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Introduction

» | will summarize the work done by the ATLAS MPP group in the following
Standard Model (SM) analyses

e Top-quark mass measurements in the lepton+jets, dileptons, and alljets
channels

e Precision top quark mass measurements and new NLO calculation

e Boosted WV cross section measurements
e Drell-Yan spectrum measurements in the ee and 0 channels

» The analyses have been done using the following ATLAS data:

e Data taken in 2011 at the center-of-mass energy /s = 7 TeV and
integrated luminosity of ~ 4.7 fb™*

o Data taken in 2012 at /s = 8 TeV and integrated luminosity of ~ 20fb ™’

» MPP has lead the analyses yielding the latest and most precise
measurements of the top quark mass measurements in ATLAS

» The ongoing ATLAS MPP Higgs physics and SUSY Searches analyses are
presented in M. Goblirsch-Kolb’s talk
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ATLAS Detector at LHC

» A Toroidal LHC ApparatuS (ATLAS), at the Large Hadron Collider (LHC):
layout and detectors

25m
Tile calorimeters
LAr hadronic end-cap and ]
. forward calorimeters
__________________ Pixel detector \
---------- Toroid magnets LAr electromagn;ﬁc calorimeters
[ Muon chqmbers] Solenoid magnet | Transition radiation tracker
[Semiconductor’rrqcker ]
o Overall weight 7000 Tons o ATLAS MPP group has leading _contrlbutlon in:
e 40 Countries + CERN Semiconductor Tracker, Hadronic Endcap,
e 185 Institutions Monitored Drift Tubes and Computing
® ~~ 3000 Scientific authors total e See T. Ince’s talk on ATLAS MPP upgrade work

% T. Barillari, MPP Minchen Standard Model with ATLAS Project Review 15 December 2014 3



Large number of SM processes studied in ATLAS

Standard Model Total Production Cross Section Measurements siaus: Juy 2014
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Top quark production

I*, q
» The top quark is the heaviest known w+ v, Q'
elementary particle whose mass is about t ) ™
173 GeV »
» The top-quark decays before b

hadronization (lifetime 7 =~ 5x10~*°s)
Main top decay: t — Wb (> 99.8%)

The final states for the leading Top Pair Branching Fractions

tt-production process can be divided in
three classes:

o Alliets (46.2%):

tt — WTbW b — qg’bq”’g"’b
e Lepton+jets (43.5%):

tt — WTbW b — qg’bliib + Tnbqg’b
e Dilepton (10.3%):

tt — WTbW b — Tubl 7, b

vy

“alljets™ 46%

t+jets 15Y%

n+jets 15%

ox¢ e+jets 15% )
"dileptons™ "lepton+jets™
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tt production: total cross section

proton - (anti)proton cross sections

r Tevaron  LHC 1%
» LHC is a top quark factory
» Total cross section for tt-production is o § )
about a factor of 100 larger at LHC than M T I
at Tevatron gop
> 0:(14.0TeV) = 800 pb ot
e 2tt events per second s
» Perfect place for e.g. top quark mass b Fot o
(miop) Precision measurements D s [N 1
> miop IS @n important SM parameter T wsaen
> Precise measurements of myo, will allow & ™ anas — 7T T T T
precision tests of the SM predictions i

® ey b-tag, 4.6 b’
B ep b-tag, 20.3 fb™

and they can also give an insight into :
new physics beyond the Standard Model 2000
(BSM)

150 .

NNLO+NNLL
m, = 172.5 GeV |
L PDF @ a4 uncertainties following PDFALHC
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00 7 7.5 8

\s [TeV]
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Precision measurements motivations

» Precise determinations of the SM parameters (mop, mw, my, ..

