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NEUF LABORATOIRES de L’IN2P3
+ CC-IN2P3 + IRFU

/H�&DORULPqWUH�$UJRQ�/LTXLGH�G¶$WODV 
 Argon liquide 
-insensible aux radiations 
-« facile » à calibrer 
-collection de charge « lente » 
Géométrie « accordéon » combine 
    -structure pointante en « tours » 
    -signaux rapides (courant) 
     -segmentation en profondeur 
   (pointé des photons)  

Solution proposée/soutenue/ labos FR 

IPHC
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1964 - Higgs mechanism proposed by P. W. Higgs, F. Englert and R.Brout, G.S. Guralnik, C.R. Hagen and T.W.B. Kibble.
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BACK IN 1990

1989

1989

1988

15.06.1990 le ministre de l'environnement 

Brice Lalonde lance un  « plan vert » pour 
l’environnement.

1990: 600 nm

2020: 5 nm
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Production Decays

STANDARD MODEL PREDICTIONS
production @ proton-proton collider Decay modes @ mH=125 GeV 
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10-9

Higgs boson production is a very 
small fraction of the  
standard p-p collisions: 10-9


Higgs production is rare:  
cross-section is ~10-100 pico-barn.

High energy to explore unknown territory


High frequency & high beam intensity:


Maximize number of proton-proton collisions 


Try to reveal rare phenomena.
Collision energy

LES DÉFIS
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                     LHC            LEP

Crossings  40 MHz          50 kHz

L1 trigger 100 kHz             1 Hz

 On disk       1 kHz                -

   42 countries

  182 institutions

3000 scientific participants,

 including 1000 students

Trigger

150x150 µm2

Segmentation

~20 µm

ONE  event at LHC

20 pp interactions

Pileup

No access

A large collaboration

LHC 
design

LHC 

2012

LEP

√s [TeV] 14 7 0.09 - 0.2

Δt [ns] 25 50 2000

Nbre bunchs 2808 1380 4-8

p/bunch [1011] 1.15 1.7 2.5

Peak luminosity [1034 cm-2s-1] 1 0.77 0.01 Max 

Max nbre events/corssing 20 35 1

Stored beam energy [MJ] 362

R
adiations

DU PAIN sur la PLANCHE

10-9
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ONE TYPICAL DETECTOR
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BACK IN 1990

1989

1989

1988

15.06.1990 le ministre de l'environnement 

Brice Lalonde lance un  « plan vert » pour 
l’environnement.

Let’s build 

two 


detectors

that work
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06.07.2022 12

Janvier 1990 Daniel Fournier

R
em

in
de

r Δ
t=

25
 n

s
A fast calorimeter 

R
em

in
de

r Δ
t=

25
 n

s



06.07.2022 12

Janvier 1990 Daniel Fournier

R
em

in
de

r Δ
t=

25
 n

s
A fast calorimeter 

R
em

in
de

r Δ
t=

25
 n

s



06.07.2022 12

Janvier 1990 Daniel Fournier

R
em

in
de

r Δ
t=

25
 n

s
A fast calorimeter 

R
em

in
de

r Δ
t=

25
 n

s



06.07.2022 13

Janvier 1990 Daniel Fournier

An hermetic calorimeter
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Janvier 1990 Daniel Fournier

A segmented calorimeter
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Janvier 1990 Daniel Fournier

A segmented calorimeter

July 1990
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Janvier 1990 Daniel Fournier

A segmented calorimeter

July 1990

Juillet 1990
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Production

First accordion module

?
2001-2003

1990

Technical Design Report1997

So many questions to answer
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Beginning of production 

TDR

First accordion module
1990

1996

cyl. geom. 
Pb tempred

cyl. geom.
Opening gap

cyl. geom. 
Angles=f(R)

Fresnel
lense

gaps 
opening
E=f(R)

AsGa
LAr

1T
LAr

Si
LAr

0T
20°

pipeline
digital SCA

hadronic 
LAr

calibration 
current

calibration 
voltage

barrel

endcap

preampli

latency        

calibration

UV 
strips

Preshower presampler
+ strips η presampler        

Krypton Argon liquide

So many decisions to take
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1995 Daniel  Fournier



06.07.2022 20

Barrel in the pit 
in October 2004

1995 Daniel  Fournier
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η

ϕ

beam

2000 - 2002

3 layers
pixel detector

2 sectors
TRT

4 layers
silicon detector

The ATLAS combined testbeam in 2004

Where the ATLAS reconstruction was born. 

