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&recent r e s u l t s  fr&m an a n a l y s i s  of 100,000 p i c t u r e s  from t h e  
%- 4 

Fermilab 15 f t .  bubble chamber f i l l e d  wi th  hqpvy neon and exposed t o  t h e  

- + 
double horn 164 d i l e p t o n  (IJ e ) 

events  wi th  wi th  t h e  GIM model of charm produc- 

t ion .  of t h e  charmed DO meson, followed 

o + -  \ 

by t h e  decay DO + K n n , a t  a 1 charged c u r r e n t  

events.  a n e u t r a l  c u r r e n t  

processes  and f o r  heavy l e p t o n  producLion, both wi th  nega t ive  r e s u l t s ;  t h e  
I 

upper l i m i t s  obtained i n  t h e s e  searches  a r e  given. 

. /J* 
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I. In t roduc t ion  

W e  p resen t  r e c e n t  r e s u l t s  from a  study of v i n t e r a c t i a n s  i n  heavy 
IJ 

neon. The experiment was c a r r i e d  out  a t  Fermilab us ing t h e  two-horn 

focused kideband muon neu t r ino  beam and t h e  15.  f t .  chamber f i l l e d  wi th  a  

heavy neon-hydrogen mixture (64 atomic % neon). A t o t a l  of 150,000 p i c t u r e s  

was taken wi th  a n  average of 1013 400 GeV protons per pu l se  on t h e  neu t r ino  

t a r g e t .  The i n t e r a c t i o n  l eng th  f o r  hadrons is 125 cm, so t h a t  hadrons 

t y p i c a l l y  i n t e r a c t ,  whi le  muons l eave  t h e  chamber without i n t e r a c t i o n ,  and 

can thus  be i d e n t i f i e d  on t h e  scan t a b l e .  Elec t rox~s  a r e  e a s i l y  i d e n t i f i -  

a b l e  through v i s i b l e  bremsstrahlung, s i n c e  t h e  r a d i a t i o n  l eng th  is  40 cm. 

Some previous pub l ica t ions  from t h i s  experiment a r e  given i n  R e f .  1. 

11. Dilepton Production 

W e  have previously  published r e s u l t s  on d i l e p t o n  production from t h e  

f i r s t  50,000 p i c t u r e s  of our exposure. W e  have now analyzed 100,000 pic-  

t u r e s ,  corresponding t o  about 60,000 charged c u r r e n t  neu t r ino  i n t e r a c t i o n s .  

I n  t h i s  sample, w e  have found 164 events  wi th  a  p-, an  e+ and anything e l s e .  

+ 
The e is required  t o  have two s i g n a t u r e s  a n d . a  momentum over 300 MeV/c. 

With t h e s e  c u t s ,  t h e  background from asymmetric D a l i t z  p a i r s  is  a few per- 

cen t .  The IJ- is i d e n t i f i e d  a s  t h e  f a s t e s t  negat ive  l eav ing  t r ack .  No 

momentum c u t  is made. From a  comparison of i n t e r a c t i n g  and non in te rac t ing  

t r a c k s  of both s igns ,  t h e  background due t o  fake  u- (hadron punchthrough) 

is determined t o  be about 10%. After  c o r r e c t i n g  f o r  these  backgrounds, 

+ 
scan e f f i c i e n c y  ( ~ 9 0 % ) ~  and e  i d e n t i f i c a t i o n  e f f i c i e n c y  ( ~ 8 5 % ) ,  we o b t a i n ,  

a  d i l e p t o n  r a t e  of 

Th i s  r a t e  is  ca lcu la ted  us ing h a l f  of our events  f o r  which w e  have an accu- 

+ 
r a t e  normalizat ion.  Figure  1 shows t h e  momentum d i s t r i b u t i o n  of t h e  e 



- 
. and p , and a l s o  t h e  t o t a l  v i s i b l e  energy. 

