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Abstract

Micropattern gaseous detectors (MPGD) underwent significant upgrades in recent years, introducing
resistive materials to build compact spark-protected devices. Exploiting this technology further, vari-
ous features such as space and time resolution, rate capability, sensitive area, operational stability and
radiation hardness can be improved. This contribution introduces a new type of MPGD, namely the
Fast Timing Micropattern (FTM) detector, utilizing a fully resistive WELL structure. It consists of a
stack of several coupled layers where drift and WELL multiplication stages alternate in the structure,
yielding a significant improvement in timing properties due to competing ionization processes in the
different drift regions. Two FTM prototypes have been developed so far. The first one is uWELL-like,
where multiplication takes place in the holes of a kapton foil covered on both sides with resistive ma-
terial. The second one has a resistive Micromegas-like structure, with multiplication developing in a
region delimited by a resistive mesh. The structure of these prototypes will be described in detail and
the results of the characterization study performed with an X-Ray generator with two different gas
mixtures will be presented. First results on rate capability and time resolution based on data collected
with cosmic rays and muon/pion test beams will also be presented.
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Abstract

This contribution introduces a new type of Micropattern Gaseous Detector, the Fast Timing Micropattern (FTM) detector, utilizing
fully Resistive WELL structures. The structure of the prototype will be described in detail and the results of the characterization
study performed with an X-ray gun will be presented, together with the first results on time resolution based on data collected with
muon/pion test beams.
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1. Introduction 3
36
Time resolution of classical Micropattern Gas Detectors s
(MPGD), like Gas Electron Multiplier (GEM) and Micromegas, ss
is dominated by the fluctuations on the position on the first ion- s
ization cluster in the drift gap. The average time needed for 4
the nearest ionization cluster to reach the amplification stage is 4
indeed given by r=d /v,, where d is the distance of the closest .
cluster to the first amplification region and follows the distri- 4
bution ¢™"/1, where A is the average number of primary clusters 4
generated by an ionising particle inside the gas per unit lenght; .s
vy instead is the drift velocity, that depends on the gas mixture
and the applied drift field. The contribution to the time resolu-
tion of the drift velocity is o, = (Av4)™': with a typical drift gap
of the order of 3-4 mm and with a proper choice of the gas mix-
ture, MPGDs can reach a time resolution of the order of 5-10 ns.
An improvement in the time resolution, to reach the 1 ns scale,
can be obtained working on the segmentation of the drift gap:
the principle is to divide a single thick drift region in many thin-
ner drift regions, each coupled to its amplification stage. The
reduction in time resolution that can be obtained is so propor-
tional to the number of stages Np employed: o, = (AvyN o) L.
The first prototype of Fast Timing Micropattern (FTM) detector
exploits this principle using two 250 um-thick drift gaps, each
coupled with an amplification region composed by a fully resis-
tive WELL. The construction of consecutive drift-amplification
stages is allowed by the use of resistive layers to polarize drift
and multiplication volumes. The overall structure is then trans-
parent to the signal that can be extracted from every amplifica-
tion stage.
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2. The Fast Timing Micropattern detector

The structure of the first prototype of Fast Timing Micropat-
tern (FTM) detector is described in [1]. It is composed by two
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Figure 1: Transversal view of the first prototype of FTM detector. o
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independent drift-amplification stages (Fig.1): each amplifica- *

tion region is based on a pair of polyimide foils, i.e. kapton, *

stacked due to the electrostatic force induced by the polarization *
66
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2

of the foils: the first foil, perforated with inverted truncated-
cone-shaped holes (with top base 100 um and bottom base 70
pm and pitch 140 pum), is a 50 um thick polyimide foil (Apical)
from KANECA, coated with diamond-like carbon (DLC) tech-
nique, to reach up to 800 MQ/LJ; the second foil is 25 um thick
XC Dupont Kapton, with a resistivity of 2 MQ/[J. The drift
volumes are 250 um thick, with planarity ensured by coverlay
pillars, 400 ym diameter and pitch of 3.3 mm. The active area
of the prototype is of the order of 20 cm?. The induced signal
can be picked up from the readout electrode, but also from the
drift electrode, through a capacitive coupling.

