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Outline

e Why top quark?
* The LHC is back: a top factory at work
* The ATLAS detector: a top observer

* Measuring top quark production (and Most recent

mass) public results!

e Towards new physics with top quark

Disclaimer: wide field, concentrate on selected topics
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only 3 standard neutrinos Top quark is found
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Standard (model) questions _ _
e How is gravity

e What is the origin of mass? incorporated?
ELEMENTARY
PARTICLES
» Why 3 generations : %ﬁge(sﬁ Zg"" enets
with different ges,
strengths)?

quantum numbers ?

[ I I

Three (

e What accounts for the energy balance of the universe?
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Standard (model) questions _ _

e How Is gravity
incorporated?
Quantum gravity

Extra dimensions...

e What is the origin of mass?

Higgs, SuperSymmetry, New
Strong forces..

ELEMENTARY
PARTICLES
e Why 3 generations * Why different
with different = I I B forces (ran?ges,
quantum numbers ? | VI Z K strengths)’
| WK String theory..

4th generation...”?

I II III
sencrations of Matter

Three (

e What accounts for the energy balance of the universe?
Dark matter, Dark energy...
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Standard (model) questions _ _
e How is gravity

e What is the origin of mass? < > gwcor porated?
uantum gravity

Extra dimensions...

Higgs, SuperSymmetry, New
Strong forces..

ELEMENTARY
PARTICLES
e Why 3 generations * Why different
with different 7 8 2= Q forces (ranges,
quantum numbers ? 8 A0 V4 - strengths):
4th generation...? =] String theory..

e What accounts for the energy balance of the universe?
Dark matter, Dark energy...
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Why TO p (q U ark) r? Masses of known fundamental particles

Most massive constituent of matter 200

Miop~ electroweak symmetry breaking scale Mree~ M Gold Atom

150
Decay and strong production rate
are tests of standard model
July 2010 100
{ —LEP2 and Tevatron (prel.) phOtR@
80.5- ~ LEP1 and SLD (%*%’
68% CL OS rrénrﬁ 50
S
o
O, 80.4- 0
=
S “ _
...................... : Various scenarios with direct/indirect
8037 coupling to new physics:
1501 - s from extra dimensions to new strong forces

Background to possible new > < >«/vv»<
physics (Higgs, SUSY)
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LHC : a Top producer
counter-rotating high intensity proton bunches colliding at center of mass
energy (Ecm) = 7 TeV in 27 Km tunnel

eventually: Ecv=14TeV (7 TeV per beam, design value)

bunches 0f10">protons
olkigionint ~260Q.super

2 \/ 1 / \/ 2 n b Key parameters:
L N; = bunch intensity
OC ny = number of bunches

2

O- o = colliding beam size

dNevents/dt = Luminolity * Cross section
Nevents(At)= [Ldt * Cross section
At

francesco.spano@cern.ch Top Quark with ATLAS @ LHC CPPM Seminar -11th April 2011 8
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LHC : a Top producer

— —— -

‘Vo

gak Tumi:=Q:5 to 1-10%%em 3‘3‘"

% peakﬂﬂstantaneogzs _. i det between.1 and 3 fb1s .

Ium_|2r1c?13|ty 2.\’1""10 =S PN

cm=-s e - _

e delivered integrated run ;parameters depend on.2Q11.pert.
luminosity~50 pb - |

design lumi 10%cm2 s

(30 times Tevatron pp Tollider )
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Top quark (pair) production @ Ecm = 7 TeV LHC

proton-proton collisions

gqg annihilation gluon fusion
q ( S / t g - {
o g
5  §
g =
¢ t 8 t
~30% ~70%

Aliev et al 2011

total cross section =165+ 11 pbb senerecrarzono

Langefeld Moch Uwer 2009
Moch,Uwer 2008

@ 14TeV :qq~10%, gg ~90%

top Is also singly produced, but focus on dominant pair production
francesco.spano@cern.ch Top Quark with ATLAS @ LHC CPPM Seminar -11th April 2011 10
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c (no)

Top @ LHC: in the context

proton - (anti)proton cross sections

LHCA4 1t cross section

10" grerm————rrm AR I -?109

10" ¥ oy ——— 1 110 T i Rate at L=
10 3 Tevatron LE{C 3 10 JS( ev) Xsec (p ) 10%3cm=2 s
10° E 5 ; : ° —

10" . 1.96 (pp) ~7
10° E “u 7 (pp) ~165 0.2HZ
10° F g
162 E o (E/* > s/20) (= 14 (pp) ~900 0.9Hz
10' iE Ow ;
10° E . i P

o (E; > 100 GeV) X;

10" 15

? 10°
103 for [Ldt =1 fb' @ 7TeV, expect 16 - 10* events
10 s, 10
10™ csjet(ETjet > \s/4) 10 ]

S Ee =150 GeV) _Tevatron (lower energy collider): [Ldt =9.4
R S " fb-1 on tape, expect ~ 6.6 - 10* events
10° Eq, (M, =500 GeV) 10°
10—7 11l 1l ) L1 o1 181 : 10—7

0.1 1 10
Vs (TeV)
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Top signatures

- - o ) (e,mu)+jets
* Hl_gh Pr jets v ~32'40/’ Tau to (e,mu)+jet
* b-jets qq ~67.6% Fully hadronic
* 1 to 2 high Pt leptons W @ Fiad tau
o © Di-lepton (e,mu)
 Missing energy ) Di-lepton (tau)
t b
S — = -« ;\/ B
P > Q h P tt decays
t di-lepton
b had tau (e,H)
\"\'} +jets 4jets
bkgs_tt: W/Z(+jets), single all jets lep tau
top, QCD, Di-bosons +jets
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ATLAS : a T0,0 Observer 3 trigger levels
44m

for event
.7 selection

7§ ol p

nner detector

Tile calorimeters

LAr hadronic end-cap and
\ forward calorimeters

Toroid magnets LAr electromagnetic calorimeters

: : - sl Tracking Electromagnetic Hadron Muon
Muon chambers Solenoid magnet | Transition radiation tre chambe% calorimégter _calorimeter __charnber
Semiconductor tracker
photons
. —_
et
—
matters
muons
—
n = pseudorapidity =-In (tan(6/2)) 7% p
—
n
— <
francesco.spano@cern.ch Top Quark with ATLAS @ LHC —— » ...Outermost Layer
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ATLAS : a /op observer.....
&%AILAS

A EXPERIMENT

electron

Top events are
real
commissioning

tool: full
vertex detector at

of b-tagged jet
Run Number: 159086, Event Number: 64558586 play

Date: 2010-07-14 15:04:51 CEST
pri '“
s
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...wWith excellent data taking performance

Inner Tracking

Detectors Calorimeters Muon Detectors

. LAr LAr LAr )
Pixel SCT TRT EM  HAD FWD Tile MDT RPC CSC TGC

99.0 999 100 90.5 96.6 978 943 0999 099.8 96.2 9938

‘f.q 60—1 | b ) LI ] I =8 =8 «1 wlhwclvol I | ERY PR I | =
a - ATLAS Online Luminosity \s=7 TeV .
2 50:— [ LHC Delivered e .
08) B ATLAS Recorded FO top analyS?S
E 40 Total Delivered: 48.1 pb” 2010 . using 390 pb
'El ~  Total Recorded: 45.0 pb™ il
% 30:— o _
o - 1 expect ~5700 tt events
€ 20 -
g 1o Luminosity uncertainty ~ 3.4% -
: - 2011
1111111 |t goye e/ (N YU S S YU T

0= Lo |
24/03  19/05  14/0 / 08/09 03111  Already collected ~

Day in 2010 O(20) pb!
Data sample for first top paper~3 pb-1
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Ingredients | : leptons

* cluster 137,1,52
e Electrons Newsee | |

» tight definition using shower
shape variables, track quality,
track-cluster matching, E/p,
transition radiation

» isolated
» central™; |Nouster|<2.4, pr>20 GeV
» remove close-by duplicate jets

e Muons
» combined fitted track
» isolated
» central |Niack|<2.5, pr>20 GeV
» suppress heavy flavour decays:
no muon within DR< 0.4 of a jet
scale factors to correct small data/MC mismatch

fracesco.spano@cern.ch Top Quark with ATLAS @ LHC

Entries / 1 GeV

[ ——Data 2010 (Ns=7TeV) JLdt=36 pb'1

Z—ee ATLAS Preliminary ~
QCD ]

ATLAS-CONF-2011-041

—h —h —h —
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o o o -
o o o -
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Ingredient: jets

e set of colour-less particles “remembering” momentum/colour flow from

parton interaction Simulated QCD di- Jet
FCal1C | | MeV

Cluster _
> significant (Ecen /  *
exp_NOoisecel)
energy deposits R R
N calorimeters 005 _ e

"
-
T

FH - A

calorimeter jet

L I-O.Osl L ) 0 S | L I0.05I L L
Itan 6l x cos ¢

aui |

clusters— jet
with anti-kr algorlthm(R 0.4) (Cacciari,Salam,

L Ll T - | SOyeZ, 2008)
_— “hard stuff
= 8 clusters with
o nearest
ohi , )
neighbour

S 0
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Ingredients Il : jets (in the making)

Extensive validation of simulation in test-

beam data —good collision data description
ATLAS test beam 2004
NIMA 621 (2010) 134

- e MC -

0.8 [ ¢ &

= O Data =

5 0.75 — i $$ —

i m ® .

= 07 = ]

3, ! = ¢ Npion =0.55 =

0.65 $ =

06 =

= S EFE S — L —
£ 7 FE, G ISR R ¢ 90 ig;z%

Sw g [t R -

20 30 40 50 60 10° 2x10%> 3x10?

Eieam [GEV]

Linearity within ~2%
single pion response for known
beam energy

francesco.spano@cern.ch Top Quark with ATLAS @ LHC

<E/P>

MC/DATA

0.8

0.7

0.6

0.5

0.4

0.3

1.1~ .

0.9 _

ATLAS colllisions 2010
i  ATLAS-CONF-2011-028
(0.6<iml<1.1) i
—e— Data 2010. L=866 ub™ .

