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Introduction TISIESHNYfFo @

@ ATLAS and the LHC unique position to probe the Standard Model

@ High energy; high intensity; high precision

@ Precision tests of Standard Model have the potential to reveal new
physics without doing specific searches

@ Many new results coming out even over long shutdown

@ Detector understanding is key to getting the best results
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The big picture TISIIV{ESIIT\H“FO@

25m

Tile calorimeters
h LAr hadronic end-cap and
forward calorimeters
Pixel detector
Toroid magnets LAr electromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor fracker
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High energy — high intensity T‘SIES”NY%FO@
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and 8 TCV 20 DATLAS Recorded Physics: 203 1"
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@ > 10" collisions

@ Detailed heavy particle
production — vector boson (W,
Z) and top quark o
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http://dx.doi.org/10.1140/epjc/s10052-013-2518-3

Calorimeters and jets

¥

Tile barrel Tile extended barrel

@ Energy in calorimeter
clustered into jets
ndcan tiEo — Y?[/,/{/I s

LAr eleciromagnetic

—_—
end-cap (EMEC) |

LAr electromagneti
barrel
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http://dx.doi.org/10.1007/JHEP05%282014%29059
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Calorimeters and jets ¥ TORONTO

@ Energyin calorimeter
clustered into jets

= 10— - @ Measure dijet cross sections
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Calorimeters and jets 9 TORONTO@

@ Energy in calorimeter
clustered into jets

= 100 e @ Measure dijet cross sections
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http://dx.doi.org/10.1007/JHEP05%282014%29059

Inner detect racklng @ TORONTO @

@ Measure charged particle
tracks

@ |dentify collision points
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http://dx.doi.org/10.1103/PhysRevD.89.092009

&
Inner detector tracking @

3 SO AFOAS T T T T @ Measure charged particle
g 2501 VE:7Tev,ILdt:4.efb'1 E tracks
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g 200 e @ Identify collision points
w E — - Comb. bkg
150 E @ Or reconstruct particle decays
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Inner detector tracklng @ TORONTO @

Events /0.1

Events / 10 MeV
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@ Measure charged particle
tracks

@ |dentify collision points
@ Or reconstruct particle decays
e Parity violation in A? decay

ap = 0.30 £ 0.16(stat.) = 0.06(syst.)J

[ ATLAS 3 ] @ Agrees with LHCDb, but some
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http://dx.doi.org/10.1103/PhysRevD.89.092009
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b-tagging calibration using tt
events
ATLAS-CONF-2014-004
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http://cdsweb.cern.ch/record/1664335
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Z — bb TORONTO@

@ btagging for Z — bb cross section pr(dijet) > 200 GeV

= 2.02 + 0.20(stat.) & 0.25(syst.) = 0.06(lumi.) pb
Z bb
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arXiv link (Submitted to PLB)
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http://arxiv.org/abs/1404.7042
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Electrons and Muons ‘ TORONTO@

@ Showers in electromagnetic calorimeter

Z(->ee) +FCandidate SUATLAS

3. EXPERIMENT

i i
-I 20 I.
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Run16760%, Event 28797604
Date 2010:10-25 05:01:44:CEST
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Electrons and Muons ¥ TORONTO

@ Tracks in outer muon chambers

Thin-gap chambers (T&C)

n Cathode strip chambers (CSC)

Barrel toroid

Resistive-plate
chambers (RPC)

End-cap toroid
Monitored drift tubes (MDT)
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@ Muons and electrons often =
analyzed together as “charged B
” 1= —— FEWZ NLO+AMOEY P!
Ieptons 0.52 B POWHEG NLOALLPS+A™=W+p™

—4-Dbata e

= FEWZ NNLO+A""¥4p"!

