
LOCAL ORGANIZING COMMITTEE 

Alfredo Aranda Fernández (UCOL)

Irais Bautista (BUAP) co-Chair

Salvador Carrillo Moreno (IBERO)

Lorenzo Díaz Cruz (BUAP)

Jurgen Engelfried (UASLP)

José Feliciano Benítez (UNISON)

Olga G. Félix Beltrán (BUAP)

Arturo Fernández Téllez (BUAP) co-Chair

Iván Heredia de la Cruz (CINVESTAV, Mexico)

Ildefonso León Monzón (UAS)

Mario Iván Martínez Hernández (BUAP)

Mauro Napsuciale Mendívil (U. Guanajuato)

María Isabel Pedraza Morales (BUAP)

Saúl Ramos Sánchez (UNAM, Mexico)

Mario Rodríguez Cahuantzi (BUAP)

Pablo Roig Garcés (CINVESTAV, Mexico)

Daniel Tapia Takaki (Kansas University & UNISON)

Guillermo Tejeda Muñoz (BUAP)

Guy Paic (UNAM, Mexico)´

SCIENTIFIC SECRETARIAT

Mario Iván Martínez Hernández (BUAP)

Pablo Roig Garcés (CINVESTAV, Mexico)

TECHNICAL SECRETARIAT 

Dawn Hudson (CERN)

Connie Potter (CERN)

Liliana Cortes (BUAP)

Maru Ordoñez (BUAP)

Misha Bautista (BUAP)

S P O N S O R E D  B Y Contact:  lhcp.2019@cern.ch

M E X I C O ,  P U E B L A  -  B U A P

Website:  lhcp2019.buap.mx  

May 20 - 25th, 2019

Irais Bautista (BUAP)

Arturo Fernández Téllez (BUAP) 

Bruno Mansoulié (IRFU-CEA, Paris) 

Jim Olsen (Princeton University) 

CONFERENCE CHAIRS

    

INTERNATIONAL ADVISORY COMMITTEE

The 7th  Conference on
Large Hadron Collider Physics 

PROGRAMME COMMITTEE 

Simone Alioli (INFN, Milan Bicocca) 

Ralf Averbeck (GSI, Darmstadt)

Tulika Bose (University of Wisconsin)

Tancredi Carli (CERN) co-Chair

Eduard de la Cruz Burelo (CINVESTAV, Mexico)

Dmitri Denisov (FNAL,)

Luis R. Flores Castillo (Chinese University of Hong Kong)

Vladimir V. Gligorov (LPNHE, Paris)

Patrick Koppenburg (Nikhef) 

Gabriel López Castro (CINVESTAV, Mexico) 

Myriam Mondragón (UNAM, Mexico) 

Antonio Ortiz Velásquez (UNAM, Mexico)

Shahram Rahatlou (Sapienza & INFN, Rome) co-Chair

Veronica Sanz (University of Sussex) 

Luca Silvestrini (CERN & INFN, Rome)

Marco van Leeuwen (Nikhef & CERN)

Urs Wiedemann (CERN)  

Stephane Willocq (University of Massachusetts)

Torsten Åkesson (Lund University)

Charalampos Anastasiou (ETH Zurich)

Federico Antinori (INFN, Padua)

Pietro Antonioli (INFN, Bologna)

Gregorio Bernardi (LPNHE, Paris)

Florencia Canelli (Zurich University)

Roberto Carlin (University of Padova)

Heriberto Castilla Valdéz (CINVESTAV, Mexico)

Zaida Conesa del Valle (IPN, Orsay) 

Ignacio Bediaga (CBPF, Rio de Janeiro)

Eckhard Elsen (CERN)

Paolo Giacomelli (INFN, Bologna)

Beate Heinemann (DESY, University of Freiburg)

Karl Jakobs (University of Freiburg)

Shan Jin (Nanjing University, Jiangsu)

Victor Kim (NRC KI - PNPI, Gatchina & SPbPU, St. Petersburg)

Leif Lönnblad (Lund University)

Marta Losada (Universidad Antonio Nariño)

Rohini Madhusudan Godbole (Indian Institute of Science, Bangalore) 

Arturo Menchaca Rocha (UNAM, Mexico)

Guenakh Mitselmakher (University of Florida) Deputy Chair

Aleandro Nisati (INFN, Roma 1) co-Chair

Giovanni Passaleva (INFN, Firenze)

Monica Pepe Altarelli (CERN)

Laura Reina (Florida State University)

Paris Sphicas (CERN & University of Athens)

Katsuo Tokushuku (KEK, Tsukuba)

Isabelle Wingerter Seez (LAPP, Annecy)

