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ABSTRACT The key to making the low-pressure MSGC a viable 
We present recent results. from a beam test, on the technique for high-energy physics is the discovery of an 

angular dependence of the efficiency and the distribution of efficient and stable SE emitter that can be operated in a non- 
the signals on the anode strips of a low-pressure microstrip gas vacuum environment. To date the best emitter has been 
chamber with B thick Csl layer as a secondary-electron porous CsI with efficiencies of 20% or better. For non-porous 
emitter. New results of CVD diamond films as secondary- CsI the efficiency is only 2.3%[4], The reader is directed to 
electron emitters are discussed. the work on SE emission by the Weizmann group (ref. [4-71). 

Here we will present the results of the first beam test of a 
I. INTRODUCTION low-pressure MSGC. We will also discuss our search for a 

high-efficiency SE emitter. 
Micro-strip gas chambers, MSGC. have been shown to 

have a position resolution as good as to 30 ltrn for particles of II. BEAMTEST 
normal incidence and are able to operate at rates of up to 106 
s-lmrw2[l]. Thus, they have received a great deal of attention 

Measurements were made with a low-pressure MSGC in 
the Ml3 beam line at TRIUMF. The tow-intensity beam 

for high energy physics in applications where tracking at high consisted primarily of pions and electrons with a momentum 
rates and over large areas is needed. One shortcoming that has of 100 MeVic. The trigger selected particles in a 5x5 nm? 
hampered their application is that the single-strip efficiency, area on the face of the detector. There was not particle 
position resolution, and timing resolution degrade with tracking available, so we were not able to measure the position 
increasing angle of the incident particle [2]. resolution of the device. We measured the efficiency, and 

To address these problems we have proposed and studied the distribution of the signals on the anodes as a 
demonstrated a low-pressure (IO-20 TOIT) MSGC operated function of angle. 
with secondary-electron, SE. emission as the source of the 
initial ionization[3]. With this approach, we were able to A. MSGC Conjgurarion 
increase the gas gain by more than an order of magnitude, 
improve the timing resolution to better than 0.9 ns, and A schematic of the MSGC used for the beam test is shown 
achieve a reduced sensitivity to discharges. The positive-ion in fig. I. The details of the chamber are described in greater 
collection time was also reduced to less than 300 ns, yielding a detail elsewhere [3]. The anode and cathode traces are 20 pm 
shaped, anode signal as short as 10 ns. One anticipated and 90 pm wide, respectively, with a 390 pm pitch and 
advantage of using SE emission as the source of initial deposited on borosilicate glass. The surface of the glass plate, 
ionization in a low-pressure MSGC is that the efficiency with electrodes, is covered with a 50 nm layer of Ni/NiO 
should not be dependent on the angle of the incident particle. (50%/50%) to produce a highly resistive, ohmic surface[S] 

The SE emitter was 10 p of CsI vacuum deposited on a 300 
pm Si substrate. The MSGC was operated with a 1.9 mm 

’ Work supported by the U.S. Department of Energy emitter-to-microship gap and a 20 Torr filling of isobutane. 
under contract No. DE-AC02-76CH03000. Cathode and emitter voltages were -185V and -705V. 

respectively, with the signals taken from the 24 anodes at 
Presented at the IEEE Nuclear Science Symposium, Norfolk VA, Oct. 30-Nov. 5, 1994 



Cathode 1.9 mm 

90 pm I 

~Etorosilicate glass 
Fig. 1 Schematic of the MSGC. 

respectively. with the signals taLcn i%om the 24 mmded at 
ground potential. Anode saips wexe individually mad out via 
the QPAO2 fast preamplifier [9] inm a L&my 2249 ADC. 
wirh the aigga signal initiating dte readout The whole 
detector was sitting on a rotor assembly which could be 
conaolled remotely to two the MSGC with respect to the 
beam direction. In this way, the angular dependact of tbc 
chambercouldbestodied. 
El. Test-Beam Results 

