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ABSTRACT 

Upper l i m i t s  a r e  d i s c u s s e d ' f o r  t h e  pro- 
d u c t i o n  of : j a r t i c l e s  w i t h  cha r=  quanturn num- .. . b c r s  ia pp zcl;lsicns ai 603 GsVjc .  

I n  h i s  p r e s e n t a t i o n  a t  t h e  r e c e n t  con fe rence  on 
Expe r imen ta l  ;.!e:;on S p e c t r o s c o ~ y ,  Glashow d i s c u s s e d  t h e  
consequences  o f  i n t r o d a c i n g  an  adc i i t i ona l  SU ( 3 )  s i n g l e t  
qua rk ,  hav ing  "charm" quantL? n-rrAer, f o r  p r o v i d i n g  an 
a e s t h e t i c a l l y  p l e a s i n g  le?tcn-har ' rsn  s y r x e t r y  and a  
n a t u r a l  s u p p r e s s i o n  x e c h a n i s x  f o r  n e u t r a l  s t r a n q e n e s s -  
changing weak c u r r e n t s .  -4 9 a r t i c u l . a r l y  i n t c r e s  t i n ?  
consecluencc o f  G l a s h o y ' s  s chex~c  i s  t h e  2 r e d i c t e d  e x i s -  
t e n c e  of r.e:i chz-~.-d p z r t i c l e s  :.;:?ich decay:-.::ealkly hz7.7- 

. i n g  l i f c t i x - s  i n  t h e  r a n y e  of l o - "  t o  l o - "  s e c . '  
These p a r t i c l e s  coulfi  be  produced i n  h -d ron ic  c o l l i s i o n s ,  
i n  p a i r s  hav ing  a  n e t  c h a r n  o f  zc ro .  The e a s s s s  of  
t h e s e  charz,ed c j j e c t s  -.;ouid 3e expect-d  t o  bc < 2 GeV 

. . (even f o r  bar:lor.%:i, zr?C t h e i r  prc5.i;cti.on c r o s s  sc+cz:c:;s 
a t  h i g h  e n e r g i e s  would b e  comparab1.e t o  y i e l d s  observed 
f o r  K-r.cscn ?~~'l-:rti=.? F 2  -.D ~ ~ 1 1 : : I . c r . s .  

I n  t h i s - n o t e  we wish  t b  p o i n t  o u t  t h a t  r a t h e r  s n a l l  
upper liT,its fcl- thn p r o < ; l ~ t i ~ ~  of  c-~,:-^;? p - , y c ; r 7 ~ v  c . ~  ILI_I-I , . . hav inq  t:?e ;rc.:ic-sly ciss.cr12sc! p r c s r c i s s ,  a r e  al-re%?y 
a v a i l z b l e ,  and,  concequcn t ly ,  i f  k:?e suc;::zster' r:3Ciel i s  

. . .. > . . t o  b e  u s e f u l  i n  ;nz a r e a  o f  xeaX n e u t r a l  c u r r e n t s ,  soul- 
. , f l c a t i o n s  n ~ g c t  5 e  needei t o  accoun t  for t h e  l a c k  of 

. . o b s e r v a t i o n  o f  cka rned  p a r t i c l e s  i n  h a d r o n i c  toll-sloi~s. 
The 30-inc? ::;A bubhie  r:;.i-r i s  +:el1 su i t .26  for 

d e t e c t i n g  t h e  --c; ,&  tion on -- of shor t - l i - ; sd  05;- ,,cts :.;hic.i 
have n a c r o s c o p l c  decay n e a n - f r f e  p a t h s  (L) . I n  p a r t i c u -  
l a r ,  t h e  s c z n n i ~ g  e f f i c i e n c y  f o r  n e u t r a l  par t i c l< :s  :\,hich 

*This  n a t e  was p r e s e n t e d  as  a cornaent hy t h e  a u t h o r  a t  
t h e  con fe rence  on Experirnn-ntal !. leson,Spectroscopy (Held -?ill a t  N o r t h e a s t e r n  Univ. 1 9 7 4 ) -  
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decay i n t o  two o r  more p a r t i c l e s  (even number o f  charqed  
t r a c k s )  f o r  3 cm 5 L 5 30 c m  i s  a l m o s t  100%. S i m i l a r l y ,  
t h e  e f f i c i e n c y  f o r  o b s e r v i n g  charged  p a r t i c l e s  which 
decay  i n t o  t h r e e  o r  more p a r t i c l e s  (odd nunber  o f  
c h a r g e s )  i s  a l s o  e x c e l l e n t  f o r  3  cm < L < 30 cm. I f  
charmed p a r t i c l e s  a r e  produced i n  pp c o l l i s i o n s  w i t h  
momenta i n  e x c e s s  of  100 GeV/c, t h e i r  mean-free p a t h s  
would l i e ,  t y p i c a l l y ,  i n  t h i s  s e n s i t i v e  r ange .  

We have  scanned - 20,000 f rames pf f i lm . f ro rn  an ex- 
p o s u r e  of' t h e  30-incn XAL b u b b l e  c h a i b e r  t o  400 GeV/c 
p r o t o n s .  A s e a r c h  was nade f o r  anomalous decays  of 
n e u t r a l  and  charqed p 3 r t i c l e s  produced i n  p r i n a r y  pp c o l -  
l i s i o n s .  I n  p a r t i c u l a r ,  t h e  f i l m  v a s  scanned f o r  t opo l -  
o g i e s  which invo lved  a  m a t e r i a l i z a t i o n  of 2 ,  4 ,  6 o r  
m o r e  trac:;s (even i n  nurrberi ,  o r  t h s  decay o f  a  charged  
t r a c k  i n t o  3, 5,  7 o r  more ~ d d - c h a r - " , ~  ..., pron:s, on any 
frame which contai r ied a  p r i r -a ry  plr, i n t e r a c t i o n .  

