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Using the ARGUS detector at the e +e -  storage nng  DORIS II at DESY, we have obtained the first ewdence for B meson decays 
into ~ mesons The inclusive branching ratio for the decay B--*7~IX was measured to be (1 05 + 0 35 + 0 25)% assuming no 7~2 
productmn In addmon,  four candidates for the exclusive decay B -+ ~ 7 ~ K  -+ have been observed, corresponding to a branching 
ratio of  (0 19_+0 1 3 + 0 0 6 ) %  

Product ion o f  ce-states in B meson decays offers a 
unique oppor tuni ty  for s tudy o f  the mterp lay  be- 
tween the weak and strong interact ions These pro-  
cesses are expected to proceed through "colour-sup-  
pressed" diagrams, requiring colour matching 
between the c and e quarks to produce  the final char- 
mon lum state [ 1-4 ] The soft gluon high order  cor- 
rections are expected to be smaller  for heavy states 
than for light hadrons  and their  contr ibut ion  is usu- 
ally neglected [2,3 ] However,  this assumpt ion  does 
not have a f i rm theoret lcal just l f iCat lon [ 1 ] Accord-  
lng to theoret ical  models,  J / ~  and ~ '  mesons are pro- 
duced by the vector  current  in B meson decays, while 
the axial vector  current  is responsible for t ransi t ions 
to rh and Xc~ mesons [2,5 ] An exper imenta l  s tudy of  
the lat ter  is an impor tan t  complement  to previous re- 
suits on the J / ~  and ~ '  channels, testing the v i n o u s  
theoret ical  approaches  Product ion  o f  the other  char- 
mon lum states, 7~o and 7~2, in B meson decays is for- 
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bidden,  i f  the effect ofsof t -gluon exchange is ignored 
[2,5] 

A number  of  theoret ical  predic t ions  developed for 
the cha rmon lum product ion  in B meson decays [ 6 -  
10 ] have s t imulated an extensive expenmenta l  s tudy 
[ 11-13 ] A R G U S  has previously repor ted  the obser- 
vat ion o f  J / ¥  and ¥ '  meson product ion  in B meson 
decays Here we present  the first ewdence  of  axial 
vector  meson ~1 product ion  in B meson decays The 
analysis is based on data  obta ined using the A R G U S  
detector  at the e+e - storage nng DORIS  II  at DESY 
The da ta  sample comprises  an integrated luminosi ty  
o f  246 pb-1  on the Y (4S)  resonance and 98 pb-~  in 
the nearby cont inuum The number  of  B mesons in 
the sample is about  418 000, assuming that  the Y(4S)  
resonance decays only to BI] pairs  The A R G U S  de- 
tector  is a 4n spectrometer  descr ibed in detail  else- 
where [ 14 ] 

Charged part icles are ident i f ied on the basis o f  spe- 
cific ioniza t ion  in the drif t  chamber,  t ime-of-flight 
measurements ,  energy deposi t ion  and shower shape 
in the electromagnetic  ca lonmete r  and,  for muons,  
penet ra t ion  through absorber  to the muon  chambers  
This  informat ion is combined  mto  an overall  likeli- 
hood  rat io [ 14 ] for each o f  the allowed part icle  hy- 
potheses (E, ~t, n, K and p )  All hadron  hypotheses 
for which the l ikel ihood rat io exceeds 1% are ac- 
cepted The electron or  muon hypothesis  is accepted 
i f  the l lkehhood exceeds 70% Only those photons  
with an energy deposi t  o f  more  than 100 MeV in the 
shower counters were used for this analysis 

Multahadron events are selected by requ lnng  a to- 
tal mul t ipl ic i ty  (nch+ ½nr) larger than 5, where nch is 
the number  o f  charged part icles and n r is a number  
o f  photons  detected in the shower counters or  recon- 
s tructed as an e+e - conversion pa i r  QED and con- 
t inuum backgrounds are further suppressed by re- 
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quxnng the second Fox-Wolfram momentum/-/2 to 
be smaller than 0 5 Together, these reqmrements 
have a 98% efficiency for the studted process 

