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Metallized tube as cathode, anode wire in center, gas filled tube
* Robust electrostatic configuration: shielded cell around wire
* Robust mechanical shape if thin-wall tube is pressurized

Specifications:

* Typical X/X0: ~0.045 %

e Spatial resolution: ~ 100-150 pm
*  Drift time range: ~ 100-200 ns

« Rate limit: few KHz/cm”"2

* Staggered multi-layers ® resolve ambiguities in 2D-tracking Central Straw Tube Tracker with Energy Readout for the PANDA Experiment
» Stereo-layers ® 3D-tracking '

Electron drift lines from a track

Parscls i Exi2 Gay.
7 82%, CO, 195, T=300K,p=2.25 i _ lsocvons intrvl 0.02 e

y-Axis [cm]

Developments

Thinner film walls to reduce material
budget

5 & & & & ° s ¢ o

Sinaller diamctic iR " SRR gy &= 2 FfreET T 3804

For fast timing and low occupancy

Minimised frame by self-supporting
straw layers

Vacuum Straw Tube Tracker for the COSY-TOF Experiment



http://www-panda.gsi.de/
http://www2.fz-juelich.de/ikp/COSY-TOF/index_e.html
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Multiwire Wire Chambers

Straw Tubes
Drift Chambers
Cathode Strip & Thin Gap Chambers

Many derivatives

Thin-gap chambers (T&C)

Cathode strip chambers (CSC)

Resistive-plate
chambers (RPC)

End-cap toroid
Monitored dirift tubes (MDT)

cathode plane with strips

anode plane with wires
(a few wires shown) \

avnlnnchc\

Y

induced charge

7 trapezoidal panels
forming 6 gas gaps

o’

I3
avalanche

cathode
wires

cathode

cathode with stripy
wires

cathode w/o strips

¥
5
o
L
g
2
o
&

, Saence

Photo: D, Parker,




Wire Chambers

MDTs can also be used for
making music!

MDT pipe organ made by Henk
Tieke from NIKHEF, Amsterdam.




ICathode Strip Chamber

At CMS/ATLAS

Thin Gap Chamber (TGC): smallest wire to cathode gap

* Small-strip Thin Gap Chambers (sSTGC) upgrade the ATLAS muon endcap

* New Small Wheel upgrade: fast trigger (<25 ns) and high precision tracking

CSC: grid of anode wires and cathode strips

Upgrade muon system in end caps for HL-LHC: L=5x1034 cm-2s-! Specifications:

sTGC trapez. size: 3.7 x 2.1 /0.5 m2

CSC for precise muon tracking and triggering
HV: 2.8 kV

CMS: all endcap muon precision chambers are CSC
*  Gas mixture: CO2 (55%) + n-Pentane

Specifications: Thin-gop chambers (T6C)

*  Wire pitch:1.8 mm
Cathode ship chambers (CSC)

* CSCsize: 3.3x1.5/0.8 m(trapezoidalshape)

cathode planc with strips

* Number of layers: 6 layersper chamber

anode plane with wires
(a few wires shown)
cathode

................ wires
avalanche
cathode

* Anode-cathode gap: 4.75 mm

7 trapezoidal pancls
forming 6 gas gaps

* Wire spacing: 3.12mm

cathode with strips

wires

avalanche

* Readout groups: 5to 16 wires

cathode w/o strips

m
* Number wire groups: 210°816
. Iy —_ ' —= =
* Cathode strip width: 8-16mm (trapez.) : - i . — . i
: e .«% iz’i_ %;7 ;:; Barrel forold
* Number cathode strips: 266112 e : = o —— Resistive-plote
............ wire group hit Z e I - = cathode with strips. ”comparalor bits = \ p;_- Chambers (RPC)

_ _172 suip staggering

N berween nearby planes x : End-cap forold

Monitored driftfubes (MDT)




st wire to cathode gap

) upgrade the ATLAS muon endcap

(<25 ns) and high precision tracking

—~ps Neweweek

At CMS/ATLAS A The BlggESt Expel‘lmel‘lt Eve

CSC: grid of anode wires an c&
(And It’s European)

A

* Upgrade muon system in end ,— ¢

o,

* CSC for precise muon trackitg i

CMS: all endcap muon preci ‘

Specifications:

* CSC size: 3.3x1.5/0.8 m2(trag § Cothode stip chambers (CSC)

Number of layers: 6 layersper ¢

Anode-cathode gap: 4.75 mm
* Wire spacing: 3.12mm
* Readout groups: 5to 16 wires §

* Number wire groups: 210°8

* Cathode strip width: 8-16m

3 v / ' v N 4 | L
b/ J S t, po) i

* Number cathode strips: 266’ v&‘“ Resistive-plate
B - ” b 4 chambers (RPC)
X s v End-cuptorold
: f\l e TR ‘-, Monitored driftfubes (MDT)

8 ¥
’,20 new CERN collider In Gefleva




Drift Chamber
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IDEA (Planned) at FCC-ee

Belle I CDC at SuperKEKB Example

IDEA: full stereo, high resolution, ultra-light drift chamber

* Drift chamber at “extreme® luminosity L= 8x1035 cm-2 s-1

2T solenoid B-field

* 4000 mm length, 350-2000 mm radius in~

 e-e+ collider, Os » 10.6 GeV

-sectors

14 SL x 8 layers, 24

e CDC in 1.5 T solenoid B-field

* 56k sense wires, 20 um diameter W (-Au)

160 - 1130 mm, 2300 mm length

(] R:

2
:
:
:
f
:
:

14k anode wires (30um W(Au), 129um Al cathode wires

* He(90%)+i-C4H10

LA avial and ctavran lasraea

1200mm

novel wirng method (MEG-II wiring

anical structure separated from gas

Peter Wintz — ECFA 2021
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1996-1997

Gas Electron Multiplier (GEM)
F. Sauli

[ b GEM

MPGD: GEM and Micromegas

TRANSFER 1
CLITET TR
| ()|} TRANSFER2

!

- --
LT danin .

