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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 48 hours
e Towards new physics with top quark ago. Oldest ~ 1
week.

Disclaimer: wide field, concentrate on selected topics
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Why TOp (q Uark)fP 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 > < >W<
physics (Higgs, SUSY)
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LHC : a Top producer

counter-rotating high intensity proton bunches colliding with
3.5 TeV/beam (Ecm=7 TeV) in 27 Km tunnel

eventually: Ecm=14TeV (7 TeV per beam, design value)
— —
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Top quark (pair) production @ Ecm = 7 TeV LHC

proton-proton collisions

gqg annihilation gluon fusion
q ( S //t g - {
5 g
5  §
g =

q t

§ =
—-

~30% ~70%

total xsec =165*11_11 pb

@ 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 LPHNE Seminar -24th March 2011 S
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Top @ LHC: in the context

proton - (anti)proton cross sections

10" g
o
o
o
o
:
.

10' E

10° £

LHC14 1t cross section
T A.A --?109
310 Js(TeV) |xsec (pb) Rg:e at2L=1
Tevétron L}:{C ?10 10%°cm™ s

1.96 (pp) ~7
7 (Pp) ~165 0.2Hz

¢ | 14(pp) | ~900
o (E/* > s/20) S 0.9Hz
o, -
o (E/” > 100 GeV) %3
. ¢ Theory uncertainty: ~ 8 to 6% at
) : Tevatron, 6 to 4% at LHC
cYJ'et(ETjet > \s/4) B
G11g5e(M,, = 150 GeV) s

< for [Ldt =1 fb! @ 7TeV, expect 16*10* events

M, = 500 GeV)

Higg

. v 10" Tevatron: 9.4 fbo! on tape, expect ~ 6.6*10* events

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 . d T0,0 Observer 3 trigger levels

for event
size 44m selection
matters — ——— o
= Muon spectrometerfs 7
J ) ) 2 .é—_’:; . «%2_*};1 , i \ "\.5\“

J P -

e .

............
..........

Tile calorimeters

LAr hadronic end-cap and

forward calorimeters
Pixel detector

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor tfracker

n= pseudorapidity =-In (tan(theta/2)) Hadronic Calorimeters
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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

d .

5
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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 a few 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
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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,
p 1G] SR Soyez,2008)

25'-

2 1\ “hard stuff
m_— . clusters with
nearest
neighbour”

g Ly S 0
francesco.spano@cern.ch Top Quark with AT =~ = *_ _eta aminar -24th March 2011 12
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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
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Ingredients Il : jets (scale)

e Calibrate jet energy scale with
(n,pr1) dependent weight from
simulated “true” jet
kinematics

e Scale uncertainty: range
between 2% to 8% in pr and n

Fractional JES systematic uncertainty

e Contributions from

» Physics models for generation
and hadronization

» Calorimeter response: collision
single particle data, test beam

» Detector simulation

Data / MC

¢ \/alidation in control samples

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

ATLAS-CONF-2011-053

0.181 — N
0.16 :_ Anti-k, R=0.6, EM+JES, 0.3<|n | < 0.8, Data 2010 + Monte Carlo QCD jets _:
" "E a4 ALPGEN + Herwig + Jimmy v Noise Thresholds -
0.14 x  JES calibration non-closure PYTHIA Perugia2010 —
— O  Single particle (calorimeter) Additional dead material ]
0.12 T ] Total JES uncertainty ]
0.1 =
0.08 ATLAS Preliminary —
0.06 =
0.04F —I—L =
- Iy g o o oo U T
0.02:— 2 . w @ g 0O O E
N = X v
0 I I AN TN W
20 30 40 10 2x10° - 10°
p¥' [GeV]
1_14 T T T T T T T T T |
1 1oL ATLAS-CONF-2011-053
{ 1 Multi-jet ATLAS Preliminary _
' o Track-jet
1.08—a v -jet direct balance ]
1.06— 7 -jet MPF |
1.04— I _
1.02— A ++""' ]
1 T i +
0.98- i:g::t i +‘%ﬁq .
0.96— :‘# _
0.94— ]
0.92— JES uncertainty anti-k, R=0.6, EM+JES —
0.9——————— —
10 10°
PF' [GeV]
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Ingredients Ill: missing transverse energy (EtT™s)

