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General plan for the YR4 
• Last meeting called on Jan 8th to check the status of the ongoing activities 

https://indico.cern.ch/event/476326/ 
 

• VBF  
– H+2j – NNLO QCD total cross section/mass scan 

• Zaro et al. (VBFNNLO) 

– H+2j – NNLO QCD + NLO EWK fiducial/differential cross sections 
• Zanderighi, Cacciari, Salam et al. (QCD), Dittmaier et al. (EWK - HAWK) 

– H+3j – NLO QCD additional jet distributions 
• Jäger et al (POWHEG), Platzer, Figy et al (HERWIG, aka HJets++) 

– ggH+3j – NLO QCD central jet distributions for veto purpose 
• Luisoni et al (GoSAM) 

• VH  
– NNLO QCD + NLO EWK total/fiducial/differential cross sections 

• Tramontano et al. + Harlander et al. (QCD – HV@NNLO), Dittmaier et al (EWK – HAWK) 

– NNLO QCD differential cross sections 
• Campbell, Ellis, Williams 

– NLO QCD differential cross sections 
• Frixione et al (aMC@NLO), Luisoni et al (POWHEG), ATLAS+CMS (aMC@NLO+POWHEG) 

– ggZH differential cross sections 
• Vryonidou et al. (Madgraph), ATLAS+CMS (aMC@NLO+POWHEG) 

– NNLOPS differential cross sections 
• Re, Zanderighi et al (POWHEG) 
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https://indico.cern.ch/event/476326/


VBF 



Features of VBF QCD corrections 
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for SM 



VBF H+2j (II) 
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VBF H+2j (II) 
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VBF H+2j (II) 
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NNLO QCD results by Cacciari et al. 
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NNLO QCD results by Cacciari et al. 
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NNLO QCD results by Cacciari et al. 
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• Need to ensure precise description of additional jet for both signal 
and backgrounds 
– Comparisons ongoing 
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• Alternative calculations at NLO (currently LO validation performed) 
– Herwig, also known as HJets++ 

– VBFNLO 

– SHERPA (full and t-channels only) 

• Setup 
– CM energy: 13 TeV, PDF: CTEQ10nlo_nf4, anti-kt R=0.4 jets 

– Required ≥3 jets with pT > 20 GeV and |yjet| < 5 

– Events cuts: rapidity gap |Δyj1,j2| > 3 and mj1,j2 > 130 GeV 
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LO validation 

LO validation 



ggH contamination in VBF 
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[*] http://indico.cern.ch/event/407347/session/3/contribution/26/attachments/1210940/1766591/LH15-hjets.pdf 

• Interesting studies performed for H+2j in the context of Les Houches 
H+jets studies, presented by Marek yesterday [*] 

• Joint ggF + VH/VBF meeting being planned to follow up on VBF specific 
needs (3rd jet kinematics for central jet veto) 

http://indico.cern.ch/event/407347/session/3/contribution/26/attachments/1210940/1766591/LH15-hjets.pdf
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Residual issues / wishlist 

1) Central Jet Veto  
– CJV definition used by experimental collaboration may not be trivial (third 

jet information as input for MVA) 

– third jet in VBF described at LO in MC sample currently used by 
experimental collaborations 

– compare third jet kinematics of VBF Hjj NLO with VBF Hjjj NLO. Differences 
covered by scale uncertainties?  
 

2) VBF NNLO reweighting 
– Experiments interested in profiting of higher order calculations (NNLO 

QCD + NLO EWK) to reweight available MC samples 
• Usually 1D reweighting performed  

• Discussions ongoing to choose the most appropriate variable and phase space 

 

3) Consistent combination of POWHEG VBF H+2j and VBF H+3j not 
yet possible 
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VH 
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relative 

, LO available from POWHEG and Madgraph 



VH NLO tools comparisons 

• Quantify the level of agreement of available codes 

• Define phase space for Z(ll)H, ggZ(ll)H W(ln), Z(nn)H, use same distributions 
for the 3 channels, provide Rivet analysis to easily combine results 
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWGVHYR4 
https://github.com/perrozzi/rivet_analysis_VH_YR4 

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWGVHYR4
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VH NLO tools comparisons 

• Groups/collaboration expressing interest 

– NLO QCD differential cross sections 
• Frixione et al (aMC@NLO+Pythia/Herwig), Luisoni et al 

(POWHEG+Pythia6) 

– ggZH differential cross sections 
• Vryonidou et al. (Madgraph) 

 

• Effort originally driven by theorists 

– But both ATLAS and CMS collaborations are interested to 
compare their setup and distributions 
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VH NLO tools comparisons 
• Preliminary results provided by POWHEG+Pythia6 (no hadronization) 
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The ggZH process 
• gg- initiated ZH processes start to contribute at NNLO 

– Large cross section increase (x4) from 8 TeV to 13 TeV 

– gg/qq increasing in the VH(bb) searching region (V pT > 150 GeV) 

– Large inclusive NLO k-factor  ~2 computed 

– LO MC tools provided by POWHEG and Madgraph (also merged with 1j) 

– Direct comparison important to asses the level of agreement between the 2 codes 
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NNLO+PS for HW production 
• Work in progress (Zanderighi et al., plots thanks to W. Astill and W. Bizon)  

• Method used based on MiNLO+POWHEG :  

– Underlying MiNLO simulation from Luisoni,Nason,Oleari,Tramontano, '13 

– NNLO from Ferrera,Grazzini,Tramontano, '11-'13 

– The approach is similar to the NNLOPS for Higgs and Drell-Yan case 

– Number of reweightings reduced from the original 5d (details not yet publicly available) 

• Preliminary validation plots: Higgs pt , rapidity difference WH 

– Label "-LHE" stands for hard partonic events (after MiNLO and after MiNLO+NNLO reweighting, but 
before parton shower) 
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PRELIMINARY 
PRELIMINARY 



Residual issues / wishlist 

1) As for VBF case, experiments interested in profiting of higher order 
calculations (NNLO QCD + NLO EWK) to reweight available MC samples 

– In run1, a 1D reweighting was performed on the boson pT (in 2 jet bins) since 
this variable is used to categorize events in the analyses 

– Other variables like Rbb being discussed and considered 

– Long term awaited solution is NNLOPS VH, embedding multidimensional 
reweighting to NNLO QCD and smaller uncertainties 

 

2) Alternative recipes being discussed for the ggZH uncertainty after 
inclusive NLO k-factor reweighting 

– More conservative (likely too much): assign full ggZH correction 

– More aggressive: assign absolute LO scale variations instead of relative ones 
(might need to reweight differentially) 
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Conclusions 

• Quite rich program of comparisons ongoing for both VBF 
and VH, targeting the YR4 deadlines 
– Most of the activities are in advanced state 

– Some coordination with ggF subgroup will be started for the 
comparison of ggH process in VBF phase space 

– We are thankful to the various groups for the tremendous effort 

 

• YR4 text in good shape, we will add results as they will be 
provided 

 

• Few residual issues to be discussed in the next weeks 
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Backup 


