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Resistive Micromegas (a Micro Pattern Gaseous Detector) 5

implementation of a resistive layout to suppress | the drift volume (~5 mm) from the

: . . B A
discharges intensity (a dedicated R&D for ATLAS) amplification volume (~100 m)

* electrons and ions produced in the
amplification volume are collected
in 1 ns and ~100 ns respectively;

« ATLAS New Small Wheel endcap MUON detector
implements Micromegas with resistive strips:

o resistive anode strips on the top of the readout strips " =
(with insulator in between) Strips

o The signal is capacitively induced to the readout strips

Drift Electrode

5 mm

Micromesh

128 uym
75 uym
4.7, B PCB Board

amm» Copper readout strips

e Resistive Strips
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* A breakthrough in the Micromegas technology was the _ &85

implementation of a resistive layout to suppress
discharges intensity (a dedicated R&D for ATLAS)

« ATLAS New Small Wheel endcap MUON detector
implements Micromegas with resistive strips:

©)

resistive anode strips on the top of the readout strips
(with insulator in between)

The signal is capacitively induced to the readout strips

NOW the NSW is in operation in ATLAS
Large area: total surface of ~1200 m2 of Micromegas active area

Will operate at moderate hit rate up to ~15 kHz/cm? during
the phase of High-Luminosity-LHC

It's a mature technology for HEP experiments
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New R&D to improve Micromegas performance

Main Purpose of the project

 Consolidation of resistive Micromegas, for

measurements at rates of the order of 10 MHz/cm?
(3 orders of magnitude higher than in ATLAS NSW)

* High-granularity low occupancy readout on pads of the
order of mm?, capable of withstanding high radiation.

« Demonstration of the scalability of detectors on large
surfaces

» Stability of operation at high gains

» simplification of the construction technique for
industrial production
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Qutline of the talk

RHUM
* Detector concept and prototypes description
* Small size pixelised detectors RESiIS-It'iVﬁ
Ig
O State of the art granUlarity

(rate capability, spatial resolution, efficiency)

Y Micromegas

O New studies on time resolution
* Ongoing work:
O Larger area detector = preliminary tests

* Summary and Outlook
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Several Prototypes built and tested with a common

The Sma ” S'Ze PrOtOtypeS readout layout but different spark protection systems

Readout PAD anodic plane
(common to all prototypes)

4.8 x 4.8 cm? active region
768 pads, 0.8 x 2.8 mm2 each
48 pads - 1 mm pitch ("X’
16 pads 3 mm pltch (Y

Signals routed to six
Panasonic connectors




Several Prototypes built and tested with a common

The Sma ” S'Ze PrOtOtypeS readout layout but different spark protection systems

Readout PtA[L ?“‘;‘t’ic plane CONFIGURATIONS of the resistive layers
(common to all prototypes) two main categories: Pad-patterned and uniform DLC layers( )
PAD-Patterned PAD-P
- EMBEDDED RESISTORS
MESH \ Pillars \ between resistive and

readout copper pads
— Resistive pad

4.8 x 4.8 cmn? active region = = =<— Embedded resistor * EaCh pad Completely
768 pads, 0.8 x 2.8 mm?2 each e . Readout pad independent form
48 pads - 1 mm pitch ("X") neighbours

16 pads - 3 mm pltch (Y

Signals routed to six
Panasonic connectors

(*) Diamond Like Carbon coating on Kapton (by sputtering)



Several Prototypes built and tested with a common

The Sma ” SIZG PrOtOtypeS readout layout but different spark protection systems

Readout PAD anodic plane CONFIGURATIONS of the resistive layers
(common to all prototypes)

two main categories: Pad-patterned and uniform DLC layers'

PAD-Patterned PAD-P
« EMBEDDED RESISTORS
MESH \ Pillars \ between resistive and

‘ readout copper pads
‘ Resistive pad

4.8 x 4.8 cm? active region =j-5mb ccearesstor |+ EACh pad completely
768 pads, 0.8 x 2.8 mm2 each e . Readout pad Independent form
48 pads - 1 mm pitch ("X") neighbours

16 pads 3 mm pltch (Y")

* i ot DLC20 (20 M
Double DLC) Uniform resistive layer €20 (20 MQY/sq)

(pillarg are DLC-SBU (30 - 50 MQY/ Sq)
Mesh iﬁ‘iﬁ'!@.‘i‘;?ed  Uniform double DLC layers
TR BN M s s S with DOT grounding

technique (based on copper-
. . Grounding Connection from top | d DLC) i | d .
Signals routed to six Internal layer ad and internal DLC layer cla ) implemented in
Panasonic connectors recent years

pLCt — Pmars connections (every ~8 mm)
Top | . .

