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Using the ARGUS detector at the e +e- storage ring DORIS II at DESY, we searched for b~u transitions in exclusive hadronic 
B meson decays. A systematic analysis of B decays into pions has been performed for decay modes with 2-7 pions in the final 
slate. In none of the decays a positive signal was observed. The upper limits obtained on various branching ratios are consistent 
with the current model predictions. 

The  s tandard  mode l  o f  e lec t roweak  in te rac t ions  al lows for b - , c  and b - , u  t ransi t ions .  Whereas  m u c h  infor-  

m a t i o n  is ava i lab le  on the decay o f  the b qua rk  into cha rm [I ], v e ~  lit t le is known conce rn ing  b - , u  decays.  

Ev idence  for these decays  has been  obse rved  analyz ing  semi l ep ton ic  B decays  [ 2,3 ]. The  a t t emp t  to recons t ruc t  

had ron i c  B decays  con ta in ing  ne i the r  c h a r m  nor  s t rangeness  in the final state has not  led to conc lus ive  results 

up to now [ 4,5 ]. The re fo re  a sys temat ic  s tudy o f  B decays  in to  charged and neutra l  p ions  has been pe r fo rmed .  

T h e  results r epor t ed  here  are based on a da ta  sample  o f  214 pb-~  ob ta ined  on the V ( 4 S )  resonance  and 93 

p b -  ~ in the c o n t i n u u m  using the A R G U S  de tec to r  at the D O R I S  11 storage ring. Searches for B decays  have  

been  m a d e  in decay channels  ~ con ta in ing  charged and  neutral  pions: 

(a) B°~n+n - ,  (b) B+-,n+n °, 
(c )  B + - o n + n + n -  , ( d )  B° - -*n+n-n  ° , ( e )  B + ~ n + n ° n  ° , 

( f )  B°--*n+n+n-n - , (g)  B + - , n + n + n - n  ° ,  ( h ) B ° ~ n + n - n ° n  ° ,  

( i )  B + ~ 3 n + 2 n  - ,  ( j )  B°--~2n+2n-n ° ,  

(k )  B ° - ~ 3 n + 3 n  - , (1) B + - , 3 n + 2 n - n  ° ,  

( m ) B ° - ,  3n + 3 n - n  ° , 

The  A R G U S  de tec to r  is a 4n spec t romete r ,  which  has been descr ibed  in detai l  e lsewhere  [6] .  Charged  part i -  

cles are  iden t i f ied  on the basis o f  m e a s u r e m e n t s  o f  both  specif ic  ion iza t ion  and t ime  o f  flight. Only  those  charged 

tracks are accep ted  as pions,  for which the co r r e spond ing  l ike l ihood rat io  exceeds  1%. T h e  two pho tons  f r o m  a 

n o decay may  e i ther  fo rm two separa te  clusters  in the ca lo r ime te r  o r  merge  into one  cluster.  In the two-clus ter  

case, the energy o f  each p h o t o n  has to be larger than  50 MeV. Each c o m b i n a t i o n  o f  two photons  is accep ted  as a 

n o cand ida te ,  i f  the i r  i nva r i an t  mass lies wi th in  2.5 s tandard  dev ia t ions  o f  the table value.  The  accepted  candi-  

dates  arc subject  to a mass  cons t ra in t  fit. To cove r  the merged  cluster  case, pho tons  with an energy above  800 
MeV are accep ted  as n ° candida tes .  
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Since B mesons produced in T(4S)  decays must have the beam energy Eb~ .... which is half of  the T (4S) mass 
of  10.580 GeV/c  2 [7 ], we require the energy of  B candidate combinations to satisfy I E R - E , , , m  t <  2aE. EB is 
the measured energy of  the B candidate, and CJF. the corresponding error. An energy constraint fit is then per- 
formed which transforms the moderate momentum resolution into a mass resolution of  a few MeV/c  2. Adding 
the contribution of  the T(4S)  resonance width and that of  the DORIS beam energy spread, we expect a signal 
to have a width between 3.7 and 5.5 McV/c  2. The B mesons have a p-wave angular distribution proportional to 
sin20B, where On is the polar angle of  the B meson with respect to the beam axis. Taking advantage of  this fact, 
we require I cos 0BI ~< 0.8. This cut reduces the background by about 20% at an efficiency of  94%. 

The background from cont inuum events is very efficiently reduced by a topological cut, exploiting the fact 
that B mesons from Y(4S) decays have small momenta  and decay isotropically. Two thrust axes are calculated 
fbr each event, one for the B candidate and one for the remaining particles. For I ' (4S)  decays there is no corre- 
lation between the two axes, while for cont inuum events there is a strong peaking at I cos Oqhrus, [ = 1, where oqhrust 
is the opening angle between the two thrust axes. Therefore, we require that ]cos oqhru~, L ~< 0.6. 

