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Results from a high statistic study of the 
reaction p + W - > ^ + + / r + X at V s =27 GeV 
are presented. Over 275,000 events with a 
dimuon mass greater than 6 GeV were re
constructed and an enhancement above the 
continuum of 15,000 events was observed at 
the Y mass region. The continuum spectrum 
falls approximately as e" 1* 0^ (GeV). No 
enhancements except in the Y region are ob
served. The very large acceptance of the 
apparatus enables an accurate measurement 
of the mass (M), transverse momentum (pT) 
and Feynman X(XF) dependence of the dimuon 
pair. The pT spectrum from 0 to 4 GeV is 

PROC. 19th INT. CONF. H I G H ENERGY PHYSICS 

TOKYO, 1978 

A 10 A Study of High Mass e+e Pairs Produced 
in p-p Collisions at the CERN ISR 

Presented by L. CAMILLERI 

CERN-Columbia-Oxford-Rockefeller Collaboration 

An apparatus consisting of a superconduct
ing solenoid cylindrical drift chambers and 
two arrays of lead glass Cerenkov counters 
have been used at the CERN ISR to study the 
production of e+e~ pairs of invariant mass 
larger than 6 GeV/c2. The apparatus is shown 
in Fig. 1. The rms momentum resolution of 
the drift-chamber-magnet system is given by 
ApTlpT ~0.07 pT whereas the rms energy 
resolution of the lead glass is given by AEjE= 
0.05+0.077V' E. The following cuts were 
applied to the data in order to reduce the 
hadronic background. 

a) A track was required to point to an 
energy cluster in the lead glass of extent less 

fitted exceedingly well by the function da/ 
d/441+W/>o)T 6 for 6<M<14GeV and 
0<2V<.6. The fitted parameter, pQ9 shows 
no dependence on XF or pT interval at about 
the 5 % level. p0 also shows little dependence 
on M although a modest increase at the Y 
mass in observed. With further study of the 
experiment's systematic effects, the error on 
Po may be reduced to the statistical error level 
of about 1 %. The average value of \XF\ as a 
function of mass shows no significant difference 
between continuum masses of M « 7 and M^ 
13 GeV but there is a decrease in the average 
value in the Y mass region. 

than or equal to 3 X 3 blocks. 
b) The momentum of the track was requir

ed to be compatible with the energy measured 
in the lead glass. 

c) Forming the invarinat mass of a can
didate electron track with all other tracks in 
the event, in turn, the candidate was rejected 
if any of these combination gave an effective 
mass smaller than 160MeV/c2. 

d) At least one of the two B counters 
traversed by the tracks was required to have 
recorded a pulse height greater than 1.5 x 
single ionization. 

The mass spectra, as computed using the 
lead glass information, of the 79 events of 
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Fig. 1. 

opposite charge and of the 23 events of same 
charge surviving the cuts are shown in Fig. 2. 
The background in the opposite charge dis
tribution is taken to be equal to the same 
charge distribution. The differential cross-
section d2a/dmdy\y=o are shown in Fig. 3 as a 
function of mass. The agreement is good with 
a fit to the Fermilab V s =27 A dimuon data 
scaled up to V s =62.4 according to m3-rfV/ 

dmdy\y=Q=F(M/V s). 
Assuming the 15 events in the range 8.75< 

M<11.0 GeV/c2 to be due to the Y resonances 
the cross-section for these resonances is 
found to be B-doldy\y^=(l £±2.Q)x KT36 

cm2. The value of (pT} is calculated to be 
L67±0.21 GeV/c for 6<M<8.75 GeV/c2 

and 1.65±0.20 GeV/c for M>8.75 GeV/c2. 
The mean multiplicity of tracks associated with 
an e+e" pair is observed to be 6.1 ±1.0 and 
5.5±1.0 for the two mass intervals above. 
The corresponding multiplicity of tracks as
sociated to 7T07r0 in the same two mass intervals 
is found to be lower 10.0±0.2 and 9.5±0.2 
respectively. The pT spectrum of the tracks 
associated with the e+e~ events falls off more 
steeply than the corresponding spectrum for 
TTV0 events. 

Fig. 2. 

