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The SM Higgs Journey from LEP to LHCThe SM Higgs Journey from LEP to LHC

● Where we were beginning of 2000....

● 2008: First direct exclusion of a SM Higgs mass above 114 GeV by Tevatron

      MH = 170 GeV is excluded at 95% CL

MH < 170 GeV @ 95% CLMH < 113.4 GeV excluded @ 95% CL



  

The SM Higgs Journey from LEP to LHCThe SM Higgs Journey from LEP to LHC

● Where we are now....

156 < MH < 177 GeV 
       @ 95% CL



  

The SM Higgs Journey from LEP to LHCThe SM Higgs Journey from LEP to LHC

● Where we are now....

156 < MH < 177 GeV 
       @ 95% CL

Closing in on the SM Higgs



  

Higgs DiscoveryHiggs Discovery

2011

2012

We will know soon if the SM Higgs exists



  

OutlineOutline

● Review of the SM Higgs

● Recent developments in gluon fusion:
  
    - PDFs and the Higgs

    - The jet veto in gluon fusion 
 
    - Higgs as a window on BSM

● Other production modes:
  
    - Vector boson fusion and associated VH production

● Conclusions



  

Indirect SearchesIndirect Searches

Higgs searched for via indirect influence
          through quantum effects

M. Schott



  

Phenomenological ProfilePhenomenological Profile

MH[GeV]



  

Experimental SummaryExperimental Summary



  

Review of Gluon FusionReview of Gluon Fusion



  

Gluon-fusionGluon-fusion

● 



  

Effective InteractionsEffective Interactions



  

The Higgs LagrangianThe Higgs Lagrangian

EW terms: Actis et al 2008;

Anastasiou, R. B. , Petriello 2009



  

Unreasonably Effective EFTUnreasonably Effective EFT



  

Gluon-fusion: inclusiveGluon-fusion: inclusive



  

Gluon-fusion: inclusiveGluon-fusion: inclusive

Anastasiou, R. B. , Petriello (2008)

W. Keung,  F. Petriello (2009)



  

Gluon-fusion: inclusiveGluon-fusion: inclusive

Anastasiou, R. B. , Petriello (2008)

W. Keung,  F. Petriello (2009)

After 20 years of work we now understand the SM Higgs precisely



  

Recent ResultsRecent Results



  

PDFs and the HiggsPDFs and the Higgs
● Recent controversy regarding large variation of  Higgs cross section 
  with PDF sets 

Such differences may affect  Higgs exclusion limits 

Why so different Higgs cross sections? 

ABM: Alekhin, Blumlein, Moch;    JR: Jimenez-Delgado, Reya

Cross section in picobarns



  

NMC DataNMC Data

ABM claim other groups 
treat NMC data  incorrectly, 
leading to the discrepancy 

● R. Thorne & G. Watt (TW) tried using different versions of         
   NMC data and find small effect for gluon and coupling  

●  NNPDF finds also very small effect



  

Tevatron Jet DataTevatron Jet Data

● Interesting exercise by Thorne and Watt (2011) 

Check how well PDFs reproduce Tevatron jet data

Message from Thorne and Watt: only global analysis provide accurate distributions 
and uncertainties. No acceptable description of  jet data from  non-global sets



  

The Jet Veto in Gluon FusionThe Jet Veto in Gluon Fusion

Anastasiou, Dissertori, Stoeckli 2007



  

The BNL AccordThe BNL Accord

● Better solution pointed out  in course of SCET study   Stewart, Tackmann (2011)



  

Higgs as a window on BSMHiggs as a window on BSM



  

Looking beyond the SM with the HiggsLooking beyond the SM with the Higgs

● New states can significantly modify the properties of the Higgs

- Extra heavy quark families (eg. 4th generation)
   (Anastasiou, R. B., Furlan 2010)

- Color octet scalars
    (R. B., Petriello 2010)

- Using the calculated signal and branching ratio
   in the presence of new states and the Tevatron
    bounds on
    strong bounds on the parameter space 
   of new physics can be obtained 

R. B.

- squark/gluino loops
Anastasiou, Beerli, Daleo (2008); Muehlleitner, Rzehak, Spira (2008)

(R. B. 2011)



  

Looking beyond the SM with the HiggsLooking beyond the SM with the Higgs

●  HiggsBounds 2.0.0: a tool that tests nutral and charged Higgs sectors of 
  arbitrary models against the current exclusion bounds from Higgs searches 
  at  LEP and Tevatron                            Bechtle, Brein, Heinemeyer, Weiglein, Wiliams 2011

Example exculsion of the parameter space
of a toy model where the Higgs decays
invisibly. Higgs production cross sections 
and all other Higgs decay widths take 
SM values.



  

Many Alternatives to SM HiggsMany Alternatives to SM Higgs

   

MSSM
NMSSM

Require dedicated talks ...



  

Vector Boson FusionVector Boson Fusion



  

Vector Boson FusionVector Boson Fusion
● Attractive channel for discovery (distinctive signature) and measurement 
  of Higgs coupling at LHC

signaturesignature

● Energetic jets in the forward and backward directions (PT > 20GeV)
● Large rapidity separation and large invariant mass of the two tagging jets
● Higgs decay products typically between tagging jets 
● Little jet activity in central-rapidity region due to the colorless exchanged W/Z
● Applied cuts to achieve a clear separation from background are: 
    

PT j  20GeV , ∣ j∣ ≤ 4 − 5,   ≡ ∣1 −  2∣≥ 4, 1⋅ 2  0



  

Vector Boson FusionVector Boson Fusion
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● NLO QCD Corrections to total xsection (5-10%):  Han, Valencia, Willenbrock (1992)
● Distributions at NLO are implimented in VBFNLO: 

 Figy, Oleari, Zeppenfeld (2003); Figy, Zeppenfeld (2004);  Campbell, Ellis  (2003);  Arnold et al (2008)

● EW+QCD: Ciccolini, Denner, Dittmaier (2007)

 implimented in a flexible parton level generator HAWK



  

Vector Boson FusionVector Boson Fusion

● Mixed QCD/EW  Bredenstein, Hagiwara, Jaeger (2008)

● Gluon fusion/VBF interference   Anderesen, Binoth, Heinrich, Smillie (2007)  

● Gluon induced VBF    Harlander, Vollinga, Webber (2008)

     (effect below 1%)

 
● DIS like NNLO contributions computed within the structure function approach

+...

+ ...

Bolzoni, Maltoni, Moch, Zaro (2010)

Scale uncertainty reduced to 2%



  

Associated VH ProductionAssociated VH Production



  

Higgs StrahlungHiggs Strahlung

● pp→ VH + X (V=W/Z):  

 -  Most important channel for low mass at Tevatron: leptons provide

     the necessary background rejection

 - considered not important at LHC due to small cross section and 

    large background

 -  Resurrected through boosted analysis                  Butterworth et al (2008)

NLO QCD corrections: increase xsection by 30%            Han, Willenbrock (1991)

NNLO  QCD corrections: increase xsection by 5-10%    Brein, Djouadi, Harlander  (2004)

reduction of scale uncertainty from 10% (LO) to 5%(NLO) to 2% (NNLO) 

EW corrections: -5% to -10%    Ciccolini, Dittmaier, Kramer (2003)O   +...



  

ConclusionsConclusions

Deviations between expected and observed limits possibly consistent
                         with the presence of a Higgs signal...

                   We're all excited to see what happens next!
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