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Sources of useful information

Some sources of useful information

» European Physical Society HEP 2015 Conference Indico Website

» Timetable and talks here

» TOP2015 8th International Workshop on Top Quark Physics

» 50th Rencontres de Moriond EW 2015

» 37th International Conference on High Energy Physics

» Timetable and talks here

» ATLAS Experiment Public Results

» Summary plots and publications here
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https://indico.cern.ch/event/356420/timetable/#all
http://indico.cern.ch/event/351006/timetable/#20150913
https://indico.in2p3.fr/event/10819/other-view?detailLevel=contribution&showSession=all&view=nicecompact&showDate=all
http://indico.ific.uv.es/indico/conferenceTimeTable.py?confId=2025#20140702.detailed
https://twiki.cern.ch/twiki/bin/view/AtlasPublic

The LHC accelerator and the ATLAS detector The LHC Experiments

Main Experiments Incorporated to the LHC
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The LHC accelerator and the ATLAS detector

The ATLAS Detector - Run-1 at /s = 7 TeV, 8 TeV successfully completed

44m

25m

Tile calorimeters

= LAr hadronic end-cap and
forward calorimeters
Pixel detector \

LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor fracker
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Recent Results From ATLAS -  Confirming predictive power of the SM

Standard Model Total Production Cross Section Measurements  sius: varch 2015
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Measurement of the Higgs Mass - arXiv:1503.07589 [hep-ex]
» The H — <+ and H — 4/ channels are analyzed by fitting the peaks of
reconstructed Higgs-boson invariant mass

» With my known all the properties of the SM Higgs boson, such as its production
cross section and partial decay width, can be predicted

» Measured masses from the two channels and both experiments are combined,
giving a value equal to my = 125.09 £ 0.21 (stat.) £ 0.11 (syst.) GeV

Likelihood scan for my measurement Combination of ATLAS and CMS Run-l measurements
~ . . 1 ———T T
::: 3 3 ATLAS and CMS — ::;;Ml é ATLAS and CMS ——iTotal [ | Stat. 3 Syst.
= °F LHCRun1 — Combined 77+ LHC Run 1 Total  Stat. Syst.
] S — Stat. only uncert. - 3 ATLAS Hoyy F—e=e——H  126.02+ 051 (+0.43+0.27) GeV
E \ / /v: CMS H—yy == 124.70 £ 0.34 (+0.31£0.15) GeV.
4r L\ H ; ATLAS H—ZZ 41 ———o| 124.51+ 052 ( +0.52 + 0.04) GeV
3 CMS H—ZZ 41 —— 125.59 + 0.45 (+0.42£ 0.17) GeV
SF ATLAS+CMS 7y —e— 125.07 £ 0.29 (+0.25 + 0.14) GeV.
E ATLAS+CMS 41 [——— 125.15 % 0.40 ( + 0.37 £ 0.15) GeV/
A NN b [ CEEEE T T T TN ot
E ATLAS+CMS yy+41 j====] 125.09 + 0.24 ( +0.21+ 0.11) GeV
ol coew o b b b by e Ly
124 1245 125 123 124 125 126 127 128 129

my, [GeV]
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The LHC accelerator and the ATLAS detector

Lower Limits for Supersymmetry
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

» The ATLAS collaboration has performed a wide range of direct searches for supersymmetry
during Run-| of the LHC

— No significant excess of events over the SM expectation is observed

» Exclusion limits at 95% confidence level have been set for the masses of supersymmetric
particles: squarks, gluinos, electroweakinos, sleptons and heavy neutral higgs bosons

Excluded limits for neutralino and s-top Excluded Mass Ranges for SUSY Particles

T production, T~ b X 1T ¢ /T Wh IS 1Tt ATLAS SUSY Searches' - 95% CL Lower Limits ATLAS praniey
L B L L B A B . 8 Tel
Vs=8Tev, 201" > 40|
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Why is the top quark so important?

FERMIONS BOSONS
» The top quark is the heaviest known First Second Third "‘ T
: Generation Generation Generati
fundamental particle, msp ~ 172.5 GeV jor [ emeration, Seneraton :"m"o:
Dp uari
— Precise measurements of m;., provide 107 4 6
critical input to fits of global electroweak
parameters, that help assess the 1w’ B“"“’”q“a”‘
consistency of the SM Charm quark
10° Tau
H E trange quark
> Higgs-boson mass my (~ 125 GeV), g o
W-boson mass my (~ 80 GeV), and 5 — Muon
the top quark mass (m:op) can be used gy
to directly test the consistency % Up quark
of the SM P
= Electron
10
> Measur'ements of the top quark . N MassiESS
properties play an important role in 10 BOSONS
testing the Standard Model (SM), of Muon- )
h ) . . neutrino Tau- ) Photan
particle physics and its possible 107 Electron- - reutrino
tensions neum)"o @ oon
ex
10°% .
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Introduction to Top Quark Physics

Events with top quark tt pairs: ¢ + jets, dilepton and all-hadronic channels

At the LHC, top quarks are produced mainly in pairs via the strong interaction

and are predicted to decay via the electroweak interaction into a W-boson and
a bottom quark with nearly 100% branching fraction

Top spins correlated?
SM says YES

\
\
\
\
\
z““
W*/W- decay modes: .-
Single- or di-leptonic < =" . o
channels used here \ W fractional helicities?
\ / b

SM says Fy~0.7

F ~0.3, Fp~0
Tops polarized?

SM says ~NO
jamkoons@gmail.com

Wib vertex?