.) allow to

challenge consistency tests of the SM and to look for signs of new physics
BSM. Look e.g. vacuum stability (left plot)

Higgs mass M), in GeV
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myep IN lepton+jets channel

>

>

ﬁ

G. Compostella, G. Cortiana, A. Maier, R. Nisius

mtop Measured via three-dimensional
template method, together with global jet
energy scale factors (JSF and bJSF) to
reduce the impact on the jet energy
uncertainties

Miop = 172.31 & 1.55GeV

e myp = 172.31 £ 0.75 (stat + JSF + bJSF)
+1.35 (sys) GeV

- JSF = 1.014 £ 0.003 (stat) £0.021 (sys)
- bJSF = 1.006 + 0.008 (stat) +-0.020 (sys)
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Myop IN dileptons channel

G. Compostella, G. Cortiana, A. Maier, R. Nisius

(%5’ ; * |s=7 TeV data ATLAS Prellmlnary ;
w 400 - 3% background —
~ - == best fit: m, = 173.09+ 0.64 GeV
> In the dileptons channel m, is measured ® *- fiawa7 1’ -
via one-dimensional template method, 200 1, RE
based on lepton and b-quark jet - maG ]
information (my,) 100 -
> Select events with 2 charged leptons (e, S J:
,U) mlss and 2 b quark tagged JetS 40 60 80 100 120 140rn [1(;5;)\/]
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First m.,, world combination

G. Cortiana, R. Nisius

» For the first time, m,, results from the Tevatron and the LHC colliders have
been combined

» 5 input measurements from LHC (CMS + ATLAS 7 TeV analyses)
» 6 input mesurements from Tevatron (DO + CDF Runll analyses)

Experiment | ttfinalstate | £fb~! | myp (stat) + (sys) GeV | Tot. uncertantiey on miop (GeV)
l+jets 8.7 172.85 + 0.52 + 0.99 1.12 (0.65)
CDF dileptons 5.6 170.28 + 1.95 4 3.13 3.69 (2.17)
all jets 5.8 173.93 + 1.26 + 1.36 1.85 (1.07)
ETS5 4 jets 8.7 172.47 + 1.43 + 1.41 2.10 (1.16)
DO l+jets 3.6 174.94 4+ 0.83 4+ 1.25 1.50 (0.86)
dileptons 5.3 174.00 4= 2.36 £ 1.49 2.79 (1.60)
ATLAS l+jets 4.7 172.31 4+ 0.23 4+ 1.53 1.55 (0.90)
dileptons 4.7 173.09 £+ 0.64 + 1.50 1.63 (0.94)
l+jets 4.9 173.49 + 0.27 + 1.03 1.06 (0.61)
CMS dilepton 4.9 172.50 4= 0.43 £ 1.46 1.52 (0.88)
all jets 3.5 173.49 + 0.69 + 1.23 1.41 (0.81)

T. Barillari, MPP Minchen

Standard Model with ATLAS

arXiv:1403.4427

Project Review 15 December 2014 10



First m.,, world combination results

G. Cortiana, R. Nisius

» (Combination results
accompanied by two
simultaneous press
releases from Fermilab

i,

\ o
\ . «(;MM oy b e ey ingy 0
A L - o' e e et e
C > &y o
\ I e gt
g y g gy o
\ A e 9 Ong, ‘atr‘,q the g ety
- “’“m s e M ]

A . Lt o e e, Wen CUn OO >

Tevatron+LHC m,,, combination - March 2014, L =351b"-8.7 fb”

> CO m bl n ed reS u ItS : CDF Runll, +jets ATLAS :C.E:: EMS +Po Preli1m7igé.lgy5 +1.12(0.52 + 0.49 + 0.86)

=871f"

CDF ol drepten o 170.28 £ 3.69(1.05 3.3
mtOp T 173.34 :i: 0.76Gev COF Runll, alljets 172.47 + 2.01(1.43+0.95 = 1.04

b ——f =

(
( )
( )
- 173.93 = 1.85(1.26 + 1.05 + 0.86)
O/ 0/ _87f . | * -
o v 13 0 (N 20 O) more DO Runll, I+jets b—it@ti—t  174.94 + 1.50(0.83 = 0.47 = 1.16)
( )

L. =36f"
DO Runil, di-lepton ° 174.00 + 2.79 (2.36 = 0.55 = 1.38

preCise than the preViOUS A%L’ié";01‘=‘*Je‘S P — 172.31+ 1.55(0.23 = 0.72 = 1.35)

L, =471

ATLAS 2011, di-lepton

70" e S 09+ 1. . +
Tevat ron ( LH C) C7M542‘(l)11, I+jets 1;223 . 1 gz 0-64 1.50)

