topology six photon events when third 
pair is consistent with no. 

of two pairs of 7’s in one-vs-one topology events with 6 b hoton 
candidates in one hemisphere. The third 7 pair is required to 

form a rr’. There is a clear cluster of events which correspond to 
production of two additional HO’S in these events. (When the 

third 7 pairs have masses outside the rr” mass range, there is no 
enhancement correponding to two rr” production in the scatter 
plot.) Most of the background is due to matching wrong 7 pairs. 

Again, x + o ’ II x II o invariant mass distribution, in Figure 20, 
suggests that the majority of these 68 events are due to ‘c decays, 

since there are no events with rr+rt”rrorro invariant masses greater 
than the r mass. In this case the major background to 

z-+rr+x”rrorro comes from other ‘F decays. We estimate that of 
those 68 events, 14 are random 7 combinations (we have not 
taken out multiple counting of the same events.) An additional 

18 can be attributed to z++ &n+r’ and z--+v~rr-rr”xo. The 
remaining 36 events may be due to ‘T decays with more than one 
neutral particle, which would be the first direct evidence for such 
a decay mode. 

VI. Conclusions 

We have measured the branching fractions for z’--+D+f-V 
and B--+D”I-7, and derived ~V~c~=0.040+0.006+0.006. The ratio 
of semileptonic widths for final states with vector and pseudo- 
scalar D mesons are determined to be 2.6k1.1, and the ratio of B- 
a n d B” lifetimes, r(B-)/r( i”)=0.89k0. 19kO.13. We have 
observed the dzba$ Ds+$lv, and determined B(D&,?. 
+~7r)=(3.1*o.6~o~6+o.6)%. The maximal asymmetry WI” have 
observed in the decay Az--+Ax+ demonstrates a violation of parity 
conservation in the weak decay of a charmed particle. 
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The CsI calorimeter of the CLEO II detector has shown that 
our expectation is reasonable, though we are still learning how to 
fully utilize it. 
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Figure 20. Invariant ~+rr~rt~rt~ mass distribution for the same 
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