Diagram illustrating an £ + jets event / Image by T. Wengler, TOP2012
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Recent Measurements of Top Quark Properties

Measurement of the spin correlation in tt decays
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Recent Measurements of Top Quark Properties

Measurement of the Spin Correlation - arXiv:1412.4742 [hep-ex]

» Correlation between the top and antitop quarks spins is extracted from dilepton
tt events using full data from proton-proton collisions recorded at /s = 8 TeV

. . . . Nypo—N.
> The degree of spin correlation is defined as Apejiciey = ke yentie
ke + Nunfike

» A binned log-likelihood fit is used to extract the spin correlation from the
A¢ distribution in data — fsy = 1.20 £ 0.05 (stat.) £ 0.13 (syst.) GeV

Signal Diagram Event Selection Yields
~0 .
X1 Pro€ess Yield
tt 54000 * 3600
: b Z/y*Hets 2800 + 300
- tV (single top) 2600 + 180
o ’ " v Y 80+ 11
Vs WW,WZ,Z2Z 180 + 65
‘ - Fake leptons 780 &+ 780
! t Total non-t 6400 + 860

\N|

S

- Expected 60000 * 5700
7 Observed 60424
hi 7100 £ 1100

(mg, = 180 GeV, mgo =1 GeV)

<1
—=Oo
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Measurement of the Spin Correlation - arXiv:1412.4742 [hep-ex]

» A search is performed for top squarks decaying predominantly to top quarks
and light neutralinos

» Top squarks with masses between the top quark mass (~ 172.5 GeV)
and 191 GeV are excluded at 95 % C.L.

Selected data events with MC templates Lower limit on stop mass at 95 % C.L.
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Recent Measurements of Top Quark Properties

Measurement of charge asymmetry in tt decays
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Recent Measurements of Top Quark Properties

Measurement of Charge Asymmetry - arXiv:1509.02358 [hep-ex]

» Measurement of the tt production gluon-gluon fusion  qg annihilation
duldy do/dy do/dy
charge asymmetry -
— ¢ + jets channel t
— A likelihood fit is used to
reconstruct the tt system
- _ 1 E+pz Y
» Rapidity — y — /n ( B pz Aly| Distributions
10°
_ _ ) 2 g0 ATLAS ' ots =
> A|y| ‘)/top| ‘)/antrtop‘ g 128: Vo= 8 TeV, 20.3 fo” Y22 Data E
. w [ 0btags Q>0 Q<0 %svdlghtjets 3
difference between the absolute 140 ST =1
value of the top quark rapidity [y¢|  J20F ol
E B Singoop
and the absolute value of 8of o o .
the tOp antiquark rapldlty |y§| ig; 1b-tag >2b-tags 22b-tags E
Ae — MAY0-Nal|<0 o Loy ST L
N(Aly[>0)+N(Aly[<0) 31.02F v E
. . % 1E-- N %7 (& 2 ¢ rt/s/—rrV/é///#///m//&r—#&ﬂ’#/t///*/ﬁr—
» A bayesian unfolding procedure is soe8F . . . . ..
used to obtain asymmetry at parton £ I35d Izsi £ I3séd

level IyI
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Measurement of Charge Asymmetry - arXiv:1509.02358 [hep-ex]

» The precision of the measurement is limited by the statistical uncertainty

— For differential measurements it is not possible to distinguish between the SM
and Beyond the SM (BSM) models at this level of precision

» ATLAS and CMS measurements on Ac are compared with the tt forward-backward
asymmetry Arg measured by the Tevatron by CDF and DO experiments

— so far the measured values for both asymmetries by four different experiments

agree with the SM predictions
SM Prediction & Measurements

004 v
ATLAS
stat syst 0031
Ac = 0.0010 +0.0068 + 0.0037 CMS 0.02}-
ook
AC = 0-009 + 0.005 stat+syst ATLAS
o
Ac = 0.0101 +0.0005 NNLO 0.01F e 4
- Bl frbsisns: 3
0%os o1 o5 oz 025
AFB
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Recent Measurements of Top Quark Properties

Measurement of the color flow in tt decays
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Recent Measurements of Top Quark Properties

Measurement of Color Flow in tt events - arXiv:1506.05629 [hep-ex]

» The distribution and orientation of Color Flow Models
energy inside jets is predicted to be
an experimental handle on color
connections between hard-scatter
quarks and gluons initiating jets t Wt 0 t 7

Previous studies by DO experiment

— arXiv:1101.0648 [hep-ex]
Colour Singlet 4 Colour Octet 4

» Jet coordinates (yy, ¢J) Pull Angle
— Jet component i, Ap=¢—¢y
position 7j = (Ayi, A¢i)

i
—. r| =
» Pull vector — v;f = E pT—lj’lr,-
ies P

» Pull angle 0,(J1, ) is expected to
be sensitive to color connections
between the jets — If two jets
originate from color connected
quarks 6, ~ 0

Legend
=% Pull (vector)(J1)
6p Pull Angle
« Constituent of J; (size weighted by pt)
N
>

Ay=y-yy
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Recent Measurements of Top Quark Properties

Measurement of Color Flow in tt events - arXiv:1506.05629 [hep-ex]

4
»

Events / 0.2

Data/SM

A similar unfolding technique is used as with charge asymmetry measurements

Comparison with models with simulated W-bosons that are color charged (color
octet W-boson) or color neutral

— A test statistic is used for comparison with the SM and flipped models
— Data differ from flipped model by 2.30 and 3.30 with just charged particles

