
Workshop on Higgs Cross Sec1ons for the LHC 
Brookhaven Na1onal Laboratory 

Craig Group 
(University of Virginia and Fermilab) 
on behalf of the CDF and D0 experiments… 

Hbb @ the Tevatron  
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H bb: The basics 
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ZH → ννbb 

ZH → llbb WH → lνbb 

Note: These are the most sensi1ve 
channels but all non‐negligible produc1on 
and decay modes are considered. 



Higgs Produc1on Rates 
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About 1000 Higgs events expected to be produced 
at the Tevatron in the full dataset! (10 V‐1) 



Channel  CDF 
Limit x SM 
(expected) 

WH → lνbb 3.5 
ZH → ννbb 4.0 
ZH → llbb 5.5 

H → WW → lνlν
 10.8 
ZH+WH → jjbb 18 

H → ττ
 15 
         H → ϒϒ   
 13  
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D0 
Limit x SM 
(expected) 

4.8 
4.0   
5.7 
8.6 
19.9 
12.8 
11 

(New!) 

(New!) 

(New!) 

(New!) (New!) 

(New!) 

Results: Low Mass (MH = 115 GeV/c2) 

(New!) 



Results: Low Mass (MH = 115 GeV/c2) 
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D0 
Limit x SM 
(expected) 

4.8 
4.0   
5.7 
8.6 
19.9 
12.8 
11 

(New!) 

(New!) 

(New!) 

(New!) (New!) 

(New!) 

Combina1on (2010)  1.45xSM 
(New!) 

These clearly dominate at low mass for hbb, 
so I will focus on them.  



Low‐mass Combina1on 
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All channels combined from the CDF and D0 experiments 

2 

Within a factor of 2 of exclusion sensi1vity 
to SM over the full interes1ng mass range! 

Expect new 
combina1on 
Summer 2011 
 

 arXiv:1007.4587 



Theory concerns 
•  Signal cross sec1ons 

– Theorists provide uncertain1es for higher order and PDF 
and we use them consistently for all channels in the 
combina1on. (in precy good shape for low‐mass)  

•  Signal kinema1c modeling 
– No control region for this!  
– Some theory help might be good here. 
– What are the limita1ons of our theory model and what 
alterna1ve samples could we make to access this 
uncertainty? 
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Theory concerns 
•  W+jets modelling 

 Alpgen/Sherpa/PYTHIA/etc… 
 Should we use control regions for correc1ng, or 
assessing systema1c uncertain1es on shapes? 

•  Uncertain1es on signal and background 
acceptances: 
– PDFs 
–  ISR/FSR 

 Reasonably well‐defined solu1ons here.  Not a large effect in 
most cases for Hbb analyses 
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W+jj 
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arXiv:1104.0699 
• Special Wine & Cheese seminar: 3.2 sigma excess!  
• CDF reports an excess in the dijet mass for W+2 jet events above the W mass peak. 
• If fit to Gaussian of with of mass resolu1on the significance can be calculated as 3.2 sigma 
• Not consistent with SM Higgs, not seen in Z+jets   
• Provisionally accepted by PRL within 48 hours of submission 

 Analysis web page: hcp://www‐cdf.fnal.gov/physics/ewk/2011/wjj/ 



Only two op1ons: 
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1) New physics has been discovered that might be even 
more interes1ng than the Higgs boson.  So, no need 
to waste our 1me here… 

2) There is some limita1on in the background model 
that doesn’t get the kinema1cs right for the W+jj 
sample 

Some suppor1ng evidence to this strategy: 
• No sta1s1cally significant devia1on from SM expecta1on in Z+Jets 
• No significant excess in W+Jets events with one or more b‐tagged jets 
• Mlνjj and Mlνjj ‐ Mjj distribu1ons compa1ble shape to background 

Since we ARE here, let’s assume 2) 
and consider possible theory 
limita1ons in the W+jj model. 



W+jets modeling efforts 

What is the best way to take this into account in our 
low‐mass Higgs analyses? 

5/4/11  12 WH Group Status Update 

 
“Compara1ve study of various algorithms for 
the merging of parton showers and matrix 

elements in hadronic collisions”   
arXiv:0706.2569  

    Theorists are well aware that different generators 
predict different distribu1ons: 
 



Re‐weigh1ng the W+jj MC 
•  D0 does some re‐weigh1ng to the MC based on 
control regions in the data for low‐mass Higgs. 
 pre‐b‐tag control region 
 2nd jet eta and some other variables are used 

•  This weigh1ng func1on can change a lot based 
on the specific final state and event selec1on. 

