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Résultats récents au LHC 
Une physique en pleine accélération 
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Origine des Masses 
   Brisure de la symétrie électrofaible – masse des particules, 
   supersymétrie – nature de la matière noire, …  

Structure de la matière élémentaire 
  Trois familles (« répliques ») de fermions, interaction faible  
   et changements de saveur (CKM et PMNS), violation CP et  
   asymétrie matière-antimatière 

Propriétés de la soupe primitive de matière 
   Plasma de Quarks Gluons, confinement de la couleur,  
   masse hadronique, ...          

Principaux 

Unification des interactions fondamentales 
   Nouvelles symétries de jauge, dimensions supplémentaires, … 



   ~ 10-11 s 
~ 10-6 s 

380 000 
   ans Champ  

de Higgs 

Plasma  
de 
Quark- 
Gluon 

1 s 

Asymétrie  
matière- 
antimatière 

2 



LHC 

CERN 

Genève 

3 



4 

CERN 
P2IO 



5 
Circumference : 26.7 km         Depth : 45m to 170m         Tilt: 1.4% 
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Circumference : 26.7 km         Depth : 45m to 170m         Tilt: 1.4% 

Poids 7000 t 
Diamètre 25 m 
Longueur 44 m 
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Circumference : 26.7 km         Depth : 45m to 170m         Tilt: 1.4% 

Poids  12500 t 
Diamètre 15 m 
Longeur  22 m 
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Circumference : 26.7 km         Depth : 45m to 170m         Tilt: 1.4% 

VELO 

RHIC 

RHIC 

Magnet 

Muon system 

Ecal                        

Hcal                        

Tracking system 
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Circumference : 26.7 km         Depth : 45m to 170m         Tilt: 1.4% 
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Les gens de CMS 

~ 4K scientifiques, 38 pays, 174 institutions 
3000 Physicien(ne)s & Thésard(e)s 

~ 3K scientifiques, 39 pays, 172 institutions 
2200 Physicien(ne)s & Thésard(e)s  

Les Physicien(ne)s de 

ATLAS CMS 

~ 750 scientifiques, 15 pays, 52 institutions 
575 Physicien(ne)s & Thésard(e)s 

LHCb 

1300 scientifiques, 35 pays, 118institutions 
950 Physicien(ne)s & Thésard(e)s 

ALICE 
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Les gens de CMS 

~ 4K scientifiques, 38 pays, 174 institutions 
3000 Physicien(ne)s & Thésard(e)s 

~ 3K scientifiques, 39 pays, 172 institutions 
2200 Physicien(ne)s & Thésard(e)s  

Les Physicien(ne)s de 

ATLAS CMS 

~ 750 scientifiques, 15 pays, 52 institutions 
575 Physicien(ne)s & Thésard(e)s 

LHCb 

1300 scientifiques, 35 pays, 118institutions 
950 Physicien(ne)s & Thésard(e)s 

ALICE 

9000 scientifiques de 58 pays 
Plus de 200 institutions (laboratoires, universités) 

   4500 Physicien(ne)s 
+ 2000 Thésard(e)s * 

            * ~ 30% des signataires 
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Décembre 2009 
Pilot runs   √s = 0.9 & 2.36 TeV 

Avril - Juillet 2010 
Start-up Runs √s = 7 TeV 

Le LHC : la PHE en accélération 

Juillet - Décembre 2010 
pp Physics Runs √s = 7 TeV 

L  ~ 35 pb-1 / exp. 

2011 
pp Physics Runs √s = 7 TeV 

L  ~ 1-2 fb-1 / exp. 

ICHEP 2010 

Moriond 2011 

EPS/LP 2011 

L  ~ 3 pb-1 / exp. 

Quark Matter 2011 
November – Décember 2010 
PbPb – Premiers runs Ions Lourds 

pp Physics Runs √s = 7 TeV : ~ 5 fb-1/exp.  

PbPb Physics Runs √s = 2.8 TeV : ~ 150 µb-1/exp.  
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Collisions pp à √s = 7 TeV en 2011 

L instantanée  3.6 x 1033 cm-2s-1 

L intégrée >  5 fb-1 / expérience 
Un nombre d’empilement très élevé ! 

