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ABSTRACT. Beam studies of thin single- and double-stage THGEM-bds#ettors are presented.
Several 10< 10cn? configurations with a total thickness of 5-6 mm (excludingd®ut electron-
ics), with 1x 1cn? pads inductively coupled through a resistive layer to ARSI eadout elec-
tronics, were investigated with muons and pions. Deteatifficiencies in the 98% range were
recorded with an average pad-multiplicity ©f1.1. The resistive anode resulted in efficient dis-
charge damping, with few-volt potential drops; dischargebpbilities were~ 10~7 for muons and
10~ for pions in the double-stage configuration, at rates of a‘—é@m These results, together with
the robustness of THGEM electrodes against spark damageneinduitability for economic pro-
duction over large areas, make THGEM-based detectorsyhigimhpetitive compared to the other
technologies considered for the SiD-DHCAL.

KEYWORDS Calorimeters; Micropattern gaseous detectors (MSGC, GEMGEM, RETHGEM,
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1 Introduction

The Thick Gas Electron Multiplier (THGEM] is a simple, robust and economic detector ele-
ment; it can be industrially produced over large areas usiagdard Printed Circuit Board (PCB)
technologies. Its properties and potential applicatiarsraviewed in 2, 3]; for recent works on
THGEM properties in normal operation conditions sé€/]. In the last few years, a considerable
R&D effort was undertaken to evaluate the applicability 6fGEM-based detectors as thin sam-
pling elements in Digital Hadronic Calorimeters (DHCAL)h effort focused, in particular, on
the DHCAL of the Silicon Detector (SiDB]. However, since THGEM detectors provide propor-
tional response, they are also applicable in the semi-DHC@&hcept 9]; in the latter, different
threshold levels applied to the deposited-charge sigialsld permit reducing hadronic-response
non-linearities.

SiD is one of the two detector concepts studied for futuredircollider, either the International
Linear Collider (ILC) P] or the Compact Linear Collider (CLICYLD]. In its present design, the
SiD DHCAL will require a total active area of a few thousandi@e meters of a few-millimetres
thick sampling elements3]. The expected average particle rates at the DHCAL are ibf(%.

The ambitious physics program of both the ILC and CLIC respigxcellent, 3—4%, jet energy
resolution (defined a%, where E is the true jet energy amg is the resolution of the energy
measurement). In order to achieve this resolution, the SHTBL is designed to employ Particle
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Figure 1. Schematic description of Segmented Resistive Well THGERWELL) coupled to a readout
pad array.

Flow Algorithms (PFAs) 11], and is thus highly segmented in both the longitudinal aadsverse
directions. Its baseline design comprises of 40-50 laykeabsorber plates (either stainless steel
or tungsten) separated by 8 mm gaps, which should incomthatactive sampling elements with
their 1x 1cn? pixels and readout electronic8]] High single-particle detection efficiency and
low average pad-multiplicity (number of pads activated gessing particle) are essential in this
application.

Active elements utilizing 3-5 mm thick Resistive Plate Chans (RPCs), excluding readout
electronics, are the baseline technology for the SiD hadrcalorimeter 12, 13]. They were al-
ready tested at the level of a £rimstrumented block with digital readout electronics anelgéd
so far an average pad multiplicity ef 1.6 at 94% efficiency with muonslfl]. Detection ele-
ments based on the MICRO MEsh GAseous Structure (MICROMEG#Sted with muons at
1n? units, displayed superior properties (with a thickness-@.1 mm, excluding the MICRO-
ROC electronics I5]): 97% efficiency with a 1.1 average multiplicityl]. Detector prototype
using 30x 30cn? double Gas Electron Multipliers (double-GEMs) of 5mm titieks excluding
the KPiX readout electronic4¥], yielded a multiplicity of 1.3 at 95% efficiency with muonsq].

THGEM-based structures were proposed as potential DHCAlpSiag elements in 2010 and
have since been thoroughly investigated in laboratory a@hbsettings. The results of previous
beam studies, performed at the RD51 test-beam facility dRISESPS, are summarized it9].
They focused primarily on single- and double-THGEM detestouctures of 1< 10cn?, oper-
ated in Ne/5%CH4: the avalanche charge was recorded<ahch? anode readout pads following
a 2mm induction gap and directly coupled to KPiX readout tetetics [L7]. These preliminary
studies demonstrated the potential value of such detefdtoBBHCAL, with an average pad mul-
tiplicity of ~ 1.1-1.2 at a muon detection efficiency €f95% for a~ 6 mm thick single-stage
detector, in which charges were deposited in a 4 mm thick deap. These encouraging results
left, however, room for optimization, in terms of detectoickness and stability in harsh hadronic
environment.

