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Why LHC and ATLAS ?
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Why LHC and ATLAS ?
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➢ Higgs bοson discovery
➢ Supersymmetry
➢ Find new physics via
• Direct searches
• Precision measurements
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LHC and ATLAS

40.000.000 bunch crossings / s

Eb = 6.8 TeV

10 orders
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LHC and ATLAS

Fast, precise, hermetic detector to measure 
E, P, charge, flavor of “stable” particles

… and reconstruct
all decaying particles 



Detector development, construction, operation and validation
➢ MDT BIS chambers construction and integration
➢ Micromegas development, construction, integration, commissioning
➢ Electronics design, manufacture and validation
➢ Detector Control System (DCS) 
➢ Muon system Operation
➢ Muon reconstruction and performance studies  

Main contributions of the Greek Institutes

Physics analysis
➢ Higgs boson discovery and measurements of its properties
➢ SM precision measurements
➢ Searches for BSM (new) physics 
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Personnel of the Greek Institutes
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Faculty members
AUTh +HOU
C. Petridou, Prof. Emeritus, 
D. Sampsonidis, Prof. 
K. Kordas, Prof. AUTh 
S. Tzamarias, Prof. 
S. Argyropoulos, Assoc. Prof. 
C. Lampoudis, Assist. Prof. 
A. Leisos, Assoc. Prof., HOU 
K. Bachas, Assoc. Prof., Auth, Lamia
NCSR Democritos
G. Fanourakis, Emeritus
T. Geralis, Director of Research 
G. Stavropoulos, Dir. of Research
A. Psallidas,  Researcher 
NKUA + U. of Aegean
C. Kourkoumelis, Prof. Emeritus 
D. Fassouliotis, Prof. 
I. Gkialas, Prof. Univ. of Aegean 
NTUA
T. Alexopoulos, Prof. 
E. Gazis, Prof. Emeritus 
Y. Kopsalis, Assist. Prof. 
S. Maltezos Prof. Emeritus 
UniWA
S. Kyriakis-Bitzaros, Prof. 
K. Zachariadou, Prof.

Post doctoral researchers
S. Angelidakis, NKUA
A. Tsirigotis, HOU, Patras 
D. Iliadis, HOU, Patras 
M. Tsopoulou, AUTh 
E. Kasimi, AUTh

Currently:
➢ 16 PhD candidates
➢ Similar amount of MSc 

students
➢  Several undergraduate students

Previous years:
➢ 45 PhD and ~60 MSc theses 

completed within ATLAS
➢ Dozens of undergraduate 

students had their first contact 
with research 



MDT BIS chambers construction and integration
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MDT tube with the end-plugs and the wire

Transverse view of the Muon 

Spectrometer 

NKUA MDT tube assembly
NTUA Quality Assurance of MDT tubes
AUTh MDT chamber assembly 

30000 tubes
112 chambers

Very tight specifications!



MDT BIS chambers construction: Tube assembly
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30,000 tubes finished December 2003
99.2% passed all quality criteria



MDT BIS chambers construction: Tube quality assurance
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Wire position measurement

Wire tension measurement
Gas leak measurement

σ=4.3μm

30,000 tubes finished March 2004



MDT BIS chambers construction: Chamber assembly
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σ = 5.1 μm

σ = 5.7 μm RASNIK 
Towers 
Results on 112  
chambers
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112 chambers finished April 2004



MDT BIS chambers integration
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➢ Preparatory Activities
➢ Integration phase I – Mechanic components
➢ Gas Leak Test
➢ Integration phase II -  Electronic components
➢ Noise test 
➢ Cosmic ray test
➢ Final qualification and insertion in Data Base



MDT BIS chambers integration
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A Greek Collaboration can participate 
& contribute to a very big scale experiment!

~7 years from the start of the effort 

First MDT chamber to arrive at CERN



Greek Institutes contributions to ATLAS physics potential studies
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➢ Muons
➢ Diboson Studies
➢ H→ZZ(*)→4ℓ
➢ H/A/h→μ+μ-

➢ W’→μ ν
➢ Ζ’→μ+μ-



Run 1 Physics (highlights)
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Search for W’→ℓν
Search for H→ZZ(*)→4ℓ Search for heavy H→ZZ First observation of the 

associated production of Z 
boson with prompt and non-
prompt J/ψ 



Run 1 Discovery of the Higgs boson by ATLAS and CMS
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2 PhD students from Greek Institutes in the H→ZZ(*)→4ℓ analysis
2012 ATLAS Thesis Award
Several researchers originating from Greek institutes

Data driven reducible 
background estimation

2013
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Run 2 Physics (highlights) : Measurement of Higgs boson properties

… After one week of celebrations … focus was put to study the newly discovered boson properties
mass, spin, couplings, width, …

This continued in Run 2
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Run 2 Physics (highlights): Direct Searches

W’ → WZ Heavy H→ZZ H5
± →WZ  
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Run 2 Physics (highlights): Precision measurements

➢ The presence of a 𝑊 boson and a 𝑍 boson with a simultaneous longitudinal 
polarization observed with significance of 7.1 standard deviations

➢ EWK production of W± Z bosons in association with two jets is measured with 
observed significance of 5.3 standard deviations 

➢ EWK production of ZZ bosons in association with two jets is measured with 
observed significance of 5.5 standard deviations 

Interpretation in terms of NP
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Run 3 Physics (highlights): 

