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ABSTRACT

The production of inclusive prompt positrons in pp collisions at \/s=63 GeV and y=0 has been
measured over the P interval 0.08 <P <1.0 GeV/c. The e*/n ratio rises with decreasing P to
~1.6:10~3 at Pp=0.1 GeV/c. A measurement of low —mass e*e” pairs (0.05<mg, <0.60 GeV/c?)
has also been performed. It is found that the observed rise of the e*/r ratio can be explained by the
low — mass pair continuum.

The origin of this pair continuum, which has been observed by several previous experiments, has
so far been unclear. In order to obtain some new insight into the possible production mechanism a
measurement of the production of single positrons and clectron — positron pairs as a function of the
associated charge multiplicity has been carried out. The results indicate that the production of low —
P positrons ( < 0.4 GeV/c) and low — mass pairs is proportional to the square of the mean multiplici-
ty in the central region (Jy| < 1). Such a quadratic dependence is not expected from final —state sources
such as hadronic bremsstrahlung or hadronic decays, but is predicted by models where low —mass
electron pairs are produced by interactions of constituents created during the collision.

* Present address: EP —div. CERN, CH — 1211 Geneve 23, Switzerland
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1. INTRODUCTION

Inclusive lepton production in hadron —hadron collisions has been investigated
extensively over the past decade. Following the initial observations of lepton —to —
pion ratios at the level of ~10~* for large Pp at Serpukhov, Fermilab and the
CERN Intersecting Storage Rings (ISR) [1]— [3] (see fig. 1), subsequent studies
[4]— [16] have been only partially successful in elucidating all contributions to the
measured yields. For transverse momenta P > 2 GeV/c, the strongest contribu-
tions are due to lepton pairs from the decay of the J/{y and from the Drell —Yan
continuum. In the intermediate regime 0.5 < P < 2 GeV/c the semileptonic decay
of charmed particles (mostly D) presents a dominant source of single leptons, al-
though large uncertainties still exist in the absolute charm cross sections [13]—
[16]. For Pt below 1 GeV/c down to 0.25 GeV/c, a rise in the e/n ratio with de-
creasing P has been reported in measurements from \/s = 4.5 to 63 GeV [17]—

[20].

Experimentally, the rise at low P has remained somewhat controversial [21] —
[23] and in addition the interpretation of an increasing e/n ratio up to 4-10~% in
this region needs further clarification. The two main known sources contributing to
the e/n ratio at low P (< 0.5 GeV/c) are, as already mentioned, the semileptonic
decay of charmed particles and, to some extent, internal conversion of bremsstrah-

lung radiated by charged hadrons [40] — [45].

A number of experiments have reported observations of a dilepton continuum
with masses m < 0.6 GeV/c?, i.e. below the p® and w. This low —mass dilepton
continuum has been seen both in u*u~ [25]— [33] and e*e~ channels [34]—
[39]. The production rate of these pairs is up to two orders of magnitude larger
than what would be expected from the Drell — Yan process [117]. It is conceivable
that the increase of the e/n ratio at low P is solely due to the low —mass electron
pair continuum but this has not been confirmed in a conclusive way, since few ex-
periments have been able to measure both the e/n ratio at very low Pt and the pro-
duction of low —mass e*e~ pairs. However, the low mass dilepton continuum is in
itself not very well understood and even if the rise of the e/n ratio at low Pt could
be connected to the low —mass pairs, the question about the origin of these leptons

still remains.

It has recently been pointed out by Cerny, Lichard and Pisut [48] that infor-
mation about the production mechanism of the low —mass e*e~ continuum can be
obtained by studying the associated charge multiplicity in a rapidity region close to
that of the lepton pairs. If the dileptons are created after the final hadrons have
been produced (e.g. by hadronic decays or hadronic bremsstrahlung), the mean
number of dileptons per event will be proportional to the number of final hadrons,
thus giving a constant value of the e/n ratio. In another class of models, the lepton
pairs are produced over an extended volume at an early time during the collision
when new quarks and anti —quarks have been created and the lepton production is
enhanced by including interactions between the many quarks and anti —quarks pro-
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Figure 1: The e/ ratio versus transverse momentum.
This compilation of ISR data was made previous to this experi-
ment in 1982 [47].

duced in the hadron —hadron collision. The production rate of dileptons in these
models should be proportional to the density of quarks times the density of antig-
uarks, i.e. proportional to the square of the charged particle multiplicity. This
characteristic dependence is predicted by the the thermodynamic models [49]—
[50] and the so —called soft annihilation model [51] which was originally proposed
by Bjorken and Weisberg [52].