-
i \COLLECTION
. . - e— —

Veenhof
And many others

MICROMEGAS
G. Charpak
I. Giomataris

@D Readout Strips
em» Resistive Strips
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MICROMEG AS : ATL AS Resistive MM for ATLAS NSW Muon Upgrade:

: : ! 1 - g Standard Bulk MM suffers from limited efficiency at high rates due to discharges induced dead time
https://cds.cern.ch/record/2742986/files/ATL-MUON-PROC-2020-015.pdf Solution: Resistive Micromegas technology:

* Add a layer of resistive strips above the readout strips

* Spark neutralization/suppression (sparks still occur, but become inoffensive)

(b) of large resi mic only the right half is
top) showing the beam profile and the charge distribution (bottom).

Mechanical assembly of a sector. The sTGC wedges are visible on the outside,

ar g e- Al' ea Mi crome g as fOl’ ATL AS NSW Up gr aQ d e while the Micromegas double wedge is sandwhiched in between them.

ATLAS HL-LHC Muon System: Very Forward Muon Tagger
For ATLAS muon tagger (High eta muon detector)

* Resistive materials & related architectures (UPIC, i-RWELL, RPWELL, resistive MM)

* Pixelated Restitive MM Studies for high rates (~10’s MHz/cm?2): 10
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First ATLAS New Small Wheel nears
completion

On Friday 28 May 2021, the final "wedge" of the first ATLAS New Small Wheel was
installed in the detector. This was an important milestone for the Collaboration, in
preparation for the wheel’s installation in the ATLAS cavern later this summer
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GE21 Detector System

installed
*  On-chamber and off-chamber
= 4triple GEM modules per

CMS Large-Area GEMs GE11
(GE2/1, MEO) for HL-LHC Upgrade

* 72 chambers arranged in 2 layers

DriftE field

MEO Detector System
* 36 Stacks 6 layers each

= 20°Stacks, Module Size
comparable with GE1/1 chamb
but covering high eta region

The GE1/1 project

N. Pozzobon 2019 JINST 14 C11031

JINST 15 (2020) P05023

(2<h<2.8)
* Background ~ 102 higher that

chamber
= 20°Chambers, layout similar to

v Requirement precise Ap meas.->spatial resolution

PU =50, 14 TeV
T 3

-
(@]
W

GE1/1, but covering much larger GE2/1, very demanding from BIRTH OF | W Lo
surface. (1.62<h<2.43) performance point of view GE11 - IS SLICE TEST
* hit rate < 2 kHz/cm? (GE1/1 was up to PROJECT NIMA 972 (2020) 164104 GEL1L GE11 proto. INSTALLATION AND
5 kHz/cm?) GE11 proto. I proto. IV VI - VI COMMISSIONING
2009 @ ® ® © © e e ® ®
GE11 GE11 GEl1 DAQ/
proto. | proto. I proto. V electronics
] i . Mechanical prototyping
Large improvement from GE1/1 and GE2/1 station Sréscting

—_ E T ' T T 3 I
T [ CMSsPhasell Simulation ] completed!:
= Lo i P | detect n '
¥ 102 B s GHENT
& E_\ ~— ‘ Phase | + GE-1/1 E PAK
SRR e
E‘IOE— JOSUUT . SO TSRO JEUUUS: SUURIRIUUNS SOV ? FIT
3 | 5 CERN INSTALLATION |8
Al - T i
10 E 1.64 < |m| < 2.1 Pl ! 35 i
F L1Mu (standalofe) : ] Oct-2017 Dec-2018 Jul-Oct 2019 Jul-Sep 2020 ;
102 i i i !
6 7 8 910 2 30 40 5

o) 0 60 100

L1 muon p_ threshold [GeV]
maintain 15 GeV online threshold, keep <5 kHz rate, high
efficiency

DETECTOR MASS PRODUCTION

iWoRiD2021, 27 Jun-1 Jul 2021, Ghent University

UPERCHAMBER PRODUCTION

F.Simone: F. Fallavolita
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GE21 Detector System

72 chambers arranged in 2 layers
installed

On-chamber and off-chamber

4 triple GEM modules per
chamber

= 20°Chambers, layout similar to

CMS Large-Area GEMs GE11
(GE2/1, MEO) for HL-LHC Upgrade

MEO Detector System

DriftE field

36 Stacks 6 layers each

20°Stacks, Module Size
comparable with GE1/1 chamb
but covering high eta region
(2<h<2.8)

Background ~ 102 higher that

GE1/1, but covering much larger GE2/1, very demanding from BIRTH OF o '
surface. (1.62<h<2.43) performance point of view GE11 &
* hit rate < 2 kHz/cm? (GE1/1 was up to PROJECT NIMA 972 (2020) 164104 GE11
5 kHz/cm?) GE11 proto. Il proto. IV
2009 @ ® ® ® ® ®
GE11 GE11 GE11
proto. | proto. Il proto. V
. - . Mechanical
Large improvement from GE1/1 and GE2/1 stati stretching
GE11 TDR approved
v Requirement precise Ap meas.->spatial resolution 30
3 PU =50, 14 TeV
—_ 10 E | T T T E| CERN European Organization for Nuclear Research
§ = CN\S Phasell Simulation ; " |a it i B Organisation européenne pour la recherche nucléaire
% 102 ) | B o] GHENT
2 'YES Phase | + GE-1/1 3 PAK
ol B S ‘ - > 2 stubs with MS1/1
g F S~ MS1/1 bending angle INDIA m Short 1
gﬂ)? B SN . N NS B . e = FIT _
- E ] ASCA
- - X5 reduction \\; ’ S(E;A:z: —
1k
‘ ] CERN | —
AL ] [T 0% 10% 20% 30% 40% 50% 609
101? 1.64 < | n| < 2.1 g
E L1Mu (standalofe) ] Oct-2017
- | i
107 S 8 %10 20 30 40

L1 muon p_ threshold [GeV]
maintain 15 GeV online threshold, keep <5 kHz rate, high

efficiency

DETECTOR MASS PROD

CMS TECHNICAL DESIGN REI’ORT

iW  FOR THE MUON ENDCAP GEM UPGRADE

F.Simone: F r anavuina

N. Pozzobon 2019 JINST 14 C11031

JINST 15 (2020) P05023

SLICE TEST
GE11 proto. INSTALLATION AND
vi-vil COMMISSIONING
® @® ®
DAQ/
electronics
prototyping

completed!:

POSITIVE

ENDCAP [
INSTALLATION B

Jul-Oct 2019 Jul-Sep 2020 |

MBER PRODUCTION

ent University




internal frame
A Mounting nner framen 5. Assenbling three GOM fols <. GEM stack on the éri
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Compact Muon Solenoid

CMS Experiment at LHC, CERN
Data recorded: Thu Nov 19 17:05:01 2020 CST._

Run/Event: 338714 / 4918595 "‘U ;
Lumi section: 274 A * 2 ;" 'S
' i \
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CAS Exposment i LHC, CERN
|| Camn recrcec: The Now 15 17.05.91 2020 CST
J| Bervort 3387147 49050

(]| Lumi socton: 74
\

el

CMS Experiment at LHC, CERN

Data recorded: Thu Nov 19 17:05:01 2020 CST
Run/Event: 338714 / 4918595

Lumi section: 274
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STAR ALICE




STAR ALICE

(’?) ; o g

GG i B
ME T = el X o

ALICE TPC IN NUMBERS ALICE
CO, gap

~L‘ “\. Inner and outer

T 17 readout chambers
=400 V/icm B LA/ \(MWPCs)
= * LengthS5m
[ * Diameter5m
— « Active volume 88 m3
Central drift

electrode Inner field cage « B=05T
(100kV)

» Readout area 32 m?
- * Channels ~570 000




STAR ALICE

AT O E T,
] X - &)
<79 oy @ )
S o ! = .

Detector gas -Cz-.Nz (90-10-5)

Gas volume 88 m?

Drift voltage 100kV

Drift field 400 Vem™!

Maximal drift length 250 cm

Electron drift velocity 2.58 cmps~!

Maximum electron drift time 97 us

wt (B=0.5T) 0.32

Electron diffusion coefficients Dt = 209 um/+/cm, Dy = 221 um/+/cm
Ion drift velocity 1.168 cmms ™!

Maximum ion drift time




Replacement of the present MWPC-based readout chambers by detectors allow continuous operation without active ion gating

ALICE TPC Upgrade

= Novel Micro Pattern Gaseous Detectors (MPGD) — RD51 collaboration (nttp://rds1-publicweb.cern.ch/rd51-public
= Result of a major R&D effort: Gas Electron Multiplier(GEM)

Readout Chambers

Inner and Outer Readout Chambers (IROCs and OROCs) ~s

= Athin, metal-clad Kapton foil, chemically pierced with a high hole density = The result of several years of extensive R&D lead to —T i
= Difference of potential between top and bottom side, high electric field inside the holes quadruple GEM stacks, which have proven to provide
* Electrons drift into the holes and multiply (avalanche), the GEMs can be cascaded sufficient ion blocking capabilities

= Upper limit of 1% for the fractional ion backflow(IBF)

xw:o 95
=235V ]
=255V
~Up=285V |

g

Y EFyY vy O'\J = Preserve the intrinsic dE/dx resolution and keep the space-
= B =& = ' v Erik Briicken, Timo Hildén: charge distortions at a tolerable level 1
PR e e R § 7 ~ Garfield simulation * Total effective gain ~ 2000
T N ' o . = . Pos?t?on 1&4: Standar.d GEMs (140;1Tn pitch)
- : S ] = Position 2&3: Large pitch (280 um pitch) N -
; s o = QOptimizing the energy resolution and IBF 89 08T WD 8 S) o

50m  Credit: RD51 collaboration R : Reference: Technical Design Report for the Upgrade of the ALICE Time Projection Chamber, The ALICE Collaboration, 2014.

15N

';/ LW

v

o g )
» ’s‘.:- o |

i

II

i i s el

X/

)




Novel Micro Patte

Result of a major

A thin, metal-clac
Difference of pot:
Electrons drift int

)

ALICE performance
Pb-Pb |'s,, = 5.02 TeV

DO - 10.1051/epjconf/201713801021 1

The particle identification by energy loss dE/dx in the TPC

10
p/z (GeV/c)

U SN T
20 25 3.0
IBF (%)

E Collaboration, 2014.






ALICE TPC Upgrade

ALICE TPC collaboration et al 2021 JINST 16 P03022

@ A true 3-dimensional tracking device

X/~

recording many signals along the trajectory of each particle
GEM-based detectors. The new devices, together with new
readout electronics that feature a continuous readout mode,
will allow to record all tracks produced at collision rates

of 50 kHz in the LHC Pb-Pb system.




Kapton layer

Copper layer

(cathode) /
/

Copper strips
(anodes)

High-Rate Capability, High Gain, High Space Resolution, Good Time

Resolution, Good Energy Resolution, Excellent Radiation Hardness,

Good Ageing Properties, lon Backflow Reduction, Photon Feedback

12 : - -
3 — —

Lt ] Reduction - ‘
é VD
S10 ;
=
2
E09
5 ¢ D263 10° Qem
208 ¥ cvD ]

h 4 Pestov 10712

4 Pestov 109
0.7
10”7 Qem
06 . 2 {
D263 S0 um e
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Microwire gaincurve in Ar—DME 50/50

~
~
=X Cathode Mesh Prototype: 1 (50 micron Kapton) 25 micron anodes

Orange: simulation {no/Penning)
Red: simulation (with 287 Penning

Gas gain
w_» o oume

Black:|experiment

~

500 um diameter

View from the top

W B 0o Nmo N

|1 cm—e{

_LET-I-I-I-I
175 um \

~

200 um Giameter Cathod ltage (V
Cross section atnhode voltage )




Micro-Wire (uDOT in 3D)

Micro-Pin Array (MIPA) - . . .
oot A Wide applications

Micro Well ‘ - large variety of solutions

Micro CAT - .