A promising step forward for THGEM-based detectors canoalgonfigurations based on the
Segmented Resistive Well THGEM (SRWELL), first suggested 8. The SRWELL (figurel) is
a composite structure, comprising of a single-faced THGHe&dteode (copper-clad on its top side
only) coupled directly to a resistive anode in a WELL confagion (‘WELL' being a THGEM with
closed bottom electrode); an avalanche-induced inductieege appears on a pad array separated



from the resistive layer by a thin (1@0n) insulating sheet. The absence of the induction gap leads
to a significantly thinner geometry, while the resistivedagerves to effectively quench the energy
of occasional discharges. Compared to THGEM configuratidgtisan induction gap, higher gains
are obtained for lower THGEM voltages, due to the stronged fagthin the closed holes1p).
Charge spreading across the resistive layer may resullayettinductive signals on neighboring
pads and, consequently, in high pad multiplicity. This isvented by adding a matching grid of
thin copper lines below the resistive layer that allows &pid clearance of the electrons diffusing
over its surface. The SRWELL has a square-hole pattern,‘llitid’ copper strips above the pad
boundaries, designed to prevent discharges in holes mgsilifiectly above the metal grid lines.

We present here recent results of SRWELL-detector evaluatiith 150 GeV/c muon and
pion beams, conducted at the CERN SPS/H4 RD51 beam-line.d&textor configurations were
studied: a 5.8-5.9 mm thick single-stage SRWELL detectdraad.8—6.3 mm thick double-stage
multiplier with a standard THGEM followed by an SRWELL. Thetdctors were investigated
with the new Scalable Readout System (SRS) developed WitERN-RD51 P0]. Results are
presented on detection efficiency, pad multiplicity anatligsge probability; future plans are dis-
cussed in brief.

2 Experimental setup and methodology

2.1 The THGEM detectors

The THGEM electrodes used in this work werex100 cn? in size, manufactured by 0.5 mm diam-
eter hole-drilling in either 0.4 or 0.8 mm thick FR4 platespper-clad on one or two side3l]; the
holes of the double-sided THGEM electrodes were arrangad mexagonal lattice with a pitch of
1 mm while the holes of the single-sided WELL-THGEM elecedfbr the SRWELL configura-
tion) were arranged in a square lattice with a pitch of 0.96 ®uthmm wide rims were chemically
etched around the holes in both cases. The width of the “dimper strips above the grid lines in
the SRWELL electrodes (see figutgwas 0.68 mm. Anodes with surface-resistivity in the range
10-20 M/square were used. They were produced by spraying a mixtuyeyphite powder and
epoxy binder on a 10Am thick FR4 sheet, patterned with a square grid of g60wide copper
lines, defining an array of 109 10cn? squares (figurd); the array corresponded to that of the
8 x 8cn? readout pads, patterned on a 3.2 mm thick FR4 plate. Thediaheeter, electrode thick-
ness and rim width were chosen based on previous optimizatialies 22]. In view of previous
experience with neon mixtures, offering high attainablangat relatively low operation poten-
tials [6, 23], the detectors were operated in Ne/5%CH4; at normal camgit 150 GeV muons and
pions (referred to in the text as minimally ionizing parigl— MIPs) deposit on the average a total
number of 60 electrons per cm along their tra2#4][

The two basic configurations investigated, with differeabigetrical parameters, are shown
in figure2. The single-stage SRWELL detector was investigated witta@d 0.8 mm thick WELL
electrodes; the double-stage detector, with a THGEM piageatie SRWELL, was operated with
0.4 mm thick electrodes only. Tablesummarizes the geometrical parameters of both configura-
tions and the nominal anode-resistivity values. The deftfivas maintained by setting a potential
difference between the multiplier's top electrode and aditamhal copper-plated drift electrode
(e.g. a passive THGEM) placed a few mm above.
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Figure 2. Schematic views of the SRWELL detector (a) and the doutalgesTHGEM+SRWELL (b) con-
figurations. Avalanche charges induce signals throughistiresanode, onto pads located behind a 160
thick insulator. The copper-grid below the resistive filnaewates the electrons diffusing across it surface.

Table 1. Parameters of the single- and double-stage SRWELL dege¢bd figure 2) investigated in
this work.

