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    Physics with the scalar boson(s)  

Ecole Internationale de Physique Subatomique (EIPS) 

  Louis Fayard  

    LAL Orsay 

lfayard@in2p3.fr 
Lyon 28-29 oct 13 

please ask questions 

if you want  
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 Historical introduction of the boson and of the LHC 

 

 Some phenomenological comments 

 

 Rapid overview of the detectors  

 

 The discovery 

  

 The first measurements of the properties  

 

 The future of the physics with the scalar boson(s) 

 

 Backup ( with references )   

see also  seminar 

by Massimiliano 

Grazzini 

and the description of the analysis in the 

various channels , and the searches for 

additional bosons 

and LHC 

and detectors 
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references 

I made the effort of compiling (almost) all the  

references from ATLAS and CMS in the appendix 

going from 36pb-1 to the full 5+25 fb-1 full analysis 
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There are 2 important results at the LHC   

the discovery 

of the boson 

at 125 GeV 

very standard !  

and no new physics ! 
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Disclaimer 

This is not a course on the whole LHC physics !  

I probably do not have everywhere all the most  

  recent results !  

I will often take 

Hγγ as an example 

I will be detector-oriented 

( not statistics oriented)  
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I will not discuss very exotic models/ideas 

  but they are in the references 

 examples  



Lyon 28-29 oct 13 8 

I will not give full justice to the Tevatron 

But we cannot overestimate what the LHC experiments 

  owe to the Tevatron , in particular in term of  

  analysis methods ! 
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• Proton-antiproton collider at √s=1.96 TeV 

• Tevatron accelerator: 6.5 km circumference 

• Two general-purpose experiments: CDF and DØ 

• 10-year long Run II ended Sept. 30th, 2011 

• Total integrated luminosity delivered in Run II: 

  ~12 fb-1 (per experiment) 
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Rien n’est cru si fermement  que ce  

   que l’on sait le moins  
Nothing is believed more strongly that which we know the least 

Montaigne , Essais 
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 Historical introduction of the boson and of the LHC 

 

 Some phenomenological comments 

 

 Rapid overview of the detectors 

 

 The discovery 

  

 The first measurements of the properties  

 

 The future of the physics with the scalar boson(s) 

 

 Backup ( with references )   

and detectors 
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Spontaneous Symmetry breaking  

   

    The Brout-Englert-Higgs mechanism  

 

            The LHC  

 

                                                           in a    

Lyon 28-29 oct 13 
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LOI of ‘large’  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) 995–1579 

ATLAS  Expected Performance arXiv:0901.0512 

 start-up at 3.5 + 3.5 TeV 

 

1992 

1994 

1995 

1996 

1998 

1999 

 

2006 

2008 

2010 

2012 

2013 

1964  Brout, Englert, Higgs, Guralnik,Hagen,Kibble 

1967  Weinberg, Salam     Faddeev,Popov 

1970  Glashow, Iliopoulos, 

             Maiani, ‘t Hooft, Veltman….. 

 1983    Rubbia, van der Meer, Spiro, Banner,                                      discovery of W and Z at CERN    

 1984                         , Darriulat, Di Lella, Repellin, ……                             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 penetration length   W mass 

                                                                                                 Pippard coherence length   ~ H mass  ) 

 

 

                                                                                             related to sort of  

                                                                                           (Anderson) Brout-Englert-Higgs mechanism  

 

1959  Nambu  

1960  Goldstone 

1961  Schwinger 

1962  Anderson 

4th July discovery of boson 

boson like properties 
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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 

2
0

1
0

 

              may 2011 :  luminosity > 1033 cm-2 s-1 

        november 2011 :  integrated luminosity  ~  5 fb-1  

 13th december 2011 :  first ‘signal’ around 126 GeV 

2
0

1
2
 

            march 2012 :  start again at 8 TeV  

             4th July 2012 :  evidence for a new boson   

                  ( integrated luminosity  ~  6 fb-1  ) 

2
0

1
3

 

(Standard-Model) boson-like properties 

   peak luminosity   7 1033 cm-2 s-1 

Albert De Roeck 

Yves Sirois 
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The LHC is a (mainly) pp superconducting collider of  27 km long in a tunnel  

~ 100 m underground close to Geneva ( tunnel already used by LEP) which  

should work with a design centre-of-mass  energy of 14 TeV   

Mont Blanc 

Lac Léman  
Jet d’eau de Genève 

     ►  The LHC  

CERN  

(Centre  

      Europeen  

de  

        Recherche  

(sub)Nucleaire) 

 

 

in fact world center 
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  LHC =   Large Hadron Collider 

 

 

δρός, hadrós      =    strong 

    for particles sensitive to 

    strong interaction  

 

  hadrons  are opposed to  leptons 

        ós  =  thin  

 

 In fact it accelerates mainly protons 

 but also ions     
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luminosity is a property of beams  

 

 event rate [ events  s-1 ]   

 =  luminosity [ nb-1  s-1  ]   *   cross section [nb] 

Number of bunches  

in collision  
Number of  

protons in 

A bunch 
energy 

Transverse size of the beams   
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Important parameters  

  

(instantaneous) luminosity  

  LHC : currently  

     peak luminosity  is  7 1033 cm-2 s-1 

     other unit = nb-1 s-1 

 

Integrated luminosity  

  for ATLAS and CMS each  

  it was ~ 5 fb-1 at s = 7 TeV and ~ 20 fb-1 at s = 8 TeV 

 

Notion of pile-up : in a bunch-crossing , in addition to the 

‘nice’ event there are additional p-p interactions  ( ~35 

for 7 1033 cm-2 s-1 ) which make the ‘nice’ event more  

complicated to analyze   
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Condensed matter physics 

1928 (Heisenberg) For T<TC dipoles 

   are aligned in some arbitrary direction 

1950 (Ginzburg Landau) : phase  

  transition in superconductivity 

1957 (Bardeen, Cooper, Schrieffer) 

  SSB of EM gauge invariance 

SSB = Spontaneous Symmetry Breaking :There are symmetries  

   of the Lagrangian that are not symmetries of the  

   fundamental state (vacuum) 
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Particle physics  - strong interaction (global symmetry)  

1959 (Nambu Jona-Lasinio)  : SSB transmitted  from  condensed  

    matter to particle physics  

    SSB of (global) chiral symmetry   pseudoscalar boson 0 

    massless  boson if exact symmetry 

 1960 (Goldstone) : generalization  : SSB of continuous  global 

     symmetry   massless (Nambu-Goldstone) bosons   

and massive boson mass(-2 2) 

     = f0(600) 
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Particle physics  - strong interaction (local symmetry)  

1964  (Brout,Englert,  Higgs,   Guralnik, Hagen,Kibble)  

   SSB of gauge symmetries  

 

  The BEH mechanism : no massless particles  

                                         massive gauge bosons  

 

  mass of gauge boson acquired by ‘eating’ the N-G boson 

 

   one massive particle  ( -2 2) : BEH boson ( or Higgs boson)   
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Joe Incandela 

Guido Tonelli 

Francois Englert 

Fabiola Gianotti 
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Particle physics  - weak interaction (local symmetry)  

1967 ( Weinberg Salam)  Electroweak theory of leptons 

   SU(2)L  x U(1)Y    U(1)EM 

   * Three massive bosons  : W and Z 

   * One massless vector boson : photon  γ 

   * One massive scalar boson : BEH boson H 

   *  massive leptons by Yukawa couplings to BEH boson  

1970 ( Glashow, Iliopoulos, Maiani)  introduction  of quarks  

      in theory 

Faddeev,Popov,’t Hooft,Veltman,Lee,Zinn-Justin,Becchi, 

   Rouet,Stora,Tyutin   : renormalizable theory  
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masses of elementary 

particles 

 1meV           10 K 

 1eV              104K 

 1keV           107K 

 1MeV         1010K 

 1GeV          1013K 

1TeV          1016K 

 1015GeV     1028K 

1018GeV     1031K 

1 TeV 

1 GeV 

1 MeV 

1 keV 

1 eV 

1 meV 

t 

b 
c 
s 

d 
u 

 
 

e 

 
 

e 

Z 
W 

bosons fermions 

t 

10-43s 

10-35s 

10-10s 

105y 

1010y 



HC 18-11-2012 28 

Mass of the 4 scalar bosons 

   positive  

W and Z mass = 0  

fermion masses =0 

Mass of one scalar (BEH)  

   boson positive  

W and Z mass positive 

fermion have their masses 

10-10 s  
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LEP legacy Mainly e+e-  ZH 

mH > 114.4 GeV 95% CL 

tests of radiative corrections  
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Theorists and SUSY (SUperSYmmetry) prefer(ed) low mass boson 

mh < mZ   at lowest order . But was realized that  

  this prediction is subject to important radiative corrections  

 that could push mh up to ~130 GeV in simple supersymmetric 

 models  
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 65   of dark energy (vacuum  energy) 

 expansion  of Universe  

       accelerating 

~ 30   of dark matter ( not yet 

 observed )  rotation  

of galaxies  

~ 5   of “known” 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 ‘explain’ 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  



33 
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 

chosen 
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Phenomenology of scalar boson ( theory) 

Lyon 28-29 oct 13 
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Phenomenology of scalar boson ( theory) 
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First experimental  note on scalar boson search at LEP 
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H   γ γ ( historical mode)   

C.Seez       J.Virdee       G.Unal           

was studied at the LHC  

for more than 20 years  

( and even before at the SSC )  
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H   4l (  gold plated mode)   
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as often , experiments do better than expected  
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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 ,  ,   ) enhanced 

at  high  tan(β) 

at LO MSSM Higgs sector depends of 2 parameters  MA    tan()  

  ( = v2/ v1)            at NLO more SUSY parameters   
 

A (0-) does not give  ZZ and WW) 



HC 18-11-2012 44 

mA tan()   plane 
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 Historical introduction of the boson and of the LHC 

 

 Some phenomenological comments 

 

 Rapid overview of the detectors 

 

 The discovery 

  

 The first measurements of the properties  

 

 The future of the physics with the scalar boson(s) 

 

 Backup ( with references )   

see also  seminar 

by Massimiliano 

Grazzini 
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We have to produce the Brout-Englert-Higgs boson 

The production rate is small !  

  1  BEH boson produced for 109 collisions !  

But LHC is still the only place where one can  

discover it  ( there are however   

 indications at  Tevatron )  

 

LHC has produced 106 bosons !  

The production rate of the boson is predicted with  

a very good precision ( ~ 10% )  by the  

Standard Model (  strong interactions with 

quarks and gluons  +  couplings to BEH boson )  …..   

if it is correct   
Englert 17-9-13 
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γ 

γ 

e e 

Z 

  Z* 

The Brout-Englert-Higgs boson 

 decays very early  !  

   in  ~ 10-22 s   

 ( corresponding to  ~100 fm  ~ 10 -3 Å )  

We can reconstruct its  

 mass  mH by measuring the 

 sum of the energies ( in the 

 center of mass )   

 of its decay products 

        E  

    then   E = mH c2 

We can measure the boson only through its decay products  !  
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Considering the mass distribution  

  m of events 

‘candidates BEH’   

m 

We have background 

events 

A signal with a  good resolution 

will be better seen  

than a  signal with                a bad resolution 

We can reconstruct its  

 mass  mH by measuring the 

 sum of the energies ( in the 

 center of mass )   

 of its decay products 

        E  

    then   E = mH c2 
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A.Djouadi Phys.Rept.457:1-216 

GF     H → WW , ZZ , γγ , bb, 

VBF  H → WW, ZZ , γγ ,  

H → WW, γγ, bb 

H → WW, γγ, bb 

Typical uncertainties on cross-section 

gg          +15 -20 %        NNnLO 

VBF         5%                 NLO 

WH,ZH   5%                NNLO 

ttH           15%               NLO 

These production cross sections have to be used 

with the decays  bb ,  , WW , ZZ ,  

channels with good mass resolution  
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Importance of theory !  