Pythia ATLAS MC10

systematic uncertainty

—

—

——

=0

= =

—@—

ATLAS Preliminary

p[GeV]

Data/MC within 2% for p<10 GeV

single isolated charged hadron
response vs track momentum
CPPM Seminar -11th April 2011 18
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Ingredients Il : jets (scale)

* Calibrate jet energy scale with &
(n,pr) dependent weight from ¢
simulated “true” jet 5
kinematics 5

* Scale uncertainty: range =
between 2% to 8% inpr andn «

e Contributions from o

» Physics models for generation o
and hadronization O
» Calorimeter response: collision
single particle data, test beam
» Detector simulation
¢ \/alidation in control samples

francesco.spano@cern.ch Top Quark with ATLAS @ LHC

ATLAS-CONF-2011-053

01 8 N T T L I N
0.16 :_ Anti-k, R=0.6, EM+JES, 0.3<|n | < 0.8, Data 2010 + Monte Carlo QCD jets =
" "L a  ALPGEN + Herwig + Jimmy v Noise Thresholds .
0.14F x  JES calibration non-closure PYTHIAPerugia2010 —
~ 0O  Single particle (calorimeter) = Additional dead material ]
0.12 T ] Total JES uncertainty ]
0.1 =
0.08 ATLAS Preliminary N
0.06 =
0.04 —I—I_ —
002 | & g o oo o o
- Q Q i - . =
R L N IS T NN NT:
20 30 40 102 2x10° - 10°
P’ [GeV]

1 _1 4 T T T T T T T T |
1 1ol ATLAS-CONF-2011-053 |
1 4_® Multi-jet ATLAS Preliminary B

[ o Track-jet
1.08—a v -jet direct balance ]
1.06— 7 -jet MPF |
1.04— i =
1.02— - +’L ]
1 T ++

0.98— = ! i:gzj: i "L}H“%‘HH ~
0.96— —]
0.94— ]
0.92— JES uncertainty anti-k, R=0.6, EM+JES —

0.9 1 1 1 1 1 1 Ll | 1 1 1 1 1 1 Ll |

10 10°

ps' [GeV]
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Ingredients Ill: missing transverse energy (

* Negative vector sum of

» energy in calorimeter cells,
projected in transverse plane

associated with high pt
object

» MUon momentum
» dead material loss

projected in transverse plane

e Cells are calibrated according
to association to high probject
(electron, photon,tau, jet, muon)

e Remove overlapping calo cells

involving jets and electrons

francesco.spano@cern.ch

Events /1 GeV

Top Quark with ATLAS @ LHC

ETmiss)

E T T | T T T T | T T T T | T T T T | T T T T | T T T E
6l ATLAS Preliminary 7
10°E ATLAS-CONF-2010-057 =
105; Data 2010 \'s=7 TeV ]
= Ldt=0.34 nb’ -
10* ml<4.5 —=
3 - ® Data -
10 = [ IMC MinBias =
pe ;_ RefFinal _;
10 -
BliliE
= | | | | | | | | | | | | -
0 10 20 30 40 50 60
ET™ [GeV]
;‘ 10: T T T - | LI I A N L ]
O} - -
O, 9F e Datafit049\=E, =
S 8F —— MC Minbias: fit 0.51\% E, =
3 75 Low E
7p] = .
£  6F =
3 5E- ATLAS-CONF-2010-057 =
W - ]
3 4= —
S - .
i) 3f E
oF Data 2010 \'s =7 TeV
# ATLAS Preliminary f Ldt=034nb" 3
— T]|<45 E
O C o v v b o b e v v b b o by T
0 50 100 150 200 250 300
> E; [Ge\g]
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Ingredients IV : enter b-jets

e B-hadrons have long lifetime ~observable flight (few mm)

" Jet axis

Tagging do/dy

e track impact parameter resolution d0/
Od4o — different probability for jet

origin for b-jets Lﬁfpt/ e
g brczjrgczf/ml eptonic

Performance in data O

T £ Ns=7TeV L ~15nb™]

e Fit fraction of b-jets in sample with 510 ¢ 2L Dot gt :
muons In jets, count how many are & 107 I PYna et ol E
b-tagged 2 10°F ATLAS-CONF-2010-091

* Mis-tag rate: from secondary vertex f f

properties (invariant mass of tracks, rate
of negative decay length significance )

o1 dependent scale factors to correct MC 0O 1 2 3 4 5 6 7 8 9
francesco.spano@cern.ch Top Quark with ATLAS @ LHC -Logm(Jet Probability)
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Selecting top pairs - single lepton

* Trigger on high prt single
lepton

e Good collision and good
quality for jets

* only one high pr central lepton
matching the trigger object

e high ET™SS > 20 (35) GeV for e ()
channel

e Large transverse leptonic W

mass™* > 25 GeV(60GeV - Ef™ss) for
e (1) channel

e > 1 central high prjet
pr> 25 GeV

francesco.spano@cern.ch

A N
|Lat =35 pb™ R
TN
data-driven qﬁ%mmﬂ%g
e M
3jets|=4jets | 3jets | =4jets
tt 116| 193 | 161 | 273
QCD 62 | 21 | 121 | 80
W+jets (580 181 [1100| 320
/+jets 32 | 18 69 25
Singlet | 22| 11 32 15
WW,WZ,2Z| 9 3 10 4
Total Exp (830 431 [1500| 680
Data (781| 400 |[1356| 653

Top Quark with ATLAS @ LHC

= 29} Py (1 - cos(é’ — "))

CPPM Seminar -11th April 2011
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e “Fake” leptons: mis-id
jets,y—ete”, non-prompt
leptons (b/c-decays)

U channel: matrix methoad
* Derive probability of real and fake p to be
isolated +control region (low E7™ss MW and Z—p+p-)

e Combine with measured N(isolated ) and N(non-
iIso U) events — find isolated fake muons

e Do it in bins of any variable to get standard estimate

e channel: template method

e Derive QCD template «control region (electron
fails one/more selection criteria)

* Normalize by fitting low Et™ss shape (QCD
template + MC samples) to data— extrapolate to

standard region

francesco.spano@cern.ch

Top Quark with ATLAS @ LHC

> 900F T
0, - ATLAS u+2-jets
0 8001 Preliminary % e data E
£ 700F | L=35pb" /// (st =
S / W +jets ]
" 600 ) Bl Other Bkgd
500 / l aco :
Z / uncertaintyg
4001 ) -
© P ATLAS-
300 7, CONF-
200k ’ 2011-023
100 o8~

Background estimates: QCD multi-jet -single lep with btag

0
0O 20 40 60 80 100 120 140 160
Transverse Mass [GeV]

> [ T | [ | [ | [ | [ | T | [ | [
S enl ATLAS  e+2-jets
500 o 7
o - Preliminary // ® data
2 I . / [t
c L | L=35pb 7 -
Q 4001 / W + jets -
HeoT % M Other Bkgd |
l aco
300~ uncertainty |
200 ‘ /% ]
: $  ATLAS- |
100k o Y% é CONF- ]
- %, 2011-0231
' Z :
oo,

0
0O 20 40 60 80 100 120 140 160

Transverse Mass [GeV]
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¢ simulated shape

Backgrounds estimates - single lepton with b-tagging

ATLAS-CONF-2011-035

% 500F ATLAS | e+2|4-jets
g < b ® data-driven i " Preliminary éd_ata
! ! : . tt
o b normalization for 4°°;j Ldt=35pb Wejets
. . T % Bl Other Bkgd -
o Waiiets high jet multiplicity o / mocs
'I blnS ( >:3 ) 2 7 uncertainty |
Y —extrapolate content m :
W ™S\ of 1 and 2 jet bins I,
before tagging 100- ¥ :
0
q q 1 > 2
i After all Number of b-tags
e Single top " cuts ATLAS-CONF-2011-035
b t 1 % _ | 2|4-jets
S/m UIa ted i 8005 llgl-alfiiisr}ary l«l.'" d_ata
) . T Zzz_ .[ Ldt=35 pb_1 = ﬁ/+jets _
7 Il Other Bkgd-
_ rate set to o & Jther Bkad
® D|-bosons S M 400% uncertainty_g
(WW’WZ’ZZ) prediction 300 o —
200 ” 7% -
100" .
-
™0 1 >2
francesco.spano@cern.ch Top Quark with ATLAS @ LHC CPPM Number of b-tags
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Cross section - single lepton with b-tagging

ATLAS CONF 2011 035

e Build discriminant from

» lepton n, aplanarity (top is
more spherical)

» Ht,3p ratio of transverse to
longitudinal activity «<top is
more transverse

» average of two largest jet
b-tagging probability «top
has more b-jets

e Extract o from likelihood

fit of discriminant to data
In 3,4 and 5 jet bins

Entries/0.25

e Systematic uncertainties
part of fit as Gaussian
nuisance parameters

francesco.spano@cern.ch Top Quark with ATLAS @ LHC

Entries/0.10

102

10

© ATLAS Preliminary  p+4 Jets
1 40 —e— data
- ’[ L dt = 35 pb™ C s
120— KS test: 0.11 W+Jets
u B QCD
100 + Il Other
80 + \
60
40- —+
20

o
o
N
o
N~

0.6

0.8

.III|III|III|III|III|III|III|II

exp(-4xHr ;)
ATLAS-CONF-2011-035

= ATLAS Preliminary

L+ 4 jets
—e— data

C 1+

W+dets

Il QCD
B Other

f Ldt=35pb’
KS test: 0.25 =

25
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Systematic uncertainties : single lepton with b-tagging

ATLAS-CONF-2011-035

Statistical Error (%) +5.3 5.2
Object selection (%)
o b ff + Jet energy scale +3.8  -2.8
tagglng e ICIenCy Je Jet reconstruction efficiency +4.2 4.2
propertleS (Scale Jet energy resolution +0.8  -0.2
mu|'|:|p||C|‘ty) and heavy Electron scale factor +12 0.8
ﬂaVOur contents are Muon scale facFor +0.5 -0.6
: Electron smearing +0.3  -0.2
the dpmlnant Muon smearing +0.6 -04
contri bUtorS Background modeling (%)
Wjets HF content +7.2  -6.3
Wjets shape +1.5  -1.5
QCD shape +1.0 -1.0
tt signal modeling (%

e Background related T o
and PDF Uncertalnty NLO generator +0.5  -0.7
relative importance is Hadronisation +0.0  -0.6
reduced w.r.t to no b- PDF 17 17

' Others (%)
tagg | ng b-tagging calibration +7.5 -6.3
Simulation of pile-up +1.5  -0.6
Templates statistics +1.6  -1.5
Total Systematic (%) +11.5 -10.5
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Summary for single lepton

e Use of b-tagging
iImproves statistical
uncertainty (enhanced
background reduction)

e Systematics are as large
as statistics; already

dominant in b-tagging
case

francesco.spano@cern.ch

ATLAS Preliminary ¢+ Theory (approx. NNLO)

Data 2010,I L=35pb’ m, = 172.5 GeV

L+jets w/o b-tagging ATLAS-CONF-2011-023

Multivariate L . 171217 *2 +6
1D lepton n fit : & 1 204+ 25+ 3917
1D AN (Liet) fit . 168+ 21+24+6
Counting : ?‘:z 154+ 11 70 +5
: (stat)x(syst)x(lumi)
B0 T 00 M0 200280300 350
5. [pb]

ATLAS Prelimipary ¢+ Theory (approx. NNLO)

Data 2010,J L=235pb" m, = 172.5 GeV

L+jets w/ b-tagging ATLAS-CONF-2011-035

Top Quark with ATLAS @ LHC

Multivariate ia—  186%10 *2 +6

Top mass profile fit |—|+I—| 156+8 .0 +5

Top mass standard fit I—H—A—l—| 183+£14 72 +6

Counting | :A:'n 156+ 10 *5y +6

: (stat)x(syst)x(lumi)

— 50 f00 150 200 250 300
c-[pb]
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Selecting top pairs : di-lepton

e After single lepton trigger,
exactly two opposite sign
high pt central leptons
(ee, ey, UY) and = 2
central high prjet

e High ET™s$ or transverse
activity

eveto Z-like events

francesco.spano@cern.ch Top Quark with ATLAS @ LHC

Backgrounds

/Y +]ets
QCD, Di-bosons
single lepton
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Di-lepton main backgrounds