Fig. 3. 
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An experiment is in progress at the CERN 
Intersecting Storage Rings to identify and 
measure electron pairs, produced in proton-
proton collisions up to V ,.9 =63 GeV. The 
pairs are detected using four modules, con
sisting of proportional chambers, plastic scin
tillator hodoscopes, lithium foil transition 
radiators followed by Xe-C02 linear propor
tional chambers—for the X-rays—and finally 
of a 17 rad. lengths liquid argon calorimeter, 
suitably segmented in the lateral and longi
tudinal direction.1 Each module covers 50° 
to 130° in polar angle and 40° of azimuth. 

As explained in2,3 background arising from 
external or internal photon conversions, from 
hadrons producing showers in the calorimeter 
and from chance overlap of hadron tracks 
with photon showers can be effectively reduced 
by imposing requirements on the signals avai
lable from the detectors. We estimate the 
efficiency e for electron pair events to 
pass each set of requirements by observing 

Fig. 1. 

its effect on the J\<p signal, which has a 
background that can be reliably subtracted 
even for the most loosely cut samples (e= 
0.43). The results of these estimates agree 
well with direct determinations obtained from 
calibration exposures of a complete module to 
a test beam of known particles. The number 
of events observed in various mass intervals, 
after corrections for the efficiency e, is shown 
in Fig. 1. 

The horizontal scale has been chosen in such 
a way that the points for the mass interval 
l.l-2GeV, consisting essentially of back
ground, fall on a straight line. For a pure 
electron pair sample one would expect values 
independent of e, within statistics. 

That is in fact what happens in the 2.8-
3.4 GeV(J/<p) region for e<36 and, for the 
full used range of e, for events with mass above 
8.7 GeV (i.e., T and higher mass region). 

For J J (J) at s=.19 the background is calculat
ed to be ~ 6 % and for the >8.7 GeV mass 
region the background is ~ 6 % for £=.36. 

The raw mass spectra in the Jjcp region and 
above 6 GeV are shown in Figs. 2 and 3a for 
£=.19. In Fig. 3b the high mass region is 

Fig: 2. 
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Fig. 3. 

shown again on log scale for the less str 
identification requirements with £=.36. 

The 8.7-10.3 region in Fig. 3b contains 41 
events. We estimate a background of 2.5 
events and, by extrapolating the continuum 
from the region 6 to 8.7 GeV following the 
m/V s dependence form ref. 4, we evaluate 
an electron pair continuum of about 8 events. 

The mass resolution is calculated to be aM = 
380 MeV at the T mass, from the experimental 

width of the J/(p. 
Relative values of the PT acceptance of the 

apparatus have been calculated, using a Monte 
Carlo program which takes into account the 
known geometry and incorporates the threshold 
behaviour of each calorimeter, measured direct
ly using events recorded without demanding 
a priori a trigger from that calorimeter. It 
assumes flat rapidity and isotropic decay. 

Figure 4 present the acceptance corrected 

Fig. 4. Fig. 5. 
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ANI6.PT distribution for the J/<p. Ail points 
for P r >.5GeV/c , in the PT range which 
extends up to 7 GeV/c at V s = 63 GeV, follow 
well an exponential law vs PT with slope b= 
1.67±.05 (GeV/c)"1 independent of VV.* 
The corresponding <(Pr> calculated from the 
fit is 2/£=1.20±.04GeV/c. Also in the r 
region, within the relatively large statistical 
error, the exponential fit continues to be 
adequate and produces the slope fe=1.2±.13 
(GeV/c)"1 and <Pr> = 1.67±.18 GeV/c. 

The cross section values for the J\<p and Y 
are listed in Tables I and II. 

The errors quoted for B-da/dy\y=0 include, 
in addition to the statistical errors, the 
estimated 20 % systematic uncertainty from run 
to run at different V s . • 

Figure 5 shows the data plotted vs m/V s 
The line shown on the Jj(p data is from ref. 4. 
It should be remarked that the relative lack 
of experimental points, with sufficiently small 
errors at large values of m/V s, leaves some 
freedom to its slope. The line drawn through 
the Y points is an eye-ball fit and appears to 
be somewhat steeper than the Jjcp line. In 
fact at the weighted average V^ =60 GeV, 
B'da/dy\y=Q (integrated from 8.7 to 10.3 GeV, 

* The value of the slope 6 = 1.67±.05 (GeV/c)"1 we 
find for dN/dPT

2~e~bPT for J\<p can be compared with 
the result 6-1.51 ±.12 (GeV/c)"1 of ref. 8, over the 
PT range 0-2 GeV/c. 

after continuum subtraction) is about 50 times 
higher than the corresponding sum for the Y 
and Y' measured7 at Vs =21. It is also 
interesting to remark that the ratio of re
sonance to continuum contribution, in the 
mass interval 8.7-10.3 GeV, is estimated to be 
4 to 1 at V s =60 compared with about 1 to 
1 at V s =27,7,9 over the same mass interval. 
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We present preliminary data1 on the reac
tion: 

p+p^//++^"+X 
at a center of mass energy of 63 GeV for 
muon pair masses of 3 to 20 GeV, from ex
periment R209 at the CERN Intersecting 
Storage Rings. 