The. efficiency of the MSGC was meastacd at aoglcs of 
0’. 15’. and 30’ and for various poke height cuts above the 
pedestal. For the aoalysis, we fast calctdatcd the pedestals 
and rms noise vslucs fa each anode saip. For urch even& the 
pedestals were subtmcud and for each saip. the resulting 
pulse height was divided by its mu noise value to dcterminc 
the number of standard deviations. a. above the pedestal. 
Beam particle hits were searched for by lookiing for the snip 
with the maximom poke height. We could then c&date the 
efficiency of oar chambu as a function of the number of 0 
over the pedestal. The efficiency as a function of the number 
of sigma over the pedestal, and for the three angles, is shown 
in fin. 2. For cuts below 2o a saong increase. in efficiency was 
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Fig. 2 The efficiency as a fan&m of the numba of 
sigmaovcrtbepalMc&mulsmcdato’,15’,aod3o’. 
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Fig. 3 Fraction of the evens as a timcdoo of the nombu 
of anode saip with signals above the pedestal cut. 
measmwiatV, lS.andU)‘. 

observed due to noisy saips. For signals 2~ tms (x greater 
above the pedestal. the efficiencies were 8.9%. 8.3%. and 
8.3% for 0’. 15’. and 30’. respectively. The diff- in 
these mea.suMlentS are within the anticipated ermr bars of 
0.5%. AftathetesttheSEemiaerwastestedintbelabaod 
found to have so efficiency of 17% [IO]. lhediscrepllacy is 
believed to be doe to the higher sensitivity of the amplifia 
used in the laboraaay and the fact that the signal was 
developed on a single elacaode. and not ovex sevmal (see 
below) as in the MSGC. These meastaemmts do show that 
the efficiency of rhe device is not angle depmdmr 

One feature of the low-pressure MSGC is that the charge 
amplitication develops predominately acmss the gap tathcr 
thanncartheanodeasinaMSGCoperatedatlAun.with 
most of the positive ions remming to the SE cmittcr rather 
duntotkadjacentcathodcsaips. Tbosthesignalissee4too 
mom than one anode saip and potentially would allow a 
center-of-mass readout to yield a position rwolution beau 
than the pitch of the electrodes. Fig. 3 shows the distribution 
of the number of anodes scrips in the clusta. The mean 
number of strips in the cluster were 2.70.2.84, and 2.85 for 0’. 
Is’, and 30’. rcspecdvely. For this analysis M ICqaimd that et 
leastonesaiphaveasignal25aandtheahamips~~ 
hadmhave.signakof 220. Toavoidtheinfhwweofcdgc 
effects, only the central 16 strips were used in this analyris. 
ThennsspreadinthedacawasaboutOdCh5Md. Wg.4 
showsihcfractionoftherotalclusterpulseMghttbathar 
thesaipwiththeiargestsignal. lIesamereleetpaofdata 
wasusedluforfig.3. ForaUthnxanglcslbom70%f13%of 
thesigdwacsecninasinglechannel. whaha0ocbabb0 
improve the position redution with this shhng of signals 
will have to wait until futm’c mB with pmleIe 
aiding. 
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Fraction in Largest Signal 
Fig. 4 Fraction of events as a function of the fraction of 
the total signal on the anode strip with the largest signal. 
measaedato’, lS’,and30’. 

Table I: Approximate efficiencies for minimum-ionizing 
paticks for vtious emitter thicknesses 