* 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

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 E
Jo°L Data 2010 \'s=7 TeV ]
= Ldt=0.34 nb” 3
10% & Inl<4.5 —=
3 = e Data -
10 = [ IMC MinBias ~ J
e ;_ RefFinal _;
BliliE
= 1 | 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 | =
0] 10 20 30 40 50 60
ET™ [GeV]
;‘ 1 O — T T T T | T T | T T T T | T T T T T T T T | T T T T | T T -
) : -
) 9F e Data:fit0.49\ s E; =
S 8F —— MC Minbias: fit 0.51\% E, =
5  7F Low =
N — ]
T  6F E
3 5 == ATLAS-CONF-2010-057 3
W F -
3 4 =
€ — _
- = -
oF Data 2010 \'s =7 TeV 3
# ATLAS Preliminary f Ldt=034nb" 3
. nl<4.5 J
O _ cao b v by by b by g A
0 50 100 150 200 250 300
> E; [GeV
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Selecting top pairs - single lepton

b

N\

v
W+

* Trigger on high pr single lepton [Ldt =35 pb” q%ﬁt t\b

q' ATLAS-CONF-2011-023

* 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 (mu)
channel

e L arge transverse leptonic W

Mmass™ > 25 GeV/( 60GeV - E7™ss) for e
(mu) channel

e > 1 central high prjet
pr> 25 GeV

francesco.spano@cern.ch

e Mmu
3jets| 4jets | 3jets |4jets
tt (116|194 | 161 |273
acp | 62| 22 | 121 | 51
Wajets | 580] 180 [1100] 310
Z+ets | 32| 18 | 69 | 25
Singlet | 22 | 11 32 | 15
wwwzzzl 9 | 3 | 16| 4
Total Exp | 830 | 430 |1500| 680
Data |781| 400 | 1356|653

Top Quark with ATLAS @ LHC

*= 204 (1 = cos(9t — ¢)

LPHNE Seminar -24th March 2011
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Background estimates: QCD multi-jet
¢ “Fake” leptons: mis-id jets,y—ete", non-prompt leptons (b/c-decays)

Looser lepton definition: control region. Assume same shape in default
and control region

U channel: matrix method

U)o e RN R RN RN RN AR : : :
“F ATLas we2jets 1 ® Measure N9 (isolated-p) and N°9€(non-iso-p)

- freimnary . cd 1 ayents and find real fake muons from

N/loose — \]Ioose]cake 4+ Nloosereal

Ntight — Efake Nloosefake + Ereal Nloosereal

€rake from low Et™Mss MW and €rea from Z—pty-

> B T | T T | T T | T T | T T | 1T | 1T | 1T

8 gyl ATLAS | e+2jets

© - Preliminary // ® data ]

£ :JL=35pb'1 % it Z
0 2 400[- /// W+jets
0 20 40 60 80 100 120 140 160 L I / B Other Bkgd

Transverse Mass [GeV] @ channel: template method 3000 maco

uncertainty -

e Extract QCD Et™ss shape from control region ook ALAs.

(electron fail one/more selection criteria) : §, o

e Fit ET™ssin low ET™SS region, then extrapolate by 1o + 4% ? .
apply tight selection N ‘.

. 0
francesco.spano@cern.ch Top Quark with ATLAS @ LHC LP 0 20 40 60 80 100 120 140 160
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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]
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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

francesco.spano@cern.ch

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 |IIII|IIII|IIII|IIII|IIII| IIIIIIII ]
140 ATLAS E
120:_ e Data Preliminary _:
- tt f 4
- Ldt= 35 pb -
1000 7 wajets PO 2
80— -QCD 7
- [ other Bkgd .
+ + :
4O+M+ﬂ | :
20:__+_ _+_ ¢—:
B R — Ra—— ]
-%.5 2 15 1 -05 0 0.5 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 T T :
800F- ATLAS E
— e Data Preliminary ]
700F —
= [a j Ldt=35pb" 3
6005_ Wijets _E
500 @ aco =
400 [ other Bkgd ‘ -
300F ; ‘ -
200F- =
100 =
Y5 1 05 0 0.5 i 1.5
qlepton
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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

francesco.spano@cern.ch Top Quark with ATLAS @ LHC LPHNE Seminar -24th March 2011 21
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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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Ingredients IV : enter b-jets
* B-hadrons have long lifetime ~observable flight (few mm)

lagging do/0g,

e track impact parameter resolution d0/
sigma_do-> different probability for jet

" Jet axis

origin for b-jets s = e
P Zrczjrgczf/mllepton/c

Performance In data O e

g b Ns=7Tev L ~15nb":