In view of this situation, the e/ ratio has been remeasured in pp collisions at /s
= 63 GeV and followed down to values of P lower than previously achieved.
Since the ratio depends crucially on the proper background elimination, a combina-
tion of good experimental rejection and an extensive Monte Carlo simulation of the
known sources was needed to make it possible to extract the prompt electron signal.
The rise of the e/ ratio with decreasing P could not only be confirmed, but it was
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found that it continues to a level of 1.6:10~% at P = 0.1 GeV/c. At P > 0.4
GeV/c the results agree with previous experiments. The strong rise observed defi-
nitely rules out explanations in terms of semileptonic charm decays, other known
hadronic decays and hadronic bremsstrahlung.

The same event sample that was used in the inclusive single e/r measurement
was later used in a study of the production of e*e~ pairs in the mass range of 50 to
600 MeV/c2. In this mass interval an excess of pairs above known sources was ob-
served and this is the first time that the low —mass pair continuum has been studied
at ISR energies and at masses less than 200 MeV/c2. Although the pair measure-
ment suffers from systematic uncertainties due to a large background subtraction,
the magnitude of the observed pair signal is such that it can explain most of the
low — P excess seen in the e/ measurement.

Finally, a measurement of the production of prompt positrons and e*e~ pairs
as a function of charged particle multiplicity has been performed. A significant dif-
ference was observed between the multiplicity dependence of the low — P positrons,
which probably originate from the low —mass pair continuum, and the high — P
positrons, which are attributed mainly to the decay of charmed particles. The direct
measurement of the production rate of the low —mass pair continuum also indicated
a quadratic rather than linear dependence of the pair cross section on the associated
charged particle multiplicity. The conclusion, from the measured multiplicity de-
pendence of the e/n and e*e~ signal, is that a production mechanism of the low —
mass dilepton continuum as described by the soft annihilation model and the ther-
modynamic models is favored over an explanation in terms of hadronic decays or
hadronic bremsstrahlung.

Another aspect of these results is the suggestion that the phase transition be-
tween hadronic matter and quark matter in very high energy nucleus — nucleus colli-
sions could be detectable by measuring the production rate of lepton pairs [53]—
[58]. Amongst other features, a square dependence of this rate on particle multipl-
icity is predicted as one of the signatures for the quark —gluon plasma [54]. For
this reason, it is of obvious importance to first understand the production
mechanism of lepton pairs in ordinary hadron —hadron collisions.
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The results presented below have been partly published in the following publi-
cations:

¢ PRODUCTION OF INCLUSIVE POSITRONS AT LOW PT IN 63 GEV
PP COLLISIONS AT THE CERN ISR [59]
V. Hedberg

¢ PRODUCTION OF PROMPT POSITRONS AT LOW TRANSVERSE
MOMENTUM IN 63 GeV pp COLLISIONS AT THE CERN

INTERSECTING STORAGE RINGS [60]
The Axial Field Spectrometer Collaboration

e INCLUSIVE n PRODUCTION AT LOW TRANSVERSE MOMENTUM
IN 63 GeV pp COLLISIONS AT THE CERN INTERSECTING

STORAGE RINGS [61]
The Axial Field Spectrometer Collaboration

¢ CORRELATIONS BETWEEN THE PRODUCTION OF PROMPT
POSITRONS AT LOW TRANSVERSE MOMENTUM AND THE
ASSOCIATED CHARGED MULTIPLICITY [62]
The Axial Field Spectrometer Collaboration



V. Hedberg — Production of positrons ...

2. THE APPARATUS

During the last year of the ISR (in 1983) when this experiment was performed,
the Axial Field Spectrometer (AFS) [63] consisted mainly of a 2n Uranium — copper
calorimeter (UCAL) and a large cylindrical drift chamber (DC) as shown in fig. 2 .
These detectors were primarily designed to study jet phenomena. Two highly seg-
mented Nal walls were positioned at opposite sides of the interaction making it pos-
sible to study direct photons and electrons. A barrel shaped hodoscope and two
scintillator walls were used to define the event time which, among other things, was
used in the time —of —flight (TOF) system. In addition, the AFS had a set of small
drift chambers surrounding the beam pipes, used in a glueball search, and a muon
arm consisting of two proportional chambers with an iron wall in between. How-
ever, the glueball drift chambers and the muon detectors were not used in this anal-
ysis. The data in this particular experiment was recorded during three dedicated
ISR runs in which one calorimeter wall was retracted and a spectrometer arm con-
sisting of two scintillation counters and two Cherenkov counters was installed. These
additional counters were used to trigger on electrons.

