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1. INTRODUCTION 
i -  We have explained the  anomalous ep events produced i n  e e annihi- 

l a t  ion ,l? 
+ -  

e+ + e- + e -  -I- w+ + missing energy, 

as the  decay products of a pair of U par t i c l e s3  produced i n  the  reac t ion  

e+ + e- -+ U+ i U- (2)  

I n  t h i s  paper I w i l l  present ( a )  new da ta  rn the  U p a r t i c l e s  i n  the energy 

region j u s t  above t h e i r  production threshold and ( b )  r e s u l t s  of a s tudy of 

the  nature of the p a r t i c l e s  car@ng off the  missing energy i n  Eq. (1). 

While 

of our knowledge of the  anomalous ep events and t h e i r  U p a r t i c l e  explanation. 

The work presented here is based on the  da ta  obtained by the  SLACdBL 

Magnetic Detector 

beam f a c i l i t y  a t  the  Stanford =.near Accelerator Center. 

presenting these new r e s u l t s  I w i l l  b r i e f w  review the  present s t a t u s  

CoUaboration using t h e  SPEAR electron-positron co l l id ing  

2. MWWATIOBT 

The motivation f o r  t h e  work t h a t  l ed  t o  the  discovery of the ep events 

was a search for heavy leptons5t6 w i t h  unique leptonic quantum numbers. We 

+Work supported by the Energy Research and Development Administration. 

*Short vers ion of  t a l k  presented at the In te rna t iona l  Conference on 
Production of Par t i c l e s  with New Quantum Numbers, Univ. of Wisconsin, 
Madison, April  22-24, 1976. 
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v i sua l i ze  the  sequence 

charged lepton 

+ 
e- 

-I 
v 

$ 

associated neutrinos 

.. 
vP’ vP (3)  

The a, c u e d  a sequent ia l  heavy lepton, would not have subs t an t i a l  ra--A .ve 

decays. The dcrminclnt decays woclld be: (We use the  &- as t he  example; for the 
+ 

decay, change each p a r t i c l e  t o  its a n t i p a r t i c l e . )  

a )  l ep tonic  

”D) semi-leptonic 

4- 4 V& + n- 

.e- 3 V& + d 

6 --f v.4, + n+ + n- + x -  

The-re la t ive  decay r s t e s  depend upon the  lepton mass6y7 



The experimental s igna ture  for t p a i r  production i n  eie- annih i la t ion  

is  Eq. (1) t h o u g h  the  processes 

However, t he  i d e n t i f i c a t i o n  of the sequent ia l  heavy lep ton  is compli- 

from t he  p a i r  production cated by t h e  p o s s i b i l i t y  t h a t  Eq. (1) may r e s u l t  

and decay of a new type o f  meson M; t he  charm theory providing t h e  most 

popular e ~ a n p l e s . ~ ' ~  Purely lep tonic  decays would have the  fom 

2-body decays 
M- + e l  + Ge 

M- 3 P- f i; 
P 

Semileptonic dec8ys i n  which no charged p a r t i c l e s  other than the  e o r  p 

occur would have t h e  form 

M- -+ e- + je .t 

(Ki msons would decay i n  the detector)  o r  

M- 4 e- + ge + zo I 
M- -+ p- + qCl + JT 

(9) 
O I 3-b0aY decays 

I n  th i s  paper we s h a l l  use U t o  represent o r  M or o ther  p a r t i c l e s  

whose pa i r  production and decay would lead t o  ~ q .  (I). Unfortunately, I 

do not have the time i n  t h i s  t a l k  t o  discuss the in t e re s t ing  theories  of 

P a t t i  and Salem" or of Feinberg and Lee. 
11 

3. FZVIEW OF EVENT SELFCTION, BACKGROUNDS 
AND OBSERVED PRODUCTION CROSS SECTION 

The se l ec t ion  of the ep events, t he  background subt rac t ion  and the  

observed production cross sec t ion  has been f'um discussed i n  Ref's. 1,3,12. 