The search for ~ mesons is made m the decay mode 
Xc~J/~T, where the J /~  is reconstructed m the lep- 
tomc mode J / ~ e + e  - (Ix+ix - ) Lepton momenta are 
reqmred to be larger than 0 9 GeV/c, which ts the 
kmematlcal hmlt for leptons from J / ~  mesons pro- 
duced m B meson decays For further analysts a mass- 
constramed fit is apphed to lepton parrs having an 
lnvartant mass wlthm + 100 MeV/c 2 of the nominal 
J /~  mass In order to suppress faked photons due to 
no~se m the shower counter electromcs the only pho- 
tons reg~stenng m at least two adjacent counters are 
accepted for this study Photons which can be com- 
bined with another photon to form a pair wxthm + 70 
MeV/c 2 (about + 3a) of the nominal ~o meson mass 
are rejected m order to suppress background from n ° 
meson decays Finally, the J/V) '  combinations are 
reqmred to have momenta less than 1 7 GeV/c, which 
is the kinematic bound for Xc production m B meson 
decays 

The mass spectrum for all accepted J /~T  combl- 
naUons ~s shown m fig la after continuum subtrac- 
tion An enhancement m the 7~ mass region is seen in 
this plot, whtle the continuum contnbuUon is small 
and exhibits no enhancement in the s~gnal region The 
sohd hne m fig 1 a represents a Monte Carlo esUmate 
of the background normahzed to the number of lep- 
ton pmrs m J / ~  mass region Background contnbu- 
Uons to the observed s~gnal originate from the fol- 
lowing sources 

( 1 ) J /~  mesons and photons from different B me- 
son decays, 

(2) uncorrelated leptons with an mvarlant mass 
around J / ~  mass, combined with a photon, 

(3) J/~/mesons and photons produced m the de- 
cay of a single B meson 
A major fracUon of the background (about 80%) Is 
due to uncorrelated combmatxons of photons and 
J/W mesons (1) or lepton pairs (2) This back- 
ground can be reliably esUmated by Monte Carlo 
studies because ~t depends only on the momentum 
spectra of photons, J / ~  mesons and uncorrelated 
leptons, which are ln&vldually well reproduced by 
the slmulauon The s~mulaUon of background (2) has 
been experimentally confirmed using E +- Ix~:7 combl- 
naUons from the data (see fig lb) The background 
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Fig 1 Invanan t  mass &stnbuUon of  £+£-7 combinations after 
cont inuum subtraction, where the £+£- pair has been fitted to 
the mass  of  the J / ¥  meson (a)  e+e - and II+~t - combmaUons 
from &rect T(4S)  decays (points) and nearby cont inuum (his- 
togram), the sohd hne shows the expected background, (b) e-+~t :~ 
combinations from dxrect/ ' (4S ) decays (points) compared with 
Monte Carlo calculauon (sohd hne)  

level in the J /~  7 mass distribution ts normahzed to 
the total number of ~+~- pairs observed m the J / ¥  
signal band The uncertainty in the normahzatlon ts 
about 7%, as determined by varying the average 
number of photons in events with J/V can&dates 
w~thln experimental errors A variation of the pho- 
ton energy spectrum, or the relative fraction of back- 
grounds ( 1 ) and (2), leads to much smaller changes 

Sxnce the continuum contnbuUon ~s small the un- 
correlated background before the anU-x ° cut can be 
also esUmated by m~xlng photons and lepton pairs 
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from different events with J / ¥  candidates The result 
is in very good agreement with the Monte Carlo est~- 
mate of this background 

The correlated background (3) is found to be small 
(about 190/0 of the total), and moreover is smoothly 
behaved as a function of J/~3'  mvarlant mass This 
estimate is obtained from Monte Carlo Monte Carlo 
is adjusted to the data usmg the measured branching 
ratios of the exclusive B meson decays into J /~  me- 
sons and reclusive momentum spectra of J/V and 
photon The Monte Carlo estimate Is also tested us- 
ing data by comparing the average neutral multlphc- 
lty in the BI) events and in the events contamlng J /~  
mesons Over the X¢ mass region the correlated back- 
ground changes by less than 4% if the momentum 
spectrum of J/q/meson is varied within experimental 
errors The total uncertainty m the background nor- 
mahzatlon in the 7~ mass region is 8% 

As demonstrated m fig 1 a, the J/~t T lnvanant mass 
distribution outside the 7~ region is well described by 
the calculated background After background sub- 
traction the J /~  T lnvarlant mass spectrum is fitted 
with a sum of two gausslans describing contributions 
from 7~t and 7~2 mesons Since the branching ratio 
for 7~o--'J/vT is only (0 66_+0 18)% the contribu- 
tion from X~o mesons is neglected The parameters of 
these gaussxans are fixed using Monte Carlo calcula- 
tions toMxc , =3510 6 MeV/c 2, Mxc2 = 3556 3 MeV/ 
c 2 and or= 56 MeV/c 2 The relatwe fraction of T~l and 
Xc2 contributions is left free The fit gives 33_+ 11 
events in the signal and the fraction of 7~ contribu- 
tion close to 100%(98_+2o%) Although the X~2 frac- 