@ Example is low mass Drell-Yan
pair production

I

Theory / Data
o o

35 40 45 50 55 60 65
m, [GeV]

arXiv link (Accepted by JHEP)
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http://arxiv.org/abs/1404.1212
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Missing transverse energy % TORONTO @

> ey
31400 ATLAS Preliminary -+ Data
S1200 5= BTeV,ILdl =203 10" =V_\"

= ) Iq

#1000 €M 1et 1-tag ] Diboson

g » E22am) + jets
5 800 (@ Fake lepton

Uncertainty

@ Undected particles like
neutrino inferred from missing
momentum

@ Measure negative vector sum 7
of energy in the event ' £ ooV

@ Analyses like single top W + t
production depend on it

o Wt— etuTuib

owt = 27.2 + 5.8pb ]

@ 4.20 evidence agrees with
expectation

ATLAS-CONF-2013-100
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http://cdsweb.cern.ch/record/1600799

. % UNIVERSITY OF
Leveraging the dataset % TORONTO @

@ Current results for rare production modes, rare decays, and
precision measurements

@ Example of a rare event:

prutjj Candidate Event

m;=2800 GeV |Ayil=6.3

|

GATLAS
A EXPERIMENT

Run Number: 207490, Event Number: 33152138

Date: 2012-07-26 04:16:35 UTC
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W plus charm % TORONTO@
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http://dx.doi.org/10.1007/JHEP05%282014%29068

&
W plus J/W¥ 5

@ Probe charmonium production

UNIVERSITY OF

' TORONTO

W+ /Y
W + prompt combinatorics
W + non-prompt combinatorics

=
3]

40|

. . 5
and double parton interactions _, 3x10

= . ]
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http://dx.doi.org/10.1007/JHEP04%282014%29172

I % UNIVERSITY OF
Electroweak Zjj % TORONTO @

ATLAS 3

% = o
§ 104%7 o ILdlrzosan:v E
. . Qg 103% :.:i search region N
@ Study Z with 2 jets - and z " - 3
separate out t-channel T .
()= =
exchange of vector boson 10g +-omace T
. b Background ‘ =
@ Includes vector boson fusion . - H“ﬁg”“"“fwl el
interaction with WWZ coupling ;g 1Mwﬁ++++++2
B 05 5
JHEP 04 (2014) 031 o L
AR 0S — e, e
o= 500 1000 1500 2000 2500 3%0([)63/5100
ofid — 54.7 4 4.6(stat. )+10 4(syst.) £ 1.5(Lumi.) fb
olds(mj > 1 TeV) = 10.7 & 0.9(stat.) £ 1.9(syst.) £ 0.3(Lumi.) fb
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http://dx.doi.org/10.1007/JHEP04%282014%29031
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*
Same sign WW plus jets

§ o amas L e
| [ 203fb7 (s=8Tev B Syst. Uncertainty ]
@ Enhances electroweak 2 my > 500 Gev WD Electiowealcy
prOdUCtion 20? S — E:)onTg:sions 7;
. [ i B Other non-prompt
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anamolous four boson 1o;+ =
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arXiv link (Submitted to PRL) S ey S e SR
Byl

d—=21+0. 5(stat.) & 0.3(syst.) fb

O’EW = 1.3+ 0.4(stat.) £ 0.2(syst.) b

M. Rudolph (UofT) Standard Model at ATLAS 14/6/16 16/26


http://arxiv.org/abs/1405.6241
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http://arxiv.org/abs/arXiv:1403.5657
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-4
Top quark production and properties

¥ TORONTO

@ Very large datasets of top quark events available
@ Precise measurement of production possible
@ Perform new properties measurements

@ High mass makes it possible to study quark properties with less
dependence on hadronization
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- e
tt differential cross section

¥

@ Top cross section measurements sensitive to parton density
functions and new physics contributions

@ L8prrrrr e

T e - 8 175 ATLAS Preliminary Data E
ata i |
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:I;’ F = MC@NLO+HERWIG 1 g 1 5:* A NNPDF23 1
[ ] = T (s=7Tev o HERAPDF 1.5 ]
L LN 4  POWHEG+HERWIG B E B
" ATLAS Preliminary 14; E
WE [razasm E 1.3 E
r s=7Tev ] 1.0 ﬁ] E
| 1.1 o ‘f E
e . . R g @A 1
150 | | | | s 1" S : :
ol . ] E e T E
§|g L e e = 0.9+ -
0.5E w w w w e E b b b L b e L L

0 500 1000 1500 2000 2500 0.8

m; [GeV] 250 450 550 700 960 2700

m; [GeV]

ATLAS-CONF-2013-99
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http://cdsweb.cern.ch/record/1600778

