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measurements

charged particles; neutral - if conversion is possible

simple registration / event time measurement (trigger) / coordinate (momentum) measurements / energy

measurement

counters

coordinate measurements
inner tracker, muon detectors
trigger

Particle Identification (PID)

Imaging

can be of precise spatial resolution and/or significantly large area
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low p,

F. Brunbauer et al., Radiation imaging

with glass Micromegas, https:
doi.org/10.1016/j.nima.2019.163320

X-ray radiography
(Glass Micromegas)



the simplest detfecftor :)
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[Submitted on 8 Sep 2015]

A gaseous proportional counter built from a conventional aluminium beverage can

Alexander Winkler, Aneliya Karadzhinova, Timo Hildén, Francisco Garcia, Giacomo Fedi, Francesco Devoto, Erik J. Briicken
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dE/dx (MeV/cm)

operation principle — primary ionization

charged particles - primary ionization
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PRIMARY IONIZATION:
§
- Cas Density,  E. Er  W;  dE/dz|mn Np Np
’ mg cm ™3 eV eV eV keV cm—1 cm™ cm~ !
’ Ne 0.839 16.7 21.6 30 1.45 13 50
o2 e Ar 1.66 11.6 15.7 25 2.53 25 106
TOTAL IONIZATION:  x, 5.495 8.4 121 22 6.87 41 312
Energy (MeV) CHy4 0.667 8.8 12.6 30 1.61 37 54
; CoHg 1.26 8.2 11.5 2% 2.91 48 112
od iCaH1o 2.49 6.5 10.6 2 5.67 90 290
* COs 1.84 7.0 13.8 34 3.35 35 100
Sy CFy 3.78 10.0 16.0 54 6.38 63 120
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Fabio Sauli EDIT 2011
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operation principle
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In book: Particle Physics Reference Library, Volume 2: Detectors for
Particles and Radiation (pp.5-44)
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y—Axis [em]

Total ionization O(100e-

. operation principle — amplification

Too small charge ... but O(10) um anode wire with voltage of 0(1000) V

Track, clusters and drift lines

Cell: SHiP—tube Particle! u”, EKin=1 GeV

Gas! CO, 30%, Ar 70%, T=293 K, p=1.08562 atm
1F T T T T T
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Graph of E

Cell: SHIP—tube

avalanche amplification
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FIG. 2. Simulation of an avalanche caused by a single ionizing
electron (white) in a proportional counter. The positive ions
(orange) and part of the anode wire are shown as well.
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operation principle — gas gain

Sauli, F.
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proportional counter, showing the
different regions of operation
(from W. Price, see bibliography
for Sections 2 and 3).



operation principle — drift fime

Drift velocity - electrons
Hilke, H. ). / Riegler, W.
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MWPC Wired detectors
Example: CMS Cathode Strip Chambers

From practical point of view
and based on MC simulation
the decision was made:
1. There would be 3 CSC
rings in the station 1,
2 rings in the stations
2-4.

. CSC would be trapezoid in
shape with 6 sensitive gas
gaps each.

. CSC would be made from
honeycomb panels.

. Strips would be cut
radially.

. Wires would be stretched
across strips and joint in ‘ \: ~ ’h“‘\ 1
wire groups. Wi ‘\ku\‘:“:“ ;‘

. To reduce readout i
efficiency losses in case a
wire braked wires would
be arranged in isolated
HV segments.

de Sense Wires
wire spacing = resolurfon
cathode

L os— anode wires

— cathode

radial strips

M. [gnatenke(UCLA)
CSC-101

CERN ’
May 30, 2016 5ai

cathode

Georges Charpak

Nobel Prize 1992

Invention of the

Multi-wire Proportional Chamber (MWPC)




Wired defectors

MPV from distance to wire

Straw trackers (see talk of Temur Enik on Friday)

w B
Simp"f'ed read-out for E‘ 160 B ¥ measuremets NAG2[3] '
Time measurements % . 4 Simul;ﬂion in Garfield++
140 ¥
1203 Straw signal modeling using Garfield++
L interface to LTSPICE
: A Mikhamelangus', D. Baigarashey', V. Baut, S, Bulanov’, T Enk', '
1001~ et W:Zﬁ;__w;
80
@ - v
Straw Tracker read-out concept 60
development C ;
Andrei Zelenov', Vitaly Bautin, S i Enik’, EKaterina Kuznetsoval 40— :
mr&»a\eej‘. Serge\:/ tin?, bm\lw Sosnov! ' — '
on behalf of — ' ‘
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Examples: ATLAS TRT, NA62, NA64 '
...and many future projects
= v
Y-view U-view V-view YU‘V;:Tews A

