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A gas sampling electromagnetic calorimeter :running in a "Saturated 

Avalanche M:Jde" was tested at SLAC with positrons incident at energy up to 

17.5 GeV. With this new nethod, good energy resolution, 16 percent/-[E, 

and good linearity were obtained with arrays of thirty-four 0.5 radiation 

length thick lead plates interleaved with 34 wire counters. '.lhere was no 

neasurable systana.tic effect. Arrplifiers are not needed; the signals are 

large enough to be connected directly to the AOC's. 

tPresent address: Institute of HEP, Ac. Sinica, Beijing, P. R. China 

*Presented at the 2nd Topical Conference on Forward Collider PhYsics, 
Madison, Wisconsin (December 1981). 
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Introduction 

Gas sampling calorirreters operating in a proportional rnxle have been 

tested and used by several groupsl-lO but, with one reported exoeption6 , 

their energy resolution has been much inferior to that achieved with calori

rreters that use plastic scintillator counters. Inproved resolution has been 

dem::mstrated in a calorirreter operated in the Geiger mode11, and may be 

expected also with the limited strearrer121 13 rnxle. Those devices are intrin-

sically different fran proportional counter energy sampling calorirreters . The 

fomer, in effect, use the number of tracks in the sha..;er, while the latter 

use the magnitu:le of total collected charge as measures of the energy depos

ited in the gas. In this paper, we report results of tests of gas sampling 

calorirreters run in neither of these m:ides, but in an intermediate, partially 

saturated mode. Their resolution is canparable to that of plastic scintilla

tor calorirreters. 

These tests were made as part of the program to develop calorirreter 

m::rlules for the Collider detector facility14 , as apparatus to detect products 

of PE> interactions at the 2 TeV colliding beams machine n= tmder construe-

tion at Fennilab. The present design (Fig. 1) calls for gas sampling electro

magnetic and hadronic calorirretry in the forward and backward angular re

gions. Respectably small granularity will be achieved with t=er structures 

of cathode readout pads. 
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E?q?erL-rental Arrangeirents 

'lWo detectors studied were a MAC prototype6 and brass tube caloriroeter10 

(BTC) which were tested previously in proportional rrode at SIAC and at Fermi-

1.ab, respectively. Thus, only limited details of constJ:uction will be given 

here. 

The MAC prototype was conp:ised of 34 lead plates of 2 . 8 nm thickness 

and 34 planes of 50 ).JJTl dianeter anode wires enclosed in 9. 5 nm x 9. 5 nm cells 

which are separated by 1. 5 nm thick aluminum ribs, a 17. 8 radiation length 

shower detector. Fig. 2 shCMs the arrangement and the cell stJ:ucture. Both 

detectors were individually placed in aluminum containers which could be 

evacuated or pressurized for studying pressure effects. The anode wires of 

each plane were connected to a cormon strip, and seven such planes were fur-

ther grouped together, resulting in five groups to be read out. 1-bst of the 

results that will be presented in this paper were obtained from the total 

sum of these five groups. Results on the longitudinal develoi;mmt in the 

shower will be reported later. 

'Ihe counter gas was a mixture of 49.3 percent Argon, 49.3 percent ethane, 

and 1.4 percent ethyl alcohol. Negative high voltage was applied to the 

cathode tubes. Distributed high voltage capacitors totalling 0.25 µf were 

the charge storage elements. As indicated in the figure, there was no need 

for amplifiers between the wires and the AOC's. Indeed, it was necessary to 

attenuate the large signals obtained between 2 db and 30 db depending on 

the high voltage and gas pressure. Forty rreters of RG58 coaxial cables car

ried the signals to the LeCroy 2249W AOC's. The AOC pedestals were deter-

mined with a linear extrapolation of the rreasured variation of pulse height 



- 3 -

The wires of the BI'C were connected together longitudinally, as shown 

in Fig. 3, and further grouped as indicated above and in the figure. The 

BI'C was rrede of O. 36 mn wall thickness, 6 • 3 nm x 11. 3 rrrn cross section brass 

tubes containing 50 µm diarreter anode wires. Forty 2-rnn thick lead plates 

were berueen the wire planes to give a total of 16 .s radiation lengths. 

A ISI-11 computer system with a SLAC program package "ATROPOS" was 

used for data taking and on-line display and rronitoring. 

Beam Paraneters 

The detectors were tested in the 19° beam of the Stanford Linear Accel

erator which provided positrons of 17. 5 GeV naximum energy. SUIC ran in the 

SLED rrode during the entire tests with a bunch length of about 20 nsec, FWHM 

8 nsec, and 10 bwiches per second. About 95 percent of the beam at the 

detector was within the 2 mn x 2 nm area of the beam defining counter. 'Ihe · 

intensity was, on the average, between 1/10 and 10 positrons per bwich. The 

xrarentum spread of the beam, t.p/p was less than ±0. 25 percent rms. 

