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Summary

We repert the measurement of the energy resolution of a UxU array of
SCG1-C =seintillation glass counters {(Ohara Optical Glass Manufacturing Co.,
Ltd.) exposed to positrons in the energy range of 1 to 25 GeV. Each element
of the array was 20.5 radiation lengths long. The resclution of the array was
measured both with and without a 2.5 radiation length SCG1-C scintillation
glass active converter and 0.2 radiatlon length hodescopes used to measure
shower position. We obtained an energy resolutlon og/E = (1.3 + 1.46/,E)%
without the active converter zand o/E = (0.6U + 3.94/,/E)% with the active
converter, Performing a partial correction for the average energy loss in the
0.2 radiation length hodoscopes resulted 1in an energy resolution of 5/E =
{0.50 + 3.83//E)% for the active converter measurement. We also report on the

measurement of the absolute number of photons produced by 1 GeV showers, the



optical attenuation length for the light produced by showers, the fraction of
the total 1ight output that 1s due to Cerenkov light relative to secintillation
light for showers, and the radiation darkening gsensitivity of the

seintillation glass.

* Present address: Termi National Accelerator Laboratory

#®Pregent address: Physies Dept., Zornell University,
Tthaca, New York 14853



Introduction

Results' of a test of a single piece of 18.4 radiation length (XO) 3CG1-C
scintillation glass (Ohara Optical Glass Manufacturing Cec., Ltd.) has
encouraged wus to construct and test an array of this glass 1in the
configuration needed for Fermilab experiment E—TOS.2 The blocks for the tests
were configured in a MxY array with each element of size 15x15x89.2 cm3 (20.5
Xo in length). Active converter elements of SCG1-C 15 em thick (3.5 XO)

followed by 0.2 XO thick position hodoscepes In which the location of the

shower centroid was measured were positicned in front of the array.

Beam

The measurements reported In this paper were performed using the positron
test beam 19 in the B end station at the Stanford Linear Accelerator Center
(SLAC)Y., The beam had a momentum spread, AP/P (FWHM) = 0.25%, and a small spot
size wlth 90% of the beam particles contalned within a radius of T mm. The
contamination of this beam by muons and plons was negligible over the entlre
energy range. The energy was Gtuneable from 1 to 25 GeV. The beam was
operated at 10 pulses per second wlth an average of less than 0.3 positrons
per the 150 ns pulse. Beam pulses with more than 1 positron were Identifled

and later rejected in the off-line analysis.



Experimental Apparatus

The arrangement of the 4x4 secintillaticn glass array along with its
active converter and position hodoscopes i1s shown In Fig., 1. This array and
the active converter are composed of 3CG1-C scintillation glass., The

composition of the SCG1-C acintillation glass is given in Table I.

Tabhle T

Composition of SCG1-C Scintillation Glass-
(by weight)

Bal b3, 49
10 42,59
1 6 n.0%
Mgh 3.3%
K.0 3.3%
Af203 2.0%
Cezo3 1.5%

Barium rather than lead iz the dominant heavy element. The glass has a
radiation 1length of Y¥.35 cm and a density of 3.36 g/cm3. The Ce203 acts as a
scintillating component and a wavelength shifter for short wavelengths, This
glass produces greater than five times the number of photons than is ohserved
for the comparable number of radiation lengths of SF5 lead glass.1

Each element of the UxlU array was composed of a block of 3CG1-C
15x15x89.2 em? in size., The actlve converter was compcsed of the same size
blocks but positioned on end 11.1 em in front of the Ux4 array so that the
beam passed through the 15 cm dimension. Fach glass block was viewed through

zn optical grease {Dow-Corning Q2-3067) joint by an EMI G791KE photomultiplier

tube, The entire calorimeter was mounted on a movable table permitting the



beam to be positioned transversely within the array to £1 mm. Each counter of
the array had a green LED (Hewlett-Packard HLMP-3950) mounted on the end of
the counter cpposite the phototube for the purpose of galn monitoring. The
Ux4 array and active converter were contalned in separate Insulated boxes
fitted with thermoelectric coolers. Temperature variations were limited to
less than O.SOC, so that gain changes due to temperature fluctuations were
kept at a negligibly small level. The pulse helghts were digitized wusing
LeCroy 2280W ADC's wilth a 256 ns gate length, Data were written on magnetic
tape using an LSI-11 minicomputer. A detalled deseription of the 0.2 Xo
position hodoscopes placed between the active converter and Uxd array is given

H
elsewhere,

Experimental Hesults

Energy BResolution

Calibration coefficients for each element of the array without the active
converter in place were generated using an 1terative minlmization
technique.1’s With the active converter elements in place, the deposited
energy 1s shared between the active converter and the blocks of the Uxl array.
The calibration coefficients of the active converter element and the block of
the U4xY4 array centered on the beam in this configuration were determined

simultaneously.



The energy resclution of the array was determined by centering the beam
successively on each of the 4 central blocks with and without the active
converter and recording a few thousand showers at energy settings of 1, 1.5,
2, Y4, 6, 10, 1€ and 25 GeV, With the beam 1in one of the blocks,
representative energy spectra measured by the array without the active
converter are shown in Fig. 2a,b for 1 and 25 GeV, respectively. Superimposed
on the distributions are gausslan fits to the spectra., Corresponding spectra
at the same energies but wlth the active converter in place are shown iIn
Fig. 3a,b.

