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Abstract  

The  p r o d u c t i o n  o f  e l e c t r o n s  b y  b o t t o m  a n d  charm h a d r o n s  has been 

studied i n  e+e_ ann ih i l a t ion  a t  3 ü . 6  Gel! center of mass energy .  I t  i s  

observed  that the b quark fragmentation function i s  peaked at large values 

_ +o.15 +o.15 
> ' o.eu —o.1o -o.11' 

A foruard-backward charge asymmetry 

of the s e a l i n g  v a r i a b l e  2 w i t h  (2 b 
+ 0.10 + 0.05 <z°> 0.57 _ 0_09 _ 0.06 i s  observed. 

F o r  (: q u a r k s  

of A = -0.25 1 0 .22  was measured in  b production. 



The maJority of hadronic events from electronéositron anhihilation at 

high energies i s  bel ieved t o  arise from quark pair production e+e_ * qä.’ 

with the quarks subsequently fragmenting to produce hadrons.  Heavy quark 

(charm and b o t t o m )  p r o d u c t i o n  i n  t h i s  schaue  i s  e spec ia l ly  interesting 

since the production of heavy quark pairs in the fragmentation process  i s  

e x p e c t e d  to  b e  s m a l l  a t  PETRA e n e r g i e s ;  hence  hadrons containing heavy 

q u a r k s  a r e  b e l i e v e d  t o  c o n t a i n  a p r i m a r y  q u a r k .  T h e s e  hadrons c a r r y  

information about the original production of quarks and the f irs t  stage of 

fragmentation. Hadrons containing heavy quarks have been observed to  have 

s e m i - l e p t o n i c  decays  [ 1 - H ] ,  and so the  p r o d u c t i o n  r a t e s  and momentum 

spectrs of leptons observed in hadronic events furnish i n f o r m a t i o n  o n  t h e  

heavy quarks. 

I t  has been observed [ 5 - 8 ]  that D * t  charmed mesons  r e t a i n  a large 

f r a c t i o n  o f  t h e  charmed quark momenta i n  the f r a g m e n t a t i o n  p r o c e s s .  

Measurements of leptons have also shown [9-1H] that bottom hadrons carry on 

the  average  an even larger fract ion of the o r i g i n a l  quark momentum. These 

observations are cons i s t ent  w i t h  t h e o r e t i c a l  i d e a s  [ 1 5 - 1 7 ]  that heavy  

q u a r k s  a r e  e x p e c t e d  t o  have  harder  f r a g m e n t a t i o n  f u n c t i o n s  than light 

quarks. that i s  a hadron containing a heavy quark i s  e x p e c t e d  t o  carry a 

large f r a c t i o n  of the heavy quark's original momentum. In th i s  letter we 

present a determinat ion  of  the bottom and charmed quark fragmentation 

functions based on inclusive electron spectra .  

The experiment was carried out at the DES! s torage  r i n g  PETRA u s i n g  

the TASSO detector [ 18 .19 ] .  The data were col lected at center of mass 

energies H between 3 2 . 9  Geil and 36.8 GeV with  an average fi of 3H.6  Geil and 

correspond to an integrated luminosity of 72.1  pb-1 . Hadronic events were 

selected using charged part ic le  information as  described previously [20.21]  

g i v i n g  20331 events .  T o  reduce fur ther  the background from two photon 

_i__J 

interactions and radiative Bhabha scattering‚ each of these events was 

r e q u i r e d  a )  t o  have  a t  l e a s t _ 5 1  of i t s  c h a r g e d  momentum i n  e a c h  t z  

hemisphere, where 2 i s  the beam axis direction and b )  to have an aplanarity 

A20.0005‚ where aplanarity i s  calculated from charged tracks and i s  defined 

as  A - %Q1' 

tensor [22] .  These cuts selected 18.999 events which contained 1506 (136 )  

and (23202201 are  the normal ized eigenvalues of the momentum 

electron candidates in the momentum range 1$p$10 GeV/c ("Sp$10 GeV/c). 

