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The Standard Model of Particle Physics    

(i)    Constituents of matter: quarks and leptons 
(ii)   Four fundamental forces  
        (described by quantum field theories, except gravitation) 

(iii)   The Higgs field   (problem of mass)  

γ	




The Higgs mechanism 

  •  Add scalar fields: 

  Potential : 

•   For µ2 < 0, λ > 0,  minimum of potential: 
             
 
 
•   Perturbation theory around ground state:  

        

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

+

+
=

+

0
43

21

2
1

φ

φ
φφ

φφ
φ

i
i

! 

V (") = µ2(" *") + #(" *")2

! 

"1
2 + "2

2 + "3
2 + "4

2 = v 2 v 2 = #µ2 /$

⇒⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

+
=

)(
0

2
1)(0 xhv

xφ 3 massive vector fields: 
(g = coupling constant, well 
       measured in experiments) 
 
1 massless vector field: 
 
1 massive scalar field:           The Higgs boson H 

v = vacuum expectation value 

mH = !v2

m
W ± =

1
2
vg mZ =

mW

cos!W

m! = 0
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Why do we need the Higgs boson?  

The Higgs boson enters the Standard Model to solve two fundamental  
problems:  
 
•  Masses of the vector bosons W and Z and fermions  

        Experimental results:     MW = 80.399     ±   0.023     GeV / c2    
                                               MZ = 91.1875   ±    0.0021   GeV / c2 

 
        Standard Model gauge theories require massless gauge fields 

•  Divergences in the theory       (scattering of W bosons)  
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•  mH > 114.4 GeV/c2                                     from direct searches at LEP  

•  mH < 156 GeV/c2 .or. mH > 177 GeV/c2    from direct searches at the Tevatron        
 
         

Constraints on the Higgs boson mass (before LHC)   

•  Indirect constraints from precision measurements (quantum corrections)  
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•  mH > 114.4 GeV/c2                                     from direct searches at LEP  

•  mH < 156 GeV/c2 .or. mH > 177 GeV/c2    from direct searches at the Tevatron        
 
         

Constraints on the Higgs boson mass (before LHC)   

•  Indirect constraints from precision measurements (quantum corrections)  

mH  =   92 +34
-26    GeV/c2  

mH  <   161 GeV/c2        (95 % C.L.) 

February 2012 



Key questions of particle physics 

1.   Mass        
       What is the origin of mass? 
       Does the Higgs particle exist?  
 

2.   Unification    
      - Can the interactions be unified? 
      -  Are there new types of matter,  
         e.g. supersymmetric particles ? 
         Are they responsible for the Dark Matter in the universe? 
 
 
3.    Flavour 
       - Why are there three generations of particles? 
       - What is the origin of the matter-antimatter asymmetry 
         (Origin of CP violation)   
    
    
               Answers to some of these questions are expected on the  

TeV energy scale, i.e. at the LHC 
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Begin of a new era in particle physics   

CMS 

ALICE 

LHCb 

ATLAS 



The accelerator 

Beam energy                   3.5  →  7 TeV                                                

Superconducting Magnets    1232, 15 m, 

                                              8.33 Tesla 
… became reality, after ~15 years 
  of hard work  

 Proton-Proton (Heavy Ion) Accelerator 
 Circumference: 27 km 
 
 Energy:    √s = 7 TeV  (2010/2011) 
                  √s = 8 TeV  (2012) 
                  (Design: √s =14 TeV; ≥ 2015) 



The ATLAS experiment 

Diameter         25 m 
Barrel toroid length                          26 m 
End-cap end-wall chamber span                         46 m 
Overall weight                 7000 Tons 

•  Solenoidal magnetic field  
  (2T)  in the central region   
  (momentum measurement)  
 
   High resolution silicon 
   detectors:  
    -        6 Mio. channels   
             (80 µm x 12 cm)  
    -    100 Mio. channels   
             (50 µm x 400 µm) 
     space resolution:   ~ 15 µm 

•  Energy measurement down 
  to  1o to the beam line 
    
•   Independent muon  
   spectrometer 
   (supercond.  toroid system) 





CMS 

MUON BARREL	


CALORIMETERS	

 	


Pixels 
Silicon Microstrips#
210 m2 of silicon sensors#
9.6M channels	
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76k scintillating  
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Total weight          12500 t 
Overall diameter   15 m 
Overall length       21.6 m 



CMS 



Since 30. March 2010: collisions at  7 TeV 
     (.... first interesting results appeared soon) 