140 x L2010  !!! 
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 = 2.76 TeV, data 2011NNsPb+Pb   

Ions Lourds – Collisions PbPb en 2011 

L instantanée  500 x 1024 cm-2s-1 

L intégrée >  150 µb-1 / expérience 

15 x L2010  !!! 
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•  “Chandelles” - comprendre et calibrer le détecteur;    
   W → l ν et Z → l+ l-  = états finaux les plus propres;  S/√B avec √s 
    déclenchement, mesure et identification des leptons, PT

miss, etc.   

•  Référence ou bruit de fond dominant (e.g. W+ jets, Z+jets) pour  
  des recherches Higgs ou BSM ⇒ comparaison aux calculs de précision 
   Ratios [V+(n+1)/V+n] or [W+n/Z+n] for n jets partially cancel uncertainties (L, PDFs, …); 
   Incentive for considerable progress in techniques for NLO calculations; 
   V+QQ remain challenging for theoretical models   

•  Asymétrie W+/W- ⇒ contrainte sur les fonctions de structure du proton 

•  Production de di-bosons ⇒ contrainte sur couplages trilinéaires (TGCs)  
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•  Production de tri-bosons ⇒ contrainte sur couplages quadrilinéaires (QGCs)  
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~4.3 M W→µν 

264k Z→ee 

Production W/Z   

•  Excellent accord entre les données et 
la simulation 

•  Bon accord avec les prédictions 
théoriques (NNLO+PDD_F) 

•  Move to “new environment”:  
o  σ(W+) ≠ σ(W–) (~1.4) 
o  W polarization 
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Weak Boson Production 
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•  Particule la plus lourde, 
   masse “naturelle”  (λt ≈ 1) 
   Pourrait jouer un rôle particulier  
   dans la brisure de symétrie électrofaible ? 

•  Se désintègre avant hadronisation   
   ( τt ≈ 5 x 10-25 s ‹‹ ΛQCD

-1 ) 
   Mesure directe de la masse par les produits de désintégrations (= mpôle ?) 

•  Production et désintégration du quark top = sensible à la nouvelle  
   physique (nouveaux couplages, Z’ « top-philic », violation de la  
   conservation de la saveur) 

•  Mesures de précisions:  mtop, Qtop, Γtop, |Vtb|, Δm (t - t), polarisation   
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Top Pair Production Cross-Section 

HCP2011 (Paris) 

Précision ~ 8%   
(syst. Limited) 

Sensibilité à diverses  
approximations à  
l’ordre NNLO !!! 



Top Mass 

Masse via la section  
efficace (masse au pôle ?) 

Mesure directe: 

Michele Gallinaro - "Top quark mass measurement at the LHC" - Top2011 - Sep. 28, 2011 21

Summary

• First results from LHC on top quark mass
– good understanding of detectors
– not yet competitive with Tevatron, but not too far

• Direct measurements:
– CMS (dilepton), 36/pb: mtop=175.5 ± 4.6(stat) ± 4.6(syst) GeV
– CMS (l+jets), 36/pb: mtop=175.5 ± 2.1(stat) +2.8 -2.5 (syst) GeV
– CMS (combined), 36/pb: mtop=173.4 ± 1.9(stat) ± 2.7(syst) GeV

– ATLAS (l+jets), 0.70/fb: mtop=175.9 ± 0.9(stat) ± 2.7(syst) GeV

• Indirect measurement from cross-section

M. Galinaro, TOP2011 



23 

Il existe un champ scalaire présent  
dans tout l’univers, apparu ~10-12 s  
après le Big Bang  

Ce champ est responsable 
de la brisure spontanée de 
la symétrie électrofaible  

Les bosons Z0 et W±  
acquièrent une masse 

Les fermions élémentaires  
interagissent et acquièrent  
une masse  
(i.e. les composantes gauches et    
       droites se mélangent !) 

