Micro Pattern Gaseous
Detector Technologies
and Applications:
The Work of the RD5"

Collaboration

Filippo Resnati (CERN and ESS)
on behalf of the RD51 Collaboration

ICHEP - Chicago - 5" August 2016



Micro-Pattern Gaseous Detectors

From late ‘80, conceived to overcome the limitations of
MWPCs with respect to position resolution, capability to
cope with high particle fluxes, and long-term stability.

All MPGDs have in common:

- production techniques typical of PCB manufacturing
- dielectric materials as support for the electrodes

- proximity of anode and cathode electrodes
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MPGD strengths

- High particle flux capable (MHz/mm?)

- Large dimensions (several m?)

- Not expensive (< 5 kKCHF/m?2)

- Good position resolution (<50 um)

- Excellent time resolution (<5 ns and even O(100 ps))

- Radiation hard (10s year in forward muon chambers at LHC)
- Low material budget (<0.01 Xo)

- Compatible with magnetic field
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RD51 collaboration

Established in 2008 to foster the coherent and
synergistic developments of MPGDs, to prove the
scalability of the concepts, the industrialisation of the
production, and to facilitate the circulation of
information, ideas and solutions.

Goal:
Advance the techniques of MPGDs, related electronics,

and software, enhancing the effectiveness of the
developments, still maintaining the identity and the
specificity of each project.
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Institute collaborations on MPGD developments based on publications

1999 {000 2001 {010

most MPGDs already conceived

RD51 collaboration

Collaboration Spotting http://collspotting.web.cern.ch


http://collspotting.web.cern.ch

A world-wide collaboration

86 institutes and more than 500 members
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= as a project they have/had
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facility

= has used the RD51 Scalable
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= has used simulation tool for
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= MPGD from the MPT workshop

= RD51 Common Fund Projects



Detector Physics and
Performance
RD51 Common Projects

Technological Aspects
New Detector Structures

Modeling of Physics
Processes
WG4 Software Tools

Electronics

Applications, Training
and Dissemination

/ WG3:

- N
el Production and
Common Test Facilities

Industrialization
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Achievements

MPGD developments for LHC upgrades (ALICE TPC,
ATLAS NSW, and CMS GE1/1) - and not only - originally
emerged from RD51 activities to make large O(m?2) and
reliable (stable and spark protected) MPGDs.

Several other examples of successful developments
profit from (or are part of) these activities:

- BESSIII tracker (cylindrical GEM)

- CLAS12 tracker (planar and cylindrical MM)

- COMPASS RICH (THGEM+MM)
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Large GEMs

Historically, GEMs were produced with double-mask
technique

Precision mask alignment implies constraints on
detector size O(30x30cm?)

Development of the single-mask method
Size of the raw material is now the limit O(>1m x 60cm)

Significant reduction of GEM price per square metre
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Large GEMs at LHC

