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ABSTRACT 

The r e p o r t  i s  on v i n t e r a c t i o n s  i n  t h e F N A L 1 5 ~ f o o t  bubble chamber 
f i l l e d  w i t h  heavy neon. . . Inc lus ive  product ion of a+, a', KO and !iO is  
shown. L imi t s  a r e  given on t h e  product ion and hadronic  decay of K c -  The 
r a t e  of DO p roduc t ion  and decay t o  ~ o ~ + i r '  is r e p o r t e d .  Events con ta in ing  
a  p- and ef a r e  observed and i n t e r p r e t e d  a s  l e p t o n i c  decay of charm. 
Events w i t h  s i n g l e  e+ o r  e- Are r e p o r t e d  and found t o  be c o n s i s t a n t  wi th  - 
w e  and we i n t e r a c t i o n s .  

&. 
Le r a p p o r t  t r a i t e  des  i n t e r a c t i o n s  v dans l a  chambre a  bul leFNU. de  

15 p i e d s  rempl ie  d e  nebn lourd .  On y montre l a  product ion i n c l u s i v e  de  
nf, IT-, KO e t  d e  A'. Des l i m i t e s  s o n t  a t t r i b u g e s  a l a  product ion e t  l a  
de ' s in tegra t ion  hadronique d e  kc. Le t a w  de  p roduc t ion  de DO e t  de dgs- 
i n t e g r a t i o n  en ICoafa- y  e s t  rapPored.  On observe les,  ebenements comport- 
a n t  un s e u l  e+ ou un e- e t  on t rouve  q u ' i l s  s o n t  coheren t s  avec l e s  i n t e r -  
a c t i o n s  W e  e t  We. 

. . . . 
. . . . 

1. , XXTRODUCTION 

The foi . lowing r e p o r t  i s  on our  exper iment  done a t  FNAL i n  . t h s  15 f o o t  

bubbleachamber f i l l e d  wi th  64% (atomic) neon and 36% (atomic) hydrogen. 

The chamber w a s  run  i n  theFNALtwo horn "wide band" n e u t r i n o  beam who.se 

energy d i s t r i b u t i o n  i s  shown i n  Figure  1. With t h i s  combination a  charged 

c u r r e n t  r a t e  of about  one event  per  two p i c t u r e s  was ob ta ined ,  much h igher  

than t h a t  o b t a i n a b l e  wi th  t h e  quadruple . t r i p l e t  beam (again  s e e  Figure  1 ) .  
-. 



F i g u r e  1. Energy d i s t r i b u t i o n  of f l u  t imes  c r o s s  s e c t i o n ,  assuming . 

c r o s s  s e c t i o n . p r o p o r t i o n a 1  t o  energy. 



I n  a d d i t i o n ,  t h e  use  of neon provided good gauma and e l e c t r o n  i d e n t i f i c a -  

t i o n  ( t h e  chamber i s  3 .6 .mete r s  d iameter  and t h e  r a d i a t i o n  l e n g t h  is  40 cm) 

and moderate hadron i d e n t i f i c a t i o n  ( t h e  i n t e r a c t i o n  l e n g t h  is  1.25 mete r ) .  

The f o l l o ~ ~ i n g  r e s u l t s  were ob ta ined  from t h e  a n a l y s i s  of 96,300 pic-  

t u r e s  c o n t a i n i n g  46,400 charged c u r r e n t  even t s .  A l l  e v e n t s  c o n t a i n i n g  a  

K O ,  a  A0 o r  an e l a c t r o n  were measured (approx ioa te ly  3,000 evan t s )  . I n  

a d d i t i o n  a smal le r  sample of charged c u r r e n t  e v e n t s  i w a s  measured v i t h o u t  

t h e  above requirements .  T h i s  r e p o r t  w i l l  cover d a t a  on i n c l u s i v e  produc- 

t i o q  of sr's, K ' s  and A ' s  and t h e  s e a r c h  f o r  hadron ic  decays  of charmed 
+ - 

p a r t i c l e s .  Events c o n t a i n i n g  a n  e  o r  e w i l l  be analyzed i n  terms of con- 

t r i b u t i o n s  from charm decay,  v and 3 i n t e r a c t i o n s  and p o s s i b l e  c o n t r i -  
e  e  

b u t i o n s  from heavy l e p t o n s .  