Configuration| Thickness| Transfer gap| Drift gap | Total thickness Resistivity
[mm] [mm] [mm] [mm] MQ/square
Singlel 0.4 — 5.5 5.9 10
Single2 0.8 — 5 5.8 10
Doublel 0.4/0.4 1.5 4 6.3 20
Double2 0.4/0.4 15 3 5.3 20
Double3 0.4/0.4 1.5 2.5 4.8 10

The electrodes were polarized with individual HV power{siyfCAEN A1833P and A1821N
boards, remotely controlled with a CAEN SY2527 unit. Thetagé and current on each channel
were monitored and stored. All inputs were connected thrdag-pass filters.

2.2 External trigger, tracking and beam parameters

The external trigger system used for event selection is shioviigure 3 [25]; it comprised three
10 x 10cn? scintillators arranged in coincidence. The tracking systeovering a total area of
6 x 6¢n?, was based on position measurement with three MICROMEGASct®s, equipped
with an SRS readout syster®(] recording signals through APV front-end hybrid electan26]
similar to the one employed in our test detectors. Two chasere tested in parallel, containing
different detector configurations: one was located betwibertwo downstream trackers and the
other between the third tracker and the second scintill@igure 3). The chambers were operated
independently, but shared the same trigger and trackirgrsys

The experiments were performed with 150 GeV/c muons andspidrhe muon beam was
broad, covering the entire detector area, with a typica odit~ 10—203*—"@. The pion beam had
a narrow central peak~(1cn? width) with wide, low-rate wings. Its rate was varied betwee
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Figure 3. Schematic description of the test-beam setup, incoripgrétte two SRWELL detectors, three
scintillators and three MICROMEGAS tracking detectors.

~0.5 % and~ 70'(%5 to investigate the detector stability and performance uddterent irradi-
ation conditions.

2.3 Readout and data acquisition

A crucial point in the measurements was the synchronizdigmween the data acquired with the
detectors under investigation and that of the tracker. Taltterl was used to measure the local
detection efficiency and evaluate the level of cross-tatkvben neighboring pads as function of
the particle impact location. This was effectively achibenploying the RD51 Scalable Readout
System (SRS)Z0].

Like the detectors of the tracker, the 64 readout pads of etactbrs were coupled to APV25
chips R6]. The APV25, originally designed for the silicon trackingtdctors in CMS, has high
rate capability and low noise (equivalent-0f200 electrons for a few tenth pF typical input capac-
itance). Due to the low noise level and high sensitivity & tiip, gas gains of the order of several
1000 were sufficient for efficient operation of our detectors

The data acquisition of both systems was triggered by thes samimtillator signals and per-
formed with a single SRS front-end card (FEC). For each ¢iigd event, the charge accumulated
by all channels was stored. For each channel, the chargeamgded in 25 bins of 25 ns each.
The mmDAQ online data acquisition software was used to store the sgnized data on a PC
for further analysis.

2.4 Analysis framework

The track reconstruction algorithm is described 25][ Tracks were selected by setting a high
threshold on the MICROMEGAS, suppressing noise hits. Thasks formed the baseline objects

1Developed by M.Z.D. Byszewski (marcin.byszewski@cer.ch



of the analysis; the MIP trajectory through our SRWELL daies was extrapolated from the

calculated track coordinates. The detector propertianehapulse-height distribution, efficiency

and pad multiplicity (both global and local) were measuréith wespect to these trajectories.
Data analysis of the SRWELL detectors comprised the folgwivo steps:

1. Noise suppressiordedicated pedestal runs, without beam, were used to detthe noise
level of the individual channels in each configuration. Tleelgstal of each channel was
defined as the mean value of the charge measured in the 25@gntienvals. The noise
level of each channel was defined as the width of this didtdhu Only pads with a charge
signal above a threshold relative to the individual chasneise were used in the analysis
of the physics runs. A change of any of the detector paramétdy configuration, etc.) was
followed by a pedestal run.

2. Clusterization neighboring pads with detected charge above the thresbiotted a cluster.
The cluster position was determined from the average ofdlds position, weighted accord-
ing to their measured charge. The charge associated witlsteclwas taken as the sum of
the charge of all pads in that cluster.