Pull Angle Distribution (¢ + jets channel) Pull Angle Distribution (¢ + jets channel)

¢ Data [S]Standard Model - o [ 1.3-ATLAS e Data ]

i W sSingleTop 7| 2 o l _ -

[C]W+jets il Fake Leptons | 3 %n' Fls=8TeV, 20307 ___ gM 1:] Pythiab ]

S [ Z+jets []Dibosons o 12:_ Fl‘l?)”peedgg yihia _:
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1.2 ¢ © 1.05——— —
. Q =

e y * : ‘ g 0.95-
Il Il 1 1
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All Particl o (Ji, 2 d]/ .
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Recent Measurements of Top Quark Properties

Measurement of the W-boson polarization
in tt decays
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Recent Measurements of Top Quark Properties

W-boson polarization in tt events - arXiv:1205.2484 [hep-ex]

» Polarisation fractions are predicted at next-to-next-to-leading-order (NNLO), QCD
calculations are predicted to be:
Fo = 0.687 £ 0.005, F, = 0.311 + 0.005 and Fr = 0.0017 4+ 0.0001
» These fractions are measured using the distribution of the angular variable cos6*,
where 6 is the angle between the direction of momentum of lepton and the
corresponding b-quark
L_dN_ %sin2 0*Fy + %(1 — cos0*)?F + %(1 + cos0*)?Fg

N dcos 0*
Analytical Templates Detector Level Templates
i 9 — T ]
g 50.16— ATLAS Simulation single lepton channels —|
.
‘ S Fy tem
plate
, Zo.14f ° 3
, D L — F, template |
Pl No.12F F, template
L,
.

P

L R .~

P

.
.
.
.
.
-
i
L ; LTI
1.0 0.5 0 0.5 1.0

cos 6*
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Recent Measurements of Top Quark Properties

W-boson polarization in tt events - arXiv:1205.2484 [hep-ex]

» Previous measurements performed by CDF and DO collaborations are in agreement
with the SM predictions

» In the presence of anomalous Wtb couplings the helicity fractions and angular
asymmetries depart from their SM values

» The measured values are:
Fo = 0.67 £ 0.07, F, = 0.32 4+ 0.04 and Fg = 0.01 £ 0.05

Fit with data Overall Combination
P R B e B N B amam e
52000; ATLAS single lepton channels
£1800F I - " ® Data E
w :Ldt_1.041b _gﬁf'ﬁt ] L s B e e B e e e B e e ) AN e
= - exp. —
1600¢ " Bkg bestfit ATLAS J.Ldt= 1.04 fo” Fr F Fy
1400 [ Unc. best fit |
F ] N \NNLO QCD
1200? E Combination
1000 4 =+ Data (F,/F\/Fo)
8001~ b Template (single leptons) IWRURE P
600:* 2| Template (dileptons) - ——a—
E ] Asymmetries (single leptons) e~ -
400? E Asymmetries (dileptons) e me ke
200F & Overall combination . - ek
Gi | L | ] Ly M B S
-1 -0.5 0 0.5 1 0 0.5 1
cos 0* W boson helicity fractions
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Recent Measurements of Top Quark Properties

Measurement of the top quark mass in tt decays
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Measurement of the Top Quark Mass - arXiv:1503.05427 [hep-ex]

> Single lepton (¢ + jets) or two leptons (dilepton) channels — Events with one or
two isolated charged leptons with relatively high pr and EF™* accounting for
neutrinos. Also at least two b-jets are required

Entries / 5 GeV

Data/MC

Q
R
© [T, nmuu‘ T

Template method — Monte Carlo (MC) simulated template distributions are
re-constructed for a chosen observable sensitive to mqp

£ + Jets Channel (Selected Events)

T T

10° ATLAS

Vs=7 TeV, 4.6 fb”'
10*
10°

o data l+jets, > 1b
[ i, m_=172.5 GeV
I Single top
I W +jets

Z +jets

WW/Wz/zz
I NP/fake lep.
Uncertainty

10

bjetsp [GeV]
11.4
3,51: T ,‘% ?’ﬁﬁ %ﬁjﬁg
0 50 700 250 300

jamkoons@gmail.com

Normalised events / GeV

0.03

0.025

0.02

0.015

0.01

0.005

reco o
mioy Variable / mop Parameter

ATLAS ]
Simulation, Vs= 7 TeV

() my, = 167.5 Gev]
[ I my, =1725 Gev]
[ myp = 177.5 Gev

I R P

1
200 220
mgs’ [Gev]

| 1
160 180

1
140




Recent Measurements of Top Quark Properties

Measurement of the Top Quark Mass - arXiv:1503.05427 [hep-ex]

» For the ¢ + jets channel, the additional parameters JSF and bJSF are also fitted to
data — through the observables m{i7® and R;;” respectively, sensitive to them

» Signal and background shapes are parametrised and a binned likelihood distribution

is built to extract the parameters

— A tridimensional fit is performed for the ¢ + jets channel (mp, JSF, bJSF)
— A one dimentional fit is performed for the dilepton channel (m;op)

Fit with Data / £ 4 Jets Channel Fit with Data / Dilepton Channel
E 600_.;4‘7,_’,-)45.,"."..‘.,.".,‘;..dété.l;lél‘s‘.,‘..._ E IAlriAsll T T e lopton
= (5=7 TeV. 4.6 fo! 52 Best fit background ® 400 V5=7 TeV, 4.6 fb" 5% Best fil background_
£ 500~ — Bestfit > — Bestfit
:>j + Uncertainty ‘a(:‘) + Uncertainty
400 &