   Il doit exister au moins un boson scalaire associé au champ, 
le boson de Higgs 

Y. Sirois – RCE 2010 
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Recall:  1 doublet de champs de Higgs ⇒ 1 boson physique (CP-pair)  
             MH est un paramètre libre       … MH

2 = 2 λ v2 ;  v ~ 246 GeV 

Le Boson de Higgs 

Λ = cut-off scale 

Brisure de symétrie électrofaible dans le Modèles Standard 

K. Riesselman, hep-ph/9711456	



Unitarity:	



‘‘Triviality’’ (Higgs self-coupling remains finite :) 

‘‘Stability’’ of vacuum:	


€ 

MH < 700 − 800 GeV /c 2

€ 

MH
2 <  4π 2v 2

3ln(Λ /v)

€ 

MH
2 >  4mt

4

π 2v 2 ln(Λ /v)

Triviality 

Stability 

Forbidden zone	



Forbidden zone	


Allowed zone	



€ 

m2 =  m0
2  +  αλ Λ2

16π 2Caution: quadratic divergencies 



ICHEP 2010 
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Ajustement EW et contraintes de masse 
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Boson de Higgs: Production et désintégration 

!"#$%&&'(#)*+,-./+01#,2.34'1#'23*.52'#

!"#$%&'()$&*)+',-./' 01"%234%%5%'6%71"8$9'.%$71:8;9'<='>%?'@A<<' <B'

!""#

$$%%&'(')#
$$%%&'('*#
$$%%&'('+#
$$%%&,(#

--%%&()()#
..#
++#
//#

!"##$%&'$'(%)*$$+%%,-./01%
###########'""###########################0""#################,""#############1""########2""#

C'%D?:E51+%'F"8:'5*8*%5'
G'%D?:E51+%'F"8:'5*8*%5'
' B'%D?:E51+%'F"8:'5*8*%5'
'C'%D?:E51+%'F"8:'5*8*%5'

'H'%D?:E51+%'F"8:'5*8*%5'
' I'%D?:E51+%'F"8:'5*8*%5'

='%D?:E51+%'F"8:'5*8*%5'
@'%D?:E51+%'F"8:'5*8*%5'



27 

)2Higgs boson mass (GeV/c
100 200 300 400 500 600

SM
!/

!
95

%
 C

L 
lim

it 
on

 

-110

1

10

Observed
! 1±Expected 
! 2±Expected 

LEP excluded
Tevatron excluded
CMS excluded

Observed
! 1±Expected 
! 2±Expected 

LEP excluded
Tevatron excluded
CMS excluded

-1 = 4.6-4.7 fbintCombined, L
 = 7 TeVsCMS Preliminary,  Observed

! 1±Expected 
! 2±Expected 

LEP excluded
Tevatron excluded
CMS excluded

-1 = 4.6-4.7 fbintCombined, L
 = 7 TeVsCMS Preliminary,  

Zone permise pour le boson de  
Higgs du modèle standard 
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in the innermost pixel layer is one of the ≈ 3.5% which are inactive, to reduce the contamination from
misidentified electrons

The angle between the two selected photons is determined from the interaction vertex position and the

photon impact points in the calorimeter. For converted photons with tracks having a precise measurement

in the z direction, the vertex position is estimated from the intercept of the line joining the reconstructed

conversion position and the calorimeter impact point with the beam line. For all other photons, the

vertex position is estimated from the shower position measurements in the first and second layers of the

calorimeter which can be used to calculate the photon direction. Finally, the independent vertex position

measurements from both photons are combined also taking into account the average beam spot position

in z. For photons reconstructed in the endcap region, a correction is applied to the z coordinate of the

vertex position estimated from the photon in order to compensate for a difference between data and MC

simulation. This correction is determined as a function of η from electrons in Z→ ee decays.
The diphoton invariant mass distribution (mγγ ) is shown in Figure 1 (top) for the 22489 events passing

the selection in the mass region 100 GeV< mγγ <160 GeV. The sum of the background-only fits in
different categories described in Sections 3 and 4, as well as the signal expectation for a SM Higgs boson

with mass equal to 120 GeV, are also shown. Details of the background and signal models are given in

Section 4. Figure 1 (bottom) shows the residual of the data with respect to the sum of the background-

only fits as a function of mγγ .
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Figure 1: Invariant mass distribution for the inclusive data sample, overlaid with the sum of the

background-only fits in different categories described in Sections 3 and 4 and the signal expectation

for a mass hypothesis of 120 GeV corresponding to the SM cross section. The figure below displays the

residual of the data with respect to the background-only fit sum.
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Figure 4: m4! distribution of the selected candidates, compared to the background expecation. Error bars

represent 68.3% central confidence intervals. The signal expectation for several mH hypotheses is also

shown. The resolution of the reconstructed Higgs mass is dominated by detector resolution at low mH
values and by the Higgs boson width at high mH .
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Figure 5: (a) pT distribution and (b) η distribution for the leptons of the 71 candidates surviving the
selection criteria. The expected background distributions are also shown. Error bars represent 68.3%

central confidence intervals.