Micro Trench (teCh nO|Og ies/

Micro Groove > architectures) integrated
together)

- Large area detection
systems realized today
with MPGD technologies
(HL-LHC)

- Future Work

- Improve performance,

T~ Cathode Mesh

stability ™ @ i P
- Developing innovative Jokibalili AN

solutions ]
- Hybrid solutions, * J e Gt i 35 Ferin

implementing new EEEEEE

technologies,

- new manufacturing
techniques, simplifying
production/assembly




S Micro Pattern Gas Detector Family
Resistive Surfaces

Copper layer

(cathode) T

The technologies potentially standard PCB industry

Lower Cost

Flexible substrate for cylindrical applications
Low mass detectors

Possibility to clean the detectors electrically
Easy engineering" (?)

Microwire gaincurve in Ar—DME 50/50
Prototype: 1 {50 micron Kapton) 25 micron ano des

P,

EN

Gas gain

Orange: simulation (no/Penning)
5| Red! simulation (with 287% Penning)
Black:|experiment

3 N @@ © 9 = RN O x 0 o

8 & 8 o o & o & 3 o

Cathode voltage (V)




Dead area

Rui De Ollvelra Glovannl Bencivenni; Matteo Giovannetti

Grounding

'P°°'ialion e vias :

Readout l;aboratori NMazionali di Frascati

Pre-;ﬁreg

Top copper layer
The  swws ( )

kapton™ - .
e HEP applications

* Single stage MPDG “-RWE[[ Rosistive foll (o} Up to 10 MHz/cm2 m.i.p. fluxes
. |

Cost effective « Extensive ageing tests
Spark protected through d t 'I Pro-preg — It

i — R ————
resistive stage (DLC) e Gc or s

Cathode PCB

&

Copper 5 um

kapton \ 70 ym +
50 pm Drift gap

140 pm 1 (36mm)
( ) DLC layer (<0.1 um? =
. p~10+100 MQ/TT +

Thermal Neutron Detection remeg— 1 = ==

10B,C converter coated on cathode: Ny | '
igi 4
ndustrial application in probing heavy —
A

structure in motion
adioactive waste monitoring
adlatlon Portal (Homeland securlty)

Yoke 100 cm

« Very low material budget « Charge spread on readout Honetz 2 00en
(0.96% X,) radial TPC tracker * up to 100 um resolution for 0-45°
e 3 modular roof-tiles * Charge centroid and uTPC reconstructiorh

Designed for the SCT detector g

{gLi(LoneV) + a(1.78MeV) 6%

TLi(0.84MeV) + a(1.47TMeV) +v(0.48MeV) 94% CREMLINP LUS
- o L g eale Research inf es
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I-RWELL periormance overwiev

Gain up to ~ 104

c [
3 * SG1 e
|-+ 8G2
10 ||+ SG2++
C |-=- DRL
- [+ SRL
10° N/
" PR e v . - /1
500 550 600 650 700
HV (V)
5100 = iavs ey WNE
§ 90F [~ SG1 ) i
£ 80F|+SG2 L pbesesesen
W 70F |~ SG2++ S
60; = DRL _;
50 E
40F 3
10Ea OF S
0: B HEHEH I 3
10 10° 10
Gain

Efficiency ~ 98%

Rate capability (@ G

Rate Capability @ 90% (MHz/cm?)

108 1 '45 | —7x:.5G1  =x.5G2
G 1.3F 1 =a:DLR e x*: SG
- i 4 n*: SG2 *n*: SG2++
1.2 :
151E
=
0.9 ===tk T3 1 TSl e 1
0.8F
0.7
0.6F
0.5 - Al LA
107" 1 10 10
Flux (MHz/cm®)
- 18
C
& 161 4 p-RWELL Right 1
14 7V u-RWELL Left 1
12 % i ® I-RWELL B1
§ O u-RWELL B2
10
L
8 gﬁ T
ey v, e e i
4 e T
05000 10000 15000 20000 25000

Gain (a.u.)

O; ~ 5-6 NS

5000) ~ 5-10 MHz/cm?

10

SG1

T o
H H v
: /N
Tt o4 ¥ 1
ii &
I :
ig:s o |®p-R LHCb1
'fv © | O p-RWELL LHCb2
; i . |4 n-RWELL CMS right
o= |V p-RWELL CMS left
v T T1
I ia Pl i H Pl
10? 10° 10

Gain (a.u.)

Efficiency in 25 ns

Rui De Oliveira; Giovanni Bencivenni; Matteo Giovannetti



Inner Tracker: Cylindrical micro-RWELL or Compact TPC & MPGD readout

Compact TPC:
. Large number ofhits pertrack
. Reliable dE/dx measurement
. Effective track reconstruction at high background rate must be proven

Cylindrical MRWELL.:
Modularroof-tile detector
4 layers

Length60cm 6.0
Diameter 1040 cm

5.0

1.0

0.0 s
Zl.ll 1.0 2

For comparison, with a gas mixture of Ne/CO2 (90/10) at 500 V/cm ~ 24000 tracks in TPC volume.

A mixture of Ar/CH4 (90/10) is of great interest, having at an electric field of only 125 V/cm the drift velocity of 5 cm/
pus. That makes the design of the field cage much simpler. Another gas mixture Ar/CH4 (50/50), is interesting because it
allows to maximize drift velocity, thereby minimizing the events overlap.

Muon system and yoke

Superconducting coil

Calorimeter

Inner tracker
PID system
Beam pipe

Time Projection Chamber as Inner Tracker for Super
Charm-Tau Factory at BINP

V. K. Vadakeppattu® A. V. Sokolov®? L. I. Shekhtman? T. V. Maltsev®?

“Novosibirsk State University
b Budker Institute of Nuclear Physics

E-mail: vijayanandkv.anand@gmail.com



Resistive Pixelated Micromegas

The Resistive High granUlarity Micromegas project
(RHUM)

M. Alviggi, M.T. Camerlingo, V. Canale, M. Della Pietra, C. Di Donato,

R&D on Pixelated Micromegas

« R&D basic steps:
o Optimization of the spark

protection resistive scheme

o Implementation of Small pad
readout (for low occupancy
under high irradiation)

Patterned DLC
Aiming at:
« HIGH GAIN
HIGH Rate Capability
>\ HIGH Granularity

e HIGH STABILITY - robustness

R. Di Nardo, S. Franchellucci, P. lengo, M. lodice, F. Petrucci, G.

x coord - 48 pads

Layout

Current anode layout for the Small-pads detectors:
* plane segmented in a 48x16 matrix
» Small-pads dimensions 0.8x2.8 mm? (1x3 mm? pitch)
* Total active area of 4.8x4.8 cm?

sped 91 - p1003 A

Resistive schemes

= PAD-Patterned:

-Resistive pads exposed in the active
area connected to the r/o copper pads
through embedded resistors.