LO 

NLO 

H
a
rl

a
n

d
er

 H
H
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Digression on brazil limit plots 
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Exclusion on  =  / SM    SM = SM boson  

Everything above the black line is excluded  
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The dashed line show the limit we would expect if the data would be without  

any boson    . The green and yellow bands  show where , without any boson ,  

the limits         would be allowed to move at the 1  or 2  level ( depending  

            of the       statistical fluctations of the background)  

The fact that the  

observed  

limit is above the  

expected + 2  limit 

is a hint that the  

data are not well  

simulated  

by the backgrounds 

( stat fluctuation ,  

 mismodeling ,  

     signal)  
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Detailed study of cross-sections …. 

  arXiv:1101.0593 
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parton luminosity functions 

•  a quick and easy way to assess the mass and collider energy 

dependence of production cross sections, and to compare 

different PDF sets 

•  i.e. all the mass and energy dependence is contained in the 

X-independent parton luminosity function in [ ] 

•  useful combinations are  

•  and also useful for assessing the uncertainty on cross 

sections due to uncertainties in the PDFs 

s                 X 
a 

b 

S
tirlin

g
 H

H
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rgg(8/7) = 1.28 for MX = 125 GeV, cf. rZ(8/7) = 1.17 
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comparison between LHC and Tevatron :  

 

 gg cross section  at least 10  higher at LHC  

backgrounds to WW , ZZ , γγ are q qbar annihilation 

         ( Remember Tevatron was a p pbar collider)  

      S/B better in these channels at LHC than at Tevatron 

 

however it is worse in associated modes 
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comparison between LHC and Tevatron :  

 gg cross section  at least 10  higher at LHC  

backgrounds to WW , ZZ , γγ are q qbar annihilation 

         ( Remember Tevatron was a p pbar collider)  

      S/B better in these channels at LHC than at Tevatron 

however it is worse in associated modes 
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Tevatron LHC 
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125 

number of events  in one experiment  produced/detected 

for 5 fb-1  ( 7 TeV) 

  and  S/B 

700 / 50  
 S/B ~.3 

200 / 70 
 S/B ~ .02 

10 / 2 
S/B ~ 1.5 
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higher order computations ( NNLO)    
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Fixed order (LO,NLO) computations diverge at qT(H)0 

    resummation 

d
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approximate NNNLO cross section computation  

small(er) dependence w.r.t R  

‘full’ NNNLO computation soon ( useful for H  

cross section measurement) by Anastasiou et al. 
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first term in expansion above in S
2(R

2) 

  2 gtt vertices  
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couplings 
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A way to have access to H couplings to bosons    and fermions  

We are looking  =  / SM    SM = SM boson 

  and we can study  

                           ggH = ggH / ggHSM  

                           VBFH = VBFH / VBFHSM 

                           WH = WH / WHSM 

                                       ….. 

 

In fact     = (  . B ) / ( . B )SM  
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decay 
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Width smaller than ‘leptonic/ resolution’ 

zone favored by (pre-LHC) data 

For mH ~ 125 GeV the  

width is about 4 MeV 

corresponding to  ~ 10-22 s 

and  ~100 fm 
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Scalar boson decays : example of  H γγ 

             Interference  

                between  

W loop                           top loop 

                            -.28            + 1.28  
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invisible decay  

Up to now we supposed that there is some  

modification ( by  ) of the SM cross sections 

But we can have DM particles …. 

"Higgs portal dark matter model"  

in these models  Higgs interacts with dark matter via the 

 Lagrangian term of the form   c DM DM |H|^2 

The coupling c  has to be large to enable thermal annihilation  

of dark matter in the early universe.  

Thus, if 2 m_DM  < m_H, the invisible branching fraction  

should be large 
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You can also have invisible decays in the 

 MSSM (h -> 2 neutralinos)  

if the  lightest neutralino is below 60 GeV  

and has a sizable Higgsino component 
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  Low mass VBF  

2 high pT tag jets at  

    large rapidity 

no color flow between tag jets     rapidity gap 
central jet veto effective to reduce backgrounds 

VBF  was used for high mass searches since the start of  

   LHC studies but was  

   used (on Monte-Carlos) at low mass at the end of the 90’s  

  D.Rainwater and D.Zeppenfeld  JHEP 9712 (1997) 005 
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Interlude : definition of (pseudo) rapidity  

rapidity 

and R too  
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y  (pointing upwards) 

x (pointing towards  

          centre of LHC) 

z 

. point (x,y,z) 

x 

y 

z 

  

  is a Lorentz invariant 

  (w.r.t  z axis)  

( for mass = 0) 

precise detection 

(e, γ, µ)  up to  

|| ~ 2.5 

B of solenoid along z  



New !  MMC = Missing mass Calculator  
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  Tau reconstruction  

reconstruction of Higgs mass 

with collinear approximation 

and  angle between the two  

Elagin Murat Pranko Safonov Nucl.Instrum.Meth. A654 (2011) 481-489 

  A New Mass Reconstruction Technique for Resonances Decaying to di-tau 

Improvement comes from requiring that the relative orientations  

of the neutrinos and other decay products are consistent with the 

mass and kinematics of a  lepton decay  
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Boosted massive particles (Fat jets)  

J.Butterworth   G.Salam Futur : boosted Higgs in bb  

 Butterworh,Davison,Rubin,Salam 

 Phys.Rev.Lett. 100 (2008) 242001 

   Jet substructure as a new Higgs search channel at the LHC 

highest mass jet in  

Semileptonic top sample 

                       arXiv:1204.2488    
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Boosted massive particles (Fat jets)  
angle between the  2 jets ~ 2m/pT 

Could be used for H bb search at high luminosity/energy 

   ( t t increases )  
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interferometry 

Expected (destructive) interference between ggγγ 

and  gg Hγγ   

    reduction of the production rate  

  the effect is ‘confined’ within H ( ~ few MeV )  
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Dixon Li  Phys.Rev.Lett. 111 (2013) 111802 
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The mass uncertainty 

of the experiments  

will be < .3 GeV  

cg cγ 
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SM cross section                              SM integral 

We assume the event rate is ~ the SM event rate  

 and if we neglect I we have  
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F.Caola and K.Melnikov Phys.Rev. D88 (2013) 054024 

interference important off-peak  
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~ important additional  

source 

of ZZ events in 

current data  

constraint boson width 

 to <~ 40 SM width 



Lyon 28-29 oct 13 90 

 Historical introduction of the boson and of the LHC 

 

 Some phenomenological comments 

 

 Rapid overview of the detectors 

 

 The discovery 

  

 The first measurements of the properties  

 

 The future of the physics with the scalar boson(s) 

 

 Backup ( with references )   

and LHC 
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The LHC 



     experiments at  the LHC  

Lake of Geneva 

Large Hadron Collider 

CMS       Totem  

ATLAS     LHCf 

LHCb 

ALICE 

LHCb  

(matter antimatter asymmetry) 

ALICE   

 ( quark-gluon plasma) 

ATLAS and CMS look for 

 the elementary scalar boson + .. 

  > 3000 physicists  in each of these 

two experiments 

Ecole de Gif 20-21 9 2012 92 



design parameters 

 

c.m. energy = 14 TeV (p) 

luminosity =1034 cm-2s-1 

 

1.15x1011 p/bunch 

2808 bunches/beam 

 

360 MJ/beam 

 

=3.75 m 

*=0.55 m 

c=285 rad 

z=7.55 cm 

*=16.6m 

 

 

LHC: highest energy  pp, AA, and pA collider 



 2010: 0.04 fb-1 

 7 TeV CoM 

 Commissioning 

 2011:  6.1  fb-1 

 7 TeV CoM 

 Exploring the 

limits 

 2012:  23.3  fb-1 

 8 TeV CoM 

 Production 

 

integrated pp luminosity 2010-12 

M. Lamont, IPAC’13 
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very good efficiency of the experiments  



peak performance through the years 

2010 2011 2012 Nominal 

bunch spacing [ns] 150 50 50 25 

no. of bunches 368 1380 1380 2808 

beta* [m]  

ATLAS and CMS 
3.5 1.0 0.6 0.55 

max. bunch 

intensity 

[protons/bunch] 
1.2 x 1011 1.45 x 1011 1.7 x 1011 1.15 x 1011  

normalized 

emittance [mm-

mrad] 
~2.0 ~2.4 ~2.5 3.75 

peak luminosity 

[cm-2s-1] 
2.1 x 1032 3.7 x 1033 7.7 x 1033 1.0 x 1034 

M. Lamont, IPAC’13 >2x design when scaled to 7 TeV!  
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Huge efforts over last months to prepare for high lumi and pile-up expected in 2012: 
 optimized trigger and offline algorithms (tracking, calo noise treatment, physics 

objects)  
     mitigate impact of pile-up on CPU, rates, efficie 
ATLAS 

Z μμ event from 2012 data with 25 reconstructed vertices 

pile up 

will increase 

at higher energy 

→ 

experiments 

request  

25 ns 

operation 

in 2015 

 

 M. Lamont, IPAC’13 
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back to detectors 
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Fundamental scalar (Higgs) boson searches have guided the  

conception, design and technological choices of ATLAS and CMS   

almost instantaneous decay 

γ 

γ 

e e 

Z 

  Z* 

e 

 

W 

 
 W* 

  not detected  

In these 2 cases the boson mass is  

computed reconstructing the invariant 

mass of the decay products  

 the mass resolution ( and E and p) is very important in order to have  

      a good  significance S/ B, often   1/√(resolution)  since the natural 

       width of the boson is (almost always) negligible  
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  CMS = (Compact Muon Solenoid)  

B = 4 T 

   « 4  » detector 
up to =5  

(from  = 1.35°) 

e  precision calorimetry 

 H   , 4 e 

Lead tungstate 

 scintillating crystals 

Muon  spectrometer 

Hadronic  

Calorimetry 

Sampling calorimeter with absorber  

(brass) and plastic scintillators 

Jets and  ETmiss 

Silicon tracker 

+ vertex (  b quark, 

  lepton)  

Trigger without dead time  

  

write > 200 evts /s  

 

Suppose to work 10 years without  

decrease of performances 



HC 18-11-2012 101 (E)/E = 3%/EGeV  0.7 % 

CMS EM calorimeter  

more than 75000  

cristals of  PbW04 
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High level quality control !  
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 e  and γ 

fixed size ( different between e,γconverted and γ unconverted) 

 in ATLAS clusters 

 

 variable size ( mainly in φ )in CMS ( superclusters )  

      because B ~ 4 T  ( and the charged particles turn in the field) 
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history of relative response  
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E/p history 
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Validation and tests with Z  ee 
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the energy ( and the response ) of γ  

from H γγ is different from the energy 

( and response ) of e from Z ee 
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CMS Silicon Tracker 

 The Silicon tracker (200m2) has 10 M channels 

 Operating temperature -15°C 
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 CMS  solenoid 

B= 3.8 T 

Diameter = 6m 

Stored energy = 2.6 GJ 

Magnetic length = 12.5 m 
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Forward CMS hadronic calorimeter going down 
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Inner Detector (||<2.5, B=2T):  
Si Pixels, Si strips, Transition 
Radiation detector (straws)  
Precise tracking and vertexing, 
e/ separation 
Momentum resolution:  
/pT ~ 3.8x10-4 pT (GeV)  0.015 
      ( chamber resolution  MS ) 

Length  : ~ 46 m  
Radius  : ~ 12 m  
Weight : ~ 7000 tons 
~108 electronic channels 
3000 km of cables 

Muon Spectrometer (||<2.7) : air-core toroids ( B ~ 0.5 / 1T in barrel/ end-cap) with gas-based  
muon chambers Muon trigger and measurement with momentum resolution < 10% up toE ~ 1 TeV 

EM calorimeter: Pb-LAr Accordion 
e/ trigger, identification and measurement 
E-resolution: /E ~ 10%/E  

HAD calorimetry (||<5): segmentation, hermeticity 
Fe/scintillator Tiles (central), Cu/W-LAr (fwd) 
Trigger and measurement of jets and missing ET 
E-resolution:/E ~ 50%/E  0.03  

3-level trigger 
reducing the rate 
from 40 MHz to 
~200 Hz 

ATLAS detector 

Daniel Fournier 


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Boris Dolgoshein 

Bill Willis 
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The barrel superconducting toroid of ATLAS  

