
Monte Carlo modelling issues
in top physics[ SM�LHC 2013 
onferen
e � Albert-Ludwigs-Universität Freiburg ℄----------------------------------------------Jan Winter� MPP Muni
h �

mainly dis
ussed in 
ontext with AFB.Colour 
oheren
e e�e
t.In
lusion of top quark de
ays.
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Monte Carlos for top physics

Standard nowadays is NLO+PS for single top quark, top quark pair and asso
iatedprodu
tion.

• PowhegBox (and interfa
e to showers). [NASON ET AL.]

• MC�NLO and aMC�NLO (and interfa
e to showers). [FRIXIONE ET AL.]

• Sherpa with virtual 
orre
tions from Bla
kHat/GoSam/OpenLoops et
. [KRAUSS ET AL.]A number of questions 
an be asked.

• Status of validation

• Level of agreement in di�erential distributions (Do we understand di�eren
es?)

• Comparison to �xed, higher-order 
al
ulations
• Comparison to merging approa
hes, MEPS�(N)LO and MENLOPS

• Assessment of un
ertainties
• Treatment of top quark mass
• Treatment of top quark de
ays
• Treatment of parton showers
• ...Here I will only be able to dis
uss last few points.
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A new benchmark observable for Monte Carlos ?�Observation� �rst made by DØ.

[PLOT UPPER LEFT FROM DØ – ARXIV:1107.4995]

[PLOTS BELOW FROM CDF – ARXIV:1211.1003]

angular 
oheren
eo�
on

• 
oherent showerMonte Carlos (MCs)
ontain/enhan
easymmetry

• rapidity di�eren
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Colour coherence effect

Sherpa1.4.0 CSshower
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In LO qq̄ → tt̄, there are (IF) 
olour �ows from in
oming quark to top quark and vi
e versa.�Forward� dipoles � less spa
e spa
e for emission, less likely to radiate.�Ba
kward� dipoles � more violent a

eleration of 
olour, hen
e more QCD radiation.
• (a) Forward 
on�guration

• (b) Ba
kward 
on�guration
• Colour 
oheren
e (leads to angular ordering)asymmetri
 real emission
• Extra emission (
on�ned to 
one as large as θini)more re
oil for ba
kward top pairs
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Comparison with fixed order
[PLOT FROM DØ – ARXIV:1107.4995]AA��

• Sudakov suppressionyields �pT smearing� -

�
�

�
�

�
�

�
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�
�

��3
?

[FO USING MCFM]

β =
p

1 − 4 m2/ŝ

pT

σ̂B

dσ̂A

dpT

=
αS

π

(N2 − 4)

N
F (β, pT ) ,

• 
oherent-bran
hing showers work well in soft limit: real emissionapproximated by �Born × dip.-rad. fun
tions Wij × 2 CF �

• LO MCs repla
e (N2 − 4) by (N2 − 1) ⇒ 60% overestimate

• And, F (β, pT ) underestimated by F (β, 0) = −4 β − β3 − . . .

Jan Winter Freiburg, April 11, 2013 – p.5



Differential asymmetry produced by LO generators

LO qq̄, gg → tt̄ production and showering Asymmetry as function of the top-pair pT

[SKANDS, WEBBER, WINTER, JHEP 07 (2012) 151 (ARXIV:1205.1466)]

• pT,tt̄ di�erential 
ross se
tion distribution

QCD 
oheren
e built in for Herwig++ and Sherpa, Pythia 6 has options with varying amounts of 
oheren
e.Pythia 8 version used here does not have QCD 
oheren
e implemented
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Differential asymmetry produced by LO generators

m2
tt̄ = m2

t + m2
t̄ + 2ET,tET,t̄ cosh∆y − 2 pT,tpT,t̄ cos ∆φ

Asymmetry as a function of the pair mass

[SKANDS, WEBBER, WINTER, ARXIV:1205.1466]

• mtt̄ di�erential distribution
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mass dependen
e driven by dependen
e on ∆y and ∆φ, Sudakov region applies over entire mass range

