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Highlights and stimulating results* 
at TOP2020

ATLAS Weekly, September 22, 2020

Wolfgang Wagner

Bergische Universität Wuppertal

* Disclaimer: (Necessarily) a subjective and incomplete selection.



Challenging the Standard Model with top quarks
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Top
quark

Direct searches
Supersymmetry

Leptoquarks

Vector-like quarks

Heavy Higgs bosons

Indirect searches
Flavour-changing neutral currents

CP violationRare decays

Lepton-flavour violation

Precision measurements
Differential and total cross-sections

Charge asymmetry

W helicity in top-quark decay
Top-quark mass

Spin correlations
Polarisation

Top-quark + X production

Top quarks as a tool

Physics of the top quark and with top quarks.



TOP2020 timetable
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Monday Tuesday Wednesday Thursday Friday

14:00 – 16:00

Keynote address

Cross-sections

Modelling and MC 
generator setups

𝑡 ̅𝑡 + 𝛾 and 𝑡 ̅𝑡 + 𝑍

Poster session
Joker talk
Young Scientist 
Forum

Theory mini-
workshop: 
Jets top physics

Joker talks

Searches

Coffee break

16:30 – 18:00 

Differential cross-
sections

Parameter 
determination from 
cross-sections

𝑡 ̅𝑡 + 𝐻

𝑡 ̅𝑡 + 𝑊

𝑡 ̅𝑡 + 𝑏)𝑏

𝑡 ̅𝑡 at threshold

𝑏-fragmentation

Anomalous 
couplings and 
FCNC

Asymmetries and 
lepton universality

Effective field 
theory in top 
physics

Experimental and 
theory summaries

§ Organised as an online conference.

§ Agenda shortened, but all usual elements included. 

§ Next edition (2021) hopefully in Durham.



Two true top highlights

W
ol

fg
an

g 
W

ag
ne

r  
 --

Hi
gh

lig
ht

s a
nd

 st
im

ul
at

in
g 

re
su

lts
 a

t T
O

P2
02

0

4

Evidence for 4-top-quarks production
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§ Presented by Erich Varnes as joker talk.
§ Highlights the importance of the same-sign 

di-lepton and multi-lepton channels

Test of the universality of 𝜏 and 𝜇 lepton couplings 
in 𝑊-boson decays from 𝑡 ̅𝑡 events …
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§ Presented by Nello Bruscino in an ATLAS-only talk.
§ Prime example for “top quarks as a tool” and 

ATLAS as a precision experiment.

https://arxiv.org/abs/2007.14858
https://conference.ippp.dur.ac.uk/event/891/contributions/4918/
https://arxiv.org/abs/2007.14040
https://conference.ippp.dur.ac.uk/event/891/contributions/4914/


Total and differential cross-sections of 𝑡 ̅𝑡 + 𝑍 production
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ATLAS isolation working points

I ATLAS uses “cut-based” and “PromptLepton BDT” working points for selecting isolated e/µ

– e/µ isolation identification and isolation are summarised in EPJC 79 (2019) 639 and ATLAS-CONF-2020-030

I “PromptLepton BDT” working points developed for tt̄H and tt̄W analyses (and SUSY searches)

ATLAS muon isolation WPs

3 < pT < 5 GeV 5 < pT < 20 GeV 20 < pT < 100 GeV pT > 100 GeV
Working point ✏µ[%] ✏HF[%] ✏µ[%] ✏HF[%] ✏µ[%] ✏HF[%] ✏µ[%] ✏HF[%]

Loose 63 14.3 86 7.2 97 6.1 99 12.7
Tight 53 11.9 70 4.2 89 1.0 98 1.6

PflowLoose 62 12.9 86 6.8 97 5.0 99 9.1
PflowTight 45 8.5 63 3.1 87 0.9 97 0.8

HighPtTrackOnly 92 35.9 92 17.2 92 4.5 92 0.6
TightTrackOnly 80 19.9 81 7.0 94 3.2 99 3.3
PLBDTLoose 81 17.4 83 5.1 93 1.3 98 1.7
PLBDTTight 57 9.6 69 2.7 87 0.5 98 1.7

