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Producao de GEMs
por metodos alternativos




e 3D printing technique based on a layer by layer production
process utilizing photopolymerization reaction /

light s]sulil pellicle beam splitter Why this tECh nique?
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Schematic illustration of puSLA system and its functioning [3]

[3] Xiaoyu Zheng, Joshua Deotte, Matthew P. Alonso, George R. Farquar, Todd H. Weisgraber, Steven Gemberling, Howon
Lee, Nicholas Fang, and Christopher M. Spadaccini. Design and optimization of a light-emitting diode projection
micro-stereolithography three-dimensional manufacturing system. Rev. Sci. Instrum., 83(12), 2012

GEM por impressao 3D:
Daniel Magpali Estevao (DD-FAPESP)
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Goal: maximize the Effective Gain and minimize the lon Backflow by varying the hole shape - since the
additive manufacturing easily allows the flexibility of different holes - across different diameters
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e First tests performed on the nanoArch S130 printer by BMF Technology in Nottingham University

e Duringthe time spent there:
o learned how to operate the printer, including software controls, calibration and maintenance;
o  Printed several samples varying UV light intensity, exposure time, printing speed and other
relevant parameters.




e First tests: deposition of gold layer by sputtering (estimate thickness of 500nm)

e Investigation of hole contamination by analyzing their cross section images:
o  Secondary Electrons: topography investigation of the inside of the holes ;

o BackScattered Electrons + Energy-Dispersive X-ray Spectroscopy: investigation of gold
contamination inside the holes;
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20 pm EHT = 15.00 kV Sample ID = Signal A=SE2 20 May 2026 \‘4 10 ym EHT = 15.00 kV Sample ID = Signal A = NTS BS21 May 2026 \‘a
WD = 69 mm 655 X Photo No. =66 14:01:22 LAMEI WD = 7.0 mm 247K X Photo No. = 104 15:13:48 LAMEFI



Avancos com o processo litografico
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Realizacao de processos litograficos PCB-like para criacao de bordas e eletrodos em folhas de GEM

=>  Protocolo utilizado com os laminados DuPont:

€ Laminacao de Dry Film photoresist nos dois
lados da folha;

Ativacao por luz UV com uma mascara para
€Xposicao;

Remocao de filme nao ativado: solucao 1%
Na,CO, (carbonato de sédio)

Remocdo do cobre: solucdo 20% FeCl,
(cloreto férrico)

Remocao de filme ativado: C,H,O (etanol)

® 6 o o

-> Parafolhas de GEM do CERN basta adicionar uma etapa de remocao da camada de cromo
€ producidoem andamento



Avancos com o processo litografico

IFUSP

Imagens extras se quiser adicionar (infelizmente nao tirei foto de mais etapas do processo)




Método: Perfuracao de furos em folha comercial de kapton revestida com
cobre através do uso de ablacao por laser UV de pulso curto

Obijetivos: Abrir a possibilidade de replicacdo da tecnologia para obter
competitividade local, superar barreiras comerciais e expandir a oferta de
tecnologia no mercado.

Configuracao Experimental: Equipamento de microfabricacao a laser LPKF
ProtolLaser U3, desenvolvido pela empresa alema LPKF Laser & Electronics
AG, presente no Microelectronic Laboratory da Polytechnic School of
University of Sdo Paulo (LME-POLI-USP). Este equipamento permite a
execucao de diferentes estratégias de usinagem — como corte, furacao e
remocao de camadas — através do ajuste de parametros como numero de
passadas, frequéncia de repeticao, poténcia média e velocidade de varredura.

LPKF ProtoLaser U3 no LME-POLI-USP



Ablacao a laser - Manufatura alternativa de GEMs

Amostras produzidas com os ultimos parametros do laser registrados pelo Eduardo
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Entrada
do laser

100 pm EHT = 15.00 KV Sample ID = Signal A=SE2 5 Mar 2026 \‘4 20 ym EHT = 15.00 kV Sample ID = Signal A=SE2 5 Mar 2026 \&
WD = 46mm 165 X PhotoNo. =196 1447:50 | AMF| WD = 4.9mm 143KX  PhotoNo.=198 145218 | AMIF|
)

EHT = 15.00 kv Sample ID = Signal A=SE2 5 Mar 2026 R 2
WD = 62 mm 140 X PhotoNo.=183 134030 | AMF| WD = 5.0 mm 1S6KX  PhotoNo =185 135415 | AMIF|
s L

100 pm EHT = 15.00 KV Sample ID = Signal A=SE2 5 Mar 2026 \&



Otimizacao de parametros do laser

=> Ideia: diminuir a poténcia e frequéncia do laser para diminuir o calor transferido ao material, que
fazem o cobre derreter (em vez de sublimar por ablagéo) e criar a camada de metal na entrada

do furo.

