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MPGDs: state of the art

MicroPattern Gas Detectors IMPGD) due to their performance
(high rate capability and fine space resolution) are ideal tools for :

0 fundamentalireseanch®tCompass, LHCDH, Totem, KEOE Jlab, [. HC

experiments upgrades)
O applications bevond science (medical, industrial, neutron ...)

In spite of the recent relevant progress in the field, still a long way
to go by dedicated R&D studies towards:

Q stability under heavy irradiation (discharge containment)

O simplified construction technologies, a MUST for
 very large scale applications in fundamental research
 technology dissemination beyvond HEP

Possibly improving their performance in terms of time and space resolution
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MPGDs: state ot the art

MPGDs are realized by means photolithography technology, on rigid or flex substrates,
the same used for standard PCBs. The two most important micro-structures are:

Micromegas (Micro-MEsh Gaseous Structure)
have been invented in the 1996 by Y.Giomataris
and G. Charpak.

Y. Giomataris, Ph. Rebourgeard.
JP Robert and G. Charpak.

NIM A 376 (1996) 29

A parallel-plate chamber where the amplification
(up to 10%) takes place in a thin gap, separated
from conversion region by a fine metallic micro-
mesh, supported by 50-100 «m insulating pillars.
Charge 1s collected on the anode readout board, a
suitable segmented standard PCB.
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The GEM (Gas Electron Multiplier) has been
mmvented in the 1997 by F.Sauli [NIM A386
SIS 21
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The GEM foil, 1s a thin (b0 ocm) metal coated
kapton foil, perforated by a high density of holes
(70 «m diameter, pitch of 140 «m).

By applying 400-500 V between the two copper
sides, an electric field as high as ~100 kV/cm 1s
generated into the holes which act as
multiplication channels for electrons produced in
the gas by an 10nizing partlcle
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P(GlDsstability

The biggest “enemy of MPGDs are the discharges.
Due to the fine structure and the typical micrometric distance of their electrodes,

MPGDs generally suffer from spark occurrence that can eventually damage the
detector and the related FEE.
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efficiency & discharge probability
1104

i
1

:“g 10-5 % Anliﬁer

reduced but not suppressed

JeyosIp

>
o
c
D
2
=
)

1 107

1108

!

Ar-CO, 70-30

Angeqoud

EFFECTIVE GAIN
ALNIGYE0dd 399VYHOSIA

[T B BT RPEA |
Enn IS

High Voltage [V]

S. Bachmann et al.,
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Technology improvements: resistive Micromegas

For MM, the spark occurrence between the Mesh support pilar et
metallic mesh and the readout PCB has been

overcome with the implementation of
a "resistive layer on top of the readout itself .}
The principle 1s the same as the resistive

3 e Copper Strip
electrode used in the RPCs: the transition from inswetor 0.15 mm x 100 mm

streamer to spark is strongly suppressed by a by R.de Oliveira TE MPE CERN Workshor
local voltage drop.

The resistive layer is realized as resistive strips capacitive coupled with the

copper readout strips. voltage drop due to sparking

Non-resistive MM (Ar:CO,85:15) Neutron flux = 10° Hz/cm? R11 (Ar:CO,85:15) Neutron flux = 107 Hzlem?
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°(GDs: construction 1ssues (1)

A further limitation of such MPGDs 1s correlated with the complexity of their assembly
procedure, particularly evident in case of large area devices.

d The construction of a GEM chamber requires some time-
consuming (/complex) assembly steps such as the stretching
(with quite large mechanical tension to cope with — 1 kg/cm)
and the gluing of the GEM foil (on frames)

. v !' W NSZ(CERN): no gluing ...
but still stretching ---

O A 2 m long detector requires a 200 ke mechanical tension that
must be sustained by suitable mechanical structures (large
frames, rigid panels ...). While the max width of the raw
material 1s about 60 cm.

L The splicing/joining of smaller detectors in order to realize
large surfaces (as used for silicon detectors) 1s difficult unless
introducing not negligible dead zones .
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The p-RW.

511 a novel architecture (I)

The goal of this study 1s the development of a novel MPGD by combining in a
unique approach the solutions and improvements proposed in the last years in the

MPGD field (RD51).

O The y-RWELL is realized by coupling a “suitable patterned GEM foil~ with
the readout PCB plane coated with a resistive deposition.

O The resistive coating 1s performed by (cheap) screen printing technique.

