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Qu’est ce que la matiere?

sommes tous Atome
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—.Electron (premiere
particule découverte)

................

Neutron:
Neugnaik up
2 quarks down
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mg’i'pgﬁeles regroupons sous le terme de particules mais il y a bien plus que 2

La maiig‘lge ordinaire est faite de | ‘assemblage précis de briques élémentaires : quarks,

quark ellés glestrons... © :



Le Zoo des particules

Ces 2 Quarks et 1 Lepton (+neutrinos) constituent

tout L'Univers connu

Up/haut

Down/bas

Quarks Leptons
]
x:—':4 J_:'__.L__.- v
Charm/
charme electron muon
- - "/ # neutrino neutrino
range ottom- 2 . .
Alarge Beauty/ électronique muonique

beauté

Les autres particules vont se désintégrer
dans des particules « stables ».
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ATLAS

EXPERIMENT

Les forces/interactions

Isaac Newton

Vision « classique »:
Action instantanée a distance

exemple d'une interaction répulsive
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Gluons (8)

Gravitation s Faible -

Bosons
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Intensité

Neutron decay relative

Beta radioactivity
Neutrino interactions
Burning of the sun
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YATLAS Le modele standard sy

Depuis le debut des années 70, les physiciens des particules ont *—'Sﬁj(Lab
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synthétisé toutes leurs connaissances au sein d’'un modele unique : g

le « Modele Standard »
On connait et comprend beaucoup mais on ne sait pas tout...
Des mysteres restent inexpliqués, des choses a découvrir...
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Une théorie : Modele standard de la physique des particules décrit les interactions de toutes
ces particules.

De nombreuses mesures montrent que ce modele marche bien, mais encore des questions :
- Comment inclure la gravité?

- composition de I'Univers : Matiere noire, nouvelles particules pas encore observées

- Ou a disparue d’antimatiere...




YATLAS Qu’est-ce que I'antimatiere?

Pour chaque type de particule Il y a une antiparticule
up éle Iron anti-up p&sitrbn

down

anti-down Antiélectron

électron neutrino
neutrino

Les particules et les antiparticules ont
des charges électriques de polarités opposées
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Il y a 14 milliards d’années, le Big Bahg a créé la matiere et I'antimatiere
en quantités égales. Nous existons parce qu’il n'y a plus d’antimatiere.

Ou est-elle donc passeée?
Pourquoi la nature préfere-t-elle la matiere?



ATLAS

EASERUEAL ROtatlon des ga IaXIes a;gmmw W b
indice de I'existence de la matiere noire au niveau X ") | GP
galactique (Vera Rubin ~1980 -1990) .
Irtu
Courbe de rotation pour M33 @ _

v (km/s
(km/s) obsw

expected
from
luminous disk

-
- e -

R (kpc

M33 rotation curve

L'étude de la rotation des galaxies
spirales montre que la masse de la
galaxie est :

Mtotal ~ 10 x Mluminous matter

Explications possibles :

- Matiere dite noire car non visible
dans le halo galactique

- Présence d’objets compacts massifs
(Machos = massive compact objects)...
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Des effets sur des galaxies nous disent qu’il y a
bien plus de matiere/énergie que ce que l’'on
voit

= “matiere/énergie” noire

On ne voit que ~4% de la matiere de I'Univers!

Cette « matiere/énergie noire » pourrait étre

constituer de particules pas encore Matiere noire 25%
découvertes ?

Le LHC pourrait créer

ces particules et les déetecteurs
sur 'anneau pourraient les
détecter indirectement.

Gaz chaud 4%

Etoiles & planétes 0.5%
Energie noire 70%
Neutrinos 0,5%

Lumiére 0,05%
10
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quarks leptons

Avant 2012, notre théorie nous dit que les particules sont
« sans » masse, sauf que I'expérience nous dit l'inverse...

La raison est I'existence d’'une nouvelle particule appelée
“le Boson de Higgs”
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Le boson de Higgs LI NHE
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Dans le modeéle standard, I'origine des masses ﬁ)(Lab
trouve sa place via un mécanisme appelé d’apres [@eoliotcui
le nom du physicien britannique : Peter Higgs (et ”fUJ
Brout, Englert)

Ce mécanisme preédit |'existence d’une nouvelle
particule : le boson de Higgs.
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boson de Higgs : cette particule a une masse de ~125 GeV/c? 12



Les outils

Comment « voir » les particules élementaires ?
en “cassant” des partlcules lors de collisions
en créant des particules a partir d' energle pure

Les outils ;
un accélérateur
des détecteurs de particules

La masse e3t juste
nne forme d'¥nergie

E=mc?

