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• 10 QCD-nuisances accounted: 
• 1 yields uncertainty (“overall” NP) on the 

inclusive cross-section, Δtot 
• 9 migration uncertainties  

• Δ2jet, Δ200 and Δ25 

• 6 NPs to describe Mjj spectrum 
• Estimated using ST method 

• So far we had: 
• Uncertainties extracted using FO calculations 
• Acceptances estimated using POWHEG + Py8 

• Inclusion of VH hadronic 
• Checking validity of the VBF approximation 
• Updating uncertainties using full calculation of 

H+2jet and H+3jet production at NLO QCD  
• Electroweak Corrections 

• EWK @NLO correction applied for every STXS bin
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L I M I T S  O F  V B F  A P P R O X I M AT I O N
• Most the VBF generators in the market run with the 

VBF approximate (only t- and u-channel).  
• More accurate EW Higgs + 2 jets requires the 

inclusion of the s-channel component 
• Studies already initiated 

                                      [Campanario, Figy, Plätzer, Sjödahl – PRL 111 (2013) 211802]  
            [Campanario, Figy, Plätzer, Rauch, Schichtel, Sjödahl – PRD 98 (2018) 033] 

• HJets++ provides full EW H+2jet and H+3jet 
calculation at NLO QCD (VBF+VHhad) 
                 [Campanario, Figy, Plätzer, Sjödahl – PRL 111 (2013) 211802] 

• Little impact for VBF selection, more significant 
changes mjj < 350 GeV
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H + 2 J  E W K :  A D D I N G  T H E  S - C H A N N E L
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• Compared various combinations of ME+PS: 
• POWHEG: NLO-QCD (3rd jet LO from PS) 

• VBF approximated: only t/u-channels 
• Interfaced with Herwig7 and Pythia8  

(with dipoleRecoil=on ) 
• VBFNLO  : NLO-QCD (3rd jet LO from PS) 

• VBF approximated: only t/u-channels 
• Interfaced with Herwig7 

• HJets++  : NLO-QCD (3rd jet LO from PS) 
• Full EWK H+2 jets calculation 
• Interfaced with Herwig7 

• Stage 1.1 acceptances need to be updated to 
account for the s-channel contribution using HJet++
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F I X E D  O R D E R  C A L C U L AT I O N  V S  M E + P S
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• Compared ME+PS to FO calculation from 
proVBF-H (NNLO-QCD) 

• FO-NNLO-QCD cross-section estimate is 
consistent with POWHEG 

• Discrepancy at low  is due to soft 
emissions present in the FO NNLO 
calculation 

• Good agreement of at large  values 

mjj

mjj
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T H E   O B S E R VA B L EpHjj
T
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mjj > 0 GeV mjj > 350 GeV

• Over 40% discrepancy between H7 and Pythia8 
• Region dominated by soft emissions 
• Expect large PS  scale variation 
• Still investigating these differences with PS authors 

μF,R

 v a r i a t i o n s  i n  P SμF,R

S h o w e r  s c a l e  v a r i a t i o n s  

 v a r i a t i o n s  i n  M E  μF,R
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C O M PA R I N G  U N C E R TA I N T I E S  V S  mjj
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• Hard process scale variations for every  cutmjj
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Δtot = σtot × δtot

Δ2jets = σ2jets × (δ2
2jets − δ2

tot)1/2

Δ60 = σ[60,infty] × (δ2
[60,∞] − δ2

2jets)
1/2

. . . = . . .
Δ350 = σ[350,∞] × (δ2

[350,∞] − δ2
[120,∞])

1/2

. . . = . . .
Δ200 = σ[200,∞] × (δ2

[200,∞] − δ2
2jets)

1/2

Δ25 = σ[25,∞] × δ[25,∞]

U N C E R TA I N T I E S  P R O PA G AT I O N  S C H E M E
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• If undefined uncertainty (ex: ) 
→ Replace with:  

• ρ value of 1/2 is assumed for the remaining talk

δ[350,∞] < δ[120,∞]