” ayy * Sequential Build-Up

DLC2

(*) Diamond Like Carbon coating on Kapton (by sputtering)



State of the art - High-Rate Capability (relative GAIN Vs rate)

PAD-P3
* Measured using 8 keV X-rays peak from a Cu target g_ T el
with different intensities (~4 order of magnitude) @ AR = Cutape of-APIC of
CERN GDD lab
PAD-P resistive scheme o7f e .,

* Relatively fast gain loss for rates < 0.1MHz/cm2 dueto - =
charging-up effect SRR IR IR .
* Slower ohmic voltage drop through the individual o bLea et

pads at higher rates (Resistive-to-copper pad R ~10MQ)  Gotw | L0 oo o ns
DLC and SBU prototypes ool
o . . ~q 2
Gain essentially stable up to ~1-2 MHz /cm 7 Gas: Ar/CO, 9317
* At higher rates gain loss is fully accounted by ohmic csf ® Cuapeon-APC
gain drop E... ‘cfulnlalpo@l:on-ﬁ‘mclon‘ 1S e
* At 10 MHz /cm? ~20% Gain drop e fonr
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Performance at Test-Beams — Spatial resolution

Residuals width vs. Gain (Ar:COZ)

o
w

" . g - —=— PAD-P3
Position resolution: = aEe
O u —=— SBU3
. - _5 C —=— DLC20
* Cluster residual from position extrapolated O o2f
from external tracking chambers. P =
* Statistical uncertainty is negligible o HAE—F - &
* Systematic uncertainty (fit procedure) ~5% 005 e
0:.1.11.11111111.11.1..11
5000 10000 15000 20000 25000

Gain

* Different resolutions measured for chambers with very similar layout, gain and cluster size, BUT
with different RC

* Investigate the impact of the different contributions to the cluster size: direct induction,
capacitive coupling AND resistive charge spread (dependent on RC)

- Under investigation and ongoing work for the optimization of the charge centroid algorithms
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Performance at Test-Beams - Efficiency

Tracking efficiency: LOCAL INEFFICIENCIES
from Circular pillars:
1.5 mm fiducial range wrt extrapolated . 0.3 mm for DLC20
position from external tracking chambers . 0.7 mm for SBU3
Tracking efficiency vs. HV cluster efficiency DLC-20
g 1-'_ E 45—
2 : é E - v - - - -
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0.95:— e = = » - <
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: PR a > * . > 0.1
B so et ] o sy Bl 5
0.75[— —e— SBUS3: 0.974 @plateau 5 2 2% % % 4 &
E —es— DLC20: 0.983 @plateau X [mm]
= L L L l ' L L l 1 1 1 l L L 1 l L L L l 1 L L 1 L 1 1 o)
0755 o+ - - o o5 == EfflClgncy >99/> |
HVarlV) Outside the pillars region
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Timing studies

GOAL: Measurement of the time resolution as a
function of the drift velocity
(of e in the drift gap)

We used 2 different gas mixtures, varying the
Drift Voltage:

Scan in Egq: [200: 800] V/cm

. With Ar/CO,/iC,H1q (93/5/2)

range in drift velocity: vg.q: 2 — 4.5 cm/us

« With Ar/CF,/iC4H,, (88/10/2)
range in drift velocity: vg.q: 3.5 - 10.5 cm/ps
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Time Resolution — dependence on the drift velocity

Angle 0 degree, Vampl =440 V

7 O0F
£ 456 @ DLC-20 Ar/CO,/iC,Hy,
S o ® SBU-3 Ar/CO,C,Hyq
% 405_ o ® DLC-20 Ar/CF,/iC,Hyq
& 35F 5 SBU-3 ArCF,/iC,H,,
é 30F
= 250 .
- O
201 ‘s
155 s
s s
10} ® 0o
51
O:, T T e
2 4 6 8 10 12

Drift velocity (cm/us)
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Entries

* Cluster time: charge weighted mean
time of all the pads in the cluster

* AT: Difference of the cluster time in two
different chambers

* Time resolution: a7 = o5 /V2

—1———— 7 1 — ——7 1 ———1 Constant 107.3 = 3.4

1201~
- Or = 8.3 ns Mean 25.7 + 0.3

100[- ! Oyt 11.82 = 0.27

80f
60}
40F

20f
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R&D: achievements and ongoing work

In the last years different spark protection resistive layouts have been implemented on several

Small Pads Micromegas prototypes.

From tests and comparison among them we reached:

* stable operation up to 20 MHz/cm2 with gain >10k;

* detector efficiency >98 % ; position resolution < 100 pym.