 (A Toroidal LHC ApparatuS ) 
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 barrel Liquid Argon 

 electromagnétic 

 calorimeter 

 hadronic calorimeter 

 with scintillating tiles 

MarcVirchaux 

(1953-2004) 

two of the  

eight coils of   

the toroid  

ATLAS end of 2004 
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ATLAS Liquid Argon (accordion) calorimeter 

about 200000 channels 

transverse and longitudinal segmentation 
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presampler and longitudinal segmentation of the EM  

          ( Liquid Argon ) accordion calorimeter 
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B = 2T 

ATLAS  

inner detector 

Outside you have the calorimeters 

and the muon detector  

e 

 

 

converted   into e+ e- 

electrons  can 

do some  

bremsstrahlung 

in the  

Inner Detector 

 response 

 more complicated 

photons can 

convert 

 more 

complicated than a 

non converted photon 
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inner tracker up  

to η ~ 2.5 

 

EM calorimeter 

up to η ~ 3 

 

HAD calorimeter 

up to η ~ 5   

ATLAS 
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Corfu 8-9-13 
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  signature  

2-4 neutrinos in final state , 

  mass reconstruction difficult 

   ( see above )  

hadronic  decays : challenging 

signature 

use multivariate techniques to  

   separate  decays from jets 
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b signature  

b (and c ) hadrons have relatively large masses, long lifetimes 

and daughter particles with hard momentum spectra. Their 

semileptonic decays can be exploited as well 
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A lot of ‘data driven’ checks … 
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Missing ET 

It is a key signature for many measurements 


 K

.J
a

k
o

b
s 

Resolution depends on total 

transverse energy ( and also  

on pile-up  

 need pile-up suppression  
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 Historical introduction of the boson and of the LHC 

 

 Some phenomenological comments 

 

 Rapid overview of the detectors 

 

 The discovery 

  

 The first measurements of the properties  

 

 The future of the physics with the scalar boson(s) 

 

 Backup ( with references )   

and the description of the analysis in the 

various channels , and the searches for 

additional bosons 
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The discovery 
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Hints of signal 

    were already  

 there in  13th 

    december 2011 
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The 4th July (2012) seminar  before 

after 
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during 
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Evolution of the excess with time  


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p0= probability that the background fluctuates more than the observed excess 



132 channel with good resolution ( FWHM ~4 GeV ) , large background 
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(similar) good resolution , small background   



134 
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CDF and D0 

(at Tevatron) have 

paved the way and 

brought 

sophistication and 

maturity into  

Higgs boson  

searches at  

hadron colliders   

  ( Tevatron data (proton –antiproton s =1.96 TeV) ended in september 2011 ) 
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Back to the description of the analysis … 
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H γγ 
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Event display with a Z +- with 25 reconstructed vertices  

   recorded April 15th 2012  
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γ 

γ 
M2 = 2 Eγ1 Eγ2 ( 1 – cos Ψ12 ) 

Ψ12 

A lot of vertex     ( if the wrong vertex is taken) 

                                         impact on Ψ12 

Corfu 8-9-13 
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ATLAS : uses the longitudinal segmentation in order to  

                                                                  get the vertex  

                                      ( and also the track conversion(s) 

                                         when the photon is converted  )  

No degradation  

    of the resolution  

Corfu 8-9-13 
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Fraction of ‘good’ vertices  

CMS : sophisticated kinematical cuts (and the conversions)  

                   in order to get ‘the’ vertex  

Corfu 8-9-13 
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large ( non photon ) background   

due to jets fragmenting mainly into 0 ’s 

background ‘photon candidates’ coming from jets are  

                less isolated than real photons  
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schematic 

too 

Connection between jets 

jet definition is very complicated 
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γ1 

γ2 

π0γ1 γ2 

angle between γ1 and γ2 

        2 m(π0) / pT(π0) 
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after the analysis cuts the reconstructed 

electromagnetic cluster is mainly the π0 

However the cluster ( or the π0) does 

not take the whole energy of the jet 

 Isolation is an important  

   discriminating variable 
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Rejection better for 

gluon jets than for  

quark jets 

fragmentation functions 

QCD (DGLAP)splitting function      g gg   ~   9/4   q qg   
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granularity of  

1st sampling  

of calorimeter 

  ~ .003  

opening of photons coming 

from a 0 (pT=40 GeV)  

R > .007  

The granularity of the  

electromagnetic 

ATLAS detector is  

very useful  to reject  

the 0    bakground  

♦ good jet rejection essential ( to reduce γj and jj backgrounds) 
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Photon identification  

with shower shapes 
reminder: opening angle between the two 

photons of a 0 of pT =40 GeV is > 0.007  

to be compared with size of strip calo  

1st sampling  ~0.003 

tight 

selection  

uses  

mainly  

calo 

1st  

sampling 



149 Nice shape in first sampling of EM calormeter 
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Digression on background estimation 

  ( and purity estimation )  
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Important discrimination variable is isolation  

variable  

isolated non isolated 
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keyword  (pedantic) in the  LHC experiments  

 

  data driven background estimation  
 

I will give an example below with photons  

It is a way to compute the background trying to  

use as less as possible the simulation  

( which may not be correct )  
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Signal and purity extraction  
We define cuts on  

isolation  and on  

shower shape variables 

in the electromagnetic 

calorimeter such that 

the γ signal will  

concentrate in NA 

where the background  

( of O ) will be small 

( but not zero) 

  

The background 

is present everywhere  
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Signal and purity extraction  

approximate  

formula 

ABCD method    « data driven » 

we suppose the γ 

signal is only in NA 

and the background 

is everywhere  

we suppose also that the  

isolation is the same  for  

tight and non tight events  

for background events 

NA/NB =MA/MB 

i.e  the 2 variables 

 are not correlated 
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Signal and purity extraction  

better  

formula 

Modified  

ABCD method 

  needs  

Monte-Carlo 

to extrapolate 

(sometimes in 

a non trivial 

way) 
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If one makes a mistake in the extrapolation giving  

the background then the estimation of the signal 

will be wrong 
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 The previous method was supposing that the  

extrapolation of the background in data was given by  

some (other) data  

 

Sometimes the extrapolation cannot be done with data and it is  

done through this formula 

S.R = Signal Region 
(what we want to know) CR = Control Region 

 ( the ‘measured’ input) 



Ecole de Gif 20-21 9 2012 159 

But be  careful !  

E
.J

a
m
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 H

H
2

0
1
1
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Back to ( energy , mass ) resolution  

We do not have pure ( with fixed energy/mass )  

  photons ( except from Z  e e γ   Z     γ )  

 use e from  Z  e e 
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Reminder ( transparency already shown )  :  
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Validation and tests with Z  ee 
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the energy ( and the response ) of γ  

from H γγ is different from the energy 

( and response ) of e from Z ee 
 

The width of the Z is  

large ( ~2 GeV ) so it  

is difficult to measure 

the experimental 

resolution  

( by deconvolution)  
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loss in a fill and recovery in interfill  
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2012 intercalibration precision 
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energy scale corrections  
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ECAL supercluster energy 
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efficiency of photons 
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but there are  

different categories  

slightly better 

resolution in  

CMS but  

more tails 

   very similar  

‘effective’ resolutions 
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Several categories are made in order to enhance the sensitivity 

  in order to have different S/B   , based on  

   - number of jets  

   - different resolutions  

   - different kinematics giving different S/B 

   S/B has to be different for various categories 

   This is needed if we want to gain in statistical significance 

    if            S1 / B1 = S2 / B2  

  then          S1 / √B1   S2 / √B2 = (S1+S2) / √(B1+B2) 

           and one does not gain making categories 

(one of) the work of the experimentalist is to find categories  

                     with different S/B  ! 
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In fact finding and using different categories 

 allows us to « see » the various production  

modes  



174 
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 slightly above SM 

 = 1.55+.33
-.28 

          7.4   

mH = 126.8  .2  .7 GeV  

 slightly below SM 

 = .78+.28
-.26 

         3.2  

mH = 125.4  .5  .6 GeV 

errors :  .23(stat)   .15(syst) . 15 (th)   similar errors  

syst uncertainty : non linearity between Z and H energies 

and difference between  e  and γ    
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couplings measured in  

all categories 

     signal strengths for 

different subprocesses 

start to see evidence for VBF 
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3.3  effect 
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CMS too 
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General good agreement with the Standard Model 

     in particular γγ   



Lyon 28-29 oct 13 182 

width 



183 
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the width of the SM scalar  

   is small (  =4.2 MeV) 

compared to the experimental 

resolution FWHM ~ 4 GeV 

 

and it is very difficult to obtain 

 ~ ( FWHM(meas)
2 – FWHM(pred)

2) 

still a limit is set for  at  

6.9 GeV  95%CL 

There are other (indirect) ways  

of putting limits  (with few  

hypothesis) on invisible 

width or invisible branching ratio 

   ZH , H  inv 

   couplings analysis 
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search for additional scalar-boson-like states 

In this search the observed state around 125 GeV 

  is considered as part of the ‘background’ 
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differential cross sections 

relatively high signal yield ( ~ 620 fitted in ATLAS at s=8 TeV) 

  can be used to probe the underlying kinematic  

properties of  production and decay   

A
T

L
A

S
-C

O
N

F
-2

0
1

3
-0

7
2

 

Methodology : 

- Choose a binning for variable X 
- For each bin get signal yield  

      from mγγ distribution 

- Bin-by-bin unfolding (correct yields 

        for acceptance, eff, resolution)    d/dX 

( for instance X = Njets )  



186 

No significant  

deviation  

from SM  

predictions   

still large 

uncertainties 

 

P(2) = 0.55  
     (POWHEG) 

 

P(2) = 0.39 
      (HRES) 
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H  Z Z(*)  4 l 
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Mass can be fully reconstructed  

   4 leptons with cuts on pT and on the mass ( second mass ~ Z* 

          resolution 1.5 to 3 GeV  ) 

   However low rate at low mass  low pT leptons (down to 5 GeV) 

 

Main backgrounds  

   ♠   Z Z* ( irreducible )  

   ♠   mH < 2 mZ : Z bb , t t  

 

Crucial experimental aspects  

   ♠   High lepton efficiency  (even at low pT) 

   ♠   Good lepton energy/momentum resolution  ( special  

                 fits of electrons with bremsstrahlung ) 

   ♠   Good control of reducible background ( MC  normalised  

                 in background enriched control regions )   
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Main backgrounds  

   ♠   Z Z* ( irreducible )  

   ♠   mH < 2 mZ : Z bb , t t  

Z 

l 

l 

Z* 

l 

l 

Z 

l 

l 

b 

b 

l 

l 

C (jet) 

C (jet)   Isolation cuts  

Impact parameter cut 
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The mass  resolution is crucial for the sensitivity  

Correct m12 applying Z mass constraint using the  

               event uncertainty 
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good muon reconstruction  

  efficiency  

Very good resolution  

small mass(momentum)  

 energy scale uncertainty  
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Improvements in 2012 electron analysis  

new electron reconstruction with 

  brem recovery 

new pile-up robust  

  identification 
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Electron ID in CMS  

superclusters in  

ECAL + 

dedicated track finding 

and GSF fit 

    B= 4T  

Optimisation of electron ID using multivariate analysis 

  30% efficiency gain wrt 2011 ( at same fake rate)   

B
affio

n
i H

H
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Muon ID CMS  

5% efficiency gain in 4 ( same fake rate ) wrt 2011 

   effficiency measured via Z and J/  tag and probe 
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isolation 

used to be detector 

  isolation 
now particle flow isolation 

10% efficiency gain per lepton (same fake rate) wrt 2011 
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Blind analysis  



198 
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use of kinematic discriminant 

  6.7  observed 

( 7.2  expected ) 
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jet category  
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H  WW  l  l  

. Look at leptonic decays ( e, ) 

. 2 neutrinos  no accurate mass information 

. Counting experiment : background  understanding is critical 

    control regions 

. Analysis optimised for spin 0 :  

    cut on ll + kinematical variables  
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all channels 
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Cross sections are in agreement with the Standard Model  

  =  / SM    SM = SM boson 
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H 
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ttH 

MVA techniques 
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Inivisible H decays  
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 Historical introduction of the boson and of the LHC 

 

 Some phenomenological comments 

 

 Rapid overview of the detectors 

 

 The discovery 

  

 The first measurements of the properties  

 

 The future of the physics with the scalar boson(s) 

 

 Backup ( with references )   
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different production modes 
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Measure of the ratios  of the  

Cross sections w.r.t Standard  

Model cross sections for  

the different production modes  

of the boson  

Good agreement with Standard Model 
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asymetry 
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Scalar boson decays : example of  H γγ 

             Interference  

                between  

W loop                           top loop 

                             -.28                 + 1.28  
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mass 



Englert 17-9-13 218 

  

The two ‘high precision’ ( ZZ , γγ ) channels give the mass 

ATLAS :   m = 125.5    .2 (stat)   +.5
-.6  (syst)      GeV 

 

CMS      :  m = 125.7    .3 (stat)     .3  (syst)      GeV       
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spin   parity 
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spin ( and parity)  

Everybody expected  

spin 0 and 

parity ( mainly ) + 

Study of angular distributions 

0+ well favorised w.r.t à 0- and 2+ 

 ( 1 excluded : Landau-Yang theorem)  
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 Historical introduction of the boson and of the LHC 

 

 Some phenomenological comments 

 

 Rapid overview of the detectors 

 

 The discovery 

  

 The first measurements of the properties  

 

 The future of the physics with the scalar boson(s) 

 

 Backup ( with references )   



example LHC time line – next ten years 

Ralph Steinhagen, ICHEP2012 



LHC luminosity forecast 

~30/fb at 3.5 & 4 TeV  

~400/fb at 6.5-7 TeV  

~3000/fb at 7 TeV 

to obtain 3000/fb by 2035  

we need the HL-LHC 

 

2012 DONE 

2021 goal (?) 

