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W e  d i s c u s s  some recent resul t s  i n  l'. spectro scopy and B me son physic s from 
the CUSB col laboration at CESR. 

Xb ( l  3pJ ) s t a t e  at ( 9901±.3 ) MeV in 

In part i cul ar, the recent obs e rvation of the 

bo th the inclusive , 
exclusive , ( l'. ( 2S l ->rXb-)yyy ( lS) ) ,  photon spe c t r a .  Spl i t tings and branching 
ratios  are given. Resul t s  on the se arch for l'. "'->B*B ,  l imi t s  on the B me son 
mas s , and the rel a t ive coupl ings s trengths for b quark de c ay are a l s o  g iven. 
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1 .0 INTRODUCTION 

The l sys tem, which cons i s t s  of a bound b quark and i t s  antiquark, has 
proved t o  be a very rich t e s t ing ground for the s tudy of b quarks , in terms of 
both thei r  decay prope r t i e s ,  and the for c e s  that bind them ( for a review o f  l 
phy s i c s  s e e  Ref .  1 ) . The experimental s tudy2l of the l system at CESR has 
progressed extremely rapidly, from the observation3 l of the l, X' X " ,  and ¥ " ' 
s t a t e s  in 1 9 80 ,  t o  the ob servation by CUSB4l o f  the Xb in 1 982 , and the 
Xb in5 l 1983 . In this paper we w i l l  d i s cus s the CUSB resul t s  on the 
observ a t i on of the Xb s t a t e s  from X '  decays toge ther with a summary of some 
of our re sul t s  on B phys i c s  
other sel ected re sul t s  from 
CUSB6l ,  The X system spe c t rum 
i s  a very rich one 11 s e e  
Figure l ,  with three bound 
triplet s states  and one 
quas i-bound state j ust above 
the b flavor thresho l d ;  the 
p wave s t a t e s  are 
e xp e rimenta l ly acce s s ib l e  
through e l ectric d ipole (El) 
trans i t i ons from the l ' ( 23 s1 > 
and l " ( 33 s1 > s t a te s .  

Figure 1 .  The bound l ( bb) 
spec trum. The s i ng l e  and 
doub l e  l ine s ind i c a te 
expe rimental ly ob served y and 
"" trans i t i ons respe c t ively . 
The d a shed l ine s ind i c a te 
tran s i t i ons that have not yet 
been ob served . 

2 . 0  THE CUSB DETECTOR 
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The CUSB detector,  which is shown in perspe c t ive in Figure 2 ,  i s  a high 

resolution segmented NaI and l e ad g l a s s  ca lorime te r .  The innermo st port i on 

cons i s t s  of four p l anes of tracking chamb e r s ,  which are fol lowed by -9 

radiation l engths of Na! cry s t a l s  ( 3 24) , -7 radi ation l engths o f  l e ad g l a s s  

b l ocks ( 256) , and Na! end caps ( 168) . Intersperced be tween the f ive N a !  l ayers 
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Figure 2 .  Perspe c t ive v i ew of the CUSB detector,  w i th the main detect ion 

el ements l is te d .  The end c a p s  a r e  shown pul led o u t  f o r  ease  of d i sp l ay .  The 

chambers be tween the Na! l ayers are not shown. 

were add i t i onal tracking chamb e r s ; these chambers were removed for the mo st 
recent y• running in an e f fort to improve the resolution of the central 
de tector from aE/E -4%/El / 4  ( E  in GeV) . Out side the l e ad g l a s s  array there i s  
a s c i nt i l l ator hodo scope which prov ides us w i th a two muon trigger ( in 
add i t i on ,  horizont a l l y  moving muons p a s s  through an i ron muon ident i f i e r  
sys tem) . The sol id ang l e s  are -80% , and -36% of 4n for back to back e l ec trons , 
and muon pairs respe c t ively. The rela tive energy c a l ibrat ion of a l l  the Na! 
cry s t a l s  i s  ma inta ined by cont inuo sly moni t or ing the posi t ions of the photon 
l ine s from 137cs ( . 66 MeV) and 60co ( l . 1 7 , l . 3 3  MeV) sources  which are mounted on 
the Na! crystal s .  Th is moni tor ing t ake s place s i mult aneously with data taking , 

a l l owing for cont inuous gain moni tor ing of the ent ire sys tem. The le ad g l a s s  
cal ibration i s  ma inta ined through daily monitoring of LED l ight sources  placed 

on the blocks . The energy c a l ibration obt a i ned in this  manner i s  then 
corrected for Monte Carlo calculated l o s s e s  in the inact ive material b e tween 
crystal s .  The f inal energy c a l ibrati on i s  then checked aga inst summed photon 

energ i e s  from exclusive photon event s and Bhabha s c a t te ring event s ;  it di ffers 
by only a few percent . 
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3 . 0 � SPECTROSCOPY 

