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Introduction 
•  The LHC started 9 years after the end of LEP. 

•  The detectors were ready and soon we realized that we were 
indeed understanding them. 

•  The start-up from the physics point of view was very 
successful and we got immediately tons of results! 

•  The statistical precision is enough already now to distinguish 
the relevance of Higher Order (NLO vs LO and more). 

     W.r.t. LEP, theoretical predictions are ready in advance and 
can  match the experimental precision… 

•  There is still a long way to go (at 8 TeV, 14 TeV and …) and we 
all hope to discover the Higgs (!) but also something new, 
maybe totally unexpected. 
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LHC in 2011     
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Total Lumi 
Peak Lumi  
3.3 x 1033  

Best Fill  

~90%	  recorded	  by	  the	  ATLAS	  and	  CMS	  
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The Experiments: CMS 
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No particle  
should go undetected 
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3.8 Tesla 
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S.M. rediscovery in 2010 

J.	  Pivarski	  



And more in 2011 
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In our present dataset (~ 5 fb-1) we have (after selection cuts):  
~  30 M   W µν, eν    events  
~  3 M     Z  µµ, ee    events 
~ 60000 top-pair events 



The Higgs before LHC 
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•  Direct searches 
–  LEP: MH>114.4 GeV at 95% CL 
–  Tevatron: |MH-166|>10 GeV  at 95% CL 

•  Indirect constraints from precision EW measurements 
–  MH= 96+31

-24 GeV, MH<169 GeV at 95% CL (standard fit) 
–  MH= 120+12

-5 GeV ,MH<143 GeV at 95% CL (including direct searches) 

ATLAS and CMS 
results not yet 
included 

GfiRer	  
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The LHC Higgs Cross Section WG 

•  About 2.5 years ago, exactly the day LHC was delivering the first 
collision to the experiments, a group formed by TH and EXP (the LHC 
Higgs Cross Section WG) was founded in order to provide precise 
Higgs predictions. 

•  The goal was  to access the most advanced theory predictions for the 
Higgs Cross Section and Branching Ratio: central value and 
uncertainties 

          
•  Experiments are thus from day “1” coherently using the COMMON 

INPUTS  provided by the LHC H XS WG (CERN-2011-002,  “YR1”, 
and CERN-2012-002,  “YR2”). 

      This facilitates the comparison and the combination* of the individual  
results 

                                                                 *LHC Higgs Combination group.  Only experimentalists 
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KNNLO/NLO	  
(KNLO/LO)	  

Scale PDF+aS	   Total	  
error 

ggF +25%	  
(+100%)	  

+12%	  -‐7% ±8% +20	  -‐15% 

VBF <1%	  
(+5-‐10%) 

±1% ±4% ±5% 

WH/
ZH 

+2-‐6%	  
(+30%) 

±1% ±4% ±5% 

IH -‐	  
(+5-‐20%) 

+4%	  -‐10% ±8% +12	  -‐18% 

Inclusive Cross Sections 
ggF:   NNLO+NNLL QCD + NLO EW 

qqH:  NNLO QCD + NLO EW 

WH:   NNLO QCD + NLO EW 
ZH:     NNLO QCD + NLO EW 

                                 ttH:    NLO QCD Stockolm	  12/6/2012	   9	   Chiara	  Mario4,	  INFN	  Torino	  &	  CERN	  



Branching Ratios 
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HD=HDecay 
Proph = Prophecy4f   NLO QCD+NLO EW 

MH Decay THU PU Total 

120	  GeV Hγγ ±2.9% ±2.5% ±5.4% 

Hbb ±1.3% ±1.5% ±2.8% 

Hττ ±3.6% ±2.5% ±6.1% 

150	  GeV HWW ±0.3% ±0.6% ±0.9% 

HZZ ±0.3% ±0.6% ±0.9% 
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Higgs search strategy 
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Higgs production cross section tiny compared  
to other QCD and EWK processes 
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Higgs search strategy 
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mH < 135 GeV	