Bolek Wyslouch (MIT, Cambridge)

Haijun Yang (SJTU, Shanghai)

Arnulfo Zepeda (CINVESTAV, Mexico)

Evidence for the production of three massive vector bosons
in pp collisions with the ATLAS detector
(LINK to the paper draft)

Paper Approval Meeting
February 20

th
, 2019

Andrea Sciandra
On behalf of the VVV analysis group

Analysis Team
[email: atlas-STDM-2017-22-editors@cern.ch]

Markus CRISTINZIANI, Melissa FRANKLIN, Narasimha Murthy GUBBI,
Vadim KOSTYUKHIN, Jianbei LIU, Jessica METCALFE, Adriana MILIC,

Gabriel RABANAL BOLANOS, Andrea SCIANDRA, Ismet SIRAL, Siyuan SUN,
Baojia TONG, Alexander Naip TUNA, Ann Miao WANG, Wenhao XU, Liqing ZHANG,

Junjie ZHU

Editorial Board
[email: atlas-STDM-2017-22-editorial-board@cern.ch]

Ulla BLUMENSCHEIN (chair), John BUTLER, Max GOBLIRSCH-KOLB

Paper Approval Meeting On: 20/Feb/2019 
Paper Draft: https://cds.cern.ch/record/2655914

ATLAS Paper Draft
STDM-2017-22

Version 1.0

Comments are due by: 16 February 2019

Supporting internal notes

WWW analysis: https://cds.cern.ch/record/2319924
WWZ and WZZ analysis: https://cds.cern.ch/record/2314648
Combination: https://cds.cern.ch/record/2649213

Evidence for the production of three massive vector bosons in pp
collisions with the ATLAS detector

A search for the production of three massive vector bosons in pp collisions is performed using data at�
s = 13 TeV recorded with the ATLAS detector at the Large Hadron Collider in the years 2015–2017,

corresponding to an integrated luminosity of 79.8 fb�1. Events with two same-sign leptons � (electrons
or muons) and at least two reconstructed jets are selected to search for WWW � ����qq. Events
with three leptons without any same-flavour opposite-sign lepton pairs are used to search for WWW �
������, while events with three leptons and at least one such lepton pair and one or more reconstructed
jets are used to search for WW Z � ��qq��. Finally, events with four leptons are analyzed to search
for WW Z � ������ and W Z Z � qq����. First evidence for the production of three massive vector
bosons from a single pp collision is observed with a significance of 4.0 standard deviations, where the
expectation is 3.1. The measured triboson production cross sections are �WWW = 0.68+0.23

�0.21 pb and
�WWZ = 0.49+0.20

�0.18 pb, in agreement with the Standard Model predictions.

To be submitted to: Phys. Lett. B

Document created on 11th February 2019 using ATLAS LATEX Version 05-06-00.

Analysis Team
[email: atlas-STDM-2017-22-editors@cern.ch]

Markus CRISTINZIANI, Melissa FRANKLIN, Narasimha Murthy GUBBI,
Vadim KOSTYUKHIN, Jianbei LIU, Jessica METCALFE, Adriana MILIC,

Gabriel RABANAL BOLANOS, Andrea SCIANDRA, Ismet SIRAL, Siyuan SUN,
Baojia TONG, Alexander Naip TUNA, Ann Miao WANG, Wenhao XU, Liqing ZHANG,

Junjie ZHU

Editorial Board
[email: atlas-STDM-2017-22-editorial-board@cern.ch]

Ulla BLUMENSCHEIN (chair), John BUTLER, Max GOBLIRSCH-KOLB

Paper Approval Meeting On: 20/Feb/2019 
Paper Draft: https://cds.cern.ch/record/2655914

ATLAS Paper Draft
STDM-2017-22

Version 1.0

Comments are due by: 16 February 2019

Supporting internal notes

WWW analysis: https://cds.cern.ch/record/2319924
WWZ and WZZ analysis: https://cds.cern.ch/record/2314648
Combination: https://cds.cern.ch/record/2649213

Evidence for the production of three massive vector bosons in pp
collisions with the ATLAS detector

A search for the production of three massive vector bosons in pp collisions is performed using data at�
s = 13 TeV recorded with the ATLAS detector at the Large Hadron Collider in the years 2015–2017,

corresponding to an integrated luminosity of 79.8 fb�1. Events with two same-sign leptons � (electrons
or muons) and at least two reconstructed jets are selected to search for WWW � ����qq. Events
with three leptons without any same-flavour opposite-sign lepton pairs are used to search for WWW �
������, while events with three leptons and at least one such lepton pair and one or more reconstructed
jets are used to search for WW Z � ��qq��. Finally, events with four leptons are analyzed to search
for WW Z � ������ and W Z Z � qq����. First evidence for the production of three massive vector
bosons from a single pp collision is observed with a significance of 4.0 standard deviations, where the
expectation is 3.1. The measured triboson production cross sections are �WWW = 0.68+0.23

�0.21 pb and
�WWZ = 0.49+0.20

�0.18 pb, in agreement with the Standard Model predictions.