2+60% tlon in the signal is close to 0% ( -2 ) the 7¢2 con- 
tnbutxon cannot be excluded due to the large errors 
However, since theoretical models predict a suppres- 
sion of 7~2 production in B meson decays [2,5 ], and 
the branching ratio for Xc2--*J/~ 2' IS one-half of that 
for Xcl--'J/v'/, we assume no contribution to the sig- 
nal from 7¢2 production, and attribute the excess to 
7~ production F~ttlng the signal with a single gaus- 
slan describing 7~ contribution (M= 3510 6 MeV/ 
c 2, cr=56 M e V / c  2) we obtain 33_+ 11 events Thus 
the number of events in the signal does not practi- 
cally change If only Xc~ production as taken into 
account 

A detailed Monte Carlo simulation was performed 
to determine the detector acceptance The efficiency 
for the decay mode ~ - - , J / ~ ) ,  is found to be essen- 

tlally independent o f  go 1 momentum, with an average 
value of (20 + 2 )% Using BR (7~1--' J/V T ) = (27 3 + 
1 6)% and B R ( J / ~ e + e -  (I.t+tx-)) = (6 9 + 0  9)% 
[ 15 ], and assuming that all X¢1 are produced in B 
meson decays, we obtain BR(B~x~IX)=(1  05+ 
0 35 + 0 25 )% The systematic error includes contri- 
butions from the uncertainties on the Xct and J /~  
branching ratios, background estimation, predicted 
widths, efficiency calculation and the number of B 
mesons The measured branching ratio of the B~7~IX 
decay is higher than theoretical prediction by about 
a factor of 4 [ 5 ] Such a large branching ratio means 
that about (30+ 10)% of J / v  mesons m Y(4S) de- 
cays come from the decay X~l--'J/~ 7 

An important cross-check for this result on X¢1 pro- 
ductlon can be performed by studying J /~  combma- 
tlons with photons converted in the material in front 
of the main drift chamber The reconstruction of 
converted photons, To, proceeds by finding a second- 
ary vertex formed by an e+e - pair with lnvarlant 
mass smaller than 10 MeV/c 2 For this analysis, a re- 
quirement of 1% or more was made on the likelihood 
ratio for the electron hypothesis for the e ÷ and e -  
candidates The probability to observe a converted 
photon from ~ J / v  2' decay is about 50 times smaller 
than the efficiency for photon detection in the elec- 
tromagnetic calorimeter and it is even smaller for the 
lower photon energies, but the energy resolution is an 
order of magnitude better Thus, the signal width for 
J /~  Tc combinations from X~ decays is expected to be 
a =  _+5MeV/c2 

Converted photons from x ° decays are suppressed 
in analogy to the previous analysis by requiring that 
the mvarlant mass of the T~ with any other photon in 
the event should be more than 40 MeV/c 2 (about 3e) 
away from the ~o mass Only four J/¥T~ combma- 
tlons with momenta less than 1 7 GeV/c remamed 
after this requirement in the whole invarlant mass 
range Two of them, with masses 3505 and 3496 
MeV/c 2, are within _ 2a of the ~(,cl mass The back- 
ground in this region can be reliably estimated using 
the observed J /~  T mvanant mass spectrum, folded 
with the probability for photon conversion measured 
experimentally using data on photon production By 
this means, the expected background in the 7~ mass 
region IS determined to be 0 16+0 03 events The 
probability of observing 2 or more events as a result 
of a background fluctuation is about 1% Using the 
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result of  the previous  analysis,  the number  o f  Z~I de- 
cays to J / ~  and conver ted  photon  is expected to be 
0 6 + 0 2 events 