Jan Winter Freiburg, April 11, 2013 – p.7



Differential asymmetry produced by LO generators

m2
tt̄ = m2

t + m2
t̄ + 2ET,tET,t̄ cosh∆y − 2 pT,tpT,t̄ cos ∆φ

Asymmetry as a function of the pair mass

[SKANDS, WEBBER, WINTER, ARXIV:1205.1466]
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[AHRENS ET AL. PHYS.REV. D84 (2011) 074004]

mass dependen
e driven by dependen
e on ∆y and ∆φ, Sudakov region applies over entire mass range
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Inclusive asymmetry produced by LO generators

Model Version Inclusive mtt̄/GeV pT,tt̄/GeV

[tune] < 450 > 450 < 50 > 50

HERWIG++ 2.5.2 [def] 3.9 2.7 6.0 5.8 −14.3

PYTHIA 6 6.426 [def] −0.1 −0.8 1.2 2.5 −42.5

PYTHIA 6 6.426 [D6T] −0.2 −1.1 1.2 3.2 −43.4

PYTHIA 6 6.426 [P0] 0.8 0.7 1.1 1.8 −8.6

PYTHIA 8 8.163 [def] 2.5 2.4 2.8 2.4 4.8

SHERPA 1.4.0 [def] 5.5 3.5 9.2 8.7 −15.4

SHERPA 1.3.1 [def] 6.3 3.3 12.1 9.6 −15.8

QCD LO 6.0 4.1 9.3 7.0 −11.1

A
(cut)
FB =

σ(cut)
⌋

∆y>0
− σ(cut)

⌋

∆y<0

σ(cut)
,

• di�erent re
oilstrategiesimplemented in thedi�erent models

• re
oil e�e
ts are

∼ leading wrt.LO asymmetry(eval. by MCFM)

• If shower kinemati
s allow for migrations, a netin
lusive asymmetry 
an be generated.
• showers are unitary, preserving the total in
lusive
ross se
tion (LO)
• BUT asymmetry is not prote
ted by unitarity

⇒ migration from ∆y > 0 to ∆y < 0 and v.v.
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Longitudinal recoil effects – migration

Sherpa1.4.0 CSshower
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radiation imbalance wins over more severe migration

[SKANDS, WEBBER, WINTER, ARXIV:1205.1466]

• ∆y distribution for various LO ∆ỹ generation and shower modes

Simple dipole pi
ture where gluon emission on average stret
hes IF dipole 
an give ∆y = ∆ỹ + ǫ (ǫ > 0).migration is small, lo
al, favouring − → + dire
tion; largest e�e
t already after 1st emission
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Different recoil-scheme options in Sherpa

Sherpa1.4.0 CSshower
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longitudinal recoil treatment is effectively the same

[SKANDS, WEBBER, WINTER, ARXIV:1205.1466]

• Asymmetry versus pT,tt̄ • Asymmetry versus |∆y|
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Sherpa's CSshower provides two options for treating the re
oils. ⇒ Re
oil options a�e
t high pT .original CS s
heme treats re
oils more lo
ally, IF dipole is de
oupled from rest of event
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Different recoil-scheme options in Sherpa
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longitudinal recoil treatment is effectively the same

[SKANDS, WEBBER, WINTER, ARXIV:1205.1466]

• Asymmetry versus pT,tt̄ • Asymmetry versus |∆y|
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[AHRENS ET AL. PHYS.REV. D84 (2011) 074004]

Sherpa's CSshower provides two options for treating the re
oils. ⇒ Re
oil options a�e
t high pT .original CS s
heme treats re
oils more lo
ally, IF dipole is de
oupled from rest of event
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Asymmetry from the lepton perspective
[FALKOWSKI, MANGANO, MARTIN, PEREZ, WINTER, ARXIV:1212.4003]

Sherpa CSShowerPowheg+Pythia

CDF-like 
utsblue: pT,tt̄ < 10 GeVfor Powheg, CDF-likere
onstru
tionfor Sherpa, jet-
om-binatorial (short lines)and naive (bb̄+2j) re-
onstru
tion