2 .  NON CH.XU?lED W R O N  PBODUCTION 
0 

For charged c u r r e n t  e v e n t s ,  F igure  2 shows t h e  c o r r e c t e d  K + go and 
0 

A + Z p roduc t ion  as a f u n c t i o n  of W ( t h e  v i s i b l e  c e n t e r  of mass energy 
v i s  

of a l l  hadrons) .  The mean v a l u e  of TJvis f o r  t h i s  e:<periment w a s  3 . 3  GeV 

and the- mean f r . a c t i o n s  of e v e n t s  w i t h  K O ' S  and l1's/Cts .were 13.6 t 1 . 5  

and 5 2 . 5 % ,  r e s p e c t i v e l y .  

F igure  3 ,  a g a i n  f o r  charged c u r r e n t  even t s ,  shows t h e  m u l t i p l i c i t i e s  
+ - 

of n , B , KO and A/Z' as a  f u n c t i o n  .of Z ,  where Z i s  t h e  c o r r e c t e d  

f r a c t i o n  of hadronic  momentum c a r r i e d  by t h e  p a r t i c l e  i n  q u e s t i o n .  The 

c o r r e c t i o n  is  given by t h e  formula:  

IL 

Z = 
Eo t h e r  

x 1 . 4  + Pi 

where P  is  t h e  momentum of t h e  p a r t i c l e  i n  q u e s t i o n  and Eother, t h e  t o t a l  
i 

h a d r o n i c  energy excluding P T h i s  c o r r e c t i o n  i s  n o t  e x a c t  and w i l l  some- 
i' 

what d i s t o r t  t h e  r e s u l t i n g  d i s t r i b u t i o n s  shown i n  F i g u r e  3 .  Weverths less ,  

one may n o t e  . the  g e n e r a l  f e a t u r e  t h a t  as Z -t 1 t h e  product ion of n-, K O ' S  

+ 1 'and A ' s  a r e  a l l  s i m i l a r  and a l l  a f a c t o r  oE about 1 0  below t h a t  f o r  n  s. 
+ 

This  may r e f l e c t  t h e  f a c t  t h a t  t h e  n  (ua) can be.formed w i t h  one ocean 

quark,  t h e ' o t h e r  coming from t h e  f a s t  va lence  quark . leaving t h e  i n i t i a l  - .  

i n t e r a c t i o n  (u + d  + G- + .u)  . For t h e  sr-, KO and A two quarks  have t o  

come from ocean i n  each case .  I t  should b e  noted,  however, t h a t  t h e s e  

c h a r a c t e r i s t i c s  may a r i s e  simply from mass and charge  c o n s e r v a t i o n  con- 

s i d e r a t i o n s  and .do  no t  of themse lves .p tove  any th ing  about l e a v i n g  quarks .  

3 .  HADRONIC DECAYS OF CHARY ..- 

A s e a r c h  was made f o r  hadron ic  decays of t h e  D and A chamed  hadrons.  
C 



Figure 2. Multiplicities of strange particle production in charged 
current interactions versus the visible hadron energy for 
(a) KO and go and (b) h0 and cO. 



Figure 3 . M u l t i p l i c i t i e s  of p a r t i c l e  production i n  charged 
i n t e r a c t i o n s  versos  Z t he  cor rec ted  t r a c t i o n  of 
hadron energy c a r r i e d  by t h e  p a r t i c l e .  

cu r r en t  
t h e  t o t a l  



The modes s t u d i e d  were 

P l o t s  of t h e  observed e f t e c t l v e  mass d l s ~ r l b u ~ i o n s  a re  ohexm i n  Figrrrcs 