- + + - 
W e  have examined t h e  164 p e even t s  f o r  a ssoc ia ted  KS -+ r a  and 

A + pa- decays. W e  f i n d  33 such vees  (25 even t s  wi th  a  s i n g l e  vee ,  4 wi th  

0 
a  double vee) ,  c o n s i s t i n g  of 23 KS and 10 A decays a f t e r  r e s o l v i n g  t h e  

KO/A ambigui t ies  (10 of t h e  33 vees  were ambiguous). This  corresponds t o  

a n e u t r a l  s t r a n g e  p a r t i c l e  r a t e  of 0.6 2 0.2 per d i l e p t o n  event ,  in good 

agreement wi th  t h e  G I M  model of c h a m  production by neu t r inos .  The d a t a  on 

dzlepton production by n e u t r i n o s  from o t h e r  bubble chamber experiments is 

s u m a t i z e d  i n  Table I. Both t h e  rate f o r  d i l e p t o n  production and t h e  

number of n e u t r a l  s t r a n g e  p a r t i c l e s  pe r  event  a r e  c o n s i s t e n t  wi th  t h e  re- 

s u l t s  of t h e  Columbia-BNL experiment. 

From t h e s e  d a t a  we can conclude t h a t  d i l e p t o n  production by n e u t r i n o s  

is  dominantly due t o  t h e  production and semileptonic  decays of charmed 

p a r t i c l e s .  The s t r o n g e s t  evidence i s  t h e  c o r r e l a t i o n  wi th  s t r a n g e  p a r t -  

i c l e s .  W e  observe 6% v i s i b l e  vee  production i n  our sample of 60,000 charged 

c u r r e n t  n e u t r i n o  i n t e r a c t i o n s .  A t  t h i s  r a t e  w e  expect  10  v2es  wi th  our 

- + 
sample of 164 p e events ,  whereas w e  see 33 vees.  Th i s  corresponds t o  

a  t o t a l  s t r a n g e  p a r t i c l e  production r a t e  of % 1 .2  s t r a n g e  p a r t i c l e s  per  

- + 
I.I e event ,  using our r e s u l t  of 0.6 t 0.2 n e u t r a l  s t r a n g e  p a r t i c l e s  per  

event  and t h e  assumption t h a t  charged s t r a n g e  p a r t i c l e  production equa l s  

t h e  amount of n e u t r a l  s t r a n g e  p a r t i c l e  production.  W e  can see t h a t  t h i s  i s  

c o n s i s t e n t  wi th  t h e  p r e d i c t i o n  of t h e  Glashow-Iliopoulos-Maiani model by 

consider ing t h e  dominant charm production mechanisms from v a l e n c e  d  quarks 
- 

ana trom t n e  ocean of ss q u a r ~ s :  



Valence : 

2 
d ( x ) s i n  €Ic 

e 
+ 

1 S.P. per  event  

Ocean : 

2 S.P. per  event 

In  charm production from valence  quarks,  w e  expect  the t o t a l  charm produc- 

2 t i o n  r a t e  t o  be?. s i n  8 where Bc is  t h e  Cabibbo ang le ,  o r  about 5%, which c ' 
- + 

is q u i t e  c o n s i s t e n t  wi th  our 0.5% rate f o r  p e even t s  and a 10% semilep- 

t o n i c  branching r a t i o .  W e  expect  one s t r a n g e  p a r t i c l e  per  event  from t h e  

p r e f e r e n t i a l  coupling of charm t o  s t rangeness .  I n  charm production from 

2 sg p a i r s  in t h e  ocean, we expect  a  production r a t e  of s (x )cos  Bc ,  where 

s (x )  i s  t h e  p r o b a b i l i t y  of f ind ing  an s quark with  f r a c t i o n a l  momentum x ,  

and w e  expect % two s t r a n g e  p a r t f c l e s  p e r  cvent  (one from t h e  decay of c ,  

t h e  o t h e r  from l e f t o v e r  g). The two mechanisms can be  d i s t ingu i shed  by 

t h e i r  c h a r a c t e r i s f  ic x d i s t r i b u t i o n s  ; t h e  production on ocean s quarks i s  

expected t o  have a d i s t r i b u t i o n  peaked aL sulall  I r ,  while production on a 

vdlence quark has  a broader x d i s t r i b u t i o n .  We have c a r r i e d  o u t  a  f i t  of 