* “Fake” leptons from data (matrix method)

» Invert high Er and Z window cuts — control
samples enriched with real and “fake” leptons

» Derive probability for “fake” and real leptons to

be in signal region

» Estimate “fakes” as a function of events in
signal and control samples

e //Y* bkg : scale control region (CR) with

simulation

» CR: Z mass window, >=2 jets, EtMiss>30

» Scale bkg-subtracted data in CR with ratio of Z/y*
events in signal to control regions from simulation

cC HH cH

tt 11 20 47

Bkg 4 14 11
Total Exp 15 27 58
Data 16 31 58

francesco.spano@cern.ch

Top Quark with ATLAS @ LHC

%105L | | ll . 1]
O] - ATLAS Ul control region -

3104' Preliminary ® data :
a10°F n 3
S f jL=35 ob’’ L1t :
Z10°E B single top ]
ATLAS " DY + jets ;

102 j diboson -
CONgéim 1~ | fake leptons -

uncertainty -

0 50 100 150 200

in Z window,no b-tag  Fr [GeVl
| | | | |

> | ]

810°t arLas e control region -

= Preliminary ® data -

2 . IL=35pb'1 (et )

o 10 F B single top

W F ATLAS- W DY + jets
10% 094 Bl fake leptons

i uncertainty 1
10

20 40 60 80 100 120 140 160 10

. +ta i i V
for low E7™ss no b-% 5 gmvanant mass [GeV]
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* Include estimated background

Di-lepton results

* Cross section from likelihood fit combining channels and
iIncluding systematics as nuisance parameters

Events

francesco.spano@cern.ch

distributions after all cuts, except Niets

| |
ATLAS

" Preliminary

JL - 35pb’

|
ee

® daia
[ et ]
B single top |
W DY +jets -
diboson =
I fake leptons 1
uncertainty -

3 >4
Number of jets

Top Quark with ATLAS @ LHC

ATLAS-CONF-2011-027

| |
ATLAS

Preliminary

_[L = 35 pb’

. [l fake leptons -

|
U
® dala
[ 1t
B single top |
W DY +jets -
diboson =

uncertainty 5

3 >4

Number of jets

(notice log scale)

10 = ATLAS eu
108k  Preliminary ® data N
: L=35pb L1t ]
10°g J P Il single top
10* i W DY + jets
diboson :
10°¢ Bl fake leptons
of uncertainty -
10 3 . :
10 . W

3 >4
Number of jets

CPPM Seminar -11th April 2011 30


mailto:fracesco.spano@cern.ch
mailto:fracesco.spano@cern.ch

Di-lepton summary

ATLAS-CONF-2011-027

T L T L RO R L BN
ATLAS Preliminary e Theory (approx. NNLO)
Data 2010,J L=235pb’ m, = 172.5 GeV
Dilepton :

Counting ._._._._. 173+22 * 1% *3

Counting w/ b-tagging ._._..‘_._. 171+ 22 *21 *+7

inclusive ’ ‘ ’ 171422 +14+5
tt/Z s+ 178£22£20

b-tagging fit - 176 +22 + 224 6

(stat)x(syst)=(lumi)

00700 150 200 250 300

6. [pb]

e Cross checks are consistent with baselines
e Systematics (10 to 12%) have similar size as statistics (~13%)
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Combmed Cross section

ATL CONF 2011 O4O

results

I | : I I | I I | |
ATLAS Prellmlnary _______ Theory (approx. NNLO)
Data 2010, f L=35pb’ § m, = 172.5 GeV . : :
e Combined result uncertainty is
L+jets w/ b-tagging e 186+ 10 =20+ 6 10%- comparab|e to theory
Dilepton w/o b-tagging SN 17322 78 *8
Combination h—n—‘—n—u 180+9 +15+6 } ATLAS' 1 80 i1 8 pb
L+jets w/o b-tagging ke 171217 2 +6 ) CMS 1 5811 9 pb (1 2%)
Dilepton w/ b-tagging ' 171222 *31 ]
ATL‘CONF'201 1 ‘040 i (Stat)i(syst)i(lumi)
| | | | | | | | | | | | | | | | : | | | | | | | | | | | | | | | | |
0 50 100 150 200 250 300
oglpbl ATL-CONF-2011-040
:8- B I. IA_IlLASI T T I__i__l I\IIL(I) b(l:d T I T T I T T T T I T T T T I T T T T |
= Preliminary B8 Approx. NNLO (pp) =
o - (3BpbT) NLO QCD (pp) .
> YCMS .- Approx. NNLO (pp) R : ]
1075 a6 p > E
- = CDF . http://arxiv.org/abs/1012.1792
fADO g 300 1 300
e Uncertainty - R
dominated by oL ! ol ;
systematics - 1 el
I 1 100} f
' 6.5 7 7.5
1 > 3 4 5 6 7 8
\'s [TeV]
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Measuring Top mass 3 [T
) ) 70-ATLAS Preliminary ® \s=7TeVdata
e Same selection as cross section S el 35pb o res e -
% - D Zijets .
50 .
* Measure mass using hadronic top 40- g
» Jet energy scale is crucial ZZ— | Conmgon 085 -
. 0l :
® [hree techniques I;

ol L]
40 60 80 100 120 140
MiEe° [GeV]

» baseline: template-fit ratio of reconstructed
di-jet (W) and 3-jet (top) mass

» simultaneous measurement of scale and top mass

» kinematic fitter based on likelihood 40 ATLAS-CONF-2011-033
T T T T | T T T T | IIIIIIIIIIIIIIIIIIIIIII
~ 04 3 ATLAS Preliminary * \s=7 TeV data
2 B [ My, = 160 GeV' ] 5 Best Fit background
o 012 []m,, =170 GeV -] = e
S i B m,,, = 180 GeV - © Best Fit tt + background
@ O0.1F B m,,, = 190 GeV L M, = 166.7 £ 5.0 GeV
© - - sig ]
o i
N 0.08 -
g I ATLAS Preliminary —
g 0.06F \'s =7 TeVSimulaton 7 |\ ~hannal + - \ [ ] |
i e
0.04F . | |
0.02:_ / Chaﬂﬂe_J 160 165 1m%t2p tGe\1/]75_

07535 2 25 3 35 4 45 5 5B
ATLAS-CONF-2011-033 Re, Rs,
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Measuring top mass

ATLAS-CONF-2011-033

—_ T T T | T T T T | T T T T | | | T
45 = Tagged e + jets f L=35pb" e \s=7TeV data =
40 CJtm =1725Gev =
- - s-top, mtop=172.5 GeV 4
35 = L] U Zijets _E
30 f— ° W-jets =
= WW,ZZ,WZ -
25E I oo E
20F- E
15 =
- ATLAS Preliminary 3
10 E
5 =
- . L o
00 100 200 300 400 500 600 700

Mm% [GeV]

top peak from kinematic fitter

e Statistics = systematics

ATLAS-CONF-2011-033

ATLAS Preliminary - Winter 2011, L =35 pb’

default (1d TMT, R_ ), e+jets O 173.81£ 6.7t 4.8
default (1d TMT, R ), p+ets @ 166.7 5.0+ 5.0
default (1d TMT, R ), comb O 169.3+4.0+4.9
2d TMT, e+jets O 168.3+ 6.2+ 4.3
2d TMT, u+jets O 163.5+ 6.7+ 4.6
2d TMT, comb @ 166.1: 4.6t 4.4
1d TMT, KLF, e+jets O 179.0+£4.3+7.5
1d TMT, KLF, u+jets o 172.0+3.5+7.5
1d TMT, KLF, comb ® 1748+2.7+7.5
Tevatron July 2010 P~ 173.3£ 0.6+ 0.9

+ (stat.) + (syst.)

140 150 160 170 180 190
Tevatron March 2011 173.1+ 1.3 GeV

CMS March 2011 175.5+4.6+x4.6 GeV

200
Miop [GeV]

e | argest systematics (baseline): jet energy scale, initial and final

state radiation

francesco.spano@cern.ch Top Quark with ATLAS @ LHC
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Looking forward: top as a window on new physics
e | arger data sample: search for new physics in differential properties

W helicity|

Wb coupling, |Vis|

Top mass, width, spin, charge

Production
Cross section

Resonant
production ?

Production Yukawa coupling ?

kinematies

Spin
polarization

Anomalous couplings ?

IRarefnc:n-SM decays ?

Example: heavy resonances decaying
,, totop

1000

500

100

o0

10

arxiv:0712.2325

I II|IIII| IJII|IIII|

do(pp - (Z'/g* -) tt)/dm; [fb/20 GeV]

Mg = Mp = My ., = 2 TeV
LO, CTEQ6L1, LHC

O

—— QCD only
Z' Color singlet

g% Color octet (vector coupling)

b |||||:|'rTL‘ [ |||||||

g* Color octet (axial coupling)

_ _ Branching fractions ? 1250 1500 1750 2000 2250 2500
. Figure by Dhiman Chakraborty I - ; tt invariant mass [GeV]
Status for Z° o
@ Tevatron: Z’mass > 850 GeV @95%CL (documented)
@LHC: CMS @ MoriondEWK11 showed upper limits on Z’ xsec 4 ;
francesco.spano@cern.ch Top Quark with ATLAS @ LHC CPPM Seminar -11th April 2011 35
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Top/anti-top resonances : ATLAS expectations
e Search for peaks in Mit & mass resolution is crucial

.At “IOW” Mtt b quark Light quarks
» add final state objects + algo

to choose jets (pt order,X?) <; .

» perform kinematic fit using

neutrino

MW, Mtop b lepton
quark
hep-ex:0901.0512 Ecm =10 TeV,100 pb’’
>oo004f TR T I T T Rl
(30.00352_ (@) - True di-top mass E
g 0.0031 S Reconstructed di-top mass |
Z0.0025F - E For AR=0.8, M ~1.7
I T T ull event i _
= 0002 1 E TeV, Pr ~600 GeV
Z0.0015F sl —
= 5. Simulated tt |
0.001F ;
0.0005F .. [ -;_';._.._,_, ; \/
e A I I O At * Higher ptt°? (or Mu) —
0 200 400 600 800 1 OOO 1 200 1 400 1 600

M_tf[GeV] boosted “top jet”— new >

- ATLAS analysis with 35 pb' i coo 10 separate (=D, T,
advanced state. Expect results soon.
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Top/anti-top resonances: ATLAS expectations

= 350 T
(.3, 3003— glté%oié%ﬂ%ﬁ%ﬁma 0 —
e Reconstruct top with large cone §250§- E Q()
» techniques to tag top jets using jet 5,200, —r— Dai (1= 059 i
substructure and shapes g 150
8
e Start measuring basic properties: 5
jet mass and scale for large Cones,[> =
splitting scales. &