-Resistance from top pad to copper
pads ~ 7-5 MQ

............. «—— MESH (bulk technique)

l I l l I I = Diamond-Like Carbon uniform layers:
e - Two parallel layers of
\ S DLC connected through

DLC2 conducting vias
N N - Resistivity of 20-50 MQ/O
for various prototypes

ooa--..-ooo../MeSh
&« Resistive pad

—— — e
et o

Top view

One connection to ground through vias

Ground Vias DLC1
from top and internal DLC layers

(top layer)

Proposed by M. Chefdeville SACLAY Group / G. Bencivenni

32
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P! High-rate capabilities at High Gain
o with Ar/CO2/isobutane 93/5/2

The stability range of the detectors is extended by adding a small portion of iso-butane:
Ar CO,iC,H,, (93:5:2)

Tests carried out with the new gas mixture showed the possibility to reach Gains above 20k also in extremely
high irradiation conditions. In terms of performances, this is an unprecedented result, as never before the Small-
pad detectors were able to cope, with excellent stability, rates greater then O(10MHz/cm?2) at such Gains.

c
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The Resistive High granUlarity Micromegas project (RHUM)
TIPP M. Alviggi, M.T. Camerlingo, V. Canale, M. Della Pietra, C. Di Donato, R. Di Nardo, 33
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Spatial resolution (from Test-Beam)

. = (M.Alviggi, et al. JINST 13 (2018) no.11, P11019)
Position resolution:

Cluster residual wrt extrapolated position from external tracking chambers.

'EO.ZS_ § 6_ T | T T T | T T T | T T T T T T T T T T | T ]
= 2 F )
S 02f £ 4 Cluster-size
= B a b ]
s 8 4f 1 vs HV
‘-015__‘ o B ]
: 3 of ~:
0.1~ § ] -
B € 2 g
0.05}- B :
B 1= -
A U8 ITOL SRS NSRS SR PR e - 1 L P D L1 L PR T N ]
50 460 470 480 490 500 510 520 530 540 550 O 10 160 i@ 00 0 40
HV amp .

Precision coordinate (pad pitch 1 mm)

o L Cluster size for DLC due t if
y Significant improvement of spatial resolution on the DLC AR G a o “"erm

e Dt Ausierts ) stivit
prototypes (pad charge weighted centroid) A el - N B ONETARSISTIVITY

(DLC_20 Mohm/sq Vs DLC_50 Mohm/sq)
« More uniform charge distribution among pads in the clusters
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Gas Detector Readout

For any possible application you need a portable DAQ system = FPGA
FITPix

GEMINI + FPGA TNO TFT

Timepix (1, 3 or 4) Chip

Up to 512x512 pixels = 262 kch p— Cip ——— Thin Film Transistor
55x55 um? pixels Gemini Board 32 or 64 ch iig Xlggo pleels Sy
FPGA FITPIX (USB) FPGA 256 ch (Ethernet or optical) . Uhh o 9ach pua
y FPGA (Ethernet)
~7_ M Nuclear Instruments TFT+GEM Radiography 20 frames/sec_ |
10 ns Treatment Plans TNO -

)
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| GEM X-ray Monitor for Tokamak : results @ EAST in CHINA

Data taken in the first week of April 2019

2D image of the Plasma

10x10 GEM 256 ch

Energy spectrum for each pixel

Time evolution during the 9 s sh

Shot n°83874 \
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Bd{Microdosimetry with the GEMTissueEQuivalent b,%TR ACT

Microdosimetry:

Statistical fluctuations of energy deposition become important at small scales (e.g. human cell)

Important e.g. to qualify radiation fields for cancer therapy

Measurements in gas detectors:

1.

2.

Use tissue-equivalent (TE) gas: propane + CO, + N,

Gas Inlet RTEPC

(Low pressure) gas volume scales with density to tissue volume, Anode
standard detector: single channel TEPC
GEMPix: operated with TE gas, pixel pitch equivalent to 100nm in I. '. Ot
l
Human HelLa Cell [I %eg:‘?a?:(te ~li I“*Anode contact“

Am-241: alpha

Cs-137: electron




3D reconstruction (meas) of Bragg peak Carbon lon Beam
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% GEMPix for Radiotherapy

2D measurements of energy released in IMRT (Policlinico Tor Vergata Roma)

6 MeV gamma 6 MeV gamma

Gafchromic film 10 min

GEMpix, 1 min

GEMpix: Vgem = 665 V GAFchromic film

Y coor (mm)
Y coor (mm)
>

2 PRI BRI 1
-15 -10 -5 0 5 10

X coor (mm)

X coor (mm)

Real-time measurements with GEMPix allows
fast Quality Assurance procedure
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The RPC Family

0

Fig. 53. Surface quality of (top left) Beijing phenol/melamine plastic laminate and (top right) Italian LHC like phenol/melamine plastic laminate. Comparison of the three
photos (bottom) demonstrate the successive surface improvement due to the deposition of a uniform linseed oil layer; the scale is in um.




