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Introduction

* Top quark is the heaviest particle in the SM

QUARKIMASSES e It decays before hadronization

* The top quark pair production is a good probe

to test...

* Perturbative QCD

* New physics in the production mechanism

* The performance of the detector
 MCsimulations

bottom (O &

This talk will show the results of the latest

studies availables on the inclusive top quark
pair cross section




Cross section

* Top quark pairs are produced through strong

; : : i . 9 BOOOOOO00 —————— ¢ g N
interaction (LHC — mainly via gluon fusion)
 Total inclusive cross section reaches full NNLO
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\- J » Top decays by weak interactiontoa W
. boson and a b quark ~100% of the times
Top Pair Decay Channels e W decay modes define the analysis
channels
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All hadronic, 7TeV 4.7 fb—1,

gbar
> Event selection:
q « Requires =5 jets with p = 55 GeV, 6th jet
with pt = 30GeV within |n| < 2.5
W+ e At least 2 b-jets with pt =55 GeV
gbar  AR(,') >0.6,>1.2 for the b-tagged jets
* \Veto leptons & missing energy

e thar t

bbar

q

> Strategy:

0.25 - e . '
27"l ATLAS Preliminary Simulation | Reconstruction of full event topology
S | Matched combinations only 1 = Kinematic likelihood fit to assign jets to top quarks
S (.ol tt signal ] decays
= [ Y 1 e+ Constrainton W massand m(t)=m(E)
< [ t 1« Allows to build mp, as discriminant improving
0'15__ ; -+ Fitted E resolution
) +*H+ -+ Reconstructed |
o1 ¢ E > Background:
i poo# ] * QCD multijet
B o 0‘ i
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All hadronic, 7TeV 4.7 fb—1,

> Method
« Unbinned likelihood fit to extract cross section from myqp

QCD multijet background template from data
Correction factors to account for modeling & composition differences from MC

........................ - Full 7 TeV dataset used
i 1 - Good agreement with SM
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. 1 * Uncertainties:
: JL dt =4.71o « Jet energy scale - 20%
1501 1 * b-tagging = 17%
: ¢ Data * ISR/FSR model - 17%
100F [t signal .

1 ° . .
B Multijet background - 36% total systematic uncertainty

0,=168+12(stat.)™ > (syst.) =6 (lumi) pb
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T+ jets, 7TeV 1.67 fFb—1,

gbar

> Event selection:
. « At least 5 jets with pr 220GeV & |n| < 2.5
» At least 2 b-jets
WUl thar ¢t « Veto events with lepton p 2 15 GeV
w+ - . S(ETmiss) = ETmiSS/(O.Sx/ZET) > 8
<&« Hadronic top decay reconstructed with the 3-jet
bbar combination of highest pt sum, including one of the
> Background: o two b-jets
« QCD multijet  Find 1,4 With py> 40 GeV as highest py not b-tagged
» tE - other channels jet, not belonging to the hadronic top decay
* W-e/y
 Single top > Strategy:
@ LI — — T —r3 « 1o0or 3 prong decays of t;,,4 yield small number
S og ATHAS comonm w1 OF tracks associated to ty,,4 candidate
£ st [T vs=7Tev | 4 Count number of tracks with:
< 0.4; ILdt e T Electron Gomponent, tf Me e pr=1GeV iFAR<0.2
; —=4— Multijets, Data 2011 ; * Pt dependent cutif 0.2 < AR <0.6
I 3 « Real electrons from ttbar fail dedicated veto
0.2 - faking t;,,4 candidate: considered in the signal,,
o1f | T 4 estimated by simulation
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T+ jets, 7TeV 1.67 fFb—1,

> Method: 2
* Likelihood fit to number of track =
distribution with:
 Combined e/t template (signal)
e Gluon jet template (from
multiijet-dominated sample)
* Quark jet template (ttbar from
mu-+jets sample)

> ¢ from MC
> N, from fit

[ 0,=194+18(stat.) =46 (syst.) pb ]