Lines of code dating from the CTB are still running today.

TESTBEAM, TESTBEAM, TESTBEAM

The ATLAS combined testbeam in 2004

Where the ATLAS reconstruction was born. 

Lines of code dating from the CTB are still running today.
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CMS ENDCAP TRACKER @ IPHC & IP2I

After a long R&D phase with the RD58 CERN program…. 

construction starts in the years  2000

Management du consortium* de construction des deux bouchons 

Développement de la base de données de construction et de logistique


Gestion du flux des composants vers les centres de production des pétales 

* Aachen I et III, Bruxelles, Hambourg, Karlsruhe, Louvain, Lyon, Strasbourg, Vienne

Bancs d’assemblage
Assemblage et 

déverminage des « pétales » 

Au final intégration par IP2I au CERN du bouchon 
que l’on attendait plus*…

Un développement DAQ piloté et supporté au 
CERN par IP2I et IPHC pour tout le trajectomètre

Prêt pour la mise en œuvre et les premières prises 
de données 

* Avec Louvain redéployé au CERN pour la préparation des derniers pétales

Remember: the two labs were engaged with MSGCs and gently joined the Si technology when CMS decided to go “full Silicium” 
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CMS ENDCAP TRACKER @ IPHC & IP2I

After a long R&D phase with the RD58 CERN program…. 

construction starts in the years  2000

Management du consortium* de construction des deux bouchons 

Développement de la base de données de construction et de logistique


Gestion du flux des composants vers les centres de production des pétales 

* Aachen I et III, Bruxelles, Hambourg, Karlsruhe, Louvain, Lyon, Strasbourg, Vienne

Bancs d’assemblage
Assemblage et 

déverminage des « pétales » 

Au final intégration par IP2I au CERN du bouchon 
que l’on attendait plus*…

Un développement DAQ piloté et supporté au 
CERN par IP2I et IPHC pour tout le trajectomètre

Prêt pour la mise en œuvre et les premières prises 
de données 

* Avec Louvain redéployé au CERN pour la préparation des derniers pétales

Remember: the two labs were engaged with MSGCs and gently joined the Si technology when CMS decided to go “full Silicium” 

Un record de canaux encore en opération 16 ans après (97,5%)
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La carte calibration fonctionne

Brookhaven Mars 2003

TESTS, TESTS, TESTS,…. FRIENDS
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Brookhaven Mars 2003
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CMS-ECAL @ LLR & IP2I
After R&Ds  with SPACAL, ECAL scintillating fibers, Shashlik Tower, LLR joint ECAL PbWO4 in 1994, when CMS decided to build its calorimeter with crystals.

Design of the barrel calorimeter 
mechanical structure with honeycomb

Challenge: ultra thin but solid, 100 t, 
several shapes, radiation rad

R&D@LLR: mechanical strength, optical 
reflectivity.

Production in industry: ~10000 alvéoles 
then tests in lab and shipping to CERN

Trigger concentrator card

Design, production, firmware, 
reception & installation (*); 
~110 boards for barrel & EC.

Very versatile boards: 
implementation in firmware of 
spikes rejection algo (un tour 
de force)

Board were operational on day 
1 and still are.