* Fit fraction of b-jets in sample with 5 10°F = Bitebieiwo - igrioe E
muons in jets, count how many are émg—l Pyihia Dt MG -6 s :
b_,tagged z 106%_ ATLAS-CONF-2010-091 3
e Mistag rate from secondary vertex : :

properties (invariant mass 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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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

140

Entries/0.10

120

100F

80

60F

40

20F

Entries/0.25

10

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 =

24
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e QCD with matrix and template
methods

e W+jets
¢ shape from simulation

e data-driven normalization for
high jet multiplicity bins (3,4
and 5) «—extrapolate content of
1 and 2 jet bins before tagging

e Other (small) backgrounds:
simulated + rate set to SM
expectation

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

After
all
cuts

I
e+>4-jets |

Backgrounds estimates - single lepton with b-tagging

ATLAS-CONF-2011-035

) C
5 200" ATLAS
L [ Preliminary e data
[ | Ldt=35pp" LIt b
400: J P W+ iets ]
% I Other Bkgd
300 / Il oco
uncertainty |
% ]
200
: _
L 7
100 (&
! ]
° > 2
Number of b-taas
12 - [ I ]
& ann-. ATLAS u+>4-jets
> 800r A
L - Preliminary e data
700 || grosspy’ LI -
. W+ jets A
600?/ I Other Bkgd
500 Bl QCD =
uncertainty 1
400% -
300 .
Z 7,
200;— 7 7% =
100F . -
° 0 1 > 2

Number of b-tags

LPHNE Seminar -24th March 2011

25


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

Summary for single lepton

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

e Systematics are as large
as statistics; already

dominant in b-tagging
case

francesco.spano@cern.ch Top Quark with ATLAS

ATLAS Preliminary

Theory (approx. NNLO)
m, = 172.5 GeV

Data 2010,J L=35pb"

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

171£17 2 +6

Multivariate
1D lepton n fit A 1 204 +£25+39+7
1D An__ (I,jet) fit " 168+21+24+6
Counting —a 154+ 11 70 +5
: (stat)(syst):(lumi)
~ 50 00 B0 200~ 250 300 350
c_Iobl

ATLAS Preliminary Theory (approx. NNLO)
mt =172.5 GeV

Data 2o1o,j L=35pb’

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

e 186+ 10 *2 +6

0

Multivariate

Top mass profile fit ._.-H—. 156+8 0 £5

Top mass standard fit I—'—I—A—I—I 183+14 *2 +6

Counting n—a—‘—..—a 156+ 10 *5; +6
: (stat)x(syst)x(lumi)

— 5000 150 200 250 300

.. [pb]
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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

LPHNE Seminar -24th March 2011

27


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

be in signal region

» Estimate “fakes” as a function of events in

signal and control samples

Di-lepton main backgrounds

* “Fake” leptons from data (matrix method)

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

» Derive probability for “fake” and real leptons to

e //Y* bkg : scale control region with simulation
» IN Z mass window, >=2 jets, Ermiss>30

» Nz (SigReg) = Data(ConReg)-OtherMC(CR)*[ MCzxy

(SigReg)/MCzy (ConReg) |

ee HH ep
Z/y*+jets (DD) 1.292 3441
Z(— tr)+jets (MC) | 0.4704 1.2%07 3.2418
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) 0501 | 09+02 | 2.1%3
Total (non 1) 3511 | 7348 1 108+34
i (MC) 115£13 [ 20.1+1.7 | 47.4+4.0
Total expected events | 15.0 1.7 | 27.4+2.4 | 58.2+5.2
Observed events 16 31 58

francesco.spano@cern.ch

Top Quark with ATLAS @ LHC

Events / 10 GeV

10%F

10

ATLAS
Preliminary ® daia
j L=35pb Lt
I single top
DY + jets
ATLAS- = diboslon
NF-2011- =
cO 0 B fake leptons 1

027

| | |
uw control region

uncertainty -

*’/

50 100 150 200
in Z window E™iGevi
N
= ATLAS €€ control region -
Preliminary e data
j L=35pb’ Ltt
B single top
- CONF-2011- diboson
3 021 Il fake leptons
uncertainty 1

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

after all cuts, except Niets (NOtice log scale)

