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1. INTRODUCTION AND HYPOTHESES 

The purpose of this talk is to describe the properties of the ep 

eventslJ2 found in the data of the SLAGIBL magnetic detector collabo- 

ration' using the SPEAR electron-positron colliding beams facility. 

The basic evidence for the ep events will be summarized here (Sec. 3), 

but not fully discussed. New evidence using improved muon-pion separation 

will also be presented (Sec. 4). Most of the talk is devoted to the pro- 

perties of the events, and the relations of those properties to various 

hypotheses as to the nature of the events. However this brief presentation 

of the evidence should not be taken to mean that we regard the evidence as 

no longer open to examination. We WelCOme critical examination of the 

evidence and the suggestion of alternative explanations of the events. 

The ep events have the form 
+ + - 

e + e- + e' + p+ + 2-or-more undetected particles (1.1) 

The undetected particle are charged particles or photons which escape 

2.6,~ sr solid angle of the detector, or particles very difficult to 

detect such as neutrons, Ki mesons, or neutrinos. In discussing hypo- 

theses which may explain the ep events I shall limit myself to the 

cases in which the events are the decay products of a pair of particles 

produced in the reaction 

The name U refers to the 

+ e + e- -+U+ 

unknown nature 

+ u- (1.2) 

of the particle. When the nature 

of the U particle is elucidated, assuming the pair production hypothesis 

is correct, a systematic or mnemonic name may be chosen. Hypotheses 

other than pair production were noted in Refs. 1 and 2, but we have not 

made any progress in developing such hypothesis. Perhaps we are being 
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short-sighted in this regard. 

Next we consider some possibilities as to the nature of the 

U particle: 

A. Heavy Leptons 

Suppose the electron (et) and muon (II') are the lowest mass members 

3-5 + 
of a sequence of leptons, each lepton ($-) having a unique quantum 

number na and a unique associated associated neutrino (v~). Such se- 

guential 3 heavy leptons have the purely leptonic decay modes: 

assuming the quantum number nt must be conserved as are.ny and ne. (me 

&+ has corresponding decay modes.) If the &has a sufficiently large mass 

it will also have semileptonic decay modes. 

&- 3~4 , + II* , & +v8 + K' , &- + "8 + P- , $- +v, + 2 or more hadrons 

(1.4) 

Other properties of the & still have to be specified. The & - ~8 

weak current may be V - A as with conventional leptons or it may be some 

other combination W + PA where cz and S are arbitrary. 6,7 However with 

our present statistics we are content to use the V - A assumption for 

most of our illustrations. In addition the vt might have a non-zero 

mass -- but again for simplicity we shall assume 

mass of V& = 0 (1.5) 

Finally we assume the &has spin l/2 leading to the pair production dif- 

ferential cross section 

da ee +%/do = $ [(l -t Cos2 e) + (1 - p2) sin2 8 1 (1.6) 

in the laboratory frame. 8, cp are the angles of the &+; the e+e- beams 

are assumed to be unpolarized; B = v&/c wherevt is the velocity of the & 
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in the laboratory frame; and the total energy is 

& =Ecm (also called W) (1.7) 

Integrating over all angles: 

u ee 3 

where Em is in GeV. 

(1.8) 

B. Heavy Mesons 

If new charged mesons (I?) exist which have relatively large leptonic 

decay modes (due to the inhibition of purely hadronic decay modes) then 

the purely leptonic decay modes. 

M' + e- + ce , M- + ~1~ + VP ; (1.9) 

can lead to the reaction in Eq. 1.1 Such charged mesons are predicted 

by theories which introduce the charmed quark. 899 Of course, in an ex- 

perimental search we need not restrict the interpretation of Eq. 1.9 to 

a particular theory -- indeed we shall not 2 priori restrict the mass or 

spin of M in this discussion. The M might also have semileptonic decay 

modes. 

M- +e- + qe + hadrons , M- + CL- -I- v + hadrons (1.10) 
P 

The pair production cross section for the M is not known 2 priori. 

I shall use a form 

u ee 4m = $ [FM(s)12 0.m 

where T is a constant, B = vM/c, is a guess at a threshold factor, and 

FM(s) is a production form factor. 
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C. New Baryons 

The U might be a new type of baryon with decay modes such as 

B-de-+$ +n,B--,p-+c +n (1.12) e i-L 

where n is the neutron. Such baryons are predicted by the charmed hadron 
10 theories, and interestingly by an old speculation of M. Goldhaber on 

the doubling of fermions. 

