ATLAS Top Physics
Results

Kevin Black
Boston University

X ExPERM Em

BOSTON
UNIVERSITY




Uniqueness of the Top
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Top Production At The LHC
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Top Decays and Properties

mass W polarization Top Pair Branching Fractions
width I

spin o mas -

chargz alljets” 46%
polarization
Vv
production cross-section t+jets 15%
production mechanism ‘
spin correlations Wtb vertex structure
2%
A u+jets 15%
Vv C;c \ | 0
branching ratios (Wtb, rare decays) e+jets 15%

associated production (H, W, Z, y) “dileptons™ "lepton+jets”
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Precision Lepton+Jets
Measurement
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Differential Cross-Section

Resyltg & @ 27
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http://link.springer.com/article/10.1140/epjc/s10052-017-4821-x

Spin Correlation Top Pair Production

Measure spin correlations between the two tops
in top pair production

a, b are defined as the spin quantization axis of
the two tops (+ = top quark, - = anti top quark)

Spin correlation using helicity axis of top quark in
tt rest frame (labeled k), the axis between the top
quark direction and the beam direction (labeled
n) , the orthogonal axis to k and n labeled r

Sensitive to anomalous chromo-magnetic and
chromo-electric dipole moments of the top quark

Measurement of the full spin density matrix
elements for the first time!
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Single Top Production

e Sensitive to new physics

q . . . .
LA ~ ’ , _cpntributions in production (eg
L 73 1 ‘?’t VA W’ new Gauge Boson)
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s-channel ° Measurement Of CKM matI’IX
9 Ve element directly

* Measurement of b-quark
parton-distribution function

Wt associated production

T | T | T | T | T | T | T | T | T

- ATLAS Preliminary .
t-channel single top-quark production
~ May 2017

Example: t-channel production cross-section
for top, anti-top, and the sum as a function
of center of mass energy
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Wt vertex

 Probe the Wtb vertex directly in single top
with Wt production

e Measurement of the top quark polarization via
the angular distribution of its decay products

e Since we measure the decay products
measure using the charged lepton decay
angles in the W rest frame
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W1t vertex
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Evidence for Zt production

First evidence of a Z boson

and a single top quark
production

Theoretical 800 fb cross-
section

Major backgrounds : Diboson,
/+jets

With more data probe the /t
vertex with precision

620 £ 170 (stat.) £ 160 (syst.)tb, 4.2

ATLAS-CONF-2017-052
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Flavor Changing Neutral
Currents

-
1<
3 )

* Search for tree level flavor ’ ‘ S~ ”
changing neutral currents with a be < et
top quark into a Higgs Boson | < b1 <)tz

. H
and a light quark ; - b <)
¢ \

e Search in pair production where an <) i
one top quark decays into Wb R T
with the W decaying leptonically Tk ESERRTT
and look for the other top quark
decaying into a Higgs Boson o
decaying into a bb pair and a
light quark (u,d,s,c,b) ”

_ %‘ﬂf,f Lo 5557

e Background dominated by tt + Lonf /////

extra jets

JHEP 12 (2015) 061
13
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Flavor Changing Neutral Current
Search

S o3s| ATLAS Simulaton B
% - s=8TeV — tt—>WbWb }
E 0'3;_ 4j,4b - fisWbHe ]
- 0L e fioWbHy
e Create multi-variate £ ol ]
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Summary of FCNC from
rare top quarks

ATLAS+CMS Preliminary LHCIOPWG November 2016 ATLAS+CMS Preliminary LHCIOPWG November 2016
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Top Quark Mass

T, N T T T T
e Top quark is an important
parameter in testing the |
consistency of the SM via loop
u 80.60 LI B | LI B | LI LI I LI
corrections - expermerta sz o T T L]
0 LEP2/TevatronHC: today T
e The top quark has the largest ol AT T ] |
mass and is therefore the -~ | B
largest contribution in many of 3 -
these diagrams (including P |18
famously the correction to the ' I ‘
Higgs Boson Mass) |
200 [SM|M,, - 1256 2 07 Gav — |
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Top Quark Mass

e Definitions of top quark mass we measure:
e pole-mass: mass that appears in the top quark propagator

e MS mass: defined in the running scheme for short distance
physics

e MC mass: parameter in MC that experimenters use to compare
with distributions

e Active work from the theory side to assess the size of the difference
between the MC and pole mass. Now some evidence that the size

of the difference, or the uncertainty on a relation between the two is
around ~< 500 MeV

17



Top Mass in Dilepton

Exactly two oppositely charged central
leptons (/)