0 The WELL matrix is realized on a 50 um thick polyimide foil, with conical

channels 70um (50 ym)

top (bottom) diameter and 140um pitch.

L A cathode electrode, defining the gas conversion/drift gap, completes the

detector.
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TOPOSEd de er’*(‘l«)t”

J compact: <o knes:s
| e 2 I~ 1~ ’ . % YT
] robust against <‘|!>,<;.rz;1.r"~:,~->; nrough resistive coupling
ST
1 simple to build , only two componen

. 4 - I ‘.I , |
-amplification stage embedded with the readout

nas pbeen aesigned at 1IN puilt in the 2009

The micro-structure has some characteristics in common with two MPGDs developed by the end of last
R century (J. P. Ill France 6 (1996) 337, NIMA 423 (1999) 125).
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The p-RWELL vs GEM

The y-RWEILL 1s expected to exhibit a gas gain larger than a single-GEM.

O Single-GEM:

« only 50% of the electron charge produced into the hole contributes to
the signal, the rest of the electron charge 1s collected by the bottom
side of the GEM foil

» the signal 1s mainly due to the electron motion, the 1on component 1s
largely shielded by the GEM foil itself

O u-RWELL:

* 100% electron charge produced into the amplification channel is
promptly collected on the resistive layer

* the 1onic component, apart ballistic effects, contributes to the formation
of the signal

o further increase of the gain achieved thanks to the resistive electrode
which, quenching the discharges, allows to reach higher amplification
field inside the channel

The 53rd International Winter Meeting on Nuclear Physics -  Bormio (Italy), 26-30 Jan. 2015
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The .-RWELL vs G.

GEM - Ar:COz2 70:30 gas mixture

_gnduced currents on group 1
0
2

Cen: €O, 30%, A 70%, T=298 K, p=1 almion LGil! present, slectron pulse. cbaent

Current [uAl =

ooooooooooooooooooo

TISWURTE e SE®

_Jnduced currents on group 1

0 Cas! CO, 30%, A TO%, T=298 X, p= | almicn lail prasent, seclcn pulsel cbannl

“TTCe EYEE-EXEE-CIEE 5
Time lusec) &

ooooooooooooooooooo

Time [usec]

M-RWELL - Ar:COz2 70:30 gas mixture
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= M (Garfield simulation)

Signal from a single 1onization
electron in a GEM.

The duration of the signal, about 20
ns, depends on the induction gap
thickness, drift velocity and electric
field in the gap.

Signal from a single 1onization
electron in a y-RWELL.

The absence of the induction gap 1s
responsible for the fast initial spike,
about 200 ps, induced by the motion
and fast collection of the electrons and
followed by a ~50 ns 10n tail.
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The y-RWELL pertormance (1)

O The prototype has been tested with Ar:CO, (70:30) gas mixture and characterized
by measuring the gas gain, rate capability and discharge behavior in current
mode.

Well pitch: 140 pm

0 The device has been irradiated with a collimated Wl Gameter 050

Kapton thickness: 50 pym

flux of 5.9 keV X-rays generated by a PW2217/20
Philips Tube.

0 The gain has been measured vs potential applied
between the top of the electrode of the
amplification stage and the resistive layer.

21.99 7 25

1.032 + 0.06045
0.005934 + 0.002134
-4.043 + 0.1605
0.02416 + 0.0003381

Normalized Gain (a.u.)
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The y-RWELL pertormance (1)

Gain with Ar/i-C,H,, =90/10

The use of isobutane (better quencher)
based gas mixtures, allows to achieve
higher gas gain (10%).

o(a.u.)

(=]

o

3.254 /16

1.099 + 0.06673
2.905e-05 + 0.001773
-3.511+£0.1832
0.03147 + 0.0006353

5.26/17
1.144 + 0.07844

The main difference between the +0.002306 £ 0.001711

two prototypes 1s the coupling 0.035049i0§.00054058
between the top-layer of the well . e e
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The yi-RWELL pertormance (I11)

Discharge study: y-RWELL vs GEM

Smgle-GEM
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The max. AV achieved for the gain measurement 1s correlated with the onset of the
discharge activity, that, comes out to be substantially different for the two devices:

O discharges for y-RWEI.I. of the order of few tens of nA (<100 nA @ max gain)
O for GEM discharges the order of 1yA are observed at high gas gain

Further systematic and more quantitative studies must be clearly performed
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The y-RWELL performance (IV)

A drawback correlated with the implementation of a resistive layer 1s the reduced
capability to stand high particle fluxes: larger the radiation rate, higher 1s the current
drawn through the resistive layer and, as a consequence, larger the drop of the
amplifying voltage.