To be submitted to: Phys. Lett. B

Document created on 11th February 2019 using ATLAS LATEX Version 05-06-00.

Analysis Team
[email: atlas-STDM-2017-22-editors@cern.ch]

Markus CRISTINZIANI, Melissa FRANKLIN, Narasimha Murthy GUBBI,
Vadim KOSTYUKHIN, Jianbei LIU, Jessica METCALFE, Adriana MILIC,

Gabriel RABANAL BOLANOS, Andrea SCIANDRA, Ismet SIRAL, Siyuan SUN,
Baojia TONG, Alexander Naip TUNA, Ann Miao WANG, Wenhao XU, Liqing ZHANG,

Junjie ZHU

Editorial Board
[email: atlas-STDM-2017-22-editorial-board@cern.ch]

Ulla BLUMENSCHEIN (chair), John BUTLER, Max GOBLIRSCH-KOLB

Paper Approval Meeting On: 20/Feb/2019 
Paper Draft: https://cds.cern.ch/record/2655914

ATLAS Paper Draft
STDM-2017-22

Version 1.0

Comments are due by: 16 February 2019

Supporting internal notes

WWW analysis: https://cds.cern.ch/record/2319924
WWZ and WZZ analysis: https://cds.cern.ch/record/2314648
Combination: https://cds.cern.ch/record/2649213

Evidence for the production of three massive vector bosons in pp
collisions with the ATLAS detector

A search for the production of three massive vector bosons in pp collisions is performed using data at�
s = 13 TeV recorded with the ATLAS detector at the Large Hadron Collider in the years 2015–2017,

corresponding to an integrated luminosity of 79.8 fb�1. Events with two same-sign leptons � (electrons
or muons) and at least two reconstructed jets are selected to search for WWW � ����qq. Events
with three leptons without any same-flavour opposite-sign lepton pairs are used to search for WWW �
������, while events with three leptons and at least one such lepton pair and one or more reconstructed
jets are used to search for WW Z � ��qq��. Finally, events with four leptons are analyzed to search
for WW Z � ������ and W Z Z � qq����. First evidence for the production of three massive vector
bosons from a single pp collision is observed with a significance of 4.0 standard deviations, where the
expectation is 3.1. The measured triboson production cross sections are �WWW = 0.68+0.23

�0.21 pb and
�WWZ = 0.49+0.20

�0.18 pb, in agreement with the Standard Model predictions.

To be submitted to: Phys. Lett. B

Document created on 11th February 2019 using ATLAS LATEX Version 05-06-00.

N
ot

re
vi

ew
ed

,f
or

in
te

rn
al

ci
rc

ul
at

io
n

on
ly

Analysis Team
[email: atlas-STDM-2017-22-editors@cern.ch]

Markus CRISTINZIANI, Melissa FRANKLIN, Narasimha Murthy GUBBI,
Vadim KOSTYUKHIN, Jianbei LIU, Jessica METCALFE, Adriana MILIC,

Gabriel RABANAL BOLANOS, Andrea SCIANDRA, Ismet SIRAL, Siyuan SUN,
Baojia TONG, Alexander Naip TUNA, Ann Miao WANG, Wenhao XU, Liqing ZHANG,

Junjie ZHU

Editorial Board
[email: atlas-STDM-2017-22-editorial-board@cern.ch]

Ulla BLUMENSCHEIN (chair), John BUTLER, Max GOBLIRSCH-KOLB

Newsflash vom 16. Januar 2019
BMBF-Forschungsschwerpunkt

ATLAS-EXPERIMENT

Neue Ergebnisse bei der Suche nach Vectorlike Quarks mit 13 TeV-
Daten

Vectorlike Quarks (VLQ) sind neue, bisher unbeobachtete Teilchen, die in verschiedenen Theorien vorhergesagt
werden. Im Jahr 2018 hat die ATLAS-Kollaboration mehrere Suchen nach VLQs mit 13 TeV-Daten veröffentlicht und
dabei neue Massenregionen untersucht, die mit 8 TeV-Daten nicht zugänglich waren. Das VLQ-Suchprogramm war
dabei sehr umfassend, um möglichst alle Produktions- und Zerfallsmöglichkeiten der VLQs zu berücksichtigen.