Track jet mass [GeV]
Mono-jet reco

" - [ ] [] [ ] [] \/7= , =1
e With O(1) fb~' ATLAS sensitivity is > A
expected reach resonance masses o *0F
well beyond 1 TeV 5 35
(ATL_PHYS_PUB_2010_008) —*eXciting time g %
for searches! o g 25
%’ 8%_%T‘LAS Preliminary, ‘sirﬁm‘atic‘an‘\.E:‘mTé\/, 2‘00‘ptl)'E % 201 L - 1
= A L ATLAS Preliminary -
é 2; S ;jT(r?eﬁg%(/ewm 166) E 10 = Simulation _f
3E E i .]L. a2
i: E OO 500 1000 1500 2000 2500 3000
franCGSCO.SpanO@Cern.Ch TOp o;oloo‘ ‘ ‘12‘00‘ ‘ ‘14‘00‘ 1600 1800 goo(j ATLAS-PHYS-PUB-2010-008 maSS(t f) [GeV]



mailto:fracesco.spano@cern.ch
mailto:fracesco.spano@cern.ch

Conclusion

e Top quarks have finally visited Europe! Signal is now
established at the LHC.

e ATLAS tt cross section measurements in single and di-lepton
channel are in good agreement with standard model
expectations. Systematics dominated: 180+18 pb.
Improvements will need to focus on reduction of systematics
uncertainties.

e ATLAS Top mass is 169 x4(stat)+=4.9 (syst) GeV

e |f [Ldt = 300 to 500 pb' for summer 2011 and few fb™! by the end
of 2011 — exciting prospects for new physics searches with
top, for instance top resonances
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0 8 arcs (sectors), ~3 km each TOTEM
0 8 long straight sections (700 m each)
0 beams cross in 4 points

Q 2-in-1 magnet design with separate
vacuum chambers — p-p collisions

Nominal LHC parameters

Beam energy (TeV) 7.0 |1 4]
No. of particles per bunch 1.15x10" 3
No. of bunches per beam 2808
Stored beam energy (MJ) 362
Transverse emittance (pm) 3.75
Bunch length (cm) 7.6
ALICE
«B =0.55 m (beam size =17 uym) ieciion Bl i injection B2

. ATLAS
- Crossing angle = 285 pyrad

“L=10"cm=<s"

® 0 7k

L. Ponce - Moriond EWK - 2011
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f.

o]

LHC status - Moriond 2011

LHC challenges

The LHC surpasses existing accelerators/colliders in 2 aspects :
J The energy of the beam of 7 TeV that is achieved within the size

constraints of the existing 26.7 km LEP tunnel.

LHC dipole field 83T
HERA/Tevatron ~4T

A factor 2 in field

A factor 4 in size

d The luminosity of the collider that will reach unprecedented values
for a hadron machine:

14.03.201

¢

LINININININT IRV IS NI 1N

pp 10 cm=2 s’
3x10%2 cm< s

A factor 30
in luminosity

LHC
Tevatron pp
SppS pp 6x10* cm=< s

Very high field magnets and very high beam intensities:

»Operating the LHC is a great challenge.

» There is a significant risk to the equipment and experiments.

L.

Ponce - Moriond

—WK - 2011
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<]

Stored energy

The present beam intensity will slice open a vacuum chamber even at injection
| = reached m =goals = =upgrade study

Increase with respect to existing

aggﬂmmlg[ﬁ . LHC (u.'hf?l.m,') : . }{[ [ ’{( \
* A factor 2 in magnetic field ——
2— « A factor 7 in beagm em‘arl HHC (nominal 1ao o AL
100 gy

- » A factor 200 in stored beam energy

o LHC Goal 2010
: @
- . -----------
g '
- L LHC Injection LHC Qct. '10
s B 10
-
' .-
: D SES :ERA
?, 1 Tevatron

100 1000 10000

5 Beam Momentum [GeV/c] :
<

L. Ponce - Moriond EWK - 2011
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Luminosity : collider figure-of-merit

The event rate N for a physics process with cross-section o is proprotional to

the collider Luminosity L: p—
N = Lo — P 7/ —
N, — - Ny

area A

) ) "Thus, to achieve high luminosity, all one has to do is make
kN - f kN - f }' (lots of) high population bunches of low emittance to collide at
L = : 3 = - high frequency at locations where the beam optics provides as
drooc 4x ﬂ £ low values of the amplitude functions as possible.”
. ) PDG 2005, chapter 25
&
°
S T imize L : High beam “brillance™ N/e
3
2| + Many bunches (k) - 7 (particles per phase space volume)
@ ol Injector chain performance |
:':.: * Many protons perbunch (V) [T ~=~__ _ ?
¢  * Small beam sizes o*, = (B8 ¢)"? ~ => Small envelope
-
g : beam envelope (optics) } Optics property = Strong focusing !
¢ :beam emittance, the phase space
;-8. v::;um‘eh ocgup)ied by the beam (constant Beam property
- along the ring - —
2 L. Ponce < Moriond EWK - 2011 4
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The top and the Higgs

200 July 2010 . >
— High Q" except m,
68% CL
>
)
O, 180- -
= m, (Tevatron)_
Excl
jgoi=xcluded
2 3
10 10 10

m, [GeV]
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=7MSS from pp and ion ion collisions

;‘ 90 : | ] 1 L L ]’ | | T l L ..1. | l T L | I 1 T L ] | 1 T ]’ | | 1 ' L L L :
8 -  GCW cell-based ET"™ Inl<4.5 =
= 805 o DataPb+Pb\[s =276 TeV:| Ldt=1.7 ub™’ f
2 70 Fit: 0.48\/ E, N
§ cof * Data p+p\(§_7Tevadt 0.34 nb"! —
O j Fit: 0.48\/2 E, j
o = ] E
g OOF -
= |— —

@ - =
Lr  30F E
20} =

10 E
ATLAS Prellmlnary -

1 l 1 1 | l 1 1 1 l | 1 1 l 1 | L l -

b 2 T e e 10 92 94 16 18
2 E; [TeV]

e Resolution values are RMS
* Line is independent fits to resolution in pp and PbPb data

o EtMiss obtained by summing cells with E>20neise, With global cell
weighting calibration
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Figures from R. Steerenberg -AXEL 2008 @ CERN

Accelerator’s basics

Horizontal glertical Use :M ﬂelds % =F = q(E +Vx B)
l
Ny dKE _ - _ -
Longityetnal }\ E: accelerate ” =V -F=qV'E
Y, | | |
/O 3 B: constrain along trajectory(dipoles
Z__\, —circular orbit)
_— X

Transverse motion
quadrupoles— focus In (X,y))

d’x
5 + k(S))C =0
ds
x(5) = Ay/B (s) cos(p(s) = ¢ )
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CERN's accelerator complex

LHCb

1140 TT41
CN

=006

SPS
%

Gran Sasso

AD
1998 (182 m

BT | e DSt e dgles s cA R, 0000 Aeseisaiadeen
X LINAC 2 [N S
//,r‘/ "_‘- »,'I e
2 LINAC 3
lons
) P on P newt S » P [ontiproton) — 4 — Jantproton Conversion P Neulrines » eclectron
LHC Large Hadron Collider SPS Super Proton Synchrotron PSS  Proton Synchrotron
AD  Antiproton Decelerator CTF3 Facilit CNGS  Cern Neutrinos to Gran Sasso 150101 tope Separator OnLine DI
LEIR Low Energy lon Ring  LINAC LINear ACcelerator n-1 Neutrons Time Of |
@Y O —_— ‘
European Organization for Nuclear Research | Organisation européenne pour la recherche nucléaire © CERN 2008
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LHC record: 22nd March 2010 = g Mevers, 1050 LHCT oper

Session, 23rd March 2011

LHC Pagel Fill: 1645 E: 3500 GeV 22-03-2011 21:58:06

PROTON PHYSICS: STABLE BEAMS
3500 GeV 2.38e+13 2.35e+13

FBCT Intensity and Beam Energy Updated: 21:58:07 Instantaneous Luminosity Updated: 21:58:07
4000

2.5E13 1 N 250 - \
3500

3000 200y

2500 150

-2000
- 100

1500

Luminosity / 1e30 cm-2s-1

a0
-1000

|
|

I
hJ 11:00 13:00 15:00 17:00 19:00
ol

500 0 T T T

1

0 — ATLAS — AUCE — CMS — LHOb

I I I
13:00 15:00 17:00 19:00

Comments 22-03-2011 21:21:07 BIS status and SMP flags Bl
STABLE BEAMS Link Status of Beam Permits
Global Beam Permit
Setup Beam

2010 record passed !!!!
P Beam Presence
Moveable Devices Allowed In
Stable Beams

AFS: 75ns_200b_194 178 188 24bpi%inj PM Status Bl ENABLED [4uBSir-1dIE-N P ENABLED
https://indico.cern.ch/conferenceDisplay.py?confld=130457
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minosity (10 *° cm2 s

2150

francesco.spano@cern.ch

BSest fill 22nd March

w W

N
o)
o

200

100

ATLAS Online Luminosity

fi; (:) _— [::::::::::::] I- I-I (::: IE:) ‘EBI i\“'(ia "(E;‘:j “!\I I .................. RS SRREERURRRERREERRRRRERRRI ORIy
[ ]LHC Delivered Stable

00 - ATLAS Ready Recorded.. ........................... . ..........................

50

P - RN T SN S Y

P

TIPS PITIIPIIPIPEN ||

1 1 I 1 1

1
7h 22-19h

9

1
22-21h

-

22-23h

23-01h  23-03h 23-05h 23-07h

CET Time

L DL L L L L
ATLAS Online Luminosity Vs=7TeV

[ ] LHC Delivered All

[ ] LHC Delivered Stable
[[] ATLAS Ready Recorded

w
o

N
(8]

- — N
o (6] o
|||||||||||||||||||||||||||||||

Total Integrated Luminosity [pb

o4

17/03 24/03
Day in 2011

03/03

10/03

() T T B
24/02

Int. Luminosity (pb '1)

A LAS On"ne Lum|n03|ty ........................... ..........................