2035 goal (??) 

  



HL-LHC – modifications 

Booster energy upgrade 
1.4 → 2 GeV, ~2018 

Linac4,  
~2015 

SPS enhancements 
(anti e-cloud coating?,RF,  

impedance), 2012-2022 

IR upgrade 
(detectors, low- 
quad’s, crab cavities, 
a few high-field 
dipoles, etc)  

~2022 
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HL-LHC Official Beam Parameters  

Parameter nominal   25ns 50ns 

N 1.15E+11 2.2E+11 3.5E+11 

nb 2808 2808 1404 

beam current [A] 0.58 1.12 0.89 

x-ing angle [rad] 300 590 590 

beam separation 
[] 10 12.5 11.4 

* [m] 0.55 0.15 0.15 

n [m] 3.75 2.5 3.0 

L [eVs] 2.51 2.5 2.5 

energy spread 1.20E-04 1.20E-04 1.20E-04 

bunch length [m] 7.50E-02 7.50E-02 7.50E-02 

IBS horizontal [h] 106 20.0 20.7 

IBS longitudinal [h]  60 15.8 13.2 

Piwinski parameter 0.68 3.1 2.9 

geom. reduction 0.83 0.35 0.33 

beam-beam / IP 3.10E-03 3.9E-03 5.0E-03 

Peak Luminosity 1 1034 7.4 1034 8.5 1034 

Virtual Luminosity 1.2 1034 21 1034 26 1034 

(Leveled to 5 1034 cm-2 s-1 
            and 2.5 1034 
cm-2 s-1) 
 Events / crossing (peak & leveled L) 19 210 475 140 140 

6.2 1014 and 4.9 1014  

p/beam 

2

7 



luminosity leveling at the HL-LHC 

example: maximum pile 

up 140 

(inel~85 mbarn) 



luminosity leveling at the HL-LHC 

example: maximum pile 

up 140 



luminosity & integrated luminosity 

during 30 h at the HL-LHC 

example: maximum pile 

up 140 

4 fb-1 per day, 

with 40% of 

efficiency 

~250 fb-1 /year 
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final goal : 3000 fb-1 by 2030’s… 

Full 

project 

Enhanced consolidation 
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H pair production 



beyond HL-LHC? 



High-Energy LHC 

2-GeV Booster 

Linac4 

S-SPS? 

HE-LHC 
20-T dipole magnets 

           Nb3Sn ? 

higher energy 
transfer lines 
    



«Pre-Feasibility Study for an 80-km tunnel at CERN» 

John Osborne and Caroline Waaijer,  

CERN, ARUP & GADZ,  submitted to ESPG 

80-km tunnel for VHE-LHC – “best” option 

even better 

100 km? 

the same tunnel could host an e+e- Higgs factory  

“TLEP”  and a highest-luminosity  

highest-energy e-p/A collider  



HE-LHC & VHE-LHC parameters  

O. Dominguez, L. Rossi, F.Z. 



O. Dominguez, L. Rossi, F.Z. 

HE-LHC & VHE-LHC parameters 

– 2 



pp Higgs factories 
1 M Higgs produced so 

far – more to come! 

15 H bosons / min – and 

more to come 

10x more Higgs  

6x higher cross section  

for H self coupling 

42x higher cross section 

for H self coupling 



pp Higgs coupling cross sections vs c.m. 

energy 

H H 

H 

 high statistics studies of  ttH  

    … and, at long last, HHH couplings 

VHE-LHC is ultimate machine to measure Higgs self coupling! 

(~2-5% level) 



TLEP - circular e+e- colliders to study  

the «Higgs boson» X(126) 

a relatively young concept (2011) 
A. Blondel 



ILC TDR Layout 

241 

Damping Rings Polarised 

electron source 

E+ 

source 

Ring to Main Linac (RTML) 

(including  

 bunch compressors) 

e- Main Linac 

e+ Main Linac 

Parameters Value 

C.M.  Energy 500 GeV 

Peak luminosity 1.8 x1034 cm-2s-1 

Beam Rep. rate 5 Hz 

Pulse duration 0.73 ms 

Average current   5.8 mA (in pulse) 

E gradient in SCRF 

acc. cavity 

31.5 MV/m +/-20% 

Q0 = 1E10 



Higgs factory performances 
Precision on couplings, cross sections, mass, width, Summary of 

the ICFA HF2012 workshop (FNAL, Nov. 2012) arxiv1302:3318 

TLEP Circular e+e- Higgs Factory goes to 
precision at few permil level. 



Lyon 28-29 oct 13 243 

conclusions 
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Discovery in 2012 of the (Brout-Englert) Higgs boson  

 

Culmination of the work of more than 20 years at the LHC 

  - conception of the detectors  

  - research and development 

  - construction 

  - analysis 

 

Important work of theorists 

He looks standard  
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Start of a new era  

 detailed studies of the boson to do  

LHC stops during 2 years then starts at higher energy 

 We hope to increase by 10 ( even  100 ) the number  

 of bosons detected  

A lot of questions :  

     how standard is he ?  

     how many bosons ?  

Why there is no antimatter in the universe 

Understand the neutrino masses 

Undertand dark matter 

Understand unification of the 3/4 forces 
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Some publicity 
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Thank you for your attention 
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 Historical introduction of the boson and of the LHC 

 

 Some phenomenological comments 

 

 Rapid overview of the detectors 

 

 The discovery 

  

 The first measurements of the properties  

 

 The future of the physics with the scalar boson(s) 

 

 Backup ( with references )   
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references  



Lyon 28-29 oct 13 251 

(some) Tevatron references 
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CDF , D0 Phys.Rev.Lett. 109 (2012) 071804   arXiv:1207.6436 

Evidence for a particle produced in association with weak bosons and 

decaying to a bottom-antibottom  

 quark pair in Higgs boson searches at the Tevatron 

 

CDF,D0 Phys.Rev. D88 (2013) 052014 arXiv:1303.6346 

Higgs Boson Studies at the Tevatron 
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D0 note 6406 

Constraints on the JP = 0- hypothesis for the Higgs boson in W/Z + bb 

final states at the D0 Experiment   

http://www-

d0.fnal.gov/Run2Physics/WWW/results/prelim/HIGGS/H139/H139.pdf 

 

D0 note 6387 

Constraints on the JP = 2+ hypothesis for the 125 GeV boson in W/Z + 

bb final states   

http://www-

d0.fnal.gov/Run2Physics/WWW/results/prelim/HIGGS/H138/H138.pdf 

 

G.Bernardi at Higgs couplings 2013 

https://indico.cern.ch/getFile.py/access?contribId=35&sessionId=1&resI

d=0&materialId=slides&confId=253774 
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Historical references  
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  For a list of historical references  see  

 
Frank Close  The Infinity Puzzle 

 Oxford University Press 

 

Nansi Andari (Orsay, LAL) CERN-THESIS-2012-144  

Observation of a BEH-like boson decaying into two photons with the  

   ATLAS detector at the LHC 

 

Nobel prize information 
http://www.nobelprize.org/nobel_prizes/physics/laureates/2013/advanced-physicsprize2013.pdf 

 

J.Ellis et al.     arXiv:1201.6045 

A historical profile of the Higgs boson 
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HC 18-11-2012 257 



HC 18-11-2012 258 



HC 18-11-2012 259 



HC 18-11-2012 260 



HC 18-11-2012 261 



Lyon 28-29 oct 13 262 

H  γγ   (and Z γ ) ( and combination )  
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Early Hγγ  theory references 
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Early phenomelogical/experimental references (pre-LHC) 

Early phenomelogical/experimental references (LHC) 
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The LOI’s of ATLAS,CMS and L3P 

 

B.Mansoulié et al. ATL-CAL-92-008 

Study of the rejection of pi-zeros by a cold preshower behind, the coil and  

cryostat (Dice-A): rapidity dependance, noise dependance 
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CMS references  
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CMS-PAS-EGM-10-005 

Photon reconstruction and identification at sqrt(s) = 7 TeV 

 

CMS-PAS-EGM-10-006 

Isolated Photon Reconstruction and Identification at s = 7 TeV 

 

CMS-PAS-HIG-11-010 

Search for a Higgs boson decaying into two photons in the CMS detector ( 1 fb-1  

8 categories  : pT  - converted , non-converted   -  Barrel , End-Cap )  

  

CMS-PAS-HIG-11-011 

SM Higgs Combination  ( 1 fb-1) 

  

CMS-PAS-HIG-11-022 

Combination of Higgs Searches ( 1.7 fb-1) 

 

CMS-PAS-HIG-11-021 

Search for a Higgs boson decaying into two photons in the CMS detector ( 1.7 fb-1) 

  

CMS-PAS-HIG-11-023 

Combined Standard Model Higgs boson searches with up to 2.3 inverse  

femtobarns of pp collision data at sqrt(s)=7 TeV at the LHC  ( ATLAS + CMS) 
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CMS-PAS-HIG-11-030 

Search for a Higgs boson decaying into two photons in the CMS detector ( 5 fb-1 

 4 categories : converted  , non converted  - Barrel , Endcap  , local significance  of 2.3  ) 

 

 

CMS-PAS-HIG-11-032 

Combination of SM Higgs Searches ( 5 fb-1) 

 

Phys.Lett. B710 (2012) 26-48 

Combined results of searches for the standard model Higgs boson in pp collisions  

at  √s =7  TeV 

 
Phys.Lett. B710 (2012) 403-425 

Search for the standard model Higgs boson decaying into two photons in pp collisions  

at  √s =7  TeV ( 5 categories , in addition dijet à la VBF , local significance of 3.1 )  

 



Lyon 28-29 oct 13 269 

 

CMS-PAS-HIG-12-001 

A search using multivariate techniques for a standard model Higgs boson  

decaying into two photons ( 7 TeV ,  MVA , local significance of 2.9   , 5 categories : 4 from  

BDT and a dijet  one à la VBF ) 

  

CMS-PAS-HIG-12-008 

Combination of SM, SM4, FP Higgs boson searches  ( like 12-001 , 

7 TeV , excludes fermiophobic ) 

 

CMS-PAS-HIG-12-002 

Search for the fermiophobic model Higgs boson decaying into two photons  

( 7 categories :  4 from converted, non converted – barrel , endcap  

 a dijet tag à la VBF , an electron tag one and a muon tag one )  

  

JHEP 1209 (2012) 111 

Search for a fermiophobic Higgs boson in pp  collisions at √s =7  TeV 

 (γγ like 12-002, ZZ,WW) 
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CMS-PAS-HIG-12-015 

Evidence for a new state decaying into two photons in the search for the standard model  