E�ciency of “PromptLepton BDT” for prompt µ
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Top-quark production in association with �,W , Z Rustem Ospanov 5

§ Presented by Rustem Ospanov.
§ Worked out limitations of current analysis which had 

the focus on differential measurements:

tt̄Z signal regions for inclusive cross-section measurement

I ATLAS: 2 SR for 3l, 4 SR for 4l, 2 CR for WZ and ZZ

I CMS: 8 SR+CR for 3l, 6 SR+CR for 4l

I CMS: lower pT thresholds and e/µ BDT ! 20 to 30%
higher acceptance

Post-fit event yields in the combined 3l and 4l SR
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tt̄Z signal regions for inclusive cross-section measurement

I ATLAS: 2 SR for 3l, 4 SR for 4l, 2 CR for WZ and ZZ

I CMS: 8 SR+CR for 3l, 6 SR+CR for 4l

I CMS: lower pT thresholds and e/µ BDT ! 20 to 30%
higher acceptance

Post-fit event yields in the combined 3l and 4l SR

tt̄Z t(t̄)X WZ non-prompt data
R
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CMS 455 105 54 33 660 77.5 fb�1

ATLAS 518 114 46 37 732 139 fb�1
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CMS BDT-based isolation working point

I CMS defined new isolation WPs that significantly suppresses non-prompt e/µ with better prompt e�ciency

I These WPs allow lowering p
e/µ
T

to 10 GeV, without significantly increasing non-prompt e/µ background

CMS electron BDT isolation WP
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CMS muon BDT isolation WP
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https://conference.ippp.dur.ac.uk/event/891/contributions/4894/


Event generator setups and modelling uncertainties
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§ Modelling of 𝑝𝑝 scattering process with Monte Carlo events is a limiting factor for a large number of 
measurements and searches in the top-quark sector.

§ Work in two directions needed: 
§ Improvement of generator setups
§ Adequate (= not conservative, but not too optimistic) assignment of modelling uncertainties

§ ATLAS PMG group prepared two PUB notes for TOP2020. 

§ Study of top-quark pair 
modelling and uncertainties 
using ATLAS 
measurements at 𝑠 = 13
TeV,
ATL-PHYS-PUB-2020-023.

§ Presentation by Simone 
Amoroso.

§ Example:
MadGraph5_aMC@NLO versus 
Powheg comparison

§ Original intention:
Study algorithmic uncertainty in 
matching the NLO matrix element with 
the parton-shower program.

§ Critical issue: Madgraph only works 
with Pythia if the matrix-element 
correction is turned off and global 
recoil is used for FSR emissions.

Original uncertainty estimate: 
red versus orange

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2020-023/
https://conference.ippp.dur.ac.uk/event/891/contributions/4891/


Modelling of rare top-quark processes
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§ Modelling of rare top-quark processes, ATL-PHYS-PUB-2020-024.

§ Poster presented by Maria Moreno Llacer and Marcos Miralles Lopez on modelling of the 𝑡 ̅𝑡 + 𝑊
process.

§ Example:

Scale dependence of 𝜎 𝑡 ̅𝑡 + 𝑊

Disappears if MadGraph5_aMC@NLO is run 
with the FxFx option (NLO multileg merging) 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2020-024/
https://conference.ippp.dur.ac.uk/event/891/contributions/4963/


Mass determination from differential cross-sections
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Measure top-quark pole mass from cross-section dependence.
Strong effect in the threshold region (low 𝑚 𝑡 ̅𝑡 )

§ Not a new result: arXiv: 1904.05237
CMS-TOP-18-004 (10 April 2019)

§ Measures also 𝛼! and PDFs (3D diff. cross-section)
§ Presentation by Matteo Defranchis at TOP2020

ATLAS measurement with 𝑡 ̅𝑡 + j events:
Sensitive to threshold region as well

Both analyses find relatively low values:

§ CMS: 𝑚" = 170.5 ± 0.8 GeV/𝑐#
§ ATLAS: 𝑚" = 171.1 $%.%

'%.# GeV/𝑐#

compared to measurements from top-quark 
decay (resonance sensitive)

https://arxiv.org/abs/1904.05237
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-004/
https://conference.ippp.dur.ac.uk/event/891/contributions/4889/


Importance of Coulomb corrections near threshold
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§ Near the 𝑡 ̅𝑡 threshold (𝑚 𝑡 ̅𝑡 ≅ 350 GeV/𝑐#) non-perturbative bound-state effects are relevant.
§ Recent work by Li Lin Yang et al.: arXiv: 2004.03088, JHEP 06 (2020) 158. Presentation at TOP2020.
§ Computed by resuming Coulomb corrections (NLP) to all orders in 𝛼! in a basic EFT framework.
§ Combined with NNLO fixed-order result.   

The prediction for 𝑚" = 172.5GeV/𝑐# moves 
towards the CMS measurements when 
including Coulomb corrections. 
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µ = def
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Figure 7. The NLO+NLP and NNLO+NLP predictions for the normalized Mtt̄ distribution in
the first bin Mtt̄ 2 [300, 380] GeV, against the CMS data in the di-lepton channel [39]. Fixed-order
results are shown for comparison.

the fact that the Coulomb resummation is genuinely non-perturbative. After adding the

resummation e↵ects, the NLO+NLP and NNLO+NLP predictions become more consistent

with the CMS data than the fixed-order ones. This has significant impacts on the top quark

mass determination, as we will discuss in the next subsection.

The experimental collaborations often quote the normalized di↵erential cross sections

(d�/dMtt̄)/� in addition to the absolute ones, where � is the total cross section. Normal-

ization of the distribution has the benefit that part of the systematic uncertainties drops

out when taking the ratio. On the theoretical side, normalized di↵erential cross sections

often exhibit smaller scale uncertainties as well. In Fig. 7, we show the NLO, NNLO,

NLO+NLP and NNLO+NLP predictions for the normalized di↵erential cross section in

the first bin Mtt̄ 2 [300, 380] GeV, in comparison with the CMS data [39]. We see that

indeed, the scale uncertainties of all predictions are significantly reduced compared to those

of the absolute di↵erential cross sections of Fig. 6. We also find that the NLO and NNLO

results are rather close to each other. This shows that the NNLO correction to the nor-

malized distribution is not very large. On the other hand, the resummation still shows big

impact in this case: about 11% increase from NLO to NLO+NLP, and about 8% increase

from NNLO to NNLO+NLP. This demonstrates that our conclusions in the last paragraph

drawn from the absolute distribution remain unchanged when considering the normalized

di↵erential cross sections.

So far we have only discussed the single di↵erential cross section with respect to Mtt̄.

Thanks to the full kinematic dependence of the hard functions, our framework is flexible

enough to be applied to double or triple di↵erential cross sections, which were measured

and employed to fit the top quark mass in, e.g., Ref. [14]. To illustrate the idea, we have

– 28 –
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Figure 9. Top-quark-mass dependence of the absolute (left) and normalized (right) Mtt̄ di↵erential
cross sections in the threshold region. Only central values of the NLO and NLO+NLP results are
shown here. The NNLO and NNLO+NLP predictions at mt = 172.5 GeV are given for reference.

measured without referring to a particular mt value. They can be the total cross section as

well as single, double and triple di↵erential cross sections in each bin. For each observable

Oi, one has a theoretical prediction OTH
i (mt) and an experimental measurement OEXP

i .

The top quark mass can then be determined by varying mt in the theoretical results and

requiring a best fit between the set {OTH
i (mt)} and the set {OEXP

i }.4 It can be understood

that in such a procedure, the observables most sensitive to mt are the main driving force

to decide the outcome. These include, in particular, the Mtt̄ distribution near threshold

and related double/triple di↵erential cross sections.