* Time resolution ~8 ns (ongoing effort to achieve 5 ns)

DLC (SBU) (double layer) detectors resulted in:
* better energy and spatial resolutions;
* negligible charging up effects;

It fits in the new stream of resistive MPGD production exploiting
DLC and new sputtering facilities

A new sputtering facility is now available at CERN

NOW, moving towards LARGER AREA DETECTORS...
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(co-funded CERN-INFN)
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Towards Large Area — PADDY400 the 20x20 cm? Prototype

M. lodice — Bormio 2023 - January 26, 2023

Active area: 200x192 mm?
Pads 1x8 mm? - Total Number of Pads: 4800

Double DLC layer (30-40 MOhm/sq) with grounding vias
every 8 mm

Panasonic connectors on the back of the detector

Partially readout: 1920/4800 connected pads

Readout section

M 200 mm » 120 pads

Connected to panasonic

Groups of 6 Active section
vertical x 20 o NOT Readout
horizontal pads 120 pads

I
M
I

Total activa area:
200x192 mm2
Npads: 4800

192 mm

I
I
(I

Each pad is 1x8 mm2

Readout area:
40x192 mm?2
Npads: 1920
16 APV Hybrids
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Paddy400 — rate capability and dependence on the irradiated area

Excellent Energy
Resolution:
~18% FWHM

Dependence on the irradiated area

Fixed rate: 3 MHz/cm?
(Equivalent to > 10 MHz/cm2 for MIPs)

1,1
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100

20% drop at 4 MHz/cm2 with e
uniform irradiation of 8 keV
X-Rays over 16 cm?

Gain Drop G/GO0 Vs X-rays rate [kHz]

16 cm?irradiated area
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* Logarithmic dependence
* G/GO ~72% extrapolated to 40x40 cm?

with >10 MHz/cm? MIPs

O Can be compensated with +10 V
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APPLICATIONS of large area pixelized MM for high rates

* Potential candidate for upgrades for very forward muon detection at LHC
(e.g. ATLAS Large Eta Muon tagger)

« Sampling Hadron Calorimetry for the Muon Collider (dedicated ongoing R&D)
e Currently under consideration:

o Muon Veto for SHADOWS (proposal for proton dump physics at CERN)
o Replacement of Muon detectors for AMBER (successor of Compass)

* Detectors for high energy (tens/hundreds TeV scale) and very high intensity new particle
accelerators (FCC-ee/hh) or for the Electron-lon-Collider (EIC)

* Readout layer of a Time Projection Chamber

* More "exotic” applications, e.g. detection of External Neutral Atoms (ENA) in Space Weather
research program

M. lodice — Bormio 2023 - January 26, 2023
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Summary and Outlook

» Several Small Pad Micromegas prototypes were built using different resistive layout
solutions: based on embedded resistors or using uniform DLC resistive foils
 Performance achieved:
— stable operation up to 20 MHz/cm? with gain >10%
— detector efficiency > 98%
— position resolution < 100 pm

* New large(r) area prototype built
— Preliminary results very promising
— Rate capability well beyond 1 MHz/cm2 with large area irradiation
— Energy Resolution <20% at 5.9 keV

 With the construction of even larger small-pad detectors THIS year, our R&D is reaching
the goal of establishing the technology for future use under hard environment and high-
rate in particle physics and other applications.
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BACKUP
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High-Rate Capability and Gas Optimisation

Started using Ar:CO, 93:7 - added 2% isobutane
Ar:CO,:iC4H 1o 93:5:2 to improve the stability and
extend the dynamic range

~50 V difference between the two mixtures

Gain >2x10% reached at very high rates (>10 MHz/cm?)
in stable conditions = remarkable results!

Nprimaries ~300

= Njectrons ~6x10% close to the Raether limit

Gain

10 - <
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Latest Test Beam Measurements (October 2022)

Tracking chambers

Paddy400
= -’Ef&ﬂﬂﬂ’#‘\”éxﬁ&"rmx?tf»i-‘&"zté,fﬂ‘}e
é‘.‘ ] .
R o 2
N 3 =B
el = e
Sps &
& |
i |8
& -
2] |
] s
X
:
' . ‘:
173 . 94 119
5 500 64 |
DLC-SBU3 DLC-20

Test Beam at CERN (H4) with

high energy muons and pions.

MAIN Goals:

* Spatial resolution and
efficiency of new detectors

- Focus on PADDY400

* Timing resolution, also
exploiting faster gas mixture

* Pion and multi-tracking
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Spatial Resolution

* Cluster residual wrt extrapolated position
from external tracking chambers.

* Extrapolation error is subtracted (50 um).

* Statistical uncertainty is negligible

* Systematic uncertainty (fit procedure) ~5%

Ar:CO,:iC4H g 93:5:2 gas mixture

1 mm pitch - precision coordinate

1200

1000

800

600

400

200

track_residuals_Paddy-20x20

Paddy400
@ 420 HV,n,

Entries 20745
x2/ndf 277.1/105
p0 1203
p1 0.01612
sigmaN 0.1168
p3 30.61
sigmaW 0.5115

0.5 1

Unbiased residuals [mm]
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Efficiency

Tracking efficiency:

1.5 mm fiducial range wrt extrapolated
position from external tracking chambers

Ar:CO,:iC4H ¢ 93:5:2 gas mixture

5 B T T T T T T T T T T T T T T T T T T ]
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