NAT WALL 2
SCINTILLATION /
COYNTERS /
NAI WALL 1
71 CERENKOV 1
COUNTERS , AﬂL’f
[ i |
g NN RN L T
1 RERREREEY s9589st5e
L L] Lia Ly _l.L gigsts :
__ ——J— — 4 + EXE L1 //,‘/
______ 4 ' / 8%
------ ] | é g
______ 4 L Pgs L
————— ey g # /:’
—— . 1 ggsfnlsssetnt
______ j / gigetetgste B
|\ § 2 _ E—rrsre i
R 4 ” DN
______ 14 e e e e e g o e | AN
[ [
URANIUM ERREEN
R
CALORIMETER iy \\INNER HODOSCOPE
DRIFT CHAMBER
| e |
m URANIUM CALORIMETER
Figure 2: Description of the Axial Field Spectrometer.
One calorimeter wall was retracted in this experiment so that a
Cherenkov arm could be installed.
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The AFS had a complex trigger system with which it was possible to run with
up to 50 parallel triggers although typically the number of triggers was between 15
to 20. The data acquisition system consisted of 57 CAMAC crates containing vari-
ous electronic modules (mostly ADCs, TDCs and DTRs) connected to two comput-

ers of type PDP —11.

The AFS coordinate system is indicated in figure 3 . It was a right —handed
system with the X coordinate pointing towards the center of the ISR while the Y
coordinate pointed upwards. The Z axis was in the same plane as the two proton
beams and the smallest angle between this axis and each beam was 7.4°. In the po-
lar coordinate system the azimuthal angle (¢) and the polar angle (6) were defined
in respect to the X,Y and Z axis in the usual way. ‘

A / NA1 —" e Scintillation
wall 1 counters
Uranium

calorimeter Cerenkov
counters

Magnet cone

~~o
~~.
~

A T
Inner \ Drift

hodoscope chamber

Beam-beam Beam-beam

counters <—l counters
X

Figure 3: The position of the counters used in the TOF system.
A) Top view of the experiment.
B) Front view of one of the BB counter walls.
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2.1 THE TIME - OF —FLIGHT SYSTEM

Two scintillation counters, with the dimensions 62x20x1 cm, were used in the
TOF and trigger systems. They were positioned behind the Cherenkov counters
(y~0) at a distance of 4.9 m from the interaction point (see fig. 2 and 3 a). The ac-
ceptance for triggering positrons was limited by these detectors to Ay=0.036 and
A¢p =6.4° . Each scintillator was viewed with two photomultipliers (PM) mounted
at the top and bottom of the counter. The signals from the PMs were split and sent
to ADCs, TDCs and the trigger system.

The beam —beam (BB) detectors consisted of two walls of box like scintillation
counters surrounding the beam pipes downstream from the collision point and cov-
ering 2° < 6 < 20° (as depicted in fig. 3 a and b). The inner hodoscope (IH)
counter was a barrel shaped hodoscope consisting of 44 scintillators each with
A¢ =8° surrounding the intersection region and covering 40° < 8 < 140°,

The hardware event time (T0) was derived from the signals of the inner hodo-
scope counters and the beam —beam counters, as described in section 2.6 below.
The TO signal was used, among other things, to start the TDCs that were later
stopped by signals from the triggering scintillation counters. From these TDC
measurements it was possible to calculate the time —of —flight of a triggering parti-

cle.

The BB counters had a better time resolution than the IH counters and it was
required in the off —line analysis (see section 4.4) that the BB counters had fired in
order to be able to calculate the time —of —flight with as good a resolution as possi-
ble. The rms of the measured TOF was 0.64 ns after corrections.

2.2 THE DRIFT CHAMBER AND THE MAGNET

The drift chamber [64] was placed in a magnet (fig. 3 a and 4 a) which provid-
ed an axial field with the nominal value of 0.5 Tesla. In this particular experiment
the magnet was operated with a field of only 0.1 Tesla in order to make it possible
to study low momentum electrons which at a higher field would have curled —up
(and then been undetected).

The 1.4 m long cylindrical drift chamber extended from a radius of 0.2 m to 0.8
m and it was filled with 50% argon and 50% ethane at atmospheric pressure. The
sense wires which ran parallel to the Z axis were arranged into four degree sectors in
the azimuthal plane and into three crowns (fig. 4 b) in the radial direction. Fig. 4 ¢
shows the positioning of the sense wires in two of the sectors. The three crowns had
14, 18 and 10 sense wires in each sector.