For a B candidate, the total probability obtained from the sum of  all Z 2 contributions from particle identifi- 
cation and kinematical fits must exceed 2%. After applying these cuts, the remaining events can contain more 
than one candidate for a given final state with a mass above 5.15 GeV/c  2. To avoid double counting, the can- 
didate with the largest total probability is chosen. After this selection, the pions were combined to look for 
hadronic resonances. The invariant mass of  the composite system was required to be within the mass range as 

indicated. 

pO. ,n+n-  A M =  + 200 MeV/c  2 , p+ ~ n + n  ° ~ / =  + 250 MeV/c  2 , 

a ° ~ p + n  - A M = + 3 5 0 M c V / c  2, a~'--,p+n ° A M =  -_ 350 MeV/c  2, ai~--,p°n + & 1 4 = + 3 5 0 M e V / c  2, 

q ~ n + n - n  ° A M =  +_3O M e V / c  2, o - , n + n - n  ° A M = + 6 0 M c V / c  2. 

For the decay B-~ 9n wc use the fact that the p is polarized resulting in an angular distribution proportional to 
cos 2 0,, where 0~ is the angle between the pion from the B decay and one of  the pions from thc p decay in the p 
rest framc. We cut on /cos 0~1 >/0.5. 

Fig. la shows the invariant mass distribution of  the decay B + -~n+n °. There is no evidence for a signal coming 
from B decays. This conclusion is substantiated by examining the same mass distribution after subtraction of  
the underlying continuum events. For this purpose, the cont inuum data has been analyzed in the same way as 
the "f(4S) sample, and then scaled according to the luminosities and the 1/s dependence of  the hadronic cross 
section. The resulting mass distribution (fig. l b) shows that the background is dominated by continuum cvents. 
The 1"(4S) mass distributions of  the individual final states have been fitted with a gaussian distribution of  mass 
5.279 GeV/c  2 [8 ] and expected width plus the following function to model the background: 

dN /cL, VI~ M x/1--MZ / E~am exp[ - a (  1 - M2 / l~22eam) ] . 

The upper limits on the number  ofevents  have been derived by integrating the likelihood distributions obtained 
in the fits over positive values of  the number  of  events. The fit results are summarized in table 1. 

To determine the reconstruction efficiency, T(4S)  decays have been simulated using the L U N D  6.2 model 
[ 11 ], which has been adjusted to describe the general properties of  B meson decays. The production probabili- 
ties of  neutral and charged B mesons produced in T(4S)  decays were assumed to be equal [8].  The generated 
events have been passed through a detailed detector simulation program [ 12 ]. The systematic errors have been 
taken into account by folding them with the likelihood distributions obtained from the fits to the individual 

mass distributions. 
The 90% confidence level upper limits for the branching ratios are given in table 1. For comparison, the 

predictions of  the two different models [ 9,10 ] are included using a ratio ] Vbo/Vo~ ] = 0.1 [ 2,31- All of  the pre- 
dicted branching ratios are below the experimental limits. To increase our sensitivity, we added all events with 
two or three pions in the final state (decay channels a -e) .  Using the reconstruction efficiencies and the model 
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Fig. 1. I n v a r i a n t  mass  d i s t r i bu t i on  o f  the d e c a y  B + ,~+Tr °. ( a )  

At the ~ ' (4S) ;  the  cu rve  shows the  result  o f  the m a x i m u m  likeli- 

h o o d  fit de sc r ibed  in the text. ( b )  Af ter  sub t r ac t i on  o f  the con t in -  

u u m  c o n t r i b u t i o n .  T h e  gauss i an  curve  represen ts  the 90% C L  up-  

per  l imi t  on  the signal  f rom the  a b o v e  fit (see table  1 ). 
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Fig. 2. I n v a r i a n t  mass  d i s t r i bu t ion  o f  all B c a n d i d a t e s  wi th  two 

or  three  p ions  in the f inal  s ta te  ( d e c a y  c h a n n c l s  a - e ) .  ( a )  At  the  

"£(45) ;  the curve  shows  the resul t  o f  the  m a x i m u m  l ike l ihood  fit 

desc r ibed  in the text. (b )  After  sub t r ac t i on  o f  the c o n t i n u u m  

con t r i bu t i on .  The  gauss i an  curve  represen t s  the 90% CL u p p e r  

l imi t  on  the signal  f r o m  the a b o v e  fit. 

