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The Performance of the GPSC/MSGC Hybrid
Detector With Argon—Xenon Gas Mixtures

C. M. B. Monteiro, J. F. C. A. Veloso, J. M. F. dos Santos, and C. A. N. Conde

Abstract—The performance for X-ray spectrometry of better than other xenon detectors based on charge amplification,
argon—-xenon gas proportional scintillation counters (GPSCs) j.e., proportional counters and MSGC. The advantages gained in
using a Csl-coated microstrip plate in direct contact with the compactness, ruggedness, reduced power consumption, and rel-

scintillation gas as a vacuum ultraviolet photosensor is investi- tive | itivity t tion in larae maanetic fields [5] are in
gated for different argon-xenon mixtures. The GPSC/microstrip tiVe insensitivity to operation in large magnetic fields [5] are

gas chamber hybrid detectors filled with argon-xenon mixtures themselves desirable attributes.

present superior performance when compared to those with pure  The detector performance is limited by optical positive feed-
argon and pure xenon fillings. For these mixtures, the signal pack resulting from the additional scintillation light produced
amplification due to the scintillation processes and the detector in the charge avalanche at the MSP anodes in the absence

energy resolution may achieve values of 15-18 and 11-10%, . . .
respectively. The best energy resolutions can be achieved forof quenching and by the poor conversion efficiency of VUV

mixtures with a broad range of xenon concentration, 20-70% Xe, Scintillation into photoelectrons. Improvements can be obtained
and for lower reduced electric fields in the scintillation region using MSPs with larger cathode-to-anode gap spacing and
as the xenon concentration is reduced. As in pure argon or pure |grger cathode strips [6].

xenon gas-filling, the detector performance is limited by optical Additionally, the low collection efficiency of photoelectrons

positive feedback resulting from additional scintillation produced . .
in the electron avalanche processes around the microstrip plate emitted by the Csl photocathode in a xenon atmosphere

anodes. The best energy resolutions are achieved for positive(20 to 50% of the efficiency under vacuum for electric fields

feedback gains of about 1.1. of 5 to 25 kV cnT! above the photocathode surface [7]) is
Index Terms—Csl-photocathode, gas scintillation counter, mi- 0N€ _Of the limiting factors of the performance of the xenon
crostrip gas chamber (MSGC), X-ray. hybrid detector. On the other hand, the photoelectron collection

efficiency in an argon atmosphere may reach values above
90% for electric fields above 5 kV cm [8]. However, the
photoelectron collection efficiency achieved in an argon-filled
HE FEASIBILITY of detecting vacuum ultraviolet (VUV) hybrid detector [9] was not as high as that achieved in [8], the
photons using a microstrip gas chamber (MSGC) with thiifference being attributed to the different energy distributions
microstrip plate (MSP) coated with a thin layer of Csl as a phof the photoelectrons emitted by the Csl when irradiated
tocathode operating in reflective mode was demonstrated lby 185-nm light (used in [8]) and 130-nm light (the argon
Zeitelhacket al.[1]. The potential advantages of combining &cintillation) [10], [11].
xenon gas proportional scintillation counter (GPSC) with such aThe improvement of the GPSC/MSGC hybrid detector per-
MSGC as the photosensor replacement for the photomultiplfermance may be achieved using argon—xenon mixtures as the
tube (PMT) was recognized [2], [3]. A significant advantage dflling gas. Argon-xenon mixtures may present advantages over
such photosensor results from the possibility of operating tpere argon and/or pure xenon, combining the improved collec-
Csl-coated MSP in direct contact with the GPSC Xe-filling gatgon efficiency achieved in argon with the lower mean energy
[2], with the elimination of the GPSC scintillation window. Sucho produce primary electrons, the more favorable VUV photon
a GPSC/MSGC hybrid detector has been recently successfigtyntillation (172 nm), and the higher MSP charge gain achieved
operated [4]. in xenon [9].