ALICE TPC (4 GEMs) CMS GE1/1 (GEM)
130 m?2 1000 m?2

ALICE TPC CMS Trigger and Original Muon System
ALICE Desi
2 x 18 Outer Read Out Chambers HV eleciode (100 kV)
87 cm T 7 * Redundant muon system
e S e — Drift tubes (DT); [n| <1.2
g g — Resistive plate chambers (RPC);
557,568 pads (159 rows) . In] <1.6
1142 cm 4x75mm? (ROC) — Cathode strip chambers (CSC);
6x10mm? (OROC) o \ 1.0<|n| <24
6x 15 mm?2 (OROC) I\
e  Original RPC’s coverage planned
e to extend to entire CSC range
49.7 cm Readout chambers - Un-in§t_rumented due to rate .
L = MWPCs with pad readout ) capability concerns , : ; | .
In production c_oo o o 0 maln production
29.2cm = High multiplicity environment p «  Only CSC system provides muon
T information beyond |n|
2 x 18 Inner Read Out Chambers % OROC PROTOTYPE i
ALICE
) zj/gltigcattgrpmduwon methods with [arge size - =\ ; b s Size: 1-1.2 x 0.22-0.45 cm?
12102015 = Active GEM area = 0.6817 m? T ; * Single-mask GEM foil x 3
v GEM production & framing - * Gap configuration: 3/1/2/1 mm
v’ Detector assembly ¢ Readout sectors 3 x 8 in ¢pn-plane
v" QA protocols T O + Total channel count: 3072
I | v Milestone for the project G) _E ,,,,, , * Passive resistive divider
. t _C — All fields change simultaneously
m T * Final gas mixture still under study
(o] > (@) CMS GEM confi Final ' ill und d
— R CMS GEM config. :
o o |l o O " gmmE
+— Nl oM -2- == oo | T e (| o
H mm £ T2LI°C
n + (7p) S ///? //
E m m GEM 2 - %1.903 Hum.i31% - aoooél
O 3 GJ . GEﬁl- === ﬁ / ?;5/51.;11/13;;4 I 1500 T
= oS AT
Hum.:32%
G 8 O L LE’Ullg\‘::C 2600 2800 3000 3200 3400 3600 3800 M‘K’lﬂu
ollaboration, CERN-LHCC-2015-012, CMS-TDR-013 . Vdrm v
# L } S MPG! e - X 19 Z Q Brian L. Dorney MPGD 2015 ?
A. Mathis, MPGD2015, https://agenda.infn.it/getFile.py/access? B. Dorney, MPGD2015, https://agenda.infn.it/getFile.py/access?
contribld=9&sessionld=2&resld=0&materialld=slides&confld=8839 contribld=66&sessionld=2&resld=0&materialld=slides&confld=8839
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Resistive MM

Discharges may occur in any MPGD

Reduction of the discharge probability and discharge
effects is mandatory

Development of resistive electrodes that locally quench
the discharges

Apply these techniques to the MM anode

Enable a natural way for the two views readout

ICHEP - Chicago - 5t August 2016
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Resistive MM at LHC

ATLAS NSW (MM)
1200 m?

Two New Small Wheels:

g
i
// 2m< r <4.3m
d
d

Motivation

New Small Wheel

o highest background hit rate in
Muon Spectrometer in Small
Wheel: innermost endcap

e Cathode Strip Chambers r < 2m
e Monitored Drift Tube Chambers

o £L>5x10%*cm 251
— excessive hit rates:
15kHz/cm? ~ 4 MHz/tube
r] — spatial resolution is deteriorated
— efficiency decreases
— trigger bandwidth limit exceeded
due to fake triggers

Examples from MPGD 2015

640

Napoli)

SM2 : Germany (Munich, Wiirzburg, Mainz, Freiburg)
LM1 : France (CEA Saclay)
LM2 : Russia (Dubna) & Greece (Thessaloniki),

moduIeO CERN

Full-Siz Mrméc n for ATLAS NSW 12/10,

¥

Jona Bortfeldt (LMU Munich)

SML1 : Italy INFN (Pavia, Rome, Frascati, Cosenza, Lecce,

15

''''''''' & 100f Monitored
= . S L]
. P DT In production
£ v g I
S oq5L Wogol oo™ boouel bigh
3 e New Small Wheel
P 40
3 - | New Small Wheel: Layout
) e e e 20|
20 0 M2 Small sector modules  Large sector modules
I RETRETEET 0 LM1 18215 2220
Drift radius [mm] 3, T
Jona Bortfeldt (LMU Munich) Full-S SMm2 8I 8 Lm2
3PCBs § \ 2|,
6 2022.8
5 008.
4
16 sectors: 8 large + 8 small 5 PCBs & 2 3
5 2
5 LM1

7

J. Bortfeldt, MPGD2015, https://agenda.infn.it/getFiIe.py/access?
contribld=51&sessionld=2&resld=0&materialld=slides&confld=8839

Micromegas mesh is laid on pillars
and fixed by electrostatic force
Floating mesh eases the production
and the assembly phases

Industrialisation:
Production of detector components
will by done at PCB companies

Tenders were asked to ELTOS and ELVIA

ICHEP - Chicago - 5t August 2016
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Hybrid detectors

COMPASS RICH

2 THGEMSs and bulk MM

4.5 m2

pipe  radiator

Very large and stable gain is required for
single Cherenkov photon detection

2X THGEMs and a non-resistive bulk MM
and Csl photocathode

Produced

gas: C)