The detector efficiency was defined as the fraction of trackeresa corresponding cluster
was found with its calculated position not more than 10 mmyafs@am the track trajectory. The
single-event multiplicity was defined as the number of pad$hé cluster. The average pad mul-
tiplicity was defined as the average number of pads in eveh&ava corresponding cluster was
found not more than 10 mm away from the track trajectory. Bbéhdetector efficiency and pad
multiplicity were measured during stable operation caadg. In particular, time intervals with de-
tected high-voltage drops were excluded. Therefore, eatgrarameters such as the power supply
recovery time following eventual discharges did not biasrtieasurements. The effect of eventual
discharges on the detector efficiency is discussed below.

The discharge probability was defined here as the numbesdifdiges divided by the number
of hits in the active region of the detector (i.e., in the tat@a covered by the crossing beam). The
number of discharges was extracted directly from the poweply log files by counting the result-
ing drops in the monitored voltage. Since the pion beam waswar than both the acceptance of
the scintillators and the detectors, the number of pionihitee active region of the detector was
estimated as the number of triggers. For muons, where tha bes wider than the acceptance of
both the scintillators and the detectors, the number of mhitsnin the active area of the detector
was estimated from the number of triggers, by correctingiferdifference between the acceptance
of the scintillators (6< 6cn?) and that of the detector (2010cn¥).

2.5 Threshold optimization

Unlike the tracker, where a maximal threshold was set dutir@nalysis to ensure that only good-
quality tracks are used, the threshold for the SRWELL detsavas set to optimize the detector
performance. Figuré shows an example of global detector efficiency recorded mvitbns, versus
the pad-multiplicity; the data were recorded with a singfigge 0.8 mm thick SRWELL detector
(figure 2a; Single2in table 1) for different thresholds set during the analysis. The detebias
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Figure 4. Global detection efficiency as a function of the pad-miittity for different charge thresholds set
in the analysis, as measured with a 0.8 thick SRWELL (fi@aevith muons. Ne/5%CHAV pyiir = 250 V.

voltage QAVsrweLL) was scanned while the drift field was kept constax\ ix = 250V corre-
sponding to a drift field of approximately 0.5kV/cm); as eipkd in section 2.4, the thresholds
were set relative to the noise level of the individual chdsn&s can be seen, relative thresholds of
0.7 or 0.9 were optimal in this case; they resulted in higlect&n efficiency and low pad multi-
plicity. A threshold of 0.7 was used throughout the analgsise it was found optimal also for the
other SRWELL detector configurations investigated here.

3 Results

3.1 Detection efficiency and pad multiplicity with muons

The detector efficiency as a function of the applied voltageshown in figure5 for the
THGEM+SRWELL in aDoublelconfiguration (tablel). In figure 5a the same potentials were
applied across the THGEM and the SRWEIAMGHcem = AVsgrweLL). This potential was var-
ied keeping a constant transfer potentidV rranster= 200 V (corresponding to a transfer field of
approximately 1.3 kV/cm); in figuréb the transfer field was varied, keeping a constant potential
differences across both multiplierAV srweLL = AVtHeem = 560V. Conditions were found for
reaching close-to-unity efficiencies in a stable operatimue.

The results of the measured detection efficiency with musrasfanction of the pad multiplic-
ity for the five configurations investigated (taldlpare summarized in figur@ All measurements
were done under stable operation conditions. For botiSthglelandSingle2configurations, the
measurements were done by increasing the SRWELL voltagd)dableland Double3config-
urations the transfer voltage was kept const@-(ansfer = 300V andAV transfer= 50V respec-
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Figure 6. Detection efficiency with muons as a function of the pad iplitity measured with the single-
SRWELL and the double THGEM+SRWELL configurations listedahle1. The total detector thickness,
excluding readout electronics, is provided for each cagbarfigure. The optimal voltages and resulting
efficiency, multiplicity and gain values are given in talle

tively, or a transfer fields of approximately 2 kV/cm and OM3ém) while the bias voltages of the
THGEM and SRWELL were increased symmetrically (keephWsrweLL = AV tHeem); for Dou-
ble2 the transfer voltage was kept constafV (ransfer= 225V, or approximately transfer field of



Table 2. The applied potentials and resulting effective gain atapimal detection conditions (lowest pad
multiplicity at detection efficiency plateau) of all of thested configurations.