The curves are fitted with the
function:

pPo = aeN()GoQ7l'r2

The function allows the evaluation

® |-FRWELL 10 mm diameter Collimator

B {-BWELL § mm diameter Collimetor % | of the radiation flux for a given
-RWELL 2.5 zm diame 11 or %! ! I .
R euiatehpmitymma B SRHE <oin drop of 3%, 5% and 10% for all

S the collimators.

3
100 (Hz /cm?)

Normalized gain vs X-ray flux for GEM and u-RWEL L. for irradiation at the center
of the active area, with three different collimator diameters: 10 mm, b mm and 2.5 mm.
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The y-RWELL performance (V)

The particle flux that the y-RWELL 1s able to stand, in agreement with an Ohmic
behavior of the detector, decreases with the increase of the diameter of the X-ray

spot on the detector.

matrix of resistive pads

6.861 £ 3 ¥
1.146 % 0.270. k

Collimator Diameter (mm)

The rate capability of the detector, for a fixed surface resistivity, can be tuned with a
suitable segmentation (NIMA 732(2103)199) of the resistive layer (under study): a
“matrix of resistive pads  each one independently connected to ground (~1 MHz/cm?

for m.1.p. seems achievable)
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The p-RWELL pertormance (V1I)

80 MQ/L; 55-50um dia., 100 ym pitch

Efficiency (%)

e © © o o ©
H O (=) N O O A
luster Size

e
w

Entries 7952
Mean -0.5154
RMS 0.3483
Constant 139.6+4.8
Mean -0.5543 + 0.0054
Sigma 0.2149 + 0.0054

luster Size

380 400 420 440 46% 480
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SUNMMARY

The y-RWELL shows several advantages with respect to the GEM and MM:

O very compact device = large area tracking in magnetic field, Compact
Digital Calorimetry

O effective spark quenching = safe high reliable operation

O very simple assembly procedure = large area (splicing easiest than MM)

O gas gain ~10% = Jarger gain increasing the WELL thickness,
cood gain uniformity with “segmented-resistive layer

O rate capability ~1 MHz/cm? for m.1.p. = enough for many applications
(SHIF, [LHCb, position-sensitive neutron detection ...)

O suitable for multi-p-gap device = for high time resolution (<100 ps)

... a large set of measurements & work to be done to become a reliable solution for
the suggested applications ...
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The y-RWELL pertformance (V)

(Gain vs beam position

|
I
I
|
I
|
|

—*—— Beam spot centered |
—&—— Beam spot not centered

The gain (vs particle flux) depends on the beam position: the larger 1s the distance
covered by electrons in the resistive layer (green curve) to reach the ground, the
greater 1s the average resistance and the lower 1s the rate capability.

The 53rd International Winter Meeting on Nuclear Physics -  Bormio (Italy), 26-30 Jan. 2015 22,



U-RWELL vs MM

Compared to MM structure y-RWELL offer the big advantage that the cleanness of
the device 1s much easier.

Large area can be therefore covered with a structure with a well defined amplifying
gap.

MM lost this last property moving to large area.

Uniform and constant gap was given by the bulk method. LLarge MM now uses floating

meshes because it 1s not possible to have clean and cleanable large mm.



The Ohmic model for the Gain of a y-RWELL

The gain variation of a y.-RWELL depends on the radiation flux and the observed drop is
supposed to be due to the resistive layer. The gain of a y.-RWELL can be written as follows:

Go = eﬁ +a-Vy A gain drop corresponds to a decrease of
o the voltage V,;:
Following the Ohm first law:

€6

where 1 1sthe current measured on the resistive layer and € 1s the average resistance faced
by the charges to reach the ground frame. The current 7" can be written as follows:

"
i — : = ’ ..o :

expanding the exponential using the Maclaurin serie up to the first order we obtain:

[1+0eNoGDrr’Q] = 1 |-

g
Go

which admits the following solution:



Principle of operation: single-GEM

Cathode

Electrons:

Diffusion
[Losses

~50%

signal only du
to electron
motion

I_Out = I_in ek Anode lon Feedback =

' i T
(gain x transparency) ri o



Well pitch: 140 pm -
Well diameter: 70-50 pm |
Copper top layer Copper dot Kapton thickness: 50 umj