@)

X/

PHENIX
NeuLAND
FOPI
HADES
HARP

COVER-PLASTEX

EAS-TOP
STAR
CBM TOF

ALICE Muon

ALICE TOF
L3
BESIII
BaBar
Belle
CMS
OPERA
YBJ-ARGO
ATLAS
ICAL

120
140
150
300
1200
2000
2200
2953
3200
5630
6550
97,505

Bakelite
Glass
Glass
Glass
Glass

Bakelite

Bakelite
Glass
Glass

Bakelite
Glass

Bakelite

Bakelite

Bakelite
Glass

Bakelite

Bakelite

Bakelite

Bakelite

Both

Complied by B. Satyanarayana

0.6
0.3
0.3
0.3
2
2
0.22
0.25

0.25

N

N NN NNDNMNNN

O = =2 b b b ON

- -
o = o

A A A A NN =S AN

Avalanche
Avalanche
Avalanche
Avalanche
Avalanche
Streamer
Streamer
Avalanche
Avalanche
Streamer
Avalanche
Streamer
Streamer
Streamer
Streamer
Avalanche
Streamer
Streamer
Avalanche

Avalanche

mmmmmm—

Trigger
Timing
Timing
Timing
Timing
Timing
Trigger
Timing
Timing
Trigger
Timing
Trigger
Trigger
Trigger
Trigger
Trigger
Trigger
Trigger
Trigger
Trigger

International Workshop on Outlook for INO, IICHEP and beyond Feb 19th 2021
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2 present and future of RPCs and MRPCS
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State of the art of classic RPCs

Resistive Plate chambers briefly

Data: Datai_B

o) = ln(l Soel V0>) || e

O(x) = In(1 + ™)

Vo 981964362  19.05181
a 0.00392 +0.00025

Integral logistic growth

Total charge (pC)

n Total avalanche charge

RPC and MRPC Common features a0 ww  wn  wmwm o
 Target and amplification coincide V_gas(V) ATLAS CMS ALICE
. i eIl > plom el LHC 7000 m? LHC 4000 m? LHC 144 m2
- el 1Y HL-LHC1400 m? HL-LHC1000 m? HL-LHC new RPCs
« Target and amplification coincide Tracking tri y % / K
. highr electrodes >  Spark less racking trigger Tracking trigger Tracking trigger
* Uniform electrode =  simple
o WP tm, Prossura> R simble Applications in current and future HEP and NP experiments
» Min 1 mm of target for full eff. CBM expected rate up to 10-25 kHz/cm?2 in the central region

e Thin 0.1mm 2D localization

e Very quenching and electronegative Gases

SolID (SIDIS & J/{

Mostly used as extensive
(up to ~ 200 m2) TOF
systems with time
resolution up to 50 ps

Giulio Aielli - ECFA 2021




(SOME OF)PRESENT AND RECENT
PAST APPLICATION AT COLLIDERS

ALICE

LHC 7000 m2 I(j%l/[g 4000 m2 LHC 144 m?2

HL-LHC1400 mz2 HL-LHC new RPCs
. ) HL-LHC1000 m2 g )

Tracking trigger Tracking trigger Tracking trigger

TECHNOLOGY

SWGO - STACEX
CR exp. 22500 m?
5000 m altitude
3D reconstruct. +
Cherenkov

Giulio Aielli - ECFA 2021

STATE OF THE ART OF CLASSIC RPCS

PRESENT AND RECENT PAST COSMIC
RAYS AND UNDERGROUND

BaBar OPERA ARGO Ybj INO (staged)
SLAC 2000 m?2 CERN v beam CR exp. 7000 m2 v observatory
Instrum. iron Instrum. iron 4600 m altitude 150000 m?

u identifier L spectrometer 3D reconstruct. Instrum. Iron

10m
7 —
dODEX-b
-~ e
5§§E;f’ %
— 10

ACTIVE PROPOSALS FOR FUTURE EXPERIMENTS USING PRESENT

CODEX-B = . ANUBIS
HL-LHC. 3000 m2 ANUBISHN 11 1 HC. 5500 m?
Search for DM Search for DM
Sealed tracking Sealed tracking
volume volume
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o) STATE OF THE ART OF MRPCS
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APPLICATIONS IN CURRENT AND FUTURE HEP AND NP EXPERIMENTS
CBM EXPECTED RATE UP TO 10-25 KHZ/CM2 IN THE CENTRAL REGION

Mostly used as
extensive

up to ~ 200 m2
TOF

ALICE@CERN
10.1016/S0168-9002(01)01753-3

FD-HADES@GSI ~ CBM@FAIR 10.1088/1748-0221/14/09/C09020

HADES@GSI

10.1016/j.nima.2008.12.090

TPC \Cryostat
GEM A\ IT

. P N A' ) ’\' 3\ N\ Z i £ =
r - \ » : g s MPD, BM@N at NICA facility
FOPI@GSI c i 10.1051/epjconf/201817112001

10.1016/j.nima.2004.07.002

Muon tomography of large geological structures and PET
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RPCs (all versions) are a strong candidate technology for FCC experiments

9 Key features:

K a0
4)Odimior\ \mo®'

. g?g:iregl;,n jggi/;ime resolution (500 ps for single gap) Single Gap RPC N ext D e c a d e (S)
» 2D tracking, resolution up to 0.1 mm The Quest fOr Large Area
» Proportional response to high track density Sys t e m S at F C C

Hardest challenge:
* pp collisions at 100TeV (FCC-hh)

* Pileup: 1000 events/bunch crossing > spatial resolution, timing

Giulio Aielli - ECFA 2021 '




RPCs (all versions) are a strong candidate technology for FCC experiments

Key features:

. E?ft*lt:ire?;,n >5(9)1§§/§ime resolution (500 ps for single gap) Single Gap RPC N EXt D e c a d e (S)
» 2D tracking, resolution up to 0.1 mm Th e Qu est fO r L arge Area

» Proportional response to high track density S h . Id .
ielding —

Hardest challenge:
* pp collisions at 100TeV (FCC-hh)

* Pileup: 1000 events/bunch crossing > spatia

i "

~Bakelite cyli

Giulio Aielli - ECFA 2021
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Outlook for RPCs 2D tracking challenge — for all RPCs