- + 
our x d i s t r i b u t i o n  f o r  t h e  164 l~ e even t s  (Fig. 2) t o  t h e  x d i s t r i b u t i o n s  

measured a t  SLAC and GARGAMELLE f o r  valence  and ocean quarks. The b e s t  

f i t  i n d i c a t e s  t h a t  charm production by n e u t r i n o s  i s  about 213 from valence  

and 113 from ocean quarks. We thus  expect  (2/3 x 1 s t r a n g e  p a r t i c l e )  + 
(1 /3  x 2 s t r a n g e  p a r t i c l e s )  = 1.33 s t r a n g e  per  event ,  i n  good 

agreement wi th  our observed r a t e  of ~ 1 . 2  s t r a n g e  p a r t i c l e s  per  event .  

This  r a t i o  between charm production on valence  and ocean quarks impl ies  



t h a t  t h e  ocean s quark content  is 3% of t h e  valence  d  quark content  i n  a 

neon t a r g e t .  

I n  Fig.' 3  we show var ious  opening ang les  between s e l e c t e d  p a r t i c l e s  

a s  projec ted  on t h e  p lane  perpendicular  t o  t h e  beam d i r e c t i o n .  I n  

0 
genera l ,  one expects  these  ang les  t o  be s h i f t e d  toward 0  f o r  p a r t i c l e s  

0 
coming from t h e  same production v e r t e x  and 180 f o r  those  p a r t i c l e s  e m i t -  

t ed  a t  oppos i t e  v e r t i c e s .  These r e s u l t s  a r e  c o n s i s t e n t  wi th  t h e  premise 

+ 
t h a t  t h e  e  tends  t o  be emitted from t h e  hadronic r a t h e r  than t h e  l e p t o n i c  

vertex. 

0 + - + Fig. 4  shows t h e  K e e f f e c t i v e  mass from 19 p e  events  wi th  a 

s i n g l e  KO. The d a t a  a r e  n o t  i n  good agreement wi th  t h e  d i s t r i b u t i o n  ex- 

0 + 
pected from t h e  K e  v decay of a  s p i n  zero D+ meson a t  1868 MeV. The 

e 

d i s t r i b u t i o n  is c o n s i s t e n t  wi th  a  c a l c u l a t i o n  by Barger e t  a l .  (2) assuming 

a  Kneu decay; however, c o n t r i b u t i o n s  from 3tbody decay modes a r e  no t  excluded. 

o + -  
111. observat ion of DO -+ K a  n 

We have measured a l l  even t s  wi th  vees  i n  about 80,000 p i c t u r e s ,  cor- 

responding t o  46,000 charged c u r r e n t  even t s  wi th  a  muon momentum over 2 

' +  - 
GeV/c. We o b t a i n  good 2  o r  3  c o n s t r a i n t  f i t s  f o r  1815 KS -t r n  and 1367 

A -+ pa-. Correct ing f o r  branching r a t i o s  and d e t e c t i o n  e f f i c i e n c i e s ,  t h i s  

corresponds t o  a  (KO + ?) r a t e  of (13.6 k 1.5)X of a l l  charged c u r r e n t  

events ,  and a  (A' + cO) r a t e  of (5.0 f 0.5)%. 

0 + 0 + - 
Figures  5a and 5b show t h e  KSn and t h e  KSn n mass d i s t r i b u t i o n s ,  

o + -  respec t ive ly .  There i s  a peak i n  t h e  K n  n d i s t r i b u t i o n  i n  t h e  mass 

reg ion  of t h e  charmed DO meson seen a t  SPEAR. (3) The b e s t  f i t  of a poly- 

nomial background p lus  a  Gaussian, shown by t h e  curve on Fig. 6a g ives  t h e  

fol lowing parameters. 

