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Abstract 

'lhe results of the tests of a prototype ionization 
sampling calor.ir.eter are presented. Using protxi:rtional 
chambers interleaved with lead and sarrpling every Q.68 
radiation length, we fo:.md an energy resolution of 
24%/VE. Measurements of txisition resolution, lateral 
shower develoµrent, and hadron rejection are discussed. 

Introduction 

The tests of a proportional wire chatrber calori­
rreter 1IVere undertaken as part of the prototyping work 
for the Colliding Beam Detector project at Fennilab. 
Ease of construction, spatial resolution, and the ease 
with which to.vers may be constructed from cat.hode pads 
make this an attractive system for our end cap calori­
Iretry. Previous work1 •2 has sho.vn the practicality of 
this teclmique in the construction of 4rr detectors. 

Caloritteter Construction 

The calor.ineter was built from 34 proportional 
wire chambers interleaved with lead plates. The cham­
bers, see Fig. l, had a 12 nm gap with SO micron gold 
plated tungsten sense wires placed every 6 mm. The 
cells '\\>are separated J:::y 100 rl'icron copper-beryllium 
field wires at gro'-lI'.d po1.~ntial. cathode strips run 
orthogonally to the wires on one side of the chambers. 
'I.hey were 6 Im\ center to ce> .. nter with a 1 nm gap between 
strips. The chanbers were filled with a 50%-50% mix­
ture of argon· and etha..'1e for all stuiies. 
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Fig. L Olamber construction. 

All chambers were tested prior to use. Gain nea­
sureirents along wires and fran wLre to wire with:i.11 a 
given chantier sha,;ed an r.m.s. variation of less

2
than 

2.5% over an active area greater than 20 x 20 an • 
Overall charrber gain was rreasured by averaging the re­
sp:mse of the central wires in each ch.arrber. On the 
basis of those nEasureirents we were able to segregate 
the cha.'11l:;lers into two groups of 8 and one group of 18 
with a total gain variation within eac..'l group of not 
greater than 6%. When the calorirreter was assembled, 
\'AS alternated "high gain" and "la-1 gain" charrbe.rs within 
each group. 

MeasUl:eli'ent.s of gas gain as a function of several 
paraireters resulted in the errpirical relationship: 

t.G = 15.8 t.E - 15 @ + 6.3 t.T - 1.3 lt 
G E P T t 

Wlere G is gas gain, E is high voltage, P is gas pres­
sure, T .is t~eratur:e, a.nd t is gap thickness. No:rnal 

1 

running voltage was 1450 volts, resulting in a gas gain 
of about 780. 

The assembled calor:i.rreter, see Fig. 2, had three 
indepe.nde.'ltly read out sections. The first t< .. ..u sec­
tions were sampled every . 68 radiation length, while 
the third section was sarrpled every 1.19 radiation 
leng'"..h. '.furee high voltage supplies were used, one for 
each section. 
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Fig. 2. Calorimeter segrrentation showing beam counters 
and drift chambers. Each chamber represented 0. 054 
radiation length (3/16 in. aluninum) . 

The chambers were ronnected to a cr.:mron intake gas 
manifold through individual fle>\>!rE:ters. All chambers 
were carefully leak checked, and their outputs con­
nected to a cx:mnon exhaust mar.ifold. After a period uf 
initial flushing, the flCM rate was reduced to 10 cc/ 
min. for each chamber. No adverse effects of this low 
flow rate tNe.re noted. 

Readout Electronics 

The wires and strips were groui;:ed b.u-by-0..U in 
each chamber and daisy-chained to all correstxinding 
wires or strips in a given section along the beam dir­
ection. This gave an effective cell width of 1.2 an for 
both wires and strips. 

Fig. 3 sho.vs the electronics connection to the 
charrbers. The 0.1 J..IF capacitor at the integrater input 
prevented any !X)SSib.i.a high voltage leakage through the 
200 pF blocking capacitor and surface leakage around 
the cable ends from affecting the wire amplifiers • '!'he 
50 ohm resistor darrped oscillations en the coaxial 
cable and irrproved the system noise. 

The integrator, sample and hold, and differential 
3 arrplifier were part of a single multiplexed ADC system. 

Before a tri·1t;er, both the "before" and "after" switches 
are closed. The trigger causes the "before" switch to 
open, capturing the zero level of the integrator output. 
The integrator restxinse to an input charge propogates 
down the delay line and is placed on the "after" sample 
and hold capacitor. The "after" sample and hold switch 
is then opened and t.'le differentfo.l amplifier takes the 
appropriate differe.rice between the "before" and "after" 
levels so as to provide a positive output to the A.IX:. 

B....oeause of lini tations in the number of available 
ch....<mnels , section 1 had 16 x 16 instrmiented wite and 
s~ip pairs, or an .inst.rurentoo a..""Ca of about 19 x 19 
cm • Sections 2 and 3 had 23 x 23 channels, or an area 
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Fig. 3. Pea.dout electronics. 

of 27. 6 x 27. 6 cm2. Incident particles were usually 
kept near the center of the instrurrerrted area to mini­
Inize energy leakage out of the wings. 