3 . 1  The N3 s1 State s 

The agreement of the measured l eptonic w idths and mas se s  of the four Y 
s t a t e s  obs e rved in R ( shown in Figure 1 of Ref .  7 )  with potent i al models2 l has 
l ead to the a s soc i a t i on of these s t a t e s  w ith the first four tripl e t  S s ta t e s  of 
the bb sys tem. The value s  are summarised in Tab l e  I where mas se s  are scaled to 

-
M ( Y ) =9460 MeV a s  measured8] a t  VEPP-4 . Note that the y ( 43 s1 ) s ta t e  lies  above 
the b fl avor threshold s ince the ob s e rved3 ]  width is significantly wider than 
the measured machine resolut ion, providing us w i th a B fact ory with which to 
s tudy B decay. 

3 . 2 Search For Other States  

Bes i de s the four prominent 
r e sonanc e s  that have b e en obs e rved 
in the e+e- cross  section, we have 
se arched 
cont inuum 

for others in 
regions b e tween 

the 
the 

various re sonanc e s .  The scans and 
the resul t s  are shown in Figures 
3 a , b , c  for the regions below the 
Y ' ,  b e l ow the Y "  and be twe en the 
Y "  and the Y '" respect ively. The 
mo st thorough scanning was carried 
out in the latter region, where 
there is a predict ion9l for the 
l owe st lying v ibrational s t a te , 
having a leptonic width of 7 0-27 0 
eV. 

Figure 3 .  The 90% CL upper l imi t 
leptonic width in KeV for narrow 
re sonanc e s  ( t op ) , and the scan data 
point s in R for the energy regi ons : 
( a )  9 . 93 <M< 1 0 . 0 l  GeV/ c 2 , ( b )  
10 .27 <M<l 0 . 3 3 5  GeV/c2 , ( c )  
1 0 . 3 7 <M < l 0 . 5 5  GeV/ c2 . 
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There is n o  evidence for any narrow s t a t e s  ( i . e .  of machine re solut ion) 

in any of the reg ions . In parti cul a r ,  a vibrational state w i th leptonic w idth 

greater than 20 eV i s  excluded , in conf l i c t  w i th vibrati onal state pred i c t i ons . 

Tab l e  I .  The ma s se s  and l eptonic w idths for the 3 s s t a t e s  of the Y. sys tem. 
The Y mas s  i s  from Ref .  8. The theor e t i c a l  pred i c t i ons are from Ref .  2 ,  with 
t h e  l e p t o n i c  w i d t h s  c a l c u l a t e d  u s i n g  t h e  Y e xp e r i me n t a l  v a l ue . 

Res onance 

y ( 13 S1 ) 
Y (  23 s1 ) 
Y. ( 33 81 ) 
Y (  43 s1 ) 

-- Mas s  (MeV/c2 ) --

Experiment Theory 

945 9 . 7  9459 . 7  
1 0020 . 5±0 . 7 1 0025 
1 03 5 0 . 0±0 . 7  10322-1 03 60 

1 057 8 . 0±3 . 0  10568-10640 

Leptonic width ( keV) 

Expe riment Theory 

1 . 1 4±0 . 0 5  1 . 0 5-1 . 07 
0 . 5 0±0 . 03 . 44- . 5 0  
0 . 3 5±0 . 03 . 3 1- . 40 
0 . 21±0 . 0 5  . 2 5- . 3 1  