Electrons were de tec ted  in  lead-liquid argon shower c o u n t e r s  l o c a t e d  

above and be low the TASSO magnet c o i l .  These counters cover Hoi of the 

so l id  angle. They consist o f  a system of towers and s t r i p s  d e s c r i b e d  i n  

d e t a i l  p r e v i o u s l y  [ 1 9 ] .  The towers  are  composed o f  s igna l  p l a t e s  o f  

=717 cm? (front towers) and =1Hx1‘l cm2 (back towers) stacked so as to point 

a t  the  i n t e r a c t i o n  r e g i o n .  Four front towers are followed by one back 

tower. The =2  cm w i d e  copper s tr ips  are p l a t e d  onto epoxy  c i r c u i t  board 

and run orthogonai t o  the beam a x i s  ( z  = constant)  and parallel to i t  

(@ = c o n s t a n t ) .  The  f i r s t  a c t i v e  layer of the counter i s  a t  a r a d i a l  

d i s tance  o f  1 7 8  c m  f r o m  the  i n t e r a c t i o n  point .  The towers provide easy 

pattern recognition and a measurement o f  the to ta l  shower energy w i t h  a 

o 
r e s o l u t i o n  of  —g = M 

/E 
accurate angular re'solution of better than 6 mrad .  (These  values are f o r  

+ 0 . 0 3 ,  E i n  GeV. and the s t r i p s  prov ide  an 

e l e c t r o n s  o f  energy greater  than 1 Gei l ) .  Charged particle momenta are 

measured over the s o l i d  angle o f  the shower counters w i t h  a c y l i n d r i c a l  

o 
d r i t t  c h a m b e r  g i v i n g  a momentum resolution of  —% - 0.016  / 1  + p a ,  

p in GeV/c . 



Electron sh6wers are separated from hadron showers and from hadrons 

w i t h  nearby photons using several  measurements of the shower propert ies.  

In brief:  

( 1 )  The momentum of  the charged track was required to agree with the 

total shower energy measured in the “ont and back towers. 

( 2 )  The extrapolated position of the charged track was required t o  agree 

with the position of the shower measured in the strips. 

( 3 )  The longitudinal development (depth) of  the shower measured in front 

towers .  back towers and s t r ips  was required t o  be consistent w i t h  a n  

electron shower._ 

(II) The lateral distribution (width) of the shower energy measured i n  

the strips was required to be consistent with an electron shower. 

The precise cri teria  follow: 

( 1 )  A x 2  value was def ined t o  measure the  agreement between track 

momentum and shower e n e r g y .  The measured  track  momentum p and  the  
m e  a s  

measured shower energy E were combined to f i n d  a value p f i t  ( E  
leas f i t  ) 

representing the electron momentum (energy) by minimizing 

2 
f i t )  ) 

w i t h  r e s p e c t  t o  p u t .  I f  the  shower energy was l e s s  t h a n  t h e  t r a c k  

x2 - ( (pmeas - pm) / op(pm) )2 + ( (Ems - am) / „Enz 

momentum ( a s  tends t o  be the case for  hadronic showers) the energy and 

momentum were required t o  be consistent by demanding a )(2 value l e s s  than 

6.0. 

( 2 )  Al l  of the s t r i p s  struck by  a shower were used t o  de termine  the  

energy weighted position of the shower. The differences in position i n  the 

two directicns AZ and M (cm) between the extrapolated track p o s i t i o n  and 

t h e  shower p o s i t i o n  were found.  The errors on these q u a n t i t i e s  w e r e  

measured in two photon scatter ing events  e+e_+ e+e_e+e_and Bhabha 

s c a t t e r i n g  e v e n t s  e+e_+ e+e_ t o  be 0 = ; + 1.27 'cm and 

+ 053 cm where p is the momentum of the charged track measured 

i n  G e V / c .  This error contains the multiple scattering error, the error on 

the position measurement of the shower, and the error o n  the  e x t r a p o l a t e d  

track p o s i t i o n  (which  i s  important i n  the case  of  o z ) .  The condition 

(AZ/oz)“ + (AO/o )2 < 26 was required to be satisfied. 0 
( 3 )  The longitudinal  development of the shower was required to be 

consistent with that of an electron by examining liF and EB, the front tower 

and back tower sumed energies. I t  was required that 

( EB / E ) < 0.80 + 0 . 1 0 p .  F 

( II)  The  cluster was required to have most of i t s  energy concentrated in  

a small lateral region by demanding that the energies EZ and EO measured in 

the  two s t r i p s  c l o s e s t  t o  the  e x t r a p o l a t e d  track  p o s i t i o n  ( i n  the two 

directions z and @) be large. The requirements were that 

EZ / Em > - 0 . 6 H  + 1 . 2 2 p  and that E / Emin ) —1.H3 + 1 . 1 3 p  where Em i s  i n  in # 
the mean energy deposited by a minimum ioniz ing  part ic le  traversing the 

counter at normal incidence. 

