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Model uncertainties

Various model uncertainties:

I Generator (matrix element)
I Factorisation & renormalisation scale
I Initial- and final state radiation
I Matching scale
I Hadronisation
I Underlying event
I Colour reconnection
I Top-quark mass
I PDF



all intertwined

This talk: overview of default set of model uncertainties in CMS top quark analyses
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Generator setups for t̄t

process ME PS method PDF Tune

t̄t + jets MadGraph v5.x Pythia v6.42x ME+PS CTEQ6L1 Z2(*)

t̄t POWHEG-box 1.0 Pythia v6.42x NLO CTEQ6M Z2(*)

t̄t MC@NLO v3.41 Herwig v6.520 NLO CTEQ6M
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Generator setups for t̄t

process ME PS method PDF Tune

t̄t + jets MadGraph v5.x Pythia v6.42x ME+PS CTEQ6L1 Z2(*)

t̄t POWHEG-box 1.0 Pythia v6.42x NLO CTEQ6M Z2(*)

t̄t MC@NLO v3.41 Herwig v6.520 NLO CTEQ6M

Remember:

ME+PS: better shape for high multiplicities

tree level diagrams with up to 3 partons

NLO: better normalisation/scale uncertainty

real + virtual corrections
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Generator setups for t̄t

process ME PS method PDF Tune

t̄t + jets MadGraph v5.x Pythia v6.42x ME+PS CTEQ6L1 Z2(*)

t̄t POWHEG-box 1.0 Pythia v6.42x NLO CTEQ6M Z2(*)

t̄t MC@NLO v3.41 Herwig v6.520 NLO CTEQ6M

In principle MadGraph default, exceptions eg.:
I charge assymetry Ac (POWHEG)
I ∆mt (POWHEG)
I spin correlations (MC@NLO)
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Generator setups for t̄t

process ME PS method PDF Tune

t̄t + jets MadGraph v5.x Pythia v6.42x ME+PS CTEQ6L1 Z2(*)

t̄t POWHEG-box 1.0 Pythia v6.42x NLO CTEQ6M Z2(*)

t̄t MC@NLO v3.41 Herwig v6.520 NLO CTEQ6M

In principle MadGraph default, exceptions eg.:
I charge assymetry Ac (POWHEG)
I ∆mt (POWHEG)
I spin correlations (MC@NLO)

Note:
I Pythia with p2

T-ordered parton showering (pre-2011: q2-ordered with D6T UE tune)
I Tauola for τ decays and Photos for QED corrections W/Z decays
I Herwig→ Jimmy for underlying event
I Main background V+jets with MadGraph + Pythia
I Future: Sherpa, aMC@NLO, Pythia8, Herwig++
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Generator setups for t̄t

process ME PS method PDF Tune

t̄t + jets MadGraph v5.x Pythia v6.42x ME+PS CTEQ6L1 Z2(*)

t̄t POWHEG-box 1.0 Pythia v6.42x NLO CTEQ6M Z2(*)

t̄t MC@NLO v3.41 Herwig v6.520 NLO CTEQ6M

In general ‘generator’ uncertainty small, eg.:
I mt (dilepton): ±0.04 GeV vs 1.5 GeV total syst. TOP-11-016
I Ac (l+jets): ±0.001 vs. 0.011 total syst. TOP-11-030
I differential cross section Mt̄t TOP-11-013

2c
GeV 

tt
m

0 200 400 600 800 1000 1200 1400

-1

2 cG
eV

 tt
dm

σd  σ1

-510

-410

-310

-210

=7 TeVs at -1CMS Preliminary, 1.14 fb

Dilepton Combined Data
MadGraph
MC@NLO
POWHEG

Martijn Gosselink (Universität Hamburg) Signal modelling uncertainties in CMS September 18, 2012 3 / 11



Generator setups for single top

process ME PS method PDF Tune

t/̄t (s,t,tW) POWHEG-box 1.0 Pythia v6.42x NLO (5FS) CTEQ6M Z2(*)

t/̄t (s,t) CompHEP v4.5.1 Pythia v6.42x ME CTEQ6M Z2(*)
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Generator setups for single top

process ME PS method PDF Tune

t/̄t (s,t,tW) POWHEG-box 1.0 Pythia v6.42x NLO (5FS) CTEQ6M Z2(*)

t/̄t (s,t) CompHEP v4.5.1 Pythia v6.42x ME CTEQ6M Z2(*)