The data were collected and written on magnetic 
tape for offline analysis. Online analysis and diag­
oostics were irrq:>lerrented using the MULTI software pad;l­
age distributed by the Fennilab Canputing Depa.rtrrent. 

calibration 

Gas gain was rconi toreci in one ~a.'Uber of each sec­
tion using the 22 Kev line of a cal 9 source with spe­
cial high gain amplifiers. A typical source peak is 
shorn in Fig. 4. It was possible to determine the 
source peak p::isition to within 1 % • Source triggers 
~re admitted during the accelerator's interspill per­
iod so that we could rconitor gas gain changes during a 
data run. 

Electronics gain was initially neasured using a 
charge injector at. the amplifier inputs. The ampli­
fiers were then conIECted to the chambers, and the 
£ield wires pulsed. This provided an easy way to see 
titre dependent gain variations, .3nd at the sane tine 
verify the integrity of the chamber to amplifier cx:m­
riections. We found the amplifiers to have an r.m.s~ 
gain variation of 3%. Gain changes with tine were 
insignificant. 

Beamline and Trigger 

The calormeter was installed in the MS beamline 
at Penni.lab. The beam consisted pr.iraarily of pions 
with about 2% electrons at 40 GeV. Particle identifi­
cation .and beam trigger were provided by a series of 
Cherenkov detectors and scintillator counters. See 
Fig. s. 

An electron signal was obtained fran the carbina­
tion: 

Cl•C2•U•D•F•fil•H2 

A pion signal was obtained fran: 

0• C2•U•D•F• Hl•H2 

2 

In addition, an upper level discriminator on F measured 
dE/dx and was used to veto multiple particles that did 
not diverge sufficiently to hlt hole counter Hl or H2. 

A pile-up gate was implemmted that prevented a 
particle fran generating .a trigger when preceeded by 
another particle within 1 microsecond. A flag was set 
in a CAMAC register allowing offline rejection of 
events when a triggering particle was followed by 
another particle within the sensitive period of the 
readout system (1 microsecond). 
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Fig. 4. Cdl09 22 KeV line used for gas gain measure­
rrent. C..~ was operated at 1450 volts. 
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Fig. 5. MS downstream layout. Cherenkov counters Cl 
and C2 tagged electrons. Scintillator a::mnters U (up), 
D (dcr.m.) , and F (finger) indicated passage of a particle. 
fble ex>unters Hl and H2 determined the trigger beam 
size and indicated the presence of multiple particles 
:fran upstream seex>ndary production. Drift chambers 
D. c. X and D. c. Y nonitored particle position. 
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Fig. 6. Calorimeter respmse versus electron energy. 
Wire slope is 213 counts per GeV, strip slope is 39 
counts per GeV. 

Test Results 

Fig. 6 shc:Ms the response of the calorimeter to 
different energy electrons. The wire response is seen 
to be 5.46 times the strip response. This is due to 
lx>th cell gearetry, which accounts for a factor of 4, 
and different gain of the charge axrplifiers as a fun::­
tion of input capacitive loading. 

Energy resolution for the wires is shown in Fig. 7, 
and shCMS a 24%/VE dependence. Resolution is plotted 
both with the third section and without. The inprove­
nent seen when not using the third section shows t.hat 
the noise contribution frcm that section is nore signi­
ficant than the signal content. 

Cathode resolution is worse than wire resolution. 
about 27%/'\/E. This degradation is not well understcod. 
It may be due to an unfavorable signal to noise ratio. 

Fig. 8 shONS a 40 Ge.V electron t:eak with the Gaus­
sian fit used to determine the resolution. 
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Fig. 7. Wire energy resolution. Resolution frcm the 
sun of all three sections is indicated by • , resolution 
fran section 1 and 2 sum only is indicated by It . 
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Fig. 8. 40 GeV electron wire signal with least squares 
fitted Gaussian. 



Position resolution was m=:asured at several ener­
gies for both the first and second sections. The [X)Si­
tions of incident electrons were calculated using both 
the first and second m:nrent of the lateral energy dis­
tribution. The difference between the calculated p:isi­
tion and the particle [X)sition as rreasured by a drift 
dlamber was used for position resolution detertnination. 
As seen in Fig. 9, the first section gave better resolu­
tion than the second. Also, the second m:rnent calcula­
tion, which weights the large signal cham1els rrore than 
the lCM signal chan."'1els, gave significa.1tly more accu­
rate position infonnation than the first rrarent calcula­
tion. First section, second rranent p:isition resolution 
was 1.24 mn at 10 GeV and 0.84 rrm at 46 GeV. 

There was no significant difference in the posi­
tion resolution of the wires versus the strips for 
either section or calculation rrethod. 

