[[o] s Xe VEILQUERE

measurements in ATLAS

Teresa Barillari, MPP Munich
Shanghai LHCP 2017
15 May 2017 — 20 May 2017

SQATLAS

L EXPERIMENT

Ap Dozt



Introduction

» The top-quark mass, mp, is a fundamental parameter of the Standard Model (SM)

» Precise determinations of the SM parameters allow to challenge consistency tests of
the SM and to look for signs of new physics beyond the SM (BSM)

» Plots show experimental results for: (left) the W mass (my) and top-quark pole mass

(mfooge) with 1o uncertainties in comparison with the SM and the MSSM prediction;

(central) ellipses for the 10 uncertainties in the mass of the Higgs, mp, mfo(ge plane
confronted with the SM vacuum expectations; (right) ATLAS resulis on cross-section

measurements compared and in agreement with the SM predictions
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Top quark production
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» The top quark is the heaviest known
elementary particle, m,, ~ 173 GeV (left
top plot)

» |t decays before hadronization (lifetime
T =~ 5x1072%s) ol

» Main top decay: t — Wb —
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» The final states for the leading il

tt-production process can be divided in e g U wos ¢ T
three classes:
. Top Pair Branching Fractions
o All-jets (46.2%): g J

tt — WTbW~b — qg’bq”’g""’b
o Lepton+ets (43.5%):
tt — WTbW~b — qg’blZb + I bqg’b

e Dilepton (10.3%): .
tt — WTbW~b — Tybl 7, b R
e ,\Q%I

Pon
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Fermion

“alljets™ 46%

T+jets 15%

u+ets 15%

e+jets 15%

‘dileptons™ 'lepton+jets™
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Top Quark Mass Measurements
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Different definitions of mop:

e The top-quark Monte Carlo (MC) mass, mggg, parameter measured from

comparison to MC events with top-quark decay products
e The top-quark pole mass, m{’o‘ge parameter, is the classic rest mass that enters the
top propagator
e The running top-quark mass, MS mass, parameter defined in a low-scale short
distance scheme
Typical mﬁgg or just my,p analyses reconstruct top quark candidates in data and MC
often using kinematic fits and likelihood fits based on templates, in one (M) or more
(JES, bJES) parameters

Though mtop # mFOOI:}e

“The uncertainty on the translation from the mpgg definition to a theoretically well

defined short distance mass definition at low scale is currently estimated to be of the
order of 1 GeV” arxiv:1405.4781, arXiv:1408.6080, Nucl. Phys. Proc. Suppl. 185 (2008):220-226
Cross-section based methods measure a theoretically well defined mass e.g. the m’°"

top
though with not competitive precision Aoz /o ~ 5% — AMiop/Miop ~ 1%

In the following the latest my,, and mfo(’;e ATLAS results will be presented
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Dilepton top-quark mass at 8 TeV

> mp Measurement from dilepton channel tt > WTbw=b — ¢EoEuobb
» Events preselection:
e Exactly two oppositely charged central
leptons (¥)
e In the same-lepton-flavor channels an
EMIss > 60 GeV is required, with an

invariant mass of the lepton pair
myy > 15GeV

e Inthe e channel the scalar sum of pr

Phys Lett. B 761 (2016) 350-371

L Data | |:| tt L 17256ev
B2 Uncertainty I single top
[ NP/fake leptons Z+jets
WWIWZ/zZ
ATLAS

{s=8 TeV, 20.2 fb™

Events / 10 GeV

of the two ¢ and all jets is required to be = Y T—
> 130 GeV 8 0.80 50 100: 150 200 ZSBI 3010 3150 400
e Two jets with pr > 25GeV and i [GV]
In| < 2.5, one of this is a b-tagged jet 3 wf e s
\ . iyt ] BZZ2) Uncertainty [ ] Slngle top
» Keep events with two b-tagged jets and two - 10°F [ Prakeleptons
¢ é - %T:LSATSev 20.2 fb*
» The combination with the lowest average o
invariant mass of the two ¢-b-jet pairs, m°, °
10
with 30 GeV < m’® < 170 GeV s retained X
» A cut on the average pr of the two /-b-jet 2 w2 Ry
pairs pr,p > 120 GeV is applied to optimize § oot b
the final mop uncertainty b-jet p, [GeV]
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Dilepton top-quark mass measurement at 8 TeV

vy
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The analysis uses a template fit to m;;°