t Degrades rapidly with time 

III. Sbw3-i FOR AN IMPROVED SE EMITITR 

As stated above, Ihe key IO making the low-pressure 
MSGC a viable technique is the discovery of an efticknt and 
stable, SE emitter that can be opcmted in a non-vacuum 
environment. The best SE emitters have been the alkali 
halides, with Csl giving the highest yield. Using a tcchoiqoc 
described ekewhem [IO] we have measmul the efficiency to 
minimom-ionizing particles of CsI and KC1 coaled surf-. 
Apxitmte effiiencics for minimum-ioniziog particles foi 
various CsI- and KClcmittcr thicknesses are summarized in 
Table I. Our efficiencies arc higher than found by others 
implying that oar depositions are more porous, which 
increased the efficiency. Our sampks that are Labekd “10 Pt- 
porou”weredcpositedin5to7Torrofargongasmtherdmn 
in a vacwm. This resolts in a thick, porous, low-density CSI 
surface, which is the best SE emitter. This still has an 
efficicocy of only 45%. prcviow. measurements made. at 
Sday in vaxum mpaud a stable cffickncy of 62% of this 
typeoflow-densityCsIemi~[ll]. Thos.onecanoblsin~ 
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Fig. 5 Secondmy yield as a function of tii elemon 
energy for a CVD diamond film BS grown and when 
caued with looA of CsI[181 (see text). 

efticiency for pomos CsI working in a gaseous cavimnmcnt 
nottoodiffenxtfmmthatobtaincdinvacuum. Tblck.porau 
KC1 also has a fairly good effziency but degmded from 30% 
IO only 7% in less dun 30 minutes of study. We b&eve that 
this is due to charging of the surface. 

In a starch for a bcttex SE emitter wc.have stndicd 
chemical vapor deposited. CVD. diamond lilms. These libns 
am of interest becaosc one can drift elecmnur ln them [1214] 
and the surfax (in vacoom at least) has been shown to have a 
negative ekctmn affiiity when properly ~cated [15-171. CVD 
diamond films have been studied both as-grown and coated 
with a tttin coating (IOOA-la00A) of CsI. ~esarmnmts were 
made in a vacuum witi the diamond surface bombarded by 
ekcaons in the keV energy range. This technique gives a 
much higher yield than from ti minimum-ionizing particle. It 
was found that the elsbun beam dissociated the CsI. leaving a 
monolayer of Cs banded to the diamond surfax Fig. 5 shows 
the secondary yield ( emitted electron / incident electmn) 83 a 
function of incident ekcaon energy for a bnre and CsI-M 
CVD diamond film [18]. The response of the bare diamood 
fti is what is typically seen in such mcasmements: the yield 
incozaseswithenergymamaximomandrhcndecmwsuthe 
ekcacms become more penetrating. In the case of the CsI- 
amted diamond then is no maximum, implying that the 
electrons me. drifting in the diamond and then collected from 
thesurface. (Sceref. [IO] forgrcatadti) Ifthiscanbe 
m&c to work in a gas environmen& we may have the SE 
mitta we me 1oddng for. 

rv. DISCUSSION 

A low-pmwae MSGC opem~ed with SE cmissioo as the 
smtce of pimary ionization offers high grtb~ and a fast signal 
witi exceknt timing resolution, and reduced sensitivity to 



discharge. Although we were not able to measure. the position 
resolution, we were able to determine that the efftciency and 
the details of the signal distribution did not change with 
increasing angle. Tbis is an expected and encouraging result. 
Since the efficiency does not depend on the gas that we used, 
in principle, one can have a much wider range of choices of 
gases. The sharing of the signal on several anodes offers the 
hope of using center-of-mass readout techniques to obtain a 
Position resolution bcttcr thao the anode pitch, reducing the 
number of amplifiers (anodes) needed for a given position 
resolution. 

The success of the low-pressure MSGC depends on an 
efficient and stable SE emitter. CM diamond fdms appear to 
be very promising. We have dcmonstmtcd that, in * VBcttttm, 
one can drift electrons in the bulk and extract them from the 
surface. If this technique can be succcssfolly appticd to * gas 
environment. with the returning flux of positive ions, a SE 
emitter that produces as many as 36 electrons&m for a 
minimum-ionizing particle may be possibleU41. Such an 
emitter, coupled to a low-pressure chamber. could yield a 
viable MSGC that is insensitive to the angle of the incident 
particles, or a time-of-flight detector with a timing nsolution 
in the 5C-1Do ps range. 
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