Resistive layer
R ~100 M()/

Readout electrode




The y-RWELL: double-segmente resistive-layer

Copper top layer
Copper-dot

|

Continuous
resistive layers
(by screen printi

Readout electrode




Resistive-MicroMegas with floating mesh
(positioning rely only on the electrostics of the cell)

not to scale detector opened

Stiffening panel
| |
' I Drift electrode

1 g i)

Aluminum support plate

Rohacell J




Resistive MicroMegas with floating mesh
(positioning rely only on the electrostics of the cell)

not to scale detector closed

Stiffening panel

e AL Bl BT b BT \

| Aluminum support plate ”
Rohacell J
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«-RWELL: Energy Resolution

The prototype of «-RWELL (100 MQ/[ ]) has been tested with X-rays tube
(bkeV) (Ar/CO2=70/30):& the signal has been:-readout vithran ORTEC amplifier




«-RWELL. lon Feed-Back measurement

The prototype of «-RWELL (100 MQ/[_1) has been tested in current mode with
X-rays tube (6keV) (Ar/ISO=90/10)
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—e— p-RWELL 100 MQ/0 Ar:iC‘Hm Gain=1000

—m— Micro-Mega Ar:iC H,, Gain=1400
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Fraction (Eamp/Ed

MM IBF measurement: NIMA 535 (2004) 226



(;as mixtures properties for
triggering & tracker detectors

Ar1S0=90/10B8=0T
AR/CF4/1S0=65/28/7 B=0 T
Ar/CO2=70/30 B=0 T
Ar/CO2/CFa=45/15/40 B=0 T
C2H2F4/CO2/SF6/1S0=70/241/5B=0 T
CF4/1SO=8020B=0 T

Velocity Drift (um/ns)

-—h

IIIIII.II|'[II|TIII'[_'_[

Intrinsic Time (ns)

Ar/ISO =90/10 42.5210.06 36 (flat)

- el TR ey

Ar/CO2 =70/30 37.2210.06 64 (max)

Ar/CO2/CF4 = 45/15/40 52.8510.07 74 (rise)

C2H2F4/CO2/SF6/1SO = 89.4910.09 4.9 (rise)
70/24/1/5

S
or ~ 1 /ng, * velyn

Ar/ISO=90/10 B=0 T
AR/CF4/1S0=65/28/7 B=0 T
Ar/CO2=70/30 B=0 T

Ar/CO2/CF4=45/15/40 B=0 T
C2H2F4/CO2/SF6/1ISO=70/24/1/5 B=0 T

TT

CF4/1ISO=80/20 B=0 T

X

TTTTITTTTTITTITTIIT T ITTI T TITIT]ITTITITITTT




Gas Mixture

Ar/ISO = 90/10

AR/CF4/1S0 =
65/28/7

Ar/CO2 =
70/30

Ar/CO2/CF4 =
45/15/40

C2H2F4/c0o2/
SF6/IS0 =
70/24/1/5

CF4/1S0 =
80/20

Cluster/cm
(v 10 GeV)

42.52+0.0
6

52.00+£0.0
7

37.22+0.0
6

52.85+0.0
7

89.49+0.0
9

84.66+0.0
9

Gas mixtures properties for

triggering & tracker detectors

vd@ 2
kv

(um/ns)

36
(flat)

113
(max)

64
(max)

74
(rise)

4.9
(rise)

99

ot = 1/nv
(ns) @ 2
kv

olong @ 2 kv
(ym/Vem)

otra @ 2
kv

(um/vVem)

MAGNETIC FIELD = 0. T

6.57

1.69

4.24

2.55

22.9

1.2

163 (flat)

73.6 (drop)

150 (flat)

90.6 (drop)

60.4 (drop)

58.0 (drop)

376 (flat)

133.8
(flat)

228 (rise)

91.3 min

55.9
(drop)

76.0
(flat)

Lorentz Angle
(degree) @ 2

Town@ 80
kv

(1/cm)

1695

1565

1229

1207

797

1300

Att @ 80
kv

(1/cm)

0.0716

13.9

2.17

18.9

23.1

47 .45

e-/clu

2.073+
0.001

1.815+
0.001

1.966+
0.001

1.884+
0.003

2.361+
0.006

2.400+
0.005