An unbinned likelihood maximisation gives the
Mop Value that best describes the data

Miop = 172.99 +0.41 (stat.) + 0.72 (syst.) GeV

Biggest systematic uncertainties come from jet
energy scale (JES) and relative b-to-light-jet
energy scale (bJES)

Result ~ 40% more precise that m,, measured
@ 7 TeV

It is the the most precise single result in this
decay channel to date

Combining this result with the ATLAS miop
measurements in the tt — lepton + jets and

tt — dilepton channel @ 7 TeV, gives:

Myop = 172.84 £0.34 (stat.) + 0.61 (syst.) GeV

The result is limited by the calibration of the JES
and by the MC modeling of signal events

T. Barillari, MPP
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All-jets top-quark mass at 8 TeV

ff — WTbW—b — qg’bq’’g’"’b
arXiv:1702.07546

> My, Measurement from all-jets channel is 3
challenging because of the large multi-jets S %
background arising from various QCD £
processes 2000}
» Events selection: 1500¢
e No leptons > jets with pr > 60 GeV and 1000y
In| < 2.5, two of them b-tagged 500;
o Small E}fS < 60 GeV
o Topological cuts applied to reduce N N S A |
background: large distance of b-tagged 3 el
jets; small distance of W, b pairs from 8 tooof. ATLAS | o
best kinematic solution g Jeme = f—
» The jet assignment is accomplished by ? fit T My
to the tt system, %0
» A data-driven method is used to determine 400;
the large multi-jets background with regions ool ol
defined by number of b-tags and proximity of G
W,b pairS 515 :
§ Ittt etiattvontan i tunnboghytytin

% 05 140 160 180 200 220 240 260 22?7(1) [gg(\)/]
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All-jets top-quark mass measurement at 8 TeV

Entries / 0.04

» The my, measurement is extracted by using a

template fit to the ratio of the three-jet to the

dijet mass, Rj />, with a binned minimum-x*

approach

Mop = 173.72 +0.55 (stat.) = 1.01 (syst.) GeV

Biggest systematic uncertainties come from

JES, hadronisation modeling, and bJES

» This measurement agrees with the previous
Tevatron and LHC my,, measurements

» Result ~ 40% more precise that m,, measured
@ 7 TeV
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Top-quark Pole Mass Measurements: Dilepton 7 & 8 TeV

Eur. Phys. J. C74 (2014) 3109
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dp ﬁf}ff‘

Top-quark Pole Mass Measurements: Dilepton 7 & 8 TeV

Extraction of mfoolje using a Bayesian Eur. Phys. J. C74 (2014) 3109

likelihood approach, assumed T asoh. |, werwaemo | ]

Mop = 172.5GeV SR, ATAS o Crmmi o

Used different PDF + CVS Sets % 300 —O xx_zggz%x‘ﬁzéunc}eﬂamty
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COTblnlng 7 a_rl]_(; gTeV meaSUI’ementS ATLAS Preliminary Top quark;)oledr_nass determinations
poic ___ . compared to direct measurement
mtop o 1729—26 GeV DO approx NNLO: MSTW08, 1.96 TeV 2009 169.1%9
Results compatible with my,, extracted DO s6prox NNLO: MSTMIOR .96 Tev 201 10757
. . . ATLAS NNLO+NNLL: PDF4LHC, 7 TeV 2014 171.4£26
USIng dlfferent teChanueS ATLAS NNLO+NNLL: PDF4LHC, 8 TeV 2014 174.1+ 2.6
1 . . — . ATLAS NNLO+NNLL: PDF4LHC, 7-8 TeV 2014 172.97%5
My, from diff. cross-section tt + 1jet -
events at 7 TeV (arXiv:1507.01769v1) 1736’7
pole . 173 7 :|: 1 5 t t :l: Direct reconstruction LHC+Tevatron 2014 173.3+£0.8
Myop = ' S(stat.) ~0 om0 1o 180 190
1.4(syst.) ‘_"3 'g (theory) GeV m{** [GevIZ
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Summary direct m,,, measurements