Accélérateur : ] _
Donner de I'énergie s —— \\ s final et mettre_ en
(vitesse aux particule N P : nouvelle particule
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LHC : 28 km (7km en Suisse)
100m sous terre

vacuum chamber

central detector
electromagnetic
calorimeter
hadronic
calorimeter

......

Exp. généralistes,
pp, ions lourds

conference ECFAa ‘ x-Ia hapelle en ctor

pp, physique du B

Violation de CP
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ATLAS LHC : quelques chiffres @
Energie des collisions o
Actuelle: 13,6 TeV (1 faisceau autant d’énergie qu'un TGV a 300 km/ h) “‘ @Lab

La précision absolue

paquets : quelques cm de long,

taille transverse: 16 pm x 50 pm
~ diametre d'un cheveu

La plus grande machine du monde

Circonférence : 26659m

9300 aimants (= maitrise des matériaux supraconducteurs)
Le circuit le plus rapide de la planete
Proton: c-40km/h

(99.9999991% de la vitesse de la lumiere)
~40 millions collisions par secondes
L'espace le plus vide du systeme solaire
Pression 10 fois plus faible que sur la lune
Le plus grand réfrigérateur

Aimants sont refroidis a -271°C, plus froid que I'espace intersidéral

Coiit (construction) : 3 milliards d’Euros pour I'accélérateur,

~400 millions d’Euros pour ATLAS et CMS 15
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Le pistage, ou comment
savoir qu'une particule est
passeée par la...
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ATLAS Un détecteur

n

“classique
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Trajectographe

Calorimetre
électromagnétique

Calorimetre hadronique

Chambres a muons

Toutes les sous-parties
sont plongées dans un
champ magnétique 17



SATLAS

EXPERIMENT

Un peu plus réellement...
\

\

\-) Muons

Muon
Spectrometer

Hadronic
Calorimeter

\

|
Proton

\

Electromagnetic
Calorimeter |
\‘Photcn

\

\
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Solenoid magnet ¢
Transition
Radiation
Tracker - S=ssamay
Pixel/SCT

Tracking
deteclor

»
L
.
.
.
.
.

Neutro/

The dashed tracks
are invisible to
the detector
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ATLAS Trajectographes : L MHE
detectent toutes les particules chargées "MCL .
)
En plongeant le détecteur dans un champ magnétique, la trajectoire g
de la particule est courbée information (impulsion, masse, charge) e 'rfUJ

Un outil merveilleux :
les chambres a bulles

La méthode moderne :
le détecteur électronique: Ionisation des _

atomes du milieu par des particules chargées i |
Récupération des charges créées S MU,,Ioné,,c,ﬁqM \/

Champ électrigue

T

19



25 ns bunch crossing
25 ns entre les paguets
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ATLAS

..............

25m

............

7000 tonnes

Tile calorimeters

- LAr hadronic end-cap and
............... A forward calorimeters

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor fracker
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tJ CLab LPNHE Paris Cluster Workshop (27/11/2025)
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Ameélioration de 'accélérateur - Conséequences pour ATLAS

25 — 200 INTERACTIONS PAR CROISEMENT DE FAISCEAUX

Remplacement nécessaire de certains détecteurs (qui autrement seraient ‘aveugles’ 90% du temps)

[ /_‘\
?en!l&léﬁg EESN HE DRF/IRFU - Réunion Générale ATLAS-ITK - J. GIRAUD /M. SAIMPERT (02/04/2025)
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ATLAS Inner Tracker (ITk)

Run2 ID T ITk
=
A ~
[ \
Y i £ “-‘_\ \\\
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( N Pixe‘l:;‘\\\\\\\\\ \\ \\ \\ \\
ASEEEN/NA IR N
Détecteur actuel ITk (nouveau)
WC 2
|rérgjo|iot.Lc?rE ,I:'AESN E Paris Cluster Workshop (27/11/2025)

(7m long)
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ATLAS ITk - Un sacré facteur d’échelle !