Studies were done to determine the effect on the 
total calorirreter signal and energy resolution as data 
were increrrentally discarded fran one side or both 
sides of the sho.•er. 

Shower position was calculated using the lateral 
energy distribution. The detector was made syrmetric 
aroun:l the shcwer by determining the distance to the 
closest edge and discarding enough channels fran the 
other edge to make both distances equal in each section. 
Then, sinaa the first section had a smaller instru­
nented area than the others, sane of the remaining chan­
nels fran the second and third sections were discarded 
so as to make the size of the instrurrented areas the 
same in all sections. The resulting detector measured 
14 channels by 14 cham1els, or 16.8 x 16.8 an2. This 
a:mfiguration represents the point of zero channels cut 
in Figs. 10, 11, and 12. 
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Fig. 9. Position resolution for electrons as a function 
of incident energy. Position was calculated using 
either the first or second rrarent of the lateral energy 
distribution in both sections 1 and 2. 

A is first m:Inent in section 2 

.6 is second marent in section 2 

O is first m:ment in section l 

•is second m::mE"..nt in section 1 
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Fig. 10. calorimeter wire signal versus number of chan­
nels cut fran one side of the shower only. See wx for 
discussion. 
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Fig. 11. Calorimeter wire signal versus number of chan­
nels cut syrrmet.rica 11 y from both sho.ver edges. See text 
for discussion. 
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Fig. 12. Energy resolution for wires as a function of 
the nunber of channels cut fran one edge of the sho:r.rer 
(• ) , or syrnnetrically fran both edges (x) • See text 
far discussion. 

Fig. 10 shows how the total wire signal varies 
when one starts with the above described configuration 
and renDves channels fran one side of the detector only. 
Carparison with the full detector response shcMs that 
O:t:m 3.4% at 10 GeV to 4.7% at 46 GeV of the signal was 
lost when the detector was reduced to its initial con­
figuration. 'I'he points corresponding to six channels 
cut describe a detector eight channels wide (9. 6 an) , 
with the shc:Mer core .between the seventh and eighth 
cells. 

Fig. 11 shClWS the wire signal as a furrtion of 
syrmetric cuts on both detector edges. The final points 
with six channels syrrmetrically cut describe a detector 
b.u channels wide with the electron shaver core between 
those boo channels. 

Fig. 12 shews hcM the energy resolution changes as 
a function of both symnetric and asymnetric cuts. 
Interestingly, the resolution sha..-s sare .inprovenent, 
particularly at lower energies, as one discards the 
extrere shower edges. Also note that the resolution 
resulting from two channels alone (six channels cut 
syrrmetrically) is considerably better than the resolu­
tion reSulting fran an asymnetric cut of six channels, 
where one wing is included. 

Hadron rejection was measured at 40 GeV only. A 
lead brick was inserted far upstream of the detector 
to attenuate the electron fraction prior to trigger 
formation. Fig. 13 sha-;s the pion peak with a super­
.imposed curve shewing the position of the 40 GeV elec­
tron peak. 
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Applying a tot.al si<;nal cut 7 .1 rev wide centered 
an the 40 GeV electron peak discarded about 2% of tJ1e 
electron~3 The resultirig pion rejection factor was 
8.4 x 10 An additioni11 cut was w.ade on the section 
1 signal. Discarding 10'~ of the electrons, the Jr= 
cuts together gave a rejection factor of 4 x 10- . 
Fig. 14 shows the application of those cuts to the pion 
signal. 
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Fig. 13. 40 GeV pion peak showing position of 40 GeV 
electron peak on same scale. The minimum ionizing peak 
is not shown. 

Fig. 14. Correlation plot of total calorirreter signal 
(horizontal axis) against first section signal (vertical 
axis) for 40 GeV pions. Lines show the position of the 
cuts used to detei:mine the pion rejection factor. 



Ack.now ledgJ'lfllts 

We would like to thank Dr. M. Mishina, Dr. J. 
Sauer, W. Colerran, M. Davis, M. Hrycyk, and E. Mabeus 
for their help in conducting these tests. 

References 

l. R. L. Anderson, W. W. Ash, D. B. Gustafson, 
K. Rich, D. M. Ritson, J. R. Johnson, R. Freerx>rt, 
and D. E. Wiser, IEEE NS-25 (1978) 340. 

2. P. Skubic, F. Sannes, D. Potter, J. J. Mueller, 
R. Imlay, G. K. Chang, and D. Bechis, contributed 
to this a:mferenoe. 

3. T. F. Droege, M. C. Hibbard, C. A. Nelson, Jr., 
P. A. Tharpson, Y. Makdisi, R. Lipton, IEEE NS-27 
(1980) 64. 

4. J. F • .Bartlett, J. R. Biel, D. B. CUrtis, R. J. 
Dosen, T. D. Lagerlund, D. J. Ritchie, and L. M. 
Taff, IEEE NS-26 (1979) 4427. 

*~rated by Universities Research Association under 
Ccntract with the United States Deparbrent of Energy. 

6 