300

200

100

P30 140 150 160 170 180 190 200 210 220 40 60 80 100
M [GeV]

L L
120 140 160
mige® [GeV]
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Measurement of the Top Quark Mass - arXiv:1503.05427 [hep-ex]

» The measured values for parameters for ¢ + jets and dilepton analyses are:

Mg ¥ = 172.33 £ 0.75 (stat) + 1.02 (syst) GeV,

JSF = 1.019 + 0.003 (stat) + 0.027 (syst),
bJSF = 1.003 % 0.008 (stat) + 0.023 (syst),

4l =173.79 4+ 0.54 (stat) 4 1.30 (syst) GeV

Miop

» Overall combination: ATLAS best combination from a single analysis

SF

Q
1.025
1.020
1.015

1.010
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mfg,’,"b = 172.99 + 0.48 (stat) & 0.78 (syst) GeV = 172.99 + 0.91 GeV

ISF / migsdt% 2D Likelihood Scan miePton 1D Likelihood Scan

e tsstatcont.>2b ‘ g 0;; ‘ —2 E

| ——=— Tostat.cont.1b B Y e —1b El
——+—— 1o stat. cont. comb. fit 0.8 —comb. 7
0.7F E

L | 060 3
0.5f E

0.4F E

r 7 0.3F =
ATLAS 02 ATLAS ki

L Vs=7 TeV, 4.6 fo B 0.1F 1527 TeV. 4.6 fo” E
T 2 173 14 178 0473 174 7
mf* [GeV] il [GeV]
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Recent Measurements of Top Quark Properties

Top Mass (GeV)

Evolution of Top Quark Mass Measurements

» Tevatron + LHC (world) combination arXiv:1403.4427 [hep-ex] Mar /2014
— Meop = 173.34 £ 0.27 (stat) + 0.71 (syst) GeV

» Recent Tevatron overall combination arXiv:1407.2682 [hep-ex] Jul/2015
— My, = 174.34 £ 0.37 (stat) + 0.52 (syst) GeV
» CMS overall combination arXiv:1509.04044 [hep-ex] Sep/2015

— My, = 172.44 £ 0.13 (stat) + 0.47 (syst) GeV
Level of precision reached ~ 0.3 %

Evolution of Uncertainty (Figure by Chris Quigg) Recent myo, Measurements and Combinations

tﬂ? 5 gz{ Feg Jufloan]

ATLAS Preliminary m,,, summary - Mar. 2015, L _ = 35 pb*- 20.3 fo™*

meos o

1693 63 (&

———— 1745 + 24 (06 + 04

bt 1749 243 (22

] 1751418
—_——— 1722 = 2.

——h 17233212

B —— 17379514
1664 +73
- —_— 1729 £ 23
—_— 77 12
4 | sscomveosemen R === World Comb.< 1.
b | stat. uncertainty
= siat, 1 J5F 1 bISF uncertainty
total uncertainty
oL . . . ) ‘ ‘ o “Preliminary, - Input 0 ATLAS comb.
1990 1995 2000 2005 2010 2015 160 165 170 175 180 185 190
Year My, [GeV]
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Recent Measurements of Top Quark Properties

Measurement of the top quark width in tt decays
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Measurement of the Top Quark Width - arXiv:1308.4050 [hep-ex]

» The CDF collaboration reported the first result using a direct approach, using the
same analysis technique as the ATLAS collaboration — Ffé‘g ~ 1.33 GeV
— It took ~ 10 years for CDF to produce optimized result
1.10 < Tiop < 4.05 GeV at 68 % confidence level and
Mop < 6.38 GeV at 95 % confidence level

» The CMS collaboration following the D() collaboration indirect approach has
measured [;op, arXiv:1404.2292 [hep-ex]

—  Twp = 1.36 £ 0.02 (stat) 7923 (syst)

CDF Direct Measurement CMS Indirect Measurement

0 CMS, \s=8TeV, [Ldt=19.7b"
= =
ol CDF 187 fb" 2
8 Toos E
@
7 Data =09 I o E
=
S 6 Toss E
> =
fos]
S 5 Il og E
=4
3 0.75[; B
2 —— 68 % CL (stat+syst) 0.71 3
1 — 95 % CL (stat+syst) 0.654 4
| 1 | | 1 | : 1
0O 3 4 5 6 7 8 9 10 06 07 08 09 1 T2
' eas(GeV) Measured R
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Measurement of the Top Quark Width

G;:m3 m2, \ 2 2m?, 2a 272 5
[ top(Mtop) = ey W 1-— W 1- = (= _=Z SM Dependence (1)
8mv/2 mfop m%op 37 3 2
k 2/2myopl
f(m) = e ey k= i’y, v = ,/m%op(mfop +T2)  Mass Resonance (2)
(m? — mzop)? + migl /M, +
Standard Model Ttop(mytop) dependence Templates at Truth Level
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Recent Measurements of Top Quark Properties

Measurement of the Top Quark Width with ATLAS - To be published

» ATLAS has performed its first measurement of ¢, using a direct approach in the
{ + jets channel

» The m; observable is reconstruted with y? and KL-Fitter techniques. A template
method is used to measure the parameter [y, from data