L_JLHC DeliveredAll —
[_JLHC Delivered Stable

.. ] ATLAS Ready Recorded. ... S

T

S .

esesesesesasacasasaedeesesaretasnsnenenenesstebectetetcttetetetetncncntnsiertttetetesesetesesesasaseiesesesesasasasassnny

S T T

T SRR S

esesesesesasacaceceedeesesasasasacacscscscscsnscesncncncncesccnss

1
22-21h

1
22-19h 22-23h  23-01h 23-03h 23-05h 23-07h

CET Time

¢S Meyers, 105th LHCC open

Session, 23rd March 2011

https://indico.cern.ch/conferenceDisplay.py?confld=130457
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The ATLAS detector

e Onion-like structure

Tracking Electromagnetic Hadron Muon
chamber calorimeter calorimeter chamber

B —

[nnermost Layer.., =t . Qutermost Layer

francesco.spano@cern.ch Top Quark with ATLAS @ LHC
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ATLAS : a Top observer

Top is a real commissiong tool: full detector at play

3-level trigger
reducing the rate
from 40 MHz to
~200 Hz

* reconstruct interaction
vertex, electrons, muons, jets
and missing energy
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ATLAS . d T0,0 Observer 3 trigger levels

for event
size 44m selection
matters — — ™)
'= Muon spectrometeri\, f o
I y— . \\

-
\

N,

—

NS A 4
. /l':" -
AP,

Tile calorimeters

: LAr hadronic end-cap and
forward calorimeters
Pixel detector

LAr electromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor tfracker

n = pseudorapidity =-In (tan(672) Hadronic Calorimeters
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ATLAS : a Top observer

Inner Detector (In|<2.5, B=2T):
Si Pixels, Si strips, Transition
Radiation detector (straws)
Precise tracking and vertexing,
e/m separation

Momentum resolution:

o/pt ~ 3.8x104 p+ (GeV) @ 0.015

Inner detector
Transition radiation tracker

Semi conductor tracker

e ——— %
...... pomn sy ———

!
|||||
1

1
lllll

track, particle identifcation,
P mMeasurement

-~ )
o Y
.“’.
73
[
AN
Caten &
- £
» W o
¥ i .
& ) o .
RN -t

b-tagging

francesco.spano@cern.ch Top Quark with ATLAS @ LHC CPPM Seminar -11th April 2011 23



mailto:fracesco.spano@cern.ch
mailto:fracesco.spano@cern.ch

ATLAS : a /op opbserver
Calorimeters

electron and jets reconstruction
Missing transverse energy

AL

EM calorimeter: Pb-LAr Accordion
e/y trigger, ID and measurement
E-resolution: c/E ~ 10%/+E

HAD calorimetry (|n|<5): segmentation, hermeticity
Fe/scintillator Tiles (central), Cu/W-LAr (fwd)
Trigger and measurement of jets and missing E+
E-resolution: 6/E ~ 50%/VE @ 0.03
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F Spano, Local Hadron calibration, Atlas Physics Workshop Rome 2005
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ATLAS : a Top observe

[

Muon spect

‘ometer

particle identr

lcat

o1 measure

Oon

Men

t
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Pion in ATLAS Calo

/ layers

Dead
material * Correct
Tile
Had Leakage
Cal Out of I
cluster
Had
LAr Signal Calib
EM definition
Cal (Clusters) I
Invisible

energy ™ Weight

Incoming hadron
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Calorimeter Clustering

» Keep particle picture, capture shower,

SUPPress Noise

* Numlber of constituents per jet and jet
mass closest to “true” stable particle jets 10

100
80
60
40
20

100
80
60
40
20

An’Zrel (%)

100
80
60
40
20

Pr

3 ~ — particle jet
hep-ex:0901.0512 | bartieie Je
! ! a  tower jet
. | o cluster jet
p;”" = 100 MeV |
S PO PSSP
_o--o--O-O--O uuuuuuuuuuuuuuuuuuuuuuu iu - _-A--A-_A-

min _ 400 MeV

— particle jet
s tower jet

o cluster jet

e . — particle jet

I -A-

I ~A-
“A—A—A-

L ATATA

s  tower jet

o cluster jet

log,, (m(p, >0)/GeV)
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Top Quark with ATLAS @ LHC

di-jet simulated events, anti-kt R=0.6

100 b

-
o

—_—

Average number of constituents per jet

100

10

—_—

100 |

hep-ex:0901.0512

particles |-

towers

clusters |

towers

particles |-

clusters |

particles |

towers

S 3a<pl<42 T A | o clusters |
1 23 a
log,, (p,/GeV)
10 GeV 100 GeV 1000 GeV
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Monte Carlo used in top analyses

Generation
e Top quark : MC@NLO

» xsec is normalized to NNLO effects
e Single top : MC@NLO
» 1, Wt and s channels
» normalized to MC@NLO, remove Wt overlaps with tt final state

e //gamma-+jets : PYTHIA for Z_tautau, ALPGEN (MLM matching
for) Z to ee and Z to mumu NLO factor of 1.25

e Di-boson : WW, ZZ: ALPGEN normalized to NLO from MCFM

o \W+jets: ALPGEN
» W+n light partons

» W+bb
» W+ccC

» W+c Hadronization

e HERWIG + JIMMY for underlying event modelling
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Trigger Details Efficiency for offline object is at plateau for pr 20 GeV

_ B R N i
“lectron P TR o
. . 5 0.8_— % ATLAS Preliminary -
* EM calo energy deposit with Er ; ¥ deta2010Ns=7Tev
between 10 and 15 GeV at level1 A DO O, s medum
e More refined selection at level 2 04~ CTE -
- i +- e20_loose i
* Match EM calorimeter cluster 02/~ f - Wee -
and Inner Dret track at level3 R T
qO 15 20 25 30 35
electron E [GeV]
3rd level efficiency with tag and probe method for Z (in Z window), missing ET
Muon triggers for W (MET>25 GeV. isolated form Jet, MTw.40 GeV)
e Levell track in muon chambers with - fHHT """" —
pt >10 GeV at level 1 5o T -
e Confirm at level 2 o | ATOONFROT00% 1 -
e Match to track in inner detector . Pt o | | H o Tov, Dt 30f0
threshold between 10 and 13 GeV q@ - :
. 0.2+ A Min. Bias MC —
with pt >13 GeV muon, use : . Daa ;
precision chambers at level 3 W50 75 20 25 30 35 40
Offline CB P, [GeV]
Errigger(Z T&P) = Ninatched 3rd level muon efficiency with respect to
probes offline muon matched to level 1 and level2
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B-tagging : Jet prob algorithm

e Compare signed impact
parameter significance for each
track in jet to resolution function
to find track prob. to originate

—|dy/ oy,
gztrki:/ o X(x)dx.

—t ek
o
©

—i
()
\l

Number of tracks

1

Q
[o¢}
T

\'s= 7 TeV

j_ e Data 2010 1
= Pythia Dijet MC : light jets

Pythia Dijet MC : c jets
_ Pythia Dijet MC : b jets

-40 -30 -20 -10 0 10 20 30 40

. E
107463020 10" 0 10 20 80 40

—1 QZ
‘@Jet — <gz() 2 z O) )
1g
In sim. tt events: 70% b- 0
tag efficiency and 5% of 10°
wrongly tagged light jets 10"
10°F
10°%,
- A'l"LAS‘P ?|Im
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Jet calibration steps

e Average pile-up is subtracted by correction constants derived
in-situ

e jet position is corrected for the jet to point to primary vertex of
interaction (rather than centre of ATLAS detector)

* jet energy and position are corrected to corresponding truth
jets

» truth jets are formed by running jet algorithm on stable interacting
particles, i.e. lifetime>10 ps, muons and neutrinos are excluded)

francesco.spano@cern.ch Top Quark with ATLAS @ LHC CPPM Seminar -11th April 2011 62



mailto:fracesco.spano@cern.ch
mailto:fracesco.spano@cern.ch

Jet uncertainty contributions

Estimated by Simulated samples
Estimated by single particle response

_ Estimated by in situ measurements
e JES calib method

e JES in calorimeter response
» in simulation, link true calo deposits to particles from collision

» uncertainties on single particles constrained from in-situ, derive jet uncertainty. It
Includes

“* uncertainties on charged hadrons, calo acceptance,large p particles
“* EM scale for hadronic and EM calo for particles not measured in situ
“* uncertainties for neutral hadrons

e JES in det simulation
» uncertainty in calo noise thresholds
» detector material description (cryostat, presampler, transition barrel endcap)

e JES in physics model (hadronization) and parameters in generation
e JES in relative calib for eta>0.8
* Pile-up
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JES In situ methods

e Photon balance

» transverse photon momentum balanced against fullhadronic
response by projecting ET™ss on photon direction; no explicit jet
algo involved

* High pt jet balance by one or more lower pt jets
» if low pTjets are well calibrated, check high prjets against them.
» High reach in pr . |eta |<2.8

e Compare calo jet to associated tracks
» Calculate mean transverse momentum sum of tracks in a cone
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Jet calibration : top Specific effects

e Close by jet
» jet splitting can bias scale
» recover by monte carlo baed correction as a fucntion of isolation

e Gluon vs quark jets
» different response in gluon initiated and ugark initiated jets
» validation in di-jet (gluon) and gamma-jet (quark) samples

* B-jet
» tag and probe method in data-MC in di-jet
» comparison to track jets (data/MC)
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Ingredients |l ; jets (making and calibrating)

Extensive validation of simulation
in test-beam data - good

e Calibrate jet energy scale with
(n,pT) dependent weight from
simulated “true” jet

collision data description

g oo kinematics
v : + Y]Datail 2010. L=866 ub
0'7-_ " Pythia ATLAS MC10 __
T N * Scale uncertainty: range
C Amasconraoiiozs ] between 2% to 8% in pr and n
0.5 — . e Contributions from physics
_ T ] modelling, calo response, det
0.4 = -
e \/alidation in control samples
0.3:— ATLAS Preliminary—: o 1.14 —— . —
| . | = 112 N —
E ' E 1.1_; 'Il\ﬂrglctzll;{(jaét ATLAS Preliminary |
Q 1.1 B a 1.08—a v -jet direct balance ]
Q + 1,06/~ ¥ -jet MPF .
4 1.04/— I —
e 1.021— e ++* —
’ P R 4
0.91- — oo8- = e -%1_%:“* |
1 '1'0 0.96— :i: —
p[GeV] 0.94— —
, , 0.92— uncertain nti-k, R=0.6, EM+ ]
Data/MC within 2% for p<10 GeV A i N S i
10? 10°
charged hadron response vs track momentum p° [GeV]
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MIssing transverse energy (l)

Emiss _ Emiss,calo 4 Emiss,cryo 4 miss,muon

x(y) x(y) x(y) x(y)
Electrons Photons Taus Jets Muons  Unused TopoClusters
. v v v v v

Go back to constituent Calorimeter Cells - apply overlap removal at Cell level -
Cell calibration weights dependent on the object - add them to calculate partial terms

l l l l l l

MET RefEle <4 MET_Refy 4MET _RefTau=MET Reflet4+ MET_RefMuo+4MET_CellOut

+ MET_Cryo + MET_Muon = MET RefFinal

e overlap removal order is
» electron, photon, hadronic taus, jets, muons
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MIssing transverse energy (l)
¢ The three terms are, muons

Emiss _ Emiss,calo 4 Emiss,cryo 4 miss,muon

x(y) x(y) x(y) x(y)
miss,calo,calib _ ~miss,e miss,y miss,T miss,jets miss,calo,u [ ;-miss,CellOut
() =L TEe TEe T Thy T The T Th
s _ v g Isolated muons
x(y) x(y)

selected muons

non-isolated muons

Ejet,cryo __ .,,Cryo Ejet % Ejet COS (Pjet
: - X =W EM3 " PHADI Co o
EmlsS,CryO . E EJet,cryo . et
- i i : sSin ¢
t t et
X (y ) y X (y ) Eg}et,cryo — CIyo \/ E]JEeM3 < EJ}?ADI J
Jets cosh 1je
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Triangular cut

* True W leptonic decay with large missing transverse energy
—1MISS 5150 have large W transverse mass Mt

* Mis-measured jets in QCD may have large missing transverse
energy ET™S8, but small transverse mass MtV

* Requirement on transverse missing energy and transverse
mass discriminates the two

w ]
Mir True W

MWS60 GeV - Eqmiss
acD N

> [C__MISS
T
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e W(/2)+jets

e Single top

e Di-bosons
(WW,WZ,Z22Z)

francesco.spano@cern.ch

Sackgrounds - single lepton

o
Q)
5  Shape from

simulation
rate from final fit

W

ATLAS-CONF-2011-023

_I T TT | 1T 1T | LI | LI | LI | LI | LI
so- ATLAS e+>4-jets

- Preliminary ® daia
70?jL=35 o’ L1 E
60:_ W+jets

- 7 Bl Other Bkgd -
U maoco -

- 7 uncertainty
401 =
30F .
20 1 s
1 Of_ * : Vi + _

- o920 7 | 4.