Eiq:erinental Results 

M:Jst of the data presented here were taken with the MAC prototype calori

rreter. Gain and resolution were rreasured at various settings of gas pressure 

and applied voltage with positrons incident at selected energies in the 

range 1.5 GeV-17 .5 GeV available in the SLAC test beam. A representative 

sample of typical results will be shown. 
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For 10 Ce.V incident positrons, the total pulse height distribution is 

sha.m in Fig. 4 together with a Gaussian fit to the data. Only that portion 

of the distribution within ±2cr of the rrean were used in the fitting procedure. 

'Ille shaf:e of the distribution, typical of all, is well represented by the 

Gaussian function. 

With fixed gas pressure, the resolution cr/E varies with high voltage 

as sha.m in Fig. 5. As the voltage increases from 2100 V, the resolution 

slowly decreases to a shallow minimum at "' 2250 V and then slowly increases. 

Figs. 6a and 6b present the calorimeter output as a function of incident 

positron energy. lloth at 0 psig and 5 psig there is no departure fran 

linearity at energies up to 17.5 GeV. For these runs, the counters were run 

at 2300 V and 2550 V, resf:eCtlvely. 

Fig. 7 shows the total pulse height as a function of high voltage for 

the pressures of 0 psig and 3 psig. l3oth show approximately exponential rise 

in gain with increasing voltage. '!he higher pressure curve has scma indi

cation of an inflection p:>int near the middle of the range. 

Higher energy resp:>nse of the detector was simulated by using multiple 

positrons in a single rf bucket. '!his is a fair simulation since the posi

tive ions do not l!Ove appreciably from where they were produced during the 

beam spill. Fig. 8 shows the detector response to multiple positrons of 

17.5 Ce.V. It shows that as rrany as 11 simultaneous positrons the energy reso

lution of the detector is sufficiently good to resolve them with clear minima 

between the peaks of the pulse height distributions for the corregponding 

numbers of positrons. In fact, this is a Poisson distribution for n = 4.5. 

'Ihe oscilloscope trace reproduced in Fig. 9 shows sane pulses for single and 
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double positrons. The pulse rise tirre is about 10 nsec, and the decay tirre 

is alm:lst 800 nsec. The decay tirre is long because the whole detector whose 

capacitance exceeds 10 nF was connected to a single 50 n coaxial cable. The 

pulse height for singles is "' 75 rnV and is "' 150 rnV for doubles. These pulses 

can be used for a prorrpt multiplicity trigger with a tine jitter of few nano

seconds. That the pulse height for the multiple positrons deviate in a sm::ioth 

way fran linear behavior for rrore than 2 positron (35 GeV) shcwer is seen in 

Figs. lOa and b. The linearity is Imlch better at 8 psig. An expanded view 

of the pulse height distribution for 10 GeV positrons is shown in Fig. 11. 

It drarratically shows the syrrrretric, Gaussian-like shapes with clean valleys 

between the multiple-hit peaks. The energy resolution as a function of equiva

lent energy deposits of multiple 17. 5 GeV positrons is shown in Fig. 12 after 

correction for the non-linear response. 

The energy resolution as a function of energy for single incident posi

trons is shown in Fig. 13. cr/E shavs the usual E"" 1/2 dependence with a oon

stant factor of 16.2 percent as indicated in Fig. 14. The shape of the depen

dence of resolution on energy indicates no systematic term since it extrapo

lates to the origin. '!his is, perhaps, because there is no active device 

(arrplifier, pulse shaper, etc.) between the detector and the AOC, and small 

variations arrong individual wire gains average out over the detector. 

The detector was rotated to make angles to the beam axis of as !lRlch as 

23°. With 17.5 GeV positrons incident, the results of Fig. 15 were obtained. 

It is seen that the pulse height increases by a small arrount (maxinrurn 2.3 

percent), and the cr/E decreases slightly with increasing angle. '!his improve

rrent may be due to a better oont:a:inment of energy in the effective thickness 

of the angled cal=irreter. 
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similar results were cbtained from the Bl'C. It was run only above atmos-

fheric pressure, 6 psig, because of the small distance, 3. S rnn, frcrn the anode 

wire to the cathode tube wall. Fig. 16 shC111S that the energy resolution is 

almost 17 percent;-,/E and independent of high voltage, in contrast to the 

behavior of the MAC prototype. The reason for the differences between the 

bYO may be the different cell shapes. It is =ious that poorer resolution 

was found with the thinner lead sampling sheets. When this detector was 

tested at Fennilab in the proportional mode, the resolution was neasured to 

be 22 percent/-{E. 

Saturated Avalanche M:<le 

We have investigated the ionization region12 between the prq;iortional 

region and the self quenching streaner region in detail using a 9.S rnn x 

9.S rnn tube having a SO µn wire, a replica of one cell of the prototype MAC 

detector, in order to understand the inproved energy resolution of the appara

tus relative to calorirreters running in the proportional mode. 