By drift time measurements the track position could be measured in the azimu-
thal plane while charge division was used to measure the Z position. The sense wires



V. Hedberg — Production of positrons ... page 8

(a) (b)

6.89m
100°

1.50m

1.22m

30°

Y

Q
\
\

atatetatatt i

Figure 4: Description of the drift chamber and the magnet.
A) The position of the DC in the magnet.
B) Side view of the DC. '
C) The wire positions in two DC sectors.

were staggered by +0.4 mm to resolve the left —right ambiguity. The energy loss
(dE/dx) was measured with each sense wire through pulse height measurements.
Offline, the lowest 70% of the pulse height measurements were used for each track
in the dE/dx calculation (i.e. a truncated mean value was used).

The spatial resolution of the chamber was 230 ym (rms) in the azimuthal direc-
tion and 1.5 cm in the Z direction (charge division direction). The momentum reso-
lution was, with the low magnetic field, AP/Pz\/((O.lP)2+(O.Ol)2) where P is in
GeV/c, i.e. the resolution changed from ~1% at 0.1 GeV/c to ~10% at 1 GeV/c.
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2.3 THE CHERENKOYV DETECTORS

During this experiment the Axial Field Spectrometer was equiped with two
Cherenkov counters filled with CO, at atmospheric pressure as shown in fig. 2 and
3 a. The two detectors were mounted with a 60 mrad angle (with respect to the
horizontal plane) in a way so that one Cherenkov had full geometrical acceptance
for electrons down to a P of 70 MeV/c and the other Cherenkov had the same ac-

ceptance for positrons.

The length of the radiator was 140 cm and it had a momentum threshold of 18
MeV/c for electrons and 4.9 GeV/c for pions. The Cherenkov light was collected
by spherical mirrors, each viewed by one photomultiplier, as shown in fig. 5 . By
using LEDs mounted inside the Cherenkovs, it was possible to study the pulse
height spectrum of the PMs without any beam. The high voltage was adjusted so
that the pulse height corresponding to the one — photoelectron peak was the same for
all PMs. The four output signals went to ADCs, TDCs and the trigger logic.

/
Photo tube
" RCA 8854

Reflective cone

Mylar foil

Figure 5: The Cherenkov detector.
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2.4 THE NAI DETECTORS

Each Nal detector [65] consisted of 20x30 Nal crystals. The crystals were cut
so that they would point towards the interaction region and they were optically iso-
lated from each other. The geometrical structure of the detectors is shown in fig. 2
with wall 1 in its retracted position. The lateral front dimension of each crystal was
3.5x3.5 cm? and the average depth was 13.8 cm, corresponding to 5.3 radiation
lengths (X,). On the front face of each crystal a vacuum photodiode and a pream-
plifier were mounted. Photodiodes were used since they are not affected by a high
magnetic field to the same extent as photomultipliers.

The spatial resolution of the detector was estimated with Monte Carlo calcula-
tions to be 0.6 cm but after Nal wall 1 had been retracted 4 m, its crystals did not
point any longer towards the interaction region and this probably worsened the spa-
tial shower resolution somewhat. The energy resolution for electrons at 1 GeV was
measured in a test beam to be 9%.

2.5 THE URANIUM CALORIMETER

The Uranium calorimeter [66] was built up by towers with a surface area of
20.0x20.8 cm? and an absorber depth of 80 cm. Each calorimeter wall consisted of
12x16 towers. The towers were divided longitudinally into an electromagnetic part (6
X, deep) consisting of Uranium and scintillator plates and a hadronic part (3.8 4
deep) with Uranium, Copper and scintillator plates (as shown in fig. 6). In the four
corners of the uranium calorimeter, copper —scintillator calorimeters were installed

to minimize leakage.

The scintillators were read out with wavelength shifters, two for the electromag-
netic part and two for the hadronic part of the tower. Each of the four wavelength
shifters were connected to PM tubes with the dynode signals going to the trigger
system (the VFB) and the anode signals to ADCs. In this experiment the normal 2n
azimuthal coverage was reduced because of the retracted wall. The rapidity coverage
of the remaining three calorimeter walls in the centre —of —mass varied with azi-
muth from |y| <0.7 to |y| < 1.2 because of the detectors box like shape.

The advantage of a uranium —scintillator calorimeter is the nearly identical re-
sponse to hadrons and electrons due to compensation through induced fission and
the high energy resolution. The calorimeter in this experiment had an energy resolu-
tion of a(E)/E=O.36/\/ E for hadrons and a(E)/E=O.l6/\/ E for electrons and a spa-
tial resolution at normal incidence that was ~1 cm for electromagnetic showers and
~3 cm for hadronic showers. The ratio of electron to hadron response was 1.11 .
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Figure 6: Description of the Uranium calorimeter.