The detector covers 15°<#<110° ( - 0 . 3 < 
x^<0.9) with essentially complete <ft coverage. 
It consists of a large array of magnetized Fe 
toroids, drift chambers and hodoscopes (Fig. 
1) which cleanly selects muon pairs and filters 

Fig. l . 

out hadron background, complemented by a 
central detector of drift chambers and hodo
scopes which sorts out the high-multiplicity 
associated hadrons. The muons are bent ma
inly in 6 by the toroids, which provide a 
generally azimuthal field of 18 K Gauss, and 
JBdl«26KG-m at 90°. The mass resolution 
(a) is J M / M ^ 1 0 % , limited by multiple scat
tering. 

The trigger requires >2 of each of the 
outer, intermediate, and inner hodoscope 
elements to fire. The outer and intermediate 
hodoscopes are divided into <p sectors of « 15°, 
and the elements struck by each muon must 
correspond in <f> within ±1 sector. After 

applying TOF cuts on cosmic-ray muons and 
single-beam backgrounds, using the outer coun
ters and auxiliary veto counters near the ISR 
beams, the trigger decision is given over to a 
programmable microprocessor. This device 
performs refined checks on the above criteria, 
and searches for at least 6 crude space points 
in the large drift chambers. At a luminosity 
of 1031 cm -2 sec -1 the final trigger rate is 
typically 0.4 Hz. 

The mass acceptance for a muon pair has 
been computed by a detailed Monte Carlo 
program. It is flat above Mfl!l^6 GeV at a 
level of « 1 6 % of 4 Trsr1. Below 6 GeV the 
acceptace falls smoothly to 50 % of the plateau 
value at « 5 GeV and to < 1 % at the mass of 
the /. As the xF and pT distributions are 
still being analyzed in our data, we assumed 
that the mu-pairs are produced according to 
the /-production xF and pT distributions 
measured at Fermilab by Anderson et al,,2 

Fig. 2. 
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with a uniform decay distribution /->//+^~-
It spite of this model dependence, because of 
the large geometrical acceptance of the detec
tor, the cross-section we present here sould 
be correct within a factor of 2 for 4<mft<l3 
GeV. The cross-section in our preliminary 
analysis is not precise for the /, because of 
the small acceptance at this mass value. 

Figure 2 shows the acceptance-corrected mass 
spectrum da/dM[ifi corresponding to a time-
integrated luminosity of 2.6X 1037 cm"2. The 
low mass data is dominated by / production, 
while for 8<Mflfl<l 1 GeV the spectrum is 
dominated by Y and T' production, where the 
latter structure is observed to have a width in 
reasonable agreement with the computed mass 
resolution. The solid curve in Fig. 2 is a zero 
parameter scaling model prediction based on 
the Drell-Yan mechanism, which Kinoshita. 
Satz and Schildknecht3 (KSS) have found to 
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A double arm spectrometer, located one on 
each side of the ISR interaction region 
detects the electron pairs around 90° of the 
beams direction. The element of each spectro-

be in agreement with the Columbia-Fermilab-
Stony Brock data (CFS).4 The agreement 
between our data and the scaling prediction of 
KSS is quite striking, particularly in light of 
the fact that our measured cross-section is a 
factor of 15 higher at 5 GeV mass, to a factor 
of 200 higher at 12 GeV mass, compared to 
the lower energy CFS data. 
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meter (Fig. 1) are a magnet for charge and 
momentum measurement, a Cerenkov counter 
air filled located in the magnet for electron 
identification and a lead glass array for further 

Fig. 1. 



194 M. BANNER 

electron identification. For trigger purposes, 
a threshold of 600 MeV on each electron was 
imposed. The Cerenkov is segmented in 12 
cells and allows an association between the 
track direction and the Cerenkov cell. The 
electron pair mass can be determined from 
the momenta measurement or from the lead 
glass measurements. Figures 2 and 3 show 
the corresponding spectra. A clear Jj<p 
signal can be seen and the measurement 

Fig. 2. 

