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✦ Signal and background modelling uncertainties are key components of the ATLAS VHbb analysis

Overview

�2

✦ Background modelling uncertainties: 
✦ directly limiting the precision with which we extract the amount of signal in the data 
✦ directly impact the significance of the measured signal 
✦ assumption on correlation across regions are important 
✦ could be controlled in data with pure / high statistics background control regions

✦ Signal modelling uncertainties: 
✦ no impact on signal sensitivity (evaluated when no signal is assumed) 
✦ can impact our capability to interpret and to use the measured signal 
✦ hardly possible to improve them directly from data but …. 
✦ the component of the uncertainties depends on the assumption on the measured signal” 

✦ theory XS uncertainties only needed when quoting the result in term of signal strength 
✦ acceptance uncertainties only needed when extrapolating the signal from signal region to inclusive phase space 
✦ fiducial cross section measurement in many bins will have the smallest signal uncertainty contribution
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✦ While evaluated from the envelope of a series of well defined generator parameter comparisons 
[see later] … acceptance and shape effects are considered as uncorrelated in the profile 
likelihood fit implementation: 
✦ clearly identify the effect of the particular uncertainty 
✦ conservative approach that prevents large variation in one “variable” to be constrained by the data and 

uncontrollably propagated to the rest of the fit

Uncertainty components
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✦ Possible effects (components) of modelling uncertainties: 
✦ overall normalisation: common effect to all analyses regions 

✦ inclusive cross section uncertainties for small background 
✦ free-floating overall normalisation factor for backgrounds that can be controlled from data (free of any initial bias) 

✦ acceptance uncertainties: effect on selection efficiency for a given region 
✦ for processes without free-floating normalisation / signal: effect full selection from inclusive sample 
✦ for processes without free-floating normalisation: relative effect from main region controlling the normalisation to any 

other region 

✦ shape uncertainties: effect on the shape of the fitted distribution 
✦ effects estimated at “truth level” as a function of 2 key variables: mbb and V pT  
✦ leading (uncorrelated) variables in the final multivariate discriminant 
✦ parametric effect of variation is applied coherently to other variables thought event-by-event reweighing
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✦ Warning: slightly simplified as shown only 1 jet multiplicity bin

The big picture
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✦ Separate CR for W+jets in 
1L and ttbar in 2L 

✦ SR acts as CR for Z+jets in 
2L and ttbar in 1L

✦ Normalisations are 
extrapolated to other regions

0L 2L SR

2L topCR

1L WCR

1L SCR
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Total uncertainty breakdown
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✦ Grouped by categories

✦ Leading individual components

✦ Caveat: do not attempt to sum in quadrature due 
to correlations built by the fit
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Background MC statical uncertainty
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✦ Leading effect from 1L 2J region: 
✦ dominated by ttbar
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✦ Already producing 60M ttbar events: 
✦ but high Vpt + 4 jets veto represents a very tiny and 

peculiar phase space for ttbar 
✦ can’t simply increasing MC of inclusive sample to match 

statistics …

✦ Very precise MC is quite CPU expensive … need to 
interact with theorist about the most efficient way to 
produce the events we need (a.k.a. filters)
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Signal modelling uncertainties
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Signal generators
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✦ Nominal sample qq->VH :  Powheg MiNLO+EWK+Pythia8 

✦ Source of systematic uncertainties for qq->VH process: 
✦ PDF:  PDF4LHC prescriptions 
✦ scale variations: Stewart-Tackman prescription (2(3) uncertainties in case of nJet>=3 (==3) selection) 
✦ PS/UE: envelope of the effect of testing a completely different parton shower program ( Herwig7 ) and uncertainty of 

the specific ATLAS Pythia8 tune  

✦ Nominal sample gg->ZH :  Powheg+Pythia8 (implementing box and triangle diagram at LO); would be very 
interesting to test higher order predictions which are starting to become available (aMC@NLO/Sherpa)
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ATL-PHYS-PUB-2014-022!

✦ V pT is one of the key analysis to extract the signal 

✦ Characteristic spectrum for qq and gg production: in 
high V pT signal region gg->ZH represent up to 30% of 
the total signal contribution

✦ The full list of prescription is not (yet) available for the gg->ZH prediction [except for inclusive predictions]: 
currently applying the same uncertainties as qq->ZH

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-022/
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Signal uncertainties
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✦ Only concentrating in acceptance uncertainties as effect of shape uncertainties on the overall 
result is small

✦ Take home messages / questions: 
✦ effect of PDF uncertainties is clearly subletting at the moment 
✦ effect of scale variation amplified in ST prescription by the large fraction of events with 3 or 

more jets (3rd jet pT>20GeV) 
✦ strong effect of parton shower variation on acceptance: both overall acceptance (Pythia8 VS 

Herwig7) and 3J/2J ratio (Pythia8 tuning).  Low 3rd jet pt more sensitive to parton shower?