Since the CUSB resul t s  o n  the decays o f  the Y. ( 3 S )  have been di scussed 
e l s ewhere4l and in the Moriond Workshop proceed ings7 l , we w i l l  l imit ourse lves 
here to a brief summary of those resul t s .  The mo st sign i f ic ant dis covery made 

was the observation of the xi; ( or 23pJ=0 , 1 ,2 > s t a te in both the inclus ive 
photon spectrum, Y. ( 3 S ) ->y+X ,  and the exc lus ive decay chain Y. ( 3 8 ) - ) y+Xb , xi; 
-)y+( Y. ( 2S)  or Y. ( lS) ) with the f inal S state de caying to e+e- or µ+µ- . The 
resul t s  were ob ta ined from a sample of -65 000 hadronic event s on the Y. ( 3 S )  
p e ak ,  and a r e  summarised ( toge ther w i th the resul t s  from Y. ( 2S )  decay s )  i n  Tab l e  
I I I .  I n  addition, t h e  n+n- hadronic tran s i t i ons from the Y. ( 3 S) t o  the Y. ( 2S)  
and Y ( l S )  h av e  b e e n  me a s ur e d l O ] a nd a r e  s umma r i s e d  in Tab l e  I I .  

Tab l e  II.  The hadronic nn trans i t i on br anching ratios  measured by CUSB ( s ee 
Re f .  1 0 ) . The theoret ical pred i c t i ons are from Re f .  1 1 .  

Tran s i t ion Branching Ratio ( % )  
Experiment Theory 

Y. '->Y.n+n- 1 8±6 17-1 8 
'.l "->i ' n+n- 3 . 1±2 . 0  1 .  5-2 . 3  
Y. " ->i:n+n- 3 . 9±1 . 3 1 . 4-3 . 4  
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3 . 4 Decays O f  The l'. ' ( 23 81 ) 

3 . 4 . 1 Inc lus ive Photons -

Encouraged by the succe s s  of having d i s covered the X� states  in the 

decays of the l'. ( 3 8 ) , the CUSB group has spent the l a s t  running period at  CESR 
(Dec  1982 - March 1 9 83 ) s tudying the decays of the l'. ( 2S )  w i th the hope of 
obs e rv ing the Xb s t a t e  in El photon trans i t ions . Such tran s i tions have been 
ob served in both the inclus ive and exclus ive photon spe c t r a5 l ,  and can be 
a s so c i ated w i th the Xb states ( 13PJ=0 , 1 , 2 > .  During this run CESR d e l ivered 
-3 0 pb-1 of integrated luminos i t y ,  corre sponding to -23 0  000 hadronic event s in 
CUSB ,  of which -1 53 000 are obs e rved l'. ( 2S )  decays ( or -180 000 produced l'. ( 28 )  
event s ) . The princ ipal phi l osophy behind the photon algorithm for shower 
recognit ion from the transverse and l ongi tudinal shower shape has not changed 
from the l'. ( 3 S )  analys i s4 l .  However ,  we have since increased the effic i ency for 
hadronic event recogni t i on by -3 0% ,  and ti ghtened the photon cr i te r i a  so a s  t o  
maintain a constant photon f inding e f f i c iency of 1 3% ove r  the energy range from 
80 to 500 MeV . In addi t ion the resolut i on for showers was improved to 
aE/E-3 . 6%/El / 4  (E in GeV) , due in part to the removal of the chambers b e tween 
the NaI l ayers . The inclus ive 
photon spe c t rum from the l'. ( 28 )  
i s  shown in Figure 4 a .  There 
i s  evident s tructure at  -125 
MeV which i s  not v i s i b l e  in the 
l'. ( l S )  or cont inuum spe c tr a .  
The background curve i s  
obt ained from the spe c t rum by 
f i t ting the region from 65 to 
2 80 MeV with a cub i c  plus 3 
gauss ians of arb i trary posit ion 
and norma l i z a tion ( the width of 

Fi gure 4 .  The inclus ive photon 
spe c t r a ,  l'. ( nS ) -)yX , for decays 
o f  ( a )  the l'. ( 2S) , and (b) the 
l'. ( 3 8 ) . The sol id l ine is the 
background , for de t a i l s  s e e  
text . 
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e ach was held fixed at aE/E -6% ) , and the remainder of the spectrum w i th 

polynomial s ( e xcluding two bins around 43 0 MeV, where we expect to see a 
s ignal ) .  The cub i c  f i t  is a l so required to match the polynomial fits  at the 
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boundarie s .  Th e  sol id l ine shown i n  Figure 4 a  repr e sents the cub i c  and 

