
ANOMALOUS LEFTON PRODUCTION IN e+-e ANNJRIIATION* 

Martin L. Perl 

Stanford Linear Accelerator Center 
Stanford University, Stanford, California 94305 

This is an � of a paper presented at the International Meeting 

on Storage Ring Phys ics at Flaine, France on February 22-28, 1976. For 

a fuller discussion of the data and interpretation presented here see Ref. 1 

and for background matieral see Refs . 2-5 · The major conclusion of the paper 
was that the only s imple explanation of the events 

+ e + e __, e 
+ 

+ µ+ + missing energy, (1)  

is that they are the decay products of a pair of U particles produced in the 
reaction 

+ e + e 

1 5 6 and that the U particle is a sequential heavy lepton ' ' of mass 

2 1. 6 S � S 2. 0 GeV/c 

(2 ) 

( 3 )  

These events were found by the SIAC-LBL Magnetic Detector Collaboration2 

us ing the SPEAR electron-positron colliding beams facility at SLAC. 
D 1 �8 A sequential heavy lepton -v would have the decay modes ' 

a ) leptonic 

(4a )  

( 4b )  

b ) semi-leptonic 

(5a ) 

(5b ) 
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r -->  V-t, + p 

o - + "-' __, V-t, + 1t + 1t 

The relative decay rates depend upon the lepton mas s . 7'8 

(5c ) 

The experimental signature9 for t pair production in e+e- annihilation 
is Eq. (1)  through the process es 

+ e + ( 6 )  

However, the identification o f  the s equential heavy lepton i s  compli­
cated by the pos sibility that Eq. (1)  may result from the pair produetion 
and decay of a new type of meson M; the charm theory providing the mo,;t 
popular examples . Purely leptonic decays would have the form 

M-

-

--> e -

-

+ v

_

e l 2-body 
M --> µ + vµ 

1 7 )  

Semileptonic decays i n  which n o  charged particles other than the e or µ 
occur would have the form 

- -M --> e 

M- -
__, µ 

or 
M"" --> e 

M- -
__, µ 

- 0 Ve + 

K[, 
+ 

+ � + v µ 

+ v + 1(0 
e 

+ v + 1( 0 

µ 

l 3-body decays (8 ) 

l 3-body decays j ( 9) 

The obs erved p1·oduction cross s ection for Eq. (1)  is given in Fig. 1. 

The heavy lepton production cross section is 
2 

a = 43. 4{3(3 - � ) nb ee --> UU s U = heavy lepton t (10) 
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Comparison of the observed eµ production cross s ection, oe , obs erved' oith the pro­

duction cross s ection for a heavy lepton of mas s 1. 8 GeV/c� (Eq. 10) decaying into 

3-bodies (Eq. 4) via V-A or V+A ; or with the production cross s ection for a meson of 

mass l. 9 GeV/c
2 

(Eq. ll )  decaying into 2-bodies (Eq. 7 ) . a is corrected for 
eµ , obs erved 

background as discuss ed in Refs . 2 and 4.  
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For meson production I used the formula 

U = meson M (lla) 

Here � is a constant, � = vu/c, �3 is a guess at a threshold factor, and 

FU(s ) is a production form factor: 

( lib ) 

Good evidence that the eµ events are the decay products of U pair pro­

duction, Eq. ( 2 ) ,  is provided by the collinearity angle , ecoll' distribution 

where 

cos e coll = -1.'e · :p/ ( l�e I lgµ I )  (12 )  

When the e and µ are moving in exactly opposite directions e ll = 0. 

Figure 2 shows the cos ecoll distribution for 86 events alre�� published4 

and Fig. 3 is for an increased statistical s ample of 26 events in the threshold 

region 3 .8  5 Ecm < 4.8 GeV. Thes e  26 events include the 16 in the topmost 

graph in Fig. 2 .  The heavy lepton hypothesis provides good fits to t:1e data . 

The 2-body decay of the meson is not as good in the 4 .8 GeV and 4 .8  < Ecm 5 
7 .8  GeV regions . 

The strongest evidence against the 2-body decay of the U is prov:Lded 

by the momentum distributions of the e and µ. To combine the data from 

different E runs we use the parameter (with M = 1 .8  GeV/c2 ) cm - u  

p p - 0. 65 
pmax - 0.65 p in GeV/c (13)  

This was done for the original 86 events in  Ref. 4 ,  reproduced in Figs . 4 and 5 .  

