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Micro-pattern Gaseous detectors
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Gaseous detectors: lonization Mechanisms

. . . Charged
1. For an lonization: OPar?iE:
X+p—>Xttp+e <Elt
ectron
2.Interaction dominated by elastic
collisions with electrons
3. The trajectory of the charged particle is _
unchanged after scattering. 1. Number of Primary
Electrons
4.lons and electrons produced by L
incident radiation are known as primary <n,>= n

lonization 2. Total Number of pairs :
5. Primary electrons can further ionize the AE

medium (delta rays) leaving long tracks Sfp> ="
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Gaseous detectors: Recombination and

Electron Attachment

1. Produced pairs need to remain free long
enough to be collected.

2.No electric field: lon-electrons recombine.
Xt4+e > X+ hy

3.Electron attachment: Capture of free
electrons by electronegative atoms:
e +X—->X +h »”

4. Electronegative gases:
0,,H,0, CO,, CCl,, SF,



Gaseous detectors: Transport of Electrons

and lons in gases

1.Electrons and ions produced diffuse
uniformly from the creation point for E = 0.

2. Thermal equilibrium is reached and finally
they recombined.

3.Due to the stochastic process: Charge
distribution after a distance is Gaussian

dN NO XZ
dx ] \/ exp(= 4Dt)
4ﬂDt D.iﬁUSion : Electron
4.D is the Diffusion Coefficient: without E,B field cloud

Ho_ 2 1 [(kT)? ™ » .
3\/]_1-P00 m >

time 7




Gaseous detectors: Transport of Electrons

and lons in gases

1. Electrons and lons obtain velocity (v)
in addition to thermal motion if £ # O

2. The movement is along field lines
3.The Drift Velocity of a charge is:
vp=HE

cm
4.F~ 1— — vp(lons) ~ —
cm /% ms
— vpleT) & —
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Gaseous detectors:Avalanche Multiplication

1.Gas multiplication occurs when

primary ionization electrons gain lons
sufficient energy .

2. The avalanche has the form of a liquid Electrons
drop.

3.The total number (n) of electrons 10 ] |
created in a path x is: . Ar
n(x) = ngexp(ax)

6 Ar-CH490-10
4.The coefficient «a is known as first /
Townsend Coefficient

Ar-CO, 70-30
5. The multiplication factor or Gain is:

G = — = exp(ax) 4//4// =
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no g
E(Vem™)

lonization coefficient (cm_1)
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1. Region |: No E field, recombination
before collection

2.Region II: lonization chamber. No
gain. Full Charge collected

3. Proportional Counter: Multiplication,
signal proportional to original
ionization. Quenching needed.

4.Limited Proportionality: Strong
photoemission. Large signal

5.Geiger mode: Massive photo
emission.
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B Detector = capacitance Cd
m Silicon : 0.1-10 pF
® PMTs : 3-30pF
® lonization chambers 10-1000 pF Iin 8 e

Cd

B Signal : current source
m Silicon : ~100e-/um (~1fC/100um)
®m PMTs: 1 photoelectron = 105-107 e ' S/ /)
m Wire chambers : a few 103 e-

m Modeled as an impulse (Dirac) : i(t)=Q,6(t) \

B Missing : ‘
= High Voltage bias I

m Connections, grounding threshold ______________ \ _____________________
m Neighbours /

m Calibration... o ' t
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MWPC

MultiWire Proportional Chamber,

Proportional counter Charpak 1968
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MicroStrip Gas Counter,

A. Oed 1988
» Electrodes on solid
substrate

- Smaller pitch (200um) o —_— o
- Higher spatial resolution B e B
« Fast evacuation of ions

- High flux capability ity Picture of first

| microstrip plates
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MicroPattern Gaseous Detectors

e Charging up effects
Problems * Aging

e Limited gas gain

e Low spark resistance

e Use of semiconductor
coating

» Gas optimization

e Preamplification in the
drift

Mitigation




MicroMegas Detector

Micro-Mesh Gaseous Structure,
Charpak 1992

HV1

€
o Drift gap
= 40 kV/iem
| 2
- Y. - -Micromesh= = = = = = - - [= %= =f=—— HV2
Amplification
Anode plane gap E,