- 3 -  



4 Events from t h e  SUC-LRLmagnetic de tec tor  were se lec ted  using the 

following c r i t e r i a :  

a.  two and only two charged prongs i n  the  de tec tor ;  

b. prongs of opposite e l e c t r i c  charge; 

c. 

d. 

each prong has a momeatum grea te r  than 0.65 GeV/c; 

one prong i s  iden t i f i ed  as an e lec t ron  and the  other as a muon 

by t h e  de tec tor ;  

e. no photons detected; 

f .  t h e  coplanarity angle i s  grea te r  than 20'. 

3cn Refs. 1 and 3 ,  86 ep events were used. In these  86 events we calculated 

a background of 22 ? 5 events or 30 2 6 events depending upon the  method of 

background calculation. 

@@ now have over 100. 

4.8 GeV WU be discussed i n  t h e  next, and l a t e r ,  sec t ions  of t h i s  talk. 

Since then we have continued t o  acquire ep events 

The new events i n  the  threshold region 3.8 5 Ea< 

The observed production cross sec t ion  based on the  86 events i s  shown 

i n  F i g .  1. 

corrected for geometric acceptance, momentum and aagul.ar cuts,  t r igger ing  

Tbe curves a r e  theo re t i ca l  U p a i r  production cross sec t ions  

and tracking efficiency,so as t o  y i e ld  the observed production cross sections.  

The s o l i d  curves a r e  Tor the  U a heavy lepton of mass % = 1.8 GeV/c2; this  

m&ss i s  a good f i t  t o  the  data. 

M 

l ep ton  production cross sec t ion  is  

The mss of the  associated neutrino is 

= 0.0. The coupling between the  U and i t s  neutrino is V-A o r  V+A. The 
YJ 

2 

S (10) nb , U =  heavy lepton 8 - 43.48(3 - f3 1 
'ee +LJU - 

Here s = E2 and !3 = vu/cj vu being ve loc i ty  of t h e  U. 

i n  Fig. 1 is  for the  U 

modes of a.. (7). 

The dashed curve 

with t h e  2-body decay 

The productSon cross sec t ion  is not known 5 priori ,  I 

cm 
2 a meson of mass 1.9 GeV/c 
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used t he  fonmrla 

3 
= IFU(s)1* j U E meson M (na> 'ee ~ U U  

Here 

Fu(s) is B production form fac to r :  

is a constant, !3 = vu/c, $3 is a guess at  a threshold f ac to r ,  and 

Fu(s) = $/s ( U b )  

WES used t o  make the  meson production threshold 2 !be meson m86s of 1.9 GeV/c 

above the  Jr' ( t h e  Jr' mass is  3.68 GeV/c ). 2 

A l l  the curves a r e  acceptable f i ts  t o  the  h t a  given the  l a rge  e r rors .  

And regardless of which of these hypothesis one chooses the  mass of the  U 

is i n  the  range 

(12) 2 1.6 5 % 5 2.0 GeV/c 

4. THRESHOZD BEHAVIOR OF uep,observed 

In Flg. 1 the  th ree  da ta  points below 4.8 GeV were based on a t o t a l  

10 new events have now been acquired i n  the  Ea < 4.8 GeV of 16 events. 

region giving a t o t a l  of 26 events. The observed ep production cross 

is shown i n  Fig. 2 f o r  t he  26 events as wel l  as t he  'ep, observed' 
old point a t  4.8 GeV. 

found in the  region 3.0 I E 

g@ confidence upper l i m i t ,  6.0 nb, f o r  t h a t  region. 

the  conclusion about t he  U mass i n  Eq. (12). 

low as 1.6 GeV improbable, and pushes the  lower limit on the mass c loser  t o  

1.8 GeV. (The p o s s i b i l i t y  of t he  mass being as low as 1.6 GeV is now being 

t e s t ed  using the  new events reported here and other new events.)  Figure 2 

also emphasizes t h a t  t h e  production cross sec t ion  r i s e s  smoothly above t h e  

threshold. 