STRIPS: 60 M? - 160 m? (50 MILLIONS DE VOIES)

— e
£ 1400-ATLAS Simulation
o

=l

[ Inclined Duals

STRIPS

i

OCI 500 1000 1500 2000 2500 3000 3500

PIXELs Vue axisymeétrique ITk

W)Cooo LPNHE

z [mm]

ppppp Paris Cluster Workshop (27/11/2025)

PIXELS:

ITk Pixel

- 13 m?
- 5000 MPIX (~500 TV 4K !11)

Nouveau (ITK)

Ancien (ID)
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Une collaboration a la
H mesure de I'enjeu
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ATLAS-ITK - Organisation (April 1, 2025)

G I 4 N ™ ™
o Lo o ITk Project Engineer
. : i IB Chair ECN Contact
Mechanics, Electronics et Eric Anderssen (Berkeley .
ITk System DPL LBNL Claudia Gemme (Genova) Hannah Herde (Lund)
Pixels, Strips Thomas Koffas (Carleton) )
AN AN J J
'8 Chair ( N ( ( ITk System PL )
ITk Resources . ITk Mechanics Petra Riedler (CERN), DPL Thomas Koffas (Carleton)
ITk System Thomas Koffas (Carleton) Eric Anderssen (Berkeley . d
LBNL) N D!
\\ Deputy PL for DB, Risk, ITk Speakers Committee
A Y < Common Electronics, Seth Zenz (QMUL) +4
e ™y 9 Common Mechanics L members )
ITk Risk Management sl (" ITk Online Software 1\ /~
Steve McMahon (RAL) Richard Teuscher (Toronto) ). Grosge-Knetter. P. ITk !.oglstlcs at CERN
Jens Dopke (RAL) Carlos Solans (CERN) Keener. A. Korn. C. Solans Luis Hervas (CERN)
! Y= : Spyridon Kompogiannis
R. T her, D. Trischuk
N / : euscher rischu : N (Thessaloniki)
- \
PL Pixels ITk Offline Software f N
ITk DB Coordinator B v
Monika Wielers (RAL) Jo Pater (Manchester) Shaun Roe (CERN) ) irradiation Officer
Heinz Pernegger (CERN) b Nicola Pacifico (CERN)
Andy Blue (Glasgow) . o
e \_ Y, ITk Steering Membersat |( SR1 Integration Team |
| : large Kendall Reeves, Susanne
: Implication | é h PL Strips Tony Affolder (Santa Cruz) \__ Kuehn, George lakovidis |
| ParisCluster 1 ITk PSO Coordination Craig Sawyer (RAL) Jochen Dingfelder (Bonn) ( )
| I Kendall Reeves (Brandeis) Sergio Diez Cornell (DESY) Philippe Grenier (SLAC) Installation &
et e e Dave Robinson{Cambridge) Junji Tojo (Kyushu) Commissioning Team
\_ J o N\ 4
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%JCLab LPNHE Paris Cluster Workshop (27/11/2025)
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ATLAS-ITK - Pixel - Organisation

Recent changes:
* New production-oriented
module coordination
Additions to the production

management team
* Parts flow
* Simulation

Activity Coordinators

r______1
: Implication I
| Paris Cluster :
P I

‘.bJCLab LPNHE )

Iréne Joliot-Curie PARIS

Paris Cluster Workshop (27/11/2025)
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ATLAS-ITK - Pixel - Collaboration

» 15 countries (without Russia) >> 62 labs

‘OU Cuob LPNHE )