The e f f i c i e n c y  f o r  d e t e c t i n g  an  e l e c t r o n  w i t h  these c u t s  was 

determined from two photon scattering events e+e-+ e+e-e+e' for electron 

momenta 1$p$5 GeV/c, and is approximately constant i n  th i s  range with  a 

value of 821. 

The major sources of background i n  the e l e c t r o n  sample are  showers 

induced by charged hadrons raembling electron showers. charged hadrons and 

photons accidentally arriving at nearly the same l o c a t i o n  i n  the  c o u n t e r ,  

and photon conversions into electron pairs which were not recognized es 

auch. A hybrid Monte Carlo method was used to estimate the backgrounds due 

to hadrons. Single simulated hadron showers were generated with the aid  of 

the hadronic shower Monte Carlo program Gheisha [ 2 3 ] .  All  e lec trcmagnet ic  

p a r t i c l e s  ( inc luding  those produced i n  the course of a hadronic shower) 



were treated with the electroiagnetic sh6wer Monte Carlo program BGS [zu]! 
The detector response to these showers was simulated in  d e t a i l ;  d r i f t  times 

were  generated f o r  the w i r e s  o f  the dr i t t  chamber and deposited energies 

were generated for the towers and s t r i p s  o f  the shower counters.  T h i s  

simulated shower was then imbedded into a real event by oombining the dri f t  

times (taking the shortest d r i f t  t ime i f  the same wire  f i r e d  i n  both data 

and Monte Carlo) and by  summing the energy deposits in the l iquid argon. 

The resultant event was then passed through the analysis chain used for the 

r e a l  d a t a .  T h e  thrust  a x i s  was d e t e r m i n e d  u s i n g  a l l  charged t r a c k s  

including the imbedded track. The momentum :) and t ransverse  momentum p‚r 

w i t h  respect to the thrust a x i s  of the simulated hadron were determined. 

At  a given p and p.r‚ the energy deposit distributions assoc iated  w i t h  the 

s i m u l a t e d  hadrons were found to  agree w i t h  those o f  the  charged tracks in  

hadronic  events .  The hybrid method enabled u s  t o  s i m u l a t e  n o t  o n l y  

hadronic showers. but also the overlapping of hadronic shawers with photons 

as occurs in a J e t  environment. Using th i s  method  i t  was e s t imated  that 

( 1 . 0  1 0.3)!  of all hadrons with momentum p22.0 GeV/c and p T z 1 . o  GeV/c pass 

the electron selection criteria. This number increases to  (1 .5  :t OJO)! for 

hadrons closer to the J e t  axis with momentum p 2 1 . 0  GeV/c and p‚r<1.0 GeV/o. 

These fraetions are oonsistent w i t h  e s t imates  obtained from the p ions  

observed in the decays 1 + hadrons and Ko -> 1r+1r-. 

Electrons from photon conversion and from the D a l i t z  decay of  the ‘l’° 

were  suppressed by a search for oppositely charged pairs of  particles with 

an invariant  mass be low 0 . 0 8 0  G e V  ( a s s u m i n g  e l e c t r o n  m a s s e s  f o r  the  

p a r t i c l e s )  and a common vertex at a radial distance between 8 am and 35 cm 

from the interaction point. This radial region includes a l l  regions of the 

detector  between the beam p i p e  and the inner wall of the d r i f t  chamber. 

The background from c o n v e r s i o n  e l e c t r o n s  not  found  b y  t h i s  search was 

. 

estimated bi simulating mu events in the drift chamber; followed by the 

same pattern recognition and analysis used in the data. or the conversion’ 

e l e c t r o n s  i n  t h e  momentum range 1$p$10 GeV/c  approxinately 65! are 

reeognized and removed. After renoving the detected conversion electrons 

1110 ( 1 1 7 )  electron candidates remained in the momentum range 1Sp$10 GeV/c 

(ISpS1O GeV/c). 

The s tud ie s  of background showed that of these electron candidates 

521 (69!)  are prompt electrons from semi - l epton ic  decays ,  301 ( 2 6 ! )  are 

hadronic background and 1 8 $ ( 5 $ )  are conversion electrons which were not 

recognized in the momentum ranges 1Sp$10 GeV/c (N$p$10 GeV/c ) .  This i s  

shown i n  f i g u r e  1 .  Where the electron candidates are shown as points with 

error bare and the background contribution i s  shown i n  white. 

