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Abstract

A 2 mm gas gap Resistive Plate Chamber with bakelite plates has been operated in avalanche mode
under a'37C's sourceirradiation. We report on measurements of the efficiency in cosmic raysdetection
and of the charge devel oped in the gap, performed for two different gas mixtures: thefirst containing a
high percentage of environmental friendly "freon” C', H- F4; the second one having a high percentage
of argon. We show that thefreon based mixtureexhibitsawidefull efficiency plateau withlow streamer
probability, whilethe argon based mixture allows to reduce the detector power consumption.
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1 Introduction

Recent devel opments about the possibility to operate Resistive Plate Chambers (RPCs) in avalanche mode [1] have
led to the proposal of using such chambers to build large dedicated trigger detectors for future LHC experiments
[2]. However, due to the high foreseen background (10 to 100 Hz/cm?) the detectors are supposed to withstand
bothin ATLAS and CM S, demanding performances on efficiency, temporal and spatial resolution are imposed.

Although rate capability seems not to be an issue anymore[ 3], one has still to compel with two major requirements:
thefirst isthe need of keeping the uncertainty on bunch crossing identification as small as possible; to thisrespect,
fast gas mixtures, i.e. mixtures with high eectron drift velocity, have to be preferred. Freon based mixtures have
proven to be a suitable choice which aso allows high rate detector operation.

The second problemis represented by the detector power consumption at high rate which, even in presence of low
gas amplification, may exceed tolerable limits. Thisis especialy true in CMS where, according to the proposal,
RPCs should beintegrated with the drift tube muon chambers and embedded in theiron return yoke of the magnet.

Theaboverequirementsareclearly inconflict: infact usingthefreon on onehand reducesthecharge collectiontime,
thus improving the timing; on the other hand increases the power consumption, due to its high electronegativity.
Only asmall fraction of dectrons produced in the avalanche contributesto the signal, the majority of them being
attached to freon molecules. It istherefore useful to study the behaviour of non e ectronegative gas mixturesto see
wether they could allow lower power consumption without degrading considerably other performances.

In this paper we report on measurements on aCM S-like double gap RPC modul e operated under a0.65mCu '37C's
source irradiation. We have compared performances of two different gas mixtures. the former composed of 90%
CyHoFy and 10% i-Cy H 1 (here briefly referred as the "freon” mixture). This mixture, with minor variationsin
percentage, is widdly used by groups developing narrow gap RPCs. The latter is composed of 70% argon, 5%i-
C4Hyg, 10% C'O5 and 15% C'5 H4 Fy, (referred asthe "argon” mixture). This mixture is commonly used by groups
working on wide gap RPCs.

It isworth to point out that C's H» F4 is an environment friendly ozone safe gas, which is going to be widely used
in place of the old ozone depleting C' F3 Br.

2 Experimental set-up

A 50 x 50 cm? double 2 mm gap RPC with oiled bakelite plates was used for measurements. A cross section of
the chamber isshown in Fig. 1. The read-out strips (1.5 cm wide) are located in the middle. The high voltageis
connected i ndependently to the gaps, so that the chamber could al so be operated in single gap mode by disconnecting
the high voltage from one of them. A set of scintillatorsplaced above and bel ow the chamber was used to trigger
upon the passage of cosmic rays. The geometry was arranged to cover one strip (Fig. 2a).

Moreover the 137C's source could be moved above the apparatus to irradiate the chamber at an average counting
rate of about 500 Hz/cm? on an area of 10 x 10 cm?.

One end of the strips was connected to a Le Croy NIM 612 AM amplifier having voltage gain 40 and bandwidth
140 MHz. The other end was terminated on 50 €2.

Efficiency was measured by means of NIM scalers after 20 mV threshold discrimination, which corresponds to
about 50 fC charge threshold when the signal shape istaken into account. Signalsfrom the strip defined by thetrig-
ger coincidence were sent to aLe Croy 300 MHz digital oscilloscope which storesthe waveforms on adisk memory
for an off-line measurement of the charge and of the streamer probability. We define the streamer probability asthe
fraction of eventsinwhich an additional signal with charge at | east 10times greater than the average avalanche one,
appears in atimewindow of 200 ns. Due to the 50 €2 termination on both ends of the strips, only half of the charge
induced on the strip was measured by the system.

