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CMS  @ 2.36 TeV 

•   Status of the accelerator 

•   ATLAS and CMS 
    Detector performance with first data 

•   Results from the Tevatron  

•   Prospects for 2010/11 and beyond 



               Charged Higgs 2006 

Sven et al. were telling us that the SM Higgs is light and that SUSY is around the corner   



                  Charged Higgs 2010   

Sven et al. keep telling us that the SM Higgs is light and that SUSY is around the corner   



Progress on the   
 experimental side  

•  Two colliders running  

•  First data at the LHC,  

   Detector performance 

•  Less prospect and Monte Carlo  

   talks   



The Tevatron  



The LHC machine…  

Beam energy                      3.5    7 TeV 

Luminosity (nominal)         1032 - 1034 cm-2s-1 

                                          1     - 100 fb-1  / year                 

Superconducting dipoles    1232, 15 m, 8.33T 

Stored energy                     350 MJ/beam 

… became a reality after ~15 years 
  of hard work  



LHC re-start as seen  
                        from the experiments       

Praying for beam 
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• Parameters and Conditions 

– Nominal bunch intensity 1.1E11 

– Stick to * = 3.5 m  

– Commission bunch trains 

• Complete re-do of the whole machine protection set-up 

– Go to 150 ns bunch spacing 

– Commission faster ramp (10 A/s) 



Reached luminosities as of Monday, 27. Sept 2010 



Aggressive Schedule (short term) 
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Status of the 

ATLAS and CMS  Detectors  

•  Impressive performance figures   

•  High data taking efficiencies 

•  Trigger and detector components working well  

•  Grid computing performing well 

•  Standard Model Physics re-discovered   



Missing ET 

• A complex object! 

• Relative energy scales need careful 

intercalibration 
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Detector hermeticity in minimum bias 

events 

Minimum bias 

+ jets! 





D.Orestano 

QCD cross-sections 

Double differential cross-sections in very good agreement with NLO predictions 

Soft radiation probed by 

di-jets angular  

decorrelation 





To Physics of the  
Charged Higgs  
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What is important ??  

Everything !!     Taus, b-jets, leptons, missing ET, jets,.....  



Tevatron Higgs Boson Searches 



Tevatron Higgs Boson Searches 



95% C.L. limits on branching ratios 

from indirect searches (tt decays)  

assuming BR (H+   = 1)  

95% C.L. limits on branching ratios 

from direct searches  

assuming BR (H+  cs = 1)  







MSSM Higgs Boson Search at the LHC  

Important channels in the MSSM Higgs boson search:  

1.  The Standard Model decay channels 

         -  h    

 -   tt h,  h   bb 

 -  qq h, h   

          evaluation of performance is based on  

          SM results 

2. Modes strongly enhanced at large tan : 

         -   H/A     + -          +     

  -    H/A     μ+ μ-

3. Other interesting channels: 

 -   H/A      tt  

 -   H/A     Zh    

                               bb 

 -   H       hh 

MSSM benchmark plot for nearly 10 years 



Updated LHC discovery potential for  

charged Higgs bosons  

•  Strategy has to be changed, according to LHC energy and luminosity  

   expectations 

•  More attention now on the „low mass region“ mH
+ < mt- mb 

   s = 7 TeV,      Lint   1 fb-1 

•  In addition, high mass studies relevant for higher luminosity   

   s = 14 TeV,      Lint   10-30 fb-1  





LHC discovery potential for charged Higgs bosons  

ATLAS CSC studies, s = 14 TeV 

Two channels considered: 

gg/gb   t (b) H+  bqq (b) had 

gg/gb   t (b) H+  t(b) tb  bl  (b) b qqb

mhmax scenario,   systematic uncertainties included  





LHC discovery potential for charged Higgs bosons  

ATLAS / CMS Studies, s =  7 TeV 

Two channels considered: 

tt   bb W-H+  bb  l  lep

tt   bb W-H+  bb l  cs 

interesting approach to use  

kinematic fitting,  

generalized transverse mass 



Hadronic mass spectrum, 

difficult to separate 
large improvements using kinematical fits 

QCD backgrounds to be checked / addressed  

with data 

Better sensitivity expected  

than at the Tevatron 



Systematic effects are imported, detailed studies 

presented by ATLAS and CMS 

• Systematic uncertainties may lead to a degradation of the limits by factors of 2-3 

• However, data will help enormously to constrain some of these uncertainties  



Systematic effects are imported, detailed studies 

presented by ATLAS and CMS 



Where do we stand today ?  

The important issues are:  

1.  Tau Identification  

2.  Z         is an important milestone  

3.  b-tagging, missing ET 

4.  Understanding of the backgrounds  

      - W + jets  

      - tt  

      - QCD   



Tau ID and fake rates (CMS)   



Tau ID and fake rates (ATLAS)   

Performance of ATLAS and CMS comparable for the best methods (log likelihood, ...)   





Z    on the horizon 

.... an important benchmark towards charged Higgs physics  



b-tagging   

•  Very good agreement between data and Monte Carlo  

•  Good performance, given that we are at that early stage of data taking 

•  Efficiencies and mistag rates already estimated from data  





Summary on Charged Higgs potential in 2010/11 

•  Direct / indirect charged Higgs boson limits so far from Tevatron 

   and B-factories 

•  LHC enters the game now... 

•  First data used to study the performance of the detectors 

    Look very promising (both ATLAS and CMS)  

•  Search for low mass charged Higgs boson looks promising with present tools 
   and detector performance 

•  Present studies indicate that existing limits on branching ratios from the Tevatron  
   can be superseded  

•  ….however, still challenges ahead of us  

   (understanding of the backgrounds, but also there, a lot of activity is going on…) 



LHC vs. Tevatron  

•  Tevatron has reached sensitivity  

    to SM Higgs bosons 

•   Tevatron does / will add complementary information on the H  bb decay mode  

     which is difficult –and not for the early days- at the LHC. 

•   However, present sensitivity studies in low mass region assume improvements  
    on the analysis 

•    On Charged Higgs: so far only a small fraction of the data analyzed;    
      Factor four in Branching ratio sensitivity...can be reached with 17 fb-1 

•     LHC is very competitive ! already with 1 fb-1 

        concentrate on the New LHC Data   (Monte Carlo scan times are over) 
           ……  





Conclusions (cont.) 

Uppsala is a nice place to be, looking forward to forthcoming workshops   

Possible Roadmap: 

 2008:   work on tooling (tau, btags, methods to  

                get efficiencies from first data) 

 2010:  first results from data …. 

 2012:  I hope that we know whether a Charged  

                Higgs exists or not 

               regardless of the outcome: we could  

               continue to get lectures on how to drink 

               the “Uppsala Schnaps”       

A big Thanks to the Organizers (Tord, Johan, ….) for the perfect organization 

From 2006 

summary 


