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AB S TRACT 

We r e p o r t  r e c e n t  r e s u l t s  f r o n  an  a n a l y s i s  of 100,000 p i c t u r e s  
of t h e  Fermilab 1 5  f t .  bubble  chamber f i l l e d  wi th  heavy neon.and 
exposed t o  t h e  double  horn  focused ,  wideband vl, beam. We have 
found 164 d i l e p t o n  (l,-e+) e v e n t s  w i t h  33 v e e s ,  i n  good agreement 
w i t h  t h e  G I M  model of charm p roduc t ion .  We have a l s o  observed t h e  
p r o  u c t i o n  of t h e  charmed Do meson, fol lowed by t h e  decay DO + 4 KOa T-, a t  a .  r a t e  of (0.7 + 0.2)% of a l l  charged c u r r e n t  even t s .  
We have c a r r i e d  o u t  s e a r c h e s  f o r  charm changing n e u t r a l  c u r r e n t  
p roces ses  and f o r  heavy l e p t o n  p roduc t ion ,  bo th  w i t h  n e g a t i v e  r e -  
s u l t s ;  t h e  upper  limits ob ta ined  i n  t h e s e  s e a r c h e s  a r e  g iven .  

INTRODUCTION 

W e  p r e s e n t  r e c e n t  r e s u l t s  from a  s tudy  of vp i n t e r a c t i o n s  i n  
heavy neon. The experimerit .was c a r r i e d  o u t  a t  Fermilab u s i n g  t h e  
two-horn focused wideband muon n e u t r i n o  beam and t h e  1 5  f t .  chamber 
f i . l l e d  w i t h  a heavy neon-hydrogen mix tu re  (64 a tomic  % neon).  A 
. t o t a l  of 150,000 p i c t u r e s  w a s  t aken  w i t h  a n  average  of 1013 400 GeV 
p ro tons  pe r  p u l s e  on t h e  n e u t r i n o  t a r g e t .  The i n t e r a c t i o n  l e n g t h  
f o r  hadrons i s  125 cm, s o  t h a t  hadrons t y p i c a l l y  i n t e r a c t ,  w h i l e  
muons l e a v e  t h e  chamber w i thou t  i n t e r a c t i o n ,  and can  t h u s  be  i d e n t i -  
f i e d  on t h e  scan  t a b l e .  E l e c t r o n 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  bremss t rah lung,  s i n c e  t h e  r a d i a t i o n  l e n g t h  is 40 cm. Some 
p rev ious  p u b l i c a t i o n s  from t h i s  experiment a r e  g iven  i n  Ref.  1. 



DILEPTON PRODUCTION 

We have p r e v i o u s l y  publ i shed  r e s u l t s  on d i l e p t o n  p roduc t ion  
from t h e  f i r s t  50,000 p i c t u r e s  of ou r  exposure.  We have now ana- 
lyzed  100,000 p i c t u r e s ,  cor responding  t o  about  60,000 charged cur -  
r e n t  n e u t r i n o  i n t e r a c t i o n s .  I n  t h i s  sample, we have found 164 
e v e n t s  w i t h  a  p-, an  e+ and anyth ing  e l s e .  The e+ is r e q u i r e d  t o  
have two s i g n a t u r e s  and a  momentum over  300 HeV/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  i s  a  few pe rcen t .  The 
p- is i d e n t i f i e d  a s  t h e  f a s t e s t  n e g a t i v e  l e a v i n g  t r a c k .  No momentum 
c u t  is  made. From a  comparison of i n t e r a c t i n g  and n o n i n t e r a c t i n g  
t r a c k s  of bo th  s i g n s ,  t h e  background d u e  t o  f a k e  p- (hadron punch- 
through) i s  determined t o  be  about  10%. Af t e r  c o r r e c t i n g  f o r  t h e s e  
backgrounds, s can  e f f i c i e n c y  (%go%),  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 

T h i s  r a t e  i s  c a l c u l a t e d  us ing  h a l f  of our  even t s  f o r  which we have 
an  a c c u r a t e  no rma l i za t ion .  F i g u r e  1 shows t h e  momentum d i s t r i b u -  

, tion nf t h e  e+ and u-, and a l s o  t h e  t o t a l  v i s i b l e  energy. 