Selected Events Observable (m;) Distribution

(%] | S I ‘_‘ TrrrrrrrTrrT T T T E

Process /1 + jets channel e + jets channel S o000 EATLAS work in progress P

S 8000 :Jéh;#er:gl Ldt=20fb* 3

Single top 2048 122 1217 #% B ol % s=8Tev 7

W + jets 298 H17 482 777 c000l- & . Data E

E B Background 3

Z + jets 113 +39 109 3% 5000/ —04Gev

E - 1.3GeV 3

Diboson 21 +3 16 *1 4000~ —306ev =

-2 -t so00F- 50GeV 3

QCD Multijet 969 302 1313 4353 E — 70Gev E

- 20000 —100Gev 3

t 45732 +2600 26359 + +1()(JU E — 15.0 GeV B

~2800 1000 E

Total prediction 49180 *3500 29500 1500 o 1 E

- < 1af 3

tt Significance 0.93 0.89 o L e 1

e 3 09 TE%%:‘ B
Data 48502 30345 = 100 150 200 250 300 350 400 450

m [GeV]
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Measurement of the Top Quark Width with ATLAS - To be published

» A binned likelihood profile is build to measure Ito, from data. Pseudo-experiments
are performed to evaluate statistical and systematic uncertainties

» From the obtained uncertainties confidence belt and the measured I, the upper
limits for [ep are: [op < 4.60 GeV at 68 % confidence level and Ty, < 7.16 GeV
at 95 % confidence level

Likelihood Profile with Data Confidence Intervals and Measurement
N R AR RAS L AR RN AARAS RN RARR R AR LR AR AR R AR R
+ butets [Ldt=2010" ] 3 o iszeTevam’
<= I channel S=8Tev 1 O, gL Mriets / |
N5 E 2o i 4 E
] 8 = - — = — = —1
I A { 7 E
4 . o1 7 P
] 4 - Ve VZ E
3 —: . — =
r 7 NI a g
2= - =4 ’ =
r ] 3¢ —66%C.L statdnly 7
r 1 2 7 95% C.L. stdtonly 1
1 — / —68 % C.Lsstat + syst
L ] —95 % C.L. stat + syst
r ] i 7 —Measﬁedl’l |
oliwsl P I I BN I I B | /A P T A I S
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8

Top [GEV] ra‘n)[e)as [GeV]
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Progress with LHC Run-I|

Run-1l will be era for precision measurements in top and higgs physics

» ATLAS went through important upgrades during LS1, before the start of Run-Il in
all areas: detector, online, offline and computing

» For proton-proton collisions at /s = 13 TeV the tt events cross-section is expected
to increase by a factor ~ 3.3 with respect production at /s = 8 TeV

— Number of events used for analyses will be substantially larger than in Run-I
— Sources of systematic uncertainties are well understood so much more precise
measurements will be achieved during Run-11

— = . . . . 5 A o B B B ML S B ——
' c f B : o ® ATLAS dilepton* \s=13TeV, L=78 pb” imil
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£ [CJ ATLAS Recorded 2 [ ¥ Tevatron combined* Vs =1.96 TeV, L =8.8 fb” B
£ " ] [ *Preliminary 7
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2 = 102 4
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1 0 E Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 -
E E m,,, =172.5 GeV, PDF & ag uncertainties according to PDFALHC |
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Outlook

» The ATLAS collaboration has experienced a productive period during LHC Run-I

— Focusing on the understanding of sources of systematic uncertainties
(main limitation for most measurements)

— Several top properties have been measured, obtaining comparable results with
the measuremets from Tevatron experiments

— Higher precision for all measurements is expected during Run-II

» The collaboration is already fully engaged with analyses with data from collisions
at /s = 13 TeV (highest collider energies ever reached)

— Data collection is ongoing, MC calibration and pileup studies are in progress and
some preliminary measurements have already been performed

» During Run-ll searches for new physics will be attempted exhaustively

See additional slides with more plots & complementary information
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CERN'’s Large Hadron Collider (LHC)

» The LHC extends to both sides of the border between France and Switzerland

2MILES
Large Hadron Collider Bramms

Lake
Geneva

FRANCE =8

Geneva
SWITZERLAND
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Acceleration complex at CERN

» Proton bunches are produced, split and accelerated sequentially through different
accelerators before injection into the LHC
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Main Experiments Incorporated to the LHC

» CMS — Is a multi-purpose detector with similar aims as ATLAS, with a
large superconducting solenoid that produces a magnetic field ~ 4 T. The
measurements from ATLAS and CMS can be combined in most cases

» ALICE — Used to analyze particles from lead nucleus-nucleus, Pb-Pb,
head-on collisions. These generate very dense matter states such as the
quark gluon plasma

» LHCb — It's main purpose is the identification of small asymmetries
between matter and antimatter from interactions that involve B-meson
particles, made up with a b-quark

» TOTEM — These detectors attempt to measure the cross section of
proton - proton interactions, the luminosity of the LHC and to perform

difractive studies that are not accesible in other detectors

» LHCf — Studies particles from proton - proton collisions produced at very
small angles in order to calibrate large scale cosmic ray experiments
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The ATLAS Experiment

The ATLAS Detecto
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Available Data Recorded by the ATLAS Detector

Total Integrated Luminosity [fb™]
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Available Data Recorded by the ATLAS Detector

70— ATLAS Online Luminosity 2015, ys=13 TeV
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Measurement of Charge Asymmetry

» Selection Requirements

ATLAS

1 isolated lepton
pt > 25 GeV (e), 25 GeV (p)
Inl<2.5

= 4 jets with pr > 25 GeV
and |n| <2.5

Signal Regions: 0,1, 2+ b-tag jets
Efficiency: 70% b-jet, < 1% light jets

- arXiv:1509.02358 [hep-ex]

