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ABSTRACT 

A search  f o r  hadronic production of charmed p a r t i c l e  p a i r s  decaying 

i n t o  a VO and a p was performed us ing  t h e  FNAZ. 30-inch deuterium bubble 

chamber and a downstream p d e t e c t o r .  I n  t h e  m a s s  reg ion  2-2.5 GeV,  upper 

l i m i t s  of 90ub, 340pb, and 350pb a r e  set on CJ f o r  t h e  KO mode assuming 

t h r e e  d i f f e r e n t  product ion and decay models. Upper l i m i t s  f o r  higher  

charm masses and A modes a r e  a l s o  given. 



1 2  A recent  search  f o r  hadronic production of charmed p a r t i c l e s  has  

+ 
been repor ted  f o r  n p  i n t e r a c t i o n s  a t  15  GeV/c g iv ing  upper l i m i t s  f o r  t h e  

production c r o s s  s e c t i o n  t imes t h e  branching r a t i o  i n t o  p u r e l y  hadronic 

f i n a l  s t a t e s  ( inc luding  a  s t r ange  p a r t i c l e )  f o r  a  v a r i e t y  of product ion 

and decay channels .  The experiment was s e n s i t i v e  t o  charmed p a r t i c l e s  i n  

the  1 . 5  t o  4 .0  GeV mass reg ion ,  r e s u l t i n g  i n  upper l i m i t s  of a  few t ens  of 

microbarns f o r  each exclus ive  channel.  Subsequent have 

extended these  l i m i t s  f o r  a  v a r i e t y  of hadronic decay modes t o  the  range 

of t e n s  of nanobarns f o r  n-Be i n t e r a c t i o n s  (2 < Mc 2 3 GeV) and t e n t h s  - 
+ - .  of nb f o r  e e interactions (1.5 - < M < 2 . 4  GeV). 

C - 
On t h e  o t h e r  hand, s e v e r a l  new have been repor ted  which 

may be  i n t e r p r e t e d  a s  a r i s i n g  from charmed-part icle  production. This  

i n t e r p r e t a t i o n  would i n  two r e q u i r e  t h e  charmed p a r t i c l e s  t o  

decay l e p t o n i c a l l y  o r  semi leptonica l ly .  None of t h e s e  e f f e c t s  is 

d i r e c t l y  con t rad ic t ed  by t h e  above-quoted charm searches.  

Although t h e  branching r a t i o  f o r  charmed p a r t i c l e  decays i n t o  purely 

hadronic modes i s  expected t o  be l a r g e ,  i n  anology wi th  t h e  nonleptonic 

decays of hyperons, t h i s  i s  by no means a necessary assumption.* Hence 

from t h e  s tandpoin t  of p lac ing  upper l i m i t s  on charmed-particle production 

c r o s s  s e c t i o n s  one must a l s o  cons ider  t h e  case  of l e p t o n i c  o r  semileptonic 

decays. Here t h e  experimental  s i t u a t i o n  is much l e s s  c l e a r .  Upper limits 

may be der ived  from t h e  measurements of d i r e c t  muon product ion a t  

high t r ansve r se  momentum.'' I n  r e f .  11 an upper l i m i t  of 2 ub is given 

f o r  a  3.1 GeV charmed p a r t i c l e  with a  three-body semileptonic decay mode 

* 
assuming a p a r t i c u l a r  product ion model which peaks a t  p  = 0. It is not  L 

c l e a r  from t h e  ~ u b l i s h e d  d a t a  what l i m i t  may be deduced f o r  o t h e r  production 



models. 

Because t h e  d i r e c t  muon product ion experiments accept  only muons with 

pT 1 GeV/c l3 t h e i r  i n t e r p r e t a t i o n  a s  a  l i m i t  on charmed-particle production i s  not 

simple. For t h e  i n t e r e s t i n g  mass reg ion  2 2 M < 3 GeV no such i n t e r p r e -  
C - 

t a t i o n  has y e t  been published,  but  one expects  t h a t  t h e  experiments a r e  re- 

l a t i v e l y  i n s e n s i t i v e  t o  such p a r t i c l e s .  This  may be seen from t h e  fol lowing 

cons idera t ions :  For a  charmed p a r t i c l e  produced wi th  p = 0 and decaying T 

i n t o  KOuv t h e  maximum t r ansve r se  momentum of  t h e  p i s  1 GeV/c f o r  M = 2.5 
C 

G e V ;  hence t h e  experimental acceptance must c u t  o f f  near  t h i s  mass. For a  

Aopv decay mode t h e  corresponding cu to f f  i s  fiI = 3 GeV. We the re fo re  con- 
C 

clude t h a t  charmed p a r t i c l e s  may be produced i n  t h i s  mass reg ion  with q u i t e  

l a r g e  c r o s s  s e c t i o n s  without  con t rad ic t ing  these  experiments. 