% 100 2004300 400 500 600 700

after all cuts m;; [GeV]

. >140—""I""I"\I""I""I'_"'I""—
Slmulated G [ ATLAS w+>4-jets

< 120:_ Preliminary * data _

+ @ :JL=35pb'1 i :

o 100 / W +jets

rate setto a t 77 M Other Bkgd

80 ¢ l ocD b

S M I ém uncertainty

- A ]

ST 60 e ]

prediction : ]
40_— ® |
201 _ N

Top Quark with ATLAS @ LHC

0_ | ( L
0 100 200 300 400 500 600 700
ATLAS-CONF-2011-023 my; [GeV]


mailto:fracesco.spano@cern.ch
mailto:fracesco.spano@cern.ch

Background estimates: QCD multi-jet -single Iep (W/z‘h bz‘ag)

“n >900_"| T T T T T T T
e “Fake” leptons: mis-id jets,y—e*e ” 7 S gool grﬁA_s | Weets
non-prompt leptons (b/c-decays) R /é ® data
q - q>_) : 7z
et 600 /
u channel: matrix method 500"
* Measure NStandad (ispjated-up) and N°°%€(non-iso-p) o0 ALAs.
events and find standard fake muons from S00F JJONF-
NJloose — Nloose., . 4 NJloose 200} T
\standard_ Etake Nloosefake + Ereal Nloosereal 100 e
: 0
Efake from |OW ETmISS ,MTW and Ereal from Z_} |J+u- 0O 20 40 60 80 100 120 140 160
o _ . _ Transverse Mass [GeV]
e Do it In bins of any variable to get proper estimate
> i I P I I [TTE]T I
S gool ATLAS | e+2jets
0 - Preliminary % ® data ]
: e [ _sses' O |
e channel: template method § 4o | T //% Walots -
- Bl Other Bkgd
e Derive QCD template from control region 300l / Waco ]
. . . . _ 7 uncertainty -
(electron fails one/more selection criteria) : -
 Normalize by fitting low Et™'ss shape (QCD 2001 ATLAS-
I CONF- |
template + MC samples) to data—extrapolate to ¢ RS
standard region : -

. 0
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W+jets estimate with ratio method

Estimate pre-tagged amount of W+jets in 4-jet bin then correct it to tagged sample

* Assume W+jets amounts in jet \ .
bin multiplicity are such that Unigﬂg%ty
VWn+1-jets \NN-iets . constant (Berends

Giele)
Wn—jets /W2—jets:Wn-jets JAY\VioR lje” (Wn-jets JAY\VioR 1jet...

et _ y et Z et plet pef and after tagging. Take ratio
-t -t -t -t
preag = W pre-a pre-ag/ Wore (only in mu, less QD)

j COIT

_ f24—Jet/f -jet
Measured by subtracting simulated 2-2>4  Jtagged’ Jtagged
nonW bkg in 1,2 jet bin, before b-tagging from simulation

to account for differences In
flavour comp
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e For Njets=3, 4 an 5, build

discriminant from distributions of

» lepton pseudorapidity «<top is
more central

» lepton charge <«top is
symmetric,W+jets isn’t

» aplanarity +top is more

spherical
e+>=4jet

g. 80: IIIIIIIIIIII |IIII|IIII|IIII|IIII|IIII| IIIIIIII :
© _.F ATLAS ]
70— . —]
% C e Data Preliminary ]
S 60 [+ _ -
R jL=35|ob1 -
50 W+jets =
40: -QCD E
- .Otheergd 0
30 —
20E- =
105 E
%01 02 03 04 05 06 07 08 09 1
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exp(-8 x A)
Top Quark with ATLAS @ LHC

Events / 0.25

Events

—xtract top cross section (l) - single lepton

ATLAS-CONF-2011-023

Mu+>=4jets

[(rrrryprrrrpTTT |||||||||||||||||||||||||| |||||||| ]

140 ATLAS E

120:_ e Data Preliminary _:

- tt f ST

N Ldt= 35 pb —

100E = wajets P>

80__ -QCD _

- [ other Bkgd .

+ + :

4O+Mml :

20F + —

T4 <45

- — — ]
-%.5 2 -15 1 -05 0 05 1 15 2 25

T]Iepton

Mu+>=4jets

900:| T T T T T T | T T T T | T T T T | T T T T | T T T |:
800F- ATLAS 3
700; e Data Preliminary =
= [ ILdt= 35pb" 3
6005_ Wijets _E
500 [l aco s
400 [ other Bkgd ‘ =
300 ; ‘ E
200 -
100 =
I E— 0 0.5 1 1.5

q

lepton
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—xtracting cross section (Il) - single lepton

'Perform maximum likelihood fit to discriminant in 3,>=4 jet bin for
both channels. Fix QCD and smaller bkg, fit top and W+jets contrib

ATLAS-CONF-2011-023 ATLAS-CONF-2011-023

o _IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_ (@) :IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III|:

s [ e+3-jets ATLAS 1 o 220-u+24-jets ATLAS =

wos0L ¢ Data Preliminary - w»og9r * Data Preliminary

s [ [ 4] &, 7 1]

= ﬁ/'t JLdt=35pb 1 F180F %.t JLdt=35pb{

: I tjets | . tjets -

® Cross section 200~ g o 1 160" gmaco |
found as . [l Other Bkgd | 140" [ Other Bkgd .

1501 ’_L 1 120F L] E

: 1 100" | -

o Nsig 100 4] 4 s ! A
f; T f ’ B ) 60F + ]
dt X €g; i t ] - ]_L ]

L M9 sof s B LY 1 .

0 0344_—-3‘1‘

0 0.10.20.304050.607080.9 1 0 0.10.20.3 040506070809 1

Where Likelihood discriminant Likelihood discriminant

€sig  signal acceptance, efficiency and branching ratio from simulation
+ data/MC scaling factors
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Systematic uncertainties - single lepton

ATLAS-CONF-2011-023

Source Relative cross-section uncertainty [%]
Object selection
Lepton reconstruction, identification, trigger -1.9/+2.6
Jet energy scale and reconstruction -6.1 / +5.7
Background rates and shape
QCD normalisation +3.9

CD shape +3.4
W+jets shape +1.2
Other backgrounds normalisation +0.5
Simulation
Initial/final state radiation 2.1/ +6.1
Parton distribution functions -3.0/+2.8
Parton shower and hadronisation +3.3
Next-to-leading-order generator +2.1
MC statistics +1.8
Pile-up +1.2
Total systematic uncertainty -10.2/+11.6

jet properties (scale, multiplicity) and background normalization
are the dominant contributors
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Cross section summary - single lepton

ATLAS-CONF-2011-023

ATLAS Prelimipary Theory (approx. NNLO)

Data 2010,J L=235 pb'1 m, = 172.5 GeV
L+jets w/o b-tagging :

Multivariate L. 17117 *2 +6
1D lepton n fit —k —— 204 £25+£39+7
1DAN_(Liet) fit . — 168+ 21+ 24+ 6
Counting | —— : 154+ 11 *,2 5
: (stat)x(syst)£(lumi)
— 50 To0 150 200~ 250 300 350
G, [pb]

e Consistency with SM prediction and amongst techniques

e Statistical (10%) and systematic (11%) uncertainties have the
same order of magnitude
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Cross section - single lepton with b-tagging

e Build discriminant from
» lepton eta, aplanarity

» Ht,3p ratio of transverse to
longitudinal activity «<top is
more transverse

» average of two largest jet b-
tagging probability —top has
more b-jets

e Extract o from likelihood

fit of discriminant to data in
3,4 and 5 jet bins

e Systematic uncertainties
part of fit as Gaussian
nuisance parameters

francesco.spano@cern.ch Top Quark with ATLAS @ LH
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ATLAS-CONF-2011-035

- ATLAS Preliminary  y+ 4 Jets

= -1 —e— data -~
- )l(Ldt=35pb C I+ -
— KS test: 0.11 W+dets —]
- Il QCD i
- + I Other _
l
0 0.2 0.4 0.6 0.8 1

exp(-4xHy5p)

T T T | T T T | T T T | T T T |A-II_ITAIS|-CIOI[\IJF|-2IC)I1 I1 _|OI3—5
ATLAS Preliminary W+ 4 jets =
. —e— data
C It
W+dets

Il QCD
B Other

L dt=35pb"
KS test: 0.25 =

77
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—xtracting cross section - single lepton

ﬂ 1601 ||||||||||||||||||||||| LA LA L B |: g 1_5:| L L B o o o o B LA I o o N ELAAL S e =
é B ATLAS Preliminary 6 14F ATLAS Preliminary =
S 140~ Mean = 0.065+0.032 Simulaion & & 13E Simulation 3
o - ¢6=0.979%0.025 N o = =
o 1201 4 & 12F E
o C 7 = - -
S 100 - HE E
O - ] - -
» - - 1 —
0 goF - - -
: . 0.95 -
60~ - 0.85- PO = 0.0055 + 0.0047 3
- . - o1 = 0.9987 +0.0047 1
201 = 0.6 E
L e T T T T T e T -

NI o o 085 08 07 08 09 1 11 12 13 T4 15

-5 4 -3 -2 1 0 1 2 3 4 3

injected ¢, / o3°™

(oft - oo™ / 8,

* Pseudo experiments used to test bias and uncertainty
¢ Bias and pull consistent with zero and 1

expected stat uncertainty is 9.7%
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—xtracting cross section - single lepton with b-tagging

— C T T T T
Q 2001 imi 7 = T
= ATLAS Preliminary | 3 [ ATLAS Preliminary -
0 . il - Simulation i
Fity?/n, . 3.0/7 N L _
B 1801 Siope: " 0.99 + 0.01 ] T ]
= - Offset:  1.14 £1.07 . I il
L = _
160_— —_ B N
: : O T om [ ] i n N N N N "
140 |- . : -
120 1— N I ]
A S R N S S AT S SR N SR SR -1 - —
120 140 160 180 200 | | | | | | | | | | | | | | | | | | L]
Input o, [pb] 120 140 160 180 200
Input o [pb]

e Simulated Pseudo experiments used to test bias and uncertainty
¢ Bias and pull consistent with zero and 1
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Cross checks - single lepton with b-tagging

g

Require >= 1 b-tagged jet © L | ATLAS Preliminary -
Q ; 4 jets / 1 b-tag
3 “r '. det=35pb" B
e Cut and Count 2 F oats
N sig Nops — N, bkg E : J E::Hims :
o (1) = = T Hacp
L X € L X € I B others
e Likelihood fit of the 3-jet mass to C100 200 300 400 506 00 730 300 50 1300

weighted sum of templates (in 3, 4,

5 Jet b|n) in two Ways % 50:_ ATLAIS Prelirr:inary [ILl+jets]‘;
. i . . O ¢ y :
» including systematics as nuisance o 40 jL dt = 35 pb E
parameters in fit E 30k >4 jets /1 b-tag
» standard fit, no nuisance par; vary = oof —— Data
n — Model

parameters to assess systematics ———_j7

- = = Background -

0 200 400 600 8 1000

m;; [GeV]
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Variables for discriminant - single lepton with b-tag

e The aplanarlty, defined as 1.5 times the smallest eigenvalue of the momentum tensor

Mij =%, _ ObJeCtS PikPji] 2 Objws pk, where pj is the i-th momentum component and py, is the modulus
o1 the momentum of Ob]@Ct k. To smooth the aplanarity distribution exp (-8 X aplanarity) 1s used
as input to the discriminant.