-  High energy jets  
  (scattered quarks, gluons)  
- Energy:  ~0.5 TeV  



Production Rates and Cross Sections at the LHC   
 
 

•  Inelastic proton-proton  
   collisions:                               109  / s 
  
•   bb pairs                               5  106 / s  
•   tt   pairs                               8        / s 

•   W  → e ν                                 150   / s 
•   Z  → e e                                15   / s 

•   Higgs (150 GeV)                  0.2    / s 
•   Gluino, Squarks (1 TeV)    0.03   / s 

Rates for the design luminosity: 
√s = 14 TeV,  L = 1034 cm-2 s-1:  
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Test of Quantum Chromodynamics  

 
 
•  Hard scattering processes (large momentum  
  transfer) are dominated by qq, qg, gg scattering  
 
•  Cross sections can be calculated in  
   QCD (perturbation theory) 
 
 
  
 
 
  Comparison between experimental data and 
  theoretical predictions constitutes an important 
  test of the theory.  
 
  Deviations?  
 
  →   Problem in the experiment ?  
         Problem in the theory (QCD) ?  
         New Physics, e.g. quark substructure ?  
 

Leading order 

 
 
…some next-to-leading order (NLO)   
   contributions 



Test of QCD in jet production  

•  Double differential cross section in transverse momentum (pT)  and rapidity (y) 

•  Very good agreement between data and NLO perturbative QCD calculations 
     within the experimental (jet energy measurement) and theoretical uncertainties 
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Well known quark-antiquark resonances (bound states)  appeared “online”  

[uu] 
[dd] [ss] 

[cc] [bb] 
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Data  corresponding to ~40 pb-1 collected 
à  re-discovery of the Standard Model  
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ATLAS Online Luminosity

Data taking in 2011/ 2012  
•  Excellent LHC performance in 2011and 2012 
      (far beyond expectations)  

•  2011: Peak luminosity seen by ATLAS:  
     3.6 1033 cm-2 s-1 

 
•  2012: running at √s = 8 TeV,  
     Luminosity regularly exceeding 6 1033 cm-2 s-1 

 
     So far: integrated luminosity > 20 fb-1       

 
•  Excellent performance of the experiments 

•  Small fraction of non-working detector 
     channels (few per mille à 1-2%)   
 
•  Data taking efficiency is high:  ~93.5% 
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Running conditions in 2011  
•  High peak luminosity and 50 ns bunch  
     spacing   à  high pile-up 
     
•  Superposition of several interactions 
     (reaching more than 20) per crossing 
 
•  Very challenging for trigger, computing, 
     reconstruction of physics objects,… 
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Z à µ+ µ-  with 20 superimposed events 



The Standard Model at the LHC 

H → ZZ 
(0.5 pb) 

H (20pb) 

July 2012 



The Search for the Higgs Boson 

           
          Gluon Fusion  
 
 
 
          Vector boson  
          fusion 
 
 
 
           tt associated  
           production  
 
 
             WH/ZH  
             associated 
             production 



Useful Higgs Boson Decays at a Hadron Collider 

at high mass: 
Lepton final states  
 (via H → WW, ZZ)  
 
 
 
at low mass:  
Lepton and Photon final states  
(via H → WW*, ZZ*  and H → γγ)  
 
Tau final states 
 
 
The dominant bb decay mode at low 
mass is only useable, if the Higgs boson 
is produced in association with a W or  
Z boson, e.g.    pp à WH à ℓν bb  

Important channels:   H à WW à ℓν ℓν	

                                   H à γγ 	

                                 H à ZZ à ℓ+ℓ-  ℓ+ℓ- 

Vector bosons Fermions 



Useful Higgs Boson Decays at a Hadron Collider 

at high mass: 
Lepton final states  
 (via H → WW, ZZ)  
 
 
 
at low mass:  
Lepton and Photon final states  
(via H → WW*, ZZ*  and H → γγ)  
 
Tau final states 
 
 
The dominant bb decay mode at low 
mass is only useable, if the Higgs boson 
is produced in association with a W or  
Z boson, e.g.    pp à WH à ℓν bb  

Vector bosons Fermions 

Higgs boson decays in massless particles  
via higher order processes (small rate)  



4th July 2012  



4. Juli  2012  



…. physicists knew already on the evening before that it would be  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
worth while to spend the night in front of the CERN auditorium  
  



