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‣ Study of inclusive boosted Higgs regime 

‣ State of the art perturbative predictions 

‣ Validation of Monte Carlo event generators 

‣ Prescription for simulation in experimental studies 

‣ HE/HL - LHC Yellow Report: 

‣ State of the art predictions 

‣ Impact of projected PDFs uncertainties 

‣ Impact of high-energy/threshold corrections 

‣ Conclusions & Outlook



Boosted Higgs
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Boosted Higgs @ CMS
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‣ Accurate MC simulation necessary for ongoing measurements via substructure techniques

[CMS 1709.05543]



Boosted Higgs @ CMS
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From Phil Harris’ talk at  
https://indico.cern.ch/event/675782/

https://indico.cern.ch/event/675782/


Boosted Higgs @ CMS
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From Phil Harris’ talk at  
https://indico.cern.ch/event/675782/

ggF only

https://indico.cern.ch/event/675782/


‣ Predictions at large pT obtained by combining state of the art results: 

‣ NLO corrections with top-mass effects 

‣ Flat correction as in the heavy top EFT, with slightly 
larger K factor  

‣ mass effects seem to factorise w.r.t. QCD corrections 

‣ Combine mass corrections with NNLO results in the heavy-top EFT (from NNLOJET)

Boosted Higgs: theory predictions for ggF
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[Kudashkin, Lindert, Melnikov, Wever ’18; 
Jones, Kerner, Luisoni ’18]

BR(H->bb) not included

[Boughezal, Caola, Melnikov, Petriello, Schulze ’15; Boughezal, Focke, Giele, Liu, Petriello ’15;  
Chen, Cruz-Martinez, Gehrmann, Glover, Jaquier ’16]



‣ Estimate of uncertainties: 

‣ scale variation by a factor of 2 with muR = muF in the NNLO cross section 

‣ Assume relative uncertainties due to mass effects identical at NLO & NNLO: 

‣ Combine the above errors either linearly or in quadrature (default)

More points available in the  
forthcoming report

Boosted Higgs: theory predictions for ggF
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BR(H->bb) not included



Boosted Higgs: theory predictions for ggF
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‣ Comparison to simulations from event generators 

‣ Good agreement between MC and approximate NNLO for gluon fusion

BR(H->bb) not included

HJ-MINLO identical to NNLOPS in the 
considered phase space region 

[Hamilton, Nason, Re, Zanderighi ’13]

[Frederix, Frixione, Vryonidou, Wiesemann ’16]



~20% unc. to account for missing EW in VBF  
(only in table)‣ Other production modes become relevant at high pT

Boosted Higgs: other production modes

Ongoing study with  
Karlberg, Lindert, 

Pozzorini, Re  
for HE/HL-LHC YR
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A. Karlberg



Predictions for HE/HL-LHC
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‣ Inclusive cross sections at N3LO as per YR4 + no threshold expansion at N3LO

HE/HL-LHC: predictions at 14 & 27 TeV
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‣ Several sources of theory uncertainty, non trivial to 
reduce the total error 

‣ Progress in each small correction will help 
understand how to combine the uncertainties

Linear combination of errors



‣ Uncertainty in parton densities will be reduced at HL-LHC when statistical uncertainties will decrease 

‣ Recent studies of PDFs in 3 scenarios (PDF4LHC) 

‣ S1: same systematic errors as in current PDFs 

‣ S2: 30% reduction in systematics 

‣ S3: 60% reduction in systematics 

‣ Theory errors will be affected positively by such reductions 

‣ PDF uncertainty in the Higgs inclusive cross section:

HE/HL-LHC: impact of future PDFs
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[Khalek, Bailey, Gao, Harland-Lang, Rojo ’18]

NB: Theory uncertainties  
in PDFs missing in these estimates;  

important in the future



[Ball, Bertone, Bonvini, Marzani, Rojo, Rottoli ’17]

‣ Additional perturbative corrections due to all-order radiation have a moderate (~2%) impact at 13 TeV  

‣ Small-x effects become sizeable at higher energies  

‣ Effect almost entirely due to different parton densities (extraction w/ small-x theory) 

HE/HL-LHC: large- and small-x corrections
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[Bonvini, Marzani ’18]



[Ball, Bertone, Bonvini, Marzani, Rojo, Rottoli ’17]

‣ Additional perturbative corrections due to all-order radiation have a moderate (~2%) impact at 13 TeV  

‣ Small-x effects become sizeable at higher energies  

‣ Effect almost entirely due to different parton densities (extraction w/ small-x theory) 

‣ 4.6% effect at 27 TeV: Important to establish whether this is due to small-x dynamics in the HERA/
LHCb data or to the different dataset adopted in the fit

HE/HL-LHC: large- and small-x corrections
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[Bonvini, Marzani ’18]



‣ Both notes are currently being finalised 

‣ Directions in the near future: 

‣ Extend study of mass effects to intermediate pT:  

‣ Bottom-top interference, resummation effects, and validation of MC generators 

‣ Prescription for uncertainties and correlations: 

‣ Validation of current prescription for NNLOPS (use benchmarking from YR4’s 
section I.4.3 + dedicated study for VBF selection) 

‣ Documentation of the prescription as it is implemented at present
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Conclusions & Outlook