In  t h i s  paper we r e p o r t  a  s ea rch  f o r  charmed p a r t i c l e s  wi th  semileptonic 

decays. The experiment accep t s  muons wi th  0 < 85 mr  and i s  most s e n s i t i v e  
LAB - 

t o  charmed p a r t i c l e s  i n  t h e  2 - < M < 3 GeV mass reg ion .  I f  one accep t s  t h e  
C - 

charmed-particle i n t e r p r e t a t i o n  of  r e f .  5  one might expect  a  very l a r g e  s ig -  

n a l  i n  t h i s  region.  

The da ta  a r e  a  p a r t  of a  70K p i c t u r e  exposure of t h e  FNAL 30" deuterium 

f i l l e d  bubble chamber t o  a  200 GeVjc tagged n- beam. A sample of 13K pic-  

t u r e s  are obtained wi th  a  downstream muon d e t e c t o r .  The s igna tu re  f o r  charmed 

p a r t i c l e  product ion was taken t o  be t h e  combination of (1) a  p a r t i c l e  which 

< > 
penet ra ted  t h e  muon sh ie ld  ( l abora to ry  ang le  Q 85 m r  and % 9 GeV/c) and (2) a 

v0 observed i n  t h e  bubble chamber. No evidence f o r  charmed-particle produi- 

t i o n  has  been found wi th in  t h e  l i m i t s  of our  s e n s i t i v i t y .  

The appara tus  is shown i n  Fig.  1. The muon d e t e c t o r  c o n s i s t s  of a  

3' l ead  and a 1 4 '  concre te  s h i e l d  followed by a  plane of s i x  18" square 

counters .  The l o g i c a l  sum of t h e  ou tpu t s  of t hese  counters  was put i n t o  

coincidence with t h e  beam p a r t i c l e  t a g  and t h e  output  of t h i s  coincidence 



was used t o  i d e n t i f y  t h e  beam t r a c k .  This  r e su l t ed  i n  a  sample of 1600 

beam t r a c k s  f o r  which a  p a r t i c l e  penetrated t h e  downstream muon d e t e c t o r .  

This sample c o n s i s t s  of (1) muons which contaminate t h e  beam, (2) o rd ina ry  

hadron even t s  f o r  which a  secondary hadron e i t h e r  decayed i n t o  a  muon o r  

punched through t h e  sh ie ld ing ,  and (3) d i r e c t l y  produced muons, o r  muons 

from decay of charmed p a r t i c l e s  i f  they e x i s t .  

Of t h e  1600 p-tagged beam t r a c k s  72 were found t o  be assoc ia ted  

with an i n t e r a c t i o n .  These 72 events  a r e  considered t o  be candida tes  f o r  

t h e  product ion of charmed p a r t i c l e s .  Of these ,only  3 events  had an assoc ia ted  

0 vO. From t h e  measured r a t e  of V product ion per primary i n t e r a c t i o n  i n  

0 
events  without a  muon t a g ,  w e  expect  3 . 2  V 's i n  a  sample of 72 primary 

events .  We t h e r e f o r e  conclude t h a t  t h e  VO product ion r a t e  i n  t h e  sample of 

candida tes  f o r  charm production i s  c o n s i s t e n t  wi th  t h a t  i n  a  sample of 

ord inary  hadron even t s  where t h e  u t a g  could come from secondary decays 

o r  punch through of hadrons. Thus we see  no evidence f o r  production of 

charmed p a r t i c l e s  nor any new o b j e c t s  which decay semi leptonica l ly  i n t o  

s t r ange  p a r t i c l e s .  The upper l i m i t  i n f e r r e d  (90% confidence l e v e l )  i s  

6.0 x of t h e  rr-d i n t e r a c t i o n s  r a t e ,  o r  23  ub f o r  t h e  production of 

s t a t e s  which y i e l d  (1) a de tec t ed  muon and (2) a  de t ec t ed  VO i n  t h e  bubble 

chamber. This  i s  an upper l i m i t  on t h e  product  of t h e  production c r o s s  

s e c t i o n ,  t h e  branching r a t i o  i n t o  a  muon and a  shor t - l ived  n e u t r a l  p a r t i c l e ,  

and the  d e t e c t i o n  e f f i c i e n c y  of our  appara tus .  