- + + - . We have examined t h e  164 p  e  e v e n t s  f o r  a s s o c i a t e d  KS -+ n  n 
and A + pn' decays.  We f i n d  33 such  v e e s  (25 e v e n t s  w i t h  a  s i n g l e  
vee ,  4 w i t h  a  double  vee)  , c o n s i s t i n g  of 20 unambiguous K O ' S ,  3 
unambiguous A ' s ,  and 10  K I A  a m b i g u i t i e s .  From h a l f  of ou r  e v e n t s ,  
t h i s  cor rsponds  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 + 0.2  
pe r  d i l e p t o n  e v e n t ,  i n  good agreement w i t h  t h e  GIPimodel of cha rm.  
p roduc t ion  by n e u t r i n o s .  From our  60,000 charged c u r r e n t  e v e n t s ,  
we f i n d  t h a t  6% haye a  v i s i b l e  vee .  A t  t h a t  r a t e ,  we would expec t  
10  v e e s  i n  164 p-e e v e n t s ,  whereas w e  a c t u a l l y  s e e  3 3 .  The d a t a  
on d i l e p t o n  p roduc t ion  from o t h e r  bubble  chamber experiments  is  
summarized i n  Table  I f o r  n e u t r i n o s  and Table  I1 f o r  a n t i n e u t r i n o s .  
Both t h e  r a t e  f o r  d i l e p t o n  product ioi l  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  even t  a r e  c o n s i s t e n t  w i t h  t h e  r e s u l t s  of t h e  
Columbia-BNL experiment .  

F igu re  2 shows t h e  K O ~ +  e f f e c t i v e  mass from 1 9  p-e+ e v e n t s  
w i t h  a s i n g l e  KO.  The d a t a  a r e  n o t  i n  good agreement w i t h  t h e  
d i s t r i b u t i o n  expected from t h e  K0e+v4 decay of a  s p i n  ze ro  D+ meson 
a t  1868 MeV. However, t h e  d i s t r i b u t i o n  is  c o n s i s t e n t  w i t h  a  ca l cu -  
l a t i o n  by Barger  e t  a l .  assuming a  Kneu decay.  



3 .  

o + -  
OBSERVATION OF Do + K a  a  

We have measured a l l  e v e n t s  w i t h  v e e s  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  e v e n t s  w i t h  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 + 

a+=' and 1367 A + pn-. Cor rec t ing  f o r  branching r a t i o s  and de t ec -  
t i o n  e f f i c i e n c i e s ,  t h i s  cor responds  t o  a  (KO +I?') r a t e  of (13.6 
+ 1 . 5 ) %  of a l l  charged c u r r e n t  e v e n t s ,  and a (A' + p) r a t e  of 
(5.0 + 0.5)%.  

+ - 
Figure  3 shows t h e  KSa a  mass d i s t r i b u t i o n ,  i n d i c a t t ? ~  a  peak 

i n  t h e  mass r e g i o n  of t h e  charmed Do meson seen  a t  SPEAR. The 
b e s t  f i t  t o  a  polynomial background p l u s  a  Gaussian,  shown by t h e  
curve ,  g i v e s  t h e  fo l lowing  parameters :  

M = 1850 + 15 M e V ,  a = 20 ? 8 M e V  

cor responding  t o  64 e v e n t s  above a background of 180, Q i t h  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 f o u r  s t anda rd  d e v i a t i o n s .  The wid th  i s  
c o n s i s t e n t  w i t h  ou r  exper imenta l  mass r e s o l u t i o n  of 20 MeV. No 
cor responding  peak is  appa ren t  n e a r  t h e  D mass i n  t h e  e v e n t s  w i thou t  - 
a p  . Thi s  i s  c o n s i s t e n t  w i t h  t h e  p r e d i c t i o n  of t h e  GDI node1 t h a t  
t h e  c h a m  chargi .ng*neutral  c u r r e n t  i n t e r a c t i o n s  are absen t .  I f  t h e  
peak were due t o  K product ion ,  t hen  one might expec t  i t  t o  be pre-  
s e n t  i n  e v e n t s  bo th  w i t h  and wi thou t  ,a p-. 

