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¨Historical introduction of the boson and of the LHC

reminder( seeFrançois and Yves )

¨Future facilities ( for future searches) 

¨New physicsin the scalarsector

( seePierre and Abdelhak) 

¨Conclusion

¨Backup  
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Rien nôest cru si fermement  que ce 

que lôon sait le moins 
Nothing is believed more strongly that which we know the least

Montaigne , Essais
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Spontaneous Symmetry breaking 

The Brout-Englert-Higgs mechanism 

The LHC 

in a   

Bourbaphy 29-11-14



6

LOI of ólargeô  LHC experiments 

TP of ATLAS andCMS   approval of LHC (december)

discovery of top by CDF and D0 (following evidence in 1994 by CDF) 

approval of LHC in one step (december)

approval of the 4 largest LHC experiments  (ATLAS,CMS,   LHCb, ALICE)

ATLAS Physics TDR  CERN/LHCC/99-14    CERN/LHCC/99-15

CMS Physics TDR   J. Phys. G: Nucl. Part. Phys. 34 (2007) 995ï1579

ATLAS  Expected Performance arXiv:0901.0512

start-up at 3.5 + 3.5 TeV
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1964 Brout, Englert, Higgs, Guralnik,Hagen,Kibble

1967  Weinberg, Salam    Faddeev,Popov

1970 Glashow, Iliopoulos,

Maiani, ót Hooft, Veltmané..

1983    Rubbia, van der Meer, Banner, Darriulat, Di Lella,          discovery of W and Z at CERN   

1984                  Repellin, é                                                                                            Lausanne 

1989       construction of the LEP (  e+ e- collider )  tunnel finished

beginning of the R & D  of  LHC  experiments

1950 Ginzburg-Landau  ( Meissner-Ochsenfeld effect  London penetrationlength ~W mass

 Pippardcoherencelength ~ H mass  )

relatedto sort of 

(Anderson) Brout-Englert-Higgs mechanism

1959 Nambu 

1960 Goldstone

1961  Schwinger

1962  Anderson

4th July discovery of boson

boson like properties           Nobel prize to Englert and Higgs
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10th september 2008 :  first beams around

19th september 2008 : incident

20th november 2009 :  first beams around (again)

december 2009 :  collisions at 2.36 TeV cms

14 months of major repairs and consolidation

New Quench Protection system

January 2010 : decided scenario 2010-11    7 TeV cms

30th march 2010 :  first collisions at 7 TeV cms

august 2010 :  luminosity of 1031 cm-2 s-1

instead of 14 TeV
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may 2011 :  luminosity > 1033 cm-2 s-1

november 2011 :  integrated luminosity  ~  5 fb-1 

13thdecember 2011 :  first ósignalô around 126 GeV
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march 2012 :  start again at 8 TeV 

( 50 ns  between bunches )

4th July 2012 :  evidence for a new boson  

( integrated luminosity  ~  6 fb-1  )
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(Standard-Model) boson-like properties

peak luminosity   7 1033 cm-2 s-1   

integrated luminosity ~ 5+ 20 fb-1

Albert De Roeck

Yves Sirois
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Two important results at the LHC 

The discovery of the BEH boson ,

with properties close 

to what was predicted by 

the Standard Model

No new physics ! 
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We hope to find new physics in the scalar sector

either by looking at deviations of the properties

(w.r.t SM properties ) of the (already discovered )

BEH boson , or by looking 

at new bosons ( using or not the already discovered

boson ) 

The SM ( with a BEH boson ) is NOT the ultimate theory

(  neutrino masses , dark matter, baryon-antibaryon 

asymetry, unification betweenelectroweaktheoryand 

stronginteration, é     not explained )
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masses of elementary 

particles

1meV           10 K

1eV              104K
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~65 % of dark energy (vacuum  energy)

Ýexpansion  of Universe 

accelerating

~ 30 % of dark matter ( not yet

observed ) Ý rotation 

of galaxies

~ 5 % ofñknownò matter

Energy of Universe

A lot of things are not known !   SM not ultimate theory 

Hierarchy problem

mH << mPlanck

Connection 

with gravity 
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Supersymmetry (SUSY) is a popular candidate in order to óexplainô this 

* Multiplies by ~2 the number of particles 

* Allows the stabilisation of the Higgs mass 

* Local SUSY incorporates gravity

* Gives a natural candidate to

dark matter : the LSP

In addition  better unification 
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MSSM

D.Rainwater hep-ph/0702124

MSSM

5 Higgs bosons  

( 3 neutrals A,H,h and 2 charged H°) 

couplings to down

part of doublets

( b , t, m) enhanced

at  high  tan(ɓ)

at LO MSSM Higgs sector depends of 2 parameters  MA tan(b)
( = v2/ v1)            at NLO more SUSY parameters  

A (0-) does not give  ZZ and WW)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/HIGGS/ATLAS_HIGGS_mu_Summary/ATLAS_HIGGS_mu_Summary_201410.png

LHC results of run 1 ( see Yves )

sensitive to 

several decay modes

«

several production

modes  

Bourbaphy 29-11-14
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A.Djouadi Phys.Rept.457:1-216

GF     H Ÿ WW , ZZ , ɔɔ, bb,tt

VBF H Ÿ WW, ZZ , ɔɔ, tt

H Ÿ WW, ɔɔ, bb

H Ÿ WW, ɔɔ, bb

Typical uncertainties on cross-section

gg            10 %            NNnLO

VBF         5%                 NLO

WH,ZH   5%                NNLO

ttH           15%               NLO

These production cross sections have to be used

with the decaysbb , tt, WW, ZZ , gg

channels with good mass resolution 
Bourbaphy 29-11-14
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values of the couplings can be modified in extensions of the SM 

relative modifications of direct and loop-inducedcouplings

dependof BSM models:  

- in ócomposite modelsô  couplingsto 

ggare protectedby global symetriesand deviationsare

thereforesmaller, 

- in MSSM loop-induceddeviationsare larger
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Importance of theoretical errors at the LHC 

but they should decrease (soon) !  
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