Η ->  γγ  exclusion and discovery 
H -> 4l   exclusion and discovery 
H -> WW/ττ/bb  

140 < mH < 180 GeV 
H -> WW->2l2ν	

ZZ->4l also 

mH>180 GeV 
H ->ZZ channels for   
               discovery 
H->WW->lνjj 

Above ~123 GeV WW dominates 
At lower masses γγ takes over 

bb/ττ/WW 
Poor mass resol 

γγ and 4l 
Excellent mass resol 

4l is ~backg free 
Single event has 
 an impact 



The challenge of the high Lumi 

•  Inclusive triggers have reached such high thresholds that can not be 
used anymore for many analyses 

•  In the context of each analysis dedicated triggers suitable for the 
specific final state have to be devised: 

–  H->WW->lνlν, H->ZZ-> 4l: Double mu and double electron thresholds 
at (17,8) GeV  

–  H->γγ: Double photon (36,18) GeV 

•  Challenging for the low mass Higgs searches   
13	  
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20 vertices 

Pile-up: a “manageable nuisance” 
V.Sharma	  
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The High Mass 
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HàZZàllqq 
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•  Highest rate amongst all H  ZZ final states 
•  Search for a peak (σ~10 GeV) in M2l2j distribution 
•  Events categorized by presence of 0, 1, 2 b-jets  
•  Major background: Z+jets ; ttbar suppressed by 

MET requirement 
•  CMS:  Use 5 angles of scalar H  ZZ  2l2q in a 

likelihood discriminant 
•  Background shape, normalization  data sideband 

17 

e:	  177	  GeV	  

Jet:	  207	  GeV	  

e:	  114	  GeV	  

M2l2j	  =	  580	  GeV	  

Jet:	  114	  GeV	  
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H à ZZ à llqq 
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HàZZàllνν	
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•  Z ll candidate : MZ ± 15 GeV; PT (ll) > 25 GeV 
•  Use 
•  Major backgrounds: Z+Jets, ttbar & WZ   

–  MET requirement to suppress Z + jets by x105 

–  Anti b-tag to suppress ttbar 

•  Residual ZZ, WZ background estimate from MC 
•  Residual backgrounds estimated from data 

–  γ + jets (for Z+Jets) ; eµ sample (for ttbar +WW)  
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                Exp excl:   290- 490 GeV 
                Obs excl:  270 – 440  GeV 



  H à ZZ à 2l 2τ    

•  Using both τhadτhad and τhadτl final states 
•  Requires 30<Mτ<80 GeV 
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 H à WW àlvjj 
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•  New from CMS 
•  Studied mass range 170-600 GeV 
•  Mass shape analysis using Mlνjj 

–  For the neutrino use MET and   
      inpose W mass constraint 

Likelihood	  
analysis	  

327-415 GeV excluded  
                         at 95% CL 



The Low  Mass 
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H à WWàlνlν	

•  T 
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μ	  PT	  
32	  GeV	   e	  PT	  

34	  GeV	  

MET	  
47	  GeV	  

•  Channel with highest sensitivity 
•  No mass reconstruction, signal 

extraction from event counting 
•  Clean signature:  

–  2 isolated, high pT leptons with small 
opening angle 

–  High MET 

–  Analysis performed on exclusive jet 
multiplicities (0, 1, 2-jet bins) 

•  Analysis optimized depending on the 
Higgs mass hypothesis  

–  pT
l, Mll, MT, Df as discriminating 

variables 
–  VBF selections for the 2-jet case 

Vectors	  from	  the	  decay	  of	  
a	  scalar	  and	  V-‐A	  structure	  
of	  W	  decay	  lead	  to	  small	  
leptons	  opening	  angle	  
(especially	  true	  for	  on-‐shell	  
Ws)	  
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H àWW 
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•  Drell –Yan:  Suppressed by Mll and MET cuts (pileup affect MET) 
•  W+jets (with one jet faking a lepton): lepton ID is important 
•  Top (tt and single top): b-tag veto (or additional soft muon) 
•  WW: M(ll), MT and Δφ	