Im Januar 2019

VLQs sind farbgeladene Fermionen, die in verschiede-
nen Theorien jenseits des Standardmodells (SM) vor-
hergesagt werden. Dort können sie die Rolle von Top-
Partnern übernehmen, die bevorzugt an die 3. Quark-
generation koppeln und so das elektroschwache Hier-
archieproblem lösen. VLQs werden insbesondere als
X-, T -, B- und Y -Quarks mit elektrischen Ladun-
gen von + 5

3 , + 2
3 , � 1

3 bzw. � 4
3 vorhergesagt, deren

Zerfallskanäle Kombinationen von W -, Z- und Higgs-
Boson mit Top- und Bottom-Quarks sind, also z.B.
T ! Wb/Zt/Ht.

Im Sommer 2018 wurden mehrere Suchen nach Paar-
produktion fertiggestellt, die ein alle Zerfallskanäle ab-
deckendes Suchprogramm mit 13 TeV-Daten vervoll-
ständigen. Dabei wurde in Endzuständen mit min-
destens zwei geladenen Leptonen nach den Zerfällen
T ! Zt und B ! Zb [1], in Endzuständen mit
mindestens zwei Leptonen gleicher Ladung u.a. nach
X ! Wt [2], und in allhadronischen Endzuständen
z.B. nach B ! Hb gesucht [3]. Durch eine Kombinati-
on [4] mit bereits veröffentlichten Suchen, die u.a. auf
die Zerfälle T ! Zt und Ht sensitiv sind [5,6], wur-
den die in den einzelnen Suchen erreichten Ausschluss-
grenzen weiter verbessert. T -Quarks (Abb. 1) und B-
Quarks mit Massen kleiner als 1,31 bzw. 1,03 TeV sind
damit für alle möglichen Zerfälle in SM-Teilchen mit
95% CL ausgeschlossen.

Der Wirkungsquerschnitt für Paarproduktion sinkt
mit steigender Masse. Die Suche nach elektroschwa-
cher Einzelproduktion hingegen erlaubt Sensitivität bis
zu großen Massen, wenn die Kopplung an SM-Teilchen
stark genug ist. Mehrere Suchen mit dem 13 TeV-
Datensatz wurden in den letzten Monaten fertiggestellt
und konzentrierten sich auf die Zerfälle T ! Zt in End-
zuständen mit leptonischen [1] und unsichtbaren Z-
Boson-Zerfällen [7], und auf die Zerfälle T/Y ! Wb [8]
und B ! Hb [9]. Dabei wurden obere Ausschlussgren-
zen auf die Kopplungsstärke als Funktion der Masse
gesetzt (wie in Abb. 2). Neu waren in diesen Suchen
die Verwendung bisher ungenutzter Zerfallskanäle [7,9],
sowie die Berücksichtigung von Interferenzeffekten [8].

Ein Großteil der VLQ-Suchen am ATLAS-
Experiment wurde mit starker Beteiligung der deut-
schen Institute durchgeführt. Beiträge lieferten die
Arbeitsgruppen in Berlin [8], in Bonn [8], am DE-
SY [2,4,5], in Dortmund [1,3,4,7-9], in Heidelberg [8]
und in Wuppertal [4,6].
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ATLAS-EXPERIMENT

Neue Ergebnisse bei der Suche nach Vectorlike Quarks mit 13 TeV-
Daten

Vectorlike Quarks (VLQ) sind neue, bisher unbeobachtete Teilchen, die in verschiedenen Theorien vorhergesagt
werden. Im Jahr 2018 hat die ATLAS-Kollaboration mehrere Suchen nach VLQs mit 13 TeV-Daten veröffentlicht und
dabei neue Massenregionen untersucht, die mit 8 TeV-Daten nicht zugänglich waren. Das VLQ-Suchprogramm war
dabei sehr umfassend, um möglichst alle Produktions- und Zerfallsmöglichkeiten der VLQs zu berücksichtigen.

Im Januar 2019

VLQs sind farbgeladene Fermionen, die in verschiede-
nen Theorien jenseits des Standardmodells (SM) vor-
hergesagt werden. Dort können sie die Rolle von Top-
Partnern übernehmen, die bevorzugt an die 3. Quark-
generation koppeln und so das elektroschwache Hier-
archieproblem lösen. VLQs werden insbesondere als
X-, T -, B- und Y -Quarks mit elektrischen Ladun-
gen von + 5

3 , + 2
3 , � 1

3 bzw. � 4
3 vorhergesagt, deren

Zerfallskanäle Kombinationen von W -, Z- und Higgs-
Boson mit Top- und Bottom-Quarks sind, also z.B.
T ! Wb/Zt/Ht.