Iréne Joliot-Curie PARIS

ATLAS COLLABORATION

CERN-MoU-20153-227

ATLAS COLLABORATION

CERN-M0U-2013-227

ATLAS COLLABORATION

CERN-M0U-2018-237

ANNEX 1: List of Upgrade Institutes and Contact Persons INFN Gruppo Collegato di Udine, Sezione di Trieste; Udine M. Cobal
st st Dipartimento Politecnico di Ingegneria e Architettura,
Institutes by Funding Agency shortName  Representative lap::"'““a di Udine, Udine
CERN . N
European Organization for Nuclear Research (CERN), Geneva  CERN C. Rembser ;f;ar;f;‘ﬁr:f;;:;igd"f;‘:;dupj;“‘vﬂfyp‘:ﬁ'ﬁijgfa Kyushu k. Kawagoe
Czech Republic Kyoto University of Education, Kyoto Kyoto UE R. Takashima
Institute of Physics of the Czech Academy of Sciences, Prague  Prague AS A Kupco Graduate School of Science, Gsaka University, Osoka Ol H Nanjo
Czech Technical University in Prague, Prague Prague CTU Z. Hubacek Ochanomizu University, OB’M’ Bunkyo-ku, T'Dky o Ochanomizu . Kono
France CEA i Graduate School of Science and Technology, Tokyo MU . Kumita
IRFU, CEA, Université Paris-Saclay, Gif-sur-Yvette Saclay CEA C.suyot Tokyo Metropolitan Universty, To
France IN2P3 o Department of Physics, Tokyo Institute of Technology, Tokyo  Tokyo Tech 0. Jinnouchi
LAPP, Université Grenoble Alpes, Université Savoie Mont Annecy LAPP E.Sauvan Waseda University, Tokyo Woneds X Yortts
Blanc, CNRS/IN2P3, Annecy KEK, High Energy Accalerator Research Organization, Tsukuba  KEK K. Hanagaki
LPSC, Université Grenoble Alpes, CNRS/IN2P3, Grenoble INP,  Grenoble LPSC B, Troeme Diviion of Pyes and Tamanags Center for the Hisiory of | Toukuba - Ukcgoma
Grenoble . : the Universe, Facuhty of Pure and Applied Sciences,
CPPM, Aix-Marseille Université, CNRS/IN2P3, Marseille Marseille CPPM M. Barbero Uriversity of Teckuba, Tsukuba
LAL, Université Paris-Sud, CNRS/IN2P3, Orsay LAL L. Iconomidou- Norwa: B
Université Paris-Sadlay, Orsay Fayard
e e N Department for Phy d Technology, U f B . B B. St
LPNHE, Sorbonne Université, Université de Paris, ParisLPNHE  D.Lacour E:f;mme" v Physics and Technology, University of Bergen, - Bergen ued
CNRS/IN2P3, Paris Department of Physics, University of Oslo, Gl oslo F. Ould-Saada
Germany BMBF Russin
W"‘:“k“:ﬁ’fe‘ Institut, ”"““'e'i"‘a‘ f“"”' Bomn Bonn 5 N. Wermes National Research Nuclear University MEPhI, Moscow Moscow MEPhI A Romaniouk
Lehrstuhl fir Experimentelle Physik IV, Dortmunt K- Kroeninger P.N. Lebedev Physical Institute of the Russian Academy of Moscow FIAN K. Zhukov
Technische Universitat Dortmund, Dortmund cnencen Moscon
!'3‘ P"V“:a“sg‘eus '”““fgf( ottingen, Gatt Gottingen A Quadt Konstantinov Nuclear Physics Institute of National Research  Petersburg NPI 0. Fe
20rg-August-Universitat Gottingen, Gottingen Centra “Kurchatov Institute”, PNPI, St. Patersburg
Department Physik, Universitat Siegen, Siegen Siegen P Buchholz Slovenia
Fakults fur Mathematik und Naturwissenschaften, Wuppertal W. Wagner Department of Experimental Particle Physics, Joef Stefan Ljubljana M. Mikuz
Fachgruppe Physik, Bergische Universitat Wuppertal, Institute and Department of Physics, University of Ljubljana,
Wuppertal Uobljane
Germany MPI spain
m“_""r‘va”‘k" nstitut fur Physik (Werner-Helsenberg-Institut),  Munich MPI S, Bethke Institut de Fisica o’Altes Energies (IFAE), Barcelona Instituta of  Barcelona M. Bosman
unchen Science and Technology, Barcelona
Hong Kong - Switzerland
Department of Physics, Chinese University of Hong Kone, Hong Kong L Castille Albert Einstein Center for Fundamental Physics and gern M. Weber
Shatin, N.T., Hong Kong CUHK Laboratory for High Energy Physics, University of Bern, Bem
Department of Physics, University of Hong Kong, Hong Kong Hong Kong HKU Y. Tu Département de Physique Nucléaire et Corpusculaire Geneva G. lacobucei
Department of Physics and Institute for Advanced Study, Hong Kong, K. Prokofiev Univerats de Ganove, Ganave ’
Hong Kong University of Science and Technology, HKUST United Kingdom ’
" ICIEE' Water Bay, Kowloan, Hong Kong Particle Physics Department, Rutherford Appleton RAL . Haywood
aly Laboratory, Didcot, as part of United Kingdom, Research and
INFN Sezione di Bologna; INFN Bologna and Universita” di Bologna 8. Giacobbe Inovation
Bologna, Dipartimento di Fisica §
INFN Gruppo Collegato di Cosenza, Laboratori Nazionali i~ Cosenza M. Schioppa ggmufggﬁ ﬁ:}z:'g\':‘“ and Astronamy, University of Edinburgh . Clark
;’a’;ﬂ"; Dipartimento di Fisica, Universits della Calabria, SUPA-- School of Physics and Astronomy, University of Glasgow C. Buttar
ende
INFN e Laboratori Nazionali di Frascati, Frascati Frascati M. Antonelli S:;i“gi:f;: . Lancaster University, Lancaster Lanosster 2 Jones
|:me SEt‘.‘);Eg‘ GG""";; Dipartimento di isica, Genova S Passagglo Oliver Lodge Laboratory, University of Liverpool, Liverpool  Liverpoal M. D'Onofrio
e T O Senow, SoI0ve — - School of Physics and Astronomy, Queen Mary Universityof  London QMUL  E. Rizvi
INFN Sezione di Lecce; Dipartimento di Matematica e Fisica,  Lecce €. Gorini London Lonion
Universita del salento, Lecce : - - —
INFN Sezione di Milano; Dipartimento di Fisica, Milano G. Tartarelli E:::;]mf;:\:s:h“” and Astronomy, University College London U N Konstantinidis
Universita di Milano, Milano N
INFN-TIFPA; Universita degli Studi di Trento, Trento. Trento G. F. Dalla Betta ;c:'c:;l‘:;z?yswcs and Astronomy, University of Manchester,  Manchester A-Oh
Department of Physics, Oxford University, Oxford Oxford 1. Shipsey
US DOE
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Paris Cluster Workshop (27/11/2025)