No ep events, before  background subt rac t ion ,  were 

I 3.6  GeV. The cross hatched edge shows the  cm 
F m r e  2 reinforces 

Indeed it makes a mess as ' 

We can also use these 26 threshold events t o  see i f  t h e i r  productlon.h 

- 5 -  



i s  related t o  the structure13 in the total.' b d ~ o n i c  production cross  sec t ion  

ahad(s) i n  the region 3.9 I E m s  4.8 GeV. 

using the R parameter 

This s t r u c t u r e  is shown i n  Fig. 3 
4 

Here 

where s = E", is i n  Ge?. We note t h e  peak i n  %he 4.05 t o  4.15 GeV region 

and the  resonance a t  4 .4  GeV. If these peaks are  re la ted  t o  charm p a r t i c l e  

production and i f  the ep events a re  charm p a r t i c l e  decay products, we should 

s e e  some c lus te r ing  of the  ep events i n  the two peak regions.  

'ep ,. observed 

4.8 GeV point .  

ep events i n  t h e  4.05 t o  4.15 GeV region or a t  the  4.4 GeV resonance. 

Figure 4 shows 

spread over 10 bins i n  3.75 5 Ecm < 4.8 GeV, as well. as the o l d  

The s t a t i s t i c s  are  poor; however, there  i s  "0 c lus te r ing  of 

14 
Figure 5 portrays this observation i n  another way. Following Harar i ' s  

+ -  
ideas, I define the "new hadronic physics" i n  e e 

R t o  r i s e  abwe 2.5; quant i ta t ive ly .  

annihi la t ion as causing 

(s) = (R(s) - 2.5)' 
'new hadron physics ee -+w 

Figure 5 shows the  r a t i o  

'e@, observed 

'new hadron physics 
r =  

i n  a r b i t r a r y  uni t s .  

physics" production cross section, r should be a constant.  

s tan t ,  but i s  smaller i n  the 4.0 t o  4.4 GeV region. 

caused by the  acceptance of the experbent .  This acceptance, Fig. 6, takes 

account of the angular acceptance of the  apparatus, the angular cut ,  and the 

If the production of ep events follows %he "new hadron 

T t  i s  not a con- 

This e f f e c t  i s  not 
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momeztum cut .  As discussed i n  the next sec t ion  the ell events a r e  bes t  f i t  

by taking tk leptonic  decay mode Of the  U t o  be i n t o  ?,-bodies. 

lower s e t  of curves i n  Fig. 6 apply. 

Hence the 

To quantify my conclusion t h a t  ep event production i n  the threshold 

region does not follow the  "new hadron physics" 1 compare the  hypothesis 

t h a t  ep production follows t h e  "new hadron physics" with the  hypothesis 

t h a t  ep production follows a smoothly r i s i n g  production cross sect ion.  To 

be prec ise  1 use the hypothesis t h a t  the  U i s  a V-A heavy lepton t o  repre- 

sent  a smoothly r i s i n g  production cross sect ion,  although the  use of V+A or 

?-body phase space f o r  the U makes l i t t l e  difference.  

. 

We obtain the  fo l lowing  s t a t i s t i c a l  conclusions fo r  the ep events i n  the 

region 3.75 E c i n I  4.8 GeV 

l ikel ihood t h a t  e events are  from V-A hea l e  ton  
l ikel ihood t h a t  e: events are  from "new haEon & s i c $  = 13" (17) 

xi' prGbabili ty t h a t  ep events a r e  from V-A heavy lepton = 16 

X2 probabi l i ty  that ep events a re  from "new hadron physics" = 1% 

Admittediy, the  s t a t i s t i c s  a r e  poor; however, we have here one more argument 

against, the  ep events being r e l a t e d  d i r e c t l y  or  i n d i r e c t l y  t o  charm p a r t i c l e  

production. 

5. THRESHOLD BEHAVIOR OF ANGULAR DISTRIBU!7!ION 

We define the c o l l i n e a r i t y  angle by 

%en the  e and p are  moving i n  exact ly  opposite d i rec t ions  eCon = 0. 

and p 

p ,e 

In are  the  vector  three-momenta o i  t h e  e and the  p respect ively.  -u 
Ref. 3 the  COB Bcou d i s t r i b u t i o n  for the  86 events was thoroughly discussed. 