4 through 7. No s i g n a l  is observed i n  r e a c t i o n s  (2)  and ( 4 ) .  h small 

s i g n a l  i s ' a p p a r e n t  i n  channel  (3 )  b u t  i s  n o t  observed i f  a  c u t  is made 
Je 

of h e l i c i c y  lallgle (Case > -0 .6) .  Th i s  C I I ~  was c h ~ s e n  t o  remove t h e  H 
l a r g e  background from e v e n t s  w i t h  a slow A auJ f a s t  p ion ,  and should have 

enhanced t h e  s i g n a l  t o  background r a t i o .  The f a c t  t h a t  t h i s  does not  

occur s u g g e s t s  t h a t  t h e  observed enhancement is  a  f l u c t u a t i o n .  From 

t h e s e  r e s u l t s  w e  o b t a i n  t h e  fo l lowing  90% conf idence  l e v e l  l i m i t s  f o r  

branching r a t i o s  t imes  f r a c t i o n  of charged c u r r e n t  product ion:  
/ 

o + -  
In  r e a c t i o n  ( 5 )  D+ * K r ir (Figures 7a and 7b) a c l e a r  s i g n a l  i s  

observed a t ' t h e  expected mass value .  A f i t  us ing  a  gauss ian  on a  poly- 

nomial background gave a s i g n a l  of 64 + 1 5  e v e n t s ,  , a  mass of 1850 2 15 

MeV. The wid th  w a s  23 MeV which is c o n s i s t e n t  w i t h  our  r e s o l u t i o n .  Th is  
. . - 

s i g n a l  corresponds t o  a branching r a t i o  t imes  f r a c t i o n  o f  charged c u r r e n t  

e v e n t s  of 0..7 t .2%. ' 
+ 

Comparing t h i s  w i t h  t h e  ' l i m i t  on D p roduc t ion  and us ing  che SLAC 
0 + . o +  i., . branching r=tibs of 4 r 1.3% f o r  DO '+ K r a and 1.5 c .6% f o r  K n we 

. .  . 

. ob ta in  t h e  r a t i o  . . .  

'(D+ production) = - 5  t - 4  < .76 ( 9 0 i C L )  - 
a(DO product ion)  ' - -  

Using t h i s  sample of D o ' s  we have looked f o r  evidence of D * ' s  by 
0 + 0 + - ;4 

p l o t t i n g  D rr and D n i r  masses. No evidence of D ' s  were seen but  an 
0 + - 

enhancement i n  t h e  D n a mass spectrum a t  4.9 GeV is p r e s e n t  ( s e e  Figure  



. . . .  
. . + + -  

J?igure 4. Effective mass distribution tor An n n system ... . . 
.. . 
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~ i g u k e  6 .  . EEf ective mass' dis tr ibut ion  of K'T+ systems. :: 
. . . . . . 



E
V

E
N

T
S

 /8
0

M
e

V
 

o
+

-
 

F
ig

u
re

 7
a.
 

E
ff

e
c

ti
v

e
 m
as
s 

d
is

tr
ib

u
ti

o
n

 o
f 
K
 
n 

r 
sy
st
em
 

p
lo

tt
e

d
 

in
 8

0 
M

eV
 b

in
s.

 



E
V

E
N

T
S

 1
2
0
 

M
 e

\/ 

. .
 . .
 

. 
. 

. 
-.

. 
. 

. 
0
 
+.

 - 
F

ig
u

re
 
7b:: 

E
ff

e
c

ti
v

e
 m

as
s 

d
is

tr
ib

u
ti

o
n

 o
f 

K
 
n 
s
 

sy
st

em
 p

lo
tt

e
d

 
. 

- 

. 
- 

-.
-i

n
 2

0
 M

eV
 b

in
s.

 
T

h
e 

p
o

ly
n

o
m

ia
l 

g
a

u
ss

ia
a

 f
i

t
 i

s
 

.
-

 
. 

sh
ow

n 
b

y
 

th
e

 c
o

n
ti

n
u

o
u

s 
li

n
e

, 
th

e
 p

o
ly

n
o

m
ia

l 
a

lo
n

e
 

b
e

in
g

 
in

d
ic

a
te

d
 b

y
 

th
e

 b
ro

k
e

n
 l

in
e

. 