All the background are estimated from DATA in “control regions” 
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WW+ 0, 1, 2 jets 
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The HWW analysis is divided in 3 regions: +0, +1 and +2 jets.  
      To get the correct TH uncertainty on the XS in the three regions: 
Theoretically we can compute:  σtotal, σ≥1, σ≥2 ,    thus 
       σ0=σtotal-σ≥1 , σ1=σ≥1- σ≥2, σ≥2 
TH uncert: 

–  δσ≥0=δσtotal    From Yellow Report (i.e. HNNLO/FEHIP) 

–   δσ≥1             HNNLO/FEHIP or MCFM (identical)
–   δσ≥              HNNLO/FEHIP gives LO, MCFM NLO 

δσ≥0	   +12-‐7%	  

δσ≥1	  	   ±20%	  

δσ≥2	   ±30%	  (NLO)	  
±70%	  (LO)	  

The NNLO band overlaps with the  
NLO one for pT

veto ≥30 GeV 

WW	  +	  0	  jet:	  	  	  Veto	  jet	  of	  pT>30	  GeV	  
WW	  +	  1	  jet:	  	  	  1	  jet	  of	  pT>30	  GeV	  
WW	  +	  2	  jet:	  	  	  2	  jet	  of	  pT>30	  GeV	  	  -‐	  VBF	  like	  

Asking	  jet	  veto,	  means	  “eliminate”	  diagrams	  
with	  real	  gluon	  emission	  



HàWWàlvlv 
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Exp excl:  127 – 270 GeV 
Obs Excl: 129 – 270 GeV                

Category	   H	  mass	   Data	   All	  MC	  	   	  H	  àWW	  

0	  jets	   130	  	   193	   191.5±14	   45.2±2.1	  

1	  jets	   130	   105	   79.9±7.7	   17.6±0.8	  

2	  jets	   130	   10	   13.3±4	   2.7±0.2	  



VHà3l3ν	
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HW WWW  3 l (e,µ)	  +	  3ν	   HW   WWW  e/µ	  +µ	  +	  τ	  +	  3ν	

HW    ττW  e/µ+	  µ +	  τ	  +	  3ν	  

Combination of all VH processes soon published 



  H à ττ	
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Missing ET = 97 GeV 

Jet1 ET = 177 GeV	  

         Search in  
τe + τh , τµ + τh , τe +τµ 

Background:  
QCD,  
EWK Z  ττ (irreducible) 

VBF modes are cleanest 

µ PT =20 GeV 

Jet2 ET =46 GeV  

Visible Mass(ττ) = 75 GeV 

Mass ( jj ) = 580 GeV 

Δη (jj) = 3.5 

τ  → π+π0 ν	

τ PT

vis = 70 GeV 

7.1 MSSM Limits 7
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Figure 2: Tau-pair invariant mass, mtt, in the SM Higgs boson search categories: 0/1 Jet (top
row, linear and log vertical scale), VBF (lower left), and Boosted (lower right).

7.1 MSSM Limits

Figure 3 shows the upper bound on sf · Btt as a function of mA, where we use as the signal
acceptance model the combined visible mass spectra from the gg and bb production processes
for h, A, and H, and assuming tan b = 30 [28]. The plot also shows the one- and two-standard-
deviation range of expected upper limits for various potential experimental outcomes. The
observed limits are well within the expected range assuming no signal. The observed and
expected upper limits are shown in Tab. 4.

We can interpret the upper limits on sf · Btt in the MSSM parameter space of tan b versus mA
for an example scenario. We use here the mmax

h [30, 31] benchmark scenario in which MSUSY =
1 TeV; Xt = 2MSUSY; µ = 200 GeV; Mg̃ = 800 GeV; M2 = 200 GeV; and Ab = At, where MSUSY de-
notes the common soft-SUSY-breaking squark mass of the third generation; Xt = At � µ/ tan b
the stop mixing parameter; At and Ab the stop and sbottom trilinear couplings, respectively; µ
the Higgsino mass parameter; Mg̃ the gluino mass; and M2 the SU(2)-gaugino mass parameter.