* with IRFU, LIP Lisboa 

The ‘Capsule’

APD validation

Fabrication & validation of APD 
for CMS ECAL @ IP2I & CERN
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ACCORDION @ LPNHE, LAL, LAPP, LPSC, CPPM

/H�&DORULPqWUH�$UJRQ�/LTXLGH�G¶$WODV 
 Argon liquide 
-insensible aux radiations 
-« facile » à calibrer 
-collection de charge « lente » 
Géométrie « accordéon » combine 
    -structure pointante en « tours » 
    -signaux rapides (courant) 
     -segmentation en profondeur 
   (pointé des photons)  

Solution proposée/soutenue/ labos FR 

2005 : TEST DES CARTES SPACMASTER ET FEC-
CONTROLLER

SPAC : Serial Protocol for the 

ATLAS calorimeter

Carte FEC-CONTROLLER avec ses plaques de 
refroidissement (~150)

Carte SPACMaster (~40)

Expédition vers le CERN des cartes après test

©
 D

av
id
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ATLAS-PIXELS@CPPM
Idea of ATLAS pixel detector proposed by Pierre Delpierre from 
CPPM, as an alternative to the well established Si strip detector.

Lessons learnt from the construction of the ATLAS pixel detector, 
by Sasha Rozanov:


Do not be afraid to be innovative and be against the party 
line

Importance of the long term investment into high tech 
electronics engineers, clean room and equipment facilities

Very unstable delivery of components from industry (mainly 
bottleneck bump-bonding problems at IZM) required very 
strong peak production capabilities to save the overall 
schedule and flexible cooperation in multiple production sites 

Strict humidity control needed not only at home lab, but 
also in all collaborating institutes (visits, common, tests, 
discussions, documentations). Do not forget humidity (85/85) 
tests on the electronics. 


Do not economize on thermal cycling tests before massive 
production. 
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Pb Pb - Pb-p collisions
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2004

2004
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2004

2004

2007
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2004

2004

2007

The Clermont-Ferrand group participated to the design, construction, 

installation and commissioning of the ATLAS Tile calorimeter.


The group takes great care of the detector maintenance.


The group created the “drawers for electronics”, built the HV system, 

installed the detector in the pit, made first system tests at CERN 

and laser calibration.
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PRECISION DETECTORS

and energy at 
1%

Particle trajectory 

with a accuracy of

 0.0002 m (20µm)

ATLAS & CMS

are two giant microscopes


with 100 M channels
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2009

BEAMS COLLIDE on 23rd NOVEMBER 2009
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Jessica Lévêque is not 
happy: she immediatly saw 
that something was wrong 
with the calorimeter!

2009

BEAMS COLLIDE on 23rd NOVEMBER 2009
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BEAMS COLLIDE on 23rd NOVEMBER 2009
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Juillet 1990

A GLIMPSE at PERFORMANCE

Mars 2003

2010

CMS - Dec. 2009
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95.8%

35

All good for physics
93.5%

DQ

In 2012, 89.5% of DELIVERED data were good for physics.


To my knowledge, never an experiment has reached such a level of efficiency.

Even experiements at e+e- colliders, pp at lower intensity, …… with much less challenges.


At LHC, even with more pile-up than designed, we are happy!


My interpretation: the coherence between motivation, rigour, the challenging physics

aim (the aim is not to discover; it is to find out what is there), the very spirited people.

X

DATA TAKING and QUALITY
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SIMULATION: A TOOL towards PHYSICS
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Estimation 2011 RH LCG-France :

 ~ 37 ETPs 


34 ETPs IN2P3 + 3 ETPs (CEA)

LHC COMPUTING GRID in FRANCELCG System Architecture  
Ti

er
-1

Tier-0

10 Gbps links 
Optical Private Network 

(to almost all sites)

Trigger and 
Data 

Acquisition 
System

Ti
er

-2

General Purpose/
Academic/

Research Network
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LE SUSPENSE EST à SON COMBLE
Juin 2012 - Le dévoilement des données dans CMS
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H➝2 photons

 ● ▲ : THE data
background + Higgs boson

H➝4 leptons
5.2 H ! ZZ 13
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Figure 4: Distribution of the four-lepton invariant mass for the ZZ ! 4` analysis. The
points represent the data, the filled histograms represent the background, and the open his-
togram shows the signal expectation for a Higgs boson of mass mH = 125 GeV, added to the
background expectation. The inset shows the m4` distribution after selection of events with
KD > 0.5, as described in the text.