The energy resolution of the array only 1s shown in Fig, 4 plotted
against 1A4'E, The data were fitted to the form 0/E = a + b/VE., The energy
resolution 1s {1.63 %+ 0.05)% + {1.46 * 0.10)%4/VE for the array without the
active converter In place. This 13 comparable with ocur earlier test with an
18.4 X block where we measured (1.64 % 0.14)% + (1.13 % 0.33)%//E-1

The energy resolution of the array wlth the active converter 1is shown iIn
Fig. 5. For the Uxll array together with the active converter the resolution
is (0.64 £ 0.06)% + (3,94 + 0.11)4/E. The energy resolution at higher
energies with the actlve converter is smaller than that measured withou£ the
active converter for two reasons. First, active converter information was
used to correct for conversion point fluectuations within the glass., Second,
energy leakage fluctuations are smaller because of the extra length of active
converter material, The energy resolution at lower energies with the active
converter however i3 larger than that without the active converter, The
primary reazon for this degradation 1s the 0.2 XO thick peosition hodeoscopes
placed after the 3.5 Xo thick active converter. An EG86 Monte Carlo predicts

that the fluctuation of the energy depcsition In the inactive material of the



pogition hodoscopes i3z 1.9% at 1 GeV and 0.7% at 25 GeV. When =z partial
correction for the average energy loss 1n the position hodoscopes was
performed we Improved the energy resolution to (0.50 * 0.08)% + (3.43 %
0.18)4#'E as shown in Fig. 5. The fluctuations in the energy loss about the
average in the position hodoscopes can not be corrected for in the measurement
and still contribute to the resclution. TIf position hodoscopes with a small
radiation length were used one could expect to 1mprove further thls energy

resolution for the low energy points.

Photon Yield

A measurement of the absclute number of photons produced by a shower was
alsc made. The absolute gain and relative quantum efficiency of each of the
EMI 4791KB phototubes were measured. Using these wvalues together with the
pulse helghts for 1 GeV showers in each element of the 4xB array and a mean
absclute quantum efficiency of 0.27 for the 9791KB photocathode, the yield of
photons was calculated for sach plece of glass. The average number of phétons
from a 1 GeV shower arriving at the back face of the Ux¥ array counters was
found to be 1.6%0.4 x 10LL photons/GeV. The number of photons expected from
the 1.46+0.10%/YE term of ithe measured energy resolution of the Uxd array 1s
3.1£0.5 x 10"Tr photons/GeV if the 1/VE dependence of this energy resolution was

due entirely tc photon statisties,



Optlical Attenuation Length

We have made a separate measurement of the attenuation of 1light from
showers 1in an SCG1-C block by a longlitudinal scan with a 10 GeV beam
Lransverse to the block. From this measurement we find the optical

attenuation length to be 190+60 cm.

Measurement of the Cerenkov Light to Scintillation Light Output of SCG1-C

We have observed that the light produced by 3CG1-C has two components: a
fast Cerenkov component produced directly by particles above Cerenkov
threshold, and a slow secintillation component produced by particles both above
and below Cerenkov threshold, Several tests were done to quantitatively
separate the seintillation and Cerenkov fracticns of the light. A  block of
SCG1-C was viewed with a fast phototube, the RCA C31000M, For a il GeV shower,
oscilloscope photographs were taken of the phototube signal both with. the
phototube positioned on the downstream end of the block antiparallel to the
beam (normal configuration) and with the phototube positioned on the upstream
end of the bloeck parallel to the beam (reversed configuration). These
photographs are shown in Fig. 6. To correct for the different attenuation of
the glass 1In the two cases, the two sighals have been normalized to give the
same value at 100 ns. TIn the normal configuration the photograph shows a fast
Cerenkov component that does not appear 1n the photograph from the reversed

configuration. From the photographs, the Cerenkov fraction is estimated to be



15£2%, With this phototube the exponential decay time for the scintillation
light 1z measured %o be 90*5 ns.

Tn another test with the same block and fast phototube, the signal was
passively divided and fed into different ADC's with gate lengths of 32 and 26i
ns, respectively. Fitting a form C+S{1-exp(-t/90 ns)) where C 13 the Cerenkov
compeonent, S 1s the scintillation component, and t 1s the gate length, we also
find that the Cerenkov signal represents 16:18% of the total light output from

seintillation glass for electromagnetlic showers.

Radiatlon Darkening Sensitivity

The sensitlvity of 5CG1-C to radlation darkening relative to that of SF5
lead glass was measured uslng the 100 MeV proton synchrocyclotron at MeGill
University. Samples of 3CG1-C and SF5 each 1 cm thick were exposed to protons
of kinetic energy 55 MeV., The optical transmission at wavelengths of U436 nm,
547 nm and 570 nn were measured after exposure of the samples to a proton
flux. The +transmission T along +the incident proton axis relative to‘that
before irradiaticn TO i3 shown in Fig. 7a for SCG1-C and Fig, 7b for SF5, We
find that for a large proton f{lux SCG1-C 1s approximately 150 times more

registant than SF5 to radiation darkening of the glass at 436 nm,
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Coneclusions

The energy resolution of a 20.5 radlation length B3CG1-C scintillation
glass gshower counter array with a 3.5 radlation length S5CG1-C actlve converter
and 0.2 radiatlon length position hodoscopes was measured to be C.50% +
3.43%9//E. The low energy behavior of the energy resolution was degraded by the
inactive material of the position hodoscopes and could be 1mproved for
energias less than 4 GeV by having very little material bhetween the active
converter and the array. We have also measured the photon yield for SCG1-C to

be 1.6 x 10%

photons/GeV, the attenuation length for light from showers in
SCG1-C to be 190 cm, the fraction of the light output due to Cerenkov light
relative to the total 1light output for showers in SCG1-C to be 15%, and a
radlation darkening resistance for S8CG1-C that is 150 times larger than that

for SF5 lead glass,
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