Trieste, 12/10/2015 - 4! International Conference on

1
oM . aewanne | Big effort put on reducing the discharge

At s probability and gain uniformity

PARAMETERS: e R

. Diam. = 0.4mm A

. Pitch = 0.8 mm e,

«  Thickn. = 0.4mm Ry

« Rim = 10um R
100 100 200 300 400 500 6 700 * 8

Charge [fC]
//\\ Photon yield & Charged

Trieste, 12/10/2015 - 4% International Conference on Micro Pattern Gaseous Detectors, MPGD 2015 Fulvio TESSAROTTO 10

eeermisn | Industrialisation:
- || ELTOS and ELVIA actually produced
the THGEM PCBs

F. Tessarotto, MPGD2015, https://agenda.infn.it/getFile.py/access?
contribld=104&sessionld=2&resld=0&materialld=slides&confld=8839

Examples from MPGD 2015

ICHEP - Chicago - 5t August 2016
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Different shapes

BESSIII (Cylindrical GEM)

The Cylindrical GEM Inner Tracker

Detector requirements

—l—'j\_ P ‘ [ r J__'—l'_.; + Rate capability: ~10* Hz/cm?

* Spatial resolution: o,, =~130 pm,

i § * Momentum resolution:: opt/Pt =~0.5% @1 GeV

» Efficiency = ~98%

q m = T
- —- beam-pipe — > L - 3
= —_— o
A.J_A’/_/ : \—\&k_;::: * Material budget < 1.5% of X, for all layers

» Coverage: 93% 4n
+ Operation duration ~ 5 years

each CGEM layer composed
by a triple GEM detector
with cylindrical shape

Detector peculiarities and innovations

Rohacell will be used in the cathode and anode

Read-out

structure with a substantial reduction of the thickness
of the detector.

In production

G

8 mm\ ¢ ¥ Cathod|

G. Cibinetto MPGD
.

CGEM Assembly Technique

A dedicated assembling machine has been designed and realized to perform the
insertion of the electrodes.

Axial alignment has a precision of 0.1mm/1.5m.
The structure can rotate by 180° around its central horizontal axis.

\

MPGD 2015 - Trieste, 12-17 October 2015

G. Cibinetto, MPGD2015, https://agenda.infn.it/getFile.py/access?
contribld=28&sessionld=2&resld=0&materialld=slides&confld=8839

Spherical GEMs are also possible
arxXiV:1011.5528

CLAS12 (Cylindrical MM)

The CLAS12 Experiment

» Upgrade of the CLAS Experiment at Jefferson lab

» Study of the nucleon structure with high 11 GeV electron beam at high
luminosity (10% cm2sec’) Micromegas Vertex Tracker :

Improve the track reconstruction in
the vicinity of the target

Reduced volume bet. the magnet
and the Silicon Vertex Tracker (SVT)

Large curved Micromegas
5T field

Remote electronics
Resistive technology
Small dead space

High parficle rate (30 M

Produced

CLAS12 Barrel Detectors

1152 C” sips \\ 768°7" Sir'ps\
Pitch from 0.67 to 0.33 mm

PCB thickness 100 um, Drift thickness 250 um

225 mm radius
0.529 mm pitch
PCB thickness 200 pm, Drift thickness 250 um

Drift Field 5 kV/cm : 1.5kV Drift Field 8 kV/cm : 2.4kV on 3 mm gap
Slow Gas: Ar + 10% iC,H, Resistive strips technology

n 3 mm gap

al\l) &
q *“\ Bl

- :'""'L‘_-’ 74

M. Vandenbroucke, MPGD2015, https://agenda.infn.it/getFile.py/access?
contribld=81&sessionld=2&resld=0&materialld=slides&confld=8839
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Future perspectives

Extend the scope of MPGDs:
- other applications in HEP (e.g. calorimetry)
- other applications in non-HEP (e.g. rare event search)

- applications beyond fundamental physics

Extending the performance of MPGDs:
- Increase detection efficiency for gammas and neutrons

- Improve the time resolution

ICHEP - Chicago - 5t August 2016
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Academia Industry Matching

Understand the requirements, possible new applications, and new communities

On neutron detection (1st) O :

n neutron detection (2nd) .