8 Summary

A search for the Standard Model Higgs boson in the decay channelH→ ZZ(∗) → 4! based on 4.8 fb−1 of
data recorded by the ATLAS detector at

√
s = 7 TeV during the 2011 run has been presented. The SM

8
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Figure 9: The consistency of the observed results with the background-only hypothesis for the three

strongest channels and the combination in the low mass region. The dashed curves show the median

expected significance in the hypothesis of a Standard Model Higgs boson production signal, which is

about equal for all three of these channels near 125 GeV.
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Figure 7: The best-fit signal strength µ = σ/σSM as a function of the Higgs boson mass hypothesis is

shown in the full mass range of this analysis (a) and in the low mass range (b). The µ value indicates by

what factor the SM Higgs boson cross-section would have to be scaled to best match the observed data.

The light-blue band shows the approximate ±1σ range.
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Exclu LHC 
(une expérience) 

99% C.L. 
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for MH < 120 GeV, 

excess over SM 

in all decay channels 

WW, ZZ, !!, !Z
( larger BRFP compensates

!!for lower x-sections !)

VBF kinematics easier to 

distinguish from bckgr

7

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/Fermiophobic

Fermiophobic Higgs Model 
! " Assume Yukawa coupling off and SM like HVV coupling. 

! " For Higgs production cross sections, NNLO VBF, WH/ZH numbers can be used. 

! " EW radiative corrections are unknown in fermiophobic scenario, assign ±5%. 

Aug. 29, 2011! LHC Higgs Cross Section Working Group! !"!
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How Higgses are born – SM 

Sep 1, 2011 - LHC implications André David (LIP) 

!! Gluon 

fusion 

!! VBF 

!! VH 

!! ttH 

Total SM Higgs cross sections at the LHC
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Au-delà du modèle Standard ? 

Exclusion jusqu’au ~ TeV des squarks et des gluinos 

e.g. Supersymétrie 
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SUSY search results 
•  Searching for SUSY: 

–  Sum all energy in the detector 
–  Compute the energy balance in the plane 

transverse to the beam axis (ET
miss)  

•  Might be due to neutrinos (known that 
mostly don’t interact) or maybe SUSY   

•  ET
miss distribution well described within 5 

orders of magnitude: 
–  Very good understanding of the detector ! 

13 

•  Limits on different SUSY particle 
masses are extracted 

•  Plot of the exclusion region for 
squark and gluino masses 

e.g. Recherche de résonances au TeV  (di-leptons, di-jets) 

Exclusion  Graviton RS (~ 2 TeV), CI (~ 10 TeV),  
               Z’SSM ou W’SSM (~ 2 TeV), etc. 
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Higgs 
~ 100 GeV 

SUSY 
3rd Gen 

~500 GeV 

SUSY 
squarks/Gluino  

~1.5 TeV 

or 

Z’ 
~3.0 TeV 

Effet de l’augmentation de √spp	



Ce n’est que le début de l’aventure … 
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Désintégration du quark charmé 
1ière évidence de violation CP en désintégration 

•  Intérêt augmenté depuis l’observation du mélange D0   

Why search for CP 
violation in charm ? 

No evidence for CP violation in charm 
decays has yet been found 

!"

D0 mixing is well established at a level 
which is consistent with, but at the 

upper end of SM expectations 
HFAG arXiv:1010.1589 

Why search for CP 
violation in charm ? 

No evidence for CP violation in charm 
decays has yet been found 

!"

D0 mixing is well established at a level 
which is consistent with, but at the 

upper end of SM expectations 
HFAG arXiv:1010.1589 

•  La physique « charmée » conserve CP au premier ordre 

Why search for CP 
violation in charm ? 

New Physics (NP) can enhance        
CP-violating observables  

!"