Higgs boson in pp collisions (  local significance = 4.1  , 5 categories at 7 TeV , 6 at  

8 TeV , 4 by BDT at 7 and 8 TeV , 1 additional dijet  

category at 7 TeV , 2 additional dijet categories at 8 TeV)   

 

CMS-PAS-HIG-12-020 

Observation of a new boson with a mass near 125 GeV 

 

CMS-PAS-HIG-12-022 

Higgs to gamma gamma, Fermiophobic ( 5+ 5 fb-1  

 2011 : 7 categories like  in  JHEP 1209 (2012) 111 

 2012 : 9 categories : converted, unconverted – 

   Barrel-Endcap , 2 dijet categories , 1 e category , 1  category and 1 Etmiss category  )  

 

Phys.Lett. B716 (2012) 30-61 

Observation of a new boson at a mass of 125 GeV with the CMS experiment at the LHC 

( uses 12-015 for γγ   mH comb = 125.3  .4  .5 GeV )  
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CMS-PAS-HIG-12-045 

Combination of standard model Higgs boson searches and measurements of the properties 

of the new boson with a mass near 125 GeV ( 5 + 13 fb-1 , but Hγγ 5 + 5 fb-1  uses 

 Phys.Lett. B716 (2012) 30-61 )  

  

CMS-PAS-HIG-12-049 

Search for a Light Higgs boson in the Z boson plus a Photon Decay Channel ( 5 + 5 fb-1) 

 

Phys.Lett. B725 (2013) 36-59 

Searches for Higgs bosons in pp collisions at sqrt(s) = 7 and 8 TeV in the context of  

four-generation and fermiophobic models (  γγ like in  Phys.Lett. B716 (2012) 30-61 5 + 5 fb-1) 

 

CMS-PAS-HIG-13-006 

Search for the standard model Higgs boson in the Z boson plus a photon channel in pp  

collisions at s = 7 and 8 TeV  ( 5 + 20 fb-1) 

 

JHEP 06 (2013) 081 

Observation of a new boson with mass near 125 GeV in pp collisions at sqrt(s) = 7 and 8 TeV  
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CMS-PAS-HIG-13-001 

Updated measurements of the Higgs boson at 125 GeV in the two photon decay channel 

( 3.2    mH = 125.4  .5   .6 GeV    

MVA analysis : 5 categories at 7 TeV , 9 at 8 TeV ,  

 4 by BDT at 7 and 8 TeV , 1 additional dijet category at 7 TeV ,  

 2 additional dijet categories , 1 muon-tag, 1 e-tag and 1 Etmiss tag at 8 TeV   

There is also a cut-based analysis described )  

 

 

CMS-PAS-HIG-13-005 

Combination of standard model Higgs boson searches and measurements of the properties of  

the new boson with a mass near 125 GeV ( γγ uses 13-001 , mH comb = 125.7  .3  .3 GeV ) 

 

CMS-PAS-HIG-13-015 

Search for ttH production in events where H decays to photons at 8 TeV collisions 

( 2 analysis : 2 top hadronic  

                      1 hadronic and 1 leptonic )  
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arXiv:1306.2016 

Energy calibration and resolution of the CMS electromagnetic calorimeter in pp  

collisions at  √ s  = 7 TeV  

 

CMS-PAS-HIG-13-016 

Properties of the observed Higgs-like resonance using the diphoton channel 

( like 13-001 . natural width and second Higgs scenario uses MVA analysis , spin uses  

 cut based analysis)  

 

arXiv:1307.5515 

Search for a Higgs boson decaying into a Z and a photon in pp collisions at  √ s  = 7 and 8 TeV  

S 
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ATLAS references  
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 Lampl, W ; Laplace, S ; Lelas, D ; Loch, P ; Ma, H ; Menke, S ; 

            Rajagopalan, S ; Rousseau, D ; Snyder, S ; Unal, G 

ATL-LARG-PUB-2008-002  

Calorimeter Clustering Algorithms : Description and Performance 
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ATLAS-CONF-2011-004 

Measurement of the backgrounds to the Higgs To gammagamma search and reappraisal of  

its sensitivity with 37 pb-1 of data recorded by the ATLAS detector 

 

ATLAS-CONF-2011-025 

Search for the Higgs boson in the diphoton final state with 38 ipb of data recorded by the  

ATLAS detector in proton-proton collisions at sqrt(s)=7 TeV      PCL 

 

ATL-PHYS-PUB-2011-007 

Expected photon performance in the ATLAS experiment 
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ATLAS-CONF-2011-085 

Search for the Higgs Boson in the Diphoton Channel with the ATLAS Detector  

using 209 pb-1 of 7 TeV Data taken in 2011  PCL 

 

Eur.Phys.J. C71 (2011) 1728 

Limits on the production of the Standard Model Higgs Boson in pp  collisions at √s =7  TeV  

with the ATLAS detector     1st combination H 40 pb-1 

 

ATLAS-CONF-2011-112 

Combined Standard Model Higgs Boson Searches in pp Collisions at sqrt(s) = 7 TeV 

                   with the ATLAS Experiment at the LHC ( 1 fb-1) 

 

ATLAS-CONF-2011-135 

Update of the Combination of Higgs Boson Searches in 1.0 to 2.3 fb−1 of pp Collisions  

Data Taken at s = 7 TeV with the ATLAS Experiment at the LHC 
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Phys.Lett. B705 (2011) 452-470 

Search for the Standard Model Higgs boson in the two photon decay channel with the  

ATLAS detector at the LHC ( 1 fb-1) 

 

ATLAS-CONF-2011-149 

Search for a fermiophobic Higgs boson in the diphoton channel with the ATLAS detector 

   ( 1 fb-1 , pT categories ) 

 

ATLAS-CONF-2011-157 

Combined Standard Model Higgs boson searches with up to 2.3 fb-1 of pp  

collision data at sqrt{s} = 7 TeV at the LHC  (ATLAS+CMS) 

 

ATLAS-CONF-2011-161 

Search for the Standard Model Higgs boson in  

the diphoton decay channel with  4.9 fb-1 of  

ATLAS data at sqrt(s)=7 TeV ( PTt and conversion categories : 9 categories 

local significance = 2.8 )  

 

ATLAS-CONF-2011-163 

Combination of Higgs Boson Searches with up to 4.9 fb-1 of pp Collision Data  

Taken at sqrt(s)=7 TeV with the ATLAS Experiment at the LHC 
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Phys.Lett. B710 (2012) 49-66 

Combined search for the Standard Model Higgs boson using up to 4.9 fb −1  of pp  

collision data at √s =7  TeV with the ATLAS detector at the LHC 

 

Phys.Rev.Lett. 108 (2012) 111803 

Search for the Standard Model Higgs boson in the diphoton decay channel with 4.9 

fb −1   of pp  collisions at  √s =7  TeV with ATLAS ( local significance = 2.8  )  

 

ATLAS-CONF-2012-013 

Search for a fermiophobic Higgs boson in the diphoton decay channel with 4.9/fb of 

ATLAS data at sqrt(s)= 7 TeV  ( using 9 categories )  

 

ATLAS-CONF-2012-019 

An update to the combined search for the Standard Model Higgs boson with the 

ATLAS detector at the LHC using up to 4.9 fb−1 of pp collision data at √s = 7 TeV 

 

Eur.Phys.J. C72 (2012) 2157 

Search for a fermiophobic Higgs boson in the diphoton decay channel with the  

ATLAS detector ( 5 fb-1) 
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 ATLAS-CONF-2012-048 

Performance of the ATLAS Electron and Photon Trigger in p-p Collisions  

at sqrt{s} = 7 TeV in 2011  

 

Phys.Rev. D86 (2012) 032003 arXiv:1207.0319 

Combined search for the Standard Model Higgs boson in pp collisions  

   at sqrt(s) = 7 TeV with the ATLAS detector ( 5 fb-1) 
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ATLAS-CONF-2012-091 
Observation of an excess of events in the search for the Standard Model Higgs boson in  

the gamma-gamma channel with the ATLAS detector ( 10 categories , including a  

2 jet – à la VBF – one , 5 (2011) + 6 (2012) fb-1 local significance = 4.5  ) 

 

ATLAS-CONF-2012-093 
Observation of an Excess of Events in the Search for the Standard Model Higgs boson  

with the ATLAS detector at the LHC ( WW only 2011 )  

 

Phys.Lett. B716 (2012) 1-29 
Observation of a new particle in the search for the Standard Model  

Higgs boson with the ATLAS detector at the LHC (with WW 2012 

mH comb = 126.0   .4  .4 GeV ) 

 

ATLAS-CONF-2012-123 
Measurements of the photon identification efficiency with the ATLAS detector  

 using 4.9 fb−1 of pp collision data collected in 2011 
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ATLAS-CONF-2012-127 

Coupling properties of the new Higgs-like boson observed with the ATLAS detector  

at the LHC ( 5+6 fb-1) 

 
ATLAS-CONF-2012-162 

Updated ATLAS results on the signal strength of the Higgs-like boson for decays into  

WW and heavy fermion final states  ( includes 13fb-1 of 2012 except  γγ 5+6 fb-1 ) 

 
ATLAS-CONF-2012-168 

Observation and study of the Higgs boson candidate in the two photon decay channel  

with the ATLAS detector at the LHC  ( mH = 126.6  .3  .7 GeV  local significance = 6.1    

5+ 13 fb-1 12 categories in 2012 with two 2-jet categories and a one-lepton category )  

 
ATLAS-CONF-2012-170 

An update of combined measurements of the new Higgs-like boson with high mass  

resolution channels  ( mH comb = 125.2  .3  .6 GeV    5+13 fb-1) 

 
ATLAS-CONF-2013-009 

Search for the Standard Model Higgs boson in the H → Zγ decay mode with pp collisions 

 at √s = 7 and 8 TeV  ( 5+ 20 fb-1) 
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ATLAS-CONF-2013-012 

Measurements of the properties of the Higgs-like boson in the two photon decay  

channel with the ATLAS detector using 25 fb−1 of proton-proton collision data 

( 14 categories including two 2-jet high mass , one 2-jet low mass , lepton , ETmiss  

   local significance = 7.4   , mH=126.8  .2  .7  GeV )  

 
ATLAS-CONF-2013-014 

Combined measurements of the mass and signal strength of the Higgs-like boson with  

the ATLAS detector using up to 25 fb-1 of proton-proton collision data 

(mH comb= 125.5 .2 +.5 -.6 GeV)  

 
ATLAS-CONF-2013-029 

Study of the spin of the Higgs-like boson in the two photon decay channel using  

20.7 fb-1 of pp collisions collected at sqrt(s) = 8 TeV with the ATLAS detector 

 
ATLAS-CONF-2013-034 

Combined coupling measurements of the Higgs-like boson with the ATLAS  

detector using up to 25 fb-1 of proton-proton collision data ( 10  )  

 
ATLAS-CONF-2013-040 

Study of the spin of the new boson with up to 25 fb−1 of ATLAS data 

 
S 

S 

S 
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Phys.Lett. B726 (2013) 88-119 arXiv:1307.1427 

Measurements of Higgs boson production and couplings in diboson final states  

with the ATLAS detector at the LHC 

 https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-02/ 

 
Phys.Lett. B726 (2013) 120-144 arXiv:1307.1432 

Evidence for the spin-0 nature of the Higgs boson using ATLAS data 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-01/ 

 

ATLAS-CONF-2013-072 

Differential cross sections of the Higgs boson measured in the diphoton decay channel  

with the ATLAS detector using 8 TeV proton-proton collision data 

 
ATLAS-CONF-2013-080 

Search for ttH production in the H → γγ channel at √s = 8 TeV with the ATLAS detector 

 
ATLAS-CONF-2013-081 

Search for flavour changing neutral currents in top quark decays t→cH, with H→γγ,  

and limit on the tcH coupling with the ATLAS detector at the LHC 

S 
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H ZZ 4l 
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CMS references  
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PAS HIG-11-004 

Search for a Standard Model Higgs boson produced in the decay channel 4l ( 1 fb-1) 

 

PAS HIG-11-015 

Search for a Standard Model Higgs boson produced in the decay channel 4l ( 1.7 fb-1) 

 