2.6 THE TRIGGER SYSTEM

The AFS experiment had a complex trigger system with which data could be
recorded using a large number of different triggers at the same time. The main part
of the trigger system, the very fast bus (VFB) [67], was a special purpose electronic
system with which the signals from the UCAL could be used to trigger on either to-
tal energy or localized energy in the calorimeter. Also signals from other parts of
the experiment other than the UCAL went to the VFB where the final trigger con-
figuration was defined. Only the part of the trigger system that was used in this ex-

periment will be described below.
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The data was taken with five different triggers, two selecting pions and three se-
lecting electrons. The pion triggers (PI) required a coincidence between a signal in
one of the scintillation counters, positioned behind the Cherenkov counters, and the
event time. The latter was defined by the beam —beam counters positioned around
the beam pipes downstream from the spectrometer and by the inner hodoscope
counters which surrounded the intersection region at large angle. The first electron
trigger, the minimum bias trigger (MB), required a coincidence between the event
time, a hit in one of the scintillators and a signal from the corresponding Cherenkov
counter. Since the signals from the scintillation counters would be accepted even if
the pulse height was very low, it was assumed that the trigger efficiency of these
counters was the same for electrons and pions. It was also assumed that the trigger
efficiency of the Cherenkovs was a 100% for electrons (a test beam measurement
using pion beams showed a 100% efficiency above the Cherenkov threshold). How-
ever, this assumption could lead to a slightly underestimated value of the e/rn ratio.
In section 2.3 it was mentioned that the two Cherenkov counters were mounted with
different angles with respect to the horizontal plane. This resulted in a full geome-
trical acceptance for electrons in one of the Cherenkovs while the same was true for
positrons in the other detector. The inefficiency for particles with the “wrong” charge
could be calculated by dividing the P spectrums of triggering electrons and trigger-
ing positrons (from y conversions) which had traversed the same Cherenkov counter

(see fig 7 a).

In order to be able to trigger on electrons with higher momentum, the Nal de-
tector was used in the so—called PT trigger. This trigger had the same requirements
as the MB trigger and in addition a requirement of a minimum energy deposition in
the Nal detector. The efficiency for this trigger was calculated with an event sample
in which the Nal detector was not in the trigger but where the signals from the PT
trigger were recorded so that the P spectrum of trigger electrons with and without
the PT trigger requirement could be compared. With the PT trigger it was possible
to select electrons with Pt > 0.2 GeV/c with more than 50% efficiency (see fig. 7

b).

The third electron trigger (the ETOT trigger) used the total energy deposited in
the Uranium calorimeter together with the requirement of the MB trigger. With
this trigger, events with a total energy above a threshold of ~ 8 GeV were selected.
A pion trigger with the same requirement on the energy in the UCAL was used to-

gether with this electron trigger.

Figure 8 describes, in a schematic way, the different parts of the trigger system
that were used in this experiment. The TO signal was derived from the IH counters
or from the BB counters if no signals were generated in the IH. The 44 scintillators
that made up the barrel shaped inner hodoscope were read out in both ends with
PM tubes and the signals were discriminated. The signals then went to meantime
units and subsequently to a logic unit which generated a signal if at least two scin-
tillation counters were hit. The signals from the two BB counter walls were discrimi-
nated and then put into two logical OR units (one for each wall). The output from
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each OR was put in coincidence so that at least one hit in each BB wall was re-
quired in order for a BB signal to be generated. A pretrigger was generated if a TO
signal was present at the input of the PRE AND gate at the same time as a signal
from either the scintillation counters or the Uranium calorimeter.

—-
o
I

|

Efficiency
o o
o @
| T

o
-
T

0.2~

] ] 1 ] 1 1 | 1 | 1
200 400 600 800 1000 200 400 600 800 1000
Transverse momentum (MeV/c)

Figure 7: The trigger efficiency.
A) Efficiency due to geometrical acceptance.

B) The efficiency of the PT trigger.

The pretrigger started the gate generator which provided gates, a busy signal to
the data acquisition system and a clock pulse for the VFB. After the event had been
read by the computer a reset signal was sent from the PDP to the gate generator
which sent clear signals to the data acquisition system. If the trigger was aborted in
the VFB, the reset signal would instead be generated by this unit.