From the above description, it is clear that the outcome of the procedure strongly

depends on the theoretical predictions entering the fit. Especially, the theoretical inputs

for the mt-sensitive observables are of crucial importance. For illustration, we calculate the

averaged Mtt̄ di↵erential cross sections in the range [300, 380] GeV using di↵erent top quark

masses. The results are shown as functions of mt in Fig. 9 for the absolute distribution (left

plot) and the normalized distribution (right plot). As expected, we observe a strong (and

nearly linear) dependence of the di↵erential cross sections on mt, and a large horizontal

gap between the NLO and the NLO+NLP curves.

Ref. [14] has used the NLO predictions for the normalized di↵erential cross sections to

fit the top quark mass, with the outcome mt ⇡ 171 GeV. From the horizontal dashed line

in Fig. 9, one can see that the NLO result with mt = 171 GeV is roughly the same as the

NLO+NLP result with mt ⇡ 172.4 GeV. This 1.4 GeV shift caused by the threshold e↵ects

is much more significant than that estimated in [14]. Given that the normalized NLO+NLP

and NNLO+NLP results are rather close to each other, we expect a similar shift in the

outcome of the fit if one uses the NNLO+NLP result as the theoretical input. We have

also check that similar conclusions can be draw if the first bin is chosen as [300, 400] GeV.

Therefore, we see that the impact of the resummation e↵ects on the top mass fit is rather

4This can be done in any mass renormalization scheme. We will only discuss the pole mass here.

– 30 –

Including the Coulomb correction leads to a shift 
in 𝑚" of about 1.4 GeV /𝑐#.
à Better compatibility of mass measurements 
from production and decay

https://arxiv.org/abs/2004.03088
https://conference.ippp.dur.ac.uk/event/891/contributions/4906/


Determination of the top-quark Yukawa coupling 𝑌!
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§ Analyse same channel (𝑒𝜇 dilepton) and the variables: 𝑚 𝑡 ̅𝑡 ~ 𝑚 𝑏𝑏ℓℓ and Δ𝑦 𝑡 ̅𝑡 = 𝑦 𝑏ℓ' − 𝑦 A𝑏ℓ$ .
§ Use dependence of ()

(* ++ℓℓ
and ()

(- ++ℓℓ
on 𝑌" via a virtual Higgs exchange.

§ arXiv: 2009.07123, CMS-TOP-19-008

Evan Ranken Top quark Yukawa coupling from t ҧt dilepton events 2/816/09/2020

The top-Higgs Yukawa coupling
This coupling enters directly in, for instance, 
t ҧtH production:

But it can also appear in t ҧt production via 
virtual Higgs exchange:

H H

𝑔୲

𝑔୲

𝑔୲

𝑔୲

EW diagrams begin to enter noticeably into t ҧt production at ࣩሺ𝛼ௌଶ𝛼)
or in the case of Higgs exchange, more precisely at ࣩሺ𝛼ௌଶ𝑔୲ଶሻה

§ Detector-level profile-likelihood fit

§ Result: 𝑌" = 1.16$../0'..#1

§ Improves on the result in the lepton+jets channel of 
last year (𝑌" = 1.07$..1/'../1) 

§ 𝜅-framework: 𝑌" = 0.98 ± 0.14

§ YSF presentation by Evan Ranken.

§ Interesting discussion: 𝑚" uncertainty

https://arxiv.org/abs/2009.07123v1
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-19-008/
https://conference.ippp.dur.ac.uk/event/891/contributions/4903/


Combined EFT fit in multi-lepton final states 
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Event selection

The analysis is split into lepton (ℓ) categories as well as jet 
multiplicity (both light and b-tagged jets)

A BDT is applied to separate prompt from non-prompt 
leptons

Final-state observables are an admixture of processes 
(the method does not require we separate processes)
• Each analysis bin stores the sum of the quadratic 

coefficients ՜ event yields are fully parametrized by 
the WCs

18 September 2020 Top 2020 Joker Talk 10
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§ Joker talk by Brent R. Yates. 