The eff iciency for finding a prompt electron was determined using the 

same hybrid method,  t h i s  t ime imbedding a single s imulated e l ec tron  track 

and shower produced with BGS [ZH] into real events. The electron detection 

e f f i c i ency  for electrons with momentum p22.0 GeV/c and p.rz1.o GeV/c ( t h e s e  

are i s o l a t e d  t r a c k s )  i s  approximately 821 as also seen in the two photon 

events e+e_ + e+e_e+e_‚  and falls to  approximately 731  f o r  e l e c t r o n s  w i t h  

momentum p 2 1 . 0  GeV/c  and p .r<1 .0  GeV/c (these tracks are near to the J e t  

a x i s ) .  

A u s e f u l  var iab le  for separating the contribution of charmed hadrons 

and bottom hadrons to the lepton rate i s  the tranaverse momentum p.r. As 

b o t t o m  hadrons  a r e  more  mass ive  than charmed hadrons,  t h e i r  decay can 

produce a l e p t o n  a t  a larger p‚r. There fore  7 D i n a  were  d e f i n e d  i n  p ,  

( 1 S p < 2 ‚  2$p<3, 3Sp<h‚ H$p<5‚ 5$p<6. 6$p<7, 75p$10 GeV/c ) and 11 bins were 

defined in pT ( O.OSPT$O.5. 0.5$PT$1.0‚ 1.091.515. 1.591.525 ) .  A prompt 

electron ra te  was then est imated for each bin by subtracting the various 

background contributions from the electron candidates. 



The fragmentation fuhctiöiiä of heavy quark flävors were parameter-ind 

b)" 

f ( z )  =; " ’ 2 for z = zu' 
z [1 - 1 l z  — el(1-z)] 

. 0 for z < zmi 

m ‘3’ 
n 

as proposed by Peterson e t  a l .  [ 1 7 ] ;  where N i s  a normalization factor 

chosen such that [ f ( z ) d z  = 1 ;  e i s  a p a r a m e t e r  d e s c r i b i n g  the  

fragmentation. and f ( z )  is the probability of finding a hadron containing 

the original quark at z ,  defined es 

z (B ' p. )“ bs‘dron .. r _ _ r _ _  
g * ”i * quark 

p. is the longitudinal momentum of  the quark or hadron measured relative t o  

where E is  the energy of the quark or hadron‚' 

the original quark direction and z||| n is the minimum value that z can take 1 
on.; ( Due to finite hadron masses zmin is  not zero ) The use of  formula 

( 1 )  gives us a oonvenient way of exprmsim our results. 

A fit to the background subtracted electron distributions was made 

oonsidsring three different elasses of events: 

( 1 )  Semi-leptonic decay of bottom hadrons in b? events 

(2)  Semi-leptonic decay of charmed hadrons in 03 events 

(3) Semi-leptonic decay of charmed hsdrons resulting from the decay 

of bottom hadrons in bb events (oascade decay). 

The lepton spectra were  est imated using our standard Monte-Carlo event 

simulation [25 ]  with independent ‚jet fragmentation [ 2 6 ] ,  first and second 

order QCD as calculated by FKSS [ 2 7 ]  and r a d i a t i v e  c o r r e o t i o n e  a s  

calculated hy Berends and Kleiss [28].  The generated lepton spectra of D 

and B mesons in the center of mass frame are in agreement with the results 

from DELCO [ 2 ]  and OLED [ H ] .  respectively. The spectrum of leptons from 

the cascade decay o f  B mesons to D mesons t o  leptons i s  in agreement w i th  

e x p e c t a t i ö n s  f rom the D S p e c t r a  from B meson decay as measured by 

CLEO [29]J 

Four  parameters  were  allowed to vary in the f i t :  ec .and e the 1) 
longitudinal f ragmentat ion function parameters for  charmed quarks and 

bottom quarks, and BR(c  + evX)  as well as BR(b -> evX) the average semi- 

leptonic branching rat ios o f  charmed hadrons and bottom hadrons into 

electrons. respect ivelyL The f it  was performed by generating electron p 

and p.r spectra with a f la t  fragmentation function and weighting these 

spectra wi th  the fragmentation functions and=*branching ratios to prediot 

the contents of the set of bins given before. The distribution o f  prompt 

electrons in the momentum range 1 S p < 10 GeV/c was taken into the f i t .  

with the exception of  the bins ( 1 S p < 2 GeV/c ; 0 $ p.r < 1 GeV/c ) and 

( 2 S p < 3 GeV/c . 0 S p,]. ( 0L5 GeV/c) where the hadronic_background is 

above 651 of the total raté. 