Figures 4 and 5 are corrected for background. We s ee that the 2-body mode 

usually predicts too many large p ,  that is large p, points . Only at 4 . 8  GeV 

are the 2-body and 3-body hypotheses equally applicable. 
In Fig. 6 we show the p distribution of the 26 events in the threshold 

region, corrected for background. The best fit is again provided by the 

3-body decay mode . Hence we conclude that the U must decay predominantly 

into 3-bodies ; and we next need to distinguish between Eq. (4)  and Eqs . (8 )  

or  (9 ) .  
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The cos Gcoll distribution for the original "86 events in three 
JS = E intervals . The solid curves are for the 3-body decay om 

2 of the U taken as a heavy lepton, Eq. (4 ) ,  with � ::: 1.8 GeV/c , 
Mv = O. 01 and V-A. The dotted curves are for the 2-body decay 
ofuthe U taken as a meson, Eq. (7),  with "\J = 1.9  GeV/c2. The 
'\'I.ta is not corrected for background.. 
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The cos ecoll distributions for the 26 events in the threshold 

region 3 . 8  � Ecm < 4 . 8  GeV. The solid curve is for the 3-body 

decay of the U taken as a heavy lepton, Eq. ( 4 ) ,  with � = 1 . 8  

GeV/c2 , My = 0. 0, and V-A. The dotted and dashed curves are 
u 

for the 2-body decay of the U taken as a meson, Eq. ( 7 ) , with 

� = 1. 9 and 1. 8 GeV/c2 respectively. The data is not corrected 

for background. 
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Fig. 4 The dis tribution in p = (p - 0. 65 )/ (pmax - 0. 65 � p  in GeV/c . 

for the original 86 events for all IS = Ecm. The s olid curve 

is for the 3-body decay of the U taken as a heavy lepton, Eq. ( 4 ) ,  

with l\J = i. 8 GeV/c
2

, Mvu = 0. 0 and V-A. The dotted curve is for 

the 2-body decay of the U taken as a mes on, Eq. (7 ) ,  with l\r = 
l. 9 GeV/c

2
, assuming is otropic decay of the U in its rest frame . 

The dashed curve is the same as the dotted curve except that the 

ecoll distribution has been distorted to fit the data in Fig . 2. 
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in the threshold region 

3 . 8 .S: Ecm < 4 . 8  GeV corrected for background. The s olid curve 

is for the 3-body decay of the U taken as a heavy lepton, EQ. ( 4 )  

with � = 1. 8 GeV/c2, Mvu = 0. 0 and V-A. The dotted and dashed 
curves are for the 2-body decay of the U taken as a meson, Ee_. (7 ) , 
with � = 1. 9 and 1.8  GeV/c2 res epctively. 



A study has b een made by G. Feldman of the poss ibility of the occurence 

of the decays in Eqs . (8)  or ( 9 ) .  He looked for events of the form 

+ ± + Ko + missing energy e + e -> e + µ + 's (14) 

In a data sample in which 49 of the standard eµ events 

+ + 
µ

+
+ mis sing e + e __,. e- + energy 

were found, he found no events of the form of Eq. (14) .  He als o found no 
+ - o + - o  rd e e KS or µ µ KS events . This leads to the following limit with 9vp confi-

dence : 

fraction of obs erved eµ events meeting 
the criteria a thru f of Ref. 9 and 
containing a K° 

< 0. 05 (15 )  

We already knew that decays of the form of Eq. (9)  were unlikely be­

cause of criteria e .  in Ref. 9 -- no photons detected. Feldman's study 

makes this quantitative ; with 9af, confidence. 

fraction of obs erved eµ events meeting 
the criteria a thru f of Ref. 9 and 
containing one or more rr0 • s  

< 0. 09 ( 16 )  

Therefore, in most o f  the eµ events which are observed the miss ing energy is 

carried off by neutrinos . 