(
L, =491" (0.27 £ 0.33 £ 0.97)
(

L, =58f" miss
CDF Runll, ET “+jets

CMS 2011, di-lepton

I I ! 172.50 = 1.52 0. .
Comblnatlon CM:Sggﬁ,aHJets e | 043 1.46)

ot —_— 173.49 = 1.41(0.69 +1.23)
World comb. 2014 7/ =310 ——t 173.34 = 0.76 (0.27 + 0.24 = 0.67)
&€ Tevatron March 2013 (Run I+1l) i 173.20 = 0.87 (0.51=0.36 = 0.61)
2 S LHe September 2013 — o —i 173.29 + 0.95 (0.23 = 0.26 + 0.88)
o | ) ) totall (stat. syst.)
165 170 175 180 185
My, [GEV]

7%” T. Barillari, MPP Minchen Standard Model with ATLAS Project Review 15 December 2014 11



myep 1N all jets channel

I. Barillari, T. McCarthy, S. Menke, D. Salihagic, A. Wildauer

» The top quark mass measurement in the all jets production is challenging
because of the high QCD multi-jet background rate

> tt events here decay into 6 jets 2 of which are b quark jets

> Latest ATLAS results based on 4.6 fb~* data with /s = 7TeV
® My, = 175.1 4+ 1.4 (stat.) 1.2 (sys.) (arxiv:1409.0832v1)

» Work on new m,, measurements using ~ 20fb~ ' data at /s = 8 TeV is
ongoing

e The analysis is based on the full reconstruction of the final state
e It uses a 1 dimensional template method and the two x* minimization

e One ° minimization is used to reconstruct the top and the anti-top quarks
In tt events

e The second x° minimization is used for the m.,, measurement itself

» The analysis is at advanced point. We are aiming for a publication next year
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Implications of new NLO calculations

A. Maier

\/

A new NLO calculation of WWbb production and decay has been performed

Based on this, estimator distributions can be constructed and the effect of theoretical
uncertainties on the m,, determination can be studied at parton level

Potentially important for all ongoing efforts towards a precise m:,, measurement

Result of an in-house collaboration of ATLAS MPP group and G. Heinrich’s MPP
phenomenology group

» Published in JHEP06(2014)158
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Boosted WW cross section measurement
F. Spettel

» \WW production is sensitive to anomalous triple gauge boson couplings

q W g w9 w9 / w
TGC TGC
174 V \_\\_\
q W q W g W g W

» |tis also the dominant background for H — WW*

Latest ATLAS results based on 4.6 fb—! data with \/s = 7TeV, see arXiv:1410.7238v1

» Analysis is ongoing to study the semileptonic decay channel, where the hadronic W is
boosted and produces one “fat jet”

The analysis uses ~ 20 fb—! ATLAS data at \/s = 8 TeV

» The “fat jet” is further analysed using recently developed jet substructure methods (e.g.
mass drop tagging and filtering). These methods help to discriminate signal from the
huge background

\/

v

» To further enhance the signal to background ratio, a multivariate method, like a boosted
decision tree or an artificial neural network is employed

% T. Barillari, MPP Mlnchen Standard Model with ATLAS Project Review 15 December 2014 14



Apbyztt

Measurements of low-mass Drell-Yan cross-section
T. Ince

The Drell-Yan process of dilepton production at LHC provides important
iInformation on the partonic structure of hadrons which is distinct from that
obtained in deep inelastic scattering measurements

The differential cross section for the
process Z/~* — Il (| = e, ) as a function
of dilepton invariant mass (my)) is
measured in ATLAS at at /s = 7TeV

Lepton pair masses ranging from 26 GeV
to 66 GeV have been considered in the
analysis

Results show that NNLO predictions
provide a good description of the
measurement, while NLO predictions yield
very large x? values, unless matched to a
parton shower calculation

See JHEP06(2014)112

T. Barillari, MPP Minchen Standard Model with ATLAS
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Conclusions

» The ATLAS MPP group plays a leading role in several Standard Model
analysis as e.g. in the top quark domain

>

Precision measurements of the top quark mass studied in all decay
channels: lepton+jets, dileptons, all jets

First m:,, world combination

Studies on implications of new NLO calculations, with a collaboration of
the ATLAS MPP group with the MPP phenomenology group

Ongoing analysis on boosted W\W cross-section measurement and
already performed low-mass Drell-Yan cross-section measurement

» All the analyses presented here have been using Run | ATLAS data

» More interesting results will come with the new Run 2 data starting at LHC
next year
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