- 7 -  



The major point,  Fig. 7 ;  was thac, the small  number of events with 0 

i n  t h e  4.8 GeV and 4.8 < Ecm I 7.8 GeV regions argues aga ins t  t h e  2-body 

decay mode of the  U. As emphasized in Table V I  of Ref. 3 ,  on ly  a ?J mass as  

low as 1.6 GeV/c 

l a s t  s ec t ion  th i s  low a U mass is  becoming improbable. 

> 90" c 011 

2 
allows t h e  2-body decay t o  f i t .  But as discussed i n  the 

A new study of the threshold reg ion ' s  cc)s BColi d i s t r i t u t i o n ,  i s ing  the  

2 events, i s  shown i n  Fig.  8 .  

mass of 1 . 9  GeY/c 

t o  1.8 GeV/c 

p re t a t ion  of t he  U as a charmed p a r t i c l e  of t h e  conventional 

Table I presents a comparison of t he  data with various models f o r  events 

w i t h  ecou 90'. 

The 2-body decay of t h e  U, Eq. ( 7 ) ,  f o r  a 

2 
is  i n  poor agreement w i t h  t h e  da ta  Lowering t h e  U mass 

2 improves the  f i t ,  however t h i s  mass would prevent the  in t e r -  

T A B U  I 
Comparison of t he  number of 6 

mate row)  with various U masses a p d  U decay hypotheses f o r  

3.75 5 E < 4.8  SeV, (Note t h a t  t h e  l a s t  row gives t h e  

t o t a l  cumber of ell events for u s e  i n  s t a t i s t i c a l  t e s t s . )  

> 90' ep events (penul t i -  c o i l  

:m 

Mass Number events 

Decay Mode GeV/ c2 with Bcoll > 90' 
_I--- 

3+0dy, V-A, Eq. 4 1.8 6.6 

2-b0dy, Eq. 7 1.8 9.6 

a-way, EQ. 7 1 . 9  12.2 

Data: ep events with 
ecolz ' 90° 7 

Data: t o t a l  number of 
ep events 26 



Fina l ly ,  we note t h a t  t h e  threshold region cos B d i s t r ibu t ion  does c o l l  
not p r w i d e  by i t s e l f  a s t rong  argument aga ins t  t h e  2-body decay of t h e  U. 

Pu t t ing  t h e  data i n  Fig. 8 i n t o  5 bins,  t o  increase the events pe r  b in  and 

make a X 

freedom. 

2 2 t es t  f eas ib l e ,  we f i n d  the  following X values f o r  !+ degrees of 

DECAY MODE X2 

2 
?-body, V-A, = 1.8 GeV/c , $ = 0.06, Eq. (4) 

U 
0.2  

2.0 2 2-body, I$, = 1.8 GeV/c , Eq. (7) 

6 . 3  2 &body, I$, = 1.9 GeV/c , Eq. (7)  

However, i n  t h e  next sec t ion  we s h a l l  s ee  t h a t  t h e  momentum d i s t r ibu t ions  

i n  the  threshold region do provide a s t iong  argument aga ins t  t h e  2-body decay 

mode of the  U. 

6. THRESHOLD BEHAVIOR OF MOMFNTUM DISTRIBUTION 

The momentum d i s t r ibu t ions  of t he  c and i.r p r w i d e  the  s t ronges t  evidence 

t h a t  t he  U decays i n t o  3-bodies, if the  ell events a re  produced by a s ing le  

mechanism. 

objects produces a f l a t  momentum spectrum, Fig. 9a. However, a decay i n t o  

th ree  very l i g h t  objects produces the  spectrum of Fig. 9b, whether it be V-A, 

V+A or phase space. 

momentum cuts  of f  the lower momentum p a r t  of t he  spec t ra .  Hence, we only 

need t o  compare a f l a t  spectrum with a sloping spectrum This was done for 

the  o r ig ina l  86 events i n  Hef. 3, reproduced i n  Figs. 10 and ll. TO combine 

the  data from d i f f e ren t  Ecm runs we use the  parameter 

This i s  because the  decay of a heavy objec t  i n t o  two very l i g h t  

Furthemore,  our  0.65 GeV/c lower l i m i t  on the e and 1.1 

, p i n  GeV/c ; 
Pmax 

- 9 -  



where p 

l j t t l e  dif'ference) and p is !pel or \pul. 

