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Abstract

L.ead glass counters made of weige shaped blocks of SFe
were fested wilh positrons ot SLAC. The beam energy ranged
from 247 5 GoY' Energy dependence and beam position de
pendence of pulse height and energy resolution were studied
with load glass blocks of various lengths. The effect of a BK-7
Ight guide on pulse height was clearly observed. Degradation
of the energy resolution due to aluminum absorbers of various
lengthe was investigated. A mesh type photomultjplier was also
el o

1. Introduction

At array of & now type of lead glass SFO, radiation length
Xg = {7 em, has been tested in a positton beam at SLAC.
The glass iv bt thdded Lo be used io barrel ealorimeters for TRIS-
TAN inperiments at KEK Some 10,000 pieces ol lead glass ul-
tumately will he required. The block segments are to be wedge
shaped (o better Gl the annulac volume of the barrels

2. Experimental Procedure

A3 X 3 array of the glass was exposed in a secondary
positron bram, with heam energy of 2 to 17.5 GeV. The heam
had 1 spot size of about 2 mm diameter and a beam energy
spread, AE/E, of less than 0.57%. The experimental layout is
shown 1 Fig. L. The lead glass block areay was positioned and
mosed transverse to the beam with & precision of less than
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Fig. ). Experimental layonl.

* Work supported in part by the Department of Energy. con-
t2 wi DEsAC03-765F00515. and by the Japan-U.S. Cooperative
Piegram on Detector RED.

1 min. A eoincidence signal of defining eonnters, St (3 mm in
dinineter and 2 em long) and S2 (2 em X § e}, was used as 8
trigger. The beam inlensity was sel to be an average of 0.1.0.3
purlicles per pulse with benm repetition tate of 10 2. Pulse
length was about 150 naee. Data from pulses with more than
1 positron were rejected by imposing a tolerance on the pulse
height feom S2.

The lend glass block to be measured wos placed st the
center of the 3 X 3 array and pulse height data for all @ blocks
were digitized, collected and writien onto maguetic tng @ for
every event. The surrounding 8 counters were cach of 20X
with a cross section of 0.0 em % 10.3 cm ol the beam entrance
and 10.3 em X% 10.3 cm at the rear surface (the horizonial
side faces were tapered by 1°). Whenever the beam position
dependence wag studied, the top middle block was also replaced
by onc of the - 1me type as the center black and tbe beam was
scanned vertic lly from the center block through the top block.

Lead glass blocks of 13Xp, 18Xp and 30.Xp, and a wedge-
sbaped block ° 18Yp, were tested. The effects of & 4 em
long light guide (3 inches .a diameter) nf BK.7 glass were also
-neasured. To each block was attached a 3-inch diameter pho-
tomultiplier. Hamamatsu R584-02, using an ultrs high vasaum
grease of excellent tranaparency to attach the tube. Eaeh lead
glass block was wrapped with slumini.ed mylar sod blaek tape
to ensure light tightness.

The signals from the lesd glass blocks were digitized by an
11-bit ADC, Lecroy 2240W, usiug o gate width of 200 naec,
The lincarity of the ADC’s was checked in sdvance and was
found to be linesr to within 2 counts throughout the entire
dynamic tange. By means of sn LSI-11 mipi-eomputer, data
was collected, apalyzed and written onto magpetic 1aye to per-
mil Torfber off-line spalysis. To adjust the gaip constant for
each chapne! {including the ADC’s), the nipe counters of the
array were successively exposed to 39 GeV positrons. The bigh
voltag= for each counter was then adjusted to give roughly the
same mesn amplitude in pulse height. After adjusting the high
vollages. the mean amplitudes for 10 GeV positron signals were
used to getierate normalization constants for the off-line anal-
ysis.

Figure 2 shows the typical pulse height spectrum fur 8 20Xp
lead glass block array expased to & 17.5 GeV positroa beam.
The pulse heights for the nine blocks has been summed. The
cnergy resolttion was obisined by fitting the Gaussian shape
to the spectrum as shown with the solid line in the Bgure.
For thuse circumstanees in which the spectra was asymmetrie,
independent Ganssian distributions were Bited separately to
the npper and lower balves and the average sl was used
1o determine the energy resolation.
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Fig. 2. Pulse height spectrum of positrons with energy of
17.5 GoV for 8 20Xp lead glass counter. The solid curve js a
Goussinn B to the data.

a. Results

tn Fig. 3, the energy resolutions for lead glass blocks
of lengths 16Xp, 18Xp and 20Xg are shown as a function
of 1/ VE(GeV) (hereatter the unit of emcrgy will be GeV).
‘The resolutions are expressed as (0.78 + 3.28/ VEI5, (0.31+
4.15/ VE)% and 4.02/VE for blocks of 15X0, m’n and
20Xg. respectively. Lead glass blocks with shorter lengths are
soen to bove Jorger conctant {erms, an effect thought to be due
to the greater shower leakage out of the bark. No detetiora-
tion in the linearity of the pulse height is observed with energy
up to 17.5 GeV denpite shower leakage, perhops explained by
compensation belween the reduction of the pulse height due 1o
the shower leskage and the enhaneement of the pulse height
caused by the reduction of the attenuation length.