> Uncertainties:
* ISR/FSR modeling -» 15%
 Event generator - 11%
* b-jet tagging efficiencies - 9% .
» 24% total systematic uncertainty .
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100 T oo TR e Fit [Quark-jets]
= : A T Fit [Gluon-jets] ]
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‘TaulElectron | 270 +24 (stat) +11(sys)
‘Quark-jets 520 97 (stat) +78(sys)
‘Gluonjets 960 +77 (stat) +74(sys)

First measurement in t+ jets channel at LHC
Good agreement with theoretical predictions



1+ lepton, 7TeV 2.05 fb—7,

> Event selection:

/ « 1isolated p (e) with pt=20GeV (pt = 25GeV)
* 1 tcandidate
W-"1, tbar  t {L e >2jetswith pt=25GeV & AR(t,j) < 0.4
? w+ nu « Sample splitinto 0-bjet & =1-bjet events
21 e Eqmiss> 30 GeV & YE1>200GeV

phar > Backgrou nd:
Electrons faking t: suppressed by dedicated
i Boosted Decision Tree (BDT,)

* OS(SS): events where tau and lepton have

opposite (same) sign. The SS sample is bkg
dominated while the OS contains real tau

:§ 0_15__ATLAS Simulation os _: leptons . . N B .
g - W ] Gluon and light jets misidentified as T jets
0-1F [ tight quark 7 » tldentification:
- [ |bquark . » Starts by considering all jets as t
0-05 W gluon E candidate
o . « BDT;from calorimeters & track-based
- . variables
0055 B « 1-3 associated tracks with pt 2 1GeV
- . within AR < 0.4
0 1

01 02 03 04 05 06 07 08 09 * Sum of trk charges # 0



1+ lepton, 7TeV 2.05 fb—7,

>

Fit

Method > U L

: . . ncertainties:
X? template fits to Opposit Sign-Same Sign BDTj (tvs . pjet tagging — +9% -7.7%
jet) distribution For >=1 bjet * ISR/FSR models - + 4.8%
Differentiated Fits For t4,t3 and et,ut channels e T-ID-+3%
Signal templates from MC, background from 0-b-jet * 11% total systematics
events uncertainty

Final cross section as combination of t4,t3 and et,pt

[0&: 186 +13(stat.)=20(syst. )+ 7 (lumi) pb}
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,_% -9 =1 b-tag data (a) L% - -- Data (b)
5, B800F ... Bkg from fit o 00 [ Jtt—t+r,, ATLAS
n , ATLAS 0 B =

- 700 I Bkg stat. uncertainty & 200 7 B t bkg J‘ y
© 800 — 1, signal from fit I L dt = 2.05 fb” © other EW Ht=2051

Post-fit data/pred. agreement

- 7 |
500 ¥2/ndf = 0.5 300[- 7, uncertainty BDT,> 0.7
400 L -
300 2001~
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100 _—
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Jet Multiplicity .




Dilepton, 7TeV 0.7 fb~1,

nu
W- thar t
W+
bbar
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<400 -
L%a - ATLAS b-:)atg L
C ) » Data ]
S0 ILdt=0.70fb1 Ol ]
3003_ W Z/y*+jets
C Fake leptons
- 77 Uncertainty
200 2 .
150F / 7
Lo L I |||| ‘IIII
2 3 >4
Number of b-tagged jets

> Event selection:
« 2 oposite sign leptons with pt = 20-25 GeV
« >2jetswith pr=25GeV
« my>15GeV & |my-m,| > 10 GeV & Eymiss> 60 GeV for ee/pp
« H:>130GeV forep
« Additional selection with = 1 bjet - Eymiss> 40GeV
> Lepton + track

nu .

track

Sensitivity enhaced selecting 1 isolated lepton+1 isolated

« ID track with pt =25 GeV

* No additional b-tag
« Eqmiss> 45 GeV & Hr> 150 GeV

. ATLAS

5001~ _[ Ldt=0.70 b

Events/ 10 GeV

_III||II||II|||I||I||I|I|II|||Il||||||||_

non-b-tag ee
* Data ]
Lt
W Z/y*+jets
Fake leptons ]

momerew | > Background:
77z Uncertainty - ¢« 7 /Y* +j ets

1+ W+jets,tt(l+)), single top
- jets faking lepton

120 160 >190

IO falépez ICNFP2013 10



Dilepton, 7TeV 0.7 fb~1,

> Method:

 Counting events in:
» without b-tag — ee, pyy, ey, g+1, e+t

° With b-tag - ee' UIJ' eu T 110 I | 1T 1T 1 Ii 1T 1 | | L | | | 1
A . . . Th .NNLO
» Profile likelihood fit to all 8 bins ATLAS : sory (approx )
simultaneously I Ldt = 0.70 b m, = 172.5 GeV
* O; consistent between channels : s o
ee a1 186£17 T3¢ 17
LUp I—l—*—l—| 167 +12 +1115 +§
e et 177+ 7 %15 +£8
o i +45 +8
> Uncertainty: eTL e 161328 g g
* Modeling of signal process = 5% WTL _ T B ’ 168+ 24 [40 -7
« Jetrelated uncertainties - 4% ee w/ b-tagging e 184315 5
« Lepton related uncertainties = 3% up w/ b-tagging i 175+ 11 13 7
e Systematic uncertainties dominate the | ep w/b-tagging R 192+ 77, +8
measurement Combination Pttt 176+ 5*1F +8
’ 9.6% tOtal Uncertainty I 1 1 1 I | I I | I I 1 1 1 I | i I 1 1 I | I | Ii(ls‘tla-t)li(lsyls‘.)i_l(ll-ljr?i)
0 50 100 150 200 250 300
G.[pb]

{0- =176 +5(stat.)" ;| (syst.)* 8(lumi)pb]
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nu

Lepton + Jets 7 & 8 TeV

> Common event selection:

1 isolated lepton with pt = 20-25GeV

j———
A e 23 jets with py=25GeV
thargn ! o Eqmiss> 30-35 (20-25) GeV in the e+jets (u+jets) channel
i e mt(W) >20GeV or m7(W)+Ermiss> 60GeV - to suppress
q ..
QCD multijets - .
o ira> _i S - ATLAS Preliminary ~ p
bbar a3 Can require > Tet umn "% POTTEL Jua-sow
(@16000F — - Walets Il Muttijet
14000} ] Z+Jets [l Single Top Dibosons
> Background: 120001
0 W+j€tS 100002
QCD multijet, jets faking isolated leptons 8000}

Single top production
Z+jets
Diboson production

> Discriminators:
* b-tagging enhaces signal purity

* Use of several event shape variables, like

aplanarity and energy ratios

6000[
4000}

2000}

Data / Expectation

00102030405060708091
Likelihood -



Lepton + jets, 7TeV 4.66 fb~7,

> Soft muon tagging:

* >3 jetselection, =1 SMT-bjet
Development of new technique . « Remove Z/Y resonances in p+jets events
* 36% signal events contain semimuonicb . pominant backgrounds estimated from
— pX decays data
* Uses quality of match between ID & MS .« (Cross section extraction via counting
tracks to discriminate b&c-jets from signal events after selection
light & gluon jets .
> Uncertainties:
N * Background normalization = 7%
s F ] « Jet energy scale - 3.5%
= ~———8———_—§ — ° _ . .
P oo ATLAS Preliminary y - « Simulation of b » pX = 2.9%
& - [ra=acsn ] * 10% total uncertalnty
o [ ] 2]
s F 0.1 <1 probe 1 <1.1 - = ATLAS e +>3jets
+= — — > .
S o7 e MCsimulation (Jhp — u) — L Fereliminary 1 ~¢- Data
— EEEEE Uncertainty . - .[ Ldt=4.66fb C I+ .
- e Data (JAp — uu candidates) ] W+jets
0.6[— - Uncertalnty — Bl Multijets
——— 3 — I — B Other
1.08 S - A - - E 77/ uncertainty
o R NSV S R N S B T—
;
0,95 | s S
4 5 6 7 8 9 10 11 12

Probe muon p_[GeV]

-=165+2(stat.)*=17(syst.)x3(lumi) pb

d Data/MC scale factor

0 1 2 >3
Number of SMT tagged jets




Lepton + jets, 7TeV 0.7 fb—",

Method > Uncertainties:
Likelihood discriminant from n(e,p), pt(j), aplanarity * Signal modeling » 3%
b-tagging information is