D. Elementary Bosons 

Although the mass ll of the intermediate bosons which is supposed to 
+ 

mediate the weak interaction (W-), if it exists, is probably too high to 

allow pair production at the energies discussed in this paper; the decay 

modes 

W- + e- + Ve , W- *pm + V ; 
I-I bl3) 

can lead to the reaction of Eq. 1.1 

We may also consider other types of elementary bosons -- not neces- 

sarily the intermediate boson W. The difference between an elementary 

boson and a heavy meson is that we suppose the former to be a point par- 

ticle with a form factor always equal to unity. 

2. EXPERIMENTAL METHOD AND DATA 

The magnetic detector 12'13 (Fig. 1) used in the experiment has a 

4 kg magnetic field produced by a coil of radius 1.65 m and length 

3.6 m. Most of the space inside the coil, namely the magnetic field 

region, is occupied by cylindrical magnetostrictive spark chambers. The 

azimuthal angle, 8, subtended by these chambers extends from 50' to 130' 

relattve to the e+ beam direction. The full cylindrical angle of 23~ is 

covered. Just inside the coil are 48, 2.6 m long, scintillation counters, 

and just outside the coil are 24, 3.1 m long, lead plastic-scintillator 
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Fig. 1 The magnetic detector. 
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shower counters. The scintillation and shower counters cover the full 

2~r cyl!.ndrical angle. Outside tile .s!lower counters is the iron flux 

return which is 20 cm thick. Finally on the outside are magnetostrictive 

sp&k chambers called muon detection chambers. For particles to reach 

these chambers they must pass through the aluminum coil, the shower 

counters, the iron flux return and other material totaling 1.67 absorp- 

tion lengths for pions. For the data acquired before January 1975, the 

entire lateral area of the detector was covered with muon detection 

chambers. After January 1975, 7C$ of the lateral area was so covered. 

Electrons are identified solely by requiring a shower counter pulse 

height greater than that produced by a 0.5 GeV electron. Muon are 

identified by two requirements: the I-I must be detected in one of the 

muon chambers and the shower counter pulse of the p must be small. All 

other charged particles are called hadrons. The shower counters also 

detect photons (y). For y energies above 200 MeV, the y detection 

efficiency is about 9%. 

To find the ep events of Eq. 1.1 we define a coplanarity angle 

cos 8 cop1 = -!??1 x E,+) * (z2 XeFe+)/( I$ x ,ce+l l>2 x p,+I > (2.0 

where n -1' 2?2’ .Ze+ are unit vectors along the directions of particles I, 

2, and the e+ beam. The contamination of events from the reactions 
+- +- e e --be e and e+e- -+p+p- is greatly reduced if we require 8 cop1 > 2o". 

To reach the muon chambers, Fig. 1, a particle must have a momentum 

greater than about 0.55 GeV/c. Therefore muons can only be identified at 

higher momenta. Also electrons of momentum below 0.5 GeV/c will be mis- 

identified as pions more than half the time. Therefore to select ep events 

we require that the momenta of particle 1 (p,) and of particle 2 (p,) each 
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be greater than 0.65 GeV/c. Thus the primary selection criteria for 

finding the ep events are 

(1) 2-prongs 

(2) Bcopl > 2oo 

(3) pl> 0.65 GeV/c and p2 > 0.65 GeV/c. 

The relative size of the event sample which meets the criteria in 

Eq. 2.2 compared to the numbers of other types of events is shown in 

Table I. Two examples are given, one involving a large statistics run 

atEcm= 4.8 GeV and the other a set of runs in the energy interval 

5.6 ,< Ea. < 6.8 GeV 

TAESLFI 

E, (GeV) 4.8 5.6 to 6.8 

Number of j-or-more 
prong events 

9550 10,929 

Number of 0 cop1 < 2o" 

2-prong events (mostly 
ee + ee and ee + W) 

25,300 30,292 

Number of 8 cop1 > 2o" 2493 3237 
2-prong events 

Number of 8 cop1 > 2oo 513 524 

p1 > 0.65 GeV/c 
p2 > 0.65 GeV/c 

2-prong events 

A tabulation of the types of events which meet the criteria of Eq. 2.2 

is given in Tables IIa and IIb. In the tables the events are classified 

according to 

(1) Total charge (Q) : 0, ? 2 

(2) Number of photons associated with event: 0, 1, or > I. 
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(3) The charged particle nature e, I-(, or h (for hadron). Any particle 

not an e or a I-I is called an h. 

We make the following observations on Table IIa and II3 

(1) There are very few Q = z 2 events and we focus our attention on 

the Q = 0 events. 