Fig. 3. 

Fig. 4. 

Fig. 5. 

errors can therefore experimentaly estimated. 
The requirement that the momentum and the 
energy measurement agree within 2 standard 
deviation leads to the spectrum of Fig. 4. The 
background is monitored by the same sign 
electron pair and is negligible above 3 GeV 
mass. The electron-pair detection efficiency 
in these conditions is 0.5 and Fig. 5 shows 
that we have good agreements with other 
data for the Jj<p production. No electron 
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pairs was found above 6 GeV mass for an With 30 % more data analyses, one event at 
integrated luminosity of 1.5-1037. Taken into 7 GeV mass and one event at 9.4 GeV mass 
account the acceptance of our apparatus, the was found. One event corresponds to a cross 
cross section B'dajdy\y=Q to produce the Tis to section B-da/dy\y=0 of 5.5-10~36. 
90% confidence level less than 20-1Q-36. 
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Introduction 

The purpose of this talk will be to review 
the experimental data on production of high 
mass muon pairs by pion beams. I will focus 
on the continuum region above and below the 
J I <l> and will attempt to show the data are 
consistent with the hypothesis that the domi
nant production mechanism is through the 
annihilation of a quark-antiquark pair (qq)-
the Drell-Yan model.1 Based on this assump
tion I will show the results of a first attempt 
to extract information on the pion structure 
from muon pair data. 

I will also show some new data on the pro
duction of the (pf and % states. 

Cross Section Ratios 

The first piece of evidence for the qq annihi
lation model is the asymmetric rates of 
production of continuum pairs by iz~ and n+ 

beams off carbon, an isoscalar target. A 
hadronic production mechanism would yield 
equal cross sections. The Drell-Yan model 
predicts that the cross section ratio 

a(n + C-» ju+ju~ +X) 
G(TT~C->JU+ /U~ -j-X) 

should approach 1/4 at large values of M2/s 
where valence quarks dominate. The valence 
quarks of the TC+ or TZ~ provides a single d or 
û antiquark, respectively, which annihilates 
with one of the symmetric set of u and d 
quarks in the carbon target. One then expects 

the cross section ratio to reflect only the 
ratio of the square of the annihilating quark 
charges yielding 1/4. Data from Fermilab at 
225 GeV/c are shown in Fig. la.2 The ratio 

Fig. 1 a. Cross section ratio for ÎZ+ and TZ~ produced 
muon pairs as a function of the pair mass. Carbon 
target data at 225 GeV/c are from ref. 2. Copper 
target data at 40 GeV/c are from ref. 3 and has 
been plotted at equivalent M2/s values. True mass 
values are listed on the data points, 
b. Proton to x~ ratio as above. 
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Fig. 2. a. xp dependence versus mass for Tr induced data at 225 GcV^c from ref. 1. 
b. rr induced data at 22 GeV/c from ref. 4. 
c. xF dependence for pairs in the mass interval \3<MNt<2.5 for 27 GeV/c and 40 GeV/c 

rr induced data from ref. 5. 

decreases asymptotically toward the expected 
value. Also shown on the figure are copper 
target data at 40 GeV/c from CERN.3 The 
40 GeV/c data have been plotted at an equi
valent M2/s value. As is expected, the cross 
section scales. 

The ratio 

t (Fig, 3). Also shown in Fig. 3 are 
\pT} data from proton induced events at 
200 GeV/c. At saturation, the pion data have 
a larger </?r> value. In an equivalnt M2/s 
range, lower energy data have not reached a 
plateau in <j?r)-

No substantial correlation in xF and (pT) is 

Fig. 3. Mean transverse momentum of pairs vs pair 
mass for %~~ induced pairs from 16 to 225 GeV/c 
from refs. 2-5. For comparison, data from proton 
induced pairs at 200 GeV/c are also shown (ref. 11). 

should approach zero by these arguments since 
the proton has no valence antiquarks. The 
data are shown in Fig. lb. The ratio tends 
toward zero as is predicted. 