-> Para compensar:
€ aumentar o numero de repeticdes do laser (quantas vezes ele passa por cada furo);

€ aumentar a velocidade de passo, tanto para diminuir o tempo que o laser fica em cada
posicao (diminuir os efeitos térmicos) quanto para compensar um pouco o tempo de
processamento da amostra.




Otimizacao de parametros do laser
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Estudos de
degradacao de GEMS




Atividades atuais:

~ - aedo-det I |
S atibracs fiones

+—Mentagensinterras

e Estudos de aquecimento/degaseificagao
e filamento

e Comprade CH,

Projeto com contribuicdes de:

Thiago Badaré Saramela (DD-CNPq)
Eduardo dos Santos Palermo (MS-CNEN)
Daniel Neves Fachieri (DD-FAPESP)

rrrrrrr

Degradacao de GEMs:
Willian Wallace Ribeiro Alves da Silva (DR-FAPESP)

Tempo de resposta de
203 s (3m23s)




Experimental conditions:

e Flow rate: 6L/h

e Mixture: Ar(70)/CO2(30)

e Distance between the
x-ray tube and the
degradation chamber:
25cm

e Kapton window

X-ray tube /
L

Degradation chamber
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Average residence time
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Results
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Studying the ratio 28/44 (CO/Ar):

Histogram of Ratio 28/44

25 1 I Control
0 10KeV, 50uA
[ 10KeV, 100uA
20 W= 25KeV, 50uA Control -> Mean: 0.1710 | Std: 0.0030

10KeV, 50uA -> Mean: 0.1739 | Std: 0.0027

15 ~

Counts

10KeV, 100uA -> Mean: 0.1788 | Std: 0.0024

10 A

25KeV, 50uA -> Mean: 0.1786 | Std: 0.0024
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Results
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Studying the ratio 12/44 (C/Ar):

Histogram of Ratio 12/44

25 A1 mmm  Control
0 10KeV, 50uA
[ 10KeV, 100uA

20 - W= 25KeV, 50UA Control -> Mean: 0.1343 | Std: 0.0015
10KeV, 50uA -> Mean: 0.1431 | Std: 0.0024
15 A
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O

27 25KeV, 50uA -> Mean: 0.1502 | Std: 0.0022
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Results
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Studying the ratio 44/40 (CO,/Ar):

Histogram of Ratio 44/40

25 A I Control
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W 10KeV, 100uA Control -> Mean: 0.1854 | Std: 0.0018
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15:4
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S
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Analise de superficie

Analise de material organico usando ToF-SIMS mostrou
redeposicao de poliimida na superficie dos GEMs.

Overlay

Analises de superficie:
Thiago Badaré Saramela (DD-CNPq)
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Analise de superficie

. i Arranjo de UHV para NAP-XPS dg La. de
Analise de Near-Ambient Pressure X-ray Fenomenos de Interface e Superficie do

Photoelectron Spectroscopy (NAP-XPS)
visando observacgdes online de reacgoes
quimicas de superficie das misturas gasosas
com os eletrodos de um GEM.

Analise de superficie baseada na
espectroscopia de elétrons emitidos por
efeito fotoelétrico induzido por raios x.

Colaboracbes:

Prof. Maria do Carmo Martins Alves (IQ-UFRGS)
Prof. Jonder Morais (IF-UFRGS)

Prof. Camilla Codec¢o (UFRJ-CBPF)

Analises de superficie:
Thiago Badaré Saramela (DD-CNPq)




Analise de superficie
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Nuclear Instruments and Methods in Physics Research A 1090 (2026) 171638

Contents lists available at ScienceDirect "

Nuclear Inst. and Methods in Physics Research, A

I
I
|

! Hﬂ!‘.ﬂl

journal www.elsevier.