SM charm physics is CP conserving to 
first approximation                     

(dominance of 2 generation) 

With b-quark contribution 
neglected: only 2 

generations contribute            
! real 2x2 Cabibbo matrix 

Unitary triangle for charm 

Triangle d’unitarité pour le charm 

•  La physique au-delà du modèle standard peut augmenter la  
  sensibilité des observables de la violation CP  

  ⇒ Recherche « directe » via 

Time-integrated CP asymmetry 
(what we measure at LHCb) 

•  We are looking for CP asymmetry defined as 

  with f=KK and f=!! and  
•  The flavor of the initial state (D0 or D0) 
is tagged by requiring a D*+! D0!+s decay, 
with the flavour determined by the charge 
of the slow pion (!+s) 

•  “slow” because of its lower average 
momentum (~5 GeV/c) with respect to the D0 
daughters (~30 GeV/c) 

!!"

! 

ACP f( ) =
"(D0 # f ) $"(D0

# f )
"(D0 # f ) +"(D0

# f )
KK or ππ	



 The following offline selection 
cuts have been applied on events 
which fired the software trigger 
explicitly on D0 candidate: 

D*± 

D0 

slow !"

K/!"

K/!"

!"#$%!&'

B 

D0 

K/!"

K/!"

!"#()&'
PV 

*)'

D* from 
primary 

D* from B  

Track fit quality for all the tracks 

D0 and D*± vertex fit quality 

Transverse momentum of D0(pT>2 GeV) 

Proper lifetime of D0 (ct>100µm) 

Angle between the D0 momentum in 
the lab frame and its daughter 
momenta in the D0 rest frame       

(|cos #| <0.9) 

Event selection 
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New HFAG combination 
(with LHCb result) 

! 

aCP
ind = "0.02 ± 0.23( )%

! 

"aCP
dir = #0.65 ± 0.18( )%

Consistency with NO CP violation: 0.15% 
!"#

New HFAG combination 
(with LHCb result) 

! 

aCP
ind = "0.02 ± 0.23( )%

! 

"aCP
dir = #0.65 ± 0.18( )%

Consistency with NO CP violation: 0.15% 
!"#

Moyenne mondiale: 

Résultat LHCb: 

Summary 
First evidence of CP violation in 

charm sector 

!"#

Significance 3.5σ (incl. statistical and 
systematic uncertainties)  

Our value is consistent with HFAG average (1σ) 
Magnitude of central value larger than 
current SM expectation ... but charm is 

notoriously difficult to pin down 
theoretically 

Looking forward to more data and many 
new charming results! 

Significance: 3.5 σ	
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“Jet quenching” 
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Les J/ψ de grand pT sont plus 
plus fortement supprimé qu’au 

RHIC 

“Quarkonia” 

Indication d’une régénération des 
J/ψ  ? 
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2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
… 
2030 

Démarrage à √spp = 900 GeV 

√spp = 7 – 8 TeV 
L = 1032 cm-2s-1 

L = 5 x 1033 cm-2s-1 

~ 15 fb-1 / exp. 

Montée à l’énergie et la luminosité nominale 

… 

√spp = 13 – 14 TeV 
L  ~ 1034 cm-2s-1 

~ 50 fb-1 / exp. 

√spp = 14 TeV 
L  ~ 2 x 1034 cm-2s-1 

~ 300 fb-1 / exp. 

L = 5 x 1033 cm-2s-1 

√spp = 14 TeV 
L  ~ 5 x 1034 cm-2s-1 

~ 3000 fb-1 / exp. Luminosity Levelling 

ILC ? 

Upgrades « PHASE I » – Injecteur, LHC + Détecteurs  

Upgrades « PHASE II » – sLHC + Crab cavities + Détecteurs  

Prospective  
LHC 
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•  Une moisson très importante de données furent collectées au  
  LHC en 2011 (140 x Lpp

2010, 15 x LPbPb
2010) 

•  Déjà plus de 225 publications par les quatres expériences utilisant    
  des données de collisions et couvrant tout le programme du LHC 

•  Plus de 500 papiers (avec revue interne) pour résultats préliminaires  
  ("Conference Notes", "Physics Analysis Summaries", "Conference Contributions" …) 

•  L’année 2012 devrait être décisive pour la découverte (ou l’exclusion) 
  définitive du boson de Higgs … seule une zone de basse masse reste 
  compatible avec le modèle standard. 

•  L’aventure ne fait que commencer pour la recherche de supersymétrie  
  et autres particules exotiques à l’échelle multi-TeV  
  (gain en √s attendu en 2014) 