§ Analysis sensitive to 𝑡 ̅𝑡 + ℓ𝜈, 𝑡 ̅𝑡 + 𝐻, 𝑡 ̅𝑡 + ℓℓ, 𝑡𝑞 + ℓℓ final states.
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Discussion item: Can detector-level 
analyses be made accessible to others by 
publishing the likelihood?

https://conference.ippp.dur.ac.uk/event/891/contributions/4917/
http://cds.cern.ch/record/2725399


Tackling b-quark fragmentation at LHC
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§ New CONF-conversion for TOP2020: ATLAS-CONF-2020-050
Measurements of 𝑏-jet moments sensitive to 𝑏-fragmentation in 𝑡 ̅𝑡 events at the LHC with the ATLAS detector

§ Another example for “Top quarks as a tool”

§ Understanding 𝑏-fragmentation is important to progress on top-quark mass measurements

Default generator setup Powheg+Pythia8 does well.

Presented at TOP2020 by Juan Gonzalez (CMS) 
in a dedicated talk.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-050/
https://conference.ippp.dur.ac.uk/event/891/contributions/4907/


Computing 𝑏-meson kinematic properties in 𝑡 ̅𝑡 production 
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§ Presentation by Alexander Mitov.

§ Based on the Perturbative Fragmentation Function approach.

§ Allows for predictions of interesting observables in top-quark physics:

17
Update on top differential distributions with leptonic decays                                        Alexander Mitov         LHCtopWG, 14 May 2020

B-production in ttbar production + decay at NNLO

ü Our default FF

ü LO, NLO and NNLO

ü Absolute 
distributions

ü Color bands: 11 
point scale 
variation

ü Gray band: FF 
variation

Good potential for 
extracting FF from 
LHC B-inside-jet 
data!

All details are still 
very preliminary!

VERY PRELIMINARY
VERY PRELIMINARY

VERY PRELIMINARY VERY PRELIMINARY

Potential to extract fragmentation 
function from ATLAS (CMS) data.

15

Update on top differential distributions with leptonic decays                                        Alexander Mitov         LHCtopWG, 14 May 2020

B-production in top decay at NNLO

ü First application: B-production in the decay of unpolarized top quark
• Color bands: scale variation (7 point)
• Gray band: FF variation

Relevant for mt studies
If it could be measured it would 
have been an ideal place to 
extract B-fragmentation functions

PRELIMINARY

PRELIMINARY

Relevant to determine the top-quark mass.

https://conference.ippp.dur.ac.uk/event/891/contributions/4908/


Search for 𝑏∗ → 𝑡𝑊 production
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§ Require a boosted top-quark and a boosted W boson, both reconstructed as collimated jets 
(all-hadronic channel).

21

Signal and background regions
• (mtW, mt) and (mtt, mt) distributions are used in simultaneous binned maximum likelihood fit.

• Signal region projected on mtW axis in 
slices of mt.

1800<mtt<3000

• tt measurement region projected on mt 
axis in slices of mtt.

65<mt<105

Passing top tag Passing top tag

TOP2020,  Titas Roy

22

Results

• b* -left handed, right handed  and vector-like chirality, are excluded with 95% 
CL for masses below 2.6, 2.8 and 3.0 TeV respectively.


• This improved over the 8TeV limits (by almost a factor of two) presented by 
CMS.

TOP2020,  Titas Roy

Mass limits:
2.6 TeV (left-handed b*)
2.8 TeV (right-handed b*)
3.0 TeV (vector-like chirality)



Summary
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§ TOP2020 was a successful online conference.

§ Many interesting and useful discussions.

§ Of course, not the same as an event where people are present in person.

§ ATLAS showed 

§ 5 new analyses with the full Run 2 data set published / submitted this year.

§ 2 new results based on a partial Run 2 data set (36 fb-1) 

§ 2 new Run 1 results