Figures 10 and a are  corrected for background. 

k calculated f o r  = 1.8 GeV ( the  use of b$ = 1.9 makes very 

Each event thus appears twice. 
mex 

The s o l i d  and dotted curves i n  Figs. 10 and XI. are the  predicted d i s t r i -  

butions f o r  the  3-body and 2-body decay modes of the  U respect ively (Eqs. ( 4 )  

and (7)). 
bump a t  the  high p end of the  dotted curves occurs because of the  events a t  

Ea = 3.8 GeV -- the  threshold f o r  b$ = 1 .9  p a r t i c l e s .  

d i s t o r t  the  predicted 2-body decay mode Bcou d i s t r i b u t i o n  t o  f i t  the  ecoll 
d i s t r i b u t i o n  data,  we obtain the  dashed curves i n  Figs. 10 and SL. Thus we 

see  t h a t  the  2-body mode usual ly  predicts  too many l a rge  0 ,  t h a t  is l a rge  p, 

points.  Only a t  4.8 GeV a r e  the  2-body and 3-body hypotheses equally appli-  

A l l  spin-spin correlat ions m e  ignored i n  these calculations.  The 

Incidently,  i f  we 

cable. / 

I n  Fig. 12 we show the  p d i s t r ibu t ion  of the  26 events i n  the  threshold 

region, corrected f o r  background. 

spectrum for the  +body decay mode represented by  V-A, % = 1.8 GeV/c ? M 

0.0 GeV/c2, and Eq. (4). 

1.8 GeV/c2 and for 

assumed t o  decay i s o t r o p i c a l l y  i n  i t s  center of mass as was the  case f o r  

the dotted curves i n  Figs. 10 and U. To make a X t e s t  we put the  data i n t o  

5 bins. 

The bes t  f i t  i s  p rwided  bg the  sloping 
2 = 

% =  Two 2-body decay modes, Eq. (7) a r e  shown for 

I n  both the 2-body modes, the  U is 2 = 1.9 GeV/c . 

2 

We f i n d  for 4 degrees of freedom 

DECAY MODE X2 

Mvu = 0.0, Eq. (4) 2* 2 2 3-body, V-A, = 1.8 GeV/c , 
2 Z-body, = 1.8 GeV/c , Eq. (7) 28.3 

2 2-body, = 1.9 GeV/c , Eq. (7) 38.1 

- LO - 



Hence, we now have t h e  new information that even i n  the  threshold region t h e  

p d i s t r i b u t i o n  favors the  3-body mode. We can only r e su r rec t  t he  2-body 

decay mode i n  t h e  threshold region by reducing the  U mass t o  1 .6  GeV/c . 
But t h a t  does not he lp  i n  t h e  high ener&y regions of Fig. 11, and I: am now 

beginning t o  be l ieve  t h a t  1,6 GeV/c 

A s  1 noted before a qua l i t a t ive  study of t h e  % * 1.6 GeV/c 

now being made. 

2 

2 
i s  too  low a mass on other grounds. 

2 
p o s s i b i l i t y  is 

7. THE MISSING ENERGY I N  ep Eb"TS 

The cos QCon and p d i s t r ibu t ions  favor the 3-body decay of t h e  U. The 

question then a r i s e s :  

the  heavy lep ton  hypothesis, 

a r e  t h e  missing p a r t i c l e s  a l l  neutrinos according t o  

U - + V  + e ' + ;  U 

(20 )  
+ u+ -3 gu + l.L + VP 

(Here we use the  example of t h e  U- going t o  an e- and t h e  U* t o  a g', t he  

charge conjugate case of course also occurs.)  

off i n  undetected hadrons? The only two p o s s i b i l i t i e s  ica the  l a t t e r  case a r e  

t h a t  q a s  a re  being produced 

Or is  some of t he  energy Carrie? 

U- 4 e- + iie + 

o r  t h a t  there  a r e  undetected n o f s  

u+ + l.L+ t. vp + no (22 1 

A study has been made by G. Feldman15 of  the p o s s i b i l i t y  of the occurence of 

t he  decays i n  Eqs. (21) or  ( 2 2 ) .  