A t o t a l  of  - 700 V ' s  charqec'. ? a r t i c l e s  ~ i h i c h  
sudden ly  m z t e r i a l i z e  i n  t h e  bub5 le  c h z 5 e r )  were ob- 
s e r v e d .  I n  a d d i t i o n ,  one e-pronqed n e u t r a l .  Secay candi -  
d a t e ,  and one 3-pronced c h a r c e d - p a r t i c l e  decay c a n d i d a t e  
were  a l s o  0 5 c e r ~ ~ e G .  i'he ~ e a s u r z b l e  '3 e v e n t s  were con- 
s i s t e n t  w i t h  b e i n g  i n t e r ~ r e z z 3 l e  a s  i;" -+ n+;r- ( -  200 - s 
e v e n t s ) ,  :':O -. p;: ( -  -60 e v e n t s )  , o r  x0 + 67,' ( -  10 
e v e n t s )  d e c a y s ,  o r  w i t h  b e i n g  e+e- p a i r s  r e s u l t i n g  from 
m a t e r i a l i z a t i o n s  of p h o t o r ; ~  ( -  4 0 0  e v e n t s ) .  The 8-  
pronged "V" can b e  i n t z r n r e t e d  a s  r e s u l t i n ?  f r o 3  an i n -  
t e r a c t i o n  n e a r  t h e  s econds ry  v e r t e x ,  caused  by one o f  
t h e  pronzs  f r o 2  a  n e n t r o n  i n t e r a c z i o n  (c2?.--ronss5 
s t a r ) .  The 3-prongc-ci e7,?orit i s  riot a i:-decay, b u t  cou ld  
b e  i r , t t r s r ~ ~ c ~  a s  2 ss=cczszr,,- - in ' ; .zrzcticn ;.Felc?<.?z a i!- 

pronged e v e n t  havin-j  a low-rr.3x;ent.m p r o t o n  r e c o i l  which 
i s  t o o  s h o r t  t o  o b s e r v e  i n  t h e  bcSble  c k ~ r r b e r .  !.:e con- 
s i d e r  t h e  t-..;o anozz..lous e v e n t s  a s  rc-pr:sr-nrinj u ? x r  
l ixits  f o r  t?,e p r o d z c t i o ?  , of cha r . s -7  n z r t i c l e s .  

The c r o s s  s e c t i o n s  f o r  %:, Lo,  and x0 p r o d o c t i o n  
a r e  6 + 1 inj, 3.4 5 0.G rib ana  0.40 2 0.15 m5, respec-  

2 t i v e l y .  Assuininq c h ~ r ~ e d  p z r t i c l e  z a s s e s  ( 1  be"-- ~ . :een  
0.5 G2V and 4 GeV, h z - ~ i n c  a v c r z c e  r.on;enta o f  150 GeT:/c 
( i . e . ,  produced for;:zrd i n  t h e  pp c e n t e x  o f  m a s s ) ,  and ,  
f u r t h e r ,  supposing c h n r q e d - p a r t i c l e  decay modes f o r  t h e  
charmed o b j e c t s ,  we c a l c u l a t e  a~nd d i s p l a y  i n  Fiq.  1 
a?:-jroxizlte u??er l i m i t s  f o r  t h e  p r o d u c t i o n  of charmed 
p a r t i c l e s  a s  a  f u n c t i o n  of t h e i r  expec t ed  mean l i v e s ,  
F o r  comparison w e  p r o v i d e  t h e  v a l u e  of t h e  t o t a l  c r o s s  
s e c t i o n  f o r  i n c l u s i v e  p r o d u c t i o n  of a n t i p r o t o n s  a t  4 0 0  
G ~ v / c . '  W e  w i sh  t o  n o t e  t h a t  t h e  d e t e c t i o n  e f f i c i e n c y  
f o r  o b s e r v i n g  p o s s i b l e  charmed p a r t i c l e s  remains  sub- 
s t a n t i a l  f o r  mfan l i v e s  ? l o - "  because  of t h e  a d d i t i o n -  
a l  low-monentum s o u r c e  ( p r o d u c t i o n  i n  t h e  backward hemi- 



s p h e r e  o f  t h e  c e n t e r  o £  mass) 
o b t a i n i n g  F ig .  1. 

which w e  have i g n o r e d  i n  

(pp - K + CNYTrlYGI= 24 rnb 

F i g .  1.. Upper l i m i t s  f o r  
t h e  p roduc t ion  of charmed 
p a r t i c l e s  i n  pp c o l l i s i o n s  
+t 109 CoV/c. T h e  r e s u l t s  
a r e  d i s p l a y e d  a s  a  f u n c t i o n  
o f  t h e  masses and mean 
l i v e s  o f  t h e  hypo thes i zed  
o b j e c t s .  

From t h e  gra;ih p resen ted .  i n  F ig .  1 w e  conclude t h a t  . - ir chzr::.ci p z r t i c l e s  a r e  nro?.-~c:zd . . i n  ;:? c r l l i s i c n s  at 
h i g h  e n e r g i e s  a s  c o p i o u s l y  a s  K mesons ("TOT - 24 rnb) 

~~ . 

t h e n  e i t h e r  t h e i r .  ze2n l i v e s  must l i e  belo:.? t h e  expectec? - ,  > 
r a n g e  of 10 - '  t o  l o - ' '  sec, o r  t h e i r  masses must exceed 
4 GeV. From a  t h e o r e t i c a l  vi-ewpoin'i, t h e s e  a l t e r n a t i v e s  
do n o t  anpea r  t o  3a ze:>cdlinz c n e s .  
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