Q0" A A Donfiing TR R e

o ATLAS Preliminary e >+ ta‘{gts . = [ ATLASPrelimnary  e+dJets = -
— ! ] S - —e— data :
705_ L dt = 35 pb” |:IJ{;[V+Je’[s ] o 100_ det=35pb L _
- KS test: 0.45 B QCD ] E | KS test: 0.65 -‘gg%ets i
60F- M Other : 80 B Other ]
505_ l l _E 60__ ]
40F- —{—L)_; — = - i
30F- ~ 40 =

— ] | |

20, [ - ok Lr
O 15 1 05 0 05 1 15 2 25 % 010203 04 0506 0.7 08 0.9 1
n(e) exp(-8 x Aplanarity)

pseudorapidity aplanarity
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Ht,3p variable - single lepton with b-tag

e The variable Hr3,, given by the transverse energy of all jets except the two leading ones, normal-
ized to the sum of absolute values of all longitudinal momenta in the event,

Hr3, = Zlgets | p%’i| / ZIJY:O?““ |p..jl, where pr is the transverse momentum and p, the longitudi-
nal momentum. The sum over all objects includes the charged lepton, the neutrino and all jets.
The longitudinal momentum of the neutrino 1s obtained by solving the event kinematics using the
W mass constraint and taking the smaller neutrino p, solution. To smooth the Hr 3, distribution

exp (—4 X Hr3),) 18 used as input to the discriminant.

o NS AL A A R L A A B .
5 80 ATLAS Preliminary w+>5 Jets =
= - —e— dat .
3 70_—1Ldt=35pb'1 |:|ﬁaa =
E- - KS test: 0.11 W+Jets -
L 60— Il QCD ]
- B Other .

50 * —;

40F * =

T
20F- =
10§—L + | —i

e ]

0.6 08
exp(-4xHy ;)

o
o
N
o
n
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Selecting top pairs : di-lepton

e After single lept trigger,
exactly two opposite sign
high pt central leptons
(ee, ey, pY) and = 2
central high prjet

e High ET™Ss or trasverse
activity

eveto Z-like events

francesco.spano@cern.ch Top Quark with ATLAS @ LHC

Backgrounds

/Y +]ets
QCD, Di-bosons
single lepton
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Selecting top pairs : di-lepton

Common

* Trigger on high pr single
lepton

e Good collision and good
quality for jets

e exactly two opposite sign
high pT central leptons (ee,
e, mumu) matching the trigger

object
e > 2 central high prjet
pr> 20 GeV

e Mj; >15 GeV against b-
decays and vector mesons

e exclude cosmic rays

candidates mu pairs with large
opposite sign impact par + back to
back in r/phi

* reject events with overlapping
muon and electron tracks

ee, mumu

e IMii -Mz |<10 GeV against Z/gamma
e high ET™SS > 40 GeV against QCD

_|_

e,mu

e Hr >130 GeV, Hris sum of all
transverse momenta

Cuts optimized for
significance of signal over bkg
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Data Driven estimate of Non-Z bkg - di-lepton

* Define tight (standard) and loose lepton  §9°F s ee control region -

diboson ]
Il fake leptons =
uncertainty =

E|

samples relaxing G10%  prefiminary - dt
. : 10°F _ i tt E
» calo and track isolation for p ok Jrmssm R op ;
106; W DY + jets E

» calo isolation, TRT hits, E/p cuts for e o

e Express measured (tight,loose) samples in 1o
terms of unknown (real, fake) and 10°
estimated probabilities r (f): for real (fake) "

leptons passing loose also to pass tight 1
cuts 107"

* Extract fake content by matrix inversion

1 2 3 >4

Number of jets

Nrrl|| | rr f] Ir Ir NRR
Nt r(l —r) r(1—f) Ja—=r) fa-=x NRF
Nrr (I =nr)r (I-nf (1 =1 (IL=-1f NFR
Nl 1A= -=r) A=-rnd-f) A=-HA-r) = H0-HINFF

Measure r in Z — |

Measure f in QCD enriched sample: single loose lepton, low Er™ss

(W-+jets subtracted using simulation)
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Di-lepton:selection detalls

ee HH el
Z/y*+jets (DD) 1.2+5 3.4717 -
Z(— tr)+jets MC) | 04755 1.2+07 3.21%
Non-Z leptons (DD) | 0.8 +0.8 | 0.5+0.6 | 3.0+ 2.6
Single top (MC) 07+£0.1 | 1.3+£02 | 25+04
Dibosons (MC) 05+0.1 | 0902 | 2173
Total (non 7) 35+1.1 | 7358 | 108+34
i (MC) 11.5+£1.3 [ 20.1£1.7 | 474 4.0
Total expected events | 15.0 £ 1.7 | 274 +£2.4 | 582 +5.2
Observed events 16 31 58

Top Quark with ATLAS @ LHC
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Di-lepton main backgrounds 10 amias Wi contrdi region -
§1045— Preliminary e data _E
St jL=35 pb’ it :
D10°E B single top .
g ATLAS- B D.Y + jets E
* “Fake” leptons from data (matrix method) 10° CONF-2011- g o
» Invert high Er and Z window cuts — control 10 7 uncertainty
samples enriched with real and “fake” leptons | * i

» Derive probability for “fake” and real leptons to 10" g

be in signal region

» Estimate “fakes” as a function of events in
signal and control samples

0 50 100 150 200
in Z window EF*iGeVi
T — |

> | ]
$10°t  aTLas  ee control region -
S [ Preliminary e data ]
£ L =35pb’ L1t

§1 0’ j P Bl single top
S

ATLAS-

| DY + jets

. : : : : - CONF-2011- diboson
e //Y* bkg : scale control region with simulation 1y o027 Bl fake leptons
i uncertainty -

» In Z mass window, >=2 jets, Et™ss>30

» Nz (SigReg) = Data(ConReg)-OtherMC(CR)*[ MCzy 10E
(SigReg)/MCz/y (ConReg) |

for low E.’.miss e*e’ invariant mass [GeV]
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Di-lepton results

e Subtract estimated background

e Cross section from likelihood fit combining channels and

including systematics as nuisance parameters

Events

francesco.spano@cern.ch

| |
ATLAS

" Preliminary

JL - 35pb’

|
ee

® daia
Y ]
B single top |
W DY +jets -
diboson =
I fake leptons 1
uncertainty -

3 >4
Number of jets

Events

ATLAS-CONF-2011-027

| | | |
ATLAS pu

Preliminary ® daia
_[ L=35pb’ it :
Bl single top |

W DY +jets
diboson =

—, [l fake leptons °
uncertainty =

0 1 v 2 3
Number of jets

> 4

Top Quark with ATLAS @ LHC

after all cuts, except Niets (NOtice log scale)

10 = ATLAS eu
108k  Preliminary ® data N
: L=35pb L1t :
10 3 J P B single top
10* i W DY + jets
diboson :
10°¢ Bl fake leptons
of uncertainty -
10 3 . :
1
107

3 >4
Number of jets
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Di-lepton cross checks

e Normalize tt signal to
measured Z decay rate

¢ 2-d template shape fit
» ET™SS vs Nyets

» extract cross section for tt,
WW and Z tauta

» relaxed Njets and total
transverse energy cuts

e it distribution of number of
tagged jets to extract tt cross
section and b-tagging
efficiency

francesco.spano@cern.ch Top Quark with ATLAS @ LHC

Events

- = data

— === tag counting fit p

- [ 1S+B L =35 pb

= £ bkg el
— ee Hﬁ

ATLAS Preliminary

'

Number of b-tagged jets

CPPM Seminar -11th April 2011

2

3

89


mailto:fracesco.spano@cern.ch
mailto:fracesco.spano@cern.ch

Di-lepton summary

ATLAS-CONF-2011-027

T L T L RO R L BN
ATLAS Preliminary e Theory (approx. NNLO)
Data 2010,J L=235pb’ m, = 172.5 GeV
Dilepton :

Counting ._._._._. 173+22 * 1% *3

Counting w/ b-tagging ._._..‘_._. 171+ 22 *21 *+7

inclusive ’ ‘ ’ 171422 +14+5
tt/Z s+ 178£22£20

b-tagging fit - 176 +22 + 224 6

(stat)x(syst)=(lumi)

00700 150 200 250 300

6. [pb]

e Cross checks are consistent with baselines
e Systematics (10 to 12%) have similar size as statistics (~13%)
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Measuring Top mass

e Same selection as cross section

* Measure mass using hadronic top
» Jet energy scale is crucial

® [hree techniques

70

Events / 6 GeV

40F
30¢
20F
10F

600
50k

40

T .
;ATLASPreIiminary ® \s=7TeVdata _f

35 pb™

60

= 1
80 100 120 140

[ ]t m,=172.5 GeV
B s-top. mtop=1 72.5 GeV

- Z+jets ]
W+jets ]
WW,ZZ WZ

B oco =

ATLAS-
CONF-2011-033

miee° [GeV]

» baseline: fit ratio of reconstructed di-jet (W) and 3-jet (top) mass
» simultaneous measurement of scale and top mass

» Kinematic fitter based on likelihood

1_. 0_14_ |||||||||||||||| ||||||||||||||||||||_
e i [ m,, =160 GeV ]
o 0121 [m,, =170 GeV -
5 - Bl m,,, = 180 GeV -
o 0.1 Bl M., = 190 GeV -
© - — 7 sig
@ i
N 0.08 -
g : ATLAS Preliminary
5 0.06- \/s = 7 TeV Simulation _]
S i ]
i e )
0.04 —_
-/ channel:
002__ y';’: / D __
077395 2 25 3 35 4 45 5
franc ATLAS-CONF-2011-033 Rs, < with ATLAS @ LHC

Events /0.3

40
35
30
25
20
15
10

ATLAS-CONF-2011-033

\'s=7 TeV data
Best Fit background

Best Fit tt + background._

My, = 166.7 £ 5.0 GeV

160 165 170 _ 175
My, [GEV]

|||||| 2 3 [T |'4-'1--'r 1-1--5--|-- = -6- = ..7 8
R32
wrriviociiiilalr -1 1rulr APLIN £9 1| v
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CVelils / €0 GV