Department of Physics, University of Massachusetts,
Amherst MA

High Energy Physics Division, Argonne National Laboratory,
Argonne IL

Physics Division, Lawrance Berkeley National Laboratory and
University of California, Berkeley CA

Ohio State University, Columbus OH

Physics Department, Southern Methodist University,
DallasTX

Center for High Energy Physics, University of Oregon,
Eugene OR

Department of Physics, University of Wisconsin, Madison W1
Homer L Dodga Department of Physics and Astronomy,
University of Oklahoma, Norman 0K

Santa Cruz Institute for Particle Physics, University of
California Santa Cruz, Santa Cruz CA

Department of Physics, University of Washington, Seattle WA

SLAC National Accelerator Laboratory, Stanford CA
Department of Physics, Oklahoma State University,
Stillwater OK

Massachusetts
Argonne
Berkeley LBNL

Ohio SU
Dallas SMU

Oregon

Wisconsin
Oklahoma

Santa Cruz UC

Seattle
Washington
SLAC
Oklahoma SU

. Willocg
1.Zhang
K. Einsweiler

K.Gan
R. Stroynowski

J.Brau

5.Wu
P. Skubic

A Seiden
H. Lubatti

D.5u
F. Rizatdinova

WW
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Inner system
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Paris Cluster Workshop (27/11/2025)
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Long: ~7m, Diam:
Strip ~2m
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Barrel & Endcaps

Long: ~7m, Diam:
Pixel Strip ~2m
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Iréne Joliot-Curie PARIS Paris Cluster Workshop (27/11/2025)
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Composition générale
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Outer Barrel: Layout

S S S S S S S S

/ ; , / , , , layer3

/ /) Layer 2

=<
E;
mI
Layer 4 : ] \
_______ e\
@ \

~650mm

Module flex

Wire bond area

& 4 xFront-end Chips o
1

{150um thick)

7

\
- Aa\r Sensor

' (150um thick)

Single QUAD module type in flat & inclined
regions (4472 modules)

[ /q\\
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Outer Barrel: Local Supports

PPPPP

Module Cells e o Functional Local Supports
(Module + PG Tile + Cooling Block) e (Base Blocks + Cooling Pipe + CFRP Support Structure)

Positioning Cooling Block
Pins

R (mm)

AN VAR N N N N N
NV N (N N NN \

Pyrolytic
Graphite Tile

Cells screwed to FLS
with TIM between blocks
(re-workability!)

LPNHE Paris Cluster Workshop (27/11/2025)
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Half Layer
Shell
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L ALTILY

Inclined
Half
Rings

Inclined Half Layers

(2 x Inclined Units + Longerons)

L Half Layer Shells
f:
vl VI A

i
e d T

Units (IU)

Outer Barrel Half

« 3 x Half Layers
* Intermediate Supports
« Service Support Shells

Supports

Bolted

connections :
saaasa

ATLAS % ITK
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Outer Barrel: Service Scheme

Data
S Pigtail
y Pixel Module
e : ' Module Hybrid
J

Type-0 Data &

. Type-1 Data
--------------------- 3 e o
Type-0 + Distributed PPO ' %% Twinax
I

Type-1 Power
& DCS Cables

Power Connector

Power
Pigtail

IHR Flex-PCB installed on the

inside of the Half-Layer Shells
(Openings in the CFRP shells to
connect the Type-1 services)

Type-1 Power
Type-0/PPO Connector

(flex-PCB) /
|
v Type-1 Data ‘| / e — To PPt
Connector | oSS ey gy g e i B S o T Optopanels
[ Distributed PPO Type-1inclined [} Type-1 Fiat
=———(1"<)Ba888ad
ATLAS X ITk
@ S
\
@ BJ;&E?,E FI»‘A!).SN E Paris Cluster Workshop (27/11/2025)




Qu’est-ce qu’un module Pixel Quadruplet?