Inclusive /1 boosted jet 
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VH à bb 
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•  CMS exploits the W/Z+H associate production 
with the Higgs heavily boosted 

–  Require pT
bb>100 (150) GeV for ZH (WH) 

•  Topology is very clear, several final states 
considered: 
–  lνbb, llbb,	  ννbb 
–  Δφ(V,H), tight b-tagging 

16 8 Conclusions
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Figure 4: Expected and observed 95% CL combined upper limits on the ratio of VHbb produc-
tion for the BDT (left) and M(jj)(right) analyses. The median expected limit and the 1- and 2-s
bands are obtained with the LHC CLs method as implemented in RooStats, as are the observed
limits at each mass point.

Table 14: Expected and observed 95% CL upper limits on the production of a SM Higgs boson
in association with W and Z bosons and decaying to b quarks relative to the expected cross
section. The BDT analyses perform 2–20% better than the M(jj) analyses, depending on the
mass point.

BDT Analysis M(jj)Analysis
CLs CLs

MH( GeV) Exp Obs Exp Obs
110 2.74 3.14 3.05 3.44
115 3.12 5.18 3.21 5.56
120 3.56 4.38 4.14 6.07
125 4.27 5.72 4.74 6.31
130 5.28 9.00 6.42 10.5
135 6.74 7.53 7.67 8.92

Stockolm	  12/6/2012	  



H à ZZ à 4l 
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The final states considered are 4µ, 4e, 2e2µ	


Very tiny cross section ->  
thus highest efficiency  must be conserved 

Very clean final state: 
 - 4 leptons  of high pT,  
 - isolated 
 - coming from the primary vertex 



MZ1 vs MZ2 
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The background 
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Irreducible background: 
    qqàZZ(*) à4l  
    ggàZZ(*) à4l 

Reducible background: 
  Zbb/Zcc and tt pair production. 
  I.e. events with B hadrons decaying semileptonically 
  Leptons are inside jets and originating from secondary vertex 

Instrumental background: 
  QCD and Z/W+light jets. Events with jets 
  faking leptons (mostly electrons) 



Zbb + tt à 4l 

•   Reducible backgrounds (Zbb/tt) is measured in a 
dedicated control region: 
–  Same requirements for the  
      on-shell Z candidate  
      as for the signal 
–  Relaxed selections on charge,  
      flavor and isolation and inverted IP 
      cut for the other lepton pair 
–  From this plot we can disentangle 
     Zbb from tt, by fitting the “Z peak” 
	  	  	  	  	  and	  a	  polinomial	  for	  R.	  	  
–  Comparing	  data/MC,	  we	  can	  get	  
	  	  	  	  	  	  the	  	  k-‐factor	  (MC	  are	  at	  LO	  or	  NLO)	  	  
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pp à 4l 
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Measurement of the ZZ cross section 
 with both Z on shell (60<MZ<120): 

To be compared with the SM XS  = 27.9 +- 1.9 fb 

Zà4µ	




Results: HàZZà4l 
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For M4l>100 GeV 
Data:  72 Observed  
MC:     67.1 ± 6.0 
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For 100<M4l<160 GeV  
      Data: 13 observed 
      MC:    9.5 ± 1.3 



Results 

Stockolm	  12/6/2012	   Chiara	  Mario4,	  INFN	  Torino	  &	  CERN	  36	  

P-value: The significance of the local 
fluctuations with respect to the 
standard model expectation. To reject a 
background only hypotesis. 

