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Abstract - We report on the performance of a Micro-Hole &
Strip Plate (MHSP) electron multiplier operating in pure Xe,
Kr, Ar and Ne at the pressure range of 1 to 6 barmad in Ar —
Xe mixtures at pressures ranging from 1 to 7 barThe
maximal gains at 1 bar Xe and Kr are 5*104 and 105,
respectively; they drop by about one order of magmide at 2
bar and by almost another order of magnitude at 5-6bar;
they reach gains of 500 and 4000 at 5 bar in Xe andr,
respectively. In Ar, the gain varies very little wth pressure,
from 3*103 to 9*103; in Ne the maximum attainable gin,
about 105, is pressure independent above 2 bar. Thesults
are compared with that of single- and triple-GEM mutipliers
operated in similar conditions. Potential applicatons are in
hard X-ray imaging and in cryogenic radiation detetors. In
the Ar - Xe mixture no significant reduction of the maximum
achievable gain was measured. Absolute gains of %103
were reached in Ar/50 mbar Xe over this pressure mge
from 1 to 7 bar. Energy resolutions between 14% and 6%
were reached for 6 keV X-rays.

|. INTRODUCTION

Gas electron multipliers operating in high presswrble
gases have been the subject of an intense stutlg most
recent years. These devices find applications erfigds
of cryogenic detectors for neutrino physics, dar&tter
search and PET [1-4], gaseous photomultipliersft] X-
ray and neutron imaging detectors [6,7].

applied voltage to the electrodes, common to other
micropaterned detectors like MSGC and GEM, the
decrease in the maximum gain in triple - GEM detecis
caused by other factors. The decrease in the charge
extraction efficiency from each GEM and in the gjear
transfer efficiency from one GEM to the next with
increasing pressure are causes of a decrease in the
measured gain of the detector.

A specific drawback of detectors comprised by aade

of GEM is the feedback caused by ions that, flowfnagn

the last GEM to the previous, induce the emissibn o
electrons from the electrodes of the GEM, therefore
setting a limit to the maximum gain attainable [9].

of the MHSP. On the bottom side the holes are cetteith the
cathode strips. The narrower anode strips run leghilee cathods.

The recently introduced Micro Hole and Strip Plate

The simple purification and low ageing under charge (MHSP) [10] is presented as an alternative to thget—

avalanche multiplication of the noble gases makesnt
suitable for the use on sealed gaseous detectersitom
for long periods and with stable conditions. Thejana

drawbacks on the use of pure noble gases at atmsph

pressure are related with photon and ion inducedifack
that strongly limits the maximal gain achieved dnst
gases. The introduction of the Gas Electron Muipl
(GEM) and the confinement of the electron avalasdbe
the holes of the GEM allowed achieving higher gains
noble gases without the limitation placed by UV-amo
feedback [8,9]. Detectors comprised of 3 cascadeEMG
(triple-GEM) were developed for the operation aghhi
pressures [9] aiming to increase the detectiortieffcy

However, a major drawback of these detectors idake

decrease in the maximum gain achieved when ingrgasi

the pressure of the gas. Besides the limit on thgimum

GEM for the operation at high pressures. This
micropaterned  detector combines a GEM-like
multiplication stage (holes) followed by a MSGCdik
multiplying elements (strips) in one single struefifig.1.

The MHSP presents 2 multiplication stages conttotig

2 independent voltage differences, between the Top
electrode and the CathodegYand between Cathode and
Anode, Vic. The normal operation mode of the MHSP,
fig. 2, involves the focusing of the primary elects in to

the holes of the MHSP. These primary electrons are
multiplied inside the holes and the charge produised
extracted and further multiplied between the cathadd
anode strips, being collected on the lather oném Z
multiplication stages, separated by a distance anfies
microns, allow the MHSP to achieve high gains wath
very efficient charge extraction and transfer betwe
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multiplication stages. This features, combined wiitie
good optical screening of avalanche photons andavegl
ion-blocking capability as compared to GEM [11], kma
the MSHP very suitable for the operation on highsgure
noble gases.
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Fig. 2 — The primary electron produced on the idtfion are
focused in to the holes of the MHSP were they auttiptied. The
resulting charge is extracted and further mukiplin the region
close to the anode were the electrons are collected