x Dependence 
The xF dependence of muon pairs produced 

in 7T"N interactions shows a pronounced flat-
tending with increasing mass as is shown in 
Fig. 2a for data at 225 GeV/c. Data at 22 
GeV/c exhibit a similar trend at equivalent 
M2/s values as is seen in Fig. 26.4 Serpukhov 
data (Fig. 2c) at 27 GeV/c and 40 GeV/c for 
muon pairs between 1.3 and 2.5 GeV/e2 has a 
flatter dependence at the lower s (larger M2/ 

pT Dependence 

At 225GeV/c the <pr> of muon pairs 
raises with increasing mass up to masses of 
4 GeV/c2. Above 4 GeV/c3 the (pT} is con-
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Fig. 4. Variation of muon pair mean transverse 
momentum with xF for various mass regions. The 
data are for %~ induced pairs at 225 GeV/c from 
ref. 2. 

where 0* is the angle between muons and an
nihilating quark pair directions. When the 
pair pT is zero, the beam and target direction 
define the quark pair direction. When pT is 
nonzero the quark direction is not determined. 
Choosing the mean angle between the target 
and the negative of the beam direction in the 
pair center of mass as the reference direction 
has been suggested by Collins and Soper.6 

The angle between the decay muon direction 
and this reference direction, 0e8, attempts to 
average pT effects. The distribution of cos 6es 

is shown in Fig. 5 for Jjcp events and for 
muon pairs in the continuum above the Jjcp 
from data at 225 GeV/c. The data show a 
sharp contrast between J/<p and continuum 
pairs. No evidence of polarization is seen in 
Jj(p events. The continuum shows the pola
rization expected for production by qq an
nihilation. 

Fig. 5. Distribution of dajd cos 0C8 for (a) J/cp 
events and (b) continuum pairs above the Jj<p for 
TT~-induced pairs at 225 GeV/c from ref. 2. The 
helicity angle 0CS is defined in the text. 

Fig. 6 a. Distribution of da/dM for xF>0 for x~-
induced muon pairs from ref. 2. Data above 4 
GeV/c2 was used to extract the pion structure 
function. 
b. Scatter plot in xx and x2 of the data used in the 
structure function fits. 

Pion Structure Function 

The general features of the muon pairs in 
the continuum are consistent with the Drell-
Yan model. Assuming then that qq annihi
lation is the dominant process in the produc
tion of the continuum, one can extract infor
mation on the pion structure function. Data 
at 225 GeV/c are shown in Fig. 6a. In 
Fig. 6b is shown a scatter plot of the data 
in Xi and x2 the beam and target momentum 
fractions. In the region xx>0.2 where the 
pion sea is negligible, the cross section for 
lepton pair production can be written as: 

Angular Distribution 

The decay angle distribution of the muon 
pair in its rest frame should go as: 
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Fig. 7 a. The nucléon structure function x2f
x(x2) = 

4/9x2u
N(x2) + l/9x2d

N(x2). The shape is sensitive 
to the effects of transverse and quark mass (see 
the text), 
b. The pion structure function Xi /^xO^^i^Cxi) 
= Xlrf*(Xl). 

from isospin invariance and charge conjuga
tion. 

The cross section factors to a product of 
functions in x± and x2. To test this hypothesis 
data was weighted by M4 and binned in 16 
intervals of xx and 12 intervals of x3 in the 
range Jd>0.2, 0 .05<x 2 <0.27. 

There were 141 populated bins which were 
fitted to 16 values representing the pion 
structure function and 12 values for the nucléon 
structure function. The results are shown in 
Figs. 7a and 7b where the nucléon term 
normalization has been set using the results 
from deep inelastic lepton scattering.7 The 
fit has a x2 of 133 for 113 degrees of freedom. 
The nucléon fit falls more rapidly than ex
pected and is sensitive to the effects of pT and 
quark mass. Two methods of including pT 

effects were tried: (1) each quark was given a 
pT vector of 1 GeV/c magnitude with their 
relative angles adjusted to produce the ob
served pT, and (2) each quark was given half 
the observed pT. Method (1) resulted in a 
negligible change in the pion structure func
tion but resulted in a considerable flattening of 
the nucléon function. The resulting nucléon 
function gave a (l—x)a fit with a=2.2. Me
thod (2) yielded a larger change in the pion 
structure function. The power of (l—x)* 
fit increased by 0.2 while the nucléon function 
changed only slightly. 

Resonances above the Jj<p 

Production of 0'(37OO) is clearly seen in 
; r -N interactions at 225 GeV/c (Fig. 8). The 
branching fraction times cross section relative 

Fig. 8. Efficiency corrected muon pair effective mass 
distribution showing ([>' production (see text). 