210k | | ]
¢~ E ATLAS ee
'-”105;_ Preliminary ® dala :
: J L=35pb et E

10%E Bl single top |
W DY +jets 3

10° diboson =

= — 3

- B fake leptons 7
10%E uncertainty —

>4
Number of jets

francesco.spano@cern.ch

ATLAS-CONF-2011-027

| |
ATLAS

Preliminary

_[L = 35 pb’

|
Mu

® dala
[ 1t ]
B single top |
W DY +jets
diboson —

. [l fake leptons -

uncertainty 5

Top Quark with ATLAS @ LHC

3 >4

Number of jets

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

0 1 3 >4
Number of jets
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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 sect|on results

T | | |
ATLAS Prehmmary _______ Theory (approx. NNLO)
Data 2010, f L=35pb" m, = 172.5 GeV _ _ _
e Combined result uncertainty is
L+jets w/ b-tagging H—A—i—u 186110:1280186 100/0: comparable to theory
Dilepton w/o b-tagging e 17322 * 0 %,
Combination |-.-|—‘—|—| 180+9 +15+6 > ATLAS' 1 80 i1 8 pb
L+jets w/o b-tagging A: 17117 2 +6 h CMS 1 5811 9 pb (1 2%)
Dilepton w/ b-tagging L a 17122 *&21 +/
(stat)=(syst)=(lumi)
| | | | | | | | | | | | | | | I: | | | | | | | | | | | | | | | |
0 50 100 150 200 250 300
Q - @ ATLAS ~ ----' NLO QCD (pp)
I_l't | Preliminary B2 Approx. NNLO (pp)
o B5pb") NLO QCD (pp) e
joeLYoMs e Approx. NNLO (pP)  _...5:3 |
- (36pb s E
- m CDF .
~ A DO 1 8300
e Uncertainty ' 1 sl '
dominated by ., ! ool
systematics : : |
B 1 150¢
I 1 100} :
6.5 7 7.5
1 2 3 5 6 7 8

francesco.spano@cern.ct
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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
» 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 0.1F B ™, = 190 GeV
© I — 7 sig i
boh) i

N 0.08 -

g : ATLAS Preliminary
5 0.06- \/s = 7 TeV Simulation _]
— i ]
i e )
0.04 -
- channel:
002__ wﬁ / [\ __
077395 2 25 3 35 4 45 5

franc ATLAS-CONF-2011-033

R, < with ATLAS @ LHC

Events /0.3

40
35
30
25
20
15
10

70

Events / 6 GeV

40F
30¢
20F
10F

600
50k

40

60

| T T T
" ATLAS Preliminary

35 pb™

—

| T T T | T T T | T
o \/s=7TeVdata

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

D Zijets ]
Wijets —
WW,ZZ WZ

B oco =

ATLAS-
CONF-2011-033 -

s R IR
100 120 140
M [GeV]

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
LICITINE OSClliiadl —Z4LU 1 1viadlull £U 1 | Vo
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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
35 E_ o I Z+jets _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
= I i + +
o . | . 2d TMT, p+jets O 163.5+ 6.7+ 4.6
0 400 500 rggg, [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, u+jets o 172.0£ 35+ 75
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
Miop [GeV]
Stat. and syst. have the same size

¢ | argest systematics (baseline): jet energy scale, initial and
final state radiation
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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 : resonances decaying to top

E-i

1000

500

100

20

10

arxiv:0/712.2325

I II|IIII| IJII|IIII|

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

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

44444

—— QCD only
Z' Color singlet

g% Color octet (vector coupling)

b |||||:|'rTL‘ [ |||||||

g* Color octet (axial coupling)

| _ S e e 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
@LHC: CMS @ MoriondEWK11 showed upper limits on Z’ xsec 4 ;
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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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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]
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Conclusion

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

e ATLAS 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 =4(stat)+=4.9 (syst)

e [f O(300) to 500 pb for summer and few fb! in 2011 — exciting
prospects for new physics searches with top, for instance top
resonances
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CERN's accelerator complex