Il. EXPERIMENTAL SET-UP

The detector used is composed of a stainless ste
chamber, 10 cm in diametefhe radiation enters the
detector by a 2fim thickness aluminized Mylar window
having 2 mm diameter. The MHSP was placed inside th
body of detector and isolated from its walls by AGDR
holder. The voltages used to polarize the top,achhand
anode electrodes of the MHSP were supplied via Imeta
feedtrougth’s isolated from the detector body by G@2R
feedtrougths. The window and body of the detecterew
kept at ground potential. All the parts of the d&de were
glued with non conductive low pressure epoxy giieg-
Con 2116). The absortion/drift region and inductgap
were, respectivily, 5 and 3 mm wide. Prior to thie§ of
the detector it was pumped down to the pressufé >
mbar. After the filling, the gas purity was maim@di by
non-evaporable getters SAES St707 heated at 150°C.

The MHSP, with an active area of 28*28 fisimade of
a 50um Kapton foil, with 5um copper coating on both
faces. The top surface of the MHSP, GEM like, is
patterned with bi-conical holes of 40/{in diameter,
placed in an asymetrical hexagonal lattice of 14€ 200
pm pitch int the direction parallel and perpendicutathe
strips placed on the bottom side. On this sidehthles are
centered within the cathodes, these ones, [dri0wide,
run between the anodes, 3% wide.
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The signals from the anodes of the MHSP were fed
through a Canberra 2006 preamplifier of 1.5 V/p&2;the
measurements with Ne the sensitivity was reduced.2o
V/pC. The signals were further processed by a Tleone
TC243 amplifier (4us shaping time) and a Nucleus PCA2
1024 multichannel analyser. The electronic chain
sensitivity was calibrated, for absolute gain deteation,
using a calibrated capacitor directly connectedthe
preamplifier input and to a precision pulse germrat

All the electrodes were independently polarizethgis
CAEN N471A power supplies. The detector vessel, the
radiation window and the induction backplane were
connected to the ground. The voltage of the MHSP to
electrode, Yop, determines the drift field; the voltage
difference between this top electrode and the cktho
strips, 1, determines the avalanche gain in the holes; the
voltage difference between the anode and cathaoges,st
Vac, determines the avalanche gain around the anode
strips; and the voltages of the strips determine th
induction field.

For the present studies, the detector was irradliaith
5.9 keV X-rays from a>Fe source with the 6.4 keV
X-rays filtered by a chromium film.

[ll. HIGH PRESSUREPURE NOBLE GASES

For the measurements with the pure noble gasesiXe,
Ar and Ne, the maximum voltagescVand Vic were

e?Jtpplied to the MHSP, in order to maximize the gaimen,

and prior to the the onset of discharges, the geltdc
was reduced, while maintaining the Mvoltage constant,
in order to produce the gain curves presented h t
paper. The 5.9 keV X-rays pulse height distribugiorere
fitted to a Gaussian superimposed on a linear rackgl
and the peak centroid was monitored as functiol gf
and 1. For each gas, Mpwas increased with pressure
so that the reduced electric field in the driftioegwas
only mildly decreased. Values in the range of 180-7
Vem*bar! were used for Xe, Kr and Ar fillings, and of
60-50 Vcmt' bar® for Ne fillings, respectively

In Figure 3 a-d, we present the detector’s totah ges
function of the total voltage difference applied tire
MHSP, Vigta = Ver + Vac , for pure Xe, Kr, Ar and Ne,
respectively, and for the different gas pressurés. gain-
curves exhibit the characteristic exponential awetie
growth, but at low Vi values the pulse amplitudes drop
faster than exponential, due to inefficient electro
transport to the anode strips. ThegrWalues used for each
pressure, were increased with increasing pressom f
460 to 820V for Xe, from 430 to 740V for Kr and rfino
320 to 660V for Ar; for Ne we set values around \826r
all the pressures, except 260V set at 1 bar.
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Fig. 3 — Absolute gain achieved with the MHSP imepXe, Ar,
Kr and Ne as funtion o the total voltage.