This hybrid detector presents an attractive alternative to PMT-In this paper, we present experimental results obtained with a
instrumented GPSCs in applications where cost, compactn&sPSC/MSGC hybrid detector filled with different argon—xenon
detection area, and power consumption are important. Additianixtures. The best experimental operation conditions, scintilla-
ally, integrated photosensors present a simple solution for option amplification, and energy resolution will be investigated for
ation at higher pressures than standard GPSCs. Although élagh mixture.
energy resolution achieved with a xenon GPSC/MSGC hybrid
detector (12% at 6 keV [4]) is not as good as that of photomul-
tiplier-based GPSCs (8% at 6 keV), the performance is already

The GPSC/MSGC hybrid detector is depicted schematically
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-Hva -Hvo The detector is filled with different argon—xenon mixtures at
radiation window | 800 Torr (106 kPa).
,,,,,,,,,,,,,,,, | The ionizing radiation interacts in the absorption region and
the resulting primary electron cloud drifts toward the scintilla-
. tion region under the influence of a weak electric field (below
e o the gas scintillation threshold). The electric field in the scintil-
gas o | gas lation region is rather higher than in the absorption region but
inlet | absorption/drift region I outlet . .
| | lower than the gas ionization threshold, so that electrons can ex-
= &1 N— cite but not ionize the gas atoms. Upon crossing the scintillation
e TN sl region toward the MSP anode strips, each electron will produce
scintillation region Uy a large number of VUV photons as a result of the gas deexci-
TN S s \“\2 3 tation processes. The scintillation light intensity is proportional
e ' i~ to the number of primary electrons and, thus, to the X-ray en-
Va MSP+Csl ergy. The VUV scintillation photons incident on the Csl-photo-

areas, the cathode strips. The photoelectrons drift toward the
anode strips, producing charge avalanches in the intense elec-
tric field, and so a large signal proportional to the number of
JE— . primary electrons produced by the X-rays in the gas.

. /ég;mpﬁon,drm regk;;\\ : Thus, the Csl-coated MSP serves simultaneously as the
- ~ G1 GPSC collection grid for the primary electron cloud, the photo-

' : cathode induce the emission of photoelectrons from the active
| {._E>_ out !

Ta 7777077 '"\\ sensor for the GPSC VUV scintillation, and the amplification
N scintillation region stage for the photoelectrons. While the upper regioriunc-
(ight gain) tions as the uniform-field scintillation region of a conventional
E GPSC, the regiod, (<50 x:m) functions as a standard MSGC.
. This hybrid system functions as a GPSC rather than an MSGC
dZ;‘I multiplication region [2]’ [4] .
1| (charge gain) A 2-mm collimated 5.9-keV X-ray beam fronréFe radioac-

tive source, with the 6.4-keVk s-line filtered by a chromium
i d2/d1 ~ 1/200 foil, was used to induce detector pulses. The anode pulses were
preamplified with a Canberra 2006 charge-to-voltage pream-
plifier (sensitivity of 235 mV/16 ion pairs), linearly amplified
with a Tennelec TC243 amplifier (8s peaking time constants),
Fig. 1. Schematic of the GPSC/MSGC hybrid detector. and pulse-height analyzed with a 1024-multichannel analyzer.
For peak amplitude and energy-resolution measurements, pulse-
negative high voltage-HV,, while the G1-grid and its holder height distributions were fitted to a Gaussian superimposed on
electrode are kept atHV,. The PMT commonly used as thea linear background, from which the centroid and the full-width
UV photosensor in GPSCs is substituted in this detector By half-maximum were determined.
a Csl-coated MSP, which is placed in direct contact with the
GPSC gas-filling. The MSP is a CERN model MS-4, consisting
of 10-xm anodes and 8pm cathodes with a 20pm pitch, fab-
ricated of 0.2um-thick chromium film deposited on a 500 The presence of the Csl-coating does not compromise the
Desag D263 glass substrate. The backplane is a flat, unstroperation of the MSP. Instead, it results in a reduced substrate
tured layer of 0.1zm chromium. The backplane and cathodesharge built up since its semiconductive characteristics are com-
are maintained at ground potential while a positive volteige parable to those of the semiconducting glass substrates used for
is applied to all the anodes. high-rate MSP applications [14], [15].