•  Signal injec1on studies can be done to make sure 
it doesn’t bias your sensi1vity (if signal model is 
known) 

•  CDF currently does no such re‐weigh1ng 
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Excess with WH cuts at CDF 
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Work in progress at CDF 
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More work in progress 
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Tevatron Hbb Summary 
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•  Dataset should reach ~10 V‐1 
•  Tevatron has sensi1vity to a SM 
Higgs boson! 

•  So, uncertain1es on theory 
model must be handled properly  

    ‐> Should be able to exclude at 
95% confidence level over the 
en1re mass range with ~10 V‐1 

         

 

   
    

Or, we might just see something! 
For more details on Higgs searches: 

–  http://www-cdf.fnal.gov/physics/new/hdg/hdg 
–  http://www-d0.fnal.gov/Run2Physics/higgs/ 

(besides the 800 pound Gorilla) 
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Backup  (slowly!) 



Wjj: Selec1on of events 

•  Leptonic W candidate 
–  one lepton (electron or muon) with ET > 20 GeV,  
–  MET > 25 GeV 
–  MT (W) > 30 GeV/c 

•  Hadronic W/Z candidate 
–  Exactly 2 jets (reconstructed using JETCLU,R = 0,4)  
–   ET > 30 GeV (corrected for detector inefficiencies) and 

eta <2.4 
–   P_T{jj} > 40 GeV/c 

•  ET ;j1 
•  > 0:4 
•  5 PT (jj) > 40 GeV/c 



Wjj: Background model 
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QCD events modeled using orthogonal selection 
 
Normalization extracted from fitting the MEt 
distribution of data 
 
For control region plots please refer to public 
webpage 
 



Wjj: Fit to the dijet mass

•  Combined chi2 fit to the dijet mass distribution in electron and muon samples.


•  W + jets (uncostrained, normalization determined from the fit)

•  QCD (normalization constrained to its fraction with 25 % error)

•   Z + jets (normalization constrained to the measured cross section)

•   top & single top (normalization constrained to the theoretical cross section)

•   WW+WZ (normalization constrained to the theoretical cross section)







Wjj: Fit SM template + gaussian

•  Chosen to estimate the significance of the excess assuming an additional 

gaussian component 

•  The gaussian assumption is a simplified model, since the exact shape would 
depend on the specific physics process and the heavy flavor content of the 
decay products. 

•  Search for a peak compatible with the detector resolution 

•  Delta chi2 between two fits is 20.31. 3.7 standard deviations (including trial 
factor 



Wjj: Systematics

•  Apply Jet energy scale syst to all MC based processes 

•  QCD shape systematic evaluated using differents data sidebands 

•  for W+jets change the renormalization and factorization scale 
(Q2) 

•  To evaluate the significance of the resonance, we apply a 
procedure called“supremum p-value” 

•  If Nsyst is the number of systematics sources, we generate a toy 
MC sample for each combination of the Nsyst, i.e. in each 
sample, some of the systematics are varied. 

•  For each sample, we evaluate the corresponding p-value using 
the Dchi2 between the background only and signal hypothesis as 
test statistics. The significance we quote for our final result is the 
largest among the p-values 

•  Taking into account the trial factor the largest pvalue is 7.4 x10-4 
corresponding to a significance of 3.2 standard deviations 

 



Wjj: Further checks

•  We checked the effects of NLO and found them to be negligible 

•  Using the expectations from a simulation of a W boson plus a 
particle with a mass of 150 GeV/c2 and decaying isotropically into 
two jets we estimate a cross section of 4pb. 

•  Tried to look at the flavour composition of the jets: 

•  Compared the fraction of events with b-jets in the sidebands to 
that in the excess region: no significant deviation is found 

•  Looked at the total mass distribution in order to investigate 
quasi resonant behavior and found the distribution shape to be 
compatible with the background only hypothesis 
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Wjj: JES from gamma+jets

•  JES validated period-by-period using gamma+jet events(mixture of quark and gluon jets)


•  Shown below is Pt(gamma)-Pt(jet)/Pt(gamma)
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•  Pure samples of light quark 
jets!

•  A few 1000s hadronic Ws, 
from three different ttbar 
decay modes. !

•  All right on the spot!!
•  JES for light quarks known to 

1% level!

More plots/infos !
on http://www-cdf.fnal.gov/physics/new/top/public_mass.html!

JES from ttbar events!



Mjj details 

DIS2011  C. Group ‐ Review of Searches at the Tevatron  27 



Mjj details 
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Z+jj 
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Z+jj check 


