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From the editorial: 

 

“The top Breakthrough of the Year – the 
discovery of the Higgs boson – was an 
unusually easy choice, representing 
both a triumph of the human intellect 
and the culmination of decades of work 
by many thousands of physicists and 
engineers.” 
 
  



Nobel-Preis für Physik 2013:    François Englert und Peter Higgs  
 

“ … for the theoretical discovery of a mechanism that contributes to our understanding 
of the origin of mass of sub-atomic particles, and which recently was confirmed through the 
discovery of the predicted fundamental particle, by the ATLAS and CMS experiments at 
CERN’s Large Hadron Collider.” 



EPS Prize 2013:  
 
The 2013 High Energy and Particle Physics Prize, for an outstanding contribution to 
High Energy Physics, is awarded to the ATLAS and CMS collaborations, 
“for the discovery of a Higgs boson, as predicted by the Brout-Englert-Higgs 
mechanism”, and to Michel Della Negra, Peter Jenni, and Tejinder Virdee, “for  their 
pioneering and outstanding leadership rôles in the making of the ATLAS and CMS 
experiments”.  



Physik-Journal Februar 2015: 
 
“.. Obwohl in diesen großen Kollaborationen eine große Zahl von Forschern 
mitarbeitet, ist es möglich, einzelne Forscherpersönlichkeiten herauszuheben, 
deren Ideen und Arbeit für den Erfolg des Experiments von besonderer  
Bedeutung waren. Zu diesen gehört neben den Sprechern der Experimente 
Karl Jakobs.”  



The Standard Model of Particle Physics    

(i)    Matter particles: quarks and leptons (spin ½, fermions) 
(ii)   Four fundamental forces: described by quantum field theories (except gravitation)  
                                                          à massless spin-1 gauge bosons 

(iii)   The Higgs field                 à scalar field, spin-0 Higgs boson 

γ	

 mW ≈ 80.4 GeV   
 mZ  ≈ 91.2 GeV 



The Brout-Englert-Higgs Mechanism    

F. Englert and R. Brout. Phys. Rev. Lett. 13 (1964) 321; 
P.W. Higgs, Phys. Lett. 12 (1964) 132, Phys. Rev. Lett. 13 (1964) 508; 
G.S. Guralnik, C.R. Hagen, and T.W.B. Kibble. Phys. Rev. Lett. 13 (1964) 585. 



The Brout-Englert-Higgs Mechanism    
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P.W. Higgs, Phys. Lett. 12 (1964) 132, Phys. Rev. Lett. 13 (1964) 508; 
G.S. Guralnik, C.R. Hagen, and T.W.B. Kibble. Phys. Rev. Lett. 13 (1964) 585. 

R. Brout (1964)  

P. Higgs (1964)  



The Brout-Englert-Higgs Mechanism 

For λ > 0, µ2 < 0: 
“Spontaneous Symmetry Breaking” 

Complex scalar (spin 0) field φ with potential: 

 → Omnipresent Higgs field:   vacuum expectation value   v ≈ 246 GeV 
 
 → Higgs Boson           (mass not predicted, except mH < ~1000 GeV)   
 
 → Particles acquire mass through interaction with the Higgs field 

 

V (φ) = µ2(φ *φ) + λ(φ *φ)2



The Brout-Englert-Higgs Mechanism 

For λ > 0, µ2 < 0: 
“Spontaneous Symmetry Breaking” 

Complex scalar (spin 0) field φ with potential: 

 

V (φ) = µ2(φ *φ) + λ(φ *φ)2

•  Couplings proportional to mass  



Leeres Vakuum  
Alle Teilchen sind masselos und bewegen  
sich mit derselben Geschwindigkeit,  
der Lichtgeschwindigkeit. 

Higgs-Feld 
Teilchen wechselwirken mit dem  
Higgs-Feld und bewegen sich langsamer.   
Sie erhalten effektiv eine Masse. Die Masse 
hängt von der Stärke der Wechselwirkung mit 
dem Higgs-Feld ab. 

Das Higgs-Teilchen: Anregung des Higgs-
Feldes  

Prinzip der Massenerzeugung 



The Higgs field solves two fundamental problems:   
 
 
(i)   Masses of the vector bosons W and Z and fermions  
 
    
(ii)  Divergences in the theory       (scattering of W bosons) 
       (“Ultraviolet regulator”)  
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Higgs Boson Decays  

 [GeV]HM
100 200 300 400 500 1000

Hi
gg

s 
BR

 +
 T

ot
al

 U
nc

er
t

-310

-210

-110

1

LH
C

 H
IG

G
S 

XS
 W

G
 2

01
1

bb

cc

ttgg

Z

WW

ZZ

*) LHC Higgs cross-section working group 

*) 

•  The Higgs boson decays rapidly (10-22 s)  
     into kinematically accessible particles    

Stefan Dittmaier  
Working group convenor (2010-2012) 

Markus Schumacher 
ATLAS representative  (seit 2014) 