A search for exclusive decays o f  B -+ mesons into 
~ I K  +- has also been performed The J / ~  mesons were 
reconstructed,  as in the p rewous  analys~s, in their  
leptonic  decay modes  A mass-const ra ined fit is ap- 
pl ied for ~ + ~ -  pairs  having an lnvar lant  mass within 
+ 100 M e V / c  2 of  the nomina l  J /V  mass  These J / ~  
candidates  are then combined  w~th photons  and a 
mass-const ra ined fit is per formed for all combina-  
t ions having an l nvanan t  mass  within _+ 120 M e V /  
c :  o f  the.7~t mass For  conver ted  photons  this  mass 
interval  is asymmetr ic  -16 ÷ 1o M e V / c  2 The  energy of  B 
mesons f rom T ( 4 S )  decays should be equal to the 
beam energy Therefore,  B meson candidates  are 
formed from ZclK -+ combina t ions  having an energy 
within three s tandard  devia t ions  o f  the beam energy 
A kinemat ic  fit is then apphed  to the B candidates ,  
constraining their  energy to the beam energy This  fit  
improves  the mass resolut ion by an order  of  magni-  
tude to about  5 M e V / c  2 To avoid  mul t ip le  counting, 
only one candida te  per event  is accepted,  by choosing 
the candida te  with the highest total  p robabd l ty  cal- 
culated for the sum of  all ;~2 contr ibut ions  f rom ki- 
nemat ic  fits and  part icle  ident i f icat ion Only candi-  
dates with the total  p robablh ty  larger than 1% are 
accepted 

The resulting ~ I K  -+ mass spect rum is shown in fig 
2 There are four events m the B meson mass range 
M(z~IK ± ) > 5270 M e V / c  2 The same procedure  ap- 
phed to J /W) '  candida tes  f rom the left (3271 + 120 
M e V / c  2) and  right (3751 + 120 M e V / c  2) s ldebands  
o f z ~  finds only one event  in the B mass  range The 
same analysis is per formed for con t inuum data  taken 
jus t  below Y(4S)  resonance No candidates  with a 
mass larger than 5170 M e V / c  2 are found in ei ther  
the zctK -+ combina t ions  or in the case o f  Zo~ side 
bands  F r o m  this we es t imate  the con t inuum back- 
ground in the B meson mass  region to be less than 0 1 
event  A majo r  fract ion o f  the background (about  
60%) is due to random combinat ions  o f J / ~  K -+ pmrs 
p roduced  in the decay of  one B meson (main ly  f rom 
J / ~  Krc m o d e )  and photons  originat ing f rom another  
B meson Using Monte  Carlo studies, the expected 
background contr ibut ions from all sources m the mass 
range M ( z ~ K  ± ) > 5270 M e V / c  2 is es t imated  to be 
1 1 + 0 3 events The error  is de te rmined  by varying 
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Fig 2 Invanant mass d~stnbut~on of ZoIK -+ combinations after 
the energy constrained fit The sohd hne shows the expected 
background 

the branching rat ios for exclusive B meson decays 
with J / ~  K ( n n )  in the final state within the experi-  
mentally allowed limits The mare  contr ibut ion to the 
error  comes from the uncer ta inty  o f  the branching ra- 
t ios for B ~ J / ~  K e n  The probabi l i ty  to observe 4 or  
more  events as a result of  a background f luctuat ion ~s 
less than  3% 

A detai led Monte  Carlo s lmulauon  was per formed 
to de te rmine  the detector  acceptance The efficiency 
for the decay B-+--,7~IK -+ is found to be ( 2 0 + 2 ) %  
This  leads to B R ( B - + ~ z c I K - + ) = ( 0 1 9 + 0 1 3 +  
0 06)% assuming that  50% of  all T ( 4 S )  mesons de- 
cay Into B+B - pairs The systematic error comes from 
the uncertaint ies  of  Z~ and J/~I/branching rat ios and 
the background est~matlon 

In conclusion, we have ob ta ined  the first evidence 
for 7~ meson product ion  in "F(4S) decays A signal of  
33 + 11 events containing the decays Zc-- ,J/~ 2' is ob- 
served for 7~ momenta  below the k inemat ic  hml t  for 
B decays Assuming that  Y(4S)  mesons decay only 
to BB pairs,  and  neglecting possible 7~2 product ion,  a 
branching  rat io of  ( 1 05 + 0 35 + 0 25 )% is ob ta ined  
for B--,zcIX Th~s result is a factor o f  4 larger than 
theoret ical  predic t ion  The branching rat io for 
B-+~ZclK -+ decay has been de te rmined  to be 
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(0  1 9 + 0  1 3 + 0 0 6 ) % ,  a s suming  B R ( Y ( 4 S ) - - ,  

B+B - )  = 50% Such a large b ranch ing  ra t io  impl ies  

that  the  ana logous  decay  B ° - - , ~ K ~  cou ld  be  useful  

in fu ture  searches  for  CP v io la t ion  in B decays  
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