RPC generate signals with accurate position information =  discharge cell footprint ~ 100mm?2

o o o 4 (10.1088/1748-0221/7/11/P11012)
Present limits — time resolution

Same limitations of micro-pattern detectors coming from the readout system precision. Expensive readout

| = - electronics
Time resolution is one of the main RPC features

Gold standards: MRPCs ~50 ps -- RPCs ~500 ps

complex physics behind: cluster statistics, multiplication dynamics, electronic noise JSIRERE 800
Empirically smaller gas gaps =  higher resolution X ::?;?]?5175;[;2
Smaller gas gaps can be operated at higher electric field and have a faster e i ]
multiplication dynamics compressing noise fluctuations &
8 400
Challenge: resolution beyond 50 ps § i
with more and thinner gas gaps, = 200 ,’
e.g, 20 ps with 24, 0.16 mm gaps [10.1016/j.nima.2008.06.013] /I
. . . / L
Thinner electrodes >  higher signal : -800 0 500
0 20 Residuals (um)

Xa (mm)

 Planar drift chamber

8

250 [ Al Votag 194V SLEWNG CORREGTIONS 3 S Measuring the impact position from the diffusion wave time walk difference on the graphite electrode Can reach
- st oo i3 1§ . . a5
- 5 Goo beam g sub mm precision. Suitable for large area low-rate environment (rate is limited to about 100 Hz/cm2) .
£ 80—~
S b Sigma =30 ps wE AN Very low-cost readout electronics
° [ Time Resolution of MRPC Z0b i —hiemp
2 r c40- Entries 276
8 r is 302 = 21.2ps zE | 30 Mean -3.192e-05
o 100 - Ul / \ L RMS 4279
: T \ oo, e
50 20: ) \ £ Mean 0.3437 £ 0.1378
L L i C Sigma 2.007 +0.140
<7 _/ r m;iJAA ﬁ%ﬂ 20~
o1 louei? A F R R o A I A Ll . F
-400 -200 0 200 400 =l 05 0 05 1 15 s
Time gy [ps] AT-E(W,)-E(W,) (1s) E
10~
sE
:.\ﬂ.!_hﬂﬂ.m 1 T RS MR |

Giulio Aielli - ECFA 2021 A g T




RICH

COMPASS RICH

Photon

Detectors
ad
| § L 217 ,259 o
Aerogel i _ -7  Spherical
fla X, 54 Mirror
- 1 C4F
= 3 il / | Beam pipe
i’ ‘%.\ﬁ
VELO exit window ; %i Track
; o

Plane
Mirror

Array of 8 MWPCs with

Csl photocathodes

Can be used for particle identification together with tracking detectors



Single photon detection MPGD @ EIC (RICH)
“after the positive experience with COMPASS RICH”

Gaseous detector: photon detection

FUSED SILICA WINDOWS

Csl coating

e e i S
THeEN ) S 1 7 7 1 ] 1 ) 2
e 5 1 1 005091010 0

ANODE wiTH PAD

#JLJLJLJLJLJLJLJLJLJLJLJLJI' Il 'ILJLT;

A [blue pad: HV c
red pad: readout
70 um
fiberglass
e ] [ = >
c1 = Mesh at ground
Owtecsor
R1
Pre — Amplifie
S~ R = &
—l— u1 B
=W s :
T > 1:
1 L

-

-

vith Ar/
L

Gaseous detector: TRD

Transition Radiation Detector for electron ID in the hadron endcap of the

Future EIC detector

J AGEM TRD/Tracker
o TRD provides high e/h rejection for electrons in 1-100 GeV

range.

o GEM tracker functions as a uTPC (21 mm drift gap)

*  Provides high resolution tracking
*  Low mass
o Located behind RICH detector would help with
reconstruction

RICH ring

/ pion / electron

i | ] ]
/




Timeline of the FTM development
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2016 - Two-layer prototype
Test beam at CERN [5] - Resolution of 1.7 ns

2015
Concept and first GEM-based

Prokriay measured
r t e t E RN 40? E"mesonu electrode - ; .
prototype at C 5 I - Very thin drift gaps
[Maqgi, De Olivera, Sharmal oE e o 250 pm
S b - Low gain
o P - Efficiency < 20%
st ol v o it ecirode
%6 a0 T_4° (7 5)50 o0 120) £80] 490 Traditional MPGD ast Timing MPGD

drift \ drift
2016-17 Q o

\ drift

Prototypes based on 0 2

MicroMegas and THGEM N

0] 00 \T° O \amP

Goal: increasing gain b S
and efficiency _

Working principle in one sentence: reducing the RMS of the

distance between creation point of the primary jonization,

2020_) cluster and amplification region
In principle, valid with any amplification structure
Small-size FTM 1

2018-19
Prototypes in
Bari

Goal: Demonstrate
multi-layer principle
with small-area

May 26th 2021 Fast timing MPGD - Antonello Pellecchia 50




o First results: signal and gain

[+
] )
Aodigtion \moS"

@
@

Signal transparency: simultaneous readout of top and bottom electrodes

primary ions

FTM-Next FTM small-size resistive anode FTM-Next FTM small-size resistive anode
E C Charge 0.19 pC B Charge 0.25 pC
8 0.5 - Baseline.0:10my C Baseline -0.11 mV !
5 F T 1211 5 primary electrons
g F -
0.4 — -
03| =
02 el
0.1 C
C T S U IS S S S S PR S [ S S R S SR
0 50 100 150 0 50 100 150
Time (ns) Time (ns)
FTM-Next FTM small-size FTM-Next MCP-PMT XP85012
c " FTM-Next Hamamatsu H8500 MaPMT Seam ety 0% Biee oy
% 1 03 — §1600 S_ Event rate 3.12/min 0 E_ — m::::f:; %-m o‘aéé:
© - ° F 2 x MaPMT time jitter 114.82 ps F Efectve gan 1030407 rormons U
2 - 1400 - MaPMT time resolution 81.19 ps 3 0™ i1
S C 1200 oo o I 2 amione
Q B E 10
] 1000 - E
= 3 5
10° - o o |
= wf e
— 200 ;_ 1 1 1 L)
- oE 5 \ 1 2 3 4 5
0 1 Collected charge (pC)
= . , Signal ime difference (ns) .
¥ MaPMT time resolution Single-photon MCP-PMT charge
10 i measured in cosmic setup spectrum observed with UV laser
C o —&— Ne:CO, 90:10 = - Ne:CF, 90:10
o - © - Ne:CF, 80:20 - ©- - Ne:CF, 70:30
—&— Ar:CO,:CF, 42:16:42 —6— Ar:CO, 70:30
1 = | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
300 400 500