Muon efficiency measurements 
& identification quality studies 

Measurement of the Higgs-boson 
cross-section @ 13.6 TeV 

Several other analyses are in progress



… moving from Run 1 ATLAS detector towards ATLAS at HL-LHC
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Run 1   ………………………….    Run 2    ………………………….     Run 3    ………………………….    HL-LHC 

Run 1 Run 3Run 2



Detector upgrades Phase 1 – NSW
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NSW
Operation up to 15 kHz/cm2

➢  Reduce substantially single muon trigger fake rate
➢  Maintain excellent efficiency and resolution of tracking at 
very high rates
➢  16 active layers → redundancy for tracking and pattern 
recognition

Micromegas

sTGC

1 mrad + 100 μm (single hit) resolution needed
~2.5 M read-out channels



NSW
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Taking Data



NSW Contribution
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The Greek teams played a major role in several aspects of NSW upgrate:

➢ MM R&D program (started in 2008, continues up to now)
➢ MM Construction
➢ MM Integration and Commissioning 
➢ sTGC Integration and Commissioning
➢ NSW Integration and Commissioning 
➢ NSW Trigger Commissioning 
➢ Design RO Electronics
➢ NSW installation in P1
➢ Validating NSW in the pit
➢ NSW incorporation in software and performance studies

➢ Electronics cards designed, fabricate assembled and tested by the
      Greek institutes and Greek industry.
➢ NSW services and Micromegas Services design.
➢ Design of the NSW micromegas gas system.
➢ Design of the NSW Detector Control System (DCS).
➢ Gas leak validation of the micromegas modules and sectors
➢ Micromegas integration in BB5
➢ Micromegas Commissioning in Bat191



NSW involved personnel from Greek institutes
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Most of the names listed here were young PhD, MSc or undergraduate students

Y. Drivas-Koulouris



NSW: Drift panel LM2 production at AUTh                -  Precision 
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512 sTGC, 512 MM L1DDC, 
32 rim-L1DDC boards
512 LVDB  installed in the NSW
2 x Rim-L1DDC prototypes
4 x MM-L1DDC prototypes
5 x sTGC-L1DDC prototypes
3 x reviews

NSW: Electronics Design at NTUA
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NSW: Electronics design cont… and QAQC
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NSW: Micromegas integration commissioning at BB5 - Complexity

29



NSW: Micromegas installation – commissioning at b 191 - Accuracy
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NSW: Trigger

31

2023:  sTGC Pad trigger included
2024:  Micromegas trigger included

Muon trigger rate decreased by 14 kHz



Contribution to software, performance and Phase II upgrade 
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Phase II upgrade 
MS: RPC DCT QAQC
MS: MDT Mezzanine QAQC / production
TDAQ: Trigger Processor Phase II

Muon software development 
NSW readout geometry, alignment, cabling map 
NSW simulation 
Multi-Threaded (MT) migration 
MT Muon reconstruction & validation 
Tracking implementation in ACTS

Muon performance for physics analyses



Summary
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The journey of Greek Institutes in ATLAS started in 1994 with the ATLAS technical proposal

Twice it was possible for us to have major contributions to this fascinating and extremely complex detector, with

1) The construction and integration of the MDT BIS chambers
2) Several contributions to the NSW phase I upgrade

We hope that we have fairly contributed to exploit the potential of the detector and helped in extracting significant 
physics results with the highlight up to now, being the discovery of the Higgs boson

Despite the very limited funding, we hope that we’ll be able to fulfill in a similar way our commitments to the 
collaboration in the very interesting years to come

We have achieved a very successful collaboration with Greek industry and made the liaison towards technology transfer 
from CERN 

We would like also to invite warmly students and young researchers to join us, since there is no better place than ATLAS 
to learn deeply about science and technology
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We would like to thank warmly ATLAS and MUON management for their support 
and all our ATLAS colleagues for the fruitful collaboration

Special thanks to
Peter Jenni  for his catalytic role in the formation of Greek ATLAS

M. Dris, M. Floratos, G. Antonopoulos, M. Zamani, M. Dermitzakis, I. Drakopoulos, A. 
Andreopoulos, S. Simopoulos, A. Boutouvis 
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Back up Slides
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Responsibilities - Coordination positions



NSW: Micromegas R&D (started well before TDR -  continues up to now)
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L1DDC prototype-I

MM-L1DDC prototype-II

MM-L1DDC prototype-III

sTGC-L1DDC prototype-II

sTGC-L1DDC prototype-III

Rim-L1DDC prototype-I BBAA

BBALA

Rim-L1DDC prototype-II

MM-L1DDC pre-production

sTGC-L1DDC pre-production

sTGC-L1DDC prototype-IV

mu2e prototype-I

mu2e prototype-II

ESD tester miniSAS to SMAminiSAS FMC

MDT 436 MDT 446 MMFE1

GPVMM

MMFE1 WB

LVDB prototype-2

Twinax tester

Type of cards used in NSW

designed fabricated by NTUA 

38



NSW: Design and implementation of DCS and MM gas system/gas leak measurement (NTUA)

MM gas system scheme
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NSW: sTGC assembly and integration – Vertical Slice
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Grabbing of the sector Adjusting center of gravity Moving towards the wheel

Set orientation to 22.5 deg Installation Fixation on NSW A Ready for survey

12/2019NSW: First sector installation      12/2019
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