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The legacy of run-I

The discovery and first characterization of the Higgs     

 boson went extremely fast, thanks to remarkable efforts in 

 the experimental and theoretical community.
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Run-II

[Dawson et al., Snowmass Higgs WG Report]
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Run-II

Scenario I:   assume current theory uncertainties 

Scenario II:  ½ x theory uncertainties, 1/sqrt(10) x other systematics
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• NNLO QCD predictions for H+jet have been achieved

   in the Higgs Effective Theory

• Finite quark mass effects have been studied  

[Grazzini,Sargsyan]

→ within pT=30–120 GeV

    O(2-7%) effect, almost flat correction 

[Boughezal,Caola,Melnikov,Petriello,M.S.],   [Chen,Gehrmann,Glover,Jaquier], 
                                                                       [Boughezal,Focke,Giele,Liu,Petriello] 
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Blackboard:

  - Partonic channels
  - Anatomy of a NNLO correction
  - Shopping list
  - FKS-improved sector decomposition
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Complexity

H+jet at NNLO QCD

# sectors at NNLO:  

   RR: 13(gg)+21(qg),  
   5D: 13(gg)+21(qg), 
   RV:   2(gg)+3(qg),   22/38

pdf ren.: 5(gg)+6(qg), 
UV ren.: 4(gg)+4(qg), 
2-loops:  1(gg)+1(qg)
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Run times:
(stable Higgs boson)

RR:  ~36h / sector

RV:  ~36h / sector

rest: negligible
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Cross checks

• Two independent calculations and implementations: point-wise comparisons and 

    integrated sectors for 80 different points in sqrt(shat)

• Cancellation of 1/eps^4,3,2,1 poles for total cross section and histograms

• Soft/collinear limit checks, point-wise cancellation and scaling behavior

• Analytic integration of some soft and collinear limits in RV

• Point-wise checks of 4-dim. LO matrix elements with Madgraph

• NLO 1- and 2-jet cross section/histograms checked against MCFM

• eps-dim. amplitudes checked against “brute-force” analytic calculation

• Checks of phase-space volume, D-dim. rotation invariance, FKS partitioning

• Independence on variation of technical cut-offs

• Implementation of 2-loop amplitude numerically checked against PETER [Becher et al.]

• Explicit scale variation checked against RGE predictions

• …

• Confirmation by [Boughezal,Focke,Giele,Liu,Petriello] using n-jetiness + MCFM

H+jet at NNLO QCD
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Phenomenology
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±21%

±8%
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H+jet at NNLO QCD

Phys. Rev. Lett. 115 (2015)8, 082003;

• reasonable convergence
   also for kinematic distributions

• reduced shape changes at NNLO

• investigating the pT(jet)-cut  
   dependence suggests that 
   pert. theory is reliable at 30 GeV
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H+jet at NNLO QCD

*NEW*
Fiducial volume cross sections 

arXiv: 1508.02684 [hep-ph]

pp → H+j → γγ +j

closely following ATLAS 8 TeV analysis;  JHEP 1409, 112 (2014)

• selection criteria do not spoil perturbation series
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H+jet at NNLO QCD

*NEW*
Fiducial volume cross sections 

arXiv: 1508.02684 [hep-ph]

32/38
• acceptance is predicted reliably at NLO

pp → H+j → γγ +j

closely following ATLAS 8 TeV analysis;  JHEP 1409, 112 (2014)
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H+jet at NNLO QCD

• Photon decay angles in 
   the Collins-Soper
   reference frame is    
   important for studying    
   the spin-parity 
   properties of the Higgs

• We find flat corrections

34/38



  

H+jet at NNLO QCD

• Comparison with data

• Central value by ATLAS is higher by a factor 2.1−2.5

• This difference translates to approximately 2.4 standard deviations

• This mismatch is larger than in incl. Higgs production (factor 1.4)
35/38
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*NEW*
Fiducial volume cross sections 

arXiv: 1508.02684 [hep-ph]
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pp → H+j → WW+j → 4l +j 

closely following CMS 8 TeV analysis;  JHEP1401,096 (2014)
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H+jet at NNLO QCD

• ratio of cross sections: 

    many experimental & theoretical uncertainties cancel

• we are able to predict R with the precision of better than 2%
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H+jet at NNLO QCD

SUMMARY:

• We have completed a full NNLO QCD computation for  pp → Higgs+jet

• We predict differential distributions in the fiducial detector volume,

   accounting for the main decay channels of the Higgs boson

• NNLO corrections are moderate (~20%) for the total cross section and

   differential distributions (even in the case of selection cuts)

• We find no indication that perturbative QCD breaks down and requires 

   resummation for the jet cut as low as 30 GeV

• Scale variation + pdf variation suggests an uncertainty of <10% 

   (less than half of the NLO prediction) and even better for ratios 

   of cross sections
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