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Que sao MPGD, que é um GEM

Micro Pattern Gas Detector
0s mais conhecidos:

MicroMega Gas Electron Multiplier
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MPGD, como tudo comecou:
o upgrade de ALICE para o run3

Since right after the detector entered in data taking (2010), it was clear that starting from Run3 (the LHC period
started now) ALICE should plan to operate at higher rate, recording all MB events

Goal set: 50kHz in Pb-Pb (~10nb-"in Run3 and Run4)

Detectors and electronics would require an upgraded during Long Shutdown 2 (“20207)

> Time Projection Chamber (TPC)
®* GEM readout plane, high rate capability, continuous readout.

TPC electronics used till run2 was not made to amplify negative charge
input (as GEMs provides) and cannot cope with the higher rate and
with the continuous readout operation planned

> Muon Chamber (Forward muon spectrometer)

® Higher rate capability, new acquisition electronics chain in ALICE
new electronics was needed

TPC required a new readout, MCH too.

A common project to design a new ASIC: SAMPA

Partnership IFUSP - LSI ( EP-USP )
SRIFUSP




MPGD, como tudo comecou:
Hugo Natal da Luz se juntando ao grupo

Convergence of paths

The group is developing an ASIC for GEM-based TPC, prototype of the basic block are
coming...

would be nice to have a GEM-based detector to try them (especially CSA) with a
real detector.

A young, nevertheless expert, researcher is moving from Europe to Sao Paulo for
familiar reasons, he is looking for a local group to continue his research:
gaseous detectors, namely MPGD, GEMs

A PERFECT MATCH!

Official start of HEPIC activity with MPGD/GEM
A dedicated Lab is prepared and equipped.
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Desenvolvimento em MPGD para

experimentos futuros
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RD51

Objectives
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RD51 — Micropattern Gas Detectors
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GEM-based detectors

SIMULAGOES

SRIFUSP



Simulations
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GEM-based detectors

APPLICATIONS

SRIFUSP



Thermal neutron GEM detector

> luminium shield

— Aluminium lid
y «~
Cathode
" 1°B4C layer
g e Al

/

READOUT plane/

resistive chains connectors

Cross sections at 25.2 meV:
113cd = 20600 b

157Gd = 254000 b n+3He — 3H +H +0.764 MeV n+°Li — 4 3He + 3 H +4.79 MeV
198 > 3837 b
®Li - 940 b
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Thermal neutron GEM detector

- 1.399 A (41.80 meV)
neutrons from
diffractometer beam line.

- 6,22(19)x10% n/cm?3s?
neutron flux, measured
using *’Au(n, y )**%Au
reaction.

o
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Neutron

images (Lucas’ dissertation)
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One of the fist thermal neutron image produced with our prototype



X-ray Detector SHEPIC

IFUSP

First round
Geovane’s Master project

10 cm |

1Imm pinhole\

e Triple-GEM with strip read-out 1

(256 strips for each dimension)

e 100 cm? active area .

e Ar/CO2 (70/30) at atmospheric pressure | - e

e Gain of the order of 104 S s

e Detector field of view limited by the 1 mm \
tantalum pinhole for near field images : l;t”\;k

e Acquisition rate = 250 Hz (APV25 readout) - e e :

.10 cm

o
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X-ray Detector

Test sample of a titanium
plate with cooper sectors

Preliminary result
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Capability to measure energy:
Different chemical elements may
be identify in the image!

("colour photo” in the X-ray range)




X-ray (Geovane dissertation)
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Longevity and materials

GEM AGING AND
DEGRADATION STUDIES




What happens to the detector when irradiated? @\WH EPIC

N
7
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Goal: Develop a deeper understanding on aging and degradation processes of
Gas Electron Multipliers (GEMs).

back flowing ions

high energy

Degradation: .
particle

- Erosion;
- Deposition;

copper
clad
‘ Degradation:
electrons - Olligassing
- Crosslinking;
- Branching;

Challenges: Definition of controlled environment
Partners: Univ. of Nottingham and NPL.