M = 1850 f 15 MeV, a = 20 2 8  MeV 



corresponding t o  64 events  above a background of 180, wi th  a s t a t i s t i c a l  

s i g n i f i c a n c e  of four  s tandard  dev ia t ions .  The width is  c o n s i s t e n t  wi th  

our experimental  mass r e s o l u t i o n  of 20 MeV. No corresponding peak is ap- 

pa ren t  nea r  t h e  D mass i n  t h e  events  without a  v- (Fig. 6b). This  i s  con- 

s i s t e n t  wi th  t h e  p r e d i c t i o n  of t h e  G I M  model t h a t  t h e  charm charging neu- 

* 
t ra l  c u r r e n t  i n t e r a c t i o n s  are absent .  I f  t h e  peak were due t o  K produc- 

t i o n ,  then one might expect  i t  t o  be p resen t  i n  even t s  with and without  a  

Correct ing f o r  branching r a t i o s  and d e t e c t i o n  e f f i c i e n c i e s ,  we o b t a i n  

a r o t e  

F igure  7 shows t h e  d i s t r i b u t i o n  i n  2, t h e  f r a c t i o n  of t h e  hadronic 

0 
energy c a r r i e d  by t h e  D . W e  have used t h e  v i s i b l e  hadronic energy f o r  

each event ,  c o r r e c t i n g  f o r  our e s t ima te  of t h e  energy l o s t  d u e ' t o  missing 

n e u t r a l s  o r  charged t r a c k s  t h a t  i n t e r a c t  c l o s e  t o  t h e  v e r t e x  and, there-  

f o r e ,  f a i l  t o  r econs t ruc t .  The s o l i d  l i n e s  represen t  a l l  of t h e  events  

o + -  in t h e  Do region of t h e  K n n mass d i s t r i b u t i o n ,  whi le  t h e  dashed l i n e s  

0 
g i v e  t h e  con t r ibu t ion  from t h e  background under t h e  D , obtained by us ing 

0 
c o n t r o l  regions  above and below t h e  D . 

+ 0 + 
There is no s i g n i f i c a n t  peak a t  t h e  D mass i n  t h e  K n mass d i s t r i b u -  

t i o n .  F i t t i n g  t o  a Gaussian wi th  t h e  width of our mass r e s o l u t i o n  centered 

+ 0 + 
on t h e  D mass g ives  a r e s u l t  of 11 5 8 D+ + K n events ,  which is c l e a r l y  

no t  a s i g n i f i c a n t  s igna l .  Using t h e  branching r a t i o s  measured a t  SPEAR of 

0 o + -  + o +  4 2 1.3% f o r  D + K n n and 1.5 2 0.6% f o r  D -+ K IT , we ob ta in  t h e  r a t i o  

o f .  D' t o  Do production by neu t r inos  of D+/D' = 0.5 k 0.4. 

0 
The D r a t e  can be compared wi th  our previously  measured r a t e  f o r  v + 

U 
- .  Ne + *- + e' + .../v + N e  -+ l~ + ... of (0.5 * 0*15)% W e  cannot o b t a i n  v 



o + -  
'I 

an exac t  va lue  f o r  t h e  r a t i o  of semileptonic  t o  K a a decays of t h e  DO 

- + 0 
s i n c e  w e  do n o t  know what f r a c t i o n  of t h e  u e even t s  come from D decays. 

- + 0 
I f  w e  assume t h a t  a l l  of t h e  v e even t s  a r e  due t o  semileptonic  D decays, 

o + -  
'Do -t e+ + ..., then w e  o b t a i n  a r a t i o  R = (DO -t e+ + ...) /(Do + K a a ) of 

- + 
R = 0.7 -L 0.3. I f ,  on t h e  o t h e r  hand, only a f r a c t i o n  of t h e  v e even t s  

0 
is due t o  D decays, which is more reasonable  s i n c e  t h e r e  i s  l i k e l y  t o  be  

+ - + 
some D and charmed baryon decays contribut-ing t o  t h e  v e even t s ,  then t h e  

va lue  f o r  R is less than t h a t  given above. Recent measurements a t  SPEAR 

0 + 
yie lded t h e  branching r a t i o s  of (4.0 5 1.31% f o r  DO -t K a T - , ' ~ )  and (7.2 

5 2.8)% f o r  D + e+ + . . . , ( 5 )  which correspond t o  a va lue  of R = 1.8  t 0.9, 

0 + 
assuming equal  semileptonic branching r a t i o s  f o r  t h e  D and t h e  D . Our 

0 - + 
va lues ,  wi th  any assumption about t h e  D c o n t r i b u t i d n  t o  t h e  p e even t s ,  

a r e  lower than t h e  SPEAR v a l u e  f o r  R. However, t h e  e r r o r s  on a l l  of these  

numbers a r e  r a t h e r  l a r g e  a t  t h e  p resen t .  