He obtain 

Bh(c + evX) - o;092 * o;ozz(stat.> i 010M0(syst.) 

BR(b + evX) - 02111 t o;oau : oiono 

—o‚oos -o.oos 
°b ' °‘°°5 +o.ozz +o.ozo 

_ -o„13 —o;os 
ec °'19 +o.29 +o.17 

where the statistical errors are those defined by an increase in x2 value 

o f  1 . 0 .  The four parameters are oorrelated, and the statistical errors 

take this into account by being given as the outer limits of the projection 

o f  the four dimensional surface where the x2 has increased by 1:0l The x2 

value for this f i t  is  1 6 3  for 21 degrees o f  freedom. The var ious 

contributions from the f i t  to the electron rate are shown in figure 1". 

Systematic errors were estimated b y  varying the overall  est imate o f  the 



_ 1 o -  

hadronic background by :|: 30$: by varying the estimate of the converted 

photon background by 1 201 and by varying the regions of p and p.r used in 

the f i t .  

The average s e m i - l e p t o n i c  branching r a t i o s  i n t o  e lectron are 

comparable t o  the r e s u l t s  from the oharm and b o t t o m  threshold energy 

regions [1-&] as well as to the higher energy data [9-1h‚30]  

The values of ec and : correspond to average values of 2 of 

_ . + 0.15 + 0.15 
(zb) °“°" - o.1o — 0.11 

+ 0.10 + 0.05 
- 0.09 - 0.06 

These results agree with previous measurements [9-1‘l]. 

(ze> - 0.57 

One further topic of interest i s  that of possible weak—electromagnetic 

i n t e r f e r e n c e  e f f e c t s .  Quarks  are expected t o  have an asymetry in their 

production angular distribution due to  weak—electromagnetic i n t e r f e r e n c e ,  

similar t o ,  but larger than the asynmetry observed in the procms 

e+e—+ f f  [31] .  He analyzed the data in terms of  the angular distribution 

o f  the event thrust a x i s ,  which a c c o r d i n g  t o  Monte  C a r l o  s tudies  [32] 

measures the original quark direction within 8 °  accuracy.  The p and  pT of 

the electron and an event Shape v a r i a b l e  ( d e s c r i b e d  below) are used to  

determine the probability that the event arose from a n  e+e_-> b 5 event or 

an e+e_+ c ; event. The charge of the electron found in the j e t  i s  used to  

decide whether the jet originated from a quark or an anti-quark (an e_  tags 

b and 3 quarks.) 

The event shape variable used i s  m o t i v a t e d  b y  the  o b s e r v a t i o n  tha t  

near threshold‚ b 5 events have high sphericities [ 2 9 ] .  This variable i s  

calculated in the following way: all o f  the part ic les  which f a l l  w i t h i n  a 

cone of half—opening angle 110° about the thrust axis are considered, and 

divided into two J e t s  of p a r t i c l e s .  The  p a r t i c l e s  o f  each  j e t  are then 
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boosted by a Lorentz transfer-nation into the rest frame of a hypothetical  

part ic le  trave l ing  along the thrust axis with velocity B - 0.6".  (This 

boost bringe the partioles toward the quark res t  f r a m e ) .  The value of 8 

was chosen to maximize the separation of bb events from 08 events. The 

s p h e r i c i t i e s  31  and 3 o f  the two j e t :  in t h e i r  boosted  frames are 2 

ca lcu la ted .  and the product s.‚»s2 i s  taken as a measure of how likely the 

event was to have come from an e+e_-> b 5 event or an e+e_-> c ; event .  For 

the standard Monte Carlo events the requirement s1xsz > 0 . 1  yields a sample 

of  events of Which 371 arise from bottom quark pair production and se leots  

271 of a l l  bb events produced. Requiring that S «32 > 0 . 2  yie1ds a sample 1 

of  events of which 1181 arise from bottom quark pair production and s e l e c t s  

91 of a l l  bb events produced. 