Cor rec t 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 ,  
w e  o b t a i n  a r a t e  

F igu re  4 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 th.e 
0 had ron ic  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  

had ron ic  energy f o r  each e v e n t ,  c o r r e c t i n g  f o r  ou r  e s t i m a t e  of t h e  
energy l o s t  due t o  mi s s ing  n e u t r a l s  o r  charged t r a c k s  tha'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 t h e r e f o r e  f a i l  t o  r e c o n s t r u c t .  Theosgl id  

0 
l i n e s  r e p r e s e n t  a l l  of  t h e  e v e n t s  i n  t h e  D r e g i o n  of t h e  K K a- 
mass d i s t r i b u t i o n ,  w h i l e  t h e  dashed l i n e s  t h e  c o n t r i b u t i o n  

0 from t h e  background under t h e  D , ob ta ined  by us ing  c o n t r o l  r e g i o n s  
above and below t h e  Do. 



4. 

LIMITS ON CHARM CHANGING NEUTRAL CURRENTS 

We have looked for charm changing neutral currents in both 
production and decay processes. We have found no evidence for 
charm changing neutral currents in either search, and present the 
following upper limits. 

a) Charm production via neutral currents, v + Ne + . v  + C +..., 
where C is any charmed particle, followed by the kemilepton!i!c decay 
C + e+ + Ve + ... The signature for this process is an event with 
an e+ with any number of additional hadrons but no p-. We have 
28 such events, most of which are consistent with being 5, inter- 
actions with a fast leading e+, while the eC from charm decay h$s 
a soft e+ (see Figure la for the momentum di tribution of the e $ 
from the p'e+ events). . Using the expected e momentum distribution 
from charm decay (Figure la) and for 3, interactions, we obtain a 
90% confidence level upper limit on charm charging neutral currents 
by comparing with the number of .p-e+ events which are presumably due 
to charged current charm production, of 

Charm production by NC < 
Charm production by CC - 

Note that the semileptonic branching ratio cancels out in this limit. 

b) Charm $hanging neutral currents in the decay process 
C -t hadrons + e + e-, compared to the charged current decay 
C -+ hadrons + e+ + ve, where C is any charmed particle produced in 
the reaction v,, + Ne + v- + C + ..., The signature for the neutral 
current decay is an event with three leptons i.e. p- + e+ + e- + . 

-F hadrons. We observe no such events with m(e e-) > 600 MeV, to be 
compared to 164 p-e+ events, which are presumably-due to charged 
current semileptonic cham decays. Using a calculation by Shrock ( 4 )  
to correct for losses due to the m(e+e') > 600 MeV cut, we obtain - 
the 90% confidence level upper limit of 

Charm changing .--- Neutral Currents < 2% 
Charm changing Charged Currents - 

LIMITS ON HEAVY LEPTON PRODUCTION AND CHECK ON ve -v UNIVERSALITY 
P 

In the first 50,000 pictures we .observed 

v + Ne .+ e- + hadrons 187 2 14 events e - 
v + Ne e+ + hadrons e 28 + 6 events 



Using a Monte Carlo program we have calculated the ve/vv and the 
Ge/v,, flux ratios using measured K/n  ratios at the neutrino target 
(note that overall flux normalizations cancel out in these ratios). 
Comparing the numbers of we and 3, interactions with the number of 
v interactions in this sample (27,600) and using the calculated 
fYux ratios we obtain the following cross section ratios: 

These ratios are consistent with 1.0, the value expected from ve - 
v universality. 