8). This  might be considered evidence f o r  a meson c o n t a i n i n g  a  quark of 

t h e  type p r e s e n t  i n  t h e  T(9.5).  However, i f  t h e  enhancement were of t h i s  

o r i g i n  then i t s  branching r a t i o  t imes f r a c t i o n  of charged c u r r e n t  even t s  

is  2.5%. A branching r a t i o  g r e a t e r  than 10% seems u n l i k e l y  thus  implying 

t h a t  t h e  p roduc t ion  of t h e  s t a t e  occurs  i n  252 of a l l  charged c u r r e n t  

even t s :  a  ve ry  u n l i k e l y  s i t u a t i o n .  We conclude t h a t  t h e  e f f e c t  is 

probably a s t a t i s t i c a l  f l u c t u a t i o n .  

4. LEPTONIC DECAY OF CIUR2I 

Charm is  expected t o  be produced on ly  i n  charged c u r r e n t  even t s  and 

t h e  AC = AQ rule r e q u i r e s  thae  wi th  n e u t r i n o s  on ly  p o s i t i v e  c h a w  can be  
+ + 

made and t h e  l e p t o n i c  decay w i l l  then g i v e  a  p o s i t i v e  l e p t o n  ( e  o r  p ) 

and a n e u t r i n o .  Thus product ion and l e p t o n i c  decay of c h a m  w i l l  appear 
+ - + 

a s  e v e n t s  w i t h  a  p- and p , o r  p and e . Tl l r  cl i d c i i t i f i c a t i e ~  i n  tho 

chamber is  nor  s u f f i c i e n t  ro i d e n c i f y  Ishr former b u t  the l a t t c r  can be  

i d e n t i f i e d  w i t h  h igh  e f f i c i e n c y  ( 85% ) and low background (< - 142 2 .  164 
+ 

e v e n t s  w i t h  p- and e  were found. When c o r r e c t i o n s  a r e  made f o r  scanning 
- + 

e f f i c i e n c y  and i d e n t i f i c a t i o n  we o b t a i n  a r a t i o  of p e e v e n t s  t o  a l l  
2 

charged c u r r e n t  e v e n t s  of 0.5 2 .15%. The y  (x) and x  (k) d i s t r i b u -  
Ev 

t i o n s  f o r  t h e s e  e v e n t s  a r e  shown i n  F i g u r e s  9 and 10. The y d i s t r i b u t i o n s  

can be seen t o  be  c o n s i s t e n t  wi th  a  normal V-A i n t e r a c t i o n  and incons i s -  

t e n t  w i t h  V i- A. The x d i s t r i b u t i o n  may be compared w i t h  t h a t  expected 

(cont inuous  l i n e )  f o r  product ion from a va lence  quark: 

The agreement is  reasonab le ,  bu t  one does n o t e  a s l i g h t  enhancement a t  

low x which when f i t t e d  (broken l i n e )  i n d i c a t e s  a  25 .t 25X c o n t r i b u t i o n  

from t h e  s t r a n g e  quarks  i n  t h e  s e a  r e a c t i o n :  -. . 

. . . .  . . 

. . . .  . . . .  . . . . .  . . . .  . . .  
W e  now c o n s i d e r  t h e  s t r a n g e  p a r t i c l e c o n t e n t . . ;  33 df t h e  164 even t s  .- .:, 

. . .  . . .  . . . . .  . . *  . . . . . .  0 
. . . .  . .  . - stsd c o n t a i n  a V - i.e. 20 '$ '  . 4%.... .  his may be compared" t ~ "  the f r a c t i o n  of . . .  :, . . . . 

0 
. .  o t h e r  charged c u r r e n t  e v e n t s  wi th  a  V which is  6%:.  The excess  is  ex- 

p la ined  i f  t h e  e v e n t s  come from charm decay by t h e  expected dominance 

of charm decay t o  s t r a n g e n e s s .  I f  r e a c t i o n  8 dominates then  t h e  expected 

excess  ( a f t e r  c o r r e c t i o n  f o r  decay modes, e f f i c i e n c i e s ,  and assuming 

equa l  charged and n e u t r a l  s t r a n g e  p a r t i c l e s  would t o  15%. A t  h igher  

e n e r g i e s  r e a c t i o n  9 should e v e n t u a l l y  become dominant, two s t r a n g e  

p a r t i c l e s  would be  made per event  and t h e  v i s i b l e  excess  would be 
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- + 
Figure 9 .  y dis tr ibut ion  of events.of  the type v . Be + p e  e tc -  