Configuration| AVsgrweLL | AVranster | AVTHceM | Efficiency | Multiplicity | Effective
[Vl [V] [Vl [mm] gain
Singlel 610 — — 0.97 1.2 1200
Single2 780 - - 0.98 1.1 2000
Doublel 530 300 530 0.98 1.2 6500
Double2 540 225 540 0.95 1.2 8200
Double3 540 50 540 0.98 1.3 4000

1.5kV/cm) while the bias voltages of the THGEM and SRWELL &vscanned asymmetrically.
High detection efficiencies95%) and low pad multiplicity values<(1.3) were recorded with
all configurations. Note that over 98% efficiency at multii values below 1.2 were measured
with the Single2andDoubleldetector configurations. The applied voltages and regugiains at
optimal detection conditions (lowest pad multiplicity hetefficiency plateau) are summarized for
all configurations in tabl@.

3.2 Local characteristics (muons)

The accurate tracking allowed for studying the local chizrégtics of the detector. For each con-
figuration, an optimal working point (lowest multiplicity the efficiency plateau) was selected. At
these conditions, the local efficiency and multiplicity weneasured as a function of the particle
impact distance from the edge of the pad. The local efficiemzymultiplicity plots of theSingle2
andDoubleldetector configurations are shown in figateAs expected, close to the edge of the
pad the charge is shared between two neighboring pads.asibghavior was measured with the
other three configurations.

As discussed in our previous workq] the charge sharing also depends on the detector con-
figuration, the anode type and its resistivity; in the SRWEtHe metal strips below the resistive
layer prevent charge propagation to neighboring pads andthrge sharing is due mostly to the
event induced avalanche size. By definition, the chargerghbetween neighboring pads results in
higher average pad multiplicity. This suggests that therpatfiplicity provides indeed additional
information concerning the track position, which could pleited. Since in such events, less
charge is induced on each pad, the signal-to-noise semaiativorse, resulting in slightly lower
detection efficiency.

3.3 Operation with pions

Experiments were carried out with 150 GeV/c pions, to irigas¢ the detectors’ behavior under
higher event rate and in the presence of potential higherdtion hadron-induced background.
Examples of cluster charge distributions (defined in sac®i@) measured with both muons and
pions in theSingle2and Doublelconfigurations are shown in figuBeand figure9 respectively.
For each configuration the measurements were carried oatthdtsame high-voltage configura-
tion for both beam typeshVsrweLL = 800V for Single2 AV srweLL = AVTHgEM = 560V and
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Figure 8. Cluster charge distributions measured with 8iegle2configuration (tablel) at an operation
voltageAV sgrweLL = 800V (a) muons, 10—2%; (b) pions, O.HSHWZ. The measured data (blue histograms)
are fitted to Landau distributions.

AV ranster= 50V for Doublel The measured data (blue histograms) are fitted to Landau dis
tributions (red curves). As can be seen, the measured cleiséege distribution of the double-
stage configuration (figurgb) remained practically unchanged in the transition fromonsuto
pions; however, the operation of the single-stage conftgurgfigure 2a) with pions resulted in

an average-gain drop of over 50%, as indicated by the dropeof.andau Most Probable Value
(MPV) from 6.6 fC to 3.1 fC.
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Figure 9. Cluster charge distributions measured with Br@ible1configuration (tablel) at operation volt-
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0.5%. The measured data (blue histograms) are fitted to Land#ibdigons.

The substantial drop of the MPV in the single-SRWELL irraelchwith pions (figureb) is yet
unclear, requiring further investigations. The posdipitif rate-dependence of the gain is ruled out,
since this gain drop is not reproduced in the lab when irtatjehe detector with an X-ray source
at the same rates. Note that some high-voltage fluctuatimisappeared at the much higher rates
in the single-stage configuration operated with pions ctialde also caused this effect. Careful
studies are in course.

4 Discharge analysis

In previous laboratory studies, occasional-dischargesrand amplitudes measured with a resistive
(but not segmented) WELL were considerably lower compacethat of THGEM and WELL
configurations coupled to metal pad®]. In the present beam study, two beam-related types of
discharges were observed. Large voltage drops of 50-15@\ther one or more of the detector
electrodes, characterized the first type; a few volts dr@paitierized the second type, referred in
the text as micro-discharges.

The probability of large discharges was low10-8, for all of the investigated configurations.
They depended on the detector configuration, on the appbttdge and on the particle flux. In
particular, no large discharges of the SRWELL electrodeewsyserved with the double-stage
configurations. Large discharges were followed by long vepptimes of the power supply and
possibly of the detector. In some cases, the SRS readoutaglies had to be reconfigured or
power-cycled.