(2) If there were no particle misidentification, no decays in flight, 

and no anomalous events we should see only 

(a) e+ e- events from e+ + e- + e + l- + e- + 7, e + -te-4e 3-e-+ 

14 e+ + 
27, or from +e-4e f e- + p+ + p-. 

b) ~.r+ CL- events from similar reactions. 

(c) hh events. 

(3) The 24 or 17 ep events in column 1 of Table IIa or II3 catch our 

attention immediately. We shall refer to them as the signature 

ep events. If they cannot be explained by particle misidentification 

or decays in flight they constitute the anomalous leptonic signal of 

the reaction in Eq. 1.1. Incidently they cannot come from the two- 

virtual-photon process, 14 

-I- e + e- 4 e+ + e- + p+ + p- (2.3) 
++ -- 

since we should see equal numbers of e CL ore p; and we see only 0 or 

1 such events (column 4 in Table IIa or II%) 
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TABLE IIa 

Distribution of 2-prong events, obtained 

the criteria: bll > 0.6 GeV/c, k21 > 

Total Charge = 0 

at E = 4.8 GeV, 

0.65 GeV/c, 8 cop1 

which meet 

> 2o". 

I Total Charge = f 2 

Number Photons = 0 1 >l 0 1 >l 
ee 40 111 55 0 1 0 
ew 24 8 8 0 0 3 
lw 16 15 6 0 0 0 

eh 20 21 32 2 3 3 
ph 17 14 31 4 0 5 

- hh 14 10 30 10 4 6 

TABLE II3 

Distribution of 2-prong events, obtained in the range 5.6 < Ecm < 6.8 

GeV, which meet the criteria I_p,l > 0.65 GeV/c, /x2[ > 0.65 GeV/c, 

6 cop1 > 2o". There was only 70% muon chamber coverage for this data. 

Events in which neither prong points toward a muon chamber are not in- 

eluded; and non-ep events in which 

chamber are counted as 0.5 events. 

Total Charge 

only one prong points toward a muon 

= 0 
I 

Total Charge = + 2 
Number 
Photons t = 0 1 >l 0 1 >l 

ee 21 60 33.5 0 1 0 
w 17 7 3 1 1 0 
l-w 13 9 6 0 1 
eh 17 20.5 22 i 

: 
3.5 2 

I.lh 13.5 14 21 0 0.5 3 
hh 15 17 33.5 7.5 4.5 8 
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3. SUMMARY OF RACKGROUKD STUDIES 

The dominant contamination in the ep events is from hadronic events 

in which two charged particles and no photons are detected; and (1) the 

detected hadrons are misidentified as an e or b; or (2) the detected 

charged particles are e's or p's from hadron decays. Examples of (1) 

are a K' penetrating the iron and being identified as a 2, - a 51 pro- 

ducing a large shower counter pulse height, or a I( + 7 appearing in 

the same shower counter thus appearing to be an e. Examples of (2) are 

a p+ decay or an e- from K e3 decay. Smaller sources of background are 

the misidentification of an e in an ee pair as a CL; or conversely 

misidentification of a 1-1 in a j+ pair as an e. We have two ways to de- 

termine these backgrounds. 

A. External Determination 

We can determine the background from hadron misidentification or 

decay by using the three-or-more-prong events of Table I assuming every 

particle called an e or a fi by the detector was either a misidentified 

hadron or came from the decay of a hadron. Thus the possibility of 

anomalous lepton production in j-or-more prong events is ignored, any 

such production being included in this background calculation. We use 

P h 3a to designate the sum of the probabilities for misidentification 
l 

or decay causing a hadron h to be called a lepton a. Since the P's are 

momentum dependent' we use all the eh, ph, and hh events in column 1 

of Table II to determine a 'hadron' momentum spectrum, and weight the P's 

accordingly. For the two data samples we are describing in detail we 

obtain the momentum averaged probabilities in Table III. Collinear ee 
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and pp events are used to determine P e+h and P p+h' The statistical 

errors in the P's in Table III are ,< 15s. 

TABIX III 

Ecm(GeV > 

P h+e 
P 

h+p 
P h+h 
P e+h 
P 

P +h 
P 

e -+P 
P 

i--e 

4.8 

.18 

.20 

.62 
-0% 

.08 

.Oll 
< .Ol 

5.6 to 6.8 

-19 
l 17 
.64 
-050 
.08 
.Oll 

< .Ol 

Next we apply the P's in Table III to the column 1 events in 

Table II. As shown in Table IV, P or P are small sources of 
e *CL P -+e 

ep background. An additional effect of e misidentification is to send 

ee events into the eh category; similarly CL misidentification sends ~11-l 

events into the ph category, and both misidentifications cause a slight 

contamination of the hh category. The numbers in these categories cor- 

rected for these contaminations and designated by a prime are given in 

Table IV for use in the next background calculation. 
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TABLE IV 

Summary of background calculations. (The errors in the table are the statis- 

tical errors in the determination of the -8% in quadrature with the statistical 

error in the number of events.) 

