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VH in CMS: the Hbb case 

3 signal channels:  
– Zll 

– Znn 

– Wln 

 

3 control regions:  
– Z+light jets 

– Z+b jets 

– Ttbar 

 

Several relevant variables 
– pT,V  

– pT,bb  

– mbb 

– Number of additional jets 

– MET 

– DRjj 

– Df(V,H) 
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http://arxiv.org/abs/1310.3687 

http://arxiv.org/abs/1310.3687
http://arxiv.org/abs/1310.3687


Run 1 MC tools 
• MC events generated with (N)LO ME+PS 

 

 

 

• No MC events were available for ggZH  
– Reweighting applied with NLO calculation (JHEP 02 (2013) 078) as 

function of pT,H and number of jets 

• Higher order corrections applied through reweighting 
– QCD NNLO corrections with VHNNLO  

(PRL 107 152003, 2011 - HEP 1404 (2014) 039 - PLB 740 (2015) 51) 

provided by authors as function  
of pT,H for 0j and >0j cases 

– EWK NLO corrections with HAWK  
(JHEP 03 (2012) 075) 
provided by authors as function of pT,V  
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EWK NLO 

http://arxiv.org/pdf/1211.5015v1.pdf
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.107.152003
http://arxiv.org/abs/1312.1669
http://arxiv.org/abs/1312.1669
http://arxiv.org/abs/1407.4747
http://arxiv.org/abs/1407.4747
http://arxiv.org/abs/1407.4747
http://arxiv.org/abs/1112.5142


Run 2 MC studies 
• Several tools being investigated for both signal and backgrounds 

– Different combination of ME, PS, PDF, QCD order, number of matched jets 

 

• Examples for the ZH 
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BDT variables in the signal region 
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|h|<2.5 and pT > 20 GeV for leptons and jets, pT(Z) > 100 GeV 



BDT variables in the signal region 
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|h|<2.5 and pT > 20 GeV for leptons and jets, pT(Z) > 100 GeV 



Closer look at the invariant mass 

• Differences in the di-jet invariant mass seem to come mainly 
from the UE settings in the parton shower 
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NB: inclusive region 



ZH and ggZH comparison 

• Activity much higher in ggHZ, as 
previously observed/reported 
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Default settings for CMS Run 2 MC 
• Parton shower: pythia8 

– UE tune CUEP8M1 based on Monash (available as Tune:pp 18) 

– For POWHEG we use the built-in emission veto with power showers 

– For aMC@NLO (NLO) we use wimpy showers along with some other 
required settings for the mc@NLO matching 

– for LO madgraph with MLM matching, or aMC@NLO with FXFX merging 
there are additional dedicated configurations of the jet matching/merging 

– Also available/used for pythia8: 4C, Monash, "MBR", CUETP8M1, 
CUETP8S1-CTEQ6L1, CUETP8S1-HERAPDF 

– Also available/used for pythia6: Z2* 

– Also available/used for herwig++: Tune EE5C, CUETHS1 
 

• PDF: NNPDF 3.0 NLO with as=0.118 
– Variations available as replicas and different as values (0.117, 0.119) 

– Also available: CT10 NLO + as=0.117 + as=0.119 

– Also available: MMHT2014 nlo 68% as=0.118 + as variations 
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CMS prospects for MC in Run 2 

• Pursuing both POWHEG and aMC@NLO for 
both VH and VBF 

– Preference might fall on the former due to lower 
negative weight fraction 

– ggZH finally available (also in aMC@NLO!) 

 

• Higher order corrections (reweighting, 
systematics) 

– Shall we improve/change our QCD and EWK 
reweightings? 
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CMS VBF and Hbb grand combination 

• New analysis just released! 
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arxiv:1506.01010 

http://arxiv.org/abs/1506.01010


Further topics for discussion 

Mostly taken from Les Houches  
Run 1 summary talks 

http://phystev.cnrs.fr/wiki/2015:programme 
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http://phystev.cnrs.fr/wiki/2015:programme
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Statistical power of a weighted sample  
(i.e. watch out for negative weights) 

(from M. Mulder’s PhD thesis) 
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Statistical power of a weighted sample  
(i.e. watch out for negative weights) 

• According to the formula, the propagation of statistical 
uncertainty is N_w = N/(1-2f)^2  
– N_w is the number of events to be produced with fraction 

of negative weights f to have a statistical power N 
 

• This translates into: 
– 10% negative weights ---> factor 1.6 more stat 

– 15% ---> factor 2  

– 20% ---> factor 2.8   

– 25% ---> factor 4   

– 30% ---> factor 6.25   

– 35% ---> factor 11   

– 40% ---> factor 25 
 

0.3 
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Weight value 

POWHEG can lower the fraction of negative weights thanks 
to the so called phase space “folding parameters”  
… What about aMC@NLO? 
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Backup 
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VH signal and control regions 
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Validation of the aMC@NLO merging scale for ZH 27 

Contributions 
from the different 
matched jet samples  
to the FxF merged sample 

Check of different  
merging scales 
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Comparisons using Rivet 
• ZllH analysis designed to cover both fully inclusive and 

boosted (i.e. signal) regions 
– Require at least 2 jets originating from a b-quark and 2 

oppositely charged leptons compatible with Z mass 

– Inclusive case: pseudorapidity of the objects up to |5| 

– Signal region: |h|<2.5 and pT > 20 GeV for leptons and jets, 
pT(Z) > 100 GeV 

 

• Plots are normalized in the inclusive region to the 
theory cross section 
– They are NOT renormalized after the signal region 

cuts, allowing for changes due to acceptance 
differences 
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NB: inclusive region 

 

Differences arise in 
very low pT phase 
space (not surprising) 
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NB: inclusive region 

 

Differences are larger 
for high numbers of 
additional jets (mainly 
due to different number 
of matched jets) 



POWHEG  + Herwig++ 

 

32 



aMC@NLO + Pythia8 
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