A 500-nm-thick and 30-mm-diameter layer of high-purity Fig. 2 presents typical pulse-height distributions obtained
Csl was vacuum deposited onto the surface of the MSP. Spegiith the hybrid detector for a 2-mm collimated 5.9-keV X-ray
care was taken to avoid water contamination of the Csl film: theeam and for different Ar—Xe mixtures. The detector biasing
MSP was heated at temperatures of about A0Quring 1 h voltages applied in each case were those corresponding to the
before Csl evaporation; the exposing time of the Csl film to alrest performance. The spectral features include the 5.9-keV
during the transfer process was less than 10 min; and the @shbk, the argon and/or xenon escape peaks, and the electronic
film was heated under vacuum at about 80 for 24 h after the noise tail in the low-energy limit. The argol -fluorescence
Csl-covered MSP had been placed inside the detector [12]-[1d$cape peak is negligible for xenon concentrations above 10%,

The electric field in the drift region is determined by thevhile the xenonL-fluorescence escape peak is already present
voltage difference between G1 and the radiation window whifer xenon concentrations of 70%. The limit of the low-energy
the G1 voltage determines the electric field in the scintillationoise tail decreases with increasing xenon concentration,
region. The anode strip voltage determines the MSP gabeing about 800 eV for pure argon, around 600-500 eV for

I1l. EXPERIMENTAL RESULTS AND DISCUSSION
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Fig. 2. Typical pulse-height distributions for 5.9-keV X-rays obtained with the GPSC/MSGC hybrid detector for different argon—xenon mixtaeecidre
biasing voltages applied in each case correspond to those that deliver the best achieved performance.

xenon concentrations between 10-70%, and about 250 eV
pure xenon. In fact, this behavior could be attributed to th
number of microdischarges that decrease with increasing xen

concentration.

In Fig. 3, we present the detector relative pulse amplituc:

as a function of the MSP anode voltagg for the different

o
©
3
=
=
£

argon—xenon mixtures while maintaining constant the electrﬁ

fields in the drift and scintillation regions. Exponential func-'%

tions (solid lines) are superimposed on the experimental resug

for comparison. As seen, the MSP gain depicts the charact
istic exponential variation of the charge avalanche processes
the MSP anodes, until a faster increase departs from the init
behavior, due to optical positive feedback resulting from add
tional scintillation produced in the electron avalanche processt
which becomes significant for high, voltages.

The optical positive feedback limits the MSP maximum gaiFig. 3. Detector relative pulse amplitude as a function of the anode-to-cathode
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by Iimiting V., since positive feedback introduces additionalrip voltageV, for constant reduced electric fields in the drift and scintillation

statistical fluctuations that lead to a degradation of the detecﬁgﬁ

energy resolution. In Fig. 4, we depict the detector energy resmparison.

ions and for the different argon—xenon mixture fillings. Exponential
ctions (solid lines) are superimposed to the experimental results for
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23 Inthe region of highE' /p, different behaviors are observed for
. the different mixtures. For pure xenon and high-Xe-content mix-
’ 5 lures, the detector pulses tend to saturate. This effect can be ex-
19 | :‘E plained considering the electric field intensity at the Csl surface
o s and its role in the extraction of the produced photoelectrons. The
05 1.7 ¢ g increase oft//p in the scintillation region results in a decrease
= 2 of the electric field intensity at the Csl surface. Consequently,
g 15 F @ anincrease oF /p in the scintillation region may not lead to an
15t ? increase of the detected photoelectrons because of the strong
£ dependence of the photoelectron collection efficiency on the
1.1 electric field at the Csl surface in xenon atmosphere [7]. Since
this dependence is not significant for high-Ar-content mixtures
0,9

and for Csl irradiation with 185-nm VUV photons [8], the in-
crease ofF /p in the scintillation region will not have a signif-
icant effect on the photoelectron collection efficiency and the
detector pulse amplitude follows the characteristic exponential

Fig. 4. Positive feedback gain (open symbols) and detector energy resolupand of the GPSC secondary scintillation above the gas ioniza-
(full symbols) as a function of the anode-to-cathode strip voliggmr constant r“on threshold

reduced electric fields in the drift and scintillation regions and for the differe ) . .
argon—xenon mixture fillings. The solid lines serve only as a guide to the eye. Fig. 5 shows the advantages of the hybrid detector with

Ar—Xe mixture fillings over those with pure Ar- or pure

. . . o Xe-filling. Data sets for 5% Xe and 10% Xe overlap that
olution and relative gain due to positive feedbagk.. /Gy, of 20% Xe. The amplification achieved in the scintillation

.(WhereGFOt is the measured total gain of_the dete_ctgr é.h’gp rocesses for Ar—Xe mixtures can reach values 50% higher
s the gain represented by the exponential function; Fig.3) atgr%m those obtained for pure argon or pure xenon. Additionally,
function of V,. The solid lines serve only as a guide to the eye, ' '

The data sets for Ar-10% Xe and Ar-20% Xe are not depict%t‘je tector energy resoll_mons (_)btamed with Ar—Xe mixtures are
. . . . etter than those obtained with pure Ar- or pure Xe-filling. Ex-
since their relative gains overlap that of pure argon.