3. Characterization with X-Ray

The first characterization of the FTM prototype was per-
formed at CERN with a Amptek Mini-X X-ray tube, with Ag
cathode filament (22 keV X-Rays). Examples of signals picked
up from the drift and readout electrodes and read out with an
electronics chain composed by a preamplifier ORTEC 142PC
and an amplifier ORTEC 474, are shown in Fig.2.
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Figure 2: Signals from the FTM detector after amplification and shaping made
with a preamplifier ORTEC 142PC and an amplifier ORTEC 474: in blue the
signal pickup from the readout electrode, in orange from the drift electrode
through a capacitive coupling, the latter being inverted.

The rate from both the readout and drift electrodes at differ-
ent values of current from the X-Ray gun, i.e different values of
incident flux up to the maximum available from the source, is
shown in Fig.3. The response of the detector, for both the elec-
trodes, is linear; in addition the two data sets are comparable,
giving an indication of the electrical transparency of the layers.

4. Time resolution measurement

A two-week test beam was carried out in autumn 2015 at the
SPS H4 beam line [2] at CERN, with muon and pion beams,
with the aim of measuring the time resolution of the detector.
The setup used during the test and shown in Fig.4 was instru-
mented with three 10 x 10 cm? Triple-GEM detectors, 3:2:2:2
mm gap configuration, for alignment with the beam and four
scintillators, including one 2.5 x 3.5 cm? finger scintillator, for
triggering.

The time resolution was evaluated with muon and pion
beams in different powering configuration of the detector.
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Figure 3: Measured hit rate from both channels of the FTM detector as a func-
tion of the X-ray current, which is proportional to the incident flux, up to the
maximum available from the source. The increase of the rate measured is linear
with the increase of the incident flux. In addition, the data sets from readout
and drift channels are comparable, outlining the electrical transparency of the
layers.

Figure 4: Stand used for the time resolution measurement during 2015 test .
beam: from the front, two 10 x 10 cm? Triple-GEM, the FTM detector with 8
the squared copper case and the last Triple-GEM for alignment. The four scin- 84
tillators are placed behind each detector, in particular the finger scintillator is g5
placed just behind the FTM detector in order to match the active area of the "

prototype and improve the geometrical acceptance of the trigger.
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88
Fig.5 shows the time distribution of events induced by &
muons: the signal is taken from the drift electrode and read <
out by a fast electronic chain composed by a Cividec broad-
band amplifier and a linear Lecroy 612AM amplifier. The time
resolution is the sigma of the gaussian fit to the time distribu- %
tion and is of the order of 2.5 ns. The same result obtained with
pions is shown in Fig.6: here the time resolution is of the order ,
of 1.7 ns. All these results were achieved using a green-house-
gas-free gas mixture, composed by Ar/CO, 70/30.
Fig.7 shows instead the measured time resolution for differ- s
ent values of applied drift fields, keeping constant the amplifi- 7
cation fields, with both muon and pion beams. The time resolu- ss
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Figure 5: Detector time distribution of the events induced by muons during
2015 test beam. The time resolution was evaluated from the sigma of the gaus-
sian fit.
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Figure 6: Detector time distribution of the events induced by pions during 2015
test beam. The time resolution was evaluated from the sigma of the gaussian
fit.

tion of the detector seems not to be affected by a change in drift
field: this is due to the fact that, with such a small drift gap,
even a big change in the drift velocity would not affect signif-
icantly the time needed by electrons to reach the amplification
region. In addition, the drift velocity in Ar/CO, 70/30 mixture
can be considered almost constant, with variations of the order
of 5% for drift fields between 2 and 10 kV/cm [3].