A maximum likelihood f i t  was performed to the angular distribution 6 

b e t w e e n  t h e  i n c o m i n g  e l e c t r o n  beam and the thrust  a x i s  i n  the same 

(opposite) hemisphere as the detected electron (positron). The function to 

be maximized was 

U(Ab.ic) = !: ln [ F(p.PT‚S1XSZ‚00sS) ] 

where the sun i s  over the same electron candidates used above, and 

\ ' 2 

F(p‚p.r‚s1xsz‚cose) - fb(p‚p .r ‚ s1xsz ) (1  + 8 / 3  Abcose + cos 9 )  

+ fc(p‚p.r,s1xsz)(1 - 8/3 Accose + cosze) 

2 (2)  
+ f8(p.p.r.s1xsz)(1 + cos 9) 

2 
+ fbec(p‚p.r‚s1xsz)(1 8/3 Abcose + cos 9) 

Ab and Ac are the forward—backward asymetries of bottom and chamed quarks 

respectively for the full  angular range. fb(p‚p.r.s1xsz) is the fract ion of  

e v e n t s .  w i t h  the  p a r t i c u l a r  va lues  o f  p .  and s 1 x s  which come from PT 2 .  

original bottom quark production, fc(p‚p.r,s1xsz) is the fraction of  events 
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which come from original charnied quark production. fs(p.pT.s1xsz) is the 

fraction of events which come from background sources (this distribution i s  

assumed to have the symetric form 1 + cos29 ) .  and fb+e(p‚p‚r‚s1xsz) i s  the 

fraction of b b events i n  which one or both o f  the bottom quarks has  

subeequent ly  decayed t o  a charmed q u a r k ,  and  where  t h i s  charmed quark 

produced an observable e l e c t r o n .  These  f r a c t i o n s  were  de termined  from 

Monte Carlo events generated with the fragmentation parameter: determined 

above. 

The f i t  of equation ( 2 )  to the data yields 

Ab = -0.25 1 0.22 

and he - +0.05 !: 0 . 2 "  ‚ 

The errors given here are statistical only and the  s y s t e m a t i c  errors  a r e  

smal l  compared to the s tat i s t ica l  errors. These values are to  be compared 

to the values given by the standard electroweak theory o f  A b  = - 0 . 2 5  and 

A 0  = - O . fl l .  When the  results for the bottom quark asymetry are combined 

with our previous results from muons [12]  of Ab - -0.37510.275‚ we obtain 

a combined value o f  A b  - - 0 . 3 0  -.t 0 . 1 8 .  Asymetry measurements have been 

reported by other experiments [ 3 0 , 1 1 ‚ 1 H ] .  The r e su l t s  from the MARK J 

group can be directly compared and are Ab - -0 .2130.19 and Ac - -0 .1610.09.  

We have been informed of a similar measurement by the JADE Collaboration. 

In conclusion. the b fragmentation function i s  found to be peaked at 

+ 0 . 1 5  + 0 . 1 5  
b ' 0 . 1 0  ' 0 . 1 1  

fragmentation function i s  hard .  The c fragmentation function also has a 

- + 0 . 1 0  + 0 . 0 5  * large mean z of <ze> - 0 .57  _ 0.09 _ 0 . 0 6  . The angular distributions of  

large z with  (z > - 0 . 8 "  which  shows that  the b quark 

the j e t e  of  part ic les  associated with heavy quark production are found to 

be in agreement with the standard electroweak theory. 

- 1 3 -  

_ Ackpowledgments_ 

We would l i k e  t o  thank D r .  H .  Fesefeldt for supplying his hadronic 

shower p r o g r a m  G h s i s h a  a n d  f o r  u s e f u l  d i s c u s s i o n s .  H e  g r a t e f u l l y  

acknowledge  the e f f o r t  o f  the  PETRA machine group and the support of the 

Dß! directorate.  We thank the US Department of Energy and the U n i v e r s i t y  

of Wisconsin for  providing the VAX 11-780 computer on which a large part of 

the extensive Monte Carlo calculations for this  analysis were performed. 

Those  o f  u s  f r o m  a b r o a d  w i s h  t o  thank the DES! directorate  f o r  the 

hospitality extended to u s .  

Figre Captions_ 

Fig .  1 p and pT spectra of-e lectron candidates. 

(a) oios;>_r<1.o GeV/c 

( b )  1.0$p‚r<2.5 GeV/c 

( c )  25p<H GeV/c 

(d) HSp<10 dev/c 

The points  w i t h  error bars represent the data. The histograms show the 

fitted contributions from b*evX (hatched). from c+evX (diagonally hatehed), 

and from b+c->evX (dotted) .  and the background contribution. 
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