I
Particle

e Two regions with different electric fields
* Small gap

|

MICRO-MESH

i

MULTIPLICATION
RN,

Electric field in the MicroMegas ,




;79—

FAST TRIGGER

Y-COORDINATE

* Hole diameter: 70 um R
e Foil thickness: 50 um Scheme of a GEM Detector

* Hole spacing:140 um 17



The main characteristics and performances of GEM detectors are:
- Operation in most gas fillings, including pure noble gases

- Proportional gains above 10°

- Energy resolution 18% FWHM at 5.9 keV

- Space localization accuracy 60um rms or better

- Rate capability above 10° counts/mm?sec

- Active areas up to 1000 cm?

- Flexible detector shape and readout patterns

- Robust, Low cost
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GEM Production

Base material

]

Row material Kapton '
1 L | | 1 [ ]

Copper etch .

Copper etch

Chemical Polyimide etching

. Copper electro etching
Stripping
Second Polyimide etching
Reality
Original production For larger areas
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Geometry modelling

*GMSH: A three-
dimensional finite
element mesh generator

GEM Simulation

Feld calculation Parficle generation
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 Elmer: open source- Garfield++: toolkit for

multiphysical simulation the detailed simulation
software of detectors 22



GEMs at LHC
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CMS DETECTOR

STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter :15.0m Pixel (100x150 um?*) ~1 m? ~66M channels
Overall length ~ :28.7 m Microstrips (80-180 ym) ~200 m? ~9.6M channels
Magnetic field :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000 A

/S MUON CHAMBERS
y 7 7 Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
S/ Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers
PRESHOWER
Silicon strips ~16 m? ~137,000 channels

FORWARD CALORIMETER
~ Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

GEMs at CMS

GEM detectors in front of the

existing CSCs (Cathode Strip

Chambers).

-+ Will increase the path length
within the first muon station.

« Will improve muon momentum
resolution,

« Reduce misidentified muons.

—
A cross-section of the CMS experiment after the Phase Il upgrades
n

0.1 02 03 04 05 o6 07 o8 09
° 786° 731°  67.7°  625°  57.5° s2.8° a8.a° aa.3°




GEMs at CMS

LHC /HL-LHC Plan HiLumM

LARGE HADRON COLLIDER

LHC HL-LHC

EYETS Ls2

13.6 Tev LA 13.6 - 14 TeV
13 TeV energy
Diodes Consolidation
splice consolidation cryolimit LIU Installation -
7 TeV 8 TeV button collimators Inveractlon inner triplet HL-LHC
R2E project veglons Civil Eng. P1-P5 pllol beam radlallon limit installation
IR T T T T T T TR T T T T T R R T mmmmlm»
5 to 7.5 x nominal Lu
ATLAS - CMS
experiment upgrade phase 1 ATLAS - CMS
S—lll nominal Lumi 2 X nominal Lumi, ALICE - LHCb 2 x nominal Lumi Hi- upgrade

75% nominal Lumi /_ upgrade b ! PU ~200
m m 150 fb™' integrated

luminosity EOLHLE
HL-LHC TECHNICAL EQUIPMENT:

DESIGN STUDY PROTOTYPES CONSTRUCTI DN INSTALLA TON & COMM.

GE1/1 GE2/1 MEO 25




Future for GEMs at LHC
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GEM UAN Expertise

Testing box for electrical quality
control test

Visual quality control performed using digital
microscope TGEM at UAN

Voltage divider designed and

assembled at UAN 27



GEM UAN Expertise

Testing GEMs with Fe55

28
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GEM UAN Expertise

Testing GEMs with Fe55

Energy spectrum from 29Fe
at 4100V and Ar/CO2 70/30

Energy resolution
from different voltages
and Ar/CO2 mixtures

4200
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GEM UAN Expertise

UNIVERRIOAD
ANTONIO NARINO
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Measuring thickness with GEMs

,Fe-55 Radiation Source

_ Plastic colimator

, Aluminum or Copper foils
4 Gas box cover

7

External Frame
.
- Gas Oulet

/ .
O-ring; Gas box cover
sMylar Gas window |,

A Readout Board

Gas Inlet N’

Oscilloscope Lecroy
- Waverunner 62Xi
600MHZ

Voltage divisor
for 3GEM
30




GEM UAN Expertise

Measuring thickness with GEMS

a b c
400 200

Patente de invencion

Counts

“DISPOSITIVO Y METODO PARA
LA MEDICION DEL ESPESOR DE

02 04 0.6 08 [—)02 0 02 04 06 08 %2 0 02 04 06 08
Peak voltage (V) Peak voltage (V) Peak voltage (V)

S e f LAMINAS DELGADAS MEDIANTE
: ) DETECTOR MULTIPLICADOR
GASEOSO DE ELECTRONES”
T e |7 bty T Rt

Energy spectrum from aluminum layers by
the transmission of the Fe-55 .