If the UCAL information was used, the pretrigger was generated from the ana-
logue bi —polar ETOT signal (coming from the UCAL summing logic) by a so—
called zero —crossing unit which in effect was a discriminator that was fired when
the input pulse was at its maximum negative value, if the maximum value was
above the discriminator level. The output from the discriminator was put in coinci-
dence with an IH signal and the resulting signal was used in the pretrigger.
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Figure 8: The trigger system.
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If the UCAL was not used in the trigger, the pretrigger was generated from the
scintillation counters by taking the coincidence of the signal from both PM tubes in
each counter (thus creating the S1 and S2 signals) and subsequently using the logical
OR of these signals in the pretrigger. The S1 and S2 signals were also used in the
VFB to define the pion triggers. The electron triggers (el and e2) had a requirement
of a signal from at least one of the PM tubes in a Cherenkov counter in coincidence
with the corresponding S signal. Both the pion and electron signals addressed a set
of memories in the VFB. If one of the addressed memories had been loaded with the
binary value one, an output signal was generated. These signals could then be
downscaled, i.e. only one out of a certain number of signals would be allowed to
continue and create a trigger.

Table 1: The composition of the different triggers.

name pretrigger first level second level
MB -1 TO+(S1+S2) S1-Cl -
MB -2 TO-(S1+S2) S2:C2 -
PT-1 TO-(S1 +S2) S1-Cl Nal
PT -2 TO-(S1+S2) S2-C2 Nal
ETOT -1 TO-ETOT S1-Cl -
ETOT -2 TO-ETOT S2-C2 -
PI—-1 TO-(S1+S2) S1 -
PI-2 TO«(S1 +S2) S2 -
PI(ETOT)—1 TO-ETOT S1 -
PI(ETOT) -2 TO-ETOT S2 -

The pion and electron triggers which did not contain any Nal information
would send an interrupt from the VFB to the PDP providing the triggers survived
the downscaling requirement. The PT trigger, which was a second level trigger, re-
quired a signal from the Nal detector. The signals from the 600 photodiodes in Nal
wall 1 were summed up into row sums. If the total signal from two neighboring rows
was larger than a computer controlled discriminator value, a Nal trigger signal
would be generated. This signal took a long time to create and the coincidence be-
tween the first level electron trigger and the Nal signal was therefore done outside of
the VFB. When this second level trigger had been created it went back into the
VFB where it produced an interrupt for the PDP. If no first or second level trigger
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was made in the VFB an abort was send to the gate generator. Table 1 shows the
requirement for the different triggers.
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3. DATA TAKING, RECONSTRUCTION AND DATA
REDUCTION

The total event sample consisted of about three million events (see table 2).
Most of the events originated from Dalitz decays and photons converting in the
beam pipe, the inner hodoscope, or the drift chamber wall. All of the events were
processed through the AFS track —finding and track —and — vertex fitting programs.
The computer processing time needed for this operation was so large that it could
not be done on the CERN mainframe computers and thus two 168/E emulators
were kept busy with this task for more than 22 weeks. After this stage the event
sample was reduced by a series of cuts. To begin with, all tracks in the drift cham-
ber were extrapolated through the magnetic field to a distance of 5 m from the in-
tersection. The event was kept for further analysis if one and only one track in the
event could be extrapolated to a fiducial area around the triggering scintillation
counter (X=—500 cm, —52<Y <52 cm, —20<Z <60 cm or —60<Z <20 cm).
The track that reached the fiducial area was defined as the trigger track. In the
event sample where at least one trigger track could be found, about 2 —3% of the
events had more than one track that could be extrapolated to the scintillation
counters. However, most of these events had been triggered by a zero —mass ete~

pair from a y conversion.

Table 2: The number of events recorded with the different triggers.

Trigger Number of events
MB 810,000
PT 1,160,000
ETOT 812,000
PI 115,000
PI(ETOT) 90,000

A set of requirements was made on the trigger track: the x? of the track —fit di-
vided with the number of degrees of freedom had to be less than 4.5, the length of
the trigger track measured in the drift chamber was required to be larger than 33
cm and the starting point of the trigger track had to be less than 20 cm from the in-
tersection. Only events where the trigger track had a P larger than 50 MeV/c were
kept since the Cherenkov detector was not fully efficient for tracks with a P less
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than 70 MeV/c. The invariant pair mass was calculated between the trigger track
and all other tracks in the drift chamber with opposite charge (assuming both of the
tracks to be electrons). The event was disregarded if there was a second track in the
event which could be combined with the trigger track to form an invariant mass that
was less than 40 MeV/c2. This requirement removed a large fraction of events trig-
gered by converted photons or electrons from Dalitz decay. The total reduction of
data from these cuts was a factor of ~ 8. When this data reduction had been done,
the events were processed through the shower reconstruction programs of. the Nal

and UCAL detectors.
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4. ELECTRON IDENTIFICATION

Since the e/n signal, which is measured in this experiment, is in the order of
2-10~4 it is essential to have a very good capability of identifying electrons. For this
purpose four different detector systems were available with which independent
measurements could be performed in order to be able to identify the triggering par-
ticle. In chapter 2 each detector system was described and in the following one the
calculations of pion rejection and efficiency corrections will be presented.