polynomial terms a l one . The contribut ion from the decay X ( 2S )  -> nOnOX( lS )  
( which has a BR- l O!b )  i s  automa t i c a l ly taken into account b e cause i t  
contr ibute s  a smooth d i s tribut ion from 20 t o  420 MeV, peaking a t  1 7 S  MeV o n  the 

p l o t .  In addi t i on, w e  show , in Figure 4b , the inclusive photon spe c t rum for 

decays of the X ( 3 S )  u s i ng b o th the new hadronic event and photon f inding 
algorithm. We s t i l l  see a d i s t inct e xc e s s  of photons in the 1 00 MeV region, 
l e ading to the the same po s i t i ons and the same4 l  BR( X ( 3 S ) - >  y+23PJ ) -34% . 

Returning to the X ( 2S )  
spectrum, w e  f ind a prominent 
e xc e s s  in the reg ion from 90 
t o  160 MeV ( 3 110±3 23 coun t s )  

and another smal ler exc e s s  in 
the region around -427 MeV of 
833±166 count s ,  as shown in 

The background Figure S .  
s ub tracted photon spe c t rum 
for X ( 2S) -)yX. The error 
bars are shown in ( a ) , and 
( b )  shows the f it s  to the 
exc e s s .  The numbers in ( b )  
refer t o  Figure 6 .  
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the subtracted spe ctrum of Figure S a .  The three gaus s i an f i t  to the exc e s s  a t  
-1 2S MeV y i e l d s  photon l ine ene r g i e s  of 1 0 8 ,  1 28 ,  and 1 4 9  MeV respe c t ively. 
The indiv idual gaus s i ans are shown in F i gure Sb superimposed on the subtracted 
spectrum, where the numb e r s  ref er to the 
photon l ine s ind i c a ted on Figure 6 .  Since 
the l ines are more widely separated than in 
the 23pJ case and s ince our resolut ion is 
sl ightly improved , we are abl e  to part i a l ly 
resolve the three photon l ine s as ev idenced 
by figur e s  4a, and Sb . The f inal energy 
s c a l e ,  after Monte Carlo correction for 

Figure 6 .  The El tran s i tions for 
X ( 2S) ->yXb and Xb->yX ( l S )  decay s .  The 
da shed l ine ind i c a te s  that this tran s i t ion 
i s  suppres sed . 
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energy l o s s  i n  the inact ive mater i al , i s  determined by a sample of l'. ( 2S ) -> 
l'. ( l S ) rrOrrO-> l'. ( 1 S ) +4y even t s ,  where the summed 4y e nergy ( including l'. ( l S )  
reco i l ) must add t o  M (l'. ' ) -M ( l'. )  -56 1  MeV ( as shown i n  Figure 7 ) . Thi s  amoun t s  
to a 2% upward correct ion to 
the energy scal e .  I f  indeed 14 
the se photons corre spond to 1 2  
the E l  trans i t ions to a P wave 
s t a te , then one exp e c t s  to see 
the ' mirror ' tran s i t i on from 
the P wave back down to the 

Figure 7 .  The total energy 
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ground s ta t e ,  l'. ( l S ) . The energy of the two photons (plus recoil energy of 
-1 0 . 5  MeV) must therefore equal M ( l'. ( 2S ) ) - M ( l'. ( l S ) ) .  The product b r anching 
ratios  for the three tran s i t i ons via the P wave state are in the ratio of 
2 : 5 : -0 for the J=2 ,l , 0 spin s t a t e s  re spe c t ively ( a s i s  shown in the fol low ing 
s e c t i on on exc l u s ive l'. ( 2S )  de cays ) .  Thus from the measured inclusive photon 
l ine s we f ind that ( 108x2 + 1 28X5) / 7  + 427 +1 0 . 5  -560 MeV ( including reco i l )  i s  
prec i sely the M ( 2S) -M ( l S )  mas s  di fferenc e ,  from which w e  conclude that w e  have 
indeed seen the decay chain from the l'. ( 2S) to the l'. ( l S )  via an intermediate 
s t a te that we a s so c i ate with the Xb · The photon exc e s s  ob served in the 1 25 MeV 
region l eads to a BR( l'. ( 2S) ->yXb ) =  ( 1 5 . 5±2 . 5 ) %  with an additi onal systematic  
uncerta inty of  +5% and -2 . 5% ;  i f  the exc e s s  at  ( 427±1±8 ) MeV i s  from the 
above decay chain, then we find the BR( l'. (  2S)-)yXb )x BR( Xb-> yl'. ( l S ) ) = ( 4±1 ) % .  
Us ing the above ratio o f  product BR' s w e  f ind BR( l3P2-> yl'.( 1S) ) = ( 20±5 ) % ,  and 
BR( l3P1-> yl'. ( 1 S) ) = ( 47±1 8 ) % .  