1.1 

We can use these events to set upper limits on heavy lepton 
production via the process v + ye -t L' + had ons followed by the + 11 6 decay of L-, the heavy lepton, 4' -r v + e' + . The signature for 
this process is an event with e- with any number of hadrons but no 
muon~like the 187 e- and the 28 e+ events. We now assume ve - v 

IJ universality and subtract the expected number of ve and Ge inter- 
actions from the observed number of events to obtain the 90Z con- 
fidence level upper limits 

The rate of heavy lepton production as a function of'the heavy 
lepton mass m(L1), as well as the heavy lepton de a rate into 
e4v3 have been calculated by Carl Albright et al. $-jJ Comparing our 
upper limits with these calculations we conclude that 

a) Muon type heavy leptons that couple with the usual V-A 
interactions to the usual-quarks must be heavier than 

m(L-) - > 7.5 GeV 

m(L+) 1 9.0 GeV 

b) The recently discovered 1.9 GeV heavy lepton, the T, does 
not have the quantum numbers of the muon; i.e. the coupling strength 



of the v to the T is less than 0.025 of the v to p- coupling 
strength? Alternately, if the T is not a membkr of the same 
multiplet as the l.~ but there is a mixing between the p and the 
T, then our results imply a limit on the mixing angle of 
tan2+ 5 0.025. 

This research was supported by the U.S. Department of Energy 
under contract No. EY-76-C-02-0016 and the National Science 
Foundation. 
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TABLE I 

Dilepton Production by Neutrinos in Bubble Chambers 
J( 

<E > Events Vees 
v p-ef / p- 

Experiment BeV Liquid Observed Observed Rate (%) 
Gargamelle 
CERN PS 1-8 Freon 14 p-e+ 3 

Wisconsin-CERN-Hawaii-Berlceley 
Fernlilab 15 foot B. C. , E28 ~ 3 0  21X Ne 17 p-ef 11 0.8 + 0.3 
Columbia-Brookhaven 
Fermilab 15 foot B. C. , E53 $30 642 Ne 164 p-e+ , 33 . .0.5 i 0:'15" 

Berkeley-Seattle-LBL-Haxaii 
Fermilab 15 foot B.C., El72 ~ 3 0  64X Ne 6 p-e+ 1 0.34.+ 0.23 

- 0.13 
Fermilab-LBL-Hawaii 
Fermilab 15 foot B.C., E460 Q30 50X Ne 9 p-P+ 1 

BEBC Narrow band 
CERN SPS . 

BEBC Wide band 
CERN SPS 

Fermilab-Michigan-IHEP-ITEP 
Fermilab 15 foot B.C., El80 $30 64% Ne 6 p-e+ 1 

* 
Vees stand for KO -+ n+ + n- or -+ p + n- decays 

8 



TABLE I1 

Dilepton Production by Antineutrinos in Bubble Cimbers 

<E;> Events 
* 

Vees 

Experiment BeV Liquid Observed Observed Rate, % 

Fermilab-Michigan-IHEP-ITEP 
Fermilab 15 foot B.C. El80 

Berkeley-Seattle-LBL-Hawaii 
Fermilab 15 foot B.C. El72 ~ 3 0  64% Ne 4 p+e- 2 ' 0.G + 0.14 

- 0.08 

Fermilab-Michigan-IHEP-ITEP 
Fermilab .I5 foot B.C. El80 

* 
Vees stand for K: -r n+ + n- or A' + p + n- decays. 



I vp+ Ne -p-+ef + - - -  164 EVENTS 

EVis. ( G , ~ V  1 
Fig. 1 ~ornentum of  a )  t h e  e+. and b) t h e  IL-, t h e  
d i l e p t o n  sample. The shaded e v e n t s  are t h e  back- 
ground from hadron punchthiough. c) The t o t a l  
v i s i b l e  energy. 
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