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Abstract 

+ 
We report  a preliminary search for a pos i t ive ly  charged lepton (Y ) 

- 
coupled d i r e c t l y  to the  p and v ( i - e . ,  muon number = + 1) .  Using the 

P 
+ production process v + N - Y + anything, we have looked f o r  the  p+ from 

P 

the  decay Y+ -. p+ + v + v . The expected number of p.+ events i s  given as  a 
P P 

function of the heavy lepton mass, the branching f r ac t ion  t o  muons, and the  

heavy lepton coupling. For typ ica l  gauge theory predictions,  we obtain the 

90% confidence l i m i t  % > 2 G ~ V I C ' .  
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One s t r i k i n g  f e a t u r e  of weak i n t e r a c t i o n s  is  t h e  small  number of 

members observed i n  the  known lepton  f a m i l i e s .  For example, t h e  muon 
6 - 

family p r e s e n t l y  con ta ins  only two observed members: v and p . I t  i s  
P 

important  t o  search  f o r  h igher  mass members, whose e x i s t e n c e  could have 

profound impl ica t ions .  

Considerable t h e o r e t i c a l  work i n  t h e  p a s t  few yea r s  h a s  focused 

on u n i f i e d  gauge t h e o r i e s  t o  p r e d i c t  c o n t r o l l e d  h igh  energy behavior  f o r  

the  weak i n t e r a c t i o n s  and t o  un i fy  t h e  t h e o r e t i c a l  t rea tment  o f  weak and 

e lec t romagnet ic  i n t e r a c t i o n s .  Theories  suggested thus  f a r  con ta in  massive 

2 charged in t e rmed ia te  v e c t o r  bosons (M - 40 GeU/c ) t oge the r  w i t h  n e u t r a l  
W 

weak c u r r e n t s  and/or  heavy leptons .  The suggested heavy l ep tons  have t h e  

fol lowing p r o p e r t i e s :  (1) They belong t o  e x i s t i n g  lepton  f a m i l i e s  ( e i t h e r  

e l e c t r o n  o r  muon) and ( 2 )  They have d i f f e r e n t  e l e c t r i c  charge than e x i s t i n g  

charged leptons  of the  same lepton  number. 

The phenomenology o f  the  proposed p a r t i c l e s  has been d i scussed  a t  

length  by Bjorken and Llewellyn-Smith ( B L S ) ' ~ )  and by Llewellyn-Smith. ( 4 )  

These au thor s  mention s e v e r a l  ways o f  searching  f o r  massive lep tons .  To 

da te ,  we know t h a t  any heavy lepton m u s t  have a  mass g r e a t e r  than t h a t  o f  

t h e  K-meson. Some  calculation^(^'^) have i n d i c a t e d  t h a t ,  were a p o s i t i v e  heavy 

2 
muon t o  e x i s t  wi th  mass less than 1 ~ e V / c  , i t  might have been observed i n  

t h e  CERN n e u t r i n o  d a t a .  (6) 

+ W e  emphasize he re  the  production of heavy muons (Y ), i n  a beam of  h igh  

energy muon neu t r inos .  The ordinary  mode of i n t e r a c t i o n  f o r  n e u t r i n o s  o f  

high energy i s  

v + N - p -  + hadrons. 
11 

(1) 



The con jec tu red  Y+ would be produced by the  process 

v  + N - Y+ + hadrons. 
P  (2) 

Reaction (1) has  been observed and measured a t  C E R N ( ~ )  with  neu t r inos  of 

energy E = 1-10 GeV. The r e s u l t s  a r e  c o n s i s t e n t  wi th  neu t r ino  s c a t t e r i n g  
w 