The individual inten s i t i e s  of the three l ine s are cons i s tent with tho se 
expected for El tran s i t i ons ( i . e .  proportional to k3 ( 2J+l ) , where k is the 
photon energy) . After correction for that factor we f ind them to be l . 04:J:0 . 3 ,  
l ,  and 1 . 13±0 . 5  for the J=2 , l ,  and 0 s t a t e s  respe c t ively, normal iz ing to the 
middl e l ine . Th is evidenc e ,  tog e ther with the good agre ement of the cog 
p o s i t i on with potent i al mode l s ,  l e ads us to a s soci ate the obse rved l ines w i th 
the l owest thre e tripl e t  P wave s t a te s ,  13 PJ=O , l , 2 · We summarise the inclus ive 
photon resul t s  for the 13pJ and 23pJ s t a t e s  in Table III .  



Tabl e  I I I .  Summary of inc lusive photon transi ti ons . For potent i al model 

pred i c t ions , see Ref .  2 .  

Ey Energy -- Ma s s  ( MeV/ c 2) -- BR( X ( nS ) ->y ( n-l ) PJ ) El width ( keV) 
Line (MeV) Experiment Theory n J BR(%) Exp t .  Theory 
23p2 84 . 5±2 . 0±4 10265 3 2 
23p1 9 9 . 5±3 .2±4 10250 3 1 
23po 117 . 2±5 . 0.±4 10232 3 0 
2Pcog 93 .1±5 1 0256±5 1 0242-10271 all  3 4±3 8 . 4±1 . 4 4 . 8-7 . 6  
13p2 1 08 . 2±0 .3.±2 9912 2 2 6 .1±1 . 4  
13pl 128 . 1_±0 . 4±3 9892 2 1 5 . 9±1 . 4  
i3Po 149 . 4±0 . 7±5 9870 2 0 3 . 5±1 . 4  
lPcog 1 1 9 . 4±3 9900.±3 9 888-9924 a l l  1 5_±2 . 5  4 .  9±1 . 0 3 . 1-4 . 4  

3 . 4 . 2 Exc lusive Photons -

1 3 1  

In addition to the obs e rvation o f  the Xb s i n  the inclusive spe c t rum, we 
have obs e rved them in the exc lus ive event s X ( 2S ) - >  yXb-> yyX ( l S ) - >  yy ( e+e- or 
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Figure 8 .  Sc a t ter plot of y e nergi e s  
for µ+µ- final state cascade decays 
of the X ( 2S ) . 
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µ+µ-) . Again,  the proceedure i s  the same a s  that for the X ( 3 S )  exclusive 
events de scribed e l s ewhere4 , 7 l , except that the muon sol id angle was increased 
t o  3 6% of 4n. The acceptanc e s  for these exc lusive event s are 17% for events 
with e+e- f inal states and 1 2%  for those w i th µ+µ- . The data are plotted in 
s c a tter pl o t s  of the two photon energ i e s ,  E}Ow vs E¥igh, for e l e c tron and 
muon f inal state event s separately in f igures 8 , 9 respe c t ively. Both plo t s  

show a d i s tinct clustering a t  ( E}ow , E¥igh) ( 120 ,430)  MeV which we 
interpret as rad i a t ive cascade event s v i a  the Xb . The fact that we are indeed 
obs e rv ing cascade event s to the Y ( l S )  i s  wel l demonstrated in f igure 10 which 
shows the sum of the two photon energ i e s  w i th a c l e ar peak at the Y ( 2S ) -X ( 1 S )  
mas s  d i fference ( after recoil corre c t ion ) . 