I V .  Search f o r  Charmed Baryons 

We see a n  i n d i c a t i o n  of charmed baryon production i n  our d i l e p t o n  

+ 
sample. We see 1 0  events  of t h e  type  u + N e  -+ v- + e + A0 + . . . where v 
w e  expect  about f i v e  events  from assoc ia ted  production. These A O ' s  can 

+ 
not  come from D meson decay nor from t h e  s quark l e f t  over when t h e  e 

comes from charm produced on an  s quark i n  t h e  ocean. 

W e  have searched f o r  t h e  hadronic decays of charmed baryons. Figs .  

0 + '  o + + -  
8a and 8b show t h e  A r and t h e  A a a a mass d i s t r i b u t i o n  from even t s  of 

t h e  type  v + N e  -t u- + AC + hadrons. There i s  no enhancement i n  t h e  
v 

+ + -  
Aa a a mass a t  2250 MeV.  A smal l  peak wi th  20 9 even t s  is p r e s e n t  i n  

+ 
t h e  ha mass a t  2250 MeV b u t  t h e  s i g n a l  is n o t  p resen t  i f  a c u t  i n  h e l i c i t y  

* 
ang le  ( r e q u i r e  cose  > -0.6) is made. This  c u t  was chosen t o  remove a 

background of events  with a slow A and a f a s t  n and should have enhanced 

+ 
t h e  A s i g n a l  t o  background. Thus w e  consider  t h i s  t o  be  a s t a t i s t i c a l  

C 



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  90% confidence l e v e l  l i m i t s  

+ 
f o r  A product ions  i n t o  t h e s e  modes: 

C 

+ + -  
A+ -t Air n a 

C . 
< 0.2% - 

V. Limits  on Charm Changing Neutra l  Currents  

W e  have looked f o r  charm changing n e u t r a l  c u r r e n t s  i n  both production 

and decay processes.  We have found no evidence f o r  charm changing n e u t r a l  

c u r r e n t s  i n  e i t h e r  sea rch ,  and p r e s e i i t  the fe l lowing uppar Ljmits: 

a )  Charm production v i a  n e u t r a l  c u r r e n t s ,  v + N e  + v + C -I- ..., 
u v 

where C i s  any charmed p a r t i c l e ,  followed by t h e  semileptonic  decay C + 

+ 
e + v, + . .. The s i g n a t u r e  f o r  t h i s  process  is  an event  wi th  an e+ and 

any number of a d d i t i o n a l  hadrons but  no i ~ - .  We have 28 such even t s ,  most 

+ 
of which a r e  c o n s i s t e n t  wi th  being -3 i n t e r a c t i o n s  wi th  a  f a s t  l ead ing  e , 

e 
+ 

while  t h e  e from charm decay is  expected t o  be slow (see  F ig ,  la  f o r  t h e  momentum 

I- - + + 
d i s t r i b u t i o n  of t h e  e from t h e  e even t s ) .  Using t h e  expected  e momen- 

tum d i s t r i b u t i o n  from charm decay (Fig. la)  and f o r  < i n t e t a c e i o n s ,  we 

o b t a i n  a  90% confidence l e v e l  upper l i m i t  on charm charging n e u t r a l  cur- 

- + 
r e n t s  by comparing wi th  t h e  number of i~ e  events  which a r e  presumably due 

' t o  charged c u r r e n t  charm production of 

Charm product ion by NC 
< 8%. 