Higgs Boson Production at the LHC   

Gluon fusion (ggF)                         Vector boson fusion (VBF)  



Higgs Boson Production at the LHC   
           
          Gluon fusion  
 
 
 
          Vector boson  
          fusion 
 
 
 
           WH/ZH  
           associated 
           production 
 
 
          tt associated  
          production  

*) LHC Higgs cross-section working group;  
 
   (N)NLO calculations: Huge theory effort 
                                     LHC for theorists: “Long and Hard Calculations”  



The first “experimental steps” 
1984:  CERN and ECFA* workshop in Lausanne,  
           Marks the first official recognition of the concept of the LHC 

“The real belief that a ‘dirty’ hadron collider 
can actually do great discovery physics came 
from the UA1 and UA2 experiments with their  
W and Z boson discoveries at CERN (1983)” 

W à eν	 Z à ee	

1990:  ECFA workshop in Aachen, Large Hadron Collider 
1992:  ECFA workshop in Evian: Four Expression of Interest 
           ASCOT, EAGLE, CMS, L3*      à ATLAS + CMS  
 
1993:  Proposal of LHC with commissioning in 2002  
1994:  Approval of two-stage construction  
1997:  Approval of a single-stage 14 TeV LHC for completion in 2005  

* ECFA: European Committee for Future Accelerators 



The first serious studies 



The first serious studies 

(A) The “Golden decay channel”: 
 
 H à ZZ(*) à  ℓ+ℓ-  ℓ+ℓ-     (ℓ = e, µ) 



The first serious studies 
(B) The “Rare decay    
       channel”: 
       H à γγ	
	
	
	
	

“None ot the other possible channel provides any  
hope to discover a Higgs boson in this mass range.” 



Further major physics steps 
(i)  The H à WW decay channel:  
 
1997:  M. Dittmar and H. Dreiner, H à WW à ℓℓ νν as the dominant search mode 
           at the LHC from mH = 150 – 180 GeV, Phys. Rev. D55 (1997) 167. 
 
1999:   K. Jakobs:  H à WW*à ℓℓ νν established in the  
            ATLAS Detector and Physics Performance TDR  
 
 
 

(C)  The “Copious but Dirty” channel: 
 
 H à WW(*) à  ℓ+ν  ℓ-ν     (ℓ = e, µ) 



Further major physics steps 
(i)  The H à WW decay channel:  
 
1997:  M. Dittmar and H. Dreiner, H à WW à ℓℓ νν as the dominant search mode 
           at the LHC from mH = 150 – 180 GeV, Phys. Rev. D55 (1997) 167. 
 
1999:   K. Jakobs:  H à WW*à ℓℓ νν established in the  
            ATLAS Detector and Physics Performance TDR  
 
 
(ii)  The vector boson fusion channels: 
 
1999:  D. Rainwater, D. Zeppenfeld 
           Vector boson fusion production at low mass,  
           qqH à qq WW,  qqH à qqττ 	
2003:  ATLAS Vector boson fusion paper, EPJ-C  
 

(D) The “Challenge”: 
 
      qq H à qq ττ  

Fermions ! 



ATLAS Overview Week Freiburg 2004	



ATLAS Overview Week Freiburg 2004	



Further major physics steps 
(iii)  Higgs boson couplings:  
 
2003:  T. Plehn, D. Rainwater and D. Zeppenfeld,    
           Determining the structure of the Higgs couplings at the LHC 
           Phys. Rev. Lett. 88 (2003) 051801. 
 
2003:  M. Dührssen, “Studie zur Bestimmung der Higgs-Boson-Kopplungs- 
           parameter im ATLAS-Experiments am LHC”,  
           Diplomarbeit, Universität Mainz 
2004:  M. Dührssen et al., Extracting Higgs boson couplings from CERN  
           LHC data”, Phys. Rev. D70 (2004) 113009.  
 
              
(iv)   H à bb revival 
 
2008:  J. Butterworth et al., Jet substructure as a new Higgs  
           search tool at the LHC, Phys. Rev. Lett. 100 (2008) 242001.   
2009:  G. Piacquadio, C. Weiser et al. ATLAS sensitivity to the  
            Standard Model Higgs boson in the WH and ZH channels 
            at high transverse momenta, ATL-PHYS-PUB-2009-088.  
 (E) The “Hope(less)”: 

  
      WH à  ℓν bb 
      ZH  à  ℓℓ  bb Another try for Fermions! 



Ausgeschmierte Higgs	



Little Higgs models  	



More Higgs bosons  	



Heidi Higgs  	



Composite 	


Higgs bosons  	



MSSM Higgs bosons  	



SUSY  Higgs  	



Dark Higgs  	



No Higgs at the LHC	
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The Large Hadron Collider   

CMS 

ATLAS 



Ein Blick in den Beschleunigertunnel des LHC 

Inbetriebnahme  2008 / 2009  
nach  ~15 Jahren Entwicklungs- und Bauzeit   



The ATLAS experiment 

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