The backgrounds are of 

inter e s t  only i n  the region of 
the clustering ; hadronic 
cascade backgrounds v i a  non° 
are negligab l e  above a summed 
energy of -500 MeV. Other 

for the 

20 
1 8  

1 6  

1 4  
b a ckgrounds 
µ+µ- events > 1 2  are negl igab l e  Q) 
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e+e- event s 
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there 
from 
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8 

radi ative Bhabha event s which 6 
i s  calcula ted to be 
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Figure 1 0 .  The summed photon 
ene rgy for a l l  the cascade 
events in Figur e s  8 and 9 .  
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cluste ring of 80(  E}ow < 1 50 MeV . The total ob served number of events in that 
region i s  51 . Correct ing for acceptance and background ( t oge ther with a 
Bµµ= . 028 ± . 003 ) we derive the product branching ratio BR(X ( 2S) ->yXb ) x 
BR(Xb-)yX ( l S ) ) = ( 3 . 9±0 . 9 ) % .  We have compared the spl it ting observed in these 
exclus ive events with that ob tained from the inclusive analys i s ,  by combining 
both the e+e- and µ+µ- d a t a ,  constraining the yy e nergy sum to 560 MeV 
( corrected for reco i l  and we ighted by resolution) and f i t ting the low energy 
photon spec trum. The spectrum is shown in f igure 1 1 ,  where two c l e ar peaks are 

v i s ibl e ;  a two Gau s s i an f i t  ( o f  equal widths ) leads to f i t ted peak value s of 

( 1 06±3 ) MeV and ( 1 27±2 ) MeV w i t h  a r e s o l u t i o n of o-E / E= ( 4 . 5 ±0 . 7 ) % .  The 



f it ted intensi t i e s  are in the 

ratio of ( . 45±. 1 9 ) : 1 .  The 
total product branching r a t i o ,  
and intens i ty rati o s ,  a r e  in 
agreement 
pred i c t i ons 

w i th theor e t i cal 
( se e  Tab l e  IV) , 

which l e ads us to make the 
a s soc i ation of the se two l ine s 
w i th the 13 p2 and 13pl s t a te s .  
The se re sul t s  are summarised in 
Tab l e  IV. 

Fi gure 11.  The proj e c t ion of 
the low energy photon for l'. ( 2S) 
decay s ,  showing pe aks a t  1 06 
and 127 MeV. 
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LOW Tab l e  IV. Summary of l'. ( 2S )  and l'. ( 3 S )  exclusive events .  E y  (MeV ) 

Branching Rat i o  (%)  
React i on Experiment Theory 

�j =iBR ( Y  "->r j Xbj ) xBR( Xbr >rY ' )  5 .9±2 . 1  3 . 3 
�j =iBR ( Y " - >rj Xbj ) xBR(Xbj ->rxl 3 .6±1 . 2 2 . 8  

!j =iBR(Y "->r j Xbj ) xBR( Xbr>rY ' )  < 3 . 0  1 . 1 
BR( Y ' - > rj Xb 2l xBR(Xb 2- >rxl 1 . 3±. 7 } BR( Y ' ->rj Xb 1 ) xBR( Xb 1->rxl 2 . 6±. 8  3 . 3 ± . 3  
BR( Y '->rj Xb o l xBR( Xb o->rxl < . 4 
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140 160 

In this section we pr esent a b r i e f  summary of some of the recent re sul t s  
obt ained by CUSB i n  the area o f  B phys i c s .  For more de t a i l s  o n  the CUSB B 
phys i c s  see Ref .  7 .  

4 . 1 Search For B* ' s  

In a samp l e  of 3 9  000 l'. ( 4S )  event s ,  we have se arched for the decay l'. ( 4S ) -> 
B*B , where the B*-> yB . The energy of the 'Y i s  expec t ed to be -50 MeV from 
scal ing argument s .  We do not ob serve any events in the incl us ive photon 

spectrum of l'.( 4S) decays 12l , as shown in Fi gure 1 2 .  The shaded reg i on in the 
f igure indi c a t e s  the expected s ignal if  there were one photon per event . A 
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Figure 1 2 .  The continuum 

sub tracted inc l u s ive photon 
spe c t rum, l'. ( 4 S ) ->yX. The 
shaded curve represents  the 

expe c t ed photon s ignal if  
there were one 50 MeV y pe r 

event . 

maxi mum l ikel ihood analy s i s  
yields  an uppe r  l imi t on 
BR( l'. ( 4S ) -) B*B) <7% ( 90% CL) 
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for 40<Ey <60 MeV. From these re sul t s  and the me asured w idth of the l'. ( 4S ) , we 
cal cul a t e1 2] that 5263(  MB < 5278 MeV, in good agre ement w i th the recently 
obt a ined CLEO value13 ] . 