Charm production by CC - 

Note t h a t  t h e  semileptonic  branching r a t i o  cance l s  ou t  i n  t h i s  l i m i t .  
B 

b) Charm changing n e u t r a l  c u r r e n t s  i n  t h e  decay process C -+ hadrons 

+ - + e + e , compared t o  t h e  charged c u r r e n t  decay C -t hadrons + e  
+ 

+ ve, 

where C is any charmed p a r t i c l e  produced i n  t h e  r e a c t i o n  v + Ne + p- + 
iJ 

C + ... The s i g n a t u r e  f o r  t h e  n e u t r a l  c u r r e n t  decay is  an event  wi th  

+ - 
t h r e e  l ep tons ,  i .e. i ~ -  + e + e + hadrons. We -observe no such events  wi th  

+ - - + 
m(e e ) 2 600 MeV, t o  be compared t o  164 i~ e events ,  which a r e  presumably 



I 
l ? 

due t o  charged c u r r e n t  semileptonic  charm decays. Using a c a l c u l a t i o n  

+ - 
by ~ h r o c k ( ~ )  t o  c o r r e c t  f o r  l o s s e s  due t o  t h e  m(e e ) 2 600 MeV c u t ,  w e  

o b t a i n  t h e  90% confidence l e v e l  upper l i m i t  of 

Charm changing Neutra l  Currents  , 2% 
Charm changing Charged Currents  - . 

V I .  Limits  on Heavy Lepton Production and Check on v e - v lJ U n i v e r s a l i t y  

I n  t h e  f i r s t  50,000 p i c t u r e s  w e  observed 

v + Ne -+ e- + hadrons 1'87 + 14 even t s  
e 
- 
v + N e  -+ e+ + hadrons 28 2 6 even t s  
e 

Using a Monte Carlo program w e  have c a l c u l a t e d  t h e  ve/v lJ and t h e  LIV lJ 

f l u  r a t i o s  us ing measured K/n r a t i o s  a t  t h e  neu t r ino  t a r g e t  (note  t h a t  

o v e r a l l  f l u x  normal iza t ions  cance l  o u t . i n  these  r a t i o s ) .  Coaparing t h e  

nunbers of v and i n t e r a c t i o n s  wi th  t h e  number of v i n t e r a c t i o n s  i n  e e lJ 

t h i s  sample (27,600) and us ing t h e  c a l c u l a t e d  f l u x  r a t i o s  w e  o b t a i n  t h e  

fol lowing c r o s s  s e c t i o n - r a t i o s :  

o(ve)/ a(vy) = 0.9 + 0.3 

) / )  = 1 ' 2  + 0.4 

These r a t i o s  a r e  c o n s i s t e n t  wi th  1 .0 ,  t h e  v a l u e  expected from v e - v U 

u n i v e r s a l i t y .  The y d i s t r i b u t i o n  f o r  t h e s e  events ,  shown i n  Fig. 9,  a r e  

c o n s i s t e n t  wi th  those  obtained i n  v lJ and v lJ i n t e r a c t i o n s .  

W e  can use  these  even t s  t o  s e t  upper limits on heavy l e p t o n  produc- 

+ 
t i o n  via t h e  process v + N e  + L- + hadrons followed by t h e  decay of L', 0 

U 
+ + (-1 t h e  heavy l ep ton ,  L - +  v + e + v . The s i g n a t u r e  f o r  t h i s  process  is  an 

event  wi th  e' wi th  any number of hadrons b u t  no muon, l i k e  t h e  187 e and 

+ 
t h e  2 8 ' e  events.  We now assume v e - v u n i v e r s a l i t y  and s u b t r a c t  t h e  

lJ 

expected number of v and ; i n t e r a c t i o n s  from t h e  observed number of e e 

events  t o  ob ta in  the-90% confidence l e v e l  upper l i m i t s .  



The r a t e  of heavy, lepton production a s  a funct ion of t h e  heavy 

4- 
lepron mass m(L7,  a s  we l l  a s  t h e  heavy lep ton  decay r a t e  i n t o  e'vv have 

been ca lcu la ted  by Car l  Albright  e t  a l .  (7)  Comparing out upper limits 

with  these  ca l cu l a t i ons  we conclude t ha t :  

a)  Muon type heavy lep tons  t h a t  couple with t h e  usual  V-A in terac-  

t i o n s  t o  t h e  usual  quarks must be  heavier  than 

m ( ~ - )  2 7.5 GeV 

' + 
m(L ) 2 9.0 GeV 

b) The r ecen t ly  discovered 1.9 GeV heavy lepton,  t he  T, does not 

have t h e  quantum numbers of t he  muon; i.e. t h e  coupling s t r eng th  of t h e  

v t o  t h e  r i s  l e s s  than 0.025 of t h e  v t o  p- coupling s t reng th .  Alter-  
P lJ 

na t e ly ,  i f  t h e  T is not  a member of t h e  same mu l t i p l e t  a s  t h e  p but  t he r e  

is a mixing between t h e  p and t h e  -r, then our r e s u l t s  imply a l i m i t  on t h e  

2 
mixing angle  of t a n  $ - < 0.025. 