241AmBe

PE

550 kQ S 10 MQ B4C

1MQE “He or 7Li Iamm
= == == == == == ==

500kQ<10MQ ————————;mm

= == == == == == == —222

¢ Neutron detectors based on MPGDs,” JINST 10
(2015) 04, P04004

Ay vvvv

» A solid layer of 10B4C of 1 um thickness sputtered
onto a 25 ym thick aluminium foil was used as
neutron converter

* Reaction: 10B(n, a)7Li and 10B(n, ay)7Li

—_—
] Ar /rnz gas borated sheets
Egen

GEM applications

Using GEMs for Neutron detection

cathode

nnnnnnnnnnnnnnnnn

——————————————————————— GEM foils
r’d

readout

e Eur. Phys. J. Plus (2015) 130: 118 DOI 10.1140/
epjp/i2015-15118-1. GEM-based detectors for
thermal and fast neutrons.

e Neutrons impinge a lateral side epoxy glass
window.

en+ B — He+Li(Q=28MeV, BR 7%)
e n+B — He + Li + v (478keV) (Q = 2.3MeV, BR

= 93%)
32



1. Very active community of developers and users of GEMs

2.Several applications and growing interest outside high energy
physics

3. Thick GEMs are a new branch of development

4.New substrate materials (ceramic, teflon, FR4)

5.New methods for producing foils: laser bombardment, mechanical
drilling

6. Adding more material: Scintillating glass, graphene

33



Gaseous detectors: Operating Principle

- Detection of Charged

: , * lonization, Bremsstrahlung, Cherenkov
Particles .

. Detection of y-Rays —— Photoelectric effect. Compton, Pair Prod.

Total charged produced and/or light emitted by the
final Products is collected.

34
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GEMs at CMS

A cross-section of the CMS experiment after the Phase Il upgrades

0.9 1.0 1.1
44.3° 40.4° 36.8°
DTs
mcscs
M RPCs
W GEMs
W iRPCs
MEO

GEM upgrade: Three new stations
GE1/1, GE2/1 and MEO

RPC upgrade
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Gaseous detectors: Frequently used gases

Gas p Eg’TCF’,;‘S) bEeV) | WieV) | e‘\jg/_?g‘mz) n, (cm?) | n, (cm)
H, 838-10° | 154 37 4.03 5.2 9.2
He 166-10* | 246 41 194 5.9 78
N, 117-10% | 155 35 168 (10) 56
Ne 839-104 | 216 36 168 12 39
Ar 166-10% | 158 26 147 294 94
Kr 349-10° | 140 24 132 (22) 192
Xe 549 -10° | 121 22 123 44 307

co, | 186-10° | 137 33 162 (34) 91

CH, | 670-10% | 131 28 221 16 53

CHypo | 242-10° | 108 23 186 (46) 195 9




Gaseous detectors: Frequently used gases

Interaction of Charged Particles
Bethe-Bloch Equation (Quantum Calculation)

dE 1 Z 2| 2m D . C
(= \=RaN r £ 2 | In(= W, )-2B%-8(By)-—
<dx> e BE0Y e m) =207 =) =7

v Fundamental constants

=0.1535 MeV cm?/g dE 7° - r.=classical radius of electron

— x=_In(af’’) | m =mass of electron

N_=Avogadro’ s number
Absorber medium ¢ =speed of light

| = mean ionization potential Incident particle

Z = atomic number of absorber ||z = charge of incident particle

A = atomic weight of absorber || B = v/c of incident particle

p = density of absorber y = (1-p3)12
d =density correction W,.ax= max. energy transfer
C = shell correction in one collision
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