Motivation: Enable longer lifetime and stability.

The new idea: Use of advanced surface analysis.

Who: Research line of Tiago + Thiago (doctorate student)

o
SR IFUSP



Analysing GEM foil modification

e.g. ToF-SIMS surface analysis

made at Nottingham University, our collaborators in this activity

———200 mm

Surface contamination

MC: 3;TC: 1.204e+004

100.00 pm

[ =
MC: 15, TC: 1.080e+005

There is evidence of kapton redeposition!




Analysing contaminants in the gas
Controlled aging

An ad hoc designed degradation chamber Filtering
Chamber GEM
Chamber  Monitoring
* Stainless steal chamber Inlet j ; / Chamber
* Clean ambient and avoid degassing. ~ - /
* Inlet/Filtering Chamber

* Filed with purifying materials.

* Removal of eventual H20 and O2 contamination.
Outlet/Monitoring chamber

* Environmental sensors:

* Temperature and pressure.

Outlet

* @Gas quality monitoring: e
* H20, 02 and H2. e ~ |\ I
* Both attached to the GEM chamber . . T—
» To avoid tubes. X . v Radiation
Window

SRIFUSP




Analysing contaminants in the gas
Controlled aging

The flow is not homogeneous in the GEM chamber,
effect will be position-dependent? Highly renewed

velocity mag. (m/s)

Poorly renewed
(dead volume)

SRIFUSP



Diagnostico nao invasivo

Goal: Develop a non-invasive diagnostic tool for GEM based
detectors to enable periodic check.

Challenges: Definition of protocols and standards
Motivation: Enable sanity check of the ALICE TPC.

The new idea: Exploit dielectric relaxation spectroscopy
Who: Research line of Tiago + Thiago (doctorate student)

virgin a
1x10™
5x10'°
1x10"
2x10"

System Impedance Accuracy + ' E iyt
Impedance accuracy specification for MAT, Femto Ammeter, 2A booster and MREF v

Equipamento aprovado como EMU

€
>
e

S)
0t 1 Regido de l
9

exploragdo
0.15%, 0.15° de cargas atomic S .
méveis electronic

I
Frequency (Hz) 10 106 10° 10%2  10% bt o nin ta s s e rpaf

*High Voltage option module provides up to 10X higher impedance than shown ’Jm icrowave LI infrared r\7|s |JUVL| frequency / Hz
*Femto ammeter and MREF is used for dielectrics (1 pF to 10 nF) and for high impedance .

*2A booster is used for very low impedance measurements (sub 100 mohm)

*Faraday cage is recommended for dielectric and high impedance measurements Fre q u e n Cy I n H Z
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Experimenting new shapes

ALTERNATIVE FABRICATION METHODS




Locally: using Laser Ablation

In collaboration with USP Engineering Faculty

Method: Laser milling
Why? - New, clean (free of
KOH) and fast

Goal: Develop a self-sufficient production of
Gas Electron Multipliers (GEMs).

T

Laser parameter
optimization

Challenges: Microfabrication with homogeneous quality
Motivation: Enable the GEM production in different shapes,
quicker turn-around, reducing the costs of prototyping.

The new idea : Use of laser ablation for fast production.

. . Cross-section view &
Who: Research line of Tiago + Eduardo (Master Student)

/ “"_ﬁ
Tecnology transfer: LeserToolsS

Solugoes a laser




3D printing of MPGDs

In collaboration with Univ. of Nottingham and NPL.

Goal: Enable fast prototyping for tests of new
geometries. Smooth integration between modelling and

: Research on
Design mass
production
Design driven by simulations
« Gmsh + Elmer
*  Garfield++
« Automation & optimization
Characterization Prototyping
oilcharaGicn zation; ch.aracte.rization Production technique
: (s)IFE)F\IIIC?!! %Er_%slﬁ)spy « Additive manufacturing
i « Laser milling
« Impedance spectroscopy « Lithography
GEM performance + chemical etching

* Gain, ion back-flow, etc.