• Uncertainties computed by varying the QCD 
scales 
• Extracted using ME or FO NNLO 

• Bins acceptance computed with ME+PS 
•  Moved from the fraction of the Δ distributed 

across STSX bins to σ

• 9 migration uncertainties Δ2jets, Δ200 and 
Δ25 
• Δ2jets, Δ200 and Δ25 
• 6 NPs to describe Mjj spectrum 

• 1 yield uncertainty on the inclusive 
cross-section, Δtot

Δtot = σtot × δtot

Δ2j = σ2j × (δ2
2j − δ2

tot)1/2

Δ60 = σmjj>60 × (δ2
mjj>60 − δ2

2j)
1/2

. . . = . . .
Δ350 = σmjj>350 × (δ2

mjj>350 − δ2
mjj>120)

1/2

. . . = . . .

Δ350 = σmjj>350 × ρ ⋅ δmjj>350
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U N C E R TA I N T I E S  P R O PA G AT I O N  S C H E M E
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• 9 migration uncertainties Δ2jets, Δ200 and 
Δ25 
• Δ2jets, Δ200 and Δ25 
• 6 NPs to describe Mjj spectrum 

• 1 yield uncertainty on the inclusive 
cross-section, Δtot

• If undefined uncertainty (ex: ) 
→ Replace with:  

• ρ value of 1/2 is assumed for the remaining talk

δ[350,∞] < δ[120,∞]

Δ350 = σmjj>350 × ρ ⋅ δmjj>350

Δtot = σtot × δtot

Δ2j = σ2j × (δ2
2j − δ2

tot)1/2

Δ60 = σmjj>60 × (δ2
mjj>60 − δ2

2j)
1/2

. . . = . . .
Δ350 = σmjj>350 × (δ2

mjj>350 − δ2
mjj>120)

1/2

. . . = . . .

• Total yield uncertainty taken from YR4 
the  (need to be updated)   

• From  remove contribution from  

• The effect of each migration Δ is anti-
correlated for bins above/below

δtot ∼ 0.38 %
δ2jet δtot
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D E F I N I T I O N  O F  A C C E P TA N C E S
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−
σ0<mjj<60 & pHjj

T <25

σ0<mjj<60

+
σ60<mjj<120 & pHjj

T <25

σmjj>60

➔

➔

• Basic definition: bin cross-section divided by cross-section in the NP phase space 
• Exception: ΔXX for bin with a cut : mjj < X 

• The effect of each migration Δ is anti-correlated for bins above/below
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C O M PA R I N G  U N C E R TA I N T I E S
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• Acceptances updated using HJets + Herwig 7 
• What to use for the uncertainty sources (the bing Δ)? 

• The 3rd jet is generated in HJets/Powheg at LO and from PS, Hence the 
HJets/Powheg QCD scale uncertainties in the 2j/3j bins are not reliable. 
FO estimation should be used to estimate the uncertainties Δ25 

• Hybrid sources solution: 
• S-channel contributes only in the low Mjj region  < 350 GeV,  FO can be used 

for Δ350-1500, HJets for Δ60-120 and Δ2j 

• Δ25 and Δ200 from FO 

H J e t s  A c c e p t a n c e s

[fb]
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C O M PA R I N G  U N C E R TA I N T I E S
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• Acceptances updated using HJets + Herwig 7 
• What to use for the uncertainty sources (the bing Δ)? 

• The 3rd jet is generated in HJets/Powheg at LO and from PS, Hence the 
HJets/Powheg QCD scale uncertainties in the 2j/3j bins are not reliable. 
FO estimation should be used to estimate the uncertainties Δ25 

• Hybrid sources solution: 
• S-channel contributes only in the low Mjj region  < 350 GeV,  FO can be used 

for Δ350-1500, HJets for Δ60-120 and Δ2j 

• Δ25 and Δ200 from FO 
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E L E C T R O W E A K  C O R R E C T I O N S  I N  S T X S  B I N S
• The state of the art calculation from HAWK 2.0 