Tab le  1 

S u m m a r y  o f  the l imi ts  at  the 90% conf idence  level on the  n u m b e r  o f  events  a n d  c o r r e s p o n d i n g  b r a n c h i n g  rat ios.  F o r  c o m p a r i s o n ,  the 

mode l  p red ic t ions  for  t w o - b o d y  [ 11 ] a n d  m u l t i b o d y  [ 12 ] decays  a re  given.  The  first two d e c a y  m o d e s  have  been  inves t iga ted  by bo th  

models .  

D e c a y  U p p e r  l imi ts  (90% C L )  Br  ~) D e c a y  U p p e r  l imi ts  (90% C L )  Br  '~) 

m o d e  ( I V b , / V ~ I = O . I )  m o d e  ( IVb, , /V~I=O.I )  
events  BR even ts  BR 

7t+~ ° 12.5 2 . 4 X  10 -4  0 . 6 ( 1 . 3 )  X 10 - s  mTr + 5.0 4 . 0 × 1 0  -4  2 X 1 0  -6  

~ " x -  8.8 1 .3>(10 -4  2 . 0 ( 2 . 5 )  × 10 -S qTt + 2.3 7 . 0 × 1 0  -4  3>(10  -6  

n + x + n  - 23.8  4 .5> (10  -4 6>(10  -5  rt47t-~°Tt ° 35.3 3 .1>(10  -3  5>(10  -4  

pOg+ 5.5 1 .5>(10 -4  2>(10  -6  p + p -  12.5 2 .2>(10  -3  5>(10  -5  

rc 'n-n  ° 25.0  7 .2>(10  -4  2 X I 0  -4  a ° n  ° 10.7 1 .1>(10 -3  7 X I 0  -7 

p ° n °  10.0 4 . 0 X  10 -4 2>(10  -6  tort ° 3.9 4 .6>(10  -4  1 × 1 0  -7  

p + n -  11.4 5 .2>(10  -4  6 × 1 0  -5  "qn ° 3.9 1 .8>(10 -3  - 

rc+x°rc ° 19.3 8 . 9 ×  10 -4  6>( 10 -5  3 n + 2 n  - 25.0  8 . 6 ×  10 -4  2 ×  10 "4 

p+~O 8.2 5 .5>(10  -4  2>(10  -5  ai+p ° 5.5 6 .0>(10  -4  3>(10  -5  

n + r r + x - x  " 26 .4  6.7>( 10 .4 1 >( 10 -4  2n+ 27t -x  ° 100.0 9 . 0 X  10 -3  6>( 10 -4  
pOpO 5.9 2 .8>(10  -4  1>(10 -6  a ~ p -  11.0 3 .4>(10  -3  7 X 1 0  -5  

al+n - 10.4 6 . 3 X  10 -4  6 X 1 0  -5  a °p  ° 17.6 2 .4>(10  -3  8 X 1 0  -7  

n + n + ~ - r ~  ° 83.0 4.0>( 10 -3  4>( 10 -4  3n+ 37t - 68.5 3.0>( 10 -3  2 X  10 -4  
p+pO 11.3 1 .0>(10 -3  1 × 1 0  ' s  a + a i  - 24.8 6 .0>(10  -3  - 

ai~n ° 14.4 1 .7>(10 -3  3 × 1 0  -5  3 n + 2 r r - n  ° 47.8 6 .3>(10  -3  7 × 1 0  -4 

a ° n "  17.6 9 . 0 ×  10 -4  - a + a~ } 37.0 1.3>( 10 -2  - 

37t~ 3~:-rc ° 79.1 1.1 >( 10 -2  7>( 10 -4  

") Refs.  [ 9 , 1 0 ] .  
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Fig. 3. Invariant mass distribution of  all B candidates with four 
pions in the final state (decay channels f -h) .  The continuum 
contribution has been subtracted. 
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Fig. 4. lnvariant mass distribution of  all B candidates with five 
pions in the tinal state (decay channels i, j ). the continuum con- 
tribution has been subtracted. 

calculations (table 1 ), we expect a signal of 13 events, which is too small to be observed in fig. 2. The fit to fig. 
2a results in 55 evcnts at 90% CL. The mass distribution of B decays into four and five pions are plotted in fig. 
3 and 4 respectively after subtraction of the scaled continuum. With increasing decay multiplicity, the mass 
distributions show a rising contribution from "f'(4S) decays. The number of signal events cxpcctcd is about 17 
(fig. 3 ) and 11 (fig. 4). The huge combinatorial background does not allow to observe such small signals coming 
from hadronic b ~u decays. 

In summary, an extensive search for B decays into pions has been performed. No evidence for hadronic b-~u 
transitions has been observed. The upper limits obtained are consistent with the model predictions. 
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