Ecm (GeV) 5.6 to 6.8 

N eh 20 17 

N' eh = Neh corrected for ee 

contamination 

15.8 14.8 

N ph 17 13.5 

N’ =N I.rh vh corrected for VP 14.2 Il.2 

contamination 

Nhh 15 

G = Nti corrected for ee 13.8 14.8 

and clp contamination 

N 1.0 + 0.2 background from 0.5 0.2 ep ee + 

N 
ep background from clcl 

< 0.4 < 0.3 

N ep background from hh 3.7 t‘ 0.7 3.0 ‘r 0.6 

calculated using Eq. 3.3 

Total N ep background 4.7 -r 0.7 3.5 + 0.6 

from sum of preceeding 3 rows 

% ep background from hh 8.12 3.7 5.5 ‘f 2.6 

calculated using only column 1 
events and Eq. 3.4 

N signature events 24 17 w 
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We now come to the major question -- can the ep events be due to 

P 
h+p 

or P h+e ? First a rough calculation using the 4.8 GeV data. 

Let us suppose that all ep, eh, ph, and hh events (after correction for 

P e+h and P 
CI +h 

) are actually hh events. Then for the 4.8 GeV data. 

%h ,true,approximate = 67.8 ; (3*1) 

and the predicted ep background is 

N ep background =2P h + p 'h 3 e Nhh,true,approximate = 4.9 (3.2) 

Thus only 4 or 5 of the 24 events can be explained in this way! A more 

exact calculation which makes no assumption about the ep events uses 

N 
N’ +N’h+PS;I eh 

hh,true = Ph oh (Ph +h + 2 Ph --) e -t 2 P h d 
(3.3) 

N eU background from hh = 2P h+u P h + e Nhh,true 

This leads to the backgrounds listed in Table IV. For both samples the 

ep signal is considerably above the total background calculation. 

B. Internal Determination 

An important question is whether the j-or-more prong events are 

representative of the 2-prong events in Table II. For example, perhaps 

the K/n ratio is higher in the 2-prong events, or perhaps there is more 

contamination from the accidental coincidence of a 7 and a x in the same 

shower counter . We have a number of points to make with respect to 

this question. 

(1) We can calculate N ep,background using just Column1 events in Table 

II. Assuming all eh and ph events (after correcting for Pe +h 

and P CL -+c1 
as in Table IV) are misidentified hh events, we use 

background from hh = 
N' NIh eh I-I 

2Nlj, (3.4) 
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to obtain the T ep background from hh in Table IV. This Cal- 

culation argues against the possibility that the hadronic events 

in column 1 of Table II are vastly different in character from 

'those in the other columns of Table II or from those in the 3-or- 

more prong events. 

(2) The ep background calculations of Sec. 3 fit within statistics 

to the number of ep events in columns 2 or 3 of Table II. 

(3) our p values cannot be too low. If P were large N 
e +P e +P w 

would not decrease while N ee increases as we go from column 1 

to column 2. 

(4) The charge distributions of the ep events are randomly distributed. 

(5) The isolation of the signature ep events depends upon the use of 

the number of detected photons. It might be argued that the number 

of photons associated with an event is randomly distributed; and 

that the large number of ep events with 0 photons is just a fluctu- 

ation. Table V presents an argument against this for the 4.8 GeV 

data. If the number of photons is randomly distributed we expect 

.&i&p = 9.7 f 2.2 

ep events with 0 photons, not 241 

Number of photons 0 31 

w 24 16 

eh + ph + hh 46 143 

Oor>l 

40 

189 
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C. guality of ep Events 

Another way to examine the ey events is to inquire as to whether 

the e's and P'S display all the characteristics expected of such par- 

ticles. The e's in the ep events are selected solely on the basis of 

large shower counter pulse height. However, they show three additional 

characteristics of real electrons. 

(1) About 85s of the e's are moving toward muon detection chambers, yet 

none of them show a signal in these chambers. Hence the e's are 

not caused by p misidentification. 

(2) The longitudinal position of an e in a shower counter can be de- 

termined by the projection of the particle track, or by the relative 

pulse heights in the photomultiplier tubes at each end of the shower 

counter. These two determinations agree within measurement errors. 

Hence, except possibly for a few events, the e's are not 'IT + 7, 

K + 7, or p + 7 combinations in a single shower counter. 