Evidence for the Higgs particle    

Expected number of decays in data:                   ~     480 H  à γγ  
mH = 125 GeV                                                      ~       30 H à ZZ à 4 ℓ 
                                                                             ~   4400 H à WW à ℓν ℓν   



Search for the H à γγ  decay    

•  2 photons (isolated)  with large transverse  
     momenta 
 
•  Mass of the Higgs boson can be reconstructed mγγ 	

	

   Both experiments have a good mass resolution 
   ATLAS:    ~1.7 GeV/c2 for mH ~120 GeV/c2  

•   Challenges:   
      -  signal-to-background ratio  
         (small, but smooth irreducible γγ   background)  
                            
 
 
 
      -  reducible backgrounds from γj and jj   
         (several orders of magnitude larger than  
          irreducible one) 

q 
g 

γ 
γ π0 q 
γ 

q 
q 

γ 
γ 

 [GeV]m
110 112 114 116 118 120 122 124 126 128 130

 / 
0.

5 
G

eV
1/

N
 d

N
/d

m

0

0.02

0.04

0.06

0.08

0.1

0.12
ATLAS Preliminary

(Simulation)

=120 GeV
H

, m Hgg

Fit

 6 !
 9 !6 < 
 12 !9 < 

 > 12!



Result of the ATLAS search for H à γγ   
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•  Background model: exponential / polynomial function,  
     determined directly from data  (different models have been used à systematics)  



What does the competition see ?  



Search for H à γγ:   compatibility with background hypothesis  

•  Maximum deviation from background-only expectation observed for:  
                                           ATLAS                             CMS 
                                       mH~126 GeV/c2                 mH ~125 GeV/c2 
 

     - local p0-value:          2 �10-6     4.5σ                   2.5 �10-5       4.1σ  	


*     p0: consistency of the data with the background-only hypothesis  



Search for the H à ZZ(*) à ℓ+ℓ- ℓ+ℓ- decay    

•  The “golden mode”  
     4 leptons (isolated) with large transverse  
     momenta 
 
•  Mass of the Higgs boson can be reconstructed m4ℓ 	

	

   Both experiments have a good mass resolution 
   ATLAS:    ~2.5 GeV/c2 (4e) for mH ~130 GeV/c2  
                           ~2.0 GeV/c2 (4µ) for mH ~130 GeV/c2  

•  Low signal rate, but also low background: 
     - Mainly from ZZ continuum 
 
 
 
    - In addition from tt and Zbb events:  
       tt → Wb Wb → ℓν cℓν ℓν cℓν	

       Z bb → ℓℓ cℓν cℓν  
        however: leptons are non-isolated and do not 
                       originate from the primary vertex  
 
       rejection possible in excellent LHC tracking detectors  [GeV]eeeem
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Candidate event for  a H à ZZ à e+e- µ+ µ-  decay 



4ℓ invariant mass spectra    
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•   Reducible backgrounds from Z+jets, Zbb, tt giving 2 genuine + 2 fake leptons  
      measured using background-enriched, signal-depleted control regions in data 
 
•  Irreducible background from non-resonant continuum ZZ production seem slightly  
    underestimated in NLO Monte Carlo simulation; normalized in high-mass region;  



Search for H à WW à ℓν ℓν  decay    

•  2 leptons  (e or µ) with large transverse  
     momenta 
 
     Leptons from Higgs decay (spin-0 particle) 
     are expected to have a small angular 
     separation  
 
•  2 neutrinos  
 
     à large missing transverse energy 
 
     à Higgs boson mass cannot be  
          reconstructed, use transverse mass 
 
 
•  Highest sensitivity around 160 GeV/c2 

     (nearly 100% H à WW branching ratio)  

•  Tevatron exclusion is based on this channel 
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Updated ATLAS analysis (since 4th July)  
including the 2012 data 



Small probabilities for background-only hypothesis observed for: 
 
ATLAS:     126.0 GeV:          5.9σ         (expected for mH = 126.0 GeV:    5.0 σ)  
 
CMS:        125.3 GeV:   :      5.0σ        (expected for mH = 125.3 GeV:    5.8 σ)  

Test of background-only hypothesis for the combination of 
the γγ, ZZ, WW, ττ and bb  channels 

 -ATLAS and CMS-  

 [GeV]Hm
110 115 120 125 130 135 140 145 150

0
Lo

ca
l p

-1110

-1010

-910

-810

-710

-610

-510
-410

-310
-210
-110
1

Obs. 
Exp. 