A small fraction of the wire pulse was amplified and used to form the 

ADC trigger, as shown in Fig. 17. A LeO:oy 228S AOC system was used for mea

suring the charge. The gain of the AOC was 20 counts per picocoulanb. An 

Fess x-ray source was used to measure the wire gain as a function of high 

voltage. As seen in Fig. 19 a and b, the resolution is insufficient to sep

arate the S.9 keV x-ray line and 2.9 keV argon escape line when the gas gain, 

at 2300 V, is in the region of limited proportionality. The gain here was 

"' S x 104 • The 2. 9 keV line is hidden in the left side of the asyrrrretric 

i;:W.se height distribution. Fig. 20 shC111S the gain as a function of the high 
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voltage. The rate of grCM!:h of the avalanche is seen to decrease continuously 

as the high voltage increases above 2200 V until the strearrer threshold is 

reached. Then the gain increases very little to the point of full strearrer 

operation around 2650 v. 

The distribution of pulse heights recorded by passage of miniroun ioniza

tion tracks was also investigated in this voltage region using a &90 ll

source. A telescope made fran a pair of small thin scintillation counters 

provided a gate pulse for the AOC's. The discriminator thresholds were set 

to accept mainly the minirraJm ionizing ll 's. Fig. 20a sh=s the pulse height 

distribution obtained at 2300 V. This histogram sh=s that the distribution 

is al.roost synnetric with a small tail. The distribution made by the S's is 

not like a typical Landau distribution obtained in a gas gap of 9.5 nm thick

ness at atmosfheric pressure. The tail is greatly suppressed. An expanded 

view of the histogram of Figs 2oa is sh=n in Fig. 20b. It has a ratio 

of a to mean of 34 i;:ercent. Landau fluctuations clearly have been reduced, 

an indication that the greater the concentration of pr:iJ:rary ionization, the 

!!Dre saturation (less gain) occurs as has been observed earlier15 . 

Fran the data of Fig. 18, we firxl a ratio of mean pulse heights produced 

by the two fhotons of "' 1.4, rather than the"' 2.0 ratio of energies. Similar 

conclusions about the departure fran strict linear, proportional response fol

l=s fran canparison of the signals from the ll and x-ray sources. '!hose obser

vations and the suppression of the Landau tail indicate partial saturation 

of the avalanche charge at the collecting wire. Thus, the resolution is im

proved canpared to that obtained when the counters operate in the proportional 

!!'Ode. We find a resolution sarewhat smaller than, but not really i.no:>nsistent 
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with that predicted by Fischer
16

, which is based on a calculation of the re

sponse without the effect of landau fluctuations. Deterioration in resolu

tion at voltages much higher than 2400 V nay be caused by fluctuations in 

gain where streamer and saturated avalanche modes overlap (see Fig. 19) . 

Depending on the am::mnt of ionization deposited locally on the wire, the gain 

nay be low (saturated avalanche) or rrore than an order of nagnitude higher 

(streamer). 
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Figure Captions 

A cross section view of the Collider D=tector Facility at 
Fennilab. 

The experilrental configuration of the MAC electrooagnetic 
calorineter. 

The experllren.tal configuration of the brass tube electro
ll\3.gnetic calorineter. 

A typical pulse height distribution and Gaussian fitted 
points for obtaining ct and rrean values using 2ct fit. 

ct/E versus high voltage for 10 GeV positrons at 0 psig. 

The total pulse height response of the calorim:ter as 
function of the e + energy for 0 psig and 5 psig, respec
tively. The linearity is excellent for both pressures. 

The total pulse height as a function of the high voltage 
for pressures of 0 psig and 3 psig. 

The response of the detector to simultaneous multiple 
positrons of 17 .5 GeV. 

The oscilloscope picture of sare single and double 17. 5 
GeV positron pulses. 

The pulse heights as a function of simultaneous 17.5 GeV 
multiple positrons for 0 psig and 8 psig. 

Pulse height distributions for 10 GeV multiple positrons. 

ct/-fE versus simultaneous multiple 17.5 GeV positrons 
after correction for non-linear response. 

ct/E versus positron energy. 

ct/E versus E-112 indicating no systell\3.tic effects. 

Total pulse height and ct/E versus incident beam angle for 
17.5 GeV positrons. 

ct/ VE versus the high voltage far the brass tube calori
neter. 

The circuit diagram for investigating the saturated ava
lanche regicn. 



Fig. 18 

Fig. 19 
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Pulse height distributions for the S.9 x-rays from Fess 
Fig. 18a shows the AOC distribution without amplifier. 
Note the 3 keV argon escape line is not visible in the 
saturated avalanche region because of poor proportion
ality. Fig. 18b shows the amplified distribution where 
the escape line is just visible because of the better 
resolution at high pulse heights. 

The IlPdel tube gain as a function of the high voltage in 
the saturated avalanche region using the AOC without 
arrplifier. 

The pulse height distribution for minimum ionizing tracks 
in the saturated avalanche region shCMing alrrost syrrmetric 
distribution with very small Landau tail. Fig. 20b is 
the expanded detail of the Fig. 20a. 
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