10/11/23 10



Time Projectfion Chamber

Example: ALICE TPC
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= Readout
= Chambers
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a Readout
o Chambers
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E — W

- Central 557568 readout pads 4
B ——® High Voltage Electrode 1000 samples in time direction
V"‘SOkV Jens Wiechula, Quark Matter 2009

MULTIWIRE GASEOUS DETECTORS:
Basics and State-of-the-art '

Archana SHARMA®
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Most challenging TPC ever built

Central HV electrode
100kV

Total drift time
92 us

Gas:
90 m3
Ne-CO,-N, (90 - 10 - 5)
low diffusion (“cold gas”)
drift velocity non saturated
temp. homogeneity and
stability 0.1 K required

11



I?es:shve Plate Chambers

Copper strips for pulse lake-out H.J. Hilke and W. Riegler

Insulating PVCplate / a) X readout Ciciraaa
. / / P strips plane
H.V. Conducting paper fml - // Bakelite Plates

: —— e Gas
Bakelite electrode plate ,/ HV / /\ /
s P E>

PVC frame //
o .

Gas imput — \
s Bakalite slactrodeolats ¥ readout Polycarbonate Graphite
Coper EI-L Bakelits slactrude plat strips " y::acer" o
B Ionizing particle
Examples:
+++++++++++++ 4 +++++++++ A+t .
RPCs at the LHC experiments

E C 3 The EEE Project: a sparse array of telescog ;
'/ \ the measurement of cosmic ray muons ¢

a) Frmmmmemmmeemee p) FEmmmmmmmmmmme

Detector Physics of Resistive Plate Chambers

Christian Lippmann thesis 2003
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MicroPattern as Detectors

1997->Micromegas (Toannis Giomataris)

Drift Cathode /

lonisation Region

i t
: 1 kvlem
Micro Mesh

Amplification Region a0 kviem

lonising Particle

Hv1 =730V

HV2 = 400V

-"'%5'"6""0'"-

| PCB with R/O structure |

-Electroformed meshes, mechanically fragile.
-Spacers made with fishing wires.
-Delicate artisanal production.

-Special anode strip connection to FE to minimize sparks damages.
-The use of this structure stayed quite confidential till 2007 due to

production difficulties.

f0pm__

140 pm

1998 >GEM foil and then triple GEM detector (Fabio Sauli)

/ _Triple GEM
I " Gain
DRIFT N
GEM| mumpmesmasms .- ~20
/ TRANSFER 1 I\.
GEM? mmmmame ... ~20
1051 TRaNsFER2 Ixm
Al ~20
GEM3 m ng----------
4 X \COLLECTION I.\.m
Readout PCB 1/ ] ~8000
Amplificr

Spark problem solved:
~>triple GEM structure

Aging problem solved:
~>no exponential A-field
- Specific gases
- Specific materials

The amplification gaps are not
affected by the detector size.

A GEM is only made with
Photolithographic processes.
Industrial by nature.

The technology grow was fast.

MicroPattern Gaseous Detectors by Rui de Oliveira (CERN) @TIPP20

z“%/] 1/23
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https://indico.tlabs.ac.za/event/112/contributions/3303/attachments/1158/1568/TIPP%202023.pdf
https://indico.tlabs.ac.za/event/112/contributions/3303/attachments/1158/1568/TIPP%202023.pdf
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Technology R&D - DRD |

Starting in 2024

https://drd1.web.cern.ch/

CERN Accelerating science

DRD1

Working Groups

5 ' e WG1: Technological Aspects and Developments of New Detector Structures, Common

At the moment: 138 institutes

Characterization and Physics Issues

e WG2: Applications
o WG3: Gas and Materials

¢ WG4: Modeling and Simulations

77. Institute of Nuclear Physics (INP-Almaty),Kazakhstan

o WG5: Electronics for gaseous detectors

e WG6: Production and Technology Transfer

e WGT: Collaboration Laboratories and Facilities

'| O/ 'I '| /23 s WG8: Knowledge Transfer, Training, Career Promotion



Wired detfectors

Straw trackers (see talk of Temur Enik on Friday)

MPV from distance to wire
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