- 11 - 



To look for the  decays i n  Eq. (2L), Feldman looked f o r  events of t he  

f o m  

(23) 
+ f 

e + e- + e + pT + KO + missing energy S 

I n  a da ta  sample i n  which 49 of  t he  standard ep events 

e+ + e- 3 + p' + missing energy 

were found, he found no events of the form of Eq. (23). 

e+e-I$ o r  p 

decay modes containing % p a r t i c l e s  must be equal i n  r a t e  t o  those containing 

KO papt ic les .  

He a l so  found no 

Now unless t h e  U p a r t i c l e  is  exceedingly strange, + - 0  % events. 

0 

This leads t o  the  following l i m i t  with 9@ confidence: L 

f r a c t i o n  of observed ep events meeting 
t h e  c r i t e r i a  a t h r u  f of Sec. 3 and (24) 
containing a KO 

We already knew t h a t  decays of t h e  form of Eq. (22) were unl ike ly  be- 

cause of c r i t e r i a  e. i n  Sec. 3 -- no photons detected.  Feldman1s15 study 

i 

makes t h i s  quan t i t a t ive  ; with 9 6  confidence. 

f r a c t i o n  of observed ep events meeting 
the  c r i t e r i a  a t h ru  f of Sec. 3 and 
containing one o r  more no's 

' < 0.09 

!Therefore, i n  most of t he  ep events which are  observed t h e  missing energy is 

ca r r i ed  off by neutrinos. 

a. DISCUSSION AND CONCLUSIONS 

Before l i s t i n g  the  conclusions, I w i l l  make a few remarks on the  ep events. 

If t h e  U p a r t i c l e  has decays of t he  form of Eq. (4), o r  indeed if it has 
~ 

any  of the decay i n  Eqs. (7) t h r u  (9 ) ,  w e  should see  anomalous events of t he  

form 

(26a) e + e- + e  + e- + missing energy 

e+ i e- -t c;' + + missing energy . (26b) 

-I. + 
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Furthermore, i f  the e and i.~ decay rates of the U a r e  equal, we should f i n d  

\ 

U 

0.5 “ee,observed = pp,observed 

‘ep, observed ‘ep, observed 

As repor ted  by F.B. Heile16 we have found anomalous ee and pp events as i n  

Eq. (26 )  a f t e r  cor rec t ing  f o r  background from processes such as 

e+ + e- -+ e+ + e- + p+ + p- 

e + e - - t e  + e - + y + 7  

e + e - + p  + p - + y + y  

+ + 
+ + 

The numbers of anomalous ee  and pw events a r e  compatible with Eq. (27 

Quant i ta t ive  s tud ie s  a r e  i n  progress 

0.5 can be excluded. 

t o  see  what r a t i o s  very d i f f e r e n t  from 

Another remark r e l a t e d  t o  the ep events concerns the  existence of events 

of t h e  form 

9 ”  
(29e) 

4 -  e i e 4 e + p+ + charged hadrons i n  de tec tor  

(29b) 
+ - 2 -  

e C e 4 e C p+ i 7’s from no’s  i n  de tec tor  

or  combinations of Eqs. (29a) and (2%) .  Our s tudies  do not exclude such 

events. I n  our s tud ie s  these events a re  t r e a t e d  as background t o  y i e ld  a 

convservative ca lcu la t ion  of t h e  background i n  our ep events. Indeed a s eve ra l  

hundred picobarn r e a l  s i g n a l  
, - L . -  

e’ + e -+ e + 11’ + detected hadrons ( 3 0 )  

could e x i s t .  Therefore, t he  statement i n  t h e  previous sec t ion  t h a t  our 

observed ep events do not contain hadrons, does not exclude t h e  r eac t ion  i n  ’ 

Eq. ( 3 0 ) ;  it simply cleans that our observed ep events a r e  not r e l a t ed  t o  

F ina l ly ,  we note t h a t  anomalous events of t h e  form: 
+ - t  

e 4- e ‘9 + one charged p a r t i c l e  + missing energy 

- 13 - 



17,18,19 have been seen a t  SPEAR by the  Maryland, Pavia, Princeton Group. 