1 !-1Ldt = 5.8-5.9 fb = 8 TeV:  s

-1Ldt = 4.6-4.8 fb = 7 TeV:  s
ATLAS 2011 - 2012

0
1
2
3

4

5

6



Fabiola Gianotti (CERN) and  
Joseph Incandela (UC Santa Barbara)  
 
-spokespersons of the  ATLAS and CMS  
 experiments-   

Live transmission to Melbourne  
 
Int.  Conference on High Energy Physics  



Observation of a New Particle 
Submission to PLB on 31. July 2012 

Physics Letters B 716 (2012) 1–29

Contents lists available at SciVerse ScienceDirect

Physics Letters B

www.elsevier.com/locate/physletb

Observation of a new particle in the search for the Standard Model Higgs boson
with the ATLAS detector at the LHC!

.ATLAS Collaboration !

This paper is dedicated to the memory of our ATLAS colleagues who did not live to see the full impact and significance of their
contributions to the experiment.

a r t i c l e i n f o a b s t r a c t

Article history:
Received 31 July 2012
Received in revised form 8 August 2012
Accepted 11 August 2012
Available online 14 August 2012
Editor: W.-D. Schlatter

A search for the Standard Model Higgs boson in proton–proton collisions with the ATLAS detector at
the LHC is presented. The datasets used correspond to integrated luminosities of approximately 4.8 fb−1

collected at
√
s = 7 TeV in 2011 and 5.8 fb−1 at

√
s = 8 TeV in 2012. Individual searches in the channels

H → Z Z (∗) → 4", H → γ γ and H → WW (∗) → eνµν in the 8 TeV data are combined with previously
published results of searches for H → Z Z (∗) , WW (∗), bb̄ and τ+τ− in the 7 TeV data and results from
improved analyses of the H → Z Z (∗) → 4" and H → γ γ channels in the 7 TeV data. Clear evidence for
the production of a neutral boson with a measured mass of 126.0±0.4 (stat)±0.4 (sys) GeV is presented.
This observation, which has a significance of 5.9 standard deviations, corresponding to a background
fluctuation probability of 1.7×10−9, is compatible with the production and decay of the Standard Model
Higgs boson.

 2012 CERN. Published by Elsevier B.V. All rights reserved.

1. Introduction

The Standard Model (SM) of particle physics [1–4] has been
tested by many experiments over the last four decades and has
been shown to successfully describe high energy particle interac-
tions. However, the mechanism that breaks electroweak symmetry
in the SM has not been verified experimentally. This mechanism
[5–10], which gives mass to massive elementary particles, implies
the existence of a scalar particle, the SM Higgs boson. The search
for the Higgs boson, the only elementary particle in the SM that
has not yet been observed, is one of the highlights of the Large
Hadron Collider [11] (LHC) physics programme.

Indirect limits on the SM Higgs boson mass of mH < 158 GeV
at 95% confidence level (CL) have been set using global fits to pre-
cision electroweak results [12]. Direct searches at LEP [13], the
Tevatron [14–16] and the LHC [17,18] have previously excluded, at
95% CL, a SM Higgs boson with mass below 600 GeV, apart from
some mass regions between 116 GeV and 127 GeV.

Both the ATLAS and CMS Collaborations reported excesses of
events in their 2011 datasets of proton–proton (pp) collisions at
centre-of-mass energy

√
s = 7 TeV at the LHC, which were compat-

ible with SM Higgs boson production and decay in the mass region
124–126 GeV, with significances of 2.9 and 3.1 standard deviations
(σ ), respectively [17,18]. The CDF and DØ experiments at the Teva-
tron have also recently reported a broad excess in the mass region

! © CERN for the benefit of the ATLAS Collaboration.
! E-mail address: atlas.publications@cern.ch.

120–135 GeV; using the existing LHC constraints, the observed lo-
cal significances for mH = 125 GeV are 2.7σ for CDF [14], 1.1σ for
DØ [15] and 2.8σ for their combination [16].

The previous ATLAS searches in 4.6–4.8 fb−1 of data at
√
s =

7 TeV are combined here with new searches for H → Z Z (∗) → 4",1

H → γ γ and H → WW (∗) → eνµν in the 5.8–5.9 fb−1 of pp col-
lision data taken at

√
s = 8 TeV between April and June 2012.