Excluded:   
134 < mH < 158 GeV,  
180 < mH < 305 GeV  
and 340 < mH < 460 GeV. 
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H à γγ	
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	  γ1=	  86	  GeV	  

	  γ2=56	  GeV	  

Background: Large & partly irreducible QCD. 
Measured from Mγγ sidebands in data 

Signature: 2 energetic, 
isolated γ, narrow mass peak 
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CMS: Hàγγ	

•  A new analysis: variables combined in a BTD 
•  Sensitivity improved by about 40% in integrated luminosity 
•  4 classes of events ( by varying S/B) plus the VBF category. 
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Results H à γγ  
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Fit to the background: 
   5 order polinomial  



Combination !  

40	  

G.	  Petrucciani	  
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Channel by channel 

Chiara	  Mario4,	  INFN	  Torino	  &	  CERN	  41	  Stockolm	  12/6/2012	  

11 channels:   

•  Correlated uncertainties (Jet energy scale, Luminosity etc) are taken into account 

•  When data driven method are used, systematic are not correlated 

•  Theory uncertainties are carefully taken into account across channels using  
   the recommendation of the LHC H XS WG 
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Observed at 95% CL:  
          127.5  <  mH <  600  GeV 

Expected at 95% CL:  
          114.5 < MH < 543 GeV 

Observed at 99% CL:   129.  <mH < 525 GeV 

CMS: the SM Higgs as of today 



Low Mass Range 

Stockolm	  12/6/2012	   Chiara	  Mario4,	  INFN	  Torino	  &	  CERN	  43	  

the observed exclusion 
 is weaker than expected  

Observed at 95% CL:  
          127.5  <  mH <   600  GeV 

Expected at 95% CL:  
          114.5 < MH < 543 GeV 



Consistency with B only Hypothesis 
•  Excesses are quantified using p-values:  use to reject a 

background only hypotesis 
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119 GeV:   3  H4l events 
124 GeV:       H2γ events  
325 GeV:   9 H4l events  

Max. deviation from background-only 
observed for mH~125 GeV 
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γγ: 2.9σ at 125 GeV 
4l: 2.5σ at 119.5 GeV 

Observed local significance 2.8 σ	

   at 125 GeV          (expected 2.9 σ) 
Global 2.1 σ 



Best Fit for Signal Strength w.r.t. SM Rate 
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µ=σ/σSM 

€ 

m

€ 

µ
^

= {µ | L(µs(µH ) + b) =maxL(µ,b)}



Near future 

Stockolm	  12/6/2012	   Chiara	  Mario4,	  INFN	  Torino	  &	  CERN	  46	  

By the end of 2012 five sigma everywhere, maybe difficult at 115 GeV 

By the end of the 8 TeV run in 2012,  the luminosity collected will hopefully    
         allow us to have 5 sigma everywhere.  
Maybe difficult at 115 Gev 
The very high mass will be investigated as well. 

~ 5fb-1 by ICHEP 
~ 15 fb-1 by Nov 



Summary 
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•  Fantastic years at LHC and CMS: lots of data and 
analyses, measurements and searches... 

•  We did things we never imagined would be possible 2 
years ago. 

•  Unfortunately we did not discover anything up to now/ 
Fortunately we did not exclude everything up to now! 

•  But more luminosity and higher energy will come. 

•  We do not yet know what is in front of us:  
    maybe another unexpected interpretation  
    of our world! 
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backup 
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Production rates at LHC 
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Jet ET   or 

QCD Jets 

“At LEP every event is signal. 
 At LHC every event is background.” 
              Sam Ting,  LEPC, Sept-2000 

1010 
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LV1	  Input:	  1	  GHz	  

HLT	  	  Input:	  100	  kHz	  

Mass	  Storage:	  300	  Hz	  



Trigger 

•  At LHC the collision rate will be 40 MHz 
      The Event size ~1 Mbyte 

     Band width limit ~ 100 Gbyte  
                       Mass storage rate ~100 Hz 

Thus we should select the events with  
   “the Trigger” 

•  Level-1 Trigger input  40 MHz 
•  Level-2 Trigger input  100 kHz  (HLT for CMS) 
•  Level-3 Trigger input  xx kHz    (HLT for Atlas) 
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Event rate 

Selected events 
to archive 

Level-2 input 

Level-3 …. 