Fig. 9 a. Uncorrected muon pair effective mass dis
tribution from ref. 8 showing Jj(p production, 
b. The J/<pY effective mass distribution. A signal 
of 11 ±4 events above background is seen in 3.55 
GeV/c2 (see text). 
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for x>0. The result is similar to that pre
viously reported in proton interactions at 
400 GeV/c.8 

New results for production of % states in 7r~N 
interactions at 215GeV/c from Fermilab are 
shown in Fig. 9.9 Figure 9a shows the muon 
pair signal observed. The spectrometer used 
has an open configuration and the distribution 
has not been corrected for background, how
ever, a clear Jjcp signal can be seen. For 
events in the Jjcp peak where an accompany
ing photon is observed, the effective mass 
distribution of the Jj<py system is shown in 
Fig. 9b. A signal of 11 ±4 events above 
background is observed at 3.55 GeV/c2. The 
cross section observed is given by: 

S ^ / v r ^ = 0 . 3 8 ± 0 . 1 3 

This is similar to the value 0.43±0.21 obtained 
by Cobb et al.10 in proton-proton interactions 
at V\v =55 GeV. Mass resolution is not 
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In this report the results of two experi
ments performed recently at I HEP (Serpukhov) 
are presented. 

In the first experiment1 an inclusive muon 
pair production process : 

7T~+(Cu nucleus) -»/w
4>~+X 

In the continuum range 1.3<A///+//-<2.5 (Gev 
I à) has been selected at px=21 and 40 GeV/c. 
The experimental installation used for these 
measurements and other details were described 
in earlier paper, devoted to the investigation 
of the inclusive J/«/'-particle production pro
cesses in 7r~N-collisions in the near-threshold 
range.2 

To select the processes of prompt muon 
pair production in the continuum range one 
should reliable suppress the main background 

sufficient to resolve between #(3510) and 
Z(3550). 
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processes: a) accidental background b) on-
flight decays of two secondary 7r(7T)-mesons 
with emission of muons, c) nuclear cascades 
that passed through the shielding and muon 
detector and misidentified as muons, d) interac
tions in the filter behind the target, e) "Tails" 
from />-, a>-, 0-meson and //^-particle peaks. 

To estimate the background from the 
muons, originating from TC(K)-^/LC decay and 
nuclear cascades we investigated the mass 
spectra of "muonic pairs" of identical sign 
(A^+^+A^-;,-) and carried out special runs 
with a copper target of a reduced effective 
density and with a plastic glass target without 
a copper absorber. Moreover we carried out 
detailed investigation of the set up efficiency, 
track reconstruction procedure in the spectro-
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Fig. 1. (a) Differential cross section dependence for 
muon pair production in the muon continuum 
range 13 < M ^+fi-<2.5 GeV/c2 on Cu nuclei on 
*F—Pil/Pmax (in the c.m.s.) for p% = 21 and 40 
GeV/c. (b) Differential cross section dependence for 
the same process do[dpT

2 on the transverse mo
mentum pT. 

meter, the methods of selection of the interac
tions in the target and all source of back
ground processes. 

The results of data handling and estimation 
of the upper limits for all the background 

events are listed in Table I. Figure 1 illustrates 
the distribution of the relevant cross sections 
in the kinematic variables xF and pT. The 
main characteristics of these distributions are 
quoted in Table II. 

The data on average value for the transverse 
momentum (pr} as a function of dimuon 
system mass for the whole effective mass range, 
that was investigated, are also of interest (Fig. 
2a). There is an evident growth of the values 
for (pTy with an effective mass increase that is 
in agreement with the experiments performed at 
higher energies. From the comparison of the 
data on average values for the transverse 
momentum for fixed intervals of effective 
masses of muon pairs at different incident 
energies one comes to a conclusion on the 
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Fig. 2. (a) The dependence of the average value for the transverse momentum <p?v on muonic 
pair mass in the whole mass range, investigated with the set up "LE.PTON" for pK=27 and 
40GeV/c. All the data correspond to x^>0.3. (b) The dependence of the average value 
for the transverse momentum of muonic pair ^pT> on incident energy for a fixed mass value: 
1) Jl<p particle range ( 2 . 6 < M ^ - < 3 . 6 GeV/c2)1; 2) the continuum range (1.3<M /r! /,-<2.5 
GeV/c2); 3) ^o-meson range (0.5 KM^^^ 1.0 GeV/c2). 
When comparing the data of the two experiments one should bear in mind different measure
ment conditions: 1) the result of the present work is related to the Cu nucleus and the 
range .x>>0.3; 2) the result from work2 is related to the C nucleus and the range x^<0.15. 
As is known, under all other equal conditions <i?r> is somewhat smaller for C nuclei than 
for Cu ones. This fact has been taken into account in figure. The transfer for heavier 
nuclei was made on the basis of the data from ref. 2 for carbon and Sn. ( + — the results of 
this work; §—the results from ref. 2; 6—the results from ref. 2 with a correction for 
the transfer from C taregt to Cu one. 