Made by J. Giraud (CEA)

Outer Barrel
Wirebonding
Mechanical Protection
and Strain relief ring

Protection for
integration

Parylene coating
(thickness ~5um)

Electrical insulation
layer Wirebondings

(~700 wires)

Printed Circuit Board
(interface with chips,

/ Printed Circuit Board

DAQ and services)

Epoxide glue not
represented here

1 pixel
50 x 50 pm?
[
|
Chip radiation
sensitive
(~0,6M pixels)

Microelectronic chips

assembly

Bump bonding
(indium balls)

4 Front-End chips
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ATL-AS ITk Welcome to lJCLab, member of Paris cluster

. Y TS — City of Paris
* Paris cluster: CEA-Irfu, IJCLab, 1 WVl or. a3
LPNHE ermain-en-Laye Chato,u"'x Courbevoie : N3 |
- Yeas NGNS you are here
Ru’gll-MaImalson uteauxlﬁ_\m‘, 8 | P SN .
3 ATL AS I b t . th t k varly-le-Roi Arc de Triomphe "<. - Rosny_sous‘BOIS/Dm [IEEE!I
. aboratories that work on ) / % g
. . . . m Laboratoire de a— o ERs S .
ITk and are in Paris region moe B B Xohysidae nuclsalrelbe s frcennes ~Noisy-e-
{ - £y Y &
e LPNHE —1JCLab: 25 km " - #Boisde né:
it IOV Issy-les g “Vine :
¢ LPNHE - CEA‘IrfU: 29 km = 4 i "I‘_;surSemevmcegr‘]“ef-’, Champigny-sur-Marne
. -4 ‘i‘ D910 vry-
* 1JCLab — CEA-Irfu: 5 km iy SRR e " SaintMaurdes-Fossés
[ N12 | VéIizY-ViIIacoublay\ | i (X&' VIgySHnseine -Créteil
. . ¢ x { A86
* We work all together to deliverabig " /3 bonneulEsarliame &
. . = A /" \L ' ‘,/>
fraction of good Pixel-ITk modules =" RSl /0 SERE il N T "
T ST, ' \ Y Aé td
to future ITk detector ¥ parisory O - \[m

\ TN S
pEMAET

A
* Pixel module assembly and module oMy cgSONNE Yeres &
testing cluster 1 : et 1/ (
/4 ‘/ i ?!J&Lcetg Savigny-sur-Orge '

* Assembly + testing = production
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ATLAS ITk Paris cluster deliverables

Paris cluster is an ITk-Pixel modules production site

 We are committed (MoU) in building 33% of the ITk-Pixel outer barrel (OB) modules
* IN2P3 (IJCLab, LPNHE) 25%, CEA-Irfu 8%
* |n practise we share the tasks as evenly as possible among the 3 sites

MoU
ATLAS COLLABORATION
« OQuter barrel has —4.5k installed / Tk P’XG/ Iayout — —
p— 450 ———— LA Barrel End-Cap  System
0040 modauies £ = ATLAS imu atlon re |m|nary |Tk Layout 23 00 03 . module | module  module
g d d I i 400 — S I P I = bl bl bl
. . — = n=1.0 n=2.0 - assembly |assembly assembly
* Paris cluster share is 1/3 of 350-Outet Barrel Outer End-cap 2 | = 22222 ll22522 [ 21522
outer barrel = 1.5k good L4 300 et} 1114 3 | e
modules s =it | 3 | e i
« Taking into account the module L2 1505 W 3 | ongkons o
production and L1100 }H ] | |11 H 3| e o
. . . . 50 T ook ,_,J é Netherlands
loading/integration yield (~1.5) Lo 0%:' I "'”’5 | s e | o
> Paris cluster deliverable W BRI+ EFB-cadf® X% Soain - o
z [mm] w:tzer a.n .
including yield: <2200 modules Lnited Kingdom T
Total 100% 100% 100%

