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Abstract 

Lead glass (-(Hint ITS made of wedge shaped blocks of SFB 
were ifstvil -rtiili positrons nl SLAC The beam energy ranged 
from 2*17.*t (i*>V H-jicrgy dependence and beam position de-
pviulenu' of pulw height and energy resolution were studied 
uilh lend glass block*) nf various lengths. The effect of a BK-7 
IIRIII guide on pulse height KM clearly observed. Degradation 
of llie* PiirrRy rnuliilinn due lo aluminum absorbers of various 
lengths was invrstigalrd, A mesh type pbotojnultiplier was also 
tented 

1. Introduction 

\n array of a new type uf lead glass SFO, radiation length 
A'n s= 1 7 cm, has hc<*n tcsli-d in & positron beam at SI.AC. 
The glaM- is ihUntltd In W used in battel calorimeters, for TRlS-
T W I'vpcriinpnls at KFK Some 10.000 pieces oflead glass ul-
tilinlely Hill hi< required. The block segments are to be wedge 
sl.:i|n<(i In bvtler Till the annular volume of the barrels 

2. Experimental Procedure 

A 3 X 3 array «>r the glass was exposed in a secondary 
[inxilrnn beam, with brain energy of 2 to 17.5 GeV. The beam 
hail x spot siIO of about - mm diameter and a beam energy 
«pri"»f( JafV/iV, nf Irss than 0.5*7. The experimental layout is 
shi'ttn ill F'ig. I. The lead glass block array was positioned and 
ihiArri transverse In the benjii with a precision of less than 

«i1»Ml'«'fii 

: TOO G-DM. Bice«^ 

Fig- 1. Experimental layout-

* Wort, supported ID part by the Department of Energy, con-
t* c t l>r> AC03-7&.SF009I5. and by the Japno-U.S Cooperative 
I'..gram on Detector R&D. 

I n»n- A coincidence signal of defining counters, SI (3 mm la 
diameter and 2 cm long| and SI (2 cm X $ cm), was used 03 a 
trigger. The heam intensity was eel to bean average of 0,1*0.3 
particles per pulse with beam repetition rate of 10 lit. Pulse 
length wan about iflTi na«. Data from pulses with mow than 
1 pasiiron were rejected by imposing a tolerance on the pulse 
height frnm S2. 

Tlir lend glass block to be measured Was placed al the 
center of the 3 X 3 array and pulse height data Tor &II 0 blocks 
were digitized, coll cried and written onto magnetic loj .' for 
every event. The surrounding 8 counters were each of 20XQ 
with a cross section of 0.0 cm X 10.3 cm at the beam entrance 
and 10.3 cm X 10.3 cm at the roar surface (tbe horizontal 
side faces were tapered by 1°). Whenever the beam position 
dependence was studied, the top middle block was also replaced 
by one of the • urn? type as tbe center black and the boim wis 
srnnned vertir My from the center block through the top block. 

Lead glass blocks of IOXQ, 18,Yn sod 20AQ, and a wedge-
shaped block ' l&A'o, were tested. The effects or a 4 cm 
long light guide (3 inches .a diameter) nf BK-7 gloss were also 
measured. To each block was attached a 3-incb diameter pho-
tomultiplier. Ham am at su TI5B4-02, using an ultra high vacuum 
grease of excellent transparency to attach the tube. Each lead 
glass block was wrapped with sluminLcd mylar tad black tape 
to ensure light tightness. 

The signals from the lead glass block* were digitized by an 
11-bit ADC, Lecroy 224QW, using & gate width of 200 ns« . 
The linearity of the ADC's was checked in advance and was 
found to be linear lo within 2 counts throughout tbe entire 
dynamic range. By means of an LSI* 11 mini*CDmj>Uf'?r> data 
was collected, analyzed and written onto magnetic tape to per­
mit further off-line analysis. To adjust the gain constant for 
each ehanne! (including the ADC's), the wine counters of the 
array were successively escposed to 30 <3eV positrons, Tbe high 
YOHB£" for each counter was then adjusted to give roughly the 
same mean amplitude in pulse height. Alter adjusting the high 
voltages, the mean Amplitude* for 10 G«V positron Signals were 
used to generate normalization constants for the off-line anal­
ysis. 

Figure 2 shows the typical pnbe height spectrum ioi a 20XQ 
lead glass block array exposed to a 17.5 CeV positron beam. 
The pube heights for the nine blocks has been summed. The 
energy resol-itian was obtained by fitting the Gaussian shape 
to the spectrum as shown with tbe solid Mo* in tbe figure. 
For those circumstances in which the spectra was asymmetric, 
independent Gaussian distributions were fitted separately to 
the upper and lower halves and the average 
io determine the energy resolution. 
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Pig. 2. Pulse height spectrum of positrons with energy of 
17.5 GcV for a 20A'o lead glass counter. The solid curve is a 
Gaussian fit to the data. 