. . . .  p .  . . .  . . . .  . . .  . . . . . .  
. . - . _:_. . . . . . . . . . . . . .  .- . . . . - . . . . .  -. . . .  . . .  .__ . . . . . .  . . .  . . . . .  . . .  . . .  . . . .  
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- + Figure 10. x distribution of events of the type v Ne + P e etc .  
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about  30%. I n  F igure  11 and Table  I t h e  f r a c t i o n  of V O ' s  observed by  

d i f f e r e n t  e x p a r i n e n t s  a r e  p l o t t e d  a g a i n s t  an e s t i m a t e  of t h e  mean neu t r ino  

energy i n  each c a s e .   hel lowest d o t t e d  l i n e  i n d i c a t e s  t h e  expected con- 

t r i b u t i o n  from a s s o c i a t e d  s t r a n g e  p a r t i c l e  product ion ( u n r e l a t e d  t o  t h e  

charm); t h e  second d o t t e d  l i n e  i n c l u d e s  t h e  c o n t r i b u t i o n  from r e a c t i o n  1; 

and t h e  dashed l i n e  i s  an  a r b i t r a r y  guess  as t o  how t h e  r a t i o  might vary  

i f  p roduc t ion  becomes dominated by r e a c t i o n  2 above 60 GeV n e u t r i n o  

energy. T h i s  l i n e  is  no t  t h e  r e s u l t  of a  c a l c u l a t i o n  but  shows t h a t  a  

h igher  r a t i o  i n  t h e  BEBC narrow band beam experiment ( p o i n t  6) i s  con- 

s i s t e n t  w i t h  what should be expected.  

TABLE I 

F r a c t i o n  of vO's  Found i n  Di lep ton  Events from D i f f e r e n t  E:cperiaents 

t * 
Average . T o t a l  ' T o t a l  . F r a c t i o n  

# Experiment Beam ?I D i l ep tons  V" ' s With VQ's 

1 Gargamelle, 
F r e o d p r o p a n e  

2 CERN BEBC, 
Heavy Neon 

3 NAL 15 ' , 
Ligh t  Neon 

4  NAL15' ,  
Heavy Neon 
(E 172) 

3 NAL 15', 
Heavy 3eon 

6 CEDI BEBC, 
Heavy Neon 

THIS 
EXPERENT 

WB SPS 20 

WB NAL 2 5 

QT WAL 40 9 !J-v+ 
. . 

N R  SPS 7  5 7. p-p+ 

5 v-e+ 

WB NAL 25 - 164 p-e+ 

. . . . .  

Abbrevia t ions:  Wide band horn fucus 
, QT Wide band quadruple  t r i p l e t  . . . 

.. . NB Narrow band - . . - . . .  . ..., - .  - .  . . . .  . NAL' FNAL (Fermilab) . . ' . . * ' ~r rb r s  given a r e  s t a t i s t i c a l  only.. 

t These v a l u e s  a r e  approximate only .  

Of t h e  33 e v e n t s  wi th  s t r a n g e  p q r t i c l e s  23 2 3 are g o ' s  and 10 f 3 

and A ' s  o r  Z O ' s .  The e r r o r s  a r i s e  because of ambigu i t i e s .  The expected 

numbers from a s s o c i a t e d  product ion a r e  5 and 4 ,  r e s p e c t i v e l y  from which 
0 

we o b t a i n  a r a t i ~  of charm decay t o  K over  t h a t  t o  A / Z O  of 6 2 4.7.  The 
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. . . . - 
e r r o r s  a r e  l a r g e  bu t  sugges t  r e l a t i v e l y  small charned baryon product ion 

r e l a t i v e  t o  meson produc t ion ,  a r e s u l t  a l s o  suggested by t h e  l i m i t s  on 

hadron ic  decays  (equa t ions  6 ) .  
0 

Assuming t h a t  t h e  even t s  w i t h  a  K do come from D decay,  we can p l o t  
0 + 

t h e  e f f e c t i v e  m a s s  of t h e  K e s y , s t e ~  and compare t h e  d i s t r i b u t i o n  w i t h  