Full Length Article

e

Surface mechanisms governing long-term stability of GEM detectors in
CO,-based gaseous mixtures

Tiago F. Silva®®", Thiago B. Saramela ?, Willian W.R.A. da Silva®®, Camilla de S. Codego "™,
Maria do C.M. Alves “®, Jonder Morais “®*, Niklaus U. Wetter ¢, Anderson Z. de Freitas

* Instituto de Fisica da Universidade de Sdo Paulo, Rua do Matio, 1371, 05508-090 Sdo Paulo, Brazil

® Instituto de Fisica da Universidade Federal do Rio de Janeiro, Av. Athos da Silveira Ramos, 149, 21941-909, Rio de Janeiro, Brazil

¢ Instituto de Quimica da Universidade Federal do Rio Grande do Sul, Av. Bento Gongalves, 9500, 91501-970, Rio Grande do Sul, Brazil

4 Instituto de Fisica da Universidade Federal do Rio Grande do Sul, Av. Bento 9500, 91501-970, Rio Grande do Sul, Brazil

€ Instituto de Pesquisas Energéticas ¢ Nucleares, Av. Prof. Lineu Prestes 2242, 05508-000 Sdo Paulo, Brazil

Analise in situ de amostra com a superficie limpa e como entregue.

Processo de limpeza: bombardeamento de Ar+ a 1 keV por 1 h. Estimativa de
camada removida em 10 nm.

Analises de superficie:
Thiago Badaré Saramela (DD-CNPq)



Analise de superficie

(a) Sputter treated

Cu2p Cu2p,,
Andlise na janela de _/L“""“ mejk
energia de ligagc&o do — |
Cu 2p mostrou que a 105 Wk
. . .. wel’ |
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tem a assinatura do cobre ’ k
P T 10 " mbar
metalico (puro), enquanto ——

que a sem tratamento tem Jk
assinatura de uma B,
mistura de CuO (Cu*?) J
com Cu,O (Cu*'). .. k """‘VM
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Counts/sec.
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Analise de superficie

Na janela de energia de ligacao
do O 1s mostrou que a
superficie do GEM sem
tratamento € totalmente
oxidada.

O que surpreende é a mistura
das duas fases, que requerem
processos diferentes, sendo o
Cu,O o que ocorre
naturalmente.

Counts/sec.

(a) Sputter treated

UHV
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Analise de superficie

Ao expor a superficie as
pressdes gradativamente _ =l g "
mais altas de CO, (in situ)
observa-se uma conversao
da fase CuO em Cu,0.

Tt

Relative intensity (a.u.)
o
~

0,3
Estudos da literatura IR —
mostram que a fase Cu,O € 01| == Cu? (CuO)
estavel a reagoes de 0 1 ] |
= UHV 1E-06 1E-04 6E-02 1E+00
adsorcao do CO.,,.

GEM tende a reagir
cada vez menos
com o COZ.

CO; pressure (mbar)




Analise de superficie

Como essas fases se ’
distribuem na superficie? 4

Mapas de microscopia
Raman mostram que as
fases estao inicialmente
segregadas.

N ‘:‘ | \ “
Y s P

Raman Shift (cm™)

Estudos em andamento para
melhor entender a
distribuicao perto dos
buracos e apos exposicao
ao CO,,
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Simulacoes




Simulacao do efeito Malter

Efeito Malter: Ejecao de elétrons devido a e
camada isolante formada no eletrodo que

impede a neutralizagao de ions positivos,

levando a formagao de uma carga superficial. A

carga induz um alto campo elétrico que pode ser

aumentado o suficiente para extrair elétrons do

eletrodo.

Metal

10°* AeV)

Consequéncias: - Ky

e Aumento da corrente de escuro o s
e Saturacdo das ionizagdes e reducédo do ganho
e Formagao de streamers e indugao de descargas elétricas

YANG ZHOU AND PENG ZHANG, PHYSICAL REVIEW RESEARCH 2, 043439 (2020)

Simulagoes de acumulo de carga:
Bruna T. Francisco (MSC-FAPESP)




Modeling the Malter effect

ITonic current model:

Number of collisions/cm?/pC in the readout obtained
from Garfield++ simulations
Parametric curve fitted to the ion collisions distribution

The readout charge is modeled as Q,,,, = 4.0x107 f G,

read —
where f'is the event rate ‘
and G, is the effective gain (for 6 keV photons).