Academia-industry Matching Event O n p h Oto n d eteCt I O n
Special Workshop on Neutron Detection with MPGDs Academia-industry Matching Event

Second Special Workshop on Neutron Detection with MPGDs RDS1 Academia-industry Matching Event
Special Workshop on Photon Detection with MPGDs

HEP
E\.\ HEP
Ihttos://indico.cern.cH—/e:\-/-(a:}]i)2(;;1 ;7/ —— T ;_H-z—_:iﬂ
https://indico.cern.ch/event/365840/ —
https://indico.cern.ch/event/392833/
14-15 October 2013 16-17 October 2015 10-11 June 2015
arXiv:1410.0107 arXiv:1601.01534

At the Globe de I'Innovation in front of CERN

S
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Precise timing

Driving reason:
development of large area and high-flux-capable
detectors for pile-up mitigation in HL-LHC experiments

Presently, intrinsic time resolution to MIPs of MPGDs is
of few nanoseconds

Improvement of almost two orders of magnitude needed

ICHEP - Chicago - 5" August 2016 18



Timing with MPGDs

\ Main limitation:

~10 clusters uniformly distributed over 3 mm

Ot =0/ Ve ~300 um /50 mm/us =6 ns

amplification
\ / readout

Statistics of the number of clusters helps, but
contributions also from diffusion, electron velocity, signal to noise...

ICHEP - Chicago - 5t August 2016 19



Timing with next MPGDs

Cherenkov radiator

MgF2 and Csl: O(100) p.e./cm

photocathode *
200um I

lificati
amplitication 100umI

\ / readout

Limiting factor becomes the gas diffusion

ICHEP - Chicago - 5t August 2016
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Ne-C2H6

E 'Clela 5%
;;2 I C2oHs 10% |
£ CoHe 15%
t\; h C2Hs 20%-

S

100

80

Detector operated in sealed mode

2 3 456789 4 2 3 456789 4 2 3 456789

Tests with a femtosecond laser

10 10
E|V/cm .
[Viem] at LIDyL laboratory in CEA/Saclay
. . odalaseﬁesl,<NP‘.>=530 . - . .

g * o dataseries2, <N > =514 N

—'- pe. \-\

2 x dataseries3, <N > =130 L < S~

pe.

b o dataseriesd4, <N > =1.26

Ag 1000 pe- -

™ T spread from diffusion (Magboltz) &

v = | D avalanche simulation = 100}

g 1

2 | TS T <)

= 8

8 .............. —

g h 2

E &

-:.18 § x data(E m=lOlecm)

3 - ——— spread from diffusion (Magboltz)

z- 100 ] = = =spread from diffusion x 0.65

E” Ne/CZHG 90/1 O === | D avalanche simulation

2 3 4 5 6 7 8 9 10 11 12 10, 10 100
E yin [KV/em] number of photoelectrons, N

T. Papaevangelou, arXiv:1601.00123 ICHEP - Chicago - 5 August 2016 21



First test beam

Same detector operated in Ne/C2Hs/CF4

Without unfolding the to measurement

Basically 100% efficient detector from the MCP-PMT
140 Entries eme 2901 200r
2 ®E Time resolution for MIPs
\ %" . "E Sigma < 100 ps
o R AN SR P
p2 0.4172 = 0.0132

120

? More than 5.5 p.e./mip o

(o2}
o

80

60

N
o

40

N
o

c:'III|III|III|III|III|III|III

20

(=}

1 1 1111 1111 1111 1111 | O 1
1 2 3 4 5 6 7 8 9 10 -0. 0.3 0.4 0.5
charge (nVs) arrival time (ns)

(6)]
o
~
o
w
©
[\
o
—
o
o
—
o
N

Time resolution will naturally improve because:
Photocathode improvement will lead to > 2x p.e.
Improvement of the gas quality will lead to larger gain

Tests of different gases and photocathodes planned
in the next test beam (starting from next Wednesday)
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Summary

RD51: consolidated international collaboration of 86 institutes

Major progresses in the MPGD technologies, some of which
picked up by large experiments

Always developing new structures and new ideas to meet the
new requirements

Development of new production techniques, industrialisation of
the established ones and quality control

Dissemination via schools, workshops, and specialised events
to reach new potential users and understand new requirements

ICHEP - Chicago - 5t August 2016
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