= -4
tt + heavy quarks

@ Categorize and fit additional

production
PRD 89 (2014) 072012

jets:

o tt+b+Xandtt+c+ X 5 10 T .
probes models of heavy flavor 2 ol V[Ld,:‘t_”y }:gg;gnf;gg; 4
production at top mass scale L STTTeV | o titeer -

- E High purity ‘ Medium purity ‘ Low purity E

@ Important background for ttH 10k ! ! 4
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Ryr = 6.2+ 1.1(stat.) + 1.8(syst.)% ]
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http://dx.doi.org/10.1103/PhysRevD.89.072012

Top mass difference

Events / 4 GeV

@ Measure top quark
mass, but also
difference between top
and antitop

(& ] UNIVERSITY OF
O
>,

¥ TORONTO

2010, lepton+jets*
Conrz0102, 1, = 3550
2011, lepton+jets
Eur.Phys. . C72 2012) 2046, 1, =104
2011, all jets*
Conrz012030,1, 22051
2011, dilepton*
Conrz01208, L, =471
2011, lepton-+jets*
Conrz0rsts, L, =471t
2011, dilepton*

CONF-2013077,
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http://dx.doi.org/10.1016/j.physletb.2013.12.010
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Top quark charge

% TORONTO
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o 180 el e Data201l g
S E | Ldt=2.05fb i B
> 160 [ Single top —
w F o (s=7Tev B Multi-jets (DD)
@ Measure top quark charge by Lo S
. . . . 120F [ Diboson =
assigning jet charge to b-jet 100E- o™
with momentum weighted 80 =
average of tracks a E
@ Excludes exotic —4/3 charge 20 ﬁ E
o E
Qeomb. = Qb ey J % 156 ++ 4 3
g 1—7—*_#&%‘#'?_&44?_4_;
JHEP 11 (2013) 031 0sp
1 0.5 0 0.5 1
Qo
Q; = 0.64 £ 0.02(stat.) = 0.08(syst.) ]
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http://dx.doi.org/10.1007/JHEP11%282013%29031
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Top charge asymmetry %

TORONTO
@ Similar to forward-backward 0.08 i S
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http://dx.doi.org/10.1007/JHEP02%282014%29107
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Top quark polarization
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T
~Data --aP=0

—Fit aP=+0.3
lBkgd “aP=-03

[Zadt=471b"
n

Vs=7Tev

Events /0.1

@ Spin of top quark through
angular distribution of decay
daughters

PRL 111 (2013) 232002

0604020 02040508 1 -0.8-0.6 0.
cos 6(¢*) cos8(¢7)

%/ .7000.1

ayPcpc = —0.035 + 0.014(stat.) + 0.037(syst.) )
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http://dx.doi.org/10.1103/PhysRevLett.111.232002

@ SM predicts correlated spins in

tt production

@ Analyze with multiple variables

with sensitivity to different
sources of correlation

Events

UNIVERSITY OF
& TORONTO |
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ATLAS Preliminary tt spin correlation measurements
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@@ background
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http://cdsweb.cern.ch/record/1600803

Conclusions TISIIV{ESHNY?O@

@ Many new results on Standard Model physics released and in
preparation based on 7 and 8 TeVdata taken in 2011 and 2012

@ Understanding detector performance key

@ Leveraging large datasets to study rare processes and detailed
properties

@ Test Standard Model predictions in new areas and provide
essential understanding for searches for new physics

@ No significant deviations found
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Links to public results pages
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All ATLAS public results

Dijet cross sections Single top Wt

Ap parity violation tt b-tag calib.

Z — bb tt diff. xs

Low mass Drell-Yan tt plus heavy flavor
W plus charm tt mass difference
W plus J/ V¥ Top quark charge
Electroweak Z plus jets tt charge asymmetry
Electroweak same sign Ws tt polarization

Z— 40 tt spin correlation
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http://twiki.cern.ch/twiki/bin/view/AtlasPublic
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2012-03/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/BPHY-2013-03/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2013-04/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2011-41/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2012-14/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/BPHY-2012-06/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2013-02/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2013-06/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2013-08
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-100/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-004/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-099/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2012-16/
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