I t-channel: massless/massive b-quark (mb)→ 5FS vs 4FS
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Generator setups for single top

process ME PS method PDF Tune

t/̄t (s,t,tW) POWHEG-box 1.0 Pythia v6.42x NLO (5FS) CTEQ6M Z2(*)

t/̄t (s,t) CompHEP v4.5.1 Pythia v6.42x ME CTEQ6M Z2(*)

I t-channel: massless/massive b-quark (mb)→ 5FS vs 4FS
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I tW-channel: interference with t̄t→ diagram removal vs diagram subtraction
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Generator setups for single top

process ME PS method PDF Tune

t/̄t (s,t,tW) POWHEG-box 1.0 Pythia v6.42x NLO (5FS) CTEQ6M Z2(*)

t/̄t (s,t) CompHEP v4.5.1 Pythia v6.42x ME CTEQ6M Z2(*)

In general ‘generator’ uncertainty large, eg.:
I t-channel cross section 8 TeV: 5.5% vs 13.7% total syst. TOP-12-011
I tW-channel search 7 TeV: 7–9% TOP-11-022
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Radiative corrections

The ‘Q2 scale’ variation actually addresses two aspects:

1. renormalisation & factorisation scale uncertainties (ME)

2. amount of initial- and final state radiation (ISR/FSR)
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Radiative corrections

The ‘Q2 scale’ variation actually addresses two aspects:

1. renormalisation & factorisation scale uncertainties (ME)

2. amount of initial- and final state radiation (ISR/FSR)

More explicitly:
I matrix element calculation:

I Q2 = m2
t +

∑
p2

T (MadGraph) and Q2 = m2
t (POWHEG/MC@NLO)

I vary Q2 up/down by a factor 4.0/0.25 (Q with 2.0/0.5)
I simultaneously up & down (↑↑ & ↓↓)

I parton showering:
I same factor for evolution scale in αs of ISR & FSR
I simultaneously with scale in matrix element
I implicitly starting scale of the shower changes accordingly

Note: scales in t̄t & single top independently varied w.r.t. W/Z+jets background
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Radiative corrections

The ‘Q2 scale’ variation actually addresses two aspects:

1. renormalisation & factorisation scale uncertainties (ME)

2. amount of initial- and final state radiation (ISR/FSR)

In general sizable uncertainty:
I σt̄t 7 TeV (l+jets): 1.0 pb vs 5.6 pb total syst. TOP-11-011
I mt (l+jets): ±0.24 GeV vs 0.98 GeV total syst. TOP-11-015
I t-channel cross section 7 TeV: 7% (single t) & 4% (t̄t) vs 14% total syst. TOP-11-021
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Matching scale (MadGraph only)

MadGraph uses
I tree-level diagrams for hard radiation & interferences (up to 3 final state partons)
I parton-showering for soft & collinear region (with Pythia 6.42x)
I matching via ktMLM (kT instead of cone algorithm)
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Matching scale (MadGraph only)

MadGraph uses
I tree-level diagrams for hard radiation & interferences (up to 3 final state partons)
I parton-showering for soft & collinear region (with Pythia 6.42x)
I matching via ktMLM (kT instead of cone algorithm)

The idea:
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(for illustrative purposes only)
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Matching scale (MadGraph only)

MadGraph uses
I tree-level diagrams for hard radiation & interferences (up to 3 final state partons)
I parton-showering for soft & collinear region (with Pythia 6.42x)
I matching via ktMLM (kT instead of cone algorithm)
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I study smoothness N-jet vs N+1-jet
transitions (y-axis) as function of scale

I matching thresholds (xqcut) drives
the optimal matching scale (qcut)

I default xqcut = 20 (qcut = 40) for t̄t+jets
I thresholds are varied by factor 0.5 to 2.0
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Matching scale (MadGraph only)

MadGraph uses
I tree-level diagrams for hard radiation & interferences (up to 3 final state partons)
I parton-showering for soft & collinear region (with Pythia 6.42x)
I matching via ktMLM (kT instead of cone algorithm)

In general sizable uncertainty, use data to contrain:
I jet multiplicity & gap fraction studies (dilepton), TOP-12-023
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Hadronisation
String fragmentation (Pythia)

vs

Cluster fragmentation (Herwig)
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Hadronisation
String fragmentation (Pythia)

vs

Cluster fragmentation (Herwig)

Uncertainty conservative:
I Fragmentation models↔ parton showering model

pT-ordered (Pythia) vs angular ordered (Herwig)
→ some double counting with Q2 uncertainty

I Truncated showers in POWHEG+Herwig6 absent
→ POWHEG+Pythia vs MC@NLO+Herwig
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Hadronisation
String fragmentation (Pythia)

vs

Cluster fragmentation (Herwig)