CMS

1 isolated lepton
pt > 30 GeV (e), 26 GeV (u)
Inl <25 (e), 2.1 ()

= 4 jets with pt > 20 GeV
and |n| < 2.5

> 1 b-tagged jet
Efficiencies: 65% b-jet, ~1.5% light jets

ErMiss + mrW > 60 GeV for 0,1 b-tags
Et™iss > 40 (20) GeV for 0 (1) b-tags

mt™V used in fit to constrain QCD
background

S/B~3.5
~ 60% Background is W+Jets

jamkoons@gmail.com
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Measurement of Charge Asymmetry - arXiv:1509.02358 [hep-ex]

» For differential measurements it is not possible to distinguish between the
SM and Beyond the SM (BSM) models at this level of precision

» Differential measurements are performed as a function of the variables
myz, B, and pr iz

Aly| Distributions Measured Ac
&) o
< 015 SM ATLAS < 5 SM ATLAS
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+ |
+ |

Data Data

0.09 0.09
0.06 0.06
0.03 =t 0.03 —— -

-0.03 -0.03
-0.06 ‘ -0.06
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Bt my [GeV]

jamkoons@gmail.com



Measurement of Charge Asymmetry - arXiv:1509.02358 [hep-ex]

» A measurement of the tt production charge asymmetry in the ¢ + jets channel

— from proton-proton collisions at centre-of-mass energy /s = 8 TeV

» A likelihood fit is used to reconstruct the tt system

Selected events Reconstructed tt invariant mass
s

Channel € + jets O-tag £ +jets 1-tag € + jets 2-tag > :1,0;1-“5 ! i T T T IRRE

G 40T {s_gTeV, 203 0" 1+jets ]
Single top 3400 + 400 12100 + 1300 8700 + 900 § 35=>2b-tags ) E'gata -
WHjets 173000 + 9000 45000 + 4000 8600 + 700 £ 30 O W+jets 3
Z+jets 13000 + 6000 3900 + 2000 1900 + 900 % 255 ’Others E
Diboson 8000 + 4000 2000 £ 900 400 = 200 0= et Une. 4
Multijets 10800 + 3500 6300 + 2000 2200 + 700 oE 3
Total background 208500 =+ 1300 69600 + 2600 21800 =+ 1300 5= *;
i 33900 + 1200 146900 + 2700 171600 =+ 1500

o ) mnm ‘
S, i
0 200 400 600 800 1000 1200 1400 1600 1800 2000
my [GeV]

Data/Pred

Total expected 242400 £ 600 216500 + 500 193400 + 400

Observed 242420 216465 193418
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Measurement of Charge Asymmetry - arXiv:1509.02358 [hep-ex]
» ATLAS and CMS measurements on Ac are compared with the tt forward-backward
asymmetry Arg measured by the Tevatron by CDF and DO experiments

» Several BSM models predic a especific relationship between these two asymmetries,

— so far the measured values for both asymmetries by four different experiments
agree with the SM predictions

Aly| Distributions Measured Ac
0.08 ——— 0.04—————7——7
[ATLAS . i rATL.
0.06 ] 0.03F
0.041 y 0.02- ]
e | ] O 001t ATLAS ]
L 1 0.01= =
< 0.02— B < [ ]
L SM\::" | 0_7 cMS -
or oms |
L ™ Iglggels fron}J ] -0.01 C N Models from ]
L 84, 115013; _| [ PRD 84, 115013; ]
_0'02_ 8 8 JHEP 1109, 097 | r 8 8 JHEP 1109, 097
PRI | 5 P AN PR SR AR 0020 v e e b0 ]
0 0.1 0.2 0.3 0.4 0.5 &05 0.1 0.15 0.2 0.25
Arg Arg
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Backup

Measurement of Color Flow in tt events - arXiv:1506.05629 [hep-ex]

» The distribution and orientation of energy inside jets is predicted to be an
experimental handle on color connections between hard-scatter quarks and
gluons initiating jets — previous studies by D0 experiment

» Strength and direction of the strong force depends on the colour charge of
the particles involved

~ 4

Colour Singlet Colour Octet
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Measurement of the Top Quark Mass - arXiv:1503.05427 [hep-ex]
» Single lepton (¢ + jets) or two leptons (dilepton) channels — Events with one or

two isolated charged leptons with relatively high pr and E* accounting for
neutrinos. Also at least two b-jets are required

£ + Jets Channel Dilepton Channel

> e - . :

> o data l+jets, > 1b 3 o data, dil, 1b + 2b
e ATLAS : 1, m_=1725 GeV o [ ATLAS i m_ =1725GeV
% Is=7TeV, 4.6 fo I Singl€ top % 10F (s=7TeV,46f"  mSinglEtop
2 W +jets 2 W +jets
k< Z +jets k<1 3 Z +jets
uw WwW/wz/zz o 10 WW/W2/ZZ

Il NP/fake lep. I NP/fake lep.
Uncertainty 102 Uncertainty
10
4
300 0 300
bjets p, [GeV] bjets p, [GeV]

O 14 Q 14 +

= = T

s ME R WO WX R A iﬂ :
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Normalised events / GeV

Measurement of the Top Quark Mass - arXiv:1503.05427 [hep-ex]