Im Sommer 2018 wurden mehrere Suchen nach Paar-
produktion fertiggestellt, die ein alle Zerfallskanäle ab-
deckendes Suchprogramm mit 13 TeV-Daten vervoll-
ständigen. Dabei wurde in Endzuständen mit min-
destens zwei geladenen Leptonen nach den Zerfällen
T ! Zt und B ! Zb [1], in Endzuständen mit
mindestens zwei Leptonen gleicher Ladung u.a. nach
X ! Wt [2], und in allhadronischen Endzuständen
z.B. nach B ! Hb gesucht [3]. Durch eine Kombinati-
on [4] mit bereits veröffentlichten Suchen, die u.a. auf
die Zerfälle T ! Zt und Ht sensitiv sind [5,6], wur-
den die in den einzelnen Suchen erreichten Ausschluss-
grenzen weiter verbessert. T -Quarks (Abb. 1) und B-
Quarks mit Massen kleiner als 1,31 bzw. 1,03 TeV sind
damit für alle möglichen Zerfälle in SM-Teilchen mit
95% CL ausgeschlossen.

Der Wirkungsquerschnitt für Paarproduktion sinkt
mit steigender Masse. Die Suche nach elektroschwa-
cher Einzelproduktion hingegen erlaubt Sensitivität bis
zu großen Massen, wenn die Kopplung an SM-Teilchen
stark genug ist. Mehrere Suchen mit dem 13 TeV-
Datensatz wurden in den letzten Monaten fertiggestellt
und konzentrierten sich auf die Zerfälle T ! Zt in End-
zuständen mit leptonischen [1] und unsichtbaren Z-
Boson-Zerfällen [7], und auf die Zerfälle T/Y ! Wb [8]
und B ! Hb [9]. Dabei wurden obere Ausschlussgren-
zen auf die Kopplungsstärke als Funktion der Masse
gesetzt (wie in Abb. 2). Neu waren in diesen Suchen
die Verwendung bisher ungenutzter Zerfallskanäle [7,9],
sowie die Berücksichtigung von Interferenzeffekten [8].

Ein Großteil der VLQ-Suchen am ATLAS-
Experiment wurde mit starker Beteiligung der deut-
schen Institute durchgeführt. Beiträge lieferten die
Arbeitsgruppen in Berlin [8], in Bonn [8], am DE-
SY [2,4,5], in Dortmund [1,3,4,7-9], in Heidelberg [8]
und in Wuppertal [4,6].
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Top-quark mass
•Direct top-quark mass measurements at hadron colliders 

• based on reconstruction of decay products 
• using simulation in the fit to extract the mass 
• interpreted as the pole mass 

•Interpretation uncertainty ~ 0.5–1 GeV 
• due to non-perturbative effects 
• controversially discussed 

•Alternative top-quark mass measurements 
• from cross section, differential distributions 
• new result (here): tt+̄1 jet

�2

G. Corcella, 1903.06574,  
M. Buttenschön et al., PRL 117 (2016) 232001,  
S. Moch et al., 1405.4781,  

A. Juste et al., EPJC 74 (2014) 3119,  
P. Nason, 1712.02796,  
A. H. Hoang et al., 1412.3649 
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Top-quark mass in tt ̄+ 1 jet
•Observable considered is: 

• m0 = 170 GeV constant 
• mtt+̄1 jet invariant mass 
• presence of one extra jet increases sensitivity to top-quark mass 

•Then use 

•Previous result (ATLAS) 
• δmt = 2.3 GeV using 7 TeV data, JHEP 10 (2015) 121

�3

measurements reaching sub-percent precision [16] it becomes important to evaluate uncertainties associated
with the interpretation of the measured mass at the same level of accuracy.

It is therefore of paramount importance to extract the top-quark mass by comparing data with predictions
computed in a well-defined mass scheme. In this case the ambiguity related to the top-quark mass
interpretation is avoided, allowing a precise evaluation of the uncertainty associated with the mass scheme
chosen. In such measurements the Monte Carlo event generator is only used to correct distributions obtained
from measured data for e�ects originating from the detector and the modelling of non-perturbative physics.
The uncertainty associated to such e�ects can be estimated comparing Monte Carlo simulations produced
with di�erent sets of parameters, without specific assumptions on the top-quark mass interpretation. The
theory uncertainty can then be estimated using the conventional techniques (scale variations and error sets
of the parton distribution functions). Such mass measurements also yield greater flexibility in choosing the
mass scheme [5, 6].