Level-1 input O
N

-line 
O

FF-line 
S.	  CiRolin	  
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MZZ 
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CMS: H à ττ 
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Low Mass Higgs Search : H ττ

µ P
T
 =20 GeV 

Jet2 ET
 =46 GeV  

Visible Mass(ττ) = 75 GeV 

Mass ( jj ) = 580 GeV 

Δη (jj) = 3.5 

Missing ET = 97 GeV 

Jet1 ET
 = 177 GeV

τ  → π+π0 ν

τ P
T

vis = 70 GeV 

•   ττ selection: μ+τhad , μ+τhad , μ+e

•  SM-Boosted mode added 
•  VBF mode cleanest, most sensitive

0 or 1 JET
0 jets>30GeV or 1jet<150GeV

BOOSTED
One jet PT>150GeV

VBF
>= 2jets >30GeV
Δη>4, Mjj>400GeV
No additional jets with PT>30GeV
In the rapidity gap
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•  VBF mode cleanest, most sensitive

0 or 1 JET
0 jets>30GeV or 1jet<150GeV

BOOSTED
One jet PT>150GeV

VBF
>= 2jets >30GeV
Δη>4, Mjj>400GeV
No additional jets with PT>30GeV
In the rapidity gap

optimize sensitivity by splitting in jet/topology categories:  VBF highest sensitivity 
         but all production modes considered:  ggH, VBF, W(Z)H, ttH 

VBF 
Boosted 0/1 Jet 

Sig/BG 1/24 1/75 1/460 
Signal 6±1 14±2 180±20 

Background 140±10 1050±170 83000±4000 

7.1 MSSM Limits 7
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Figure 2: Tau-pair invariant mass, mtt, in the SM Higgs boson search categories: 0/1 Jet (top
row, linear and log vertical scale), VBF (lower left), and Boosted (lower right).

7.1 MSSM Limits

Figure 3 shows the upper bound on sf · Btt as a function of mA, where we use as the signal
acceptance model the combined visible mass spectra from the gg and bb production processes
for h, A, and H, and assuming tan b = 30 [28]. The plot also shows the one- and two-standard-
deviation range of expected upper limits for various potential experimental outcomes. The
observed limits are well within the expected range assuming no signal. The observed and
expected upper limits are shown in Tab. 4.

We can interpret the upper limits on sf · Btt in the MSSM parameter space of tan b versus mA
for an example scenario. We use here the mmax

h [30, 31] benchmark scenario in which MSUSY =
1 TeV; Xt = 2MSUSY; µ = 200 GeV; Mg̃ = 800 GeV; M2 = 200 GeV; and Ab = At, where MSUSY de-
notes the common soft-SUSY-breaking squark mass of the third generation; Xt = At � µ/ tan b
the stop mixing parameter; At and Ab the stop and sbottom trilinear couplings, respectively; µ
the Higgsino mass parameter; Mg̃ the gluino mass; and M2 the SU(2)-gaugino mass parameter.



MSSM φ  
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•  Most sensitive channel for neutral Higgs searches in the context of SUSY 
models 

–  Large portion of tanβ-MA plane excluded  

φττ	

Combining btag 

and non btag events 
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H à γγ, in the summer 

•  Two high pt, isolated photons, pointing to a PV  
•  Different photon categories treated differently. 
•  M(γγ) resolution very similar. 
•  Results very similar  
•  Fluctuations:  excess and deficit…. We will see! 
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Dominated by gg-fusion 
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Isolation 
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H à ZZ à 4l  
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MZ1 MZ2 M4l 

IP/σIP ISO 

2 leptons of pT>20, 10 GeV 
Isolated and from PV -> 
 the couple closest to MZ 

PLUS   
2 leptons of pT>5 (7) GeV 
with M>20 GeV 
Isolated and from PV 
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Z+jets 
•  The most difficult to master  lepton 

misidentification 
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In the Z1+1 leptons sample:  
the probabiity that a muon/electron with relaxed ID and ISO  
passes the analysis requests 

More checks done on the Z1+SS vs Z1+OS samples. 