(3) The shower pulse height distribution of the e's in the ep events 

is that of real electrons. 

We do not have any tests of the I-I quality in the eiJ. events which are 

completely independent of their selection method. However, their shower 

counter pulse height distribution, and their multiple scattering distri- 

butions in passing through the absorbing material are those expected of 
% 

muons. 

D. Background Summary 

In the energy range 3.8 ,< Ecm g 7.8 GeV we have found 

86 eu events 
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The background calculation of Sec. 3A predicts 

22 + 5 background events , 

and the calculation of Sec. 3Bl predicts 

30 2 6 background events . 

in that sample. 

4. EVIDENCE USING IMPROVED MUON DETECTION 

15 In January 1975 an improved muon-pion separation system , called 

the "muon tower", was placed on top of the magnetic detector, Fig. 2. 

While theprimary purpose of this tower was to search for events of the 

form15 
+ e +e-+b+anything ; (4.1) 

the tower was also used to study the ek events. Since the tower only 

subtends about 15% of the solid angle subtended by the entire detector 

most ep events do not have their p's headed toward the tower. Never- 

theless the following evidence for ep events was found. 15 

A muon must have a momentum greater than 0.85 GeV/c to reach the 

spark chambers between the two muon absorbers (called level 2), and 

greater than 1.2 GeV/c to reach the topmost spark chambers (called level 

3). We then define a muon to be a particle whose track reaches at least 

to level 2. P h-q? the probability of a hadron appearing to be a muon 

because of Ilpunch-throughl( or decay, is now 0.07, rather than about 0.20 

as in Sec. 3. Muons so selected we identify by E. 

We select all 2-prong events fitting the following criteria. Criteria 

a, b, and c are the same used to select column 1 events in Table II 

(a) Exactly 2 charged tracks with total charge zero visible in the 

detector. 

(b) No photons detected. 
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Fig. 2 Improved muon-pion separation system on magnetic detector. 
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(4 ecopl > 2o”. . 

(d) One particle headed toward the muon tower with enough momentum 

to reach level 2. 

(e) The other particle has a momentum of at least 0.65 GeV/c as 

in Sec. 3. 

(f) The square of the missing mass recoiling against the two par- 

ticles must be greater than 1.5 (GeV/c)2. We use this criterion 

to eliminate pp-y events and simplify the analysis. During part 

of the data-taking there were no muon detection chambers dia- 

metrically opposite the tower. 

Using these criteria we found. 15 

10 ee events 

5 ek events 

10 t..t~ events 
(4.1) 

32 events with other particle combinations 

The major source of background 15 is the 32 events, assuming they are all 

hh (hadron-hadron) pairs. Taking even the 5 e& events as hh pairs we 

calculate 

N ek background =P h+ePh-,p (37) 

= (.20)(.07)(Y) = 0.52 

Hence only 0.52 of the 5 ek events can be explained by conventional means. 
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5. GENERAL PROPERTIES AND OBSERVED CROSS SECTIONS 

i have already implied by Eq. 1.1 that the ep events consists of 

e + p + >/ 2 undetected particles. Letting p,, pcI, pi be respectively 

the four-momentum of the e, and ~1 and of the entire initial state; we 

define the invariant mass squared 

P = (P, + PJ2 ; i 

and the missing mass squared 

~= (pi - (pe+P )>2 ' m I-r 

(5-l) 

(5.2) 

The distributions in 9 and I$ are shown in Fig. 3 for the Ecm = 4.8 GeV 

data; the u of I?. m is roughly 0.6 Ge 3-. This distribution means that in 

the reaction 

at least 

the same 

+ + 
e + e- 3 e- + p ? + missing energy (5.3) 

two particles are not detected. Data at all other energies shows 

phenomena, with the upper limit of the I? m distribution increasing 

as E increases. cm 
Figure 4 shows the observed cross section in the detector acceptance 

for signature ep events versus center-of-mass energy with the background 

subtracted at each energy as described in Sec. 3. There are a total of 

86 eb events summed over all energies, with a calculated background of 22 

events or 30 events as discussed in Sec. 3. The corrections to obtain 

the true cross section for the angle and momentum cuts used here depend on 

the hypothesis as to the origin of these eF events and the corrected cross 

section can be many times larger than the observed cross section. While 

Fig. 4 shows an apparent threshold at around 4 GeV, the statistics are 

small and the correction factors are largest for low 4'. This is dis- 

cussed further in Sec. 8. 
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Fig. 3 Distribution of i versus m for the Ecm = 4.8 GeV I? I? 

signature ep events. 