4.1 THE dE/dx MEASUREMENT

The truncated mean value (70 %) of the pulse height measurements along the
trigger track was used as a measurement of the energy loss (dE/dx) in the drift
chamber. The dE/dx, measured in the beginning of the analysis, is depicted in fig. 9
as a function of momentum, for PT and PI triggers separately. The same thing is
plotted in fig. 10 after applying all cuts in the analysis except the dE/dx cut. The
curves in fig. 9 are from a calculation of the truncated mean obtained by a Monte
Carlo simulation based on a model by Allison and Cobb [68]. The cut on dE/dx,
that was imposed on the trigger track, was momentum dependent in such a way
that it resulted in a constant cut efficiency for electrons. The cut removed events
where the trigger track had either a too low or a too high dE/dx, i.e. it was made on
both sides of the electron band.

In fig. 9 a and 10 a there are many trigger tracks with a dE/dx much larger
than what would be expected from a single electron. These measurements are
mainly due to e +e — pairs which have not opened up sufficiently so that the ioniza-
tion produced by the two electrons is picked up by the same sense wires. A trigger
track was called “doubly ionizing” if there had been a second electron passing
through the same DC sector as the trigger track. The dE/dx measured for the trig-
ger track was then twice the dE/dx expected for a single electron. However, a trigger
track was also called doubly ionizing even if a second track only partly shared a DC
sector with it. In this case the dE/dx measured for the trigger track was larger than
that of a single electron but lower than that of two electrons.

The rejection and the efficiency of the identification by dE/dx was calculated
with the MC mentioned above. This MC, which was based on the Allison —Cobb
model, had two parameters that had to be determined by data. The first parameter
was the scale of the truncated mean value, i.e. a normalization of the calculated
mean value (given in KeV) to the measured mean value (in ADC counts) had to be
performed. The second parameter was the mean number of measurements that was
used to calculate the truncated mean, i.e. the mean number of signals from sense
wires that had been used to calculate the dE/dx. This parameter determined the
width of the dE/dx distribution.
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A pion sample was used to fix the two parameters. After the sample had been
cleaned up by a hard time —of —flight cut it was divided into four momentum bins
in the region where the pions are minimum ionizing. The data in the lowest momen-
tum bin was used to obtain the truncated mean value and the mean number of dE/
dx measurements along a trigger track. The values of these two parameters were
then incorporated into the MC. In fig. 11 the dE/dx distribution from the MC cal-
culation and the pion data are compared. There is an excellent agreement between
the tails of the distributions in the data and the MC. This is important since the
calculation of the rejection is sensitive to these tails. It is also clear from fig. 11 that
the high tails of the truncated mean distribution, although much smaller than in the
original Landau distribution, are not well fitted with a Gaussian distribution.
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Figure 13: The hadron rejection achieved by the dE/dx requirement.
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In principle both the MC and the pion sample could be used to calculate the re-
jection. In practice, however, the MC was used because of the possibility of a small
kaon and proton contamination of the pion sample and in addition the MC made it
possible to obtain results with negligible statistical errors. Another advantage with
the MC was that the rejection of pions, kaons and protons could be estimated sepa-
rately while in the data only a pion sample was available (i.e. the kaon and proton
rejection could not have been estimated without the MC). The results of the MC
calculation of the hadron rejection due to the dE/dx cut is illustrated in fig. 13 .
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Figure 14: The dE/dx measured for tracks from low —mass pairs.

After the two parameters in the MC had been fixed by using the pion sample, it
was possible to calculate the cut efficiency for electrons. However, it was desirable to
first check the dE/dx distribution predicted by the MC with the distribution from a
sample of electrons. For this study a sample of trigger electrons was selected, where
the trigger track formed a low —mass pair (m <40 MeV/c?) with another track in
the drift chamber. This sample consisted mostly of electrons from y conversions and
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was therefore free from any hadron contamination. In order to remove doubly ion-
izing trigger tracks, it was required that the two tracks in the pair were well sepa-
rated when they left the drift chamber. This requirement removed a large fraction of
the doubly ionizing tracks but not all. The dE/dx for this sample is plotted in fig.

14 .

This sample was divided into P bins like the pion sample and compared with
the MC. From this comparison it was concluded that the MC overestimated the
separation between the minimum ionizing pions and the electron band by 6%. For
this reason the pions and the electrons had to be normalized separately to the data.
The reason for the disagreement between data and MC is not well understood. It
could either be due to an imperfect model or to an experimental problem like im-
purities in the chamber gases.