Maximum production size:

Challenges: Multi-material printing in high-resolution.
Motivation: Suppression of charging up, ion backflow and

mitigation of degradation.

Who: Tiago + UoN collaborators




3D printing of MPGDs

In collaboration with Univ. of Nottingham and NPL. i i i
& What are possible benefits achievable

Goal: Enable fast prototyping for tests of new with micro-sized decorations:

geometries. Smooth integration between modelling and o _
* 7% reduction in the signal

tests. - tansit
intensity ()
D . Research on i 29% Of reductlon Of electron hlt In
esign mass H
production Ve ~N the kapton (Charglng Up) @
Desian driven by simulations Maximum production size:
. Corein o menn
« Automation & optimization EI t d t' t.
- eclron aestnation:
£ /8
£ M
Characterization Prototyping 3 SnE o\ | _
ZAL [ Standard With
Foilo cifrafteﬁzation T TS \‘\;::/(‘/ \’F‘\///J geometry decoration
L S : pusitve maniatuing \ / " + sonat 425% " - sgnat39.5%
Iipietie iy « Lithography + copper: 51.9% « copper: 56.2%
GEM performance + chemical etching « kapton: 4.1% + kapton: 2.9%
B Ganslenbackcfiow: etc; 20 recomb.; 1.5% 20 « recomb.: 1.5%

Z (um)
o
Z (um)
o

Challenges: Multi-material printing in high-resolution.
Motivation: Suppression of charging up, ion backflow and -20
mitigation of degradation. 40

80 0 20 40 60 80

Who: Tiago + UoN collaborators ¢ @um) r @am)




Testing detectors in stress conditions

RADIATION HARDNESS

SRIFUSP



Proton beam line for tests of radiation hardness

* Goal: Explore the radiation hardness of detectors (GEMs and LGADs)

* Challenge: Implementation of a microbeam line at the LAMFI facility
(collaboration with CNPEM engineering team)

»
e
4‘ )/‘ !;):ﬁ\onohdﬂe Alz_al!ses de

Materiais por Feixes Ionicos

r CNPEMm

Centro Nacional de Pesquisa
em Energia e Materiais

* Motivation: High induced charge by protons well localized in space. Proton
beam line with energy between 800 keV and 3.4 MeV (from 12 um up to 120
Kum in silicon)

*  Who: Tiago + LAMFI team

o
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How to read our detectors

READOUT ELECTRONICS

SRIFUSP



An ASIC is not (yet) a Readout Electronics @WH EPIC
%ﬁ IFUSP

g

It’s a nice ASIC! We are proud of!
‘ Nevertheless ‘useless’ on its own!

It needs to be host in a card that allows to plug its inputs to the detector, and the
communication lines to an acquisition system (not mentioning providing power)

As shown, there are several activities in our lab, some of them will profit from, NEED!, a
readout system with several tens of channels to add high position resolution to the detector




Integrating SAMPA into the RD51-SRS

SRS-FEC

Input Protection
diodes&resistors

Developed
Adapterboard

Developed
HYBRID Board
4x SAMPA chip

Display Port
Cable

Input Protection
diodes&resistors

4 SAMPAs
(2 top, 2 bottom)

Serializers
(4x4 links)




Integrating SAMPA into the RD51-SRS

Tested in real life © (colaboration with CVUT Prague)

a muon track

N oo O

Z-axis(cm)

@)}

o
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Extensao

XXII SCHOOL ON EXPERIMENTAL NUCLEAR PHYSICS *JORGE ANDRE SWIECA™

GAS ELECTRON MULTIPLIERS,
FUNDAMENTALS AND
APPLICATIONS

25 JULY - 05 AUGUST

in Sao Paulo, Brazil
QHEORYS
Charge transport
in gaseous media
Creation of
electron-ion pairs
Molecular breakup

COMPUTER MODELING:

Mesh generation
Finite Element Method
Electric field and gas
flow simulation
Monte-Carlo simulation
Massive data processing
PRACTICAL AND EXPERIMENTS:

GEM production and
micro-fabrication techniques
Assembly and characterization
Electric and optical
readout schemes
Image formation
and processing
Gas quality check by
mass spectroscopy

APPLICATIONS:

X-rays and
neutron imaging
Dosimeter applications

IXY J FURTHER INFORMATION ON
bit.ly/swiecaSBF22

Marco Bregant USF]
Tiago Fiinida

= ShiFUse  Boneg AFAPESP

CTFNA AVACO

\

Workload - Total of 75 hours

Poster session
2,7%

Exp. activities Lectures

Invited lectures

Computer labs
14,1%

Financial support

FAPESP
24,5%
R$ 17.320,00

INCT-FNA
o
11,9% 63.6%

Lecturers age profile

25-35

35-45

45-55

Age interval

>65

2 4 6 8

Number of lecurers

Atendee's affiliation

UFRGS
6,3% 6,3%
UNIANDES UNICAMP

12,5%

IPEN/CNEN

Escola "André Jorge Swieca" de
Fisica Nuclear Experimental da SBF

Curso com aulas tedricas e praticas:

Fabricacao

Leitura de sinal e formacao de
imagens

Simulacdes computacionais
Aplicacoes

Desgaste e degradacao
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Instrumentation Program

RD51
MPGD R&D
(WG-5.1)

Simulations Applications EIectronlcs

\ Radlatlon
Hardness .\@
M y .

Neutron Fus|on Reactors
’pen Detection

X-ray Imaging

l Medical Imaging

Diagnosis




Actividades

Research on GEM Computer modeling
Research on production and and simulation
applications of GEMs performances
Research on

associated
electronics
------------------ Materials i
Sensing |77 Modeling
...... new shapes
i *~ Prototyping |+
Design of the yping g
SAMPA chi .. . . ,
p Diagnostics , NG EERE
Diagnostics >y .
* for fusion Laser CNC for K , 7 mixtures
neutron devices Th-GEM A Aging | - (ecogases)
Use of SAMPA detection Y P
hipin SRS r-#| Imagin 7

syt ~ New ’ Gas flow

system : D |, ' as flow
/\ Medical printing materials optimization

dosimeter ,
T~ ’ -7
Neutrons || X-rays ’ _-

/ P
Micro-sized PR
e -
optimizations _
-

-
Gain stability |4

Timing




Linhas principais das atividades

Simulacgdes
* Otimizacdo do ponto de trabalho (geometria/tensdes)
* Novas configuracoes
e Estudo do fluxo do gas no detector
Electrénica (sistema de aquisicao)
» Otimizac¢Oes (alta taxa, triggered/continuos readout, daisy chain)
* Software de aquisicao
Fabricacdo de GEM/ThickGEM (e avaliacdo de desempenho/qualidades)
* Producado local (Laser / Microfabricacdo)
* |Impressao 3D
Estudos de envelhecimento e degradacao
* Envelhecimento controlado
* Investigacao e comparacao de diferentes técnicas de analise
Aplicacdes (desenvolvimento de detectores completos)
* Imagem de raios-x com resolu¢ao em energia.
* Detectores sensiveis a posicao para néutrons térmicos.
» Detectores para fins didaticos (um dos objetivos/alvos: curso de Fisica Medica)

o
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Consideracoes Finais

Dinamica do WG-5.1

e Plataforma Teams
e Convites serao enviados a todos
e Estrutura sera apresentada na primeira reuniao do WG-5.1

* Reunides regulares, dia/horario da reunio a ser combinado.
Proposta: cadéncia das reunidoes em dois niveis
* (Cada dois semanas
* Atualizacao das atividades em progresso, e.g.:
e Simulacdes
* Arranjos experimentais (projetos e pedidos nas oficinas, compras, etc)
* Desenvolvimento de ferramenta de andlise
* Resultados experimentais
 Mensalmente: “plenarias”
 “Tour de table” de todas as linhas, com plano para o més(es) seguinte(s)
* (+o0sitens acima)

o
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