» Template method is used for all channels to extract m:o,

— Monte Carlo (MC) simulated template distributions are constructed for a chosen
observable sensitive to my,
» The KL-Fitter algorithm is used to reconstruct the tt event topology for the / +
reco

jets channel — from where the my;;’ observable is extracted

reco

» For the dilepton channel the m;p-sensitive mj;=° is obtained using event leptons

and b-jets
mfsz Variable / my, Parameter mi° Variable / myop Parameter
F T T T T 3 ~ T T T T T T |
£ ATLAS ] © 0.045- ATLAS -
0085 Gimuation, (s= 7Ty L Mer=1075GeV] O Tk Simliation, fs- 7 Tev L, = 1675 Gev 3
F [y = 1725 Gev ~ E [ | mygp = 1725 Gev 3
0.025— b ® 0.035F —
£ ] m,,, = 177.5 GeV § 0 03;_ J My = 177.5 GeV
0.02F~ 3 [ = E|
E ] 3 0.025F E
0.015 I E 3
: 1 E 0% :
00154 4 3 oo1sp 3
] 0.01 E
0:005 E 0.005F- 3
0 I 1 I 1 e 0: 1 1 1 | I P E|
140 160 180 200 220 40 60 80 100 120 140 160

e [GeV] M= [GeV]
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Measurement of the Top Quark Mass - arXiv:1503.05427 [hep-ex]

» For the / + jets channel, the additional parameters JSF and bJSF are also fitted to
data

— Modelling of the MC with data improves
— Additional fits reduce the size of the systematic uncertainty

reco

» To measure these parameters, the observables my; and R sensitive to them are

constructed
miy© Variable / JSF Parameter Rgf;:" Variable / bJSF Parameter
> 00457 T T T E 005 T T
8 = [JusF=095 ATLAS [ ATLAS [bssF=095 -
= 0.04;DJSF—100 Simulation, vs—7Te\F [ Simulation, Ys=7 TeV o 1
< 0.035§DJSF_ 1'05 P E 0.04F [JousF=100
> C = 1. ] - _ B
2 oo0s- / E r [ ]busF=1.05 ]
8 00255 E 0.0 1
E o0z : F .
5 ok E 0.02f ]
Z 0.015; ] [ ]
0.01= 0.015 ]
0.005= / 1
oo : 1 s i s f

60 70 80 90 100 110 0.5 1 1.5 2 25 3
mEe [GeV] R
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Events / GeV

Measurement of the Top Quark Mass - arXiv:1503.05427 [hep-ex]

» For ¢ + jets and dilepton channels events with 1 or more b-tagged jets from muon
or electron sub-channels were combined — statistical uncertainty is reduced

» Signal and background shapes are parametrised and then fitted to data.
Parameters are extracted from the maximisation of a likelihood expression

600—

500

400

300

200

100

— A tridimensional fit is performed for the ¢ + jets channel (mp, JSF, bJSF)
— A one dimentional fit is performed for the dilepton channel (m;cp)

Fit with Data / £ + Jets Channel

“arias T T et et -
Vs=7 TeV, 4.6 fb! 55 Best fit background
[ — Bestfit =

+ Uncertainty
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Fit with Data / Dilepton Channel
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I L U N TopQuakMass
Measurement of the Top Quark Mass - arXiv:1503.05427 [hep-ex]

» The measured values for parameters for / + jets and dilepton analyses are:

Mt =172.33 + 0.75 (stat) + 1.02 (syst) GeV,
JSF = 1.019 + 0.003 (stat) & 0.027 (syst),
bJSF = 1.003 + 0.008 (stat) & 0.023 (syst),
(stat)

mi! = 173.79 4 0.54 (stat) & 1.30 (syst) GeV

Fit with Data / € + Jets Channel / m{3° Fit with Data / £ + Jets Channel / R[ﬁ;co
Foow aras T i 8 10 s T i
© : " R 1
] {5=7 TeV, 4.6 1" T e e P 6001 15=7 TeV. 4.6 fo'" =t
L% 800 J 7 Uncertainty L<|1>j 500 4 Uncertainty
400
300
200
100
0 Sb 70 80 90 100 110 0

miee° [GeV]
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Measurement of the Top Quark Mass - arXiv:1503.05427 [hep-ex]

» The three dimensional ¢ + jets analysis in general decreases sizes of uncertainties
and makes the two channels (¢ + jets and dilepton) less correlated

» After the combination my, results from both channels, the final obtained result is:

mior? = 172.99 + 0.48 (stat) & 0.78 (syst) GeV = 172.99 + 0.91 GeV

ISF / mggd<t% 2D Likelihood Scan m@ePton 1D Likelihood Scan

Lc}-) *IO— 1o s‘ia(. cont. > ‘2b 2 IE ‘ —‘2b g
- S 09F —1b =
1,025 ——=—— 1o stat. cont. 1b B Y E E
~——=—— 1o stat. cont. comb. fit 0.8 —comb. 3
07F 3
1.020+ . 061 =
0.5F E
04 3
1.015 - 0.3F E
ATLAS 0.2 ATLAS E
1.010L V8=7TeV, 4.6 fo! i 01 {s=7 TeV, 46"
| | | | = | | |

171 172 173 174 175 0 173 174 175
My [GeV] mgl, [GeV]
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Measurement of the Top Quark Mass - arXiv:1503.05427 [hep-ex]

{+jets final state

Process One b-tagged jet | At least two b-tagged jets Sum

1f signal 9800+ 630 | 8210 + 560 | 18100+ 1100
Single top quark (signal) 756 + 41 296 + 19 1052 + 57
WHjets (data) 2250+ 680 | 153+ 49 | 2400+ 730
Z+jets 284 + 87 | 185« 6.1 303 + 93
WW/WZ/ZZ 435+ 23| 465z 0.48 482+ 2.6
NP/fake leptons (data) 700 + 350 80 + 41 780 + 390
Signal+background 13920+ 1000 | 8760 = 560 | 22700+ 1400
Data 12979 8784 21763