] o trapolating the results depicted in Fig. 5 for Ar—Xe mixtures to
For all the mixtures, the detector energy resolution IMPrové&yher values of /p, we estimated that values between 15-18

with the MSP gain, degrading after the onset of the positivg,q petween 11-10% can be obtained for light amplification
feedback effect. Best energy resolutions are achieved for pgsy energy resolution, respectively, prior to the onset of the
itive feedback gains of about 1.1, correspondingiovoltages  gegrading effects from the presence of charge multiplication in
of about 220, 190, 210, 220, 300, and 360 V for pure argoghe scintillation region [4], [16]. The achieved improvements
Ar-5% Xe, Ar-10% Xe, Ar-20% Xe, Ar—70% Xe, and pur&egy|t from the higher photoelectron collection efficiency of
xenon, respectively. On the other hand, the use of reduced gqi{}$ photoelectrons emitted by the Csl-photocathode operating
at _the optimum operating conditions of the MSP resultsm angg- Ar—xe mixtures when compared to pure xenon, and from
ligible charge buildup and prevents the possibility of MSP digne more favorable wavelength scintillation emitted by these
charge breakdown. mixtures (172 nm) when compared to that of pure argon
The detector relative pulse amplitude and energy resolutigf®8 nm) [9]-[11].
were studied as a function of the reduced electric figjgh (the Xenon concentrations around 20% may produce somewhat
electric field intensity divided by the gas presspyén the scin- higher light amplifications and slightly better energy resolu-
tillation region. However, the maximum achievallig’p was tions. However, Xe concentrations as high as 70%, which have
restrained due to insulation problems between the detector radlgher X-ray detection efficiency, can achieve about the same

ation window and the G1 holder and depended on the gas mperformance at higher reduced electric fields in the scintillation
ture, being about 5.5, 3.5, 4.0, 4.6, 5.5, and 6:&nv-*-Torr™*  region.

for pure argon, Ar—-5% Xe, Ar-10% Xe, Ar—20% Xe, Ar—70%
Xe, and pure xenon, respectively.

Fig. 5 depicts the detector relative pulse amplitude and en- IV. CONCLUSION
ergy resolution as a function of the reduced electric figjg in
the scintillation region for the different argon—xenon mixtures, GPSC/MSGC hybrid detectors filled with argon—xenon
while keeping the reduced electric field constant in the drift renixtures present superior performance when compared to those
gion (at 0.3 Vem~!-Torr—1) as well as the photosensor gain (awvith pure argon and pure xenon fillings. For these mixtures, the
optimum value for each mixture). The solid curves serve only agynal amplification due to the scintillation processes and the
a guide to the eye. The experimental results reveal the appraiétector energy resolution may achieve values of 15%—-18%
mately linear trend above about 1&vh—!-Torr—! characteristic and 11%-10%, respectively. This improvement in the energy
of the GPSC secondary scintillation yield. Below the gas sciresolutions can be achieved for mixtures with a broad range of
tillation threshold, pulse amplitudes become constant, the pukenon concentration, 20%—-70% Xe, being achieved for lower
height resulting only from the amplification of primary electronseduced electric fields in the scintillation region as the xenon
in the MSP anodes. concentration is reduced.

140 180 220 260 300 340 380
V, (Volt)
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Fig. 5. Detector relative pulse amplitude (open symbols) and energy resolution (full symbols) as a function
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region for the different mixtures using a constant photosensor gain (at optimum value for each mixture) and a constant reduced electric fidtd-ayite dr
(0.3 V-cm~—*-Torr—1). The solid curves serve only as a guide to the eye.

As for pure argon or pure xenon filling, the detector perfor- [6]
mance is limited by optical positive feedback resulting from
additional scintillation produced in the electron avalanche
processes around the MSP anodes, limiting the MSP gair7)
for optimum operating conditions. Best energy resolutions

are achieved for positive feedback gains of about 1.1, corre-

sponding toV, voltages of about 220, 190, 210, 220, 300, and
360 V for pure argon, Ar-5% Xe, Ar-10% Xe, Ar-20% Xe,
Ar-70% Xe, and pure xenon, respectively.
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