Figures 4 and § show the energy resolution with an alu-
minum sbsorber located in the beam ahead of the lead glass
counter array; the resolution is expressed as ¢/€ = 6.5/ VE
(73] for a 1Xp ahsarber. The deterioration in resolution is neg-
ligibly small when the thickness of absorber is less than 0.5X,
for 8o epergy of 2 GeV or when less thao 1.2Xp for 16 GeV.
Tbe mean pulse height is reduced by 1he absorber a3 shown in
Fig. 6.
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Fig. 4 ergy resolution for a 20Xg block with an aluminam
absorbe: n frent of the bleck.
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Fig. 5. Energy resolution versus absorber thickness for ener-
gies of 2 GeV, 8 GeV and 10 GeV.
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Fig. 6. Relative pulse height versus absorber thickness for
erergies of 2 GeV, 8 GeV and 16 GeV.

(Arbarary Une)




In Figs. 7 and 8 are shown the light guide effects. Lead
glass blocks of various radiation lengths (15Xg, 18X and 20Xg)
were exposed to the beam witk energy of 10 and 17.5 GeV. The
beam was scanned vertically from the center of the array to the
center of the adjacent blocks, with a fixed horizontal position
of the blocks. In this way the beam position dependence of
the pulse height and the energy resolution was studied, both
with and without the light guide of BK-7 optical glass. Fig-
ure 7 shows the beam position with a beam energy of 10 GeV
and po light guide. The pulse height sum of the ndjacent two
blocks is seen to be quite flat except ot the boundary of the
blocks. With the tight guide attached, on energy resolution of
o/E = (0.2 + 4.9/ VE)° is s little worse than without the
light gevie. This deteriotation in the energy resolution is ex-
plained by attenuation of light in the light guide together with
the smaller geometrical accepiance. Figure 8 shows the same
beam poxition dependence for & 20X, block with the light guide
attached.

The energy resolution for a wedge-shaped lead glass block
is shown in Fig. 9. The block has a eross section of 10.3 em
X & cm at the front surface snd 10.3 em x 10.3 em at the
rear surface; the length is 18Xy, The high voltage was set so
that the sum of the pulse height of the nine blocks, including
the wedge-shaped black, gave the same value as that of nine
normal bloeks, The resolution was measured to be of/E =
(0.3 + 47/ VEY!. The deterioralion in resolution is about
039 at 2 GeV. No deviation from linearity is seen.

Tests were performed with a new mesh type phototube,
Hamamatsu R1652X. attached to a 20X lead glass block. The
tube is designed for operation in a high magnetic field. The
enetgy resolution was found to be o /E = (0.06 4+ 5.88/ VE)%,
compared to 4.02/ VE ¢ with the conventional type photo-
nltiplier, Hamamatsu R594-02.
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Fig. 8 Beam position drpendence of the pulse height for a
20X lead glass block with light guide for & beam enrrgy of
17.5 GeV
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Fig. 8. Energy resolution for a wedge-shapeq lead glass block
of 18Xg [open cireles). Energy resolution for the norma) block
of 18X is shown for comparison (closed ¢ircles).



4. Conclusions

A SF8 lead glass counter array has been Lested. The results
are summarized as Tollows:

SF6 lenod glass ¢ounters bave preferable energy vesolu-
tion for TRISTAN experiments for an energy range of 2
GeV ta 17.5 GeV. The reselution is about 5/ vE (%)

A length of 18X to 20X g is recommended faz the blocks.

Lead glass of 18Xy bas been measured to bave a yela-
tively small constant term of 0.34% in the energy reso-
Jution. The unit radiation fength s 1.7 em.

A light guide is to be used to reduce the effects of the
magnetic field at the positien of the photomultiplicr.
With a light guide, the pulse height is enhanced but the
energy resolution beeomes worse as the shower leaks into
the glass light guide.

DISCLAIMER

4. The effect of an absorber can be rather lasge. Material
in front of the lead glass counter should be Jess Lhan
1Xo-

5. Wedgnshaped lead glass counters have shown teason-
able energy resolution.

8  The en ¢gy resolution measured when using the new
mesh type ph Itiplier. H sy R1652X, in
slightly worse. More imp: Tt in the pb -
plicr is necessary.
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