1740 TT41

SPS
%
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1985 (182 m

AIE e s P Y e
A LINAC 2 ] ‘
/ veut 0%
N LINAC 3
lons
) P on ) J S » P [ontiproton) — 4 — /.:':';:"x LOn converson P NEULrIND: » electron
LHC Large Hadron Collider SPS Super Proton Synchrotron PSS  Proton Synchrotron
AD  Antiproton Decelerator  C 11 ‘ ' ! CNGS  Cern Neutrinos to Gran Sasso SOLDI tope S ‘ mbLine DI
LEIR Low Energy lon Ring  LINAC LINear ACcelerator )
)’ European Organization for Nuclear Research | Organisation européenne pour la recherche nucléaire © CERN 2008
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L HC record: 22nd March 2010 e S Meyers, 105th LHCC open

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: 21:5
4000

2.5E13 aan ™ 250
3500

3000 200y

2500 150

-2000
- 100

1500

Luminosity / 1e30 cm-2s-1

a0
-1000

-500 0 T T T T T
l”_l 11:00 13:00 15:00 17:00 19:00
=

0 — ATLAS — AUCE — CMS — LHOb

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

Comments 22-03-2011 21:21:07 BIS status and SMP flags Bl
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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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The ATLAS detector

e Onion-like structure

Tracking Electromagnetic Hadron Muon
chamber calorimeter calorimeter chamber

B —

[nnermost Layer.., =t . Qutermost Layer
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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 : 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
lllll

track, particle identifcation,
P mMeasurement

2 B}
'd;.
73
detec
L] & e e
R N0,
S S

b-tagging
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ATLAS : a /op opbserver
Calorimeters

electron and jets reconstruction
Missing transverse energy

LRI

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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E{T il "”' ;
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_._/ 0 Argc a\je AL<
U
‘ A
al2aé 4
B P 0 op - RO 3 e 200

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 =2 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 |
1234
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 wih tt final state

e //gamma-+jets : PYTHIA for Z_tautau, ALPGEN (MLM matching
for ) Zto ee and Z ti mumu NLO factor of 125

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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B-tagging : Jet prob algorithm Sy = do/ 04,

&3 109;'Ill\lﬁH?IerVHHllllllllllllllllllll
. . o - E s=7Te
e Compare signed impact S 10°F * B2 o igntjts

parameter significance for each O 107 [ I Pinia Diet MG et
track in jet to resolution function §106§
to find track prob. to originate R
S 107 E
—ldy/ oy, | .
N B 10,
— 00 103§
10°¢
@Jet—yoz ln@O) ) 10%

%o 30 20 -10 0 10 20 30 40

""ATLAS Pfelimir ]
-7\\\\‘\\\\‘\\\\‘\‘\‘\“‘\\\\‘\\\\‘\\\\
1040 30 20 -10 0 10 20 30 40
Sy Sy,
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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
» differentresponse 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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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

francesco.spano@cern.ch Top Quark with ATLAS @ LHC LPHNE Seminar -24th March 2011 o4



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

W+jets estimate with ratio method

Estimate pre-tagged amount of W+jets in 4-jet bin then correct it to tagged sample
>4-je >4-je >4-je
Wtaggje(ti f;aggjec;'

e Assume W+jets amounts In jet \
bin multiplicity are such that
\\Wn+1-iets \Nn-ets . 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 corr  _ f24—jet / f 2-jet
Measured by subtracting simulated 2—24 tagged’ ' tagged

nonW bkg in 1,2 jet bin, before b-tagging

| | from simulation
good agreement data/MC in control region
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Systematic uncertainties : single lepton with b-tagging

ATLAS-COM-CONF-2011-028 Statistical Error (%) +53 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 s
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 L7

I 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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—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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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 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
- [ 1S+B

— [ bkg

ATLAS Preliminary

J L=35pb’
ep

'

— L
Number of b-tagged jets
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Triangular cut

e True W leptonic decay with large missing transverse energy
also have large transverse mass

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

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

Transv A
Mass True W

QCD

Transv

‘)
Missing energy
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Cross checks - single lepton with b-tagging

g

Require >= 1 b-tagged jet © L | ATLAS Preliminary -
Qo ; 4 jets / 1 b-tag
3 1 det=35pb" E
e Cut and Coun PR oata
" [T i
N sig Nops — N, bkg E [ J [W+jets -
o (1) = = T Hacp
L Xe€ L Xe€ ! Bothers
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]

francesco.spano@cern.ch Top Quark with ATLAS @ LHC LPHNE Seminar -24th March 2011 63



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

Top mass systematics

Uncertainty [GeV]
Electron channel | Muon channel
Statistical uncertainty 6.7 5.0
Method calibration 0.7 0.5
Signal MC generator(Pownec 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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