In this article, results are presented in both the pole-mass and MS schemes. The measurement reported in
this study follows the approach developed in Refs. [13, 21, 22], which takes advantage of the sensitivity to
the top-quark mass of the di�erential cross section of tt̄ production in association with at least one energetic
jet. The presence of the additional jet enhances the sensitivity to the top-quark mass in comparison with
similar observables defined for the tt̄ system only [21]. In particular, the observable used to extract the
top-quark mass, R, is defined as the normalised di�erential tt̄ + 1-jet cross section as a function of the
variable ⇢s = 2m0/mt t̄+1-jet,2 where m0 is a constant fixed to 170 GeV and mt t̄+1-jet is the invariant mass of
the tt̄ + 1-jet system:

R(m
pole
t , ⇢s) =

1
�t t̄+1-jet

·
d�t t̄+1-jet

d⇢s
.

The normalised di�erential cross sections are presented at the so-called particle level in which data are
only unfolded for detector e�ects and at the parton level where R can be directly compared with available
fixed-order calculations [13, 21]. The particle-level distribution is provided to allow comparisons with
possible future calculations. A measurement of the top-quark pole mass [8] with this method using 4.6 fb�1

of 7 TeV pp collisions collected by ATLAS yielded an uncertainty of 2.3 GeV (1.3%) in the top-quark
pole mass. In the current analysis the top-quark mass is determined using a sample of 8 TeV pp collisions
collected in 2012. The large statistics of the 8 TeV dataset make possible to achieve a high precision in the
measurement of the R distribution, in particular in the region where it is most sensitive to the top-quark
mass, ultimately allowing the top-quark mass to be extracted with high accuracy.

2 ATLAS experiment

The ATLAS experiment [23] at the Large Hadron Collider (LHC) is a multipurpose particle detector with a
forward-backward symmetric cylindrical geometry and almost 4⇡ coverage in solid angle.3

2 The definition ⇢s = 2m0/
p

st t̄+1-jet is also used in the literature [13, 21], with p
st t̄+1-jet = mt t̄+1-jet

3 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector
and the z-axis along the beam pipe. The x-axis points from the IP to the centre of the LHC ring, and the y-axis points upwards.
Cylindrical coordinates (r, �) are used in the transverse plane, � being the azimuthal angle around the z-axis. The pseudorapidity
is defined in terms of the polar angle ✓ as ⌘ = � ln tan(✓/2). Angular distance is measured in units of �R ⌘

p
(�⌘)2 + (��)2.
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Simulation and event selection
•tt ̄nominal samples 

• Powheg-hvq (NLO) + CT10 + Pythia 6 
• hdamp = mt 

•tt ̄alternative samples 
• MC@NLO+Herwig, Powheg+Herwig 
• variations of hdamp, μR, μF 

•ℓ + ≥ 5 jets selection 
• event compatible with single lepton tt ̄ 
• extra jet pT > 50 GeV 
• purity 94–95%
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Differential distributions
•Normalised differential cross section  

• as a function of ρs 

• insensitive to incorrect pairings of W boson and b-jets 
• unfolded to particle or parton level

�5

Ev
en

ts
 / 

0.
05

0

500

1000

1500

2000

2500 ATLAS

-1 = 8 TeV, 20.2 fbs

Data
tt

Single top
W+jets
Z+jets
Multijet
Uncertainty

sρ
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

D
at

a 
/ M

C

0.6
0.8

1
1.2
1.4

Detector level

s
ρ

sρ d
 / jtt

σ d ⋅ jtt
σ

1 
/ 

0

0.5

1

1.5

2

2.5

3

3.5

4

-1 fb20.2 TeV,  =8 s

Parton level

Data
Stat+syst uncertainty
 

+1jet @ NLO+PS :tt
=165.0 GeVt

polem
=175.0 GeVt

polem
=171.1 GeV (best fit)t

polem

Data
Stat+syst uncertainty
 

+1jet @ NLO+PS :tt
=165.0 GeVt

polem
=175.0 GeVt

polem
=171.1 GeV (best fit)t

polem

ATLAS 

sρ
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1Pr

ed
. /

 D
at

a

1
1.5

2

Parton level

s
ρ

sρ d
 / jtt

σ d ⋅ jtt
σ

1 
/ 

0

0.5

1

1.5

2

2.5

3

3.5

4

-1 fb20.2 TeV,  =8 s

Particle level

Data (l+jets)
Data (e+jets)

+jets)µData (
 

=172.5 GeVtm
 POWHEG+PYTHIA6tt

 
Stat+syst uncertainty

ATLAS 

sρ
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1Pr

ed
. /

 D
at

a

0.6
0.8

1
1.2
1.4

Particle level



/ 14[ M. Cristinziani | Top properties | LHCP 2019 Puebla | 22–May–2019 ]

Result

�6

The fit to the parton-level di�erential cross section yields the top-quark pole mass:

m
pole
t = 171.1 ± 0.4 (stat) ± 0.9 (syst) +0.7

�0.3 (theo) GeV. (1)

The procedure for the extraction of the MS mass with the calculation from Ref. [13] is completely analogous
to the pole-mass fit described above. The result for the running mass in the MS scheme is:

mt (mt ) = 162.9 ± 0.5(stat) ± 1.0(syst) +2.1
�1.2 (theo) GeV.