PAS HIG-11-025 

Search for a Higgs boson produced in the decay channel 4l ( 5 fb-1) 

 

Phys.Rev.Lett. 108 (2012) 111804 arXiv:1202.1997 

Search for the standard model Higgs boson in the decay channel H to ZZ 

                 to 4 leptons in pp collisions at sqrt(s) = 7 TeV  ( 5 fb-1) 
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PAS HIG-12-016 

Evidence for a new state in the search for the standard model Higgs boson in the  

  H to ZZ to 4 leptons channel in pp collisions at sqrt(s) = 7 and 8 TeV ( 5 fb-1) 

 

PAS HIG-12-041 

Updated results on the new boson discovered in the search for the standard model  

  Higgs boson in the ZZ to 4 leptons channel in pp collisions at  

   sqrt(s) = 7 and 8 TeV ( 5 + 12 fb-1) 

 

Phys.Rev.Lett. 110 (2013) 081803 arXiv:1212.6639 

On the mass and spin-parity of the Higgs boson candidate via its decays to Z boson pairs 

   ( 5 + 12 fb-1) 

 

PAS HIG-13-002 

Properties of the Higgs-like boson in the decay H to ZZ to 4l in pp collisions at  

sqrt s =7 and 8 TeV  ( 5 + 20 fb-1) 
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ATLAS references  
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ATLAS-CONF-2011-048 

Search for the Standard Model Higgs boson in the decay channel H->ZZ*->4l with 

                 40 pb-1 of pp collisions at sqrt(s)= 7 TeV 

 

ATLAS-CONF-2011-131 

Search for the Standard Model Higgs boson in the decay channel 

                   H to ZZ to llll with the ATLAS detector ( 1 fb-1)  

 

Phys.Lett. B705 (2011) 435-451 arXiv:1109.5945 

Search for the Standard Model Higgs boson in the decay channel  

H->ZZ(*)->4l with the ATLAS detector ( 2 fb-1) 

 

ATLAS-CONF-2011-162 

Search for the Standard Model Higgs boson in the decay channel H->ZZ*->4ll with  

4.8 fb-1 of pp collisions at sqrt{s} = 7 TeV  

 

Phys.Lett. B710 (2012) 383-402 arXiv:1202.1415 

Search for the Standard Model Higgs boson in the decay channel H->ZZ(*)->4l with  

   4.8 fb-1 of pp collisions at sqrt(s)=7 TeV with ATLAS 

 



Lyon 28-29 oct 13 291 

ATLAS-CONF-2012-092 

Observation of an excess of events in the search for the Standard Model Higgs boson in the 

                H-> ZZ(*) -> 4l channel with the ATLAS detector ( 5 + 6 fb-1)  

 

ATLAS-CONF-2012-169 

Updated results and measurements of properties of the new Higgs-like 

particle in the four lepton decay channel with the ATLAS detector  ( 5 + 13 fb-1) 

 

ATLAS-CONF-2013-013 

Measurements of the properties of the Higgs-like boson in the four lepton decay channel  

with the ATLAS detector using 25 fb-1 of proton-proton collision data 
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H ZZ l l  
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CMS references  
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PAS HIG-11-013 

Study of the Higgs to ZZ to 2l + 2 tau final state with CMS detector ( 1 fb-1) 

 

PAS HIG-11-028 

Study of the Higgs to ZZ to 2l + 2 tau final state with CMS detector ( 5 fb-1) 

 

JHEP 1203 (2012) 081 arXiv:1202.3617 

Search for the standard model Higgs boson in the H to ZZ to ll tau tau decay channel 

                 in pp collisions at sqrt(s)=7 TeV  ( 5 fb-1) 
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ATLAS references  
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H ZZ l l  
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CMS references  



Lyon 28-29 oct 13 298 

PAS HIG-11-005 

H to ZZ to 2l2nu ( 1 fb-1) 

 

PAS HIG-11-016 

H to ZZ to 2l2nu   (1.7 fb-1) 

 

HIG-11-026 

H to ZZ to 2l 2nu ( 5 fb-1) 

 

JHEP 1203 (2012) 040 arXiv:1202.3478 

 Search for the standard model Higgs boson in the H to ZZ to 2l 2nu channel in pp 

                 collisions at sqrt(s) = 7 TeV  ( 5 fb-1) 

 

PAS HIG-12-023 

Higgs to ZZ to 2l 2nu at 7 and 8 TeV ( 5 + 5 fb-1) 
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PAS HIG-13-014 

Search for a heavy Higgs boson in the H to ZZ to 2l2nu channel in pp collisions  

             at sqrt(s)= 7 and 8 TeV ( 5 + 20 fb-1) 
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ATLAS references  



Lyon 28-29 oct 13 301 

ATLAS-CONF-2011-026 

Search for a Standard Model Higgs Boson in the Mass Range  

200-600 GeV in the Channels H -> ZZ -> llnunu and H -> ZZ -> llqq with  

the ATLAS Detector (36 pb-1)  

 

Phys.Rev.Lett. 107 (2011) 221802 arXiv:1109.3357 

Search for a Standard Model Higgs boson in the H->ZZ->llnunu decay  

channel with the ATLAS detector ( 1 fb-1) 

 

ATLAS-CONF-2011-148 

Search for a Standard Model Higgs boson in the H -> ZZ -> llnunu decay channel with  

             2.05 fb-1 of ATLAS data 

 

ATLAS-CONF-2012-016 

Search for a Standard Model Higgs boson in the H -> ZZ -> llnunu decay channel using  

4.7 fb-1  of sqrt(s) = 7 TeV data with the ATLAS Detector 

 

Phys.Lett. B717 (2012) 29-48 arXiv:1205.6744 

Search for a Standard Model Higgs boson in the H -> ZZ -> llnunu decay channel using 

               4.7 fb-1 of sqrt(s) = 7 TeV data with the ATLAS detector 
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H ZZ l l qq 
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CMS references  
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PAS HIG-11-006 

Search for the standard model Higgs Boson in the decay channel H to ZZ to llqq at CMS  

   ( 1 fb-1) 

 

PAS HIG-11-017 

Search for the standard model Higgs Boson in the decay channel H to ZZ to llqq at CMS 

  (1.6  fb-1) 

 

PAS HIG-11-027 

Search for the standard model Higgs Boson in the decay channel H to ZZ(*) to  

   q qbar l-l+ at CMS    ( 5 fb-1) 

 

JHEP 1204 (2012) 036 arXiv:1202.1416 

Search for a Higgs boson in the decay channel H to ZZ(*) to q qbar l-l+  

in pp collisions at sqrt(s) = 7 TeV  ( 5 fb-1) 

 

PAS HIG-12-024 

Search for a standard model like Higgs boson in the H -> ZZ -> 2l2q decay channel at 

            sqrts=8 TeV ( 20 fb-1) 

 



Lyon 28-29 oct 13 305 

ATLAS references  
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ATLAS-CONF-2011-026 

Search for a Standard Model Higgs Boson in the Mass Range  

200-600 GeV in the Channels H -> ZZ -> llnunu and H -> ZZ -> llqq with  

the ATLAS Detector (36 pb-1)  

 

Phys.Lett. B707 (2012) 27-45 arXiv:1108.5064 

Search for a heavy Standard Model Higgs boson in the channel 

              H->ZZ->llqq using the ATLAS detector ( 1 fb-1) 

 

ATLAS-CONF-2011-150 

Search for a Standard Model Higgs Boson in the mass range 200-600 GeV in the   

              channel H -> ZZ -> llqq using the ATLAS Detector ( 2 fb-1) 

 

ATLAS-CONF-2012-017 

Search for a Standard Model Higgs boson in the mass range 200--600 GeV in the  

H->ZZ->llqq decay channel with the ATLAS Detector ( 7 TeV 5 fb-1) 

 

Phys.Lett. B717 (2012) 70-88 arXiv:1206.2443 

 Search for a Standard Model Higgs boson in the mass range 200-600 GeV in  

the H->ZZ->llqq decay channel ( 5 fb-1) 
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H WW  l  l  
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CMS references  
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Phys.Lett.B699:25-47,2011 arXiv:1102.5429 

Measurement of W+W- Production and Search for the Higgs Boson in pp  

               Collisions at sqrt(s) = 7 TeV   ( 36 pb-1) 

 

PAS HIG-11-003 

Search for the Higgs Boson in the Fully Leptonic W+ W- Final State ( 1 fb-1) 

 

PAS HIG-11-014 

Search for the Higgs Boson in the Fully Leptonic W+W- Final State (1.5 fb-1) 

 

PAS HIG-11-024 

Search for the Higgs Boson in the Fully Leptonic W+W- Final State ( 5 fb-1) 

 

Phys.Lett. B710 (2012) 91-113 arXiv:1202.1489 

Search for the standard model Higgs boson decaying to a W pair in the fully leptonic final 

                 state in pp collisions at sqrt(s) = 7 TeV         ( 5 fb-1) 
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PAS HIG-12-014 

VH with H->WW->lnulnu and V->jj at sqrt(s)=7 TeV  ( 5 fb-1) 

 

PAS HIG-12-017 

Search for the standard model Higgs boson decaying to a W pair in the fully leptonic  

 final state in pp collisions at sqrt(s) = 8 TeV  ( 5 fb-1) 

 

PAS HIG-12-038 

Search for the standard model Higgs boson decaying to a W pair in the fully leptonic final  

       state in pp collisions at sqrt(s) = 8 TeV ( 5 fb-1) 

 

PAS HIG-12-039 

Search for SM Higgs in WH to WWW to 3l 3nu ( 7 +8 TeV   5+5 fb-1) 

 

PAS HIG-12-042 

Evidence for a particle decaying to W+W- in the fully leptonic final state in a standard model  

     Higgs boson search in pp collisions at the LHC ( 8TeV 12 fb-1) 
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PAS HIG-13-003 

Evidence for a particle decaying to W+W- in the fully leptonic final state in a  standard  

   model Higgs boson search in pp collisions at the LHC  ( 5 + 20 fb-1) 

 

PAS HIG-13-009 

Search for SM Higgs in WH to WWW to 3l 3nu  ( 5 + 20 fb-1) 

 

PAS HIG-13-017 

VH with H-> WW->lnulnu  and V-> jj  ( 5 + 20 fb-1) 

 

PAS HIG-13-022 

Update of the search for the Standard Model Higgs boson decaying 

               into WW in the vector boson fusion production channel ( 5 + 20  fb-1) 



Lyon 28-29 oct 13 312 

ATLAS references  
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ATLAS-CONF-2011-005 

Higgs Boson Searches using the H -> WW(*)-> l nu l nu Decay Mode with the ATLAS  

Detector at 7 TeV ( 36 pb-1) 

 

ATLAS-CONF-2011-111 

Search for the Standard Model Higgs boson in the H->WW*->l nu l nu decay mode with 

                  the ATLAS detector ( 1 fb-1) 

 

ATLAS-CONF-2011-134 

Search for the Standard Model Higgs boson in the H->WW->llnunu decay mode using 

              1.7 fb-1 of data collected with the ATLAS detector at sqrt(s)=7 TeV 
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Phys.Rev.Lett. 108 (2012) 111802 arXiv:1112.2577 

Search for the Higgs boson in the H->WW(*)->lvlv decay channel in pp collisions  

   at sqrt{s} = 7 TeV with the ATLAS detector ( 2 fb-1) 

 

ATLAS-CONF-2012-012 

Search for the Standard Model Higgs boson in the H->WW(*)-> lnulnu decay mode  

with 4.7 fb-1 of ATLAS data at sqrt(s) = 7 TeV 

 

Phys.Lett. B716 (2012) 62-81 arXiv:1206.0756 

Search for the Standard Model Higgs boson in the H -> WW(*) -> l nu l nu decay mode with 

               4.7 /fb of ATLAS data at sqrt(s) = 7 TeV 
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ATLAS-CONF-2012-060 

Search for the Standard Model Higgs boson in the H->WW(*)->lvlv decay mode using  

Multivariate Techniques with 4.7 fb-1 of ATLAS data at sqrt{s}=7 TeV 

 

ATLAS-CONF-2012-078 

Search for the Higgs boson in the associated mode WH->WWW(*)->lnu lnu with the  

ATLAS detector at sqrt{s}=7TeV  ( 5 fb-1) 