The data were recorded with instantaneous luminosities up to
6.8 × 1033 cm−2 s−1; they are therefore affected by multiple pp
collisions occurring in the same or neighbouring bunch crossings
(pile-up). In the 7 TeV data, the average number of interactions per
bunch crossing was approximately 10; the average increased to ap-
proximately 20 in the 8 TeV data. The reconstruction, identification
and isolation criteria used for electrons and photons in the 8 TeV
data are improved, making the H → Z Z (∗) → 4" and H → γ γ
searches more robust against the increased pile-up. These analy-
ses were re-optimised with simulation and frozen before looking
at the 8 TeV data.

In the H → WW (∗) → "ν"ν channel, the increased pile-up de-
teriorates the event missing transverse momentum, Emiss

T , resolu-
tion, which results in significantly larger Drell–Yan background in
the same-flavour final states. Since the eµ channel provides most
of the sensitivity of the search, only this final state is used in
the analysis of the 8 TeV data. The kinematic region in which a
SM Higgs boson with a mass between 110 GeV and 140 GeV is

1 The symbol " stands for electron or muon.
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Results are presented from searches for the standard model Higgs boson in proton–proton collisions
at

√
s = 7 and 8 TeV in the Compact Muon Solenoid experiment at the LHC, using data samples

corresponding to integrated luminosities of up to 5.1 fb−1 at 7 TeV and 5.3 fb−1 at 8 TeV. The search
is performed in five decay modes: γ γ , ZZ, W+W−, τ+τ−, and bb. An excess of events is observed above
the expected background, with a local significance of 5.0 standard deviations, at a mass near 125 GeV,
signalling the production of a new particle. The expected significance for a standard model Higgs boson
of that mass is 5.8 standard deviations. The excess is most significant in the two decay modes with the
best mass resolution, γ γ and ZZ; a fit to these signals gives a mass of 125.3± 0.4(stat.)± 0.5(syst.) GeV.
The decay to two photons indicates that the new particle is a boson with spin different from one.

 2012 CERN. Published by Elsevier B.V. All rights reserved.

1. Introduction

The standard model (SM) of elementary particles provides a re-
markably accurate description of results from many accelerator and
non-accelerator based experiments. The SM comprises quarks and
leptons as the building blocks of matter, and describes their in-
teractions through the exchange of force carriers: the photon for
electromagnetic interactions, the W and Z bosons for weak inter-
actions, and the gluons for strong interactions. The electromagnetic
and weak interactions are unified in the electroweak theory. Al-
though the predictions of the SM have been extensively confirmed,
the question of how the W and Z gauge bosons acquire mass
whilst the photon remains massless is still open.

Nearly fifty years ago it was proposed [1–6] that spontaneous
symmetry breaking in gauge theories could be achieved through
the introduction of a scalar field. Applying this mechanism to the
electroweak theory [7–9] through a complex scalar doublet field
leads to the generation of the W and Z masses, and to the predic-
tion of the existence of the SM Higgs boson (H). The scalar field
also gives mass to the fundamental fermions through the Yukawa
interaction. The mass mH of the SM Higgs boson is not predicted
by theory. However, general considerations [10–13] suggest that

! © CERN for the benefit of the CMS Collaboration.
! E-mail address: cms-publication-committee-chair@cern.ch.

mH should be smaller than ∼1 TeV, while precision electroweak
measurements imply that mH < 152 GeV at 95% confidence level
(CL) [14]. Over the past twenty years, direct searches for the Higgs
boson have been carried out at the LEP collider, leading to a lower
bound of mH > 114.4 GeV at 95% CL [15], and at the Tevatron
proton–antiproton collider, excluding the mass range 162–166 GeV
at 95% CL [16] and detecting an excess of events, recently reported
in [17–19], in the range 120–135 GeV.

The discovery or exclusion of the SM Higgs boson is one of the
primary scientific goals of the Large Hadron Collider (LHC) [20].
Previous direct searches at the LHC were based on data from
proton–proton collisions corresponding to an integrated luminos-
ity of 5 fb−1 collected at a centre-of-mass energy

√
s = 7 TeV.

The CMS experiment excluded at 95% CL a range of masses from
127 to 600 GeV [21]. The ATLAS experiment excluded at 95%
CL the ranges 111.4–116.6, 119.4–122.1 and 129.2–541 GeV [22].
Within the remaining allowed mass region, an excess of events
near 125 GeV was reported by both experiments. In 2012 the
proton–proton centre-of-mass energy was increased to 8 TeV and
by the end of June an additional integrated luminosity of more
than 5 fb−1 had been recorded by each of these experiments,
thereby enhancing significantly the sensitivity of the search for the
Higgs boson.

