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from detectors  
to the discovery 
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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, Banner, Darriulat, Di Lella, …       discovery of W and Z at CERN    

 1984                                                                                                                   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 
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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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γ 

γ 
M2 = 2 Eγ1 Eγ2 ( 1 – cos Ψ12 ) 

Ψ12 
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Exemple of  CMS = (Compact Muon Solenoid)  

B = 4 T 

   « 4  » detector 
up to =5  

(from  = 1.35°) 

e  precision calorimetry 

 H   , 4 e 

Lead tungstate 

 75000 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 
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High level quality control !   
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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 

    see talk of Cyril Becot next Tuesday  
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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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presampler and longitudinal segmentation of the EM  

          ( Liquid Argon ) accordion calorimeter 

Corfu 8-9-13 
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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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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 

Corfu 8-9-13 

background ‘photon candidates’ coming from jets are  

                less isolated than real photons  
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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 
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but there are  

different categories  

slightly better 

resolution in  

CMS but  

more tails 

   very similar  

‘effective’ resolutions 

Corfu 8-9-13 
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back  21 years ago  
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 

chosen 
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Hints of signal 

    were already  

 there in  13th 

    december 2011 
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The 4th July seminar  
before 

after 
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during 
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Evolution of the excess ( all channels ) with time  
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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  
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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 ,  



41 

 Introduction 

 

 Short history of scalar boson and LHC  

 

 History of detectors and of H γγ 

        specificities of detectors relevant to H γγ 

 

 Discovery  

 

 Properties 

 

 Conclusions 

 

        Backup ( references ) 

  

Corfu 8-9-13 



Corfu 8-9-13 42 

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  

couplings 



Corfu 8-9-13 43 

Scalar boson decays : example of  H γγ 

             Interference  

                between  

W loop                           top loop 

                             1.8                    - 8  
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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   (see talk of Cyril Becot next tuesday ) 
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couplings measured in  

all categories 

     signal strengths for 

different subprocesses 

start to see evidence for VBF 
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General good agreement with the Standard Model 

     in particular γγ  ( see lesson of Bruno Mansoulié)  
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3.3  effect 
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scalar boson width 
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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’ 



Corfu 8-9-13 53 

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   
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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 )  
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No significant  

deviation  

from SM  

predictions   

still large 

uncertainties 

 

P(2) = 0.55  
     (POWHEG) 

 

P(2) = 0.39 
      (HRES) 
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spin spin 1 excluded by Landau-Yang theorem 

different  

angular distributions 

difficult analysis 
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fit assuming SM fit assuming spin 2 100% gg 

For spin 2 100% gg production  

 - compatibility data/SM : 58.8 %  

          ( 0.5 % expected if spin 2 true) 

 -  spin 2 model p-value : 0.3%  

              ( 1.2% expected if SM) 

          minimal spin 2 strongly disfavoured  

large decrease of sensitivity for large 

q-qbar production fraction 

 recovered with WW channel 
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Intense period of discovery , where the channel 

   Hγγ was very important  

 

Followed more than 20 years of work on this subject  

 

After the discovery this channel will be ( and is already) used in  

  order to make some measurements  which can test  

  the Standard Model  

 

All the data is analysed . Final results will come soon 

   ( waiting for final calibrations)  

    

 

 

 
   Several results were not shown , like  

     - search for two near-mass degenerate states 

     - dedicated ttH search  

     - FCNC tt with t cH    … 

yery nice ( at least for experimentalists) to have several  

channels ( γγ , bb , ZZ , WW ,  ) opened for mH= 125 GeV 
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Thank you for your attention  
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Historical references  
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  For a list of historical references  see  

 
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 

 

Early Hγγ  theory references 

Corfu 8-9-13 
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Early phenomelogical/experimental references (pre-LHC) 

Early phenomelogical/experimental references (LHC) 

Corfu 8-9-13 
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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 

 

Corfu 8-9-13 
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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-11-021 

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) 

Corfu 8-9-13 
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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 )  
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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) 

 

  Corfu 8-9-13 
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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 )  

  

Corfu 8-9-13 
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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 

Corfu 8-9-13 
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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 

 

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-2011-135 

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  

 

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 Corfu 8-9-13 
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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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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/ 

 

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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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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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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  J.Gunion       G.Kane     
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loss in a fill and recovery in interfill  
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2012 intercalibration precision 

C
M

S
-D

P
-2

0
1

3
/0

0
7

 

Corfu 8-9-13 



90 

C
M

S
-D

P
-2

0
1

3
/0

0
7

 

Corfu 8-9-13 



91 

energy scale corrections  
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ECAL supercluster energy 
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efficiency of photons 
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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)  



Corfu 8-9-13 98 



Corfu 8-9-13 99 



Corfu 8-9-13 100 

There are other ways of parametrizing the  

cross sections via couplings ( see talk 

    of Bruno Mansoulié  ) 

zero width approximation 

g 

g   includes t ( and b ) loop but 

also ‘exotic’ particles 
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large 

sensitivity 

for all 

qq/gg  