The dE/dx of electrons in data and MC is plotted in fig. 12 after normalization.
The agreement between data and MC is very good for the lower tails of the distri-
butions but at high dE/dx the agreement is not perfect because of the doubly ioniz-
ing problem. Even if the widths differ, the agreement between the mean value in the
data and the MC show that the relativistic rise is calculated correctly in the MC.
The dE/dx cut that was finally used in the analysis had, according to the MC calcu-
lation, a 94% efficiency independent of P.

4.2 THE ENERGY MEASUREMENT BY THE Nal DETECTOR

To be able to measure the energy of the trigger electron in the Nal detector it
was necessary to first find the shower that corresponded to the trigger track which
had been detected by the drift chamber. In the Z direction only the information
from the Nal was used and it was required that the shower candidates were in the
half of the Nal wall that corresponded to the triggering scintillation detector. The
trigger track measured with the DC was extrapolated to the Nal wall, this extrapo-
lation, however, had a bad resolution in Z. In particular if there were two tracks in
the same sector, the Z fit would have a large error. In the Y direction a measure-
ment by the scintillator (Yg) was used in addition to the measurement of the shower
position (YnNg,[) and the extrapolated track position (Ypc). The position of the
track in the scintillator was calculated with the following formula:

Yg = c(T, — T,)/(2n) where

the time measured with the upper scintillator PM;
the time measured with the lower scintillator PM;
the velocity of light;

the refractive index of the scintillator.

S e
N e

The difference between the shower position in the Nal and the Y position meas-
ured with the scintillator was required to be less than +16 cm which corresponded
to a cut of +2.5 standard deviations in the Yg — Yy, distribution.
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The next step was to compare the extrapolated Y position with the Y position of
the shower (i.e. make a cut on the Y — YN, distribution). In this case the width
of the AY distribution would depend on particle type and momentum because of
multiple scattering. For this reason a momentum dependent cut was introduced
(assuming a Gaussian approximation for multiple scattering, as described in section
6.5) so that the cut inefficiency was the same for pions and electrons and indepen-
dent of momentum.

If two or more showers satisfied the above criteria then the shower with the
highest energy was chosen as the one belonging to the drift chamber track. The
shower matching described above was done on both electron and pion triggers. One
reason for this was that the scintillation counters were sitting close to the edge of the
active area of the Nal wall and it was possible for a small fraction of trigger parti-
cles to pass through the scintillators but not the Nal crystals. Since it was required
that a Nal shower could be found for both electron and pion triggers, this and other
systematic uncertainties cancelled to a large extent when the e/n ratio was calculat-
ed.

In order to be able to reject pions, a cut on the energy deposited in the Nal de-
tector was done. This cut was, of course, only made on electron triggers. For tracks
with a P larger than 335 MeV/c it was required that the Nal energy was larger
than 120 MeV (the minimum ionizing peak was at 80 MeV). Tracks with a P less
than 335 MeV/c were submitted to a P dependent cut so that the cut efficiency
was constant as a function of PT. An attempt was made to use the information de-
rived from the electromagnetic part of the calorimeter situated behind the Nal wall.
It was found that the pion rejection (at P < 1 GeV/c) could not be improved sig-
nificantly, without lowering the efficiency, by adding the information from the

UCAL.

Table 3: The efficiency of the Nal energy requirement.

Trigger Efficiency
MB -1 88%
MB -2 91%
PT—1 98%
PT-2 97%
ETOT -1 88%

ETOT -2 87%




V. Hedberg

Production of positrons ...

page 28

@ 900 [
g
o A +
['4
< 800
3 +
z 700
+
& +
"] +
& 600 +
+ o+ +
+ + + + + +
+ + + +—§ + 2 + +
++
500 - + PR : ++
+ 2 ++ 2
+ 2+ +2 +H 2+ 2 + +
+ 2 2 ) + + o+
400 + ++ +H2 2 + 4+ o+ o+
+ 3 2+ 2 2 + + +
+ 25443+ 3+ 22 3++ 24+ 2++ + +
+ + 32434223342+ 2337323+++3+ + ++  +  + ++ +
+ 2 ++ 22+ +24.323+ 52+H642 +H2+ + 2+ ++ ++ +
300 2 874256734933234 2+33+42+ + 2+ + + +
+ + 2 ++22335544676572454282+64+ 242 4432 2 22+  + +H+H 4+ +
2387585CCBC886B8972275372 2432+42+H++22+: - +<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>