t h a t  expected f o r  d i f f e r e n t  decay modes. For. t h i s  purpose on ly  unambig- 

uous KO'S  are used (Figure  12b) .  I f  t h e  decay were 

then  t h e  d i s t r i b u t i o n  should be as shown by t h e  dashed l i n e  ( t h e  curve  

is '3 body phase space b u t  c a l c u l n t i o n s  i n c l ~ r t . ~ n g  guessed form f a c t o r s  

g i v e  v e r y  s i m i l a r  c u r v e s ) .  A l t e r n a t i v e l y  If rhe decay. were 

t h e  d i s t r i b u t i o n  should be as given by t h e  continilous l i n e  ( f o u r  body 

phase space) .  The d i s t r i b u t i o n  s t r o n g l y  f a v o r s  t h i s  la t ter  hypothes i s .  

One e x p l a n a t i o n  would be  t h a t  t h e r e  hre f a r  more D o ' s  than D+'S as  

suggested by t h e  hadron ic  decays (equa t ion  7 ) .  I f  t h i s  were t h e  c a s e ,  - 
then decay (12) is  dominant and one should be  a b l e  co f i n d  the ii by '.. 

- 0 + r e q u i r i n g  t h e  a K e  mass t o  be l e s s  than t h e  D mass. Of t h e  16 even t s  
- 

with  unambiguous K O ' S ,  12  have on ly  one c a n d i d a t e  ir and 4 have two such 

. cand ida tes .  The =-KO mass f o r  t h e s e  e v e n t s  is p l o t t e d  i n  F igure  12a.  

t h e  d i s t r i b u t i o n  observed i s  c o n s i s t e n t  w i t h  t h e  phase space  curve  in- * 
d i c a t e d .  There  is l i t t l e  evidence f o r  t h e  s r - ~ O ' s  be ing from t h e  K (890). 

' F i n a l l y ' w e  can compare t h e  hadron ic  and l e p t o n i c  decays  branching 

r a t i o s .  W e  o b t a i n  

+ - .  . .. 
DO + ve etc .... 

where t h e  l i m i t  i s  reached when t h e r q  is no D+ product ion.  The above 

l i m i t  may be  compared w i t h  the SLAC.observed r a t i o  



Figure 12. (a) ~ffective mass distribution of the KO=- system for events 
of the type uv Ne + p- e+ KOB' etc. for which the effective 
mass of e+ K'R' is less than 1.86 GeV. (b) Effective mass 
distribution of the K O ~ +  system for events of the type 
vp Ne -+ u- e+ KO etc. Events with 2 vO's or ambiguous 

. . .  Vo's have been removed. 
. . -. ",. 



The apparen t  d i sc repancy  between equa t ions  (13) and (14) could be 
0 

exp la ined  i f  t h e  s e m i l e p t o n i c  decay r a t e  of t h e  D wers much l e s s  than  
+ 

t h a t  f o r  t h e  D . One n o t e s  however t h a t  t h e  Z r r o r s  a r e  l a r g e .  

5. ELECTRON NEUTRINO EVENTS 
+ - 

Events were s e l e c t e d  wi th  an  e  o r  e  b u t  no v- cand ida te .  28 such 
+ 

e v e n t s  were s e e n  w i t h  an  e and 187 w i t h  an e-. Such e v e n t s  can come 

from and v r e s p e c t i v e l y  b u t  could a l s o  come from t h e  decay of heavy 
e  e  

muon type  l e p t o n s .  j I n  o r d e r  t o  s e t  a  l i m i t  on t h i s  la t ter  hypothes i s  

the expected numbers of '; e and we e v e n t s  were c a l c u l a t e d  and thus  any 

excess  c a l c u l a t e d .  W e  ob ta ined :  

+ 
Pxcess e = 28 + 6 (observed) -23 ? 8 ( c a l c u l a t e d )  = 5 5 10 

C l e a r l y  t h e r e  is no s i g n i f i c a n ~  excess. An independent t e s t  a s  t o  

whether t h e s e  e v e n t s  a r e  indeed due t o  we and ; e I s  provided by r h e  

d i s t r i b u t i o n s  of t h e  e v e n t s  i n  yviL, where y  v i z  = (EviZ -E /Eviz- 
These d i s t r i b u t i o n s  a r e  given in F i g u r e s  1 3  and 1 4  where t h e  cont inuous  

l i n e s  i n d i c a t e  t h e  e x p c c t a t i o n  f o r  ; e and w e  i n t e r a c t i o n s  and t h e  broken 