- 21 - 



I 

30 

20 

IO 

0 LO 

3 

I 

t 

4 5 6 7 8 
TOTAL ENERGY (GeV) 775781 

Fig. 4 The observed cross section for the ep events. 



I 

In Fig. 5 we show the background cross section which was subtracted16 

from the signature ep event cross section to give u ep,observed in Fig. 4. 

6. ANGUIAR DISTRIBUTIONS 

We define the collinearity angle by 

cos 8 COIL = -‘,Pe l rgP,I IPJ 6 1) 

When the e and p are moving in exactly opposite directions Qcoll = 0. 

The cos ecou distribution is shown in Fig. 6. (There is no background 

subtraction here.) The small angle behavior of the ecou distribution 

is due to the 8 cop1 cut. ALL ecoll < 20' are eliminated and larger 

8 are partially lost. At the higher Ecm energies the cos 8 toll COIL 

distribution is naturally fit by the hypothesis 
+ + e +e-+U +U-, 

U+e+X,p+X, (6.2) 

where X represents one or more neutral particles; when l/p,/ > 0.65 GeV/c, 

[p 1 > 0.65 GeV/c are taken into account. 
MC1 

At the lower energies the nature of X becomes important. We consider 

two possibilities for the decay of the U 

2-body decay : U- + e- + ie and 

u- -e/l- + 3 
P 

(6.3) 

j-body decay : U- --f vu + e- + Ge and 

u- -3 vu + p- + 3 
I-I 

(6.4) 

The e-body decay could be from a meson or elementary boson. The 3-body 

decay could be from a heavy lepton. For convenience I shall assume the 

mass of the vu is zero and the U-Y u current is V-A. (I will not consider 

the effect of a V + A current or of the mass of the vu being non-zero. 
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5 6 7 

Fig. 5 The solid circles are the background calculated according 
to the method of Sec. 3A. Th is background was subtracted 
from the data to yield the observed cross section in Fig. 4. 
The dashed circles are the background calculated using only 
column 1 events from Table II according to the method des- 
cribed in Sec. 3Bl and Eq. 3.4. The statistical errors are 
much larger with this method. On the average the second 
method yields about 5% more background events than the 
first method. 
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- 3- body decay of U 
----- 2- body decay of U 

3.W JT< 4.0 GeV 

id 

15 

IO 

5 

0 

c 

1.0 0.5 0 - 0.5 - 1.0 
cm 401 I X1'8 

Fig. 6 The distribution in cos ecoll for three different & = Ecm 
intervals. The solid curve is for the production of a pair 
of U particles, the U taken to be a heavy lepton of 1.8 GeV/c2 
mass coupled to its massless neutrino through V-A. Hence each 
U undergoes the j-body decay of Eq. 6.4 in the text. The dotted 
curve is for the production of a pair of U particles, the U 
taken to be a boson of 1.9 GeV/c' mass decaying through its 
purely leptonic decay mode. Hence each U undergoes the F-body 
decay of Eq. 6.3 in the text. In the calculation of both curves 
all spin-spin correlations are ignored. 
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Also I will not discuss here semi-leptonc decays of a meson, baryon, 

or boson.) All spin-spin correlations are ignored. 

Using the hypotheses in Eqs. 6.3 and 6.4 and the Bcou. distributions 

we can determine a rough upper limit on the U mass (MU). The simple rule 

is that at fixed Ecm, as MU increases the probability of obtaining large 

8 cou values increases. Table VI shows some examples (These numbers are 

calculated for the 0.65 GeV/c momentum cuts on the e and cl). 

TABLE VI 

Comparison of the number of Qcoll > 90' ep events (penultimate row) with 

various U masses and U decay hypotheses. (Note that the-last row gives 

the total number of ep events for use in statistical tests.) 

Number ep events with ecoll> 90' 

Em(GeV) 3.8 to 4.8 4.8 4.8 to 7.8 

Decay Mode 

+body 

(Eq!?. 4) 

2-body 
@cl. 6.3) 

'Data ep even 
with Qcou > PO0 

Mass 

(GeV/c2) 
I I 

1.6 I 1.4 I 0.8 I 0.3 1 

I 4.0 I 2.7 I 1.3 
I 5.2 1 6.0 1 2.9 

I 10.7 1 7.0 
1.6 2.8 2.1 o-9 
1.8 6.0 4.7 2.8 
2.0 6.1 8.8 5.8 
2:2 I I 12.2 I- ~ 10.1 ~- 

I 5 IO I i 

b- ata total number -_ I 16 1 24 I 49 
f ep events 
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We see that masses much greater than 2.0 GeV/c' cannot fit the ecoll 

distribution, using the hypothesis of Eqs. 6.3 or 6.4. We could go to 

higher masses in the y-body decay case if we use V + A or set the mass 

of the v to be non-zero. 