An additional argument agains t the observed eµ event being related to 

charmed mes ons is provided by comparing a 
b d ' Figs . 7 and 8 with eµ, o  s erve 

crhad in the threshold region, Fig. 9. We note the peak in the 4. 05 to 4. 15 
GeV region and the res onance at 4 . 4  GeV. If these peaks are related to charm 

particle production and if the eµ events are charm particle decay products , 

we should see  s ome clustering of the eµ events in the two peak regions . 

Figure 8 shows a b d spread over 10 bins in 3. 75 � Ecm 
< 4.8 GeV, as 

eµ ,o  s erve 
well as the old 4.8 GeV point. The statistics are poor ; however, there is 

no clus tering of eµ events in the 4. 05 to 4. 15 GeV region or at the 4 . 4  GeV 

resonance. 

Following Harari ' s 
ll 

ideas , I define the "new hadronic phys ics " in 

e
+

e- annihilation as caus ing R to rise above 2 . 5 ;  quantitatively. 

a . (s ) = (R(s ) - 2. 5 )0 (s ) (17 )  
new hadron physics ee -> µµ 
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events in eaC'h bin are giv<:n next to the data Rnrl t.hF> 
errcr bars a r e  set b y  t h e  s quare root of' that There is no 
background subtraction here, tl:e bins :Jre ��'-'0 small to permit i t .  

However , the bockgro1.ll1d s eems uni:'or:ri at e.Lout 2'yf, in this region. 
Incidently, the St'contl thru fif'lh 'i'�td. point h-:re were combined 
into the 4. 1 GeV data o�� and the sixth thru ninth 
date. point were into tne dat'3 point of Fig. 7. 
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Figure 10 shows the ratio 

r 
cr

eµ,observed (18 ) crnew hadron physics 

in arbitrary units . If the production of eµ events follows the "new hadron 

physics " production cross s ection, r should be a constant. It is not a con­

s tant, but is smaller in the 4. 0 to 4 . 4  GeV region. This effect is not 

caused by the acceptance1 of tbe experiment . 
We obtain the following statistical conclusions for the eµ events in 

the region 3 . 75 � Ecm � 4. 8 GeV 

likelihood that eµ events are from V-A heavy lepton 
130. (19) likelihood that eµ events are from new hadron physics 

x2 probability that eµ events are from V-A heavy lepton = lofo 

x2 probablity that eµ events are from "new hadron phys ics " = 1% 

Admittedly, the statistics are poor; however, we have here one more argument 

against the eµ events being related directly or indirectly to charm particle 
production. 

Our conclusions are as follows . 
a. The anomalous eµ events described by Eq. (1) exist ;  we have not fo·ind 

any conventional explanation for all such events ; and only 20 to 3'.5% of 
them can be explained by various background mechanisms . 

b.  The data are cons istent with the hypothesis of the production of pairs 

of new particles of one or more tY.Pes u1, u2 • • o  

e + + e --> u� + u; 
provided at least one of these types has 3-body decay modes . 

c.  The data is not consistent with all the events coming from 2-body 
leptonic decays of the U ' s .  

d .  We know of nothing which i s  incons istent with the hypothesis that all 

the events come from the 3-body decay of a U particle. 



e.  Very little or  none of  the miss ing energy in the eµ  events is  carried 

off by hadrons . 

f. The observed eµ production cross s ection is not correlated with the "new 

hadron physics " cross s ection s tructure in the 3 . 9 - 4. 6 GeV region. 

g.  Combining conclus ions c ,  d, e ,  and f I believe it is unlikely that the 
U particle is a charmed particle or is primarily produced by the decay 

of a charmed particle. 

If we assume that all the eµ events are produced by a s ingle mechanism, that 

is , that there is just one reaction 

and one type of U particle, then we can draw further conclusions : 

h. The simplest explaination of the data is the existence of a s equential 

heavy lepton of mass 

l. 6 � � � 2. 0  GeV/c2 

i .  We cannot yet distinguish V-A from V+A or other coupling combinations 

for the heavy lepton. Nor can we determine the mass of the associated 

neutrino VU beyond noting that M is certainly less than 1 GeV/c2. 
vu 

Such a large mass would distort the p spectrum s everely. 

j .  To fully establish that the U is a sequential heavy lepton we have to 

find the s emi-leptonic decay modes of Eq. (5 ) .  Some evidence for such 

modes appears to have been found in Ref. 12. 
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