A scheme of the acquisition chainisshown in Fig. 2b.

3 Efficiency and streamer probability

The efficiencies vsthe high voltage for freon and argon mixturesin absence of irradiation are shownin Fig. 3aand
3b respectively. In each plot dataare given for both single and double gap operation mode. In addition the streamer
probability is aso plotted.

Thefraction of streamers produced at agiven voltageis an important parameter to characterize the operation mode



of the chamber. According to Crotty et a. [1], who consider the streamer probability as afunction of the dynamic
range of gas gain, we can get an idea of such probability with different gas mixtures.

If weaim at an efficiency in excess of P%, using an electronics sensitiveto a single cluster, with a given detection
threshold (thus with a given minimum gas gain), then, at least one primary cluster must lye, with probability P,
withinaz,, ., maximum distance from cathode. Therefore for a double gap RPC

Pl[oaxmax] X Pz[O,me] = e_2>‘xmaz —1-P

where P;[-] isthe probability that, inthe gap ¢, no clustersare found within ,,, ... from cathode, and A isthe mixture
cluster density. Thus
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the denominator being the given threshold,r the effective Townsend coefficient and d the gap width. With another
mixture, having cluster density \’

/I — o Toan
R= S = ¢
From the threshold equality
/ d — Tmax
7= nd - xinax

One can see that if \' < A then R’ > R. For example with P = 95 %, d=2mm, A = 5 mm~! (typical for freon
mixtures), X' = 2.5 mm~! (typical for argon mixtures), n = 9, we have R = 15, R’ = 704. The use of light
gases increases the streamer probability. As aready outlined by Crotty et a. [1], the use of wider gapsisin this
case mandatory.

Fig 3aand 3b show that, below a given voltage (9500 V in freon, 5200 V in argon), where the streamer probability
is negligible, the chamber may be assumed to work in pure avalanche mode. At higher voltages the percentage of
streamers grows rapidly and the chamber worksin asort of mixed mode: an increasing fraction of avalanche signals
isaccompanied by delayed streamer signals[4].

As explained above, efficiency is higher in freon for a given streamer probability, due to the higher gas density. In
addition the plateau region of operation (defined here as the voltage interval where efficiency is greater than 95%
and streamer probability is lessthan 10% ) iswider in freon.

Double gap efficiency and streamer probability under irradiation are shown in Fig. 4aand 4b for freon and argon
respectively. For comparison, resultswith no source are plotted once more. Whilethereisasmall loss of efficiency
in freon, the effect ismorereevant in argon and it is accompanied by a narrowing of the plateau.

4 Charge

The fast charge induced on the strip when the chamber is operated in avalanche mode has been measured in many
different working conditions (source - no source, single gap - double gap). A summary of experimental average
resultsisgivenin Fig. 5aand 5b for freon and argon respectively. Since, as already pointed out, we measure half
of the fast induced charge, the results of the measurements must be multiplied by afactor 2. In the following we
shall alwaysrefer to thetotal induced charge ¢.=2¢,,,... For sake of reference we also show in Fig. 6aand 6b the
fast charge spectrumin two cases: single gap, no source operationin freon at HV=9500V (Fig. 6a) and single gap,
no source operation in argon at HY=5200 V (Fig. 6b).

It can be seen that the chamber operated in freon exhibitsalarger (by afactor 2) fast charge compared to the argon
case. Therefore the achievement of high efficiency in argon requires a more demanding front-end electronics or a
lower discrimination threshold.



5 Power consumption

Concern has been raised about the use of an electronegative gas such as C5 H- F, that could lead to severe power
consumption at the LHC background conditions. Infact, during the devel opment of an avalanche asizeable amount
of the produced eectrons are attached and do not further contribute to the multiplication process. It isasimple
matter to show that the fast charge induced on the pick up eectrode is only a small fraction of the total charge
developed into the gap and moved by the power supply. Whatever the gas mixture, in a single avalanche theratio
fast charge q./total charge ¢, can beevaluated as:

qe 1

qs ad

where o isthe first Townsend coefficient of the gas mixture, d the gap width and ¢, is the charge moved by the
applied voltage into the circuit outside the gap. In avalanche mode the fast visible chargeis, at most, about 7% of
qs, (@ ~ 9) in case of non eectronegative gases and becomes even less in the case of eectronegative ones. Of
course the power consumption is determined by thetotal charge ¢,. When an e ectronegative mixtureis used, for
agiven signal on the pick up electrode moretota chargeisinvolved and the consumptionislarger, as compared to
the case of anon e ectronegative gas.

