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 Current Limits on the SM Higgs MassCurrent Limits on the SM Higgs Mass

● Current fit of electroweak parameters
  by LEP EW-working group predicts:

M H=87−26
35GeV

● Upper bound (from precision EW measurements ) 
 and lower bound (direct searches at LEP) at 95% CL (SM Higgs):

M H157GeV

M H114GeV

● Combined results from CDF and D0
 excluded MH in the range 162-166 GeV at 95% CL     
 arXiv:1001.4162

LEP EW working group August 2009

Combined efforts from direct searches and theoretical predictions were needed to set tighter limits on MH

● Tevatron exclusion is based mostly on the gluon fusion
   process  gg  H  WW → →
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Great results from CDF and D0 in both low and
high mass sectors

   

  - SM Higgs exclusion in the range 162-166 GeV @ 95% CL

 -  Tevatron now exploring remaining parameter space:
      expected exclusion range 159-169 GeV 

 - further improvements: more data, increased acceptances, 

    Control over systematics 

Can we use these results to understand or indirectly exclude new physics?

- On the theory side: theory errors have become small enough not to wash out BSM effects
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Higgs Beyond the SMHiggs Beyond the SM

The Higgs can be very different in models beyond the SM

Low, Shalgar 2009MSSM 

g g h  
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Color Octet scalars and 4Color Octet scalars and 4thth generation effects on the cross section  generation effects on the cross section 
                                        in the gg  H  process→in the gg  H  process→

Example Studies:Example Studies:

Details can be found in  arXiv:1003.2046  &  arXiv:1003.4677
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Color Octet scalar effects in gg  H →Color Octet scalar effects in gg  H →

8,10● Transforms as under SU 3 x SU 2 xU 1

● Arise in theories with universal extra dimensions and in technicolor models

● Primary decays expected to be into tt or bb depending on mS

● Can be searched for at Tevatron by looking for four b-jet final state, 

 BUT direct search is difficult due to large QCD background 

● Can indirectly search for it using the influence of the scalar 

 on Higgs production xsection  

Dobrescu, Kong, Mahbubani (2007)
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Color Octet scalar effects in gg  H →Color Octet scalar effects in gg  H →

● Search reach at Tevatron estimated to be 280 GeV     Dobrescu, Kong, Mahbubani (2007)

● LEP and Tevatron indicate that Higgs, if it exists, is light
● This allows for an effective theory approach, without the top and the scalar:  

Need to calculate 

+ +...

Model dependent (top quark + anything) QCD only

C s , M t  X
2M heavyM Higgs
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Color Octet scalar effects in gg  H: the Wilson coefficient→Color Octet scalar effects in gg  H: the Wilson coefficient→

The NNLO Wilson coefficient for the adjoint scalar

+

+...

+...

+...
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Tevatron: NLOTevatron: NLO
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Tevatron: NNLOTevatron: NNLO

Only at NNLO a precise prediction is obtained → need NNLO for the indirect searches !
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Using Tevatron dataUsing Tevatron data
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LHCLHC
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Fourth generation effects in gg  H→Fourth generation effects in gg  H→   

● An other experimental benchmark:  fourth generation with masses larger 
  than the SM 3 generations

- a natural extension to the SM that can be tested with Higgs boson                                

   searches at the Tevatron

-  Precision measurements of Z boson decay width  (LEP, SLD,...) excluded models with        

    neutrino mass eigenstate less than 45GeV.  A heavier fourth generation is not yet excluded

● Consider QCD corrections to gg  H using a heavy doublet of quarks (T',B') in     →

  addition  to the usual QCD particles 
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Fourth generation effects in gg  H : NLO @ Tevatron→Fourth generation effects in gg  H : NLO @ Tevatron→

Effect for mT'=mB'
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Fourth generation effects in gg  H : NNLO @ Tevatron→Fourth generation effects in gg  H : NNLO @ Tevatron→

Effect for mT'=mB'

Only at NNLO the  theoretical uncertainty is significantly reduced 
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Higgs production cross sectionHiggs production cross section

Plot for mB=400GeV

Permitted by constraints from EW precision tests

● Enhancement over the SM production cross section varies between 7 and 9 depending on mH

● Our result is used by the Tevatron collaborations in their new constraints on mH 
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New Tevatron exclusion New Tevatron exclusion 

Assuming the existence of a 4th generation of fermions with large masses,
a SM-like Higgs boson in the mass range 131-204 GeV is  excluded  

arXiv:1005.3216: CDF & D0 collaborations 
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SummarySummary

 New physics that affects the observation of the Higgs boson is a priority to study

→ Need BSM predictions with the a precision that matches the experimental accuracy  

    - provided NNLO predictions for two classes of extensions to the SM using gg  H →

                 colored adjoint scalars and a fourth generation of quarks

    - deviations from SM cross section are large enough to allow their exclusion
        within the Tevatron and LHC reach or their use to set limits on mH
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Backup slides



  20

Deviations of 4Deviations of 4thth generation xsection from SM generation xsection from SM
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