Especially unfolding might be sensitive, when extrapolating back to parton level, eg.:
I Normalised differential σ(t̄t): among dominant shape uncertainties, TOP-11-013
I Ac (l+jets): ±0.001 vs. 0.011 total syst. TOP-11-030
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Underlying event & colour reconnection

I Default CMS tunes for Pythia:
I Z2 for 7 TeV
I Z2* for 8 TeV (improved energy scaling)

I Perugia2011 tunes for variations
I allows for direct comparison with ATLAS
I Z2 vs Perugia2011 too rigorous (disentangle CR)

I Mainly ‘soft’ physics, but:
I tunes do affect eg. αs → radiation!
I tuning in the presence of matching is a new area
I colour reconnection not well understood yet
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Underlying event & colour reconnection

I Default CMS tunes for Pythia:
I Z2 for 7 TeV
I Z2* for 8 TeV (improved energy scaling)

I Perugia2011 tunes for variations
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I Underlying event
I Perugia2011
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I Colour reconnection
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Underlying event & colour reconnection

I Default CMS tunes for Pythia:
I Z2 for 7 TeV
I Z2* for 8 TeV (improved energy scaling)

I Perugia2011 tunes for variations
I allows for direct comparison with ATLAS
I Z2 vs Perugia2011 too rigorous (disentangle CR)

I Mainly ‘soft’ physics, but:
I tunes do affect eg. αs → radiation!
I tuning in the presence of matching is a new area
I colour reconnection not well understood yet
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→ important uncertainty to consider in mt measurements

Interesting difference in sensitivity on colour reconnection between 1D & 2D mt measurements:
I mt (l+jets, 2D): ±0.15 GeV UE & ±0.54 GeV CR vs 0.98 GeV total syst. TOP-11-015
I mt (dilepton, 1D): ±0.26 GeV UE & ±0.13 GeV CR vs 1.48 GeV total syst. TOP-11-016
I mt (all jets, 1D): ±0.32 GeV UE & ±0.15 GeV CR vs 1.25 GeV total syst. TOP-11-017
I mt (all jets, 2D): ±0.88 GeV UE & ±0.58 GeV CR vs 1.46 GeV total syst. TOP-11-017
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Top-quark mass
Default mt = 172.5 GeV

I consistent with ATLAS
I consistent with Tevatron
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Top-quark mass
Default mt = 172.5 GeV

I consistent with ATLAS
I consistent with Tevatron

Multiple mass points considered for t̄t and single top:

161.5
163.5
166.5
169.5
172.5
175.5
178.5
181.5
184.5


used for:

I calibration mt measurements

eg. TOP-12-027

I parametrisation σt̄t(mMC
t )

eg. TOP-11-008
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Top-quark mass
Default mt = 172.5 GeV

I consistent with ATLAS
I consistent with Tevatron

For most analyses negligible, except eg.:
I σt̄t 7 TeV (all+jets): 5.3% vs 19% total syst. TOP-11-007
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PDF uncertainty

Default PDF’s:
I CTEQ6L1 for MadGraph
I CTEQ6M for POWHEG/MC@NLO
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Martijn Gosselink (Universität Hamburg) Signal modelling uncertainties in CMS September 18, 2012 10 / 11



PDF uncertainty

Default PDF’s:
I CTEQ6L1 for MadGraph
I CTEQ6M for POWHEG/MC@NLO
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PDF4LHC recommendation, depending on the analysis:
I comparison of single PDF (error) sets
I envelope of CT10, MSTW2008, NNPDF2.1

Q: no PDF4LHC recommendation for matched generators?
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PDF uncertainty

Default PDF’s:
I CTEQ6L1 for MadGraph
I CTEQ6M for POWHEG/MC@NLO
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In general subdominant uncertainty:
I t-channel cross section 7 TeV: 2.5% vs 15% total syst. TOP-11-021
I ∆mt (l+jets): ±0.002 GeV vs. 0.27 GeV total syst. TOP-11-019
I Ac (l+jets): ±0.002 vs. 0.011 total syst. TOP-11-030
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Summary and outlook

I Not straightforward to disentangle all model uncertainties

I The 2011 and 2012 data show that:
I Some model uncertainties become the limiting factor for precision (eg. colour reconnection)
I Other model uncertainties can be constrained/reduced with data (eg. radiation, PDF)

I Therefore it is beneficial to synchronise uncertainties with ATLAS (TOPLHCWG)

I Top-quark physics is an excellent tool for improving our modelling at these energy scales
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