9J" 

In this paper I shall show fits to the data 

using = 1.9 GeV/c for the 2-body decay and MU = 1.8 GeV/c' for the 

j-body decay. These masses are examples which seem to fit the angle and 

momentum distributions. But masses in the range of 1.6 to 2.0 GeV/c2 are 

acceptable, and with special assumptions one might go up to 2.2 GeV/c2. 

Returning to Fig. 6, particularly in the 4.8 GeV data the 2-body 

hypothesis has difficulty in explaining the small number'of large ecoll 

events. Reduction of % can cure this, but then problems arise, Sec. 7, 

with the momentum distribution of the e and P. An alternative cure 

requires strong spin-spin correlation between the mesons. 2 A 3-body 

decay mode obviously fits the cos ecoll distributions in a more natural 

manner. However, a mixture of two mechanisms -- one U pair with a 

3-body decay mode and the other U pair with a 2-body decay mode -- will 

obviously fit the data. 

Returning to background questions, Fig. 7 shows the cos ecoll dis- 

tributions for 2-prong, zero photon, hadron-hadron events -- the events 

which when misidentified as ep's are the major contamination. We note 

that the cos Bcou. distribution is peaked at small ecoll as in the ep 

events. Hence the background in the ep events cannot be separated out 

by using Bcoll. However we note that as Ecm increases the cos Qcoll 

distribution for the ep events becomes increasingly peaked forward 

while the distribution for the hadron-hadron events remains roughly 

the same. 
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3.8 I ,/?< 4.8 GeV 

& = 4.8 GeV 

4.8<,&7.8 GeV 

I 1 I 
I r 

I 0 -I 

cos %oll 2021*4 

Fig. 7 Cos 8,,11 distribution for 2-prong, zero photon, hadron-hadron 

events. 
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7. MOMENTUM DISTRIBUTIONS 

Figures 8 and 9 show the momentum distributions of the e and p in 

the ep events. In Fig. 9 the kinematic limits on p, and pP for various 

Mu are given. (The )1 mass is set to zero.) This limit is the same for 

the 2-body and y-body decay modes providing the neutral particle masses 

are all zero -- and this is indeed what is assumed. We note that unless 

we are willing to attribute some data points to background, Mv 
must be of the order of 2 GeV/cZ or less. To combine the data from 

different Ecm runs we show in Figs. 10 and lithe distributions in 

p =** , p in GeV/c ; 
max 

(7.1) 

where pmax is calculated for MU = 1.8 GeV (the use of MU = 1.9 makes very 

little difference) and p is [p-l or Ip,.I. Each event thus appears twice. 
Gt: ,X%)1 

Figures 10 and 11 are corrected for background. 

The solid and dotted curves in Figs. 10 and 11 

distributions for the y-body and 2-body decay modes 

(Eqs. 6.4 and 6.3). All spin-spin correlations are 

are the predicted 

of the U respectively 

ignored in these 

calculations. The bump at the high p end of the dotted curves occurs 

because of the events at Ecm = 3.8 GeV -- the threshold for MU = 1.9 

particles. Incidently if we distort the predicted 2-body decay mode ecoll 

distribution to fit the atoll distribution data, we obtain the dashed 

curves in Figs. 10 and 11. Th us we see that the 2-body decay 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. 

8. DISCUSSION AND CONCLUSIONS 

Our studies of the reaction 
+ + - 

e + e- + e' + + cL + 2.2 undetected particles (8.0 
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Fig. 8 The distribution ot pe versus pP for the ep events In different 

E cm = J's intervals. 
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Fig. 9 Distribution of p, and pcI for all ep events. The curves 
are upper limits on p, or pcI for the indicated U masses in 
in GeV/c2. These limits are the same for 2-body and 3-body 
decay provided all neutral masses are zero. 
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P 
Fig. 10 The distribution in p = (p - o.65)/(pmax - 0.65) (p in GeV/,c) 

for all JS. The solid and dotted curves are defined in the 
caption to Fig. 6. The dashed curve is the same as the dotted 
curve except that the f3,011 distribution has been distorted tc 
fit the data in Fig. 6. 
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Fig. ll The distribution in p for three intervals in 4s. See caption 

to Figs. 6 and 10 for meaning of curves. 
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are not complete by any means. However we can draw some conclusions. 

(1) We believe that anomalous ep events described by Eq. 8.1 exist 

because we have not yet found any conventional explanation for all 

such events. Only 20 to 3536 of them can be explained by various 

background mechanisms. 