Fig. 3 a,b, show an identical trend of the maxinyam

dependence on pressure for pure Xe and Kr: a fast 10

decrease of the maximum achievable gain from 1 bar2

855

depict the MHSP total gain as function ofcqy for
Vac=250V, for Ar—Xe mixtures at pressures of 1-7 bar,
with a constant 50 mbar Xe content. The maximum gai
almost constant up to filling pressures of 6 barying
between 2*18 and 4*16. Up to these pressures the
increase in the ¥ voltage compensates the increasing
energy loss in elastic collisions as the total gues rises.
However, for voltages above 500V, thecrVvoltage
cannot be increased since the electric strengthhef
microstructure is reaching its discharge limit. In
consequence, the compensation can no longer bevachi
and the gain drops above this pressure.
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and a slower decrease of this maximum for pressures

above 2 bar. Nevertheless, the amplitude reduciibim
increasing pressure is much slower for Kr than Xer
Gains about 5*1band 16 were obtained at 1 bar for Xe
and Kr, respectively, being reduced to 5*Hhd 2*10 at

2 bar, and to 500 and 4*i@t 5 bar. On the other hand,
the maximum gain obtained for Ar (Fig.3 c) presenily

a small dependence on the pressure, increasing from
5*10° at 1 bar to a maximum of 40at 4 bar and

decreasing by a factor 3 at 6 bar. The maximum gain

achieved in Ne is fairly constant for pressuresvalibbar,
being ~ 2*1d at 1 bar and ~FfOfor all the other gas
pressures.

V. AR-XE MIXTURES

Fig. 4 — Absolute gain achieved with the MHSP inrfoxture of
Ar with 50 mbar of Xe at pressures from 1 to 7 bar.

V. CONCLUSIONS

In this work we presented the characteristics MfHSP
electron multiplier operated in Xe, Kr, Ar and Né a
pressures ranging from 1 to 6 bar. When comparéld wi
the operation of a triple-Gem detector for the sgases
[9], this single-element multiplier has yielded higgains.
This could originate from the particular MHSP's
geometry; the two amplification stages separatedriy a

Throughout the measurements with Ar-Xe mixtures the few tens of microns, resulting in a more efficietgctron
drift field, determined by the MHSP upper electrode transfer from stage to stage compared to that doguin

voltage, was kept at about 100 V/cm, and the ariode
cathode voltage difference, ¥, was kept at 250 V. In
each set of measurements, the voltage differenoessc
the holes, ¥+, was gradually increased. BotlMand Vic
were maintained below the onset of discharges.

At 1 bar, the best operating conditions, i.e. higlgains
for relatively low applied voltages, were obtainedith
argon / 5% xenon mixtures [12]. Since the eleciropact
cross-section is higher for Xe than for Ar, the dtems
play a more significant role in the charge avalanch
processes. Thus, the increase of Ar content hasaties
effect on the mean-free-path for Xe ionisation, and
constant Xe partial-pressure content could, in gipie,

multi-GEM cascades [13]

The gas gain at 1 bar is about 5*f6r Xe, and higher
than 10 for Kr. Xe and Kr show fast gain decay with
pressure and the gains are reduced to about 500001t
respectively, at 5 bar. For Ar, the gain variatiaith
pressure is less marked; it varies between 3 and@*9*
with a maximum at 4 bar. In Ne, the maximum achidva
gain increases from 2*f0at 1 bar to around %Ofor
pressures above 2 bar. At atmospheric pressureathes
reached with a MHSP are somewhat higher compared to
triple-GEM, except for Ar where the gains are lovigr
almost one order of magnitude [9]. For pressuresald
bar the MHSP reaches about two orders of magnitude

yield roughly the same maximum gains. In Fig. 4 we higher gains than the triple-GEM. In Ne, howevike gain
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difference between the two multipliers is reduceithw
increasing pressure; it becomes similar above 5 bar

Compared to a single-GEM operated in pure Kr [14§,

MHSP vyields gains that are more than two orders of
magnitude higher, at 1 bar; the MHSP's maximum gain

decreases faster with increasing pressure, regtttionly
one order of magnitude gain difference betweertwioeat
6 bar.

The study of the operation of MHSP electron mukipl

in argon—xenon mixtures, at pressures varying ftoto 7

bar

mixtures. Gains between 2 and 4*1@ere achieved in
Ar/50 mbar Xe gas mixtures at pressures up to 6 bar
Above 6 bar, limitations on the maximum gain are

has proven that the MHSP can reach high gairkis

imposed by the MHSP discharge limit. Neverthelgafms

are still above 1Dat 7 bar. Energy resolutions of 14%
FWHM were reached with 6 keV X-rays; they do not

degrade significantly with increasing pressure.
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