According t o  Refs. 18 and 19 these events are  compatible with the heaTiy lepton 

i n t e r p r e t a t i o n  of  our ep events.  

Our conclusions are  as Tollows. 

a. The anomalous ep events described by Eq. (1) e x i s t ;  we have not found 

any conventional explanation f o r  a l l  such events;  and on ly  20 t o  35% of 

them can be explained by various background mechanisms. 

b. The data a r e  consis tent  with the  hypothesis of the  production of p a i r s  

of new p a r t i c l e s  of one or  more types U 1’ u2 

+ + e c e- +ul,+ U; 

+ - + -  e + e - tu2 + U2 

provide6 a t  l e a s t  one of these types has ‘+body decay modes. 

c. The data i s  not consis tent  w i t h  a l l  the  events coming from P-bodjr 

‘ leptonic decays of the  U’s. 

d. We know of nothing which is inconsis tent  with the  hypothesis t h a t  a l l  

the  events come from the  3-body decay of a U p a r t i c l e .  

e. Very l i t t l e  or  none of the missing energy i n  the el- events i s  car r ied  

of f  by hadrons. 

f .  The observed ep production cross sec t ion  is not correlatpa v i th  the “new 

hadron physics” cross sec t ion  s t ruc ture  in the  3.9 - 4.6 Geir r fgibn.  

g. Combjning conclusions c, d, e, and f I bel ieve it is i i n l ike ly  t h a t  the 

U p a r t i c l e  i s  a charmed p a r t i c l e  or i s  pr imari ly  produced by the decay 

of a charmed p a r t i c l e .  

If we assume t h a t  a l l  the  ep events are  produced by a s ingla  mechanism, t h a t  

i s ,  t h a t  there  i s  j u s t  one react ion 

- 14 - 



133) 
e t- + e- +u+ + U- 

and. one type of U p a r t i c l e ,  then we can draw fu r the r  conclusions: 

h. The simplest  explaination of t he  data i s  the existence of a sequent ia l  

heavy lepton of mass 
2 1.6 ,< % d 2.0 GeV/c 

i. We cannot yet d i s t inguish  V-A from V+A or  other coupling cOmbinations 

f o r  the heavy lepton. Nor can we determine the  mass of the associated 

neutr inovU beyond noting t h a t  M 

Such a large mass wodd d i s t o r t  t he  p spectrum sevexely. 

To fully e s t ab l i sh  t h a t  the U i s  a sequent ia l  heavy lep ton  we have t o  

f i n d  t h e  semi-leptonic decaf modes of Eq. ( 5 ) .  

modes appears t o  have been found i n  Ref. 17. 

2 i s  ce r t a in ly  less than 1 GeV/c . 

j. 

Some evidence f o r  such 
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FIGURE CAPTIONS 

Figure 1 Comparison of the observed eb production cross sec t ion ,  ueP, observed, 

with t h e  production cross sec t ion  f o r  a heavy lep ton  of mass 1.8 GeV/c 

(Eq. 10) decaying i n t o  3-bodies (Eq. 4) v i a  V-A or V-tA; or with t h e  

production cross sec t ion  for a Beson of mass 1 .9  GeV/c 

i n t o  ;?-bodies (Eq. 7). 

cussed i n  Refs. 1 and 3. 

2 

2 (Eq. 11) decaying 

aep,observed is  corrected f o r  background as d i s -  

i n  t h e  threshold region using 26 events below 4.8 GeV and Figure ‘ep,observed 

t h e  o ld  4.8 GeV point.  

events i n  the 3.0 - 3.6 GeV region before background subt rac t ion .  

hor izonta l  arms on two of t h e  poin ts  mean t h a t  t h e  da ta  i s  added to- 

Background has been subtracted.  There a re  

The 

Figure 3 

Figure 4 

Figure 5 

Figure 6 

gether over t h e  ind ica ted  energy range. 

R = a  /a for t he  threshold region. 