This Letter reports the results of a search for the SM Higgs bo-
son using samples collected by the CMS experiment, comprising
data recorded at

√
s = 7 and 8 TeV. The search is performed in
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Decay observed into particles with same spin and electric charge sum = 0 
                   à a new neutral boson has been discovered 



Is it the Higgs Boson ?   



Largest signal strength at mH= 126.0 GeV 

                         µ  = 1.4 ± 0.3 

Largest signal strength at mH= 125.5 GeV 

µ  = 0.87 ± 0.23 

Consistent with expectation in the Standard Model  (µ=1)    

Determination of „best“  signal strength    µ = σobserved/σSM 

Signal Strength of the New Particle Signal strength of the new particle     



Signal Strength in Individual Decay Modes Signal strength in individual decay modes     

•  Data are consistent with the hypothesis of a Standard Model Higgs boson !  
  
•  Experimental uncertainties are still too large to get excited about “high” γγ  and 
     “low” fermionic (ττ and bb) signal strength ! 



Determination of mass and signal strength  

mH = 126.0 ± 0.4 (stat) ± 0.4 (syst) GeV  
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What do the new data say?  
 
       -2012 data since 4th July-  
 

•  Results based on 13 fb-1 at √s = 8 TeV 
     have been shown TODAY at the  
     Hadron Collider Physics Symposium  
     in Kyoto / Japan  
 
•  Focus on  H à ττ  and H à bb decays  
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Why is the search in these decay 
modes so challenging?  



More complications with taus: 
 
-  Small signal rate, compared to large background from  
      jet production via QCD processes 
     à smaller vector boson fusion need to be used 

-  Neutrinos in the final state 
     à poor mass resolution  
 
 
 
 
 
-  Small signal in presence of a large  
     Z à ττ background   

Expected signal 
 
Monte Carlo  
Simulation ! 
~50 fb-1 

Jet 

Jet 



Results based on 17 fb-1 data: 
(R. Wolf, CMS @ Kyoto)   



Results based on 13 fb-1 data at √s = 8 TeV: 
(K. Nakamura, ATLAS @ Kyoto)   



•  Sensitivity (125 GeV)        = 1.05 σSM 
     Observed limit (125 GeV) = 1.66 σSM 
 

Results of updated H à ττ searches 

•  Sensitivity (125 GeV)        = 1.2 σSM  
     Observed limit (125 GeV) = 1.9 σSM 
  

•  The results of both experiments are compatible with a Higgs boson signal at 125 GeV,  
     but also with the background only hypothesis. 



Combined signal strength 

CMS:         µ (H à ττ)  = 0.72 ± 0.52 
 
ATLAS:     µ (H à ττ)  = 0.7 ± 0.7 
 

Results of updated H à ττ searches 



Results on H à bb from CMS 

•  Small excess is showing up around 125 GeV   

•  Signal from di-boson production VZ, Zà bb seen and well described    
     



Results on H à bb 

•  Observed excess  (125 GeV) = 2.2 σ  
     Expected               (125 GeV) = 2.1 σ	

 
•  Compatible with Higgs boson signal  
     at 125 GeV but also with background  
     only hypothesis. 

Combined signal strength 

µ (H à bb)  = 1.3+0.7 
-0.6     



Results on H à bb from ATLAS 

•  No excess visible around 125 GeV   

•  Signal from di-boson production  
     VZ, Z à bb seen   
     

Combined signal strength 

µ (H à bb)  =  -0.4 ± 1.1 



Results on H à bb from the Tevatron 



Results on H à WW from ATLAS 



Results on H à ZZ from CMS 



Results on Signal strengths including new data 



Conclusions 

•  With the operation of the LHC at high energies, particle physics has entered 
     a new era  
 
•  Performance of the LHC and the experiments is superb 

•  A milestone discovery made in July 2012  

     - Data are consistent with a Standard Model Higgs boson with a mass ~125 GeV, 
       but also with many extended Models  
     - Evidence for decays in Heavy Fermions (ττ and bb) is building up  
 
•  More data and a combination of the results of the two experiments are needed  
     to determine the true nature of the new particle  
     (Spin, CP, couplings to fermions and bosons)  
      
•  More conclusive  and more precise results are expected in Spring / Summer 2013  

•  … and hopefully the discovery of the Higgs-like particle it a portal to other  
    exciting discoveries at the LHC 


