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The leading culprit: PS uncertainties
Current experimental prescription: 

- symmetrized two-point Pythia8 (dipole recoil) vs. 
Herwig7

- ATLAS also has matching uncertainty (MG vs 
Powheg)

Shower uncertainty alone can approach ~15% 
impact on measured signal rate (inclusive)
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Differential study in fiducial volume at 13.6 TeV
- Event selections: mixture of ATLAS and CMS
- Rivet routine + run cards + Events available in a repository
- Beyond 1D distributions (2D, 3D) and also in STXS bins

1. State-of-the-art numbers for fixed order 
2. State-of-the-art number for NLO+PS 

- Only perturbative part (no Underlying Event or hadronisation)
- Make recommendations for shower uncertainties

Codes: Hawk, proVBFH, MoCaNLO, Powheg, Sherpa, Pythia, Herwig, 
MG_aMC@NLO

See more preliminary results of this study in VBF status report
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https://indico.cern.ch/event/1389221/timetable/#4-vbf-status-report-175-remote


Systematic NLO+PS study at differential level 
List of predictions:

● Powheg+Pythia (Dipole)
● Powheg+Pythia (Vincia)
● Powheg+Herwig (Angular Ordered)
● Madgraph+Herwig (Angular Ordered)
● Herwig, MC@NLO internal (AO)
● Herwig, MC@NLO internal (Dipole)
● Sherpa, MC@NLO internal (Default PS)
● Sherpa, MC@NLO internal (Dire)

Phase-space: 
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2 different matching methods: 
multiplicative and additive

6 different parton showers, 
2 for every GPMC (Pythia, 
Herwig and Sherpa)

20
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Dijet invariant mass vs pT Higgs

0<pTH<80

NLO

NNLO

NLOPS

NLOPS breakdown

Mjj is an exemplificative inclusive 
distribution. Properties:

● Color band is scale uncertainties - 
7-pt envelope of renormalization and 
factorization scales

● Span of NLOPS is few percent 
● Generally, for inclusive distributions, 

Pythia8 form upper edge of the 
band, while Herwig7 (dipole) and 
Sherpa yield lower bound

13.6TeV
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Higgs transverse momentum vs Dijet rapidity

The Higgs pT is an exemplificative 
inclusive distribution. Properties:

● Color band is scale uncertainties - 
7-pt envelope of renormalization and 
factorization scales

● Span of NLOPS is few percent 
(10% in the tail)

● Generally, for inclusive distributions, 
Pythia8 form upper edge of the 
band, while Herwig7 (AO) and 
Sherpa (dire) yield lower bound

4<Dyjj<5

NLO

NNLO
NLOPS

NLOPS breakdown

13.6TeV
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Higgs transverse momentum vs number of jets

The Higgs pT is an exemplificative 
inclusive distribution.
The number of tagged jets is an exclusive 
distribution, i.e. directly sensitive to the amount of 
radiation generated.

● Requiring exactly 3 jets inflates the 
uncertainties where NLOPS predictions 
are nominally only LO accurate 

● ordering between several NLOPS 
completely inverted:
○ Pythia8 form lower edge
○ Herwig7 (AO) yield >15% upper 

bound

3 tagged jets

NLO

NNLONLOPS

NLOPS breakdown

13.6TeV
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Prospective recipe… (preliminary)
● This study aims to provide more robust estimation of NLOPS uncertainty, which 

comprises both the matching and shower variations
○ Proposal: generate three predictions:

■ One with Powheg-box and Pythia8 shower
■ One with any Herwig shower
■ One with any Sherpa3 shower 

○ Make sure at least one of this prediction is based on Powheg matching, and 
one on MC@NLO matching

○ Construct envelope out of these three predictions
● NOTE: unlike experimental analysis, we do not distinguish between matching and 

parton shower uncertainties, but rather a unified one, because the two aspects are 
often correlated
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On the practical side…
● Limited computing resources might make it hard to simulate for all three samples, 

with full detector simulation
● There is a plan to make public the results of this publication, that is easily 

accessible to experimentalists (e.g. git repo, group space on lxplus)
● Analyses can perform 2-pt variation and compare to 3-pt variation results from this 

publication and decide if 2-pt variation is sufficient
● Note, on experimental side, systematic variation may need symmetrization (treated 

as symmetric Gaussian) that could inflate the uncertainty > should investigate if fit 
model can cope with 3-pt envelope that might also be very asymmetric

● Should revisit 3rd jet selection (e.g. central jet veto) and its effect on PS&matching