increase of the transverse momentum with 
energy growth. 

If the processes of muon pair production 
follow the Drell-Yan model, then the ex
pected cross sections will have a scaling 
dependence. Fig. 3 presents our data together 
with the results from other works on muon 
continuum in 7r~N-interaction. The beha
viour of dimuon state spectra does not con
tradict scaling and the values for the cross 
sections are in the order of magnitude in 
agreement with the theoretical estimates; 
however the measurement accuracy and the 
amount of the data are not sufficient. 

In the second experiment5 the values for 
the ratio of prompt positron to TT+-mesons 
(Re) (p± = 1.2-2.8 GeV/c2) produced from 
interaction of the 70 GeV internal proton 
beam with a thin (1 JJ) carbon film, have been 
measured. 

The experimental set up was a simple 
spectrometer with a proportional chambers and 
Cerenkov counters, that allows to identify 
the secondary particles. The corrections con
nected with particle absorption in the beam 
channel, were determined in special experi
ments with an accuracy of ~ 1 % when the 
values for Re were measured at different 
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Fig. 3. The dependence M*>sti-{do/dMfl-fi+(r)cu; xF>o.z] on the scaling variable 7=M2
ft+ft-/s. 

In figure we present the comparison of the results from the present work with those from 
(FNAL)2 and preliminary data of CERN-Q (Budapest, July, 1978). All the data are reduced 
for the range x^>0.3 corresponding to the measurements of our work and related to Cu 
nuclei in assumption on the cross section linear dependence on A. The solid curve reflects 
the theoretical estimate of M V r ( ^ / d M / ( + r ) in the Drell-Yan model for parametrization 
of the hadronic structure functions according to ref. 3. 

amount of the matter in the beam channel and 
then extrapolated to a zero thickness. To 
define the value for the direct component of 
positron, one has to reduce the contribution 
from the Dalitz decay of 7c°(rj0). Figure 4 
presents the value for Re after all the correc
tions together with the data on the yields of 
"prompt" //-mesons from paper.6 

The results in Fig. 4 indicate that within the 
interval of p±~(l-3) GeV/c the direct com

ment of electrons Re is ~3-10"5 and differs 
quite noticeably from the same value for 
muons i?^=(7±l)-10-5 . The available set 
of experimental data is in favour of the fact, 
that charmed mesons may be a source for 
prompt leptons. In this case the only source 
for prompt electrons is semileptonic decays of 
the parents and for prompt muons both two 
particle decays and semileptonic decay of the 
parents. 
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Fig. 4. 
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The direct electron production in 10 GeV 
region is thought to be a somewhat different 
problem from those in high energy region. 
The source origin of these electrons at low 
energy and small PT region might be hadron 
Bremsstrahlung. There were five contribu
tions on this subject. 

1. #460. Minnesota, Argonne, Rice and Colu
mbia Collaboration made a search for direct 
electron production in p-p and p-Be interac
tion at 12 GeV/c. Electrons were measured 
using a single arm spectrometer at four 
center of mass angles, 0*=2O, 35, 63, and 84°, 
which were set by changing the target position. 
Figure 1 shows the e/rc ratios from this ex
periment, where the solid data points are for 
e~ and open points for e+. The contribution 
from Dalitz decays of TZ\ rj° and o>° were 
subtructed. The solid curve represents the 
contribution of electron pair decays from 
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Fig. 1. Rate of direct electron production versus JTT-
Solid data points are for e~, open points for e+ . 
Circles and squares represent data from beryllium 
and hydrogen targets, respectively. The crosses 
are the data of ref. 1. The lines are estimates of the 
vector meson contribution [No. 460, Minnesota], 



204 T. KlTAGAKI 

vector mesons. They conlcude that the pro-
tuction of electron is competitive with the 
vector meson background. The rate was e/rr = 
(_0 .30±0.20)x l ( r 4 at 0* = 84°. 