This research was supported by t h e  U.S. Department of Energy under 

con t r ac t  No. EY-76-C-02-0016 and t h e  National Science Foundation. 
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Figure Captions 

+ 
Fig. 1: Momentum of a)  t h e  e , and b) t h e  ,u-, t h e  d i l e p t o n  sample. The 

shaded .events ar.e t h e  background from hadron punchthrough. c )  The 

t o t a l  v i s i b l e  energy. 

Fig. 2:' X and Y v a r i a b l e s  f o r  d i l e p t o n  events.  The curves represen t  

f i t t e d - c o n t r i b u t i o n s  from valence  and s e a  quarks. 

Fig. 3:. Opening ang les  a s  ~ r o j e c t e d  onto the plane  normal t o  t h e  v beam 
v 

d i r e c t i o n .  

0 + 
Fig. 4:  K e mass from d i l e p t o n  sample. 

0 + - 0 + 
Fig. 5: a)  K r n and b) K a i n v a r i a n t  m a s s  d i s t r i b u t i o n s  from charged 

c u r r e n t  events .  

o + -  
Fig. 6: K a n . i n v a r i a n t  mass d i s t r i b u t i o n s  f o r  a )  even t s  wi th  p- candi- 

- 
d a t e s  .and b) events without p candidates .  



Figure  Captions ( ~ o n t ' d . )  

. . 

Fig.  7: D i s t r i b u t i o n  of z o f t h e  Do, where r = 
E~O'%adronic . The 

0 
s o l i d  l i n e s  a r e  a l l  of t h e . e v e n t s  i n  t h e  D region;  t h e  dashed 

l i n e s  are t h e  es t ima te  of t h e  background under t h e  Do. 

+ + + -  
Fig. 8: a )  h a  and b)  Aa a a i n v a r i a n t  mass d i s t r i b u t i o n s  f r o a  chargkd 

c u r r e n t  events.  

Fig.  9: Y d i s t r i b u t i o n s  f o r  a )  v and b) J events.  The conrinuous 
e e 

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. 



TABLE I 

Dilepton Production by Neutrinos in Bubble Chambers 

<EV> Events 
* 

Vees u-~+/,J- 

Experiment BeV Liquld Observed Observed Rate (%) 

Gargamelle 
CERN PS ' 1-8 Freon 

Wisconsin-CERN-Hawaii-Berkeley 
Q 30 21% Ne 17 11 e 11 0.8 + 0.3 - + 

Fermilab 15 foot B.C., E28 

Columbia-Brookhaven 
$30 64% Ne 

- + 
Fermilab 15 foot B.C., E53 164 11 e 33 0.5 2 0.15 

Berkeley-Seattle-LBL-Hawaii 
Fermilab 15 foot B.C., El72 Q30 64% Ne 6 11-e+ 1 0.34 + 0.23 - 0.13 

. . Fermilab-LBL-Hawaii - + 
Q 30 50% Ne 9 11 -.11 1 Fermilab 15 foot B.C., E460 

. ... 

BEBC Narrow band - + 
CERN SPS Q 75 60% Ne 11 P-,J+ 6 0.7 * 0.3 

5 v e  2 
BEBC Wide band - + 
CERN SPS Q 30 60% Ne 21 p e 6 0.5 + 0.17 

. . Fermilab-Michigan-IHEP-ITEP 
Fermilab 15 foot B.C., El80 Q 30 64% N e  6 11-e+ 1 1 + 112 

* 0 
Vees stand for K + n+ + n- or 11' -+ p + n- decays s 
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