U i n  t he  threshold region i n  100 MeV bins.  The number of 

events i n  each b i n  a re  given next t o  the da ta  poin t  and the  e r ro r  bars 

a re  s e t  by the  square roo t  of t h a t  number. There i s  no background sub- 

t r ac t ion  here,  t he  bins a re  too  small t o  permit it. However, the  back- 

ground s e e m  uniform a t  about 25$ i n  t h i s  region. 

th ru  f i f t h  data poin t  here  were combined i n t o  the  4 . 1  GeV da ta  poin t  of 

Fig. 2, and the s ixth t h r u  n in th  data poin t  were combined i n t o  t h e  4.5 

GeV da t a  poin t  of Fig. 2 

‘el*, observed/‘new hadron physics 

The acceptance of the experiment including the  geometric acceptance of 
2 t he  de tec tor ,  momentum cuts  and angular cuts.  

the 2-body decay mode is defined i n  Eq. ( 7 )  f o r  a meson; and the  ?-body 

decay mode is defined i n  Eq. (4)  f o r  a heavy lepton. 

had ee  + w  

ey,obsenred 

Incidently,  t h e  second 

as defined i n  t ex t .  

The U mass i s  1.8 GeV/c 

- 18 - 



Figure 7 The cos d i s t r i b u t i o n  f o r  t h e  o r i g i n a l  8 6  events i n  t h r e e  

i n t e r v a l s .  The s o l i d  curves a r e  f o r  t h e  3-body decay of t h e  U 

2 
taken as  a heavy lep ton ,  Eq. ( 4 ) ,  wi th  = 1.8 , = 0.0,  

u 
and V-A. The dot ted cruves a r e  f o r  t h e  2-body decay of t h e  U taken as 

2 
a meson, Eq. with  . The d a t a  i s  not  c o r r e c t - f o r  

background. 

Figure 8 The cos d i s t r i b u t i o n  f o r  t h e  26 events  i n  t h e  threshold region 

3.8 4.8 The s o l i d  curve is  f o r  t h e  3-body decay of t h e  

2 
taken as a heavy lep ton ,  Eq. wi th  = 1.8 , = 0.0,  

u 
and V-A. The dot ted and dashed curves a r e  f o r  t h e  2-body decay of 

2 
t h e  U taken as  a meson, Eq. with = and 1.8 respectively 

The d a t a  i s  not cor rec ted  f o r  background. 

F igure  9 The inomrnentum spectrum from ( a )  a 2-body decay and ( b )  a 3-body decay. 

Figure 1 0  The d i s t r i b u t i o n  i n  p = - 0.65); i n  f o r  t h e  

o r i g i n a l86 events f o r  = The s o l i d  curve is  f o r  t h e  3-body 

2 decay of t h e  U taken a s  a heavy lepton,  Eq. (4), with = 1.8 , 
= 0.0 and V-A. The d o t t e d  curve i s  f o r  t h e  2-body decay of t h e  U 

U 
2 

taken a s  a meson, Eq. (7 ) ,  wi th  = , assuming i s o t r o p i c  

decay of t h e  U i n  i t s  r e s t  frame. The dashed curve i s  t h e  same as  

t h e  d o t t e d  curve except t h a t  t h e  d i s t r i b u t i o n  has been d i s t o r t e d  

t o  f i t  t h e  d a t a  i n  Fig. 7. 

F igure  11The d i s t r i b u t i o n  f o r  t h e  o r i g i n a l  86 events i n  t h r e e  d i f f e r e n t  

i n t e r v a l s .  For t h e  meaning of t h e  curves s e e  t h e  cap t ion  of Fig.  10  

Figure 1 2  The d i s t r i b u t i o n  f o r  t h e  26 events  i n  t h e  th reshold  region 

4 . 8  cor rec ted  f o r  background. The s o l i d  curves i s  f o r  t h e  3-body 

2 
decay of t h e  U taken a s  a heavy lep ton ,  Eq. ( 4 )  with = 1.8 , 

= 
0 .0  and V-A. The d o t t e d  and dashed curves a r e  f o r  t h e  2-body 

decay of t h e  U taken as a meson, Eq. (7) w i t h  = 1.9 and 1.8 2 

r e s p e c t i v e l y .  
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