(*)
(**)

(*): overall acceptance for ≥2 jets events   ,   (**): overall acceptance for (≥)3 jets / 2jets events
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W+jets modelling uncertainties
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W+jets
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✦ Nominal sample:  Sherpa 2.2.1 5F MEPS@NLO ( 0,1,2 parton @NLO, 3,4 @LO )
✦ Uncertainties variations: 

✦ fact/ren scale and PDF variations in Sherpa 2.2.1 sample —> subleading effect on shape 
✦ ckkw and matching scale variation in Sherpa 2.1 sample —> small effect but statistically limited 
✦ comparison with MadGraph+Pythia8 5F MEPS@LO (up to 4 partons)

✦ analysis dominated by W+bb contribution 
(uncertainties on flavour composition are 
subdominant)

✦ floating normalisation of W+HF separately 
in 2 and 3jets 

✦ Shape uncertainties are dominated by comparison between Sherpa and MadGraph. Leading 
contribution to analysis sensitivity comes from differences in W pT spectrum between Sherpa and 
MadGraph (large impact on signal-like tail of the BDT) 

✦ with more data, the difference 
could be reduced in the dedicated 
WCR (not used in current iteration of 
the analysis)
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✦ … but is such a difference 
expected??

ATL-PHYS-PUB-2017-006/

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-006/
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Z+jets modelling uncertainties
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Z+jets
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✦ Exactly same prescriptions as for W+jets in terms of 
available MC and variations ✦ analysis dominated by Z+bb contribution 

(uncertainties on flavour composition are 
subdominant)

✦ floating normalisation of W+HF separately in 
2 and 3jets: Sherpa NLO 5F MC consistently 
underestimates the data as for the W+HF 
case 

✦ 2-lepton SR quite pure in Z+HF thanks to the mll window around the 
Z peak 

✦ (contrary to W+HF) Z+HF Shape uncertainties extracted in subset of 
SR:   
✦ mbb [100-150] veto to remove signal contribution 
✦ ETmiss/sqrt(HT)<3.5 to further minimise ttbar contamination 
✦ data-MC difference taken as the variation for the shape uncertainties: 

reduced effect w.r.t. MC-MC comparison

✦ normalisation mainly driven by 2-lepton channel: 
✦ extrapolation uncertainties to 0-lepton channel computed from MC inputs 

only using the in the V pT>150GeV bin
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ttbar modelling uncertainties
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ttbar
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✦ 2 different phase space for ttbar in the analysis: 
✦ 0+1 lepton: 4-jet veto selects mainly events with missing ttbar decay products (very different from final state of 

usual ttbar measurements) 
✦ 2 lepton: more natural ttbar decay topology: 2lep + 2b-jets (+ jets)

every uncertainty is considered decorrelated between 0+1 lepton and 2-lepton regions

✦ Nominal sample:  Powheg (V2)+Pythia8 (hdamp=1.5*mtop)

✦ Alternative samples: 
✦ Parton Shower: Powheg+Herwig7, MatrixElement: aMC@NLO+Pythia8 
✦ radiation settings (hdamp, µR, µF, shower tune)

✦ Extrapolation and shape uncertainties effects dominated by the 
differences between Powheg and aMC@NLO: 
✦ 2-lepton channel manages to reduce the impact of the 

uncertainties thanks to the dedicated control region 
✦ in 0-1 lepton channel: main SR has the largest top contribution

✦ Normalisation factors consistent 
with unity

ATL-PHYS-PUB-2017-007!
ATLAS Data,
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-007/
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Single top modelling 
uncertainties
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Single Top
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✦ Solely relevant in the 1-lepton channel: 
✦ 50/50 contribution between t-channel and Wt 
✦ Wt more important since it has more signal-like features

✦ Nominal sample: Pohweg+Pythia6 (diagram removal procedure for Wt) 

✦ Alternative samples: 
✦ Powheg+Herwig++ 
✦ radiation settings: (hdamp+PS tune)

!
✦ aMC@NLO+Herwig++ 
✦ diagram subtraction procedure for Wt

✦ Wt uncertainties completely driven by comparison of DR-DS schema: 
✦ strong shape difference in many kinematic quantities ( mbb, V pT) 
✦ further sensitive variable: mtop (proxy from  ) used both in MVA and region 

definition

✦ More coherent attempt at Wt+ttbar production being studied in ATLAS, but 
not yet incorporated in the analysis (see P. Thompson’s talk)
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More “open points”
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✦ Something I didn’t have time to cover in this talk: 

✦ EWK corrections to V+jets processes 

✦ 5F VS 4F production for V+HF (better to wait for next session) 

✦ do we need specific uncertainties covering gluon splitting topologies? (on top of factorisation/
renormalisation/matching/merging scale and different parton shower comparison) 

✦ NLO EWK correction to VH 
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backUp
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dibosons
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✦ Diboson uncertainties follow as close as possible the structure of the uncertainties used for the signal: 
✦ different MC variations available 
✦ nominal diboson MC is Sherpa v2.2 MEPS@NLO (0-1 parton @NLO, 2-3 @NLO) 
✦ leading source of uncertainties is the comparison with Powheg+Pythia8 (inclusive NLO)

✦ Impact of systematic on the signal extraction is subdominant
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ttbar radiation samples
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✦ Detailed settings of ttbar samples