The d e t e c t i o n  e f f i c i e n c y  was ca l cu la t ed  by genera t ing  events  us ing  

0 
Monte Carlo techniques and determining t h e  p r o b a b i l i t y  t h a t  both t h e  V 

and the  p a r e  de t ec t ed .  Charmed mesons a r e  assumed t o  decay i n t o  K0pv with  

a matr ix  element l i k e  t h a t  of Ke decay. 
14 

3 



Charmed baryons a r e  assumed t o  decay i n t o  Apv with  a  cons tant  matr ix 

element. For the  production mechanism, we assume as soc ia t ed  product ion 

and consider  s e p a r a t e l y  t h e  cases  ( i )  where t h e  de tec ted  V' and u came 

from the  same charmed p a r t i c l e  and ( i i )  when they came from d i f f e r e n t  

charmed p a r t i c l e s .  

I n  t h e  case  where t h e  u and VO come from the  same semileptonic charmed 

p a r t i c l e  decay, we assume a cons tant  c r o s s  s e c t i o n  i n  t h e  c.m. long i tud ina l  

* 
momentum region  -2.5 5 P < 6.5 GeV/c and we assume t h a t  t h e  t r ansve r se  

L - 
momentum has a gaussian d i s t r i b u t i o n  wi th  a  mean of .35 GeV/c ( t h e  PT de- 

pendence has a  n e g l i g i b l e  e f f e c t  on t h e  r e s u l t s  f o r  PT << mass of t h e  

charmed p a r t i c l e . )  The corresponding upper l i m i t s  on the  c ross  s e c t i o n  

times branching r a t i o  a s  a func t ion  of charmed p a r t i c l e  mass a r e  shown i n  

Fig. 2 .  

I n  t h e  case  where t h e  de tec ted  u i s  produced by one charmed p a r t i c l e  

0 
and the V by the  o t h e r ,  t h e  c a l c u l a t i o n  of d e t e c t i o n  e f f i c i e n c y  i s  l e s s  

s e n s i t i v e  t o  t h e  choice of decay mode. However, t h e  a d d i t i o n a l  ques t ion  of 

production c o r r e l a t i o n s  between the  two charmed p a r t i c l e s  becomes important.  

We consider  two regions :  (a)  "cen t r a l  production", where both charmed 

X 
p a r t i c l e s  a r e  produced uniformly i n  -3 2 P < 3 GeV/c, and e i t h e r  may decay 

L - 
0 

t o  a  V , and (b) "forward-backward production", where one charmed p a r t i c l e  

* 
i s  produced wi th  P > 0 and decays t o  a  p and t h e  o t h e r  charmed p a r t i c l e  i s  

L - 
* 0 

produced w i t h  P < 0 and decays t o  a  V . The r e s u l t ,  shown i n  Fig.  3 ,  i s  
L - 

an upper l i m i t  on t h e  product o r  r where o i s  the  production c ross  s e c t i o n ,  
!J V' 

r i s  the  branching r a t i o  i n t o  semi leptonic  muonic modes and rV i s  the  
IJ 

0 branching r a t i o  i n t o  K A modes. We no te  t h a t  i f  t h e  production were s t rong ly  

peaked forward-backward, t h e  upper l i m i t  (b) would be smal le r .  
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Figure Captions 

1. The experimental apparatus. 

2. Upper limits on the production cross section times branching ratio 

vs. assumed charm mass for rr-d + c&, where either C or C is produced 
0 

with -2.5 - < pL 2 6.5 GeV/c and decays into V uv .  Solid curve: assuming 

that the V0 is a KO; dashed curve: assuming that the V0 is a A .  

3 .  Upper limits on the production cross section times branched ratios 

for n-d -+ C% where one of the charmed particles is assumed to decay 

0 
into a p and the other into a V . (a) The V0 is taken to be a KO. 

Solid curve is for central production as defined in the text. Dashed 

curve is for forward-backward production of a pair of charmed mesons. 

(b) The VO is taken to be a A .  Solid curve is for central production. 

Dashed curve is for forward-backward production to the charmed meson- 

baryon pair. 