 

ATLAS-CONF-2012-098 

Observation of an Excess of Events in the Search for the Standard Model Higgs Boson in the 

              H->WW(*)->lnulnu Channel with the ATLAS Detector ( 6 fb-1 8TeV ,ajouté aux 

              5 fb-1 7 TeV) 
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ATLAS-CONF-2013-027 

Search for Higgs bosons in Two-Higgs-Doublet models in the H -> WW -> e nu µ nu  

channel with the ATLAS detector 

 

ATLAS-CONF-2013-030 

Measurements of the properties of the Higgs-like boson in the WW(*) -> lnu lnu decay  

channel with the ATLAS detector using 25 fb-1 of proton-proton collision data 

 

ATLAS-CONF-2013-031 

Study of the spin properties of the Higgs-like boson in the H -> WW(*) -> enu µnu channel  

  with 21 fb-1 of  s = 8 TeV data collected with the ATLAS detector 
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ATLAS-CONF-2013-067 

Search for a high-mass Higgs boson in the H->WW->lnulnu  decay channel with the  

ATLAS detector using 21 fb -1   of proton-proton collision data ( 8 TeV) 

 

ATLAS-CONF-2013-075 

Search for associated production of the Higgs boson in the WH->WWW(*)->lnulnulnu and  

ZH->ZWW(*)->lllnulnu channels with the ATLAS detector at the LHC 

 ( 8 Tev 20 fb-1  auxquels on ajoute  5 fb-1 de 7 TeV) 
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H WW l  qq 
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CMS references  
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PAS HIG-12-003 

Search for the Standard Model Higgs boson in the H -> WW -> l nu jj decay channel ( 5 fb-1) 

 

PAS HIG-12-021 

Search for the Standard Model Higgs boson in the H to WW to lvjj decay channel  

  at 8 TeV ( 5 fb-1) 

 

PAS HIG-12-046 

Search for the Standard Model Higgs boson in the H to WW to lnujj decay channel in pp  

   collisions at the LHC  ( 5 + 12 fb-1 ) 

 

PAS HIG-13-008 

Search for a Standard Model-like Higgs boson decaying into WW to l nu qqbar in 

             pp collisions at sqrt s = 8 TeV ( 20 fb-1) 
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ATLAS references  
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ATLAS-CONF-2011-052 

Search for Higgs Boson Production in pp Collisions at sqrt{s}=7 TeV using the  

              H->WW->lvqq Decay Channel and the ATLAS Detector ( 36 pb-1)  

 

Phys.Rev.Lett. 107 (2011) 231801 arXiv:1109.3615 

Search for the Higgs boson in the H->WW->lvjj decay channel in pp collisions at  

sqrt{s} = 7 TeV with the ATLAS detector ( 1 fb-1) 

 

ATLAS-CONF-2012-018 

Search for the Higgs boson in the H->WW->lvjj decay channel using 4.7 fb-1 of pp  

collisions at sqrt(s)= 7 TeV with the ATLAS detector 

 

Phys.Lett. B718 (2012) 391-410 arXiv:1206.6074 

Search for the Higgs boson in the H->WW->lnujj decay channel at sqrt(s) = 7 TeV with  

 the ATLAS detector  ( 5 fb-1) 
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H bb 
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CMS references  
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PAS HIG-11-012 

Search for Higgs Boson in VH Production with H to bb ( 1 fb-1) 

 

PAS HIG-11-031 

Search for Higgs Boson in VH Production with H to bb ( 5 fb-1) 

 

Phys.Lett. B710 (2012) 284-306 arXiv:1202.4195 

Search for the standard model Higgs boson decaying to bottom quarks  

  in pp collisions at sqrt(s)=7 TeV  ( VH , 5 fb-1)  

 

PAS HIG-12-019 

Search for the standard model Higgs boson produced in association with W or Z  

bosons, and decaying to bottom quarks for ICHEP 2012 ( 5 + 5 fb-1) 
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PAS HIG-12-025 

Search for Higgs boson production in association with top quark pairs in pp collisions 

(7 TeV 5fb-1) 

 

PAS HIG-12-026 

Search for a Higgs boson produced in association with b 

               quarks and decaying into a b-quark pair ( 7 TeV 4 fb-1) 

 

PAS HIG-12-027 

Search for SuperSymmetric Higgs boson states decaying into b b and produced in  

    association with b-quarks in events collected by semi-leptonic triggers in pp  

    collisions at sqrts = 7TeV ( 5 fb-1) 

 

JINST 8 (2013) P04013  arXiv:1211.4462 

Identification of b-quark jets with the CMS experiment 

 

Phys.Lett. B722 (2013) 207-232 arXiv:1302.2892 

Search for a Higgs boson decaying into a b-quark pair and produced in association with 

               b quarks in proton-proton collisions at 7 TeV     ( 5 fb-1) 
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PAS HIG-12-044 

Search for the standard model Higgs boson produced in association with  W or Z  

     bosons, and decaying to  bottom quarks for HCP 2012 ( 5+12 fb-1)  

 

JHEP 1305 (2013) 145 arXiv:1303.0763 

Search for the standard model Higgs boson produced in association with a  

  top-quark pair in pp collisions at the LHC   ( 5 + 5 fb-1) 

 

PAS HIG-13-011 

Higgs to bb in the VBF channel (  8 TeV 19 fb-1) 

 

PAS HIG-13-012 

Search for the standard model Higgs boson produced in association with W or Z bosons, 

             and decaying to bottom quarks for LHCp 2013 ( 5 + 19 fb-1) 

 

arXiv:1310.3687 

Search for the standard model Higgs boson produced in association with 

              a W or a Z boson and decaying to bottom quarks   ( 5 + 19 fb-1)  
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ATLAS references  
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ATLAS-CONF-2011-103 

Search for the Standard Model Higgs boson produced in association with a vector 

boson and decaying to a b-quark pair with the ATLAS detector at the LHC ( 1 fb-1) 

 

ATLAS-CONF-2012-015 

Search for the Standard Model Higgs boson produced in association with a vector boson  

and decaying to a b-quark pair using up to 4.7/fb of pp collision data at sqrt(s) = 7 TeV  

with the ATLAS detector at the LHC 

 

Phys.Lett. B718 (2012) 369-390 arXiv:1207.0210 

Search for the Standard Model Higgs boson produced in association with a vector  

 boson and decaying to a b-quark pair with the ATLAS detector ( 5 fb-1) 
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ATLAS-CONF-2012-135 

Search for a Higgs boson produced in association with a top-quark pair 

and decaying to b¯b in pp collisions at s = 7 TeV using the ATLAS 

Detector ( 5 fb-1) 

 

ATLAS-CONF-2012-161 

Search for the Standard Model Higgs boson produced in association with a vector boson  

and decaying to bottom quarks with the ATLAS detector ( 5+ 13 fb-1)  

 

ATLAS-CONF-2013-079 

Search for the bb decay of the Standard Model Higgs boson in associated W/ZH producti 

on with the ATLAS detector ( 5 + 20 fb-1) 
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H  
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CMS references  
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PAS HIG-10-002 

Search for Neutral Higgs Boson Production and Decay to Tau Pairs ( 36 pb-1) 

 

Phys.Rev.Lett. 106 (2011) 231801 arXiv:1104.1619 

Search for Neutral MSSM Higgs Bosons Decaying to Tau Pairs in pp Collisions 

              at sqrt(s)=7 TeV       ( 36 pb-1) 

 

PAS HIG-11-009 

Search for Neutral Higgs Bosons Decaying to Tau Pairs in pp Collisions at s=7 TeV ( 1 fb-1) 

 

PAS HIG-11-020 

Search for Neutral Higgs Bosons Decaying to Tau Pairs in pp Collisions at s=7 TeV ( 1.6 fb-1) 

 

PAS HIG-11-029 

Search for Neutral Higgs Bosons Decaying to Tau Pairs in pp Collisions at s=7 TeV ( 5 fb-1) 
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PAS HIG-12-007 

Search for Neutral Higgs Bosons Decaying into Tau Leptons in the Dimuon Channel  

   with CMS in pp Collisions at 7 TeV ( 5 fb-1) 

 

Phys.Lett. B713 (2012) 68-90 arXiv:1202.4083 

Search for neutral Higgs bosons decaying to tau pairs in pp collisions at sqrt(s)=7 TeV 

  ( 5 fb-1)  

 

PAS HIG-12-018 

Search for a standard model Higgs bosons decaying to tau pairs in pp collisions ( 5+5 fb-1) 

 

PAS HIG-12-043 

Higgs to tau tau (SM) (HCP)   ( 5 + 12 fb-1) 

 

PAS HIG-12-050 

Search for MSSM Neutral Higgs Bosons Decaying to 

             Tau Pairs in pp Collisions  ( 5 + 12 fb-1) 
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PAS HIG-12-051 

Search for the standard model Higgs boson decaying to tau pairs  

  produced in association with a W or Z boson  ( 5 +12 fb-1) 

 

PAS HIG-12-053 

Search for the standard model Higgs boson decaying to tau pairs produced in  

  association with a W or Z boson  ( 5 + 20 fb-1) 

 

PAS HIG-13-004 

Search for the Standard-Model Higgs boson decaying to tau pairs in proton-proton collisions  

   at sqrt(s) = 7 and 8 TeV  ( 5 + 20 fb-1) 
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ATLAS references  
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ATLAS-CONF-2011-024 

Search for neutral MSSM Higgs bosons decaying to tau+tau- pairs in proton-proton  

collisions at sqrt(s)=7 TeV with the ATLAS Experiment ( 36 pb-1) 

 

Phys.Lett. B705 (2011) 174-192 arXiv:1107.5003 

Search for neutral MSSM Higgs bosons decaying to tau+ tau- pairs in proton-proton 

              collisions at sqrt(s) = 7 TeV with the ATLAS detector ( 36 pb-1) 

 

ATLAS-CONF-2011-132 

Search for neutral MSSM Higgs bosons decaying to tau+tau- pairs in proton-proton 

                   collisions at sqrt(s) = 7 TeV with the ATLAS detector ( 1 fb-1) 

 

ATLAS-CONF-2011-133 

Search for the Standard Model Higgs boson in the decay mode 

              H -> tau+ tau- -> ll + 4 neutrinos in Association with jets in Proton-Proton 

              Collisions at sqrt(s) =7 TeV with the ATLAS detector ( 1 fb-1) 

 

ATLAS-CONF-2012-014 

Search for the Standard Model Higgs boson in the H->tau tau decay mode with  

4.7 fb^-1 of ATLAS data at sqrt(s)=7TeV 
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JHEP 1209 (2012) 070 arXiv:1206.5971 

Search for the Standard Model Higgs boson in the H to tau+ tau- decay mode in  

   sqrt(s) = 7 TeV pp collisions with ATLAS ( 5 fb-1) 

 

JHEP 1302 (2013) 095 arXiv:1211.6956 

Search for the neutral Higgs bosons of the Minimal Supersymmetric Standard Model in  

   pp collisions  at sqrt(s)=7 TeV with the ATLAS detector  ( 5 fb-1) 

 

ATLAS-CONF-2012-160 

Search for the Standard Model Higgs boson in H->tau+tau- decays in proton-proton  

collisions with the ATLAS detector  ( 5 + 13 fb-1) 
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H  
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CMS references  
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PAS HIG-12-004 

Search for a light pseudoscalar boson in the dimuon channel  ( 1.3 fb-1) 

 

Phys.Rev.Lett. 109 (2012) 121801 arXiv:1206.6326 

Search for a light pseudoscalar Higgs boson in the dimuon decay  

 channel in pp collisions at sqrt(s) = 7 TeV  (1.3 fb-1)  

 

PAS HIG-12-011 

Search for Neutral MSSM Higgs Bosons in the mu+mu- final state with the CMS experiment 

              in pp Collisions at sqrt s =7 TeV ( 5 fb-1) 

 

PAS HIG-13-007 

Search for the standard model Higgs boson in the dimuon decay channel 

            in pp collisions at sqrt(s)= 7 and 8 TeV ( 5 + 20 fb-1) 
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ATLAS references  
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ATLAS-CONF-2011-020 