4.1 The effect of micro-discharges

Typical high-voltage variations in time, measured on thifedént electrodes of a double-stage
configuration Double3 operated in a pion beam, are shown in figi@ In order to study the
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Figure 10. TheDouble3STHGEM+SRWELL detector configuration. High-voltage vaigatin time overlaid
on the spill structure, as measured in a pion beam at a rat%f Mo high voltage variations were measured
on the mesh (magenta curve). The small variations (shownta} eheasured on the THGEM top electrode,
THGEM bottom electrode and WELL electrode are shown in blgcken and red curves respectively.

correlation between the occasional voltage drops and thm ifleix, the variations are overlaid on
the number of tracks measured every ten seconds (the beaistednof 10 seconds spills every
50 seconds). As can be seen, the THGEM top and SRWELL eledrad those with the highest
activity. The THGEM top displays 50—100 V discharges, witle SRWELL shows only micro-
discharges+ 3V drops). Discharges are mainly, but not exclusively, €ated with the beam.
Discharges on the THGEM top and micro-discharges on the SRV partially correlated.

The performance of the double-stage configuratidouble3 was measured during pion-beam
spills, with and without the appearance of micro-dischargimilar (within statistical fluctuation)
efficiencies were measured in both cases. The very similastertcharge distributions recorded
in both conditions are shown in figuld. We conclude that the effect of micro-discharges on the
performance of the double-stage detector is negligiblenil&i analysis could not be made with the
single-stage detectors since it was difficult to find spillwand without high-voltage drops at the
same high-voltage configuration.

5 Summary and discussion

This work focused on the test-beam results with our thinfeh.3 mm) THGEM/SRWELL de-
tectors, as possible candidates for Digital Hadron Caleigmy applications. A total of five config-
urations were investigated; two single-stage SRWELL anektilouble-stage THGEM+SRWELL
configurations. All the detectors were operated in stabhlitions at typical effective gains in the
range 1000-8000; signals were processed with frontend A$@nd SRS electronics. Detailed
results of systematic studies of processes in the diffeleteictor configurations discussed here will
be the subject of forthcoming publications.
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Figure 11. Cluster charge distributions recorded in iheubleSTHGEM+SRWELL detector (of figur&Q)
with pions at a rate of %’;‘—é The distributions were measured during spills with (red) avithout (blue)
micro-discharges in the same operation conditid\ssgrweL L = 550 V,AV1Hcem = 550 V andAV transfer=
50V resulting in an effective gain of 2500.

High detection efficiencies (over 95%) and low average paitipticity values (less than 1.2)
were recorded with all the configurations investigated hémeparticular, efficiencies above 98%
with an average pad-multiplicity below 1.2 were recordethwioth theSingle2andDoublelcon-
figurations, with a total thickness of 5.8 and 6.3 mm respelsti In the transition from low-rate
muon-beam to high-rate pion beam a significant, yet unclgain drop was observed with the
single-stage configuration, at the same operation voltd@igeeffect is being investigated. No gain
drop was observed with the double-stage configurations.

Two types of occasional discharges were observed; larghatiges, characterized by a voltage
drops of 50-150V, were observed with the single-stage cordimpns at low appearance rates
(< 10°%), and very rarely on the top THGEM electrode of the doubdgstconfigurations. Micro-
discharges, characterized by a voltage drop smaller thaf\i6re recorded in all configurations;
these did not affect the cluster-charge distributions aedietection efficiency of the double-stage
configurations. Further studies are required in order tetstdnd the effect of micro-discharges
on the single-stage configuration.

Compared to the technologies already explored as potsatiapling-elements for future Dig-
ital Hadron Calorimeters, the performance of thex1®0cn? THGEM-based detectors reported
in this work is better than that of t 1n? RPCs and 3& 30cn? GEM detectors and similar to
that of 1x 1 m? MICROMEGAS. The detector thickness can be further redugeopltimizing the
different gaps. The thinner single-stage configurationdustional advantages in term of cost and
complexity of the detector.

The proportional response of our THGEM-based sampling eftsnmakes them attractive
also for the semi-DHCAL concept. Note that preliminary istigations of a single-THGEM and

— 13—



SRWELL yielded satisfactory results, in terms of efficierryd pad multiplicity> employing the
MICROROC readout electronics; the latter (developed foid#H applications 15]) can be oper-
ated also in dual-threshold semi-digital mode.

The challenging task of developing a large-scale thin shsghge detector also requires re-
solving the observed gain-drop effect. It will be the foctior future work. The assembly of
larger 30x 30 cn? SRWELL-detector prototypes is in course.
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