4 . 2 Electron Spe c t rum From B Decay 

We have measured the 
e l ectron spectrum ( > lGeV 
e l ectrons) for B decays on the 
l'. ( 4S) . The experimental 
spe c t rum is  shown in Figure 

Figure 13 . The measured 
e l ectron spe c t rum ( Ee > lGeV) 
for l'. ( 4S )  decays . The sol id 
l ine i s  the measured 
background off resonanc e .  
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13 , where the sol id l ine is a fit to the me asured continuum spe c t rum taken o f f  
t h e  l'. ( 4S)  p e ak .  The cont inuum spe c t rum comes from el ectrons from D decay 
( reca l l  that only -3 0% of the events at the l'. "' energy are resonance event s ) . 
The efficiency for >1 GeV e l ectrons is -7% ( due to 20% e l ectron ident i fication 
and 34% s o l id angl e ) . We observe 7 11±47 events  ( a fter subtraction of 114 
events from y convers i ons and hadronic interac t i o n s )  which l e ads t o  a BR(B-> 

evX ) =  ( 13 . 7±0 . 9±2 ) % .  The above branching ratio was ob tained a s suming that 
88% of e l ec t rons from B-> e�X decay are above 1 GeV, and a 1 2% background 
contr ibut ion from B-> DX decay s .  
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The shape of the e l ectron spectrum has been used to determine the ratio o f  

contributions from b-)u v s  b-) c ,  b y  compari son with the cal cul a t i ons o f  
Al tarel l i  e t  a114] . The three curves i n  Figure 1 4  repre sent the expected 
spectra for the cases that 111q=l . 8  GeV/ c 2  ( c urve Bl , or that 111q=150 
MeV/ c2 ( curve A) , and the contribut ion from B-> DX decay ( curve C) . A maximum 
l i ke l i ho od c a l c u l a t i o n  r e s ul t s  i n  a s pe c t rum c o n s i s t e n t  w i th no b - ) u  
contribut ion, the 90% C L  l imit 

l e ad s  t o  BR(B- > evXul /BR(B- > evXc l 
< 7% or in te rms of the coupl ing 
parame ters of the mixing matrix 
l vbu/ Vbc l 2 < . 03 ( for de tai l s  see 
Ref . 7 ) . 

Fi gure 1 4 .  The subtracted 

el ectron spe c t rum on the Y (  4S) . 

The curves are : (A) comp l e te 

b-)u, ( B) c omp l e te b-) c , and (C)  

e l ectrons from D decay. 

5 . 0 CONCLUSIONS 
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The Y sys tem has provided an amazing l aboratory for the study of b o th weak 
and s t rong interac t ions . The Y spectrum2 l has f i l led out experimenta l ly in the 
l a s t  year with the addition o f  the xb and xi; members4 , 5 ]  t o  the y family, in 
support of the flavor independent potent ial mode l predict ions for the bound bb 
system. The El rates are in agreement w i th theoretical  exp e c t ations5 ] , and the 
hadronic transit ions be tween trip l e t  S s t a t e s  have been measuredl O] and agree 
with those pred icted by the QCD mul tipole expansion1 1 ] , al though some of the 
spe c t r a  for these tran s i tions are unexpected theor e t i c a l l y .  In B phys i c s ,  the 

B me son mas s  has been measuredl 2] and t i ght bounds have been placed on the 
quark mixing matrix parame ters from the shape of the B de c ay e l ectron 
spe c trum? ] . Al though much has been accompl i shed these past  few year s ,  there 
s t i l l  remains the chal l enge of exp l i c i t e ly resol ving the P wave l ine s ,  and 
ob s e rving the s ingl e t  S state , the �b ( se e  Fi gure 1 ) . We hope to accompl i sh 
these ta sks w i th the addition of a BGO upgrade1 5 ]  of the CUSB d e t e c t o r .  The 

f i r s t  quadrant of BGO should be instal l e d  and running by the end of 1 9 83 ( the 
�b must awa i t  a ful l cyl inder of BGO) , and perhaps by the next Moriond me eting 
we w i l l  be abl e  to report on yet more exc i t ing resul t s .  
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