Recalling the formula o, = (AvzNp)~' we can make a rough
estimation of the time resolution expected for a two layers de-
tector: assuming A ~ 33¢m™! for MIP in Ar/CO, 70/30 mixture,
vy ~ 8 cm/us, the estimated time resolution is o; ~ 1.9 ns, in
good agreement with the results obtained.

5. Application in High Energy Physics experiments: the
CMS muon system in the high 7 region

With the improvement in luminosity foreseen for High-
Luminosity LHC, also the flux of particles through the CMS
detector will greatly exceed that in previous running. Keeping
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Figure 7: Measured time resolution for different values of applied drift field:

the red points refer to muon beam, the blue ones to pion beam. 182
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the same performance of Run 1 will be a great challenge for the+ss
collaboration. In particular, focusing on the high pseudorapid-
ity (1) region of the muon system of the CMS experiment the "’
biggest challenges will be: "

6
7

138

e Redundancy: the high 77 region is the region with the high-'*
est rates but the fewest muon layers; o
141
e Rate: increases towards higher n;
142
e Detector Longevity: after years of LHC operation the ac-
cumulated charge will reach values of the order of few'
C /sz; 144
145
o Electronics: the existing electronics is not able to handle'

the occupancies/rates and latencies. 147
148

In order to face this conditions the CMS Collaboration de-s
cided to improve the muon system, also with the introductionso
of new stations instrumented with MPGDs, as shown in Fig.8.1s1
The GEM Endcap 1/1 (GE1/1) station will be instrumented withssz
GEM detectors and installed during Long Shutdown 2 (LS2)1ss
[4]; for the other two stations proposed for LS3, GE2/1 and
MEO (Muon Endcap 0), the baseline solution is again GEM de-,,
tectors, but optional solutions foresee yRWELL technology [5]
for GE2/1 and the FTM technology for MEQ. 185

The purpose of the MEO station in particular is the increase'®
in pseudorapidity coverage and acceptance up to |p| < 3. In ad-"*"
dition, in order to match with the new tracker that will provide's®
triggering up to |n7| < 2.4, the MEO station should also provide
a robust muon trigger with low py threshold and muon tagging.ise
The conditions in which the station would have to operate will
be extremely harsh, with a pile-up of the order of 140-200 and,,
a very high background rate up to 100 kHz/cm?. For these rea-isz
sons the detectors to be installed in the proposed station will'®®
need to have: :Z

166
e High granularity and spatial segmentation, to allow py as-ie;

signement and improve pile-up rejection; 168

4

n o1 02 03 04 05 06 07 08 09 10 11
0" 843" 786" 731° 677" 625 57.5° 528" 484" 443 404 36.8°
8

° | R e
1.7 207

« RB1 18 188"

n e
12 335°

R (m)

13 305°

14 217

15 252°

16 228"

4
19 17.0°
Solenoidmagnet [ T TTTTT 20 154
21 140°
22 126"
23 115
24 104°
25 94

3
HCAL

| EcaL

30 57°
Silicon
tracker
40 21

0 AW - 50 077°
12 z(m)

Figure 8: The CMS muon system instrumented with MPGD.

e Multi-layered structure, to allow an improvement of lo-
cal muon track recontruction and discrimination between
muons (resulting in a segment) and neutrons (resulting in
uncorrelated hits);

e Timing, to allow object reconstruction, reduction of in-
time pile up and help in vertex association. Also neutron
background mitigation will benefit from timing: if the de-
tection location is known precisely, only small time win-
dows are compatible with genuine muon hits from the in-
teraction point.

6. Summary

The first prototype of Fast Timing Micropattern detector was
tested and proved to have a linear response to the rate, to be
electrically transparent and its time resolution was measured to
be of the order of 1.5-2.5 ns with Ar/CO, 70/30 gas mixture.

The detector is being considered for applications in high en-
ergy physics experiments, like CMS muon system.

The R&D is ongoing with the design of a new prototype,
fully PCB-based, with at least 4 independent stages, that will be
tested at the SPS facility and at the Gamma Irradiation Facility
(GIF++) [6] at CERN in presence of high gamma-ray back-
ground.
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