The statistical uncertainty in the mass is evaluated by repeating the unfolding and fit procedure on
pseudo-data samples, where the number of events in each bin is varied within the statistical uncertainty.
The experimental systematic uncertainty is evaluated as described in Section 8.

Mass scheme m
pole
t [GeV] mt (mt ) [GeV]

Value 171.1 162.9
Statistical uncertainty <0.4 <0.5
Simulation uncertainties
Shower and hadronisation <0.4 <0.3
Colour reconnection <0.4 <0.4
Underlying event <0.3 <0.2
Signal Monte Carlo generator <0.2 <0.2
Proton PDF <0.2 <0.2
Initial- and final-state radiation <0.2 <0.2
Monte Carlo statistics <0.2 <0.2
Background <0.1 <0.1
Detector response uncertainties
Jet energy scale (including b-jets) <0.4 <0.4
Jet energy resolution <0.2 <0.2
Missing transverse momentum <0.1 <0.1
b-tagging e�ciency and mistag <0.1 <0.1
Jet reconstruction e�ciency <0.1 <0.1
Lepton <0.1 <0.1
Method uncertainties
Unfolding modelling <0.2 <0.2
Fit parameterisation <0.2 <0.2
Total experimental systematic <0.9 <1.0
Scale variations (+0.6,�0.2) (+2.1,�1.2)
Theory PDF�↵s <0.2 <0.4
Total theory uncertainty (+0.7, �0.3) (+2.1, �1.2)
Total uncertainty (+1.2, �1.1) (+2.3, �1.6)

Table 2: Summary table of the uncertainties in the measurement of the pole mass, m
pole
t , and the running MS mass,

mt (mt ).

The theoretical uncertainty in the mass consists of two contributions. The uncertainty due to the truncation
of the perturbative series is evaluated with the conventional procedure of varying the factorisation (µ�)
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Comparison direct vs indirect

• Latest ATLAS combination, October 2018

�7
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tt ̄spin correlations
•Signature 

• 2 isolated OS e/μ, ≥ 2 jets (≥ 1 or ≥ 2 b-jets) 

•Previous measurements 
• ATLAS and CMS show slightly stronger spin 

correlations in Δφ than expected, still 
compatible with Standard Model 

• Here: 13 TeV, 36.1 fb–1 data 

•Selections 
• inclusive (≥ 1b) 
• tt-̄reconstructed (≥ 2b), incl. ν-weighting 

•Extraction  
• differential in mtt,̄ parton and particle level 

�8

arXiv:1903.07570



/ 14[ M. Cristinziani | Top properties | LHCP 2019 Puebla | 22–May–2019 ]

tt ̄spin correlations
•Signature 

• 2 isolated OS e/μ, ≥ 2 jets (≥ 1 or ≥ 2 b-jets) 

•Previous measurements 
• ATLAS and CMS show slightly stronger spin 

correlations in Δφ than expected, still 
compatible with Standard Model 

• Here: 13 TeV, 36.1 fb–1 data 

•Selections 
• inclusive (≥ 1b) 
• tt-̄reconstructed (≥ 2b), incl. ν-weighting 

•Extraction  
• differential in mtt,̄ parton and particle level 

�8

arXiv:1903.07570



/ 14[ M. Cristinziani | Top properties | LHCP 2019 Puebla | 22–May–2019 ]

tt ̄spin correlations: parton level
•Event reconstruction 

• want to test mtt ̄dependence 
• parton-level to full phase space 

•Systematic uncertainties 
• dominated by modelling 
• NLO ME generator 
• parton shower 
• ISR/FSR  

•
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tt ̄spin correlations: particle level
•Particle-level 

• in fiducial “reco-like” phase space 

•Systematic uncertainties 
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• NLO ME generator 
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tt ̄spin correlations: binned in mtt ̄
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tt ̄spin correlations
• Fraction of SM-like spin correlation 

• using inclusive and mtt-̄binned samples   
•Cross checks 

• H1: LO decay of the top quarks in the nominal 
hypothesis templates is not a limitation 
(MCFM check, decay at full NLO)  

• H2: NWA in the templates is not a limiting 
factor and does not explain the observed 
deviation (bb4l tt+̄tW)  

• H3: NNLO in production consistent with scale 
uncertainties (pT(t) reweighting to fixed-order 
calculations and to data; NNLO fixed-order).  
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8 Spin correlation results

The level of spin correlation observed in data is (traditionally) assessed by quantifying it in relation to
the amount of correlation expected in the SM [2–9]. This fraction of SM-like spin correlation ( fSM) is
extracted using hypothesis templates that are fit to the parton-level, unfolded normalised cross-sections
from data. Two hypotheses are used: dileptonic tt̄ events with SM spin correlation (the nominal tt̄ sample)
and dileptonic events where the e�ect of spin correlation has been removed (the nominal tt̄ sample where
the top quarks are decayed using M��S��� with spin correlations disabled), as described in Section 3.
In each observable, a binned maximum-likelihood fit is performed using MINUIT [76]. The predicted
normalised cross-section in bin i, xi, is determined as a function of fSM using the expression:

xi = fSM · xspin, i + (1 � fSM) · xnospin, i ,

where xspin and xnospin are the expected normalised cross-sections under the SM spin hypothesis and the
uncorrelated hypothesis, respectively. The negative logarithm of a likelihood function is minimised in
order to determine fSM. The extraction of fSM is performed in five observables: the inclusive �� and ��
in each of the four regions of mt t̄ . The total number of bins used in the extraction, N , depends upon the
region of mt t̄ .

The statistical uncertainty on fSM is determined using ensemble tests. Ten thousand pseudo-data sets
are constructed by Poisson-smearing the observed number of events in each bin of the detector-level
distribution. Each of these data samples are unfolded in the usual manner, and fitted to extract fSM. The
RMS of the resulting distribution of fSM values gives the statistical uncertainty on this quantity.

Systematic uncertainties on fSM are determined using the same procedure as for the unfolded di�erential
cross-sections, considering the same sources as those described in Section 6. Monte Carlo samples with
di�erent sources of systematic uncertainty are unfolded, as described in Section 5, and the unfolded spectra
are used as pseudo-data. The templates are fit to this pseudo-data and the di�erence between the systematic
fSM and the nominal (i.e. fSM = 1) is taken as the systematic uncertainty on fSM due to that source. The
dominant uncertainties are summarised in Table 5; the largest sources of systematic uncertainty arise due
to the modelling of the tt̄ process.

The hypothesis templates for each observable, the unfolded data, and the resulting fit are presented in
Figure 11 and Figure 12. The fSM extracted from each observable and the significance with respect to
the SM hypothesis are presented in Table 6. Two cases are considered: first, only the uncertainties on the
unfolded measurement are taken into account, and second, factorisation and renormalisation scale shifts as
well as PDF uncertainties3 on the hypothesis templates are included. These are distinct from the radiation
uncertainties (which also include scale variations) that are already included in the unfolded di�erential
cross-section uncertainties.

For the inclusive result, the spin correlation extracted from the unfolded data is significantly higher than
the SM expectation at a significance of 3.8 standard deviations without including theoretical uncertainties
on the hypothesis templates, and at 3.2 standard deviations when including these uncertainties. Previous
measurements from ATLAS and CMS have also observed a fSM above 1 but the uncertainties were such
that the results remained consistent with the prediction [2–9]. The central fSM value as a function of mt t̄

is found to increase as a function of mt t̄ , however, the uncertainties on fSM are much larger than in the
inclusive case and none of the results deviate significantly from the SM expectation.

3 30 eigenvector variations from the PDF4LHC recommendation [67].
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H3: A. Behring, M. Czakon, A. Mitov, A. S. Papanastasiou and R. Poncelet, arXiv: 1901.05407 [hep-ph] 
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tt ̄spin correlations
•More cross-checks 

• H4: μR = μF  = mt with NLO expansion in QCD 
and weak leading to (if used as template)        
fSM = 1.03 ± 0.13 (scale) 

•Summary 
• spin correlations higher than NLO generators  
• agree with NLO expanded in QCD and EW 

couplings, with large uncertainties  
• increases slightly as a function of mtt,̄ but      

no bin with significance more than 1.3σ
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H4:
W. Bernreuther, D. Heisler and Z.-G. Si, JHEP 12 (2015) 026
W. Bernreuther and Z.-G. Si, Nucl. Phys. B 837 (2010) 90,
W. Bernreuther and Z.-G. Si, Phys. Lett. B 725 (2013) 115, Erratum: Phys. Lett.B744 (2015) 413
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ATLAS top properties summary
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ATL-PHYS-PUB-2018-034

Charge 
asymmetry Wtb vertex