2. from s p i n  2 f rac t ional ly-charged p o i n t - l i k e  c o n s t i t u e n t s  (quarks) ,  with 

predominantly V-A coupling (mainly s c a t t e r i n g  o f f  quarks r a t h e r  than a n t i -  

quarks) .  (') Prel iminary NAL d a t a  is  a l s o  q u a l i t a t i v e l y  c o n s i s t e n t  wi th  

t h i s  p i c t u r e  a t  h ighe r  ene rg ies .  ( 8 ) ( 9 )  

I n  the  quark model, t he  d i f f e r e n t i a l  c r o s s  s e c t i o n  f o r  e i t h e r  (1) o r  

(2)  i s  given by 

+ 
where g+(g ) i s  the  coupling of the  Y (p-) t o  t h e  muon n e u t r i n o  - 

s i s  the  square of the  center-of-mass energy 

M i s  the  mass of the  charged in t e rmed ia te  v e c t o r  boson 
W 

(assumed l a rge )  

2  
x,y a r e  t h e  deep- ine la s t i c  v a r i a b l e s  (x = Q /2Mv, y  = v/E ) w 
2 x f ( ~ x ? )  i s  the  momentum d i s t r i b u t i o n  f o r  quarks (ant i-quarks)  

i n  the  nucleon ( r e l a t e d  t o  the  d e e p - i n e l a s t i c  s t r u c t u r e  funct ions)  

+ 
m (m ) i s  the  mass of t h e  Y (p-) + - 

Figure 1 shows the  r a t i o  of t o t a l  c r o s s  s e c t i o n s  expected f o r  r e a c t i o n s  (2)  

and ( I ) ,  obta ined  by i n t e g r a t i n g  Eq. (3) over  the  a v a i l a b l e  phase space, and 

2  2  ed 
assuming t h a t  g  = g- . For t h i s  c a l c u l a t i o n ,  we have taken xf (x)  a F (x) , + 2 

i . e . ,  the  s c a l i n g  s t r u c t u r e  funct ion  found i n  i n e l a s t i c  electron-deuteron 

s c a t t e r i n g ( l O ) ,  and i ( x )  = 0. Inc lus ion  of the  small  an t i -quark  component ( 7) 



implied by the low energy CERN neutrino data  changes Fig. 1 by a negl ig ib le  

L 
amount. The calculat ion a l so  assumes tha t  M >> s .  

W 

+ 
The decay modes expected for  the Y are  

Y+ - v + hadrons 
P ( 6 )  

+ 
The search described here i s  for  p from the decay (4). I f  these a r e  the 

only modes avai lable ,  i t  has been estimated tha t  (3) 

+ + 
B E r ( Y  - .v  + n  + V ) / ~ ( Y + - a n y t h i n g )  l 0 . 3  

P CI 

2 0 
for  1 < % < 6 GeV/c . However, i f  there  e x i s t s  an uncharged heavy muon, Y , 

+ 
which i s  l i gh t e r  than the Y , other decays of the type Y+ - YO + anything 

might be expected. The exact contribution i s  somewhat model and mass-dependent, 

though phase space considerations alone should make such decay r a t e s  small i n  

comparison t o  (4), (5) and (6).  

I n  our experiment, a narrow band, sign-selected beam of pos i t ive  pions 

and kaons, of mean energy 160 GeV, was allowed to  decay t o  neutrinos 

+ + + + 
(rr - p v o r  K - p vP). The forward neutrinos entered our apparatus, giving 

P 

two bands of neutrino energy: from K-decay, > -  145 GeV; from n-decay, 
v 

4 > -  50 GeV. This run has been described previously (I1) i n  a communication 
v 

describing a search for  the charged intermediate boson. The same data, con- 

s i s t i n g  of 112 reconstructed neutrino interact ions ,  a r e  used i n  the  present 

paper. For t h i s  search, the sign-selected nature of the beam i s  of prime 

importance. The only reaction that  might be expected t o  produce a background 

+ .  
p In  our sample i s  

- + 
v + N - p  +hadrons  

P (7 )  



from background rr- o r  K- decays. 