ZZ continuum  
•  Directly  from MC: 

•  Normalization to Z rate in data  

–  The luminosity uncert.  cancel  
     in the ratio 
–  The TH uncertainties as YR prescription  
     ~ 10% (PDF4LHC prescription + QCD scale) 

•  Results:  the two agree within %  

Stockolm	  12/6/2012	   Chiara	  Mario4,	  INFN	  Torino	  &	  CERN	  58	  



Stockolm	  12/6/2012	   Chiara	  Mario4,	  INFN	  Torino	  &	  CERN	  59	  

9

)2 (GeV/cHm
110 115 120 125 130 135 140 145 150

(p
b

)
9
5
%

C
L

)
!
!

"
B

R
(H

×
#

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

SM
#×1

SM
#×5

Observed CLs Limit

Median Expected CLs Limit

 Expected CLs# 1±

 Expected CLs# 2±

-1 = 7 TeV L = 4.76 fbs

CMS preliminary

Figure 2: Exclusion limit on the cross section of a SM Higgs boson decaying into two photons
as a function of the boson mass.
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Figure 3: Exclusion limit on cross section of a SM Higgs boson decaying into two photons
relative to the SM cross section, as a function of the boson mass.

10 9 Summary

approximation, and 10.5⇥10�3 (2.31s) when the calculation uses pseudo-data (the pseudo-data
value is shown as a blue point in Fig. 4). Since a fluctuation of the background could occur at
any point in the mass range there is a look-elsewhere effect. When this is taken into account
the probability, under the background only hypothesis, of observing a similar or larger excess
in the full range is 0.21±0.01 (0.79s). Three of the 4 event classes contribute to the excess at
123.5 GeV/c2, and overall the fitted signal strength is 1.7±0.8 times the Standard Model cross
section.
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Figure 4: The p-value, which measures the probability that the observed events are compatible
with a background only hypothesis.

9 Summary

A search has been made for a Higgs boson decaying into two photons in the CMS detector.
The analysis uses reconstruction and selection techniques that take account of the multiple
interactions occurring in each bunch crossing in the current LHC operating conditions, which
affect isolation and identification of the interaction vertex. The selected events are subdivided
into classes according to indicators of mass resolution and signal to background ratio, and
the results of a search in each class are combined. The expected exclusion limit at 95% CL is
between 1.5 and 2.0 times the Standard Model cross section in the mass range between 110
and 140 GeV/c2, and the observed limit disfavours at 95% CL a Standard Model Higgs boson
decaying into two photons in the mass range 127 to 131 GeV/c2.

Results : R and p-value 
13 -Dec - 2012 



The control of the background 

Chiara	  Mario4,	  INFN	  Torino	  &	  CERN	  60	  
60	  NB

(signal	  region)	  =	  	  aexp	  *	  aTH	  *	  NB
control	  region	  	  

aexp   experimental uncertainties 
             (like isolation, pt etc…) 

aTH   Theoretical uncertainties 
             (diff. distr. + pdf +scale+…) 

aexp - uncorr between exp 
aTH - 100% correlated Stockolm	  12/6/2012	  



CLs 
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…and  
TEVATRON 

Global significance 
          ~2.2 σ	




Higgs in the SM4  
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New values from CERN 2012-002   including EW correction to production and decay 

Excluded in the range:   120 - 600 GeV 



Limits in the Fermiophobic 
scenario 
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Excluded in the range:   110 – 192 GeV   



The SM Higgs as of today 
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The window left 
 is between 

 ~117 – 127 GeV 
in agreement with  

EW precision physics 

With new MW from  
     TEVATRON 
 MW= 80.375±0.15 