Field Emission model:

Fowler-Nordheim equation:
J(F)=(ApNyF?/® ) exp (-Bpy D2 /F)

where A= 1.5414 X105[AeVV-'] and B\~
6.830X10°[VinleV3"]. ,
The electric field F is given by F = SE, where £ is a
local enhancement factor due to surface roughness.

Dielectric layer model:

Can be treated as a leaky capacitor (CdV/dt + V/R = i,,,;.);
Polymer resistivity 10'? - 101> Qm
p = pyexp (-A/(E,-E)), where E is the electric field and £, is
the breakdown electric field of the polymer (may spark >
300 MV/m) E (_x)
Electric field given by: p— dexp ATk Lf =1l

0

The Malter effect:

e Field emitted electrons propagated using
Garfield++
Initial energy of 7 eV (Copper Fermi energy)
Varying distances to the GEM hole




Modeling the Malter effect

Figure 6 — Calculation of the dark current as a function Figure 7 — Calculation of the dark current as a
of the event rate, considering the electrons emitted by function of the bulk electrical resistivity, considering
the Malter effect. the electrons emitted by the Malter effect.
104 ( 10! I 10" N
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€ 10 € 102 ) ws " 7
< 2o w 2 w 2
10=% o 100 10t
8 . g . I O =
‘igure i ion of particle trajectory and ionizations of emitted el ns from
10718 10 e ltiillcr éffecl i a}l)ai:;c‘c ical resistivity p=1X10'3§mmnm:;7;0. J
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e Increased ionizations as the dielectric electrical NEXT STEPS
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s s . )
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(surface roughness) increases. Treat out sensmtvhlty. B distorti b
T . . ® measur a ar; 1stortions cause
e Dark current from Malter-effect ionizations increases thryl\/(l) lte s?fe i ‘?Sg cedc h &¢ GISIorHons/C y
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Poster presentation at the 6th
DRD1 Collaboration Meeting

Meeting with the Frankfurt group in Germany:
Dr. Jens Wiechula and Dr. Matthias Kleiner

Drift-Field Distortions and

Specific Energy Loss Calibration of the
ALICE TPC in LHC Run 3

Dissertation

zur Erlangung des Doktorgrades

der Naturwissenschaften

vorgelegt beim Fachbereich Physik
der Johann Wolfgang Goethe-Universitiit
in Frankfurt am Main

von

Matthias Kleiner
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GEM for monitoring of fusion reactor

Tuning Gaseous Detector Sensitivity for S e B
e . Ll L3 3 Ll 0.0035 1 _/’;/’—1-—’—.- -------
Monitoring Applications in Fusion Reactors
i::z: E /// ............................................................
Runaway electrons (RE) are electrons t 0'0015_ Vi
in a plasma that are continuously : O'oom_ | ¥
accelerated by an electric field to ones /
relativistic energies. When runaway e -
electrons interact with matter they I ™ e T L

Thickness (um)

generate
Bremsstrahlung radiation, producing a
broad SpeCtrum Of hard X'rayS and Because a high flux in RE monitoring applications is expected, efficiencies
gamma rays that can be used for as low as 10°° can still be reasonable, considering that the expected flux can be
| t d t very high (® ~ 10’ - 10° photons/s)
runaway-electron diagnositics. —
y 9 Sfg=mn-2,

Considering 1 cm and 1 ATM of pressure for pure Ar in the gaseous detector.

S, =3.5x107° x 107 =~ 350 counts/s.

SNR ~ VN ~ 19

dN/dtdE, [Photons.MeV~'.s~!

60 80
Photon energy E,(MeV) S. P. Pandya et al., “ ing of ission from the

Monitoramento de reatores de fusao com GEMs: .
. . . conﬁqed runaway electrons and applications to the hard X-ray monitor of ITER,”
Juliano Henrique Leite dos Santos (IC-PUB) Prysicn S 89, 115601 2019




Long term stability of GEMs: flow optimization

10-1 4 — Diffusion (Brownian)
£ Molecules

I Polymers

CTW \nsys @ python’

-
o
o

Diffusion (mm?/s)

Fni1 = B + U(Z) At + 7

Advection Diffusion
1075 §

107! 100 10! 102 10?
Characteristic Size (nm)

/

1 nm 300k 930hPa

Element Characteristic size
Individual molecules (e.g. Oz, H>0) 0.3-1 nm
Polymers (e.g. Poliimida) 50-200 nm 10 nm 300k 930hPa
Microscépic dust 0.5-1 pm
100 nm 300k 930hPa

Estabilidade de detectores baseados em GEM:
Juliano Henrique Leite dos Santos (IC-PUB)




Long term stability of GEMs: flow optimization
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Miniaturized HV Power Supply for Portable MPGD Detectors

As part of the portable GEM detector development |,| oject. a portable

high-voltage power supply moedel is being develo

A30N-5 transformer. with an output voltage of 3 kV at 330 pA (1 W). and

A

AHBON-5. with an output voltage of 6 KV at 250 pA (1.5 W)

ESP32-53 mic
data logging

ommunication. and

roller for control. monitoring

Wi-Fi/Bluetooth communication with other sensors for corrections

related to environmental variatio

such as temperature and pr

Current monitoring through a sensor. ensuring protection in case of

overcurrent

Powered by a 12V / 3 Asupply

ion features a single channel. but studies are bei

to implement seven individual channels without compromising the L
LFHEPIC

portability of the power supply - : i ATapese




Voltage Dividers for Operating Multiple Detectors

. Currently, the laboratory has three GEM detectors under
operational study, requiring a ftotal of 21 high-voltage
channels to operate all of them (7 channels for each GEM
detector), while only 7 high-voltage channels are currently
available.

. A voltage divider was developed to enable the

simultaneous operation of these detectors.

- Detectors with already established operating voltages will
use the voltage divider. New detectors will undergo a
preliminary voltage scan before a new divider is

manufactured.

. Each stage is divided by a resistor ranging from 2MQ to 5MQ,

with a 0.5 MQ potentiometer for fine adjustment




Panasonic-to-Hirose Adapters

- Adapters for the Hybrid Sampa-SRS System

- Some older readout planes were designed with Panasonic
connectors, such as the neutron GEM detector, which are
not compatible with the system.

- As a result, we now have six readout planes compatible
with the Sampa-SRS system.

Adaptadora Panasonic

D.Fachler!

SHEPIC A FAPESP

IFUSP SAO PAULO RESEARCH FOUNDATION




GEMs for Neutron Detection: What was previously done (Luca’s dissertation)

*Neutrons are converted into charged particles. This is frequently done with a
thin boron carbide layer ('°B,C)

*Previous student in 2022 developed a prototype that achieved ~700 Hz rates
with under 3 mm spatial resolution

*System used resistive chains to read out data from all 256 X and Y strips

*Our plan is to upgrade this still working prototype and patch some of its
shortcomings

From: SERRA FILHO, Lucas de Arruda. Detector de O

néutrons térmicos baseado em GEM com deposicao
de "9B,C sobre catodo de aluminio

Pedro (Mestrado)




GEMs for Neutron Detection: Planned Upgrades

Upgrading the readout electronics to the
Sampa chip, we can read each individual
channel of the readout with rates up to 15
kHz triggered and 40 kHz in zero
suppression

Event reconstruction with micro-TPC (Time
Projection Chamber) techniques can
enhance spatial resolution even further

Results in literature have shown up to 120
MM resolutions with this technique!

Position(mm)

Resolution Pattern -10keV - 600pA

Distance (A.U)

U
—0;%.6 04 02 0 02 04 06
Distance (A.U)

10
Position(mm)

Comparison between images of a resolution pattern obtained
with the same detector when, on the left, data was acquired
with the Sampa chip and on the right with a resistive chain
setup. From: SOUZA, Geovane Grossi Araujo de. X-Ray
fluorescence imaging system based on Thick-GEM detectors

Pedro (Mestrado)
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Caracterizacao de GEMs




Caracterizacao elétrica de folhas xGEM

CAEN 100 V

Gui

Problematica:

Devido a instabilidades do detector
previamente montado com folhas Not
so Thick GEM, tornou-se evidente a
necessidade de testes de qualidade
dessas folhas, sendo assim, a partir do
conceito da descarga de um capacitor,
projetou-se um experimento para medir
a resisténcias entre as faces das folhas
GEM.

Teste:

Um fluxo de uma mistura gasosa

(Ar 70% e CO, 30%) foi utilizado a fim
de controlar as condigdes ambientais
dos testes simulando as condi¢des de
uso do detector. Uma tensao de -100 V
foi aplicada no circuito (Figura 1) que
em seguido foi aberto com o auxilio de
um disjuntor fazendo o capacitor
descarreaar e tornando possivel medir

Resultado:

Como exemplo se utilizara o resultado
de somente um dos testes. Os dados
coletados por um osciloscopio de mesa
foram ajustados em uma exponencial
(Figura 3) retornando o tempo
caracteristico de 1 = 449(2) s que em
conjunto com a capacitéancia medida de
C =1.60(5) nF resulta em uma
resisténcia de R = 280.62 + 8.9 GQ.

Teste Descarga de uma Folha NSTGEM

Gaiola de
e 10 tempo.
i GEM
womMe e
! 1
VW =t ; Keithley 6517B S B e
1 1 A =-59312 x 0.0160 V
1 1 T =448.5151 + 2.0834 s
1 1 -6.5
! 1
! 2V Output
= 1 = 2
® 3z $= =il 2 OLH
1 f é -8.0
i |
! 1 -8.5
! 1
Lic s o s e == = : -9.0

Iherme e Rodrigo (IC)

100 200 300 400
Tempo (s)




Proximos passos

S HEPIC

IFUSP

e Generalizar o teste para os GEMs padrao do laboratério.

e Remontar o detector com as duas folhas NSTGEM que se sairam melhor no
teste (ja feito).

e Efetuar testes de calibracao obtendo espectros de Raios-X .

e Integrar os detectores com o sistema Sampa-SRS.

e Montar um segundo detector para trabalhos em 2 linhas paralelas:
1. Entender como condi¢cdes ambientais influenciam no ganho e nas
resolucoes temporal e espacial do detector.
2. Reconstruir e analisar imagens, inicialmente unidimensionais e por fim
bidimensionais, a partir dos sinais coletados pelo detector.

Guilherme e Rodrigo (IC)
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Electronica para MPGD: SAMPA-SRS status

temos um sistema funcionando, porém com instabilidades que estao sendo investigadas.

HEFIG
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Hybrid V3

The complete setup

Hybrid v3 board overview:

Each hybrid provides 128 channels
Number of active links can be changed
using just one multiplexer

Reduced bandwidth but possibility to work
with multiple hybrids

-
€
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Adapter board overview:
Each SAMPA chip is connected to one high speed serializer

A single Display-Port cable is used to connect the hybrid and the
adapter board

The adapter board has four deserializers and a PCIx16 standard
to connect a Front-End Card (FEC).

Display Port
Cable

SRS-FEC Developed FEC:
Adapterboard Ethernet communication limit to 1Gbit/s

HEPIC G. Grossi

2024




Electronica para MPGD: SAMPA-SRS status

HEPIG
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Versao com 1 FEC lendo um detector inteiro (4 Hybrids, 512 chs): completado o debugging:
FUNCIONADO porém com instabilidades que estdao sendo investigadas.

S
>
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Integrate all the components into a single board -

Replicator V1:
e o Reading up to 512 channels with each application.

Wrong routing of the first
differential pair

However, the replicator
board works!

Routing all signals

sampa*32+channel
E htemp
B Entries 1068
Y 60— ean f
Replicate clocks, RESET, 12C B — L —— S80e a0t
8 so— . = & -
e % EEC
5 - — s 40f
65 u._:.-:- : Z = 2 @; au:
The wires are crossed inside AR = : .
the displayport cable. = o Sl i “E ’
= ......, ot L = ’ e e e W e a2 Ié%!oa;\el
— e e
HEPICIFUSP G. Grossi

2024




Envolvimento no DRD1

€2 HEPIC

IFUSP

A rede DRD1 esta bem estabelecida. Em julho vai ja renovar varias posi¢coes de
“gestao”, em particular os coordenadores dos WGs e dos WPs, assim como
“convernors” dos WGs e os “liaisons” com os outros DRDs (0 mandato comecou
faz dois anos, ja na fase de transicao entre RD51 e DRD1).

Precisamos assinar o MoU... ainda nao foi feito devido ao receio de nao conseguir
pagar a Collaboration Fee :-(

Proxima reunido de colaboracdo DRD1 na semana 29/6-3/7.

e Confirmado o compromisso com o Work Package 4 (“INNER AND CENTRAL
TRACKING WITH PID CAPABILITY, TIME PROJECTION CHAMBERS?”), Task
4 (“FEE for TPCs”) que nos nos declaramos interessados em participar.
A ser avaliado se entrar (se comprometer!) em outros Work Packages.

e Continuando a participar do WG5S-Eletronica.