16 
The run reported here consisted of 2.65 x 10 protons on target .  

Of the 112 events ins ide  the f i duc i a l  volume which could be reconstructed 

- 
kinematically, 111 had a d e f i n i t e  p secondary. Subsequent analysis  (8) 

showed that  these events are  consis tent  with production from react ion ( I ) ,  

assuming quark model s t ruc tu re  functions. 

There existed i n  t h i s  run a s ing le  1;+ event with observed hadron energy 

E h =  2 GeV, muon energy E '  = 57 GeV, and muon angle 8' = 34 mrad. I f  t h i s  

+ 2 
event corresponded t o  decay of a Y , i t s  mass would be several  GeV/c . 
However, we believe tha t  t h i s  event comes from contamination (7) f o r  v 
the following reasons: 

(1) independent background runs demonstrated the existence of 

wide-band anti-neutrino background a t  roughly the one event 

level;  

(2) t h i s  event has small hadron energy. This i s  more cha rac t e r i s t i c  

of in te rac t ions  than of heavy lepton production. Fig. 2 shows 

the f rac t ion  of P+ events expected, f o r  both cases, i n  which the 

r a t i o  (y) of observed hadron energy to  observed t o t a l  energy is  

l e s s  than yU. The curves include the apparatus acceptance, and 

incorporates the cross  sect ion (3). The observed event had 

+ 
y = 0.03. About 1$ of Y decays might be expected to  have 

< 
y - 0.03, while about 20% of < in te rac t ions  a r e  expected with 

y < 0.03. This occurs pr incipal ly  because the secondary p+ i n  

- 
v in te rac t ions  takes a large f ract ion of the energy,(7) while 

P 
+ + 

the p from the predominantly left-handed Y has low laboratory 

energy. We conclude tha t  t h i s  anomalous event i s  most l i ke ly  

- 
from v contamination. 

P 



To ca lcu la te  our s ens i t i v i t y ,  we have used a Monte-Carlo calculat ion 

which assumes the cross  section (3), and takes i n t o  account the polar izat ion 

+ 
of the Y and subsequent decay angular d i s t r ibu t ion  v i a  reaction ( 4 ) .  

( Og3 , where N i s  the number of < events expected i n  Figure 3 shows N - - 
t h i s  run, a s  a function of heavy lepton mass, 3. For simple gauge theories,  

2 
we have g - 2 (3) 

+ - g- , and fo r  spec i f ic  assumptions f o r  the decay probabi l i ty  , 

we have B 0.3. With these assumptions, the ordinate corresponds to  the 

expected number of events i n  the experiment. The one-event l eve l  i s  i n  the 

2 
region of M y -  5 GeV/c . The Poisson probabili ty for  observing 1 event when 

the mean i s  3.56 i s  equal t o  0.1. We can therefore quote a lower mass bound 

+ 3 z 2 cev/c2, with 90$ confidence. For d i f f e r ing  assumptions on a Y a s  

regarding the lepton coupling o r  branching r a t i o ,  the l i m i t  can be adjusted. 
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Figure Captions 

+ 
I .  Ratio of Y production to  p* production i n  a beam of muon neutrinos of 

energy E . The quark model s t ruc ture  function re la t ionships  are assumed. 
v 

2. The calculated fract ion,  F, of events i n  our apparatus with y < yU, 

where y = E /E The curves correspond to  the  react ions  
h t o t '  

+ 
v + N - Y+ + anything, and J + N -. p + anything. Quark model 

s t ruc ture  functions a r e  assumed. The single, observed pi event i s  

indicated. 

B 
a s  a function of heavy lepton mass, %. N i s  the expected 

+ 
number of p events i n  the experiment, B i s  the branching r a t i o  f o r  

6 - Y+ - v + p+ + vP, and g+(g ) i s  the weak coupling of the heavy lepton 
P - 

(muon) to  the neutrino and the weak current.  
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