. - l i n e s  i n d i c a t e  t h a t  expected i f  t h e  e ' s  were coming from t h e  decay of a - - 
t meson (eg. ,. r + e-c v ) , where t h e  r is  assumed t o  have t h e  same 

e T 
d i s t r i b u t i o n  as a v- i n  a normal charged c u r r e n t  event .  The even t s  

appear t o  be due t o  ; e and ve with  no evidence of heavy lepcons.  

Q u a n t i t a t i v e l y ,  t h e s e  r e s u l t s  g i v e  t h e  fo l lowing  l i m i t s :  

- .- -. .- 
< .3  10"~ f o r  e- . . .  .+ 

.. 
No. of e- from heavy l e p t o n s  

(16) .  
. -charged c u r r e n c  e v e ~ i t s  + A 

< 1 f o r  e  . . . .  . - .  -- .- . . .  - . -. .. 
. . .  . . . . 

. . . .  . . . . . .  . . 
. . . . 

.... 
> 7.5 GeV  for.^- - 

. . .  . . + 
- Mass of heavy l e p t o n  . . .(17) 

. . - .  . . . . . . . .  .... . . 
. . .  . . . . . . .  - . . . . . .  -I- . . . . . .  . . .  . . , . . . . .  . . . . . . . .  . . . . . .  ... . . .  . . 9 GeV f o r  L 

. . . .  . . . . . .  . . . . . .  . . .  . . . . . . . . . .  . . . . . . . .  . . . .  - - . .... . - . . . .  L .  . . . . .  . . . . .  . . . . . . . . . . . . .  . . .  . . . . . .  . . . . . . .  - . -  - - - . . .  . . . . 

' + \ < 0 1  f o r  r 

The last r e s u l t  may be corlsidered a s - a  l i m i t  on a p o s s i b l e  mixing 

ang le  m ElM between t h e  vr and v IJ ' i n  which c a s e  t h e  l i m i t s  app ly  t o  
L 

t a n  OM. 

. . .  . . . . .  . . . .  - - . . . . . . -  .... 



187 even t s  

. .. 

Figure  13. y d i s t r i b u t i o n  f o r  events  of t he  type v e ' Ne e e t c .  
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6. OTHER LYOTZC STATES 

, F i n a l l y  w e  can r e p o r t  two non observa t ions :  We have s e e n  no tri- 
- + - 

l e p t o n  e v e n t s  of t h e  type u . e  e . From t h i s  w e  o b t a i n :  

- + -  
Rate  v + 11 e e e t c .  

'A < - 
T o t a l  charzed c u r r e n t  rate 

(19) 

where < EL, > -20 GeV and He+e- 2 500 MeV. Such even t s  would be  made 

i f  t h e r e  were n e u t r a l  c u r r e n t  charmed p a r t i c l e  product ion.  Thus w e  can 

o b t a i n  t h e  l i m i t :  

N e u t r a l  c u r r e n t  charmed p a r t i c l e  p roduc t ion  < 2% - (30) 
Charged c u r r e n t  charmed p a r t i c l e  p roduc t ion  

The second non obserya.t ion concerns  l o n g ' l i v e d  n e u t r a l  p a r t i c l e s  

of t h e  type r e p o r t e d  ' b y  t h e  Serpukov bubble chamber group. W e  have 

searched f o r  n e u t r a l  p a r t i c l e s  decaying i n  an  e and p w i t h  f l i g h t  p a t h  

g r e a t e r  than  5 mm. We have found no such .event i n  40,000 charged c u r r e n t  

even t s .  Our scanning e f f i c i e n c y  f o r  such an  even t  is  g r e a t e r  than 50%. 

T h i s  r e s e a r c h  was supported by t h e  U.S. Department of Energy 

under'Brookhaven Nat iona l  Laboratory  Cont rac t  No. EY 76-C-02-0016. 
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