In the same-lepton-flavor channels an
EMss ~ 60 GeV is required, with an
Invariant mass of the lepton pair

mee > 15 GeV

In the e ;» channel the scalar sum of pr

of the two ¢ and all jets Is required to be
> 130 GeV

Two jets with pr > 25GeV and
n| < 2.5, one of this is a b-tagged jet
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Top Mass In Dileptons

Compare this to a MC

Phys. Lett. B 761 (2016) 350-371
templates

L ' L] L] L I L
e Data

LI LI | | A

] L L L LIl L I LI} 1
[, m_ =1725GeV

- Uncertainty [ Correet match
. . . . — Wronc./nomt.ch — Slngl:lop
Maximum Likelihood fit S NPriaks lopton Zojet

ATLAS
+3/§=8 TeV, 20.2 b
¥

Events /2 GeV

Largest systematics Jet 300
energy Scale and b-jet jet to =0
light jet energy scale

Done in a restricted phase
space to reduce ISR/FSR
uncertainty

Data/MC
g
R

Mop = 172.99 +0.41 (stat.) + 0.72 (syst.) GeV
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Top Mass In All Jets

e Compare the ratio of the trijet
to diet mass ratio

e Minimum chi2 method

e | argest systematic again jet
energy scale

Myop = 173.72 +0.55 (stat.) £ 1.01 (syst.) GeV

TOPQ-2015-03
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Top Mass In All Jets

ff — WTbW—b — qd’ba’’g""’b
arXiv:1702.07546

Entnes /2 GeV

No leptons > jets with py > 60 GeV and
in| < 2.5, two of them b-tagged

Small E%”’SS < 60 GeV

Topological cuts applied to reduce
background: large distance of b-tagged
jets; small distance of W, b pairs from
best kinematic solution

Enties / 3 GeV

By

-
-
-

T

o

140 160 180 200 220 240 260 280 300

Data/ Prediction
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Extraction of Pole Mass
from Cross-Section

e Top cross-section has a
dependence on the top quark
mass

e Extract the top quark pole
mass from the differential

Cross-section
Template P& Pt me P E*H
¥ %/ Ndof 8.1/8 7.5/7 13.9/10 8.0/6 12.5/8
m; [GeV ] 1684 +23 173.0+2.1 1706+42 1694+2.0 1669 +4.0
Data statistics +1.0 +0.9 +2.0 +0.9 +1.3
Expt. systematic +1.6 +1.0 +3.1 +1.6 +1.5
PDF uncertainty +1.0 +0.2 +1.6 +0.6 +34
tt generator +04 +14 +14 +04 +1.1
QCD radiation +0.7 +0.8 +0.5 +0.2 +0.2
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Top Mass Overview

. - -1 -1
ATLAS Preliminary m,, summary - May 2017,L_ =35 pb™-20.3 fb
top > Tint
mg, + tot. (stat.+JSF+bJSF +syst)
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int = 1
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L, =20.3 fb 1
— l+jets E“" P:isf'bﬂ' C75 (2015) 330 PP 1723 + 1.3 (02 +02+07 +10 )
int = % !
— dilepton f‘"‘ P:ff'bf; C75 (2013) 330 o 1738 + 1.4 (o5 +13)
|nt= * 1
— dilepton P"vs Lett B761(2016) 350 Bl 173.0 + 0.8 (04 +07 )
L, =202fb ]
all jets ‘E'X‘f:;;ff-g_ff"‘s I-Ili-{}-l—l 1737 £+ 1.2 (os +1.0 )
n :
1
o(t) l+jets . : S 166.4 + 18
CONF-2011-054, Lint =35 pb | .
N A; Eur. Phys. J. C74 (2014) 3109 | 25
o(tt) dilepton L 462051 l_r{}-!_l 1729 + 53¢
o(th+1-jet) HEP 10 (2015) 121 — — 1737 + 23
Liy =4.6 fb” | . T,
1
N R World Comb. £ 1¢
ATLAS Comb. June 2016 pnys. Lett. B761 (2016) 350 stat. uncertainty
172.84 +0.70 e o ' .
World Comb. Mar. 2014 (arxiv:1403.4427) | stat. ® JSF ® bJSF uncertainty
. 17?.34 %0.7% Jul. 2014 1 .. i — total uncertainty
evatron ¢c.omb. Jul. (arXiv:1407.2682) 1 * o
174.34 + 0.64 : Preliminary, —Input to ATLAS comb.

160 165
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Summary

e The LHC has taken top quark physics into the precision
era

e Many measurements of top quark production, decay,
searches, and fundamental properties

e Near term improvements to many BSM searches that will

improve with the large datasets to be collected in the next
few years
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