Important for su
h a study, the reliable treatment of top quark de
ays.
• 
onsider top quark Att̄ and lepton-based Aℓ at the same time (as a fun
tion of pT,ℓ)
• gain extra handles in your analyis: exploit 
orrelation of asymmetries, make use of �no or less� needfor top quark re
onstru
tion ⇒ Correlation is robust, but modelling of pT,tt̄, hen
e Att̄(pT,tt̄)turns out to be 
ru
ial. Just 
olour 
oheren
e alone as in Sherpa's shower is not su�
ient.
• BSM predi
tions are very di�erent but should 
ome with warning label: LO+PS a

ura
y only.
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Top quark decays included

dσ(ē , ν , b; e, ν̄ , b̄ , [p])
dΦdecdΦtt̄ [p]

=
dσNLO+PS(t; t̄ , [p])

dΦtt̄ [p]
×

dσTree(ē , ν, b; e, ν̄ , b̄ , [p])

dΦdecdΦtt̄[p]

σTree(t, t̄ , [p])

dΦtt̄[p] 
Integrates to 1 in dΦdec

Frixione,Laenen,Motylinskyi,Webber 2007)Full validation between approa
hes should be done to assess di�eren
es.

[FRIXIONE ET AL, HEP-PH/0702198]

E�e
t of radiation in de
ays

• using MCFM [CAMPBELL, ELLIS, ARXIV:1204.1513]

• top produ
tion in pole approximation (allows for NLO)

• all spin 
orrelations kept in tree, real and virtual MEs

→ in our study, 
orre
tions on Att̄, Aℓ turn out to be small
• how does it 
ompare to full WWbb̄ 
omputation

[DENNER ET AL, ARXIV:1012.3975, ARXIV:1204.1513]

[BEVILACQUA ET AL, ARXIV:1012.4230]e�e
ts Γt/mt or αsΓt/mt suppressed if su�
iently in
lusive
• LO Sherpa showering in
ludes top quark o�-shellness and spin 
orrelations

• NLO+PS, here Powheg, generate un-de
ayed top quark pairs and introdu
e the de
ay spin
orrelation by reweighting (approximate spin 
orrelation me
hanism)
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One more jet included (at NLO)
[MELNIKOV, SCHARF, SCHULZE, ARXIV:1111.4991]
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How do we mat
h NLO 
al
ulations as su
h to parton showers.

E�e
t of radiation in de
ays

• predi
tion based on the narrow width approximation withthe NLO QCD 
orre
tions to both produ
tion and de
ay

• in general more 
ompli
ated pattern of 
orre
tionsand larger e�e
ts due to radiation in de
ay

→ for example, the negative forward�ba
kward asymmetrygiven at LO re
eives fairly sizeable positive 
orre
tions
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Quick note: top quark mass determination
[FROM BISWAS, MELNIKOV, SCHULZE, ARXIV:1006.0910]
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to hadrons
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“odd” cluster

[FROM M. MANGANO]

• a

urate and reliable measurementof top quark mass is important

• pre
isely measured in experimentsbut we have trouble to relatethis mass parameter to a topquark mass we 
an 
ontrol

• several proposals to extra
t it fromkinemati
 distributions des
ribablewith pQCD (renormalization s
hemes
an be swit
hed)

→ S. Mo
h's talk

• this still requires obje
t identi�
ation,i.e. non-perturbative 
orre
tionshave to be estimated
• preliminary studies by M. Mangano indeedpoint to O(1) GeV e�e
ts
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Summary & Implications

Monte Carlo LO event generators 
an produ
e signi�
ant (di�erential and in
lusive)asymmetries where none were previously expe
ted.

• One needs to be aware of that for the interpretation of experimental data.
• Monte Carlo estimates of 
orre
tions to asymmetries 
ould be a�e
ted by this.
• Model-dependent 
orre
tions!?

Asymmetries in Monte Carlos arise from valid physi
s built into generators with 
oherentparton or dipole showering.

While not quantitatively 
orre
t in every detail, important features are 
aptured by 
oherentshowering approximation.

• unequal Sudakov fa
tors for forward and ba
kward top produ
tion

• migration of re
oiling tops between hemispheres (Use (N)LO for AFB to optimize re
oils?)

• from modelling point of view we are safe sin
e standard is NLO+PS

• but shall we negle
t 
ontributions from se
ondary emissions?In
lusion of top quark de
ays 
ompli
ates the pi
ture, more 
he
ks and work needed.
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