Measuring top mass

ATLAS-CONF-2011-033

S Taggeder ot [eomm o verrmn top peak from kinematic fitter
— Tagged e + jets L = 35pb ® \/s=7TeVdata 3
40— [CJtim =1725Gev
E - s-top, mmp=172.5 GeV E
3 . W Z+ists E ATLAS-CONF-2011-033
30— ° W-jets —
= WW,ZZ,WZ - ATLAS Preliminary - Winter 2011, L =35 pb
251" Bl oco = int
20E- = default (1d TMT, R_ ), e+jets O 173.8+6.714.8
15 =5 E default (1d TMT, R ), p+jets o 166.7+£5.0£ 5.0
o §_ ATLAS Preliminary - default (1d TMT, R ), comb o 169.3+ 4.0+ 4.9
55 . 2d TMT, e+jets @ 168.31£ 6.2t 4.3
= = 2d TMT, p+jets o 163.5+ 6.7t 4.6
0 : n s
0 400500 €00 [Ge\7/]00 2d TMT, comb o 166.1+ 4.6+ 4.4
o 1d TMT, KLF, e+jets e 179.0+ 4.3+ 75
1d TMT, KLF, p+jets ® 172.0£35+7.5
1d TMT, KLF, comb @ 1748+2.7+£7.5
Tevatron July 2010 .. 173.3+0.6+0.9
+ (stat.) £ (syst.)
I | | | | | I

140 150 160 170 180 190 200

My, [Ge
Stat. and syst. have the same size oet]

¢ | argest systematics (baseline): jet energy scale, initial and

final state radiation |
CMS combined: 175.5%4.6x4.6
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" ™ 40""""_'_""'".""_' """"""
Measuring Top mass O gy ATWASPemnay T e b
E 30— JL =35pb’ Best Fit tt + background ]
: : L My, = 166.7 £ 5.0 GeV
e Same selection as cross section 25 o i
¢ Measure mass using hadronic top 20 Cha‘:mel K -
» Jet energy scale is crucial 151 | -
101~ * * 0960 E 1656 170 é 175_
e Three techniques 5 ”‘m[‘TV] -
» baseline: template-fit ratio Y S S A
of reconstructed di-jet (W) Ra
and 3-jet (top) mass P
, reliminary - Winter 2011, L _ =35 pb’
} SlmUItaneOUS measurement Of default (1d TMT, R32), e+jets O 173.8+6.71t4.8
sca/e and tOp mass default (1d TMT, R ), u+jets O 166.7+ 5.0+ 5.0
) kinematic fitter based oh default (1d TMT, Rsz),comb @ 169.3+4.0+4.9
/Ike/IhOOd 2d TMT, e+jets O 168.3+ 6.2+t 4.3
2d TMT, u+jets O 163.5£ 6.7t 4.6
2d TMT, comb O 166.1t46+ 44
. ) . 1d TMT, KLF, e+jets O 179.0£4.3t£7.5
e Statistics = systematics 1d TMT, KLF, psjets o 172.0+3.5+7.5
. 1d TMT, KLF, comb o 1748+2.7x7.5
¢ LargeSt Sys.tematlcs Tevatron July 2010 .o 173.3£ 0.6+ 0.9
(baseline): jet energy scale, - (stat)  (syst)
Inltl.al and flnal State 14|fO 15|O 16|O 1%0 1£|30 1S|)O 2(|)O
radiation

: rntop [GGV]
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Top mass systematics

Uncertainty [GeV]
Electron channel | Muon channel
Statistical uncertainty 6.7 5.0
Method calibration 0.7 0.5
Signal MC generator(PowHeG vs. MC@NLO) 0.7 0.6
Hadronization PowHEG (PyTHIA vs. HERWIG) 1.0 0.5
Pileup 0.6 0.8
ISR and FSR (signal only) 2.2 2.6
Proton PDF 0.6 0.5
W/Z+jets background normalization (+=100%) 1.3 1.7
W/Z+jets background shape 0.6 1.0
QCD background normalization (+=100%) 0.8 0.7
QCD background shape 0.6 0.5
Jet energy scale (x10°) plus 5% for close by jets 2.3 1.9
b-jet energy scale (+2.5%) 2.5 2.5
b-tagging efliciency and mistag rate 0.6 0.5
Jet energy resolution 0.6 1.1
Jet reconstruction efficiency (£2%) 0.6 0.5
Total systematic uncertainty 4.8 5.0
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Single top with ATLAS ATlLAS-lCONFt'ZO“'”? o, =530 pb
single lepton o) < 162 pb

n — | )

t-channel S ggg_ATLASPreliminary@\Fs=7TeV ] g
> — = o E
5 2o§—JL=35pb" E 3 i

sigma SM~ 66 pb i B tchannel Lki+syst E
Z 14 £ -
u(@ 1 (0 . after all CU’[SE :

ATLAS Preliminary =
Js5=7 TeV, L= 35 pb' 7
a,. cut-based =

» salas P
25 3 35 4 45 5

il e e H

b t Lepton flavour and charge

| , combined limit
single +di-lepton

Wt channel ow: < 158 pb.

0 L I I I L
I —~ c T ATLAS Preliminary Dilepton Combined : ] (@)

sigma SM~ 15 pb §  #russ | e 95%CL
b t 5 " LE / -
5 - B £ 16} -
g E |:|Z(% ee/up)+jets E _8) 1.43:7 Lkl Lk|+SySt QO%CL_;
z 30 N |:| Z(— tr)+jets - 1.2 ;_‘ _;
E + |:|Diboson E 1;— ] —;
A7~ 20 op pair 8 =
b g : - - 68%CL
10: ATLAS Preliminary 3
g B s=7 Tth,).L=d35 pb” J
_ i Oy combine 3
- - A PR R R B

s-chan has xsec ~ 4pb L R R R R R 5o e

o/o
Number of Jets SV
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Top/anti-top resonances : ATLAS expectations
e Search for peaks in Mit & mass resolution is crucial

ATLAS-PHYS-PUB-2010-008

LR L L D R
4 ATHAS Preliminary = Noparion mergpa
Simulgtion, parton level 4 2 partons merged

+ v 3 partons mergéd —

e At “low” Msu

» add final state objects + algo
to choose jets (pt order,X?)
» perform kinematic fit using <I‘L

Fraction of events
o

'g"|"'|"'|"'|'

MW, Mtop 0. _:
hep-ex:0901.0512 Ecm =10 TeV,100 pb! 0 -
%\0004;_"'|"',|_I"'|"'|"'|."'|"'|"'_; =
20,0035 (a) True di-top mass = 500 1000 1500 2000 2500
A . 3 Mtt [GeV]
= 0.003 S Reconstructed di-top mass | . . o
20,0025 - = Probability to find partons within DR=0.8
% e e Full event fit
% 00025— b ) —:
Z0.0015F sl - —
= F 5. Simulated tt 3
0.001 o -
000055_ z i ATLAS E \/
ooe [ e ] © ngher thoP (Qr Mtt) V\)t
0200 200 600 800 1000 1200 1400 1600 boosted “top jet”—b ne

M_ti[GeV]

reco to separate QCD,
* ATLAS analysis with 35 pb' in tt, possible new physics.
advanced state. Expect results soon.
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C GEORG-AUGUST-UNIVERSITAT
. @J o Colour Charge Asymmetry (Agg)

. Form observable: Ay =1y; — yz
NAy)O . NAy(O
A =
fb NAy>0 + NAy<O0 P > p
. Use b-tagged events tt rest frame

. Use kinematic fitter for reco

»
3

E -l Top pairs 1 DO RunllPreliminary| - #
> [[Ewsets L=43fb" !
" W A% = 8 + 4(stat) + 1(syst)%
' Raw result (not unfolded)
L 2 + description of acceptance
100 & detector effects allowing
- comparison to any model
50— e ge “+20;
! [ MC@NLO prediction: 1 7% ]

Ay [DO note 6062]  ~2 (¥

3/26/11 Measurements of Top Quark Properties at the Tevatron

Oleg Brandt - Moriond QCD 2011
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0.6

GEORG-AUGUST-UNIVERSITAT

C‘
. @?J GOTTINGEN

Colour Charge Asymmetry (Agg)

. Look at Ag as a function of M,,

m —4+— data
<EL).5 | NLO tt+hkg /Pronounced dependence\
| ! of Ag on M !!!
04 £ | New physics?
- I ° °
03 S SM prediction
- ! at a 4?7 o ~?
02 | } \_ SoftQCDeffects?
N I —
0.1 | b
- I Unfolding
0.‘_.. ............... T e e e e
- |
5 |
'0-1._.I....I....é....l....l...nl....
350 400 4 IO 500 550 600
€ : , = , :
selection Mz < 450 GeV /e Mz > 450 GeV /c
data parton —0.116 4 0.146 4 0.047 0.475 £ 0.101 £ 0.049
MCFM +0.040 £ 0.006 0.088 & 0.013
3/26/11 Measurements of Top Quark Properties at the Tevatron

francesco.spano@cern.ch

Oleg Brandt - Moriond QCD 2011

Top Quark with ATLAS @ LHC
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I L B B LA R B
- CMS Preliminary —e— Data

CMS top anti top resonance

% 25136 pb at\s =7 TeV [ ]acp —f

COD - e, =4 jets, = 1 b-tag EZ/Y*_)W (+ light jets)

S 20p o~

TO :)‘1 O'OO?' DAS 2 SR iﬁi':”f;"g“”ets’ :

(0 15:_ B -

B Z'0.5TeV (50 pb)

10— [ Z'0.75TeV (50 pb) —

¢ Use b-tagged and non-b £ b e

tagged events : :
® Least Squares to Choose the O_400 600 800 1000 12'00 1410?'n 1[8060\//(;8]00

JetS 380:IC';M'SIiD"II_"_'I"'I"'I"'I"'I"'l:

e Kinematic fit for mass = 70136 b at\s = 7 TeV -

reconsltrUCthn T 60?— —e— Observed (95% CL) —f

» Res is about 6% at 500 GeV , N Exoocted (05% CL)

7% at 1 TeV T °FF i E

Cs 402_ + 1o Expected E

e Mass reach up to 1.8 TeV - :

E 30F - + 20 Expected ]

. £ o0-
* No exclusion statement, upper %
limit on Z prime g ;
004 0608 1 12141618 2_

m., [TeV/c?]
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\ H.Lee, Moriond QCD _ |
March 201 1 Combination

Mass of the Top Quark (*Preliminary) &
. 0.5 o
CDF- i 167.4£10.3+4.9 s | & @
[ ] e AN

DO-l di 168.4+12.3+ 3.6 Zos- )
* L] -2
CDF-Il di-l 1712+27+29 £
. _ N — : 03[
DO-11 di-1 1747+2.9+2.4 S

° i
CDF-I 4] 176.1+ 5.1+ 5.3 @ 021

L _— -
DO-1 14 180.1+ 3.9+ 3.6 é_ -
CDF-Il 1 172.1+ 0.9+ 1.3 ‘*_3
* . Lol ) g
DO-II I+ = 0.0

] 17.3.7 +0.8+1.6 e
CDF-l all| 186.0 +10.0+ 5.7
* e
CDF- i 748417410 New measurements
* ®
CDF-lI trk
1753+ 6.2+ 3.0 _
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Outline

e Why top quark?

* The LHC is back: a top factory at work

* The ATLAS detector: a top observer Data results: hot

off the press!
* Measuring top quark production (and
mass) Most recent:
approved 9 days
* Towards new physics with top quark ago. Oldest ~ 2
weeks.

Disclaimer: wide field, concentrate on selected topics
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