(2) The data are consistent with the hypothesis of the production 

of pairs of new particles of one or more types Ul, U2 . . . 

+ e + e- +U+ + U- 11 
+ e + e- +Ui + U- 2 (8.2) 

. . . . . . . . . 

provided at least one of these types has j-body decay modes. 

(3) The data is not consistent with all the events coming from 2-body 

leptonic decays of the U's. 

(4) We know of nothing which is inconsistent with the hypothesis that all 

the events come from the y-body decay of a U particle. In particular 

the 3-body decay could be the purely leptonic decay of a sequential 

heavy lepton. 

(5) The observed production cross section does not determine the nature 

of the U. In Fig. I2 (I ep,observed is fitted with three different 

hypotheses: 

(a) 'Ihe U is a sequential heavy lepton 4 of mass 1.8 GeV/c2 with 

V-A coupling and a massless neutrino. The production cross 

section is given by Eq. 1.8. 
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5’ 6 

Fig. I2 Fits to u ep, observed' The solid curves are for the.pro- 

duction of a pair of 1.8 GeV/c2 mass leptons (U) assuming 
purely leptonic decay with V+A or V-A for the U - yu current 
as indicated. The dashed curve is for the production of a 

pair of 1.9 GeV/c2 mass bosons (U) assuming 2-body, purely 

leptonic decay modes, a production form factor F = constant/s, 

and a production cross section given by Eq. 8.5. All neutrinos 

are massless. 
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(b) The U is a sequential heavy lepton & of mass 1.8 GeV/c2 with 

V+A coupling and a massless neutrino. The production cross 

section is given by Eq. 1.8. 

(c) The U is a meson M of mass 1.9 GeV/c2 with the 2-body decay of 

Eq. 6.3. The production cross section is given by Eq. l.ll with 

F(s) = constant/s ; 

a form factor that decreases rapidly 

As shown in TableVIIall three hypotheses 
-IV 

(8.3) 

with increasing Ecm. 

are reasonable fits to the 

data.L' Also shown in Table VII are the leptonic branching ratios for the 

heavy lepton assuming 

l-:-f7 -q, + e- + “,) r(C 4~++-+3) 
R v 

leptonic = 
= (8.4) 

I'(&- + all modes) I'(&- + all modes) 

Such ratios are compatible with conventional theories of heavy lepton 

decay.395 For the meson hypotheses we do not know the production cross 

section theoretically, hence we cannot calculate a unique R leptonic' 

For comparison purposes I arbitrarily combine the constants in Eqs. l.ll 

and 8.3 to give 

Q = 4n cu2B3 
ee +MM ?S 

compared to 

4l-c a28 - 0 
ee + 

a= 
3s 

[ 3 p2 
2 

1 
(8.5) 

(8.6) 

Here 51 is the mass of the meson M. 
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The 

T(M- + e- + 7e) P(M- -++- + $ ) 
R leptonic = 

= 
I'(M- + all modes l?(M- + all modes) 

in Table VII is for Eq. 8.5. 

y-body, V-A 
Mt = 1.8 GeV/c2 

j-body, V+A 
Mt = 1.8 GeV/c' 

2-body, s = 1.9 GeV/c2 

'prod given in Eq. 8.5 

TABLE VII 

x2 for 6 
degrees of freedom 

4.3 

3.8 0.17 

9.8 

R leptonic 

0.17 

(8.7) 

0.36 
see text 

We still have to answer the following questions 

(1) It is very unlikely that semi-leptonic decays account for all the 

events. For example, a semi-leptonic decay mode of a new meson 

(Eq. 1.10) of the form 

MB + e- + Ge + $ , M' + CL- + ; + Ki 
I-I (8.8) 

cannot account for all the ep events, because we do not see a sub- 

stantial signal with 2 r['s from 

(8.9) 
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in multiprong data. However we have not yet ruled out completely 

the decay modes in Eqs. 8.9. Q uestions about these and other semi- 

leptonic decay possibilities are still being studied. 

(2) We do not yet know if a sequential heavy lepton is completely con- 

sistent with all the data. In particular if we do not find hadronic 

decay modes, the U cannot be a sequential heavy lepton. This is be- 

cause the observed leptonic decay modes are not sufficiently large to 

yield the expected production cross section, Eq. 8.6. 

(3) We do not know if there is any other single hypothesis consistent 

with the data. 

(4) Finally we do not know if more than one thing is going on. That is, 

are there several mechanisms producing ep events -- both new mesons 

and new leptons or several sets of new mesons, for example? 
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