2. #407. The direct electron search in p-Be 
interactions at 9 GeV/c is being held at KEK 
using a double arm spectrometer. (KEK, 
Osaka City, I.N.S., Kyoto, Tokyo, Saitama 
Collaboration). 

3. #553. Another direct electron production 
experiment in p-p 8 GeV/c has been made at 
KEK using the KEK 1 m Hydrogen Bubble 
Chamber (Tohoku, Tohoku Gakuin, Nara, 
KEK Collaboration). Four Ta plates, 1.5, 
2.0, 3.0 and 3.0 mm (0.7 radiation length), 
were installed in the chamber and one million 
pictures were taken. Events with two identi
fied unlike charge electrons were collected. 

All signatures observed in the bubble cham
ber pictures, such as spiraling, bubble density, 
Bremsstrahlung in hydrogen and shower in Ta 
plates, were used for the electron identification. 
Background due to real photon pair con
version and large angle scatterings of Dalitz 
pair electrons in liquid hydrogen very near 
the vertices were checked and estimated to be 
less than 0.1 events in the nine high mass 
electron pairs with M(ee) > 140 MeV. Hadron 
contamination is also estimated to be less than 
0.02 events under this experimental condi-

Fig. 3 (a). Mass distribution of e+e~ pairs from -+p and 7r~p, both electrons identified. The 
dots represent the simulation, and dashes the simulation without the effects of resolution, 
(b). Observed (lines) and expected (dots) events at higher masses for TT+P, and 7i~p [No. 
602, SLAC]. 

tion. Figure 2 shows the mass distribution of 

Fig. 2. Mass distribution of e+e~ pairs for (a) all 
events. The dashed histogram shows the simula
tion for Dalitz pair events from TZ0, rf and co°. The 
dotted one shows the simulation neglecting the 
experimental resolution, (b) Excess events over 
the dashed histogram, corrected for detection 
efficiency [No. 553, Tohoku]. 
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the electron pairs. The dashed histogram is 
the results of a Monte Carlo simulation for 
Dalitz decays from TZ\ rf and OJ° with the ex
perimental resolution. Contributions from 
other known particle decays are less than 1/3 
of the Dalitz pair contribution from rf and o)° 
for M(ee)>140 MeV. The excess of elec
tron pairs above M(ee)>140 MeV is found to 
be e/7r=(1.4±0.7)x 10~4 after subtracting the 
known backgrounds. 

4. #602. SLAC, Duke, Imp. C Collabora
tion made similar experiments using the 
SLAC 40" HBC with three Ta plates, 1 
radiation length each. 7r+p and rc~p pictures 
were taken at 18 GeV/c with triggering by 
interactions. The sample includes 4.2 xlO5 

and 5.2XlO5 of inelastically produced secon
dary IT* for 7T+p and 7r~p respetively. e+e~ 

Fig. 5 (a). The Feynman X distribution of the fs produced in ;:+-p collisions at 15 GeV/c. 
(b). PT distribution of fs produced in ;r+~p collisions in a H2-Ne mixture at 10.5 GeV/c. 
The events have been restricted so that the fs have a small, positive X value [No. 628, Duke]. 

pairs both electrons identified were collected 
and the results are shown in Fig. 3. In TT+P 

interactions, no significant excess was observed 
and, ejn 2.5xl0~5 for M(ee)>100 MeV. In 
7r~p, however, they found 16 heavy pairs and 
the e\iz ratio to be (0.87±0.25)x 10~4 which 
was an excess not explained by known meson 
decays. Figure 4 shows the comparison of 
ejiz ratios as a function of PT(€) for the 
Tohoku and SLAC data together with the 
Penn., Stony Brook data.1 

5. #628. Duke, SUNY, Albany reported 
the observation of f's not associated with n° 
or rf in the 7r+p interactions at 15 and 10.5 
GeV/c. Figure 5 shows the Feynman X 
distribution of fs and the PT distribution 
with the cut 0<A r<0.01. Figures show the 
excess of j over the simulation calculation for 

Fig. 4. The comparison of the ejn ratios versus PT. 
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the 7T°'s at small X and small PT region. They 
concluded that 0.9 % of all y is not associated 
with TT° or yf. 
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