[Denner, Dittmaier, SK, Muck [arXiv:1412.5390]] 
• Provides complete NLO QCD and EWK corrections and includes 

s-channel and interferences 
• provides predictions for partonic channels with incoming 

photons as part of NLO EW corrections 
• EW corrections of 5-10% in VBF production 
• Enhanced electroweak corrections at high energies: driven by 

Sudakov  at Higgs pT tail 
                                                                                    [Ciccolini, Denner, Dittmaier [arXiv:0710.4749]] 

• Uncertainty estimated following the same prescription as in the 
Yellow Report 4  
                  

• Proposition:  
• Since EW correction is driven by Sudakov log we can consider 

 as the pure Sudakov nuisance:  

•  can be considered as a separate nuisance for non-Sudakov 

nuisance: 

log α → α log (Q/Mw)

ΔEW = max{0.5 % , δ2
EW, σγ /σVBF}

δ2
EW Δsud

δγ
Δγ

13

(δEW = σEW/σLO)
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H O W  T O  I N C L U D E  T H E  E W  C O R R E C T I O N S  ?

• Start with best QCD prediction for VBF and assume approximate factorisation of corrections: 
                                with  

• These correction are now implanted in the VBF-uncertainty tool 
σVBF = σbest(1 + δEW) + σgamma σEW = σEW/σLO

14
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C O N C L U S I O N
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• Update uncertainties and acceptances are now available VBF uncertainty 
standalone tool [here] 
• The tool apply uncertainties as event weights (same strategy as ggH) 
• Acceptance and uncertainties updated with full EW H+2j calculation 
• Hybrid uncertainties using FO NNLO + HJets is set as default 

• Other configuration with only FO/POWHEG/HJets++ also available 
• Large differences observed in  observable: 

• Values might change in the coming months depending on the PS authors inputs  
• Electroweak correction have been estimated in STXS bins 

• Corrections  of 5-10% in VBF production 
• Available in the VBF uncertainty tool 
• We still need input from EW expert on uncertainties

pHjj
T
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B A C K U P
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S E T U P  A N D  D E F I N I T I O N S
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• Extracted using QCD variations of the renormalisation and factorisation 
scales μr , μf from POWHEG + PYTHIA 8 
• Keeping only variations with 1/2 ≤ μr , μf  ≤ 2, 1/2 ≤ μr /μf  ≤ 2 
• Take uncertainty envelope 

• Uncertainty propagation based on Stewart-Tackmann method [1] : 

           

• Jet definition : 
• Higgs decay products are ignored 
• Jets built using anti-  R = 0.4 from all stable particles  
• Only jet with pT > 30 GeV and |η| < 4.7

C({σ0, σ≥1}) = (
(Δy

0)2 Δy
0Δ

y
≥1

Δy
0Δ

y
≥1 (Δy

≥1)2) + ( Δ2
cut −Δ2

cut

−Δ2
cut Δ2

cut )

kT
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H + 2 J  E W K :  A D D I N G  T H E  S - C H A N N E L
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C O M PA R I S O N  W I T H  D I P O L E  S H O W E R
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PA R T O N  S H O W E R  U N C E R TA I N T I E S
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• : variation of the renormalisation and 
factorisation scales in the hard process (Matrix 
Element) 

•  : Shower scale, it is the argument of  and 
PDFs in the PS. 

• The band also includes variations in the hard 
process as well as the variation in 
renormalisation and factorisation scales for 
the NLO Matching and Merging 

• : veto scale: the boundary of the hardness of 
emissions in the PS 
 

• low  the PS uncertainties are huge, but 
expected, reaching ~40%. This is also visible on 
the  distribution where the PS variation gets 
larger in the low values where also soft 
emissions dominate. However, the discrepancy 
between Pythia8 and Herwig is till larger Thant 
the uncertainty.

μH

μS αs

μQ

pHjj
T

mjj
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P U R I T Y  O F  E W  q q H  B I N S
• Only ggF and VBF production considered so far  
• Higher VBF purity obtained thanks to the high Mjj split
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A C C E P TA N C E S
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A C C E P TA N C E S
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