A Search for a Light CP-Odd Higgs Boson Decaying to mu^+ mu^- in ATLAS 

  ( 36 pb-1) 

 

ATLAS-CONF-2013-010 

Search for a Standard Model Higgs boson in H->µµ  decays with the ATLAS detector 

( 8 TeV 21 fb-1)  
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Other combinations 
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CMS references  
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Eur.Phys.J. C73 (2013) 2469 arXiv:1304.0213 

Search for a standard-model-like Higgs boson with a mass of up to 1 TeV at the LHC 

 ( WW , ZZ   5 + 5  fb-1)  
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ATLAS references  



Lyon 28-29 oct 13 348 

VH     t t H 



Lyon 28-29 oct 13 349 

CMS references  
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PAS HIG-11-034 

Search for WH to 3 leptons  ( 5 fb-1) 

 

PAS HIG-12-006 

Search for WH in Final States with Electrons, Muons, Taus ( 5 fb-1) 

 

JHEP 1211 (2012) 088 arXiv:1209.3937 

Search for the standard model Higgs boson produced in association with W and Z bosons in 

              pp collisions at sqrt(s)=7 TeV ( 5 fb-1) 

 

PAS HIG-13-019 

Search for Higgs Boson Production in Association with a Top-Quark Pair and  

    Decaying to Bottom Quarks or Tau Leptons  ( 8 TeV 20 fb-1) 
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PAS HIG-13-020 

Search for the standard model Higgs boson produced in association with 

   top quarks in multilepton final states  ( 8 TeV 20 fb-1)  
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ATLAS references  
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H 
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CMS references  
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PAS HIG-11-002 

Search for the charged Higgs boson in the etau and mutau dilepton channels of  

               top quark pair decays ( 36 pb-1) 

 

PAS HIG-11-008 

H+ -> Tau in Top quark decays  (  1 fb-1) 

 

JHEP 1207 (2012) 143 arXiv:1205.5736 

Search for a light charged Higgs boson in top quark decays in pp collisions at sqrt(s) = 7 TeV 

   ( 2 fb-1) 

 

PAS HIG-12-052 

Updated search for a light charged Higgs boson in top quark decays in pp collisions  

   at sqrt(s) = 7 TeV  ( 5 fb-1) 
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ATLAS references  
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ATLAS-CONF-2011-018 

Study of discriminating variables for charged Higgs boson searches in ttbar events  

with leptons, using 35/pb of data from the ATLAS detector 

 

ATLAS-CONF-2011-094 

A search for a light charged Higgs boson decaying to cs in pp collisions at  

s  = 7 TeV with the ATLAS detector ( 36 pb-1) 

 

ATLAS-CONF-2011-138 

Search for Charged Higgs Bosons in the tau+jets Final State in t-tbar Decays with 

             1.03 fb-1 of pp Collision Data Recorded at sqrt{s} = 7TeV with the ATLAS  

             Experiment 

 

ATLAS-CONF-2012-011 

Search for charged Higgs bosons decaying via H->tau nu in ttbar events using 4.6 fb^-1  

of collision data at sqrt(s)=7 TeV with the ATLAS detector 

 

JHEP 1206 (2012) 039 arXiv:1204.2760 

Search for charged Higgs bosons decaying via H+ -> tau nu in top quark  

pair events using pp collision ( 5 fb-1) 
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ATLAS-CONF-2011-151 

Search for a charged Higgs boson decaying via H+ to tau(lep)+nu in ttbar events with one  

             or two light leptons in the final state using 1.03/fb of pp collision data recorded  

             at sqrt(s) = 7 TeV with the ATLAS detector 

 

JHEP 1303 (2013) 076 arXiv:1212.3572 

Search for charged Higgs bosons through the violation of lepton universality in ttbar events  

using pp collision data at sqrt(s) = 7 TeV with the ATLAS experiment ( 5 fb-1) 

 

Eur.Phys.J. C73 (2013) 2465 arXiv:1302.3694 

Search for a light charged Higgs boson in the decay channel H+->csbar in ttbar events using pp 

               collisions at sqrt(s) = 7 TeV with the ATLAS detector ( 5 fb-1) 

 

ATLAS-CONF-2013-090 

Search for charged Higgs bosons in the tau +jets final state with pp collision data  

recorded at sqrt(s) =8  TeV with the ATLAS experiment ( 20 fb-1) 
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invisible H 
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CMS references  
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PAS HIG-13-013 

Search for an Invisible Higgs Boson in VBF channels ( 8 TeV 20 fb-1) 

 

PAS HIG-13-018 

Search for invisible Higgs produced in association with a Z boson ( 5 + 20 fb-1) 

 

PAS HIG-13-028 

Search for Higgs boson decaying to invisible particles and produced in association  

    with a Z boson decaying to bottom quarks  ( 8 TeV 20 fb-1) 
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ATLAS references  
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ATLAS-CONF-2013-011 

 Search for invisible decays of a Higgs boson produced in association with a 

 Z boson in ATLAS ( 5 + 13 fb-1) 
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BSM (MSSM, NMSSM)  H 
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CMS references  
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arXiv:1210.7619 

Search for a non-standard-model Higgs boson decaying to a pair of  

 new light bosons in four-muon final states ( 5 fb-1)  

 

PAS HIG-13-010 

Search for a non-standard-model Higgs boson decaying to 

              a pair of new light bosons in four-muon final states ( 8 TeV 20 fb-1) 
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ATLAS references  
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ATLAS-CONF-2012-079 

Search for a Higgs boson decaying to four photons through light CP-odd scalar coupling  

   using 4.9 fb-1 of 7 TeV pp collision data taken with ATLAS detector at the LHC 

 

ATLAS-CONF-2012-094 

Search for neutral MSSM Higgs bosons in sqrt{s}=7 TeV pp collisions with  

the ATLAS detector  ( 5 fb-1    )  
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very exotic H       associated production 
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CMS references  
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PAS HIG-11-001 

Inclusive search for doubly charged higgs in leptonic final states at sqrt s=7 TeV ( 36 pb-1) 

 

PAS HIG-11-007 

Inclusive search for doubly charged higgs in leptonic final states at sqrt s=7 TeV ( 1 fb-1) 

 

JHEP 1209 (2012) 111 arXiv:1207.1130 

Search for a fermiophobic Higgs boson in pp collisions at sqrt(s)=7 TeV ( 5 fb-1) 

 

PAS HIG-12-005 

Inclusive search for a doubly charged Higgs boson in leptonic final states with  

 CMS at sqrts=7 TeV  ( 5 fb-1)  

 

Eur.Phys.J. C72 (2012) 2189 arXiv:1207.2666 

A search for a doubly-charged Higgs boson in pp collisions at sqrt(s) = 7 TeV ( 5 fb-1) 
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PAS SUS-13-002 

A search for anomalous production of events with three or more leptons using 19.5 fb-1 of  

sqrts=8 TeV LHC data  ( FCNC t cH) 

 

Phys.Lett. B725 (2013) 36-59 arXiv:1302.1764 

Searches for Higgs bosons in pp collisions at sqrt(s) = 7 and 8 TeV in the context  

  of four-generation and fermiophobic models ( 5 + 5 fb-1) 

 

PAS SUS-13-014 

Search for SUSY Partners of Top and Higgs Using Diphoton Higgs Decays ( 8TeV 20 fb-1) 

 

PAS SUS-13-017 

Search for electroweak production of charginos and neutralinos in final states with  

               a Higgs boson in pp collisions at 8 TeV ( 8 fb-1) 

 



Lyon 28-29 oct 13 373 

ATLAS references  



Lyon 28-29 oct 13 374 

ATLAS-CONF-2011-127 

Search for Doubly Charged Higgs Boson Production in Like-sign Muon Pairs in 

                   pp Collisions at sqrt(s)=7 TeV ( 1.6 fb-1) 

 

Phys.Rev.Lett. 108 (2012) 251801 arXiv:1203.1303 

Search for a light Higgs boson decaying to long-lived weakly-interacting particles in 

               proton-proton collisions at sqrt(s) = 7 TeV with the ATLAS detector ( 2 fb-1) 

 

ATLAS-CONF-2012-089 

Search for Displaced Muon Jets from light Higgs boson decay in proton-proton collisions at 

              sqrt(s) = 7 Tev with the ATLAS detector ( 2 fb-1) 

 



Lyon 28-29 oct 13 375 

 

Phys.Lett. B721 (2013) 32-50 arXiv:1210.0435 

Search for displaced muonic lepton jets from light Higgs boson decay in proton-proton  

   collisions at sqrt(s) = 7 TeV with the ATLAS detector  ( 2 fb-1) 

 

Eur.Phys.J. C72 (2012) 2244 arXiv:1210.5070 

Search for doubly-charged Higgs bosons in like-sign dilepton final states at sqrt(s) = 7 TeV 

              with the ATLAS detector ( 5 fb-1) 

 

New J.Phys. 15 (2013) 043009 arXiv:1302.4403 

Search for WH production with a light Higgs boson decaying to prompt electron-jets in  

 proton-proton collisions at sqrt(s)=7 TeV with the ATLAS detector  (2 fb-1)  



Lyon 28-29 oct 13 376 

 

ATLAS-CONF-2013-018 

Search for heavy top-like quarks decaying to a Higgs boson and a top quark in  

the lepton plus jets final state in pp  collisions at sqrt(s) =8  TeV with  

the ATLAS detector ( 14 fb-1)  

 

ATLAS-CONF-2013-093 

Search for chargino and neutralino production in final states with one lepton,  

   two b-jets consistent with a Higgs boson, and missing transverse momentum  

   with the ATLAS detector in 20.3 fb-1 of vs = 8 TeV pp collisions 



Lyon 28-29 oct 13 377 

future 



Lyon 28-29 oct 13 378 

general  references   



Lyon 28-29 oct 13 379 

R.Aleksan et al. CERN-ESG-005 

Physics Briefing Book (Input for the Strategy Group to draft the update of the 

    European Strategy for Particle Physics  ) 

 

M.Bicer et al. arXiv:1308.6176 

First Look at the Physics Case of TLEP 



Lyon 28-29 oct 13 380 

CMS references  



Lyon 28-29 oct 13 381 

CMS NOTE 2012-006 

CMS at the High-Energy Frontier. Contribution to the Update of the   

              European Strategy for Particle Physics 

 

CMS NOTE 2013-002  arXiv:1307.7135 

Projected Performance of an Upgraded CMS Detector at the LHC and HL-LHC:  

              Contribution to the Snowmass Process 

 

CMS PAS FTR-13-003 

H to ZZ to 4l 

 

CMS PAS FTR-13-024 

2HDM Neutral Higgs Future Analysis Studies 



Lyon 28-29 oct 13 382 

ATLAS ( … ) references  



Lyon 28-29 oct 13 383 

ATL-PHYS-PUB-2012-004 

Physics at a High-Luminosity LHC with ATLAS 

 

ATL-PHYS-PUB-2012-005 

Studies of Vector Boson Scattering with an Upgraded ATLAS Detector  

at a High-Luminosity LHC 

 

ATL-PHYS-PUB-2013-001 

Studies of the ATLAS potential for Higgs self-coupling measurements at a  

High Luminosity LHC 

 

ATL-PHYS-PUB-2013-004 

Performance assumptions for an upgraded ATLAS detector at a High-Luminosity LHC 

 

ATL-PHYS-PUB-2013-006 

Studies of Vector Boson Scattering And Triboson Production with an  

Upgraded ATLAS Detector at a High-Luminosity LHC 



Lyon 28-29 oct 13 384 

ATL-PHYS-PUB-2013-007 
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additional transparencies 
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Collateral problems : movements of magnets 



388 

Parenthesis on limits ( and the green – yellow bands )   

S+B toys,8SM 

In fact 8SM is excluded (median here) at 95%CL if the ratio 

of the black hatched area divided by the red hatched area  

is (smaller than) 5%  (CLS definition) 

Alex Read 

remember  8SM 

means a Higgs 

with a cross section 

equal to  

8 SM Higgs cross section 

(but same other properties!)  
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CLs to test signal hypothesis 

  CLs = 5% for a 95% CL 



390 

p0 to test background hypothesis  


