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Summary

An SCG1-C scintillation glass detector consisting of a 3.5 radiation
length SCG1-C active converter followed by scintillation and gas tube
hodoscopes and a 4xU array of a 20.5 radiation length 5CG1-C counters has-been
expocsed to plons in the U4-14 GeV/c momentum range. The response of this
detector to picons is compared with the response to electrong of the same
momentum in order to distinguish between the two types of particles. Using
only longitudinal and tranverse shower development criteria the electrons and

1

pions can be separated such that cn average 1.1x10 ' of all pions in the range

of 4-14 Gev/c would be misidentified as electrons of any energy. If the



momentum of the incident particle 1is known and can be used 1In the
identification technique, this average fraction is reduced to 6.4:{10—3 of all

picns misidentified as electrons of the same momentum.
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Introduction

In the test reported in this paper properties of showers produced by
pions and electrons are measured in a 4x4 array of SCG1-C scintillation glass
counters (Ohara Optical Glass Manufacturing Co., Ltd.). An SCG1-C
scintillation glass active converter, plastic scintillator hodoscope, and a
gas tube hodoscope were positiocned in front of the 4x4 array of scintillation
glass to complete the full detector.

Picn shower development at various energies was compared with electron
showers using four variables: the ratio of the active converter energy (Eac)
te the energy deposited in the main 4x4 array (Ea), the ratio of the energy
observed in the hit block of the 4x4 array (Eh} to the energy deposited in the
Uxl4 array, the total ionization observed in the gas tube hodoscope, and the
second moment of the shower calculated from the distribution of ionization
observed in the gas tube hodoscope. During these tests the beam was centered
on  the hit Dblock. The response of the plastic scintillator heodoscope was
recorded but gave information largely redundant to the gas tube hodcsgcope
data. The nmean and standard deviation of the distributions of each of these
quantities were determined for 1-14 GeV/c electron showers. From these means
and standard deviaticons a X2 was calculated for esach pion shower with a given
deposited energy in the detector by using parameters determined from electron
showers at that same obsearved energy. The cut made on this X2 was set to

retain 97% of all the electrons at that energy.



Beam

These tests were conducted with electrons and negative pions in test beam
£ at the Stanford Linear Accelerator Center (SLAC). The spot size of the beam
containing 90% of the particles had a radius of 5 mm and the momentum spread
was Ap/p=2% (FWHM). The beam momentum was varied between 4 and 1k GeV/c. The
beam was operated at 10 pulses per second with an average intensity of 0.3
particles per 1.5 us pulse, Beam pulses with multiple particles in the spot
were tagged and later rejected in the off-line analysis. A pion beam was
produced by placing 1.6 em of lead in the beam to absorb electrons and by
using a differential Cerenkov counter to tag the pions. An electron beam wWas
produced by removing the 1lead absorber and using the same differential
Cerenkov counter to tag the electrons. The electron beam had a pion component
that varied with beam energy from 1% to 50%. This pion component was
eliminated by the Cerenkov counter tag and an additional 3¢ cut on the
electron peak in the energy distributicn measured in the seintillation glass
detector. Electron showers below U GeV/c were measured with the . same
apparatus in a different SLAC test Dbeam and ¢the results are reported

elsewher‘e.1’2



Experimental Apparatus

The detector (shown in Figure 1) was composed of an active converter and
a Uxl array of SCG1-C scintillation glass blocks. The blocks were 15x15x89.2
cm3 (20.5 radiation lengths long). Between the active converter and the main
array was placed a scintillator hodoscope and a gas tube hodoscope that was
run in the saturated avalanche mode. Details on the calibration, energy
resolution, and position resolution of this detector for electron showers are

1,2 Pulse heights from the glass were digitized with LeCroy

given elsewhere.
2249W ADCs with a 256 ns gate. The data were collected by a LSI-11

mini-computer and written on magnetic tape for off-line analysis.

Energy Distributions of Pions and Electrons
Measured by the SCG1-C Glass Detector

Figures 2a and 2b show the total energy deposited in the active converter
and the main array by 4 and 14 GeV/c pions and electrons. Calibrétion
constants are determined from the electron showers. More details on the
determination of these calibrations constants are given in reference 1. The
apparent energy deposited by pions extends up tc and slightly beyond the
incident pion momentum. The peak in the pion energy spectrum at low energies
is due to noninteracting pions. These noninteracting pions deposit an
apparent energy of 1.0+0.1 GeV independent of beam energy. The calculated
minimum ionization energy loss through 104.2 cm of S5CG1-C Is 0.54 GeV. The

calculated pion absorption length of 5.6 em In scintillation glass is



consistent with the observed ratic of noninteracting to interacting pion
events. The ratio of apparent energy to beam energy for all pions is
0.58+0.01 throughout the energy range. The ratio of apparent energy to beam
energy for interacting pions increases from 0.54 at 4 GeV to 0.67 at 14 GeV.
The energy distributions for 4 and 1% GeV electrons are indicated by the cross
natched areas in Figures 2a and 2b. The electron energy distributions are
clustered arcund the beam energy with the percentage energy spread decreasing

with the square root of energy as discussed in reference 1.