Table 3: The number of selected events, compared to the expected background yields and ex-
pected number of signal events (mH = 125 GeV) for each final state in the H ! ZZ analysis. The
estimates of the Z+X background are based on data. These results are given for the mass range
from 110 to 160 GeV. The total background and the observed numbers of events are also shown
for the three bins (“signal region”) of Fig. 4 where an excess is seen (121.5 < m4` < 130.5 GeV).

Channel 4e 4µ 2e2µ 4`
ZZ background 2.7 ± 0.3 5.7 ± 0.6 7.2 ± 0.8 15.6 ± 1.4
Z + X 1.2+1.1

�0.8 0.9+0.7
�0.6 2.3+1.8

�1.4 4.4+2.2
�1.7

All backgrounds (110 < m4` < 160 GeV) 4.0 ± 1.0 6.6 ± 0.9 9.7 ± 1.8 20 ± 3
Observed (110 < m4` < 160 GeV) 6 6 9 21
Signal (mH = 125 GeV) 1.36 ± 0.22 2.74 ± 0.32 3.44 ± 0.44 7.54 ± 0.78
All backgrounds (signal region) 0.7 ± 0.2 1.3 ± 0.1 1.9 ± 0.3 3.8 ± 0.5
Observed (signal region) 1 3 5 9

Higgs boson (prediction)

background

4th July 2012 - HIGGS DISCOVERY with ATLAS  & CMS 
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Higgs boson (prediction)

background Data need the Higgs boson.

Excess also observed in WW channel

4th July 2012 - HIGGS DISCOVERY with ATLAS  & CMS 
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from 110 to 160 GeV. The total background and the observed numbers of events are also shown
for the three bins (“signal region”) of Fig. 4 where an excess is seen (121.5 < m4` < 130.5 GeV).

Channel 4e 4µ 2e2µ 4`
ZZ background 2.7 ± 0.3 5.7 ± 0.6 7.2 ± 0.8 15.6 ± 1.4
Z + X 1.2+1.1

�0.8 0.9+0.7
�0.6 2.3+1.8

�1.4 4.4+2.2
�1.7

All backgrounds (110 < m4` < 160 GeV) 4.0 ± 1.0 6.6 ± 0.9 9.7 ± 1.8 20 ± 3
Observed (110 < m4` < 160 GeV) 6 6 9 21
Signal (mH = 125 GeV) 1.36 ± 0.22 2.74 ± 0.32 3.44 ± 0.44 7.54 ± 0.78
All backgrounds (signal region) 0.7 ± 0.2 1.3 ± 0.1 1.9 ± 0.3 3.8 ± 0.5
Observed (signal region) 1 3 5 9

Higgs boson (prediction)

background Data need the Higgs boson.

Excess also observed in WW channel

4th July 2012 - HIGGS DISCOVERY with ATLAS  & CMS 

ATLAS & CMS 
collaborations have 

observed the

Higgs boson
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EN ROUTE vers une DÉCOUVERTE ?
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THIS IS ACTUALLY THE BEGINNING

Treasure Island (Cocos) - Montague Dawson

https://en.wahooart.com/Art.nsf/Art_EN?Open&Complex&Query=((%5BChamp1%5D=%22Montague%20Dawson%22)%20AND%20(%22Oil%20On%20Canvas%22,%22%22,%22@Landscape@%22,%22%22,%22AAAA55%22))
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Eminently inspired people were very courageous to embark in this adventure.

We owe then the luck to have been on this boat


which reached the tresor island on 4th of july 2012!

Actually the crew was very dedicated, very enthusiastic, 


though with some doubts from time to time

Now it is time to open the tresor and look at what happened since.
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LPNHE WALL OF FAME

et quelques autres…
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