Amplification voltage (V)
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Global Context: Atmospheric Changes

Entered into force
Montreal Protocol
1987

1990

1988

ODS ban from RPC detector conception

finalization

— Global Warming

Convention CH Law EU Regulation EU
entered into CO, emission — HFC Climate Strategy &
reduction Phase down started Targets

UNFCCC 1992

2011

2005

1
|
1
1
|
1
1
: force
|
|
1
I
1
1

ODS Phase out ODS Phase out Kyoto Protocol 1997 EU Directive
started EU stl:j\gtzd entered into force Energy efficiency
= — Meet GHG
reduction targets
Response 2005 — ongoing 2018 - ongoing 2019 — 2025

F-gas emission
Workshop —

F-gas Recirculation
/optimization/recuperation

F-gas

replacement

+R&D Reduction Target:

28% by 2025

system for the detectors of
large LHC experiments

COP21 Paris
Agreement Objectlve to be
climate neutral

2020 — 2021

WG on F-gases e Bigp e

— F-gases Policy
proposal

mitigating F-gas in
present & future
experiments

100 9%

80 %

60 %

40 %

HFCs phase down™

63 %

2027
2029

Figure 1: Average purchase prices of the most commonly used HFCs at service company
level (price index. 2014 = 100 % (baseline))'’

HFCs price /

1500 -

R404A (GWP 3922)
— — — R410A (GWP 2088)

R407C (GWP 1774)
------- R134a (GWP 1430)

https://ep-news.web.cern.ch/content/designing-gas-transport-parameters-future-hep-experiments
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Muon Tomography for Homeland Security

@

http://www.economist.com/node/21552169

Incoming muons (p*) (from natural cosmic rays)

\ = iner
- \ Cargo conta™

( L \in

* g
56ge 1% * hgen & .
26 y \ z
shielded
small | § SNM 7 scattering

scattering angle angle!
‘GEM Detector

- S/
) 7 Jute g
Micro-pattern gaseous €
——— - —/.---------.-
detector layers for Al s

tracking muons ( =~
~1cm| == Hg‘g--------g-

F

2o | k-
I#IW --------:-
Main idea: Multiple Coulomb scattering o )P %g
is basically proportional to Z, so we can better than 100 pm '//T“ ——
use it to discriminate materials by Z spatial resolution possible Readout electronics

Principle of Muon Tomography (MT) based on Cosmic Ray
Muons: Five targets with various Z

XYatZ_minus35mm

a Dec9, 2018

|
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Florida Tech Cubic-Foot MT Prototype



http://www.economist.com/node/21552169

"A portable muon telescope based on small and gas-tight Resistive Plate Chambers", S. Wuyckens, A. Giammanco, P. Demin, E.
Cortina Gil (2018), arXiv:1806.06602 [physics.ins-det], proceedings of the "Cosmic-Ray Muography" meeting of the Royal Society.
https://arxiv.org/abs/1806.06602 and Phil. Trans. R. Soc. A 377 (2018) 20180139 ' ., - %\

K.Morishima, et al., “Discovery of a big void in Khufu's Pyramid by observation of cosmic-ray muons.”, Nature 552,
386-390 (2017) http://dx.doi.org/10.1038/nature24647



https://mmm.cern.ch/owa/redir.aspx?C=tIjpbxAqEdWLP18Q_vOkucg5CR8x-cbvnga4vHQzhuALQ8D_muXVCA..&URL=https%3A%2F%2Farxiv.org%2Fabs%2F1806.06602
https://arxiv.org/abs/1806.06602
http://dx.doi.org/10.1098/rsta.2018.0139

Major considerations for the future

Big Detection High Radiation ey 1Al Medical

Intensity Particle : .
Areas Tolerances Fluxes Imaging (Big

Detect Thermal - Low Ener
Neutrons With Study On Micro =

High Efficiency eSS X-Rays

Mechanics Many Other
Electronics applications

Simulations..




Gaseous Detectors Outlook beyond the next
decades ...

Hybrid detectors Hybrid Readout ASICS On board imaging nghtsl;asligfn (SEreen

o Irlu The Lab Of The Future, Robots Run Experiments While Scientists
Sleep
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The GEMPix Il ) proton track

335;5"366"565 30 s1s 320 I325°
eneral overview: Y
Murtas, F. The GEMPix Detector, https://doi.org/10.1016/j.radmeas.20
Leidner, J.; Murtas, F.; Silari, M. Medical Applications of the GEMPix. Ap

For quality assurance in hadron therapy:

Leidner, J., Ciocca, M., Mairani, A., Murtas, F. and Silari, M. (2020), A GE
distributions in water for carbon ion scanning beam radiotherapy.

mp.14119
Leidner, J. et al, 3D energy deposition measurements with the GEMPix
JINST13 P08009, https://doi.org/10.1088/1748-0221/13/08/P0800¢

For measurements of 55Fe in radioactive waste samples:

Curioni, A., et al, Measurements of 55Fe activity in activated steel samp
[.nima.2016.12.059

Particle tracking:

@ George, S.P. et al, Particle tracking with a Timepix based triple GEM det
/) 10.1088/1748-0221/10/11/P11003



https://doi.org/10.1016/j.radmeas.2020.106421
https://doi.org/10.3390/app11010440
https://doi.org/10.1002/mp.14119
https://doi.org/10.1002/mp.14119
https://doi.org/10.1002/mp.14119
https://doi.org/10.1002/mp.14119
https://doi.org/10.1088/1748-0221/13/08/P08009
https://doi.org/10.1016/j.nima.2016.12.059
https://doi.org/10.1016/j.nima.2016.12.059
https://doi.org/10.1016/j.nima.2016.12.059
https://doi.org/10.1016/j.nima.2016.12.059
http://dx.doi.org/10.1088/1748-0221/10/11/P11003
http://dx.doi.org/10.1088/1748-0221/10/11/P11003
http://dx.doi.org/10.1088/1748-0221/10/11/P11003
http://dx.doi.org/10.1088/1748-0221/10/11/P11003
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