» Figure shows the latest results, and the previous results that are now superseded. The
results are compared with the ATLAS, CMS, Tevatron and Tevatron+LHGC mp

combinations
ATLAS+CMS Preliminary LHCtOp WG my,, summary, Vs = 7-8 TeV May 2017
"""" World Comb. Mar 2014, [7]
stat
total uncertainty total stat
Mgp = 173.34 £ 0.76 (0.36 + O':67) Gev My, * total (stat £ syst) \s Ref.
ATLAS, I+jets (*) ———+ 172.31+ 1.55 (0.75 + 1.35) 7Tev [1]
ATLAS, dilepton (*) —— 173.00 + 1.63 (0.64 + 1.50) 7 7ev [2]
CMS, I+jets e 173.49 + 1.06 (0.43 £ 0.97)  77Tev [3]
CMS, dilepton —— 172.50 + 1.52 (0.43 + 1.46) 7TeV [4]
CMS, all jets —t— 173.49 + 1.41 (0.69 + 1.23)  77ev [5]
LHC comb. (Sep 2013) = 173.29 £ 0.95 (0.35 + 0.88)  7Tev [6]
World comb. (Mar 2014) H+H 173.34 +0.76 (0.36 + 0.67)  1.96-7 TeV [7]
ATLAS, l+jets I—l—'—l--| 172.33 + 1.27 (0.75 + 1.02) 7 TeV [8]
ATLAS, dilepton I—|—-—|—| 173.79 + 1.41 (0.54 £ 1.30) 7 TeV [8]
ATLAS, all jets F——+1751+ 1.8 (1.4 £ 1.2) 7TeV [9]
ATLAS, single top I—l—-—l—-—| 172.2+2.1 (0.7 £ 2.0) 8 TeV [10]
ATLAS, dilepton I—I—-—H 172.99 + 0.85 (0.41+ 0.74) 8 TeV [11]
ATLAS, all jets ——i 173.72 + 1.15 (0.55 + 1.01) 8 TeV [12]
ATLAS comb. (ﬁ;}gfs ?gﬁ? H--H 172.84 +0.70 (0.34 £ 0.61)  7+8TeV [11]
CMS, I+jets HeH B 172.35 + 0.51 (0.16 £+ 0.48) 8 TeV [13]
CMS, dilepton I—H—-—| 172.82 + 1.23 (0.19 £ 1.22) 8 TeV [13]
CMS, all jets e 172.32 + 0.64 (0.25 £ 0.59) 8 TeV [13]
CMS, single top H—°—|—| 172.95 + 1.22 (0.77 £ 0.95) 8 TeV [14]
CMS comb. (Sep 2015) e 172.44 +0.48 (0.13 £ 0.47)  7+8TeV [13]
: [1] ATLAS-CONF-2013-046 [6] ATLAS-CONF-2013-102 [11] Phys.Lett.B761 (2016) 350
(*) Superseded by results E ?HT:;SUC 3?;;?;077 % Z’f‘liﬂfi Acfoma 330 m :’rhxy‘: ;Ziznoséssfmm 072004
shown below the line B o GoaAeowsmets
||||||||||§|||||||||||||
165 170 175 180 185

% Mgy [GEV]
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Conclusions

>
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Precise measurements of my., are fundamental to provide inputs to test the
self-consistency of the SM and search physics BSM

Presented latest results of my,, and m{’o‘ge measurements performed by the ATLAS

experiments using Run1 data at LHC:

mboe = 172.9722 Gev

Most precise m,, measurement in the dilepton channel
Mop = 172.99 + 0.41 (stat.) + 0.72 (syst.) GeV

Most recent my,, measurement in the all-jets channel
Myop = 173.72 + 0.55 (stat.) + 1.01 (syst.) GeV

Mp Measurements dominated by systematic uncertainties

Combining the dilepton my, result @ 8 TeV with the my,, measurements in the

tt — lepton + jets and tt — dilepton channel @ 7 TeV:
Mop = 172.84 + 0.34 (stat.) + 0.61 (syst.) GeV

More analyses are undergoing

We will continue looking at more interesting measurements done using Run2 data at
LHC with the challenge to bring the systematics uncertainties down
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