Electron and Hadron Shower Shape

The energy and ionization deposited in the various elements of the
detector have been used to determine the longitudinal and transverse shapes of
pion and electron showers as a function of energy. Figure 3 shows the average
shower shapes for picns and electrons at 4 and 14 GeV as measured in the gas
tube nodoscope. As can be seen the pions interacting in the active converter
produce showers that are broader on the average than the comparable electron
showers and deposit much lower total ionization. This transverse peaking of
the electron showers and the larger ionization deposited by the electrons
relative to the pion showers are the most powerful discriminating factors
between electron and pions in this detector. The transverse shower shapes are
parameterized by the ratio Eh/Ea and the second moment of the distribution of
ionization measured in the gas tube hodosccope. The distribution of these
variables for 12 GeV/c electrons and pions showers are shown in Figures Hda and

5a. The most probable values and the extent of variation {each variance



includes 68% of the events on either side of the most probable value) of the
distributions as a funetion of incident momentum are shown in Figures 4b and
5b. AS can be seen in Figure 4a the strong transverse peaking of the
electromagnetic shower 1is also manifested in the distribution of Eh/Ea since
on the average 90% of the observed electron energy is contained in the hit
block, The pion showers by comparison have only 55% of the observed energy
contained in the hit block on the average.

The longitudinal shower development is parameterized by Eac/Ea and the
total ionization observed in the gas tube hodoscope. Figures 6a and 7a show
the distribution of these variables for 12 GeV/c pilons and electrons and
Figures #Ab and 7b show the most probable value and the extent of variation of
the two variables as a funetion of incident particle momentum. The
distribution of Eac/Ea is gaussian for electrons while the distribution for
pions is strongly peaked toward low values because of the large fracticn of
pions events which do not interact in the active converter. The longitudinal
variable E_ /E, does not allow a strong separation of interacting pions and
electrons as can be seen from the overlap of the distributions shown in Figure
6. However pions which do not interact in the active converter are partially

eliminated by the ionization distributions shown in Figure 7.



Electron-Pion Discrimination

Electrons and pions can be distinguished by comparing the transverse and
longitudinal showers that are produced by pions that deposit a given energy
with showers produced by electrons that deposited the same energy. No
knowledge of the incident particle momentum is required since the observed
deposited energy is used to select the electron showers of that same energy.
This technique is appropriate to experiments in which the incident particle
momentum is not measured independently of the calorimetric measurement (e.g.,
experiments which attempt to distinguish neutral hadrons from photong}. If a
particular experiment can determine the incident momentum in a way that is
independent of the calorimetric measurment (e.g., experiments which make a
magnetic measurement of electron momentum and make determination of E/p) then
this independent knowledge of the incident momentum can be used to obtain an
additional rejection of pions. Therefore, we quote a pion rejection factor
based on shower shape criteria alene and a pion rejection factor assuming that
independent knowledge of the incident particle momentum is available.

As mentioned in the previous section the four variables Eac/Ea' En/Eg,
total ionization in the gas tube hodoscope and the second moment of the
distribution of ionization in the gas tube hodoscope were used to form a X2
which measures the probability that a particular shower is due to an electron.
If a picn shower deposits a given energy the values of these four variables
for that shower are used to c¢alculate a X2 using the means and standard

deviations of the distributions of electron showers at that energy. Cuts on

this X2 were set to contain 97% of the electrons at all energies. Figure 8



2 cut as a function of

shows the fraction of pion showers which survive this y
deposited energy for the various incident momenta. As can be seen pions which
deposit lower energies are harder to separate from electron shcwers than pions
which deposit larger energies. The fraction of pions of a given incident
momentum that survive the shape cuts is shown in Figure 9 as a function of
incident momentum. In addition in the same figure the fraction of pions which
survive a cut on a XZ which incorporates knowledge of the incident particle
momentum is shown as a function of incident momentum. As can be seen both
types of rejection factors are relatively independent of momentum. Knowledge

of the incident momentum gives approximately an extra facter of 10

discrimination against pions.

Conclusions

An SCG1-C scintillation glass detector has been tested with pions in the
L-14 GeV/¢ range to determine its properties for discrimination between pions
and electrons. The noninteracting pions deposit 1.0x0.1 GeV of energy In the
array and are discriminated from electrons by their transverse shower
properties and total ionization deposited in the gas tube hodoscope.
Interacting pions are primarily rejected on the basis of their transverse
shower shapes with the longitudinal shower shapes contributing to the
diserimination factor to a lesser degree. Overall shower shape variables
allow rejection of all but 1.1x10'1 of all pions in the 4-14 GeV/c range.
Knowledge of the incident momentum decreases this rejection factor to

6.4x1073,
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