3 . Results 

la Pig. 3 , the energy resolutions Tat lead glass Marks 
of lengths ISA'o, IBA'p and 20A*o are shown as a function 
of 1/ y/E{Gt\) (hereafter the unit of energy will be OeV). 
The resolutions are expressed as (0.78 + 3 .58 /V^To. (0.34 + 
4 . l t y v / E ) e o and 4 .02 /v /£-~ for blocks of ISA'o, ISA'o and 
20.Yo. respectively. Lead glass blocks with shorter lengths are 
sera to have larger constant terms, as effect thought to be due 
to the greater shower leakage out of the bark. No deteriora­
tion in the linearity of the pulse height is observed with energy 
up to 17.5 GeV despite shower leakage, perhaps explained by 
compensation between the reduction of the pulse height due lo 
the shower leakage and the enhancement of the pulse height 
caused by the reduction of the attenuation length. 

Figures 4 and & show the energy resolution with an alu­
minum absorber located in the beam ahead of the lead glass 
counter array; the resolution is expressed as ajB = 6.5/ -JE 
Co| for a lA'o absorber. The deterioration in resolution is neg­
ligibly small when the thickness of absorber is less than o.SA'o 
for an energy of 2 GeV or when less than I.SA'r, for IB GcV. 
The mean pulse height is reduced by the absorber u shown in 
Pig. 8. 
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Fig i -irrgy resolution for a 20.V0 block with an aluminum 
absurbr ti frnnt off the block. 
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Fig. 5. Energy resolution versus absorber thickness for ener­
gies off 2 GeV, 8 GeV and 10 GeV. 

I 95 

Poise wergf>> vs 
Absorber Trht*rtr/ss 
• I6G>V 
o s Gev 
* 2 Oev 

0 O.i '.0 i.S 2.0 
i '-l. ^ S C R K * »• c<\ess K M 

Fig. B. Refatm pulse hetgbt versus absorber thickness for 
er<rgies of 2 GeV, 8 GeV and 16 GeV. 



In Figs. 7 and 8 are shown the light guide effects. Lead 
glass blocks of various radiation lengths (15,Yg, ISA'o add 20,YQ) 
were exposed to the beam with energy of 10 and 17.5 GcV. 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. Ill 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 no light guide. The pulse height sum of the adjacent two 
blocks is seen to be quite flat except at the boundary of the 
blocks. With the tight guide attached, an energy resolution of 
ofE = (0,2 + 4.0/ y/E)% is B little worse than without the 
light g'.'vie. This deterioration in the energy resolution b ex­
plained by attenuation of light in the light guide together with 
the smaller geometrical acceptance. Figure 8 shows the same 
beam position dependence for a 20A*o block with the light guide 
attached. 

The energy' rr-soluiioii for a wpdgc-shaped lead glass block 
is shown in Fig. 0. The block has a cross section of 10.3 cm 
X 8 cm at tho front surface and 10.3 cm X 10.3 cm at the 
rear surface; the length is IB.YQ. The high voltage was sot so 
that the sum of the pulse height or the nine blorks, including 
the wedge-shaped block, gave the same value as that of nine 
normal Mocks. The resolution was measured to be ofE — 
(0,3 + 171 ^I'Y'l. The deterioration in resolution is abnut 
0 .V7 at 2 (ti'V, No deviation from linearity is seen. 

Tests were performed with a new mesh type phototube, 
Hamamatsu HI653X. attached to a 20AQ lead glass block. The 
tube is designed for operation in a high magnetic Geld, The 
energy resolution was found to beo/E — (0.06 + 5 9 5 / </E)%, 
compared to 4.92/ v/i'^c with the conventional type photo-
mulliphcr, Hamamntsu R594-02 

! ic, 7 lli-arn posh inn drpendenre c>f the pulse height for a 
ao.Yo l*ad glass block. 

Fig. 8 Beam position dependence of the pulse height for a 
20A"o lead glass block with light guide Tor a beam energy n f 
17.5 GeV. 
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Fig. D. Energy resolution for a wedge-shaneo lead glass block 
or J8A*o [open circles). Energy resolution for tbe norma) Mock 
or ISA'o is shown for comparison (closed circles). 
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4. Conchmlone 

A SF8 lead glass counter array has been tested. The results 
a n summarised as follows: 

I. SF6 lead glass counters have preferable energy resolu­
tion lor TRISTAN experiments lor an energy range of 2 
GcV (a 17.5 GcV. The resolution is about 5 / v t («B|. 

t. A length of i8.V„ to 20A'0 is recommended for the bracks. 
Lead glass of 1S.V0 has been measured to have a rch* 
lively small constant term oro.34°o in the energy reso­
lution. The unit radiation length is 1.7 cm. 

3. A light guide b to be used to reduce the effects of the 
magnetic field at the position of the pnotomulliplier. 
With a light guide, the pulse height is enhanced but the 
energy resolution becomes worse as the shower leaks into 
the glass light guide. 

4. The effect of an absorber can be rather large. Material 
in front of the lend glass counter should be less than 
I.VP. 

5. Wedge-shaped lead glass counters have shown reason­
able energy resolution 

6 The en rgy ri-sohilion measured when using the new 
mesh type pholomultiplier. Ilam&matsu 111652X. is 
•lightly worse. More improvement in the paotimiulti-
plier b necessary. 
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