We estimated the power consumption with the freon mixture by measuring the increment of the current drown by
the high voltage supply, when the chamber isoperated under irradiation, compared to thecurrent with noirradiation.
InFig. 7the power consumption for asingle gap isplotted vsthe high voltage. Of course these measurements refer
to the situation in which only a small part of the RPC isirradiated. An estimate of the power consumption at the
CM S background condition can be obtained by evaluating first the amount of total average charge ¢, moved by the
power supply when asingle avalanche is developed in the gas. This can be computed as the increase of the single
gap current, normalized to the counting rate, when the radioactive source is positioned on the chamber. InFig. 8a
thisquantity is plotted as afunction of highvoltage. At 9500V wefind ¢, = 41 pC, which is about 50 times larger
than the corresponding fast charge induced on the pick up electrode.

The power consumption, for a1 m? chamber uniformly irradiated at an equivaent counting rate of 100 Hz/cm?,
can than be estimated as:

(41pC) x (100H z/em?) x (10%em?) x (9500V) = 400mW 1)

Therefore a1 m? double gap RPC operating in avalanche mode with C, [, I at the CMS background condition
would dissipate lessthen a1 W/m?.

InFig. 8btheratio fast charge ¢./total charge ¢, isplotted vs highvoltage: it decreases to about 2% dueto the gas
electronegativity, as compared to the typical 7% of non el ectronegative mixtures.

The power consumption with argon mixture can also be evaluated. From Fig. 5b, thefast induced chargeis0.2 pC
at 5200V, whichisequivaent to 0.4 pC, if the strip termination istaken into account. On the other hand, the argon
mixtureisknown to have negligibleelectronegativity. Therefore we can assume o - d ~ 18 in avalanche mode with
moderate gas gain, obtaining ¢, = 0.4 x 18 ~ 7 pC. In analogy to (1) we can evaluate the power consumption as
40 mW.

Nevertheless, the factor 10 reduction, with respect to freon, in power consumption is only apparent, because effi-
ciencies of the two mixtures are not comparable (70% in argon, 95% in freon). A more redistic estimate can be
performed by imposing equal efficiencies. By using the results shown in Fig.s 3 and 7 we rather find afactor 5.

6 Conclusions

The performance of a double gap RPC, as proposed for CM S, has been studied in detail using two different gas
mixtures: one with high content of "ecological” freon Cs [ I, the other with high content of argon. A 37C's
source has been also used to irradiate the chamber at an equivalent rate of 500 Hz/m? on aregion of 10 x 10 cm?.
Efficiency, streamer probability and charge have been measured with and without source in avalanche mode.

The freon mixture seems to be more suitablethan the argon oneto reach high efficiency with limited streamer frac-
tion. Alsothe power consumption, which could beanissuebeing Cs H, F, electronegative, islimited and acceptable
for the CM S background running conditions.



References

[1] R.Cardareli etdl., NIM A 333 (1993) 309
C.Bacci et ., NIM A 352 (1995) 552
|.Crotty et ., NIM A 337 (1994) 370

[2] ATLAS, Technical Proposal, CERN/LHCC/94-43
CMS, Technical Proposal, CERN/LHCC/94-38

[3] E.Cerron Zebaloset ., NIM A 367 (1995) 388
M.Abbresciaet a., Nucl. Phys. B 44 (1995) 218-221

[4] 1.Duerdoth et al., NIM A 348 (1994) 303-306



Figure captions

Figure 1
Figure 2:

Figure 3

Figure 4.

Figure5:

Figure 6:

Figure 7:

Figure 8:

Cross section of double gap RPC

a) Scheme of the experimental setup
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b) Average measured fast charge in argon

a) Fast charge spectrumin freon
b) Fast charge spectrum in argon

Single gap power consumption for our 50 x 50 cm? chamber irradiated with a 0.65 mCu source

a) Variation of the current drown by asingle gap with and without source, normalized to the measured rate
b) Ratio of thefast charge to thetotal charge driven by the power supply for an avalanchein single gap mode
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Figure 1: Cross section of a double gap RPC
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