Exp. Bkg. frac. 025+ 002 ] 003+ 0.00 0.16 + 0.1
Data/MC 093+ 0.07 | 1.00+ 0.07 096+ 0.06

Dilepton final state

Process One b-tagged jet Two b-tagged jets Sum

tf signal 2840 + 180 | 2950 + 210 | 5790+ 360
Single top quark (signal) 181 = 10 | 825« 5.7 264 + 15
Z+jets 34 + 11 4.1+ 1.5 38 12
WW/WZ/ZZ 701+ 063 | 061l=x 0.15 762+ 0.67
NP/fake leptons (data) 52+ 28 2.6+ 8.4 55+ 30
Signal+background 3110 + 180 | 3040 + 210 | 6150+ 360
Data 3227 3249 6476

Exp. Bkg. frac. 0.03+ 0.00 | 0.00+ 0.00 0.02+ 0.00
Data/MC 1.04+ 0.06 | 1.07+ 0.07 1.05+ 0.06
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Measurement of the Top Quark Mass - arXiv:1503.05427 [hep-ex]

1t — lepton+jets tf — dilepton Combination
mf;;°“ [GeV] ISF | bISF i [GeV] || migr® [GeV] o
Results 17233 | 1.019 | 1.003 173.79 172.99
Statistics 0.75 | 0.003 | 0.008 0.54 0.48 0
— Stat. comp. (myop) 023 na n/a 0.54
— Stat. comp. (JSF) 0.25 | 0.003 nja nfa
— Stat. comp. (bJSF) 0.67 | 0.000 | 0.008 nfa
Method 0.11+0.10 | 0.001 | 0.001 0.09 +0.07 0.07 0
Signal MC 022 £0.21 | 0.004 | 0.002 026 £0.16 024 | +1.00
Hadronisation 0.18 £0.12 | 0.007 | 0.013 0.53 +£0.09 0.34 | +1.00
ISR/FSR 032 £0.06 | 0.017 | 0.007 0.47 £0.05 0.04 | -1.00
Underlying event 0.15+0.07 | 0.001 | 0.003 0.05 = 0.05 0.06 | -1.00
Colour reconnection 0.11+£0.07 | 0.001 | 0.002 0.14 £ 0.05 0.01 | -1.00
PDF 0.25+£0.00 | 0.001 | 0.002 0.11 £0.00 0.17 | +0.57
W/Z+jets norm 0.02 £0.00 | 0.000 | 0.000 0.01 £0.00 0.02 | +1.00
W/Z+jets shape 0.29 £ 0.00 | 0.000 | 0.004 0.00 = 0.00 0.16 0
NP/fake-lepton norm. 0.10 £ 0.00 | 0.000 | 0.001 0.04 £ 0.00 0.07 | +1.00
NP/fake-lepton shape 0.05 £0.00 | 0.000 | 0.001 0.01 £0.00 0.03 | +0.23
Jet energy scale 058 £0.11 | 0.018 | 0.009 0.75 £ 0.08 041 | -0.23
b-jet energy scale 0.06 £ 0.03 | 0.000 | 0.010 0.68 = 0.02 0.34 | +1.00
Jet resolution 0.22+0.11 | 0.007 | 0.001 0.19 + 0.04 0.03 | -1.00
Jet efficiency 0.12£0.00 | 0.000 | 0.002 0.07 £ 0.00 0.10 | +1.00
Jet vertex fraction 0.01 £0.00 | 0.000 | 0.000 0.00 = 0.00 0.00 | -1.00
b-tagging 0.50 £ 0.00 | 0.001 | 0.007 0.07 £ 0.00 025 | -0.77
.':‘!“.“"s 0.15+0.04 | 0.000 | 0.001 0.04 £0.03 0.08 | -0.15
Leptons 0.04 +£0.00 | 0.001 | 0.001 0.13 £ 0.00 0.05 | -0.34
Pile-up 0.02 £0.01 | 0.000 | 0.000 0.01 £0.00 0.01 0
Total 127 £0.33 | 0.027 | 0.024 141 +£0.24 091 | -0.07
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Measurement of the Top Quark Width - arXiv:1308.4050 [hep-ex]

» The CDF collaboration reported the first result using a direct approach, using the
same analysis technique as the ATLAS collaboration

— It took ~ 10 years for the CDF collaboration to produce their optimized

result on top quark width Isop

> The m{°®° observable is reconstructed using a x° technique, producing templates

with different values i, (0, 10) GeV

— The CDF result can be summarized as 1.10 < [, < 4.05 GeV at 68 %
confidence level and i, < 6.38 GeV at 95 % confidence level

Reconstructed Itop templates

Confidence Intervals and Measurement

Lo T Tp=1.5GeV
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Indirect Measurement of the Top Quark Width - arXiv:1404.2292 [hep-ex]

B(t — W + b)

R= UMD ®)
B(t - W +q)
r _ Ot —channel Ten(t — W+ b) (4)
top = theory
B(t - W+ b) 9t — channel

» The CMS collaboration following the D() collaboration indirect approach
has measured I;op
— The result from CMS is [, 1.36 4 0.02 (stat) T533 (syst)

Single Top Channel Confidence Intervals and Measurement

q' q g

CMS, Vs=8TeV, [Ldt=19.7 fb"
P —

g E T A e R 17.2
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