* In absolute numbers
* We are building the largest share of modules in OB

* Together with Japan (though they externalise), the largest share of modules in ITk-Pixel »


https://cernbox.cern.ch/s/LrJjCkqUXowLXmP
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ATLAS 11'q Paris cluster production diagram

- We maintain two assembly lines
A. 1JCLab - IRFU
B. LPNHE
- And three canopy gluing and testing lines
- Parylene deposition at APS Coatings company

< Assembly

debug

debug

1JClab Bare mod}JIe
+ PCB Gluing

45


https://www.aps-coatings.com/

ATLA ITk

*Nominal* production plan

* Production period: 2 years, assuming nominally 3 months off per year —
80 working weeks in total

* Production started at T2 of 2025, but we are far from nominal production
rate at the moment because of lack of good quality module components

* With the goal of having to produce 2200 modules in Paris cluster
« Nominal production rate target: 27 modules /week
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ATLAS ITk Paris cluster *nominal* production rates

1
1
1
i
< Assembly :
1
1
""""""""" St S S S
Bare module i I Testand
+ PCB Gluing i i debug
1
1

19 modules/week

Test and 27 per
debug WeEk

9 modules/week —>

1 1
JClab Bare module | i —t— Testand
+ PCB Gluing H debug
i

18 modules/week 9 modules/week

18.modu|es/week+

Nominal share

* LPNHE: 1/3 at all steps * Redundancy at every step
* NCLAb: 2/3 up to BM+PCB gluing, then 1/3 of canopies gluing and 1/3 of testing

* CEA-Irfu: 2/3 for wire bonding, then 1/3 of canopies gluing and 1/3 of testing

* 2 or 3 sites working @ every
step 47




ATL-AS ITk Modules following Paris production

e Modules will be shipped to ALPACA cluster: CPPM (Marseille), LPSC (Grenoble), LAPP (Annecy)

* These 3 other French groups will perform the cell loading and integration to local supports of our modules

Paris Cluster

Clermont- Ferrand @

LAPP

PsC

GRENOBLE | MODANE

48
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ATL-A-S ITk OB mechanics: local supports

* Depending on the location of the

This is how one layer of an ideal

detector would like ~

Only composed by our modules,
floating in the air... ©

1 green square = 1 module

In practise, the modules should be
mounted on supports (local supports)

And all the services (power, data transmission, cooling,
sensors) have to be installed

Inclined Half-Rings

A (mm)

: | l \

VAR (A A I (I A 4 N NEHN N\ X N /N \
module in the outer barrel, the AR | NN &0 AT ANN
local supports can be I B T ; A G \

* Longerons (central part of the i T
detector)

* Half-rings for modules installed
with an inclination

1 red square
=1 module

49
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ATLAS

ITk Modules following Paris production

e Modules will be shipped to ALPACA cluster: CPPM (Marseille), LPSC (Grenoble), LAPP (Annecy)

* These 3 other French group will perform the cell loading and integration to local supports of our modules

* Cell loading: a structure with a cooling block (cell) is

glued on the backside of the module (FE chip side); this
explains why this side of the module has to be masked

during parylene

Longeron
_ PPO
PPO Fixation T 1 ! 1 t F T N EEa -
Shoulder Screws — ]
'mrﬂmrm-m Loaded cells
g - . .
/ T / with pigtails
PPO " .‘: : : ar? "
-t Y -

~ Support |

- Base"‘-,‘ block

3 > Pigtail
Cooling block 7“5"‘
e Loaded cell

Wire Bonding
Protection CFRP

Quad Module

Strain Relie

Washer /\\\/ —__ Loading adhesive:

) \\/ STYCAST 2850FT/Cat9

Cell Adhesive:

Rescoll CT-303 " o\/ Bare Cell
Pyrolytlc Graphite cooling -

Tile (PGT)

Integration

* Loaded cells are attached to local supports
* Type-0 (PPO) services are installed

* on-detector service directly attached to the
pixel modules

* Power services, Data transmission, Cooling
interfaces, etc

50
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ATLAS

ITk Modules following Paris production

e Modules will be shipped to ALPACA cluster: CPPM (Marseille), LPSC (Grenoble), LAPP (Annecy)

* These 3 other French group will perform the cell loading and integration to local supports of our modules

* Cell loading: a structure with a cooling block (cell) is
glued on the backside of the module (FE chip side); this
explains why this side of the module has to be masked

during parylene

Longeron
- PPO
PPO Fixation T 1 ! 1 ANEE T M G
Shoulder Screws — ]
/ <SRl With pigtails

PPO A P

| B Baség\block

§ > Pigtail
Cooling block 7‘5;’_
e Loaded cell

Wire Bonding
Protection CFRP

Quad Module

Strain Relie

Washer ”’\»\\/ ~—__ Loading adhesive:

4 \\/ STYCAST 2850FT/Cat9
Cell Adhesive:

Rescoll CT-303 " ° 7 Bare Cell
Pyrolytic Graphite Coolingmk/

Tile (PGT)

— Support |

* After integration
* Loaded local supports are tested

* And finally they are shipped to CERN for the
installation in the detector

» Still, long journey and tests for our modules
after they leave Paris cluster

51



ATLAS ¥ ITk

* Undergone two joint IN2P3/IRFU reviews (2021 and 2024)

« ~30 FTEs in all 3 sites; big fraction is IT

* Weekly meetings: https://indico.cern.ch/category/9094/

* A pretty active mattermost group: https://mattermost.web.cern.ch/itkpariscluster/
* Exchange of expertise, we try to share the work as much as possible

e Common cluster Local (hosted at IJCLab) Data Base, where all members of cluster have access
e Common reporting in ITk Pixel meetings as much as possible, speakers rotation is being in place

* Numerous transfers of components, tools, modules, common material, etc. among the 3 sites over
the years

52


https://indico.cern.ch/category/9094/
https://mattermost.web.cern.ch/itkpariscluster/

] Qoooon
000000

ATLAS 1 1'@ Paris cluster organization chart

Paris Cluster extended committee
Max 12 pers Paris Cluster Risk Manager
Giovanni, Stéphanie, Francesco (8 months rotating)
Dimitris, Lydia, Julien + Dimitris
Matthias, Julien, Fred (among the extended committee)
Logistics Database infrastructure

Production Report
(verify yield + reporting)

Fred Derue + Rei

resp+ 1 ou 2 deputies

Stéphanie + Fred Déliot Matthias + Zirui
(APS budget: Dimitris, atthias +Zirui Database software
APS technique: Giovanni) Francesco

Assembly Line Managers

- Metrology :
. Testing Managers
- Gluying Test v
_ Wirebond - Xes s analysis
- Parylene masking i Yfrfgs
- Wirebond Protection - TIE _ ,
_ Vield David, Matthias, Lydia/Dmytro

Francesco, Julien, Dimitris/Nicolas




ATLAS

EXPERIMENT

LPNHE

PARIS

L} sorsonNE Universite
UNIVERSITE Paris Cite

W CuLo

Iréne Joliot-Curie

g irfu
X
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$ATLAS L’interaction electromagnétique :'C

Responsable des phénomenes | ."J..jf;i_?_"‘.Lab
électriques et magnétiques : L
aimantation, lumiere, "

cohésion des atomes,...

Répulsion entre objets de
charges électriques identiques
(attraction si charges opposees)

Méd|ateur (=b050n) . o Electron
photon ;

55



En plus de la charge électrique,
les quarks portent une charge de couleur:
Bleu vert rouge

Ainsi le proton est “incolore”

)

Médiateurs: gluons

Les gluons « collent » les quarks entre
eux : ils sont confinés a l'intérieur des
hadrons (proton, neutron,...). On ne
peut pas observer un quark seul.

—> Stabilité des noyaux

= Tout ce qui est constitué de quark
s‘appelle un hadron

€ sorsonne Université
) \\\\\\\ SITE Paris Ci

W) ClLb

Iréne Joliot-Curie

@ irfu
N
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L'interaction faible

@ S sanisuve WAL ot
Radioactivitée: Phénomene physique naturel au cours duquel des noyaux
atomiques instables, se transforment spontanément en dégageant de I'énergie '@ j(Lab
sous forme de rayonnements divers. Iréne Joliot-Curie

g irfu
_]

Médiateurs: W/Z

@

Un neutron (libre) se désintegre apres 15 min

PP bo-He- 2

C’est un temps tres long!!! (15min est une éternité en
physique des particules!) = “faible”

sans ces interactions faibles le soleil s’éteindrait! 57



La gravité
une interaction a part...

3] 2

Explique le phénomene de pesanteur
(chute des corps terrestres)

Explique les orbites des planetes du Systeme
Solaire... mais aussi les galaxies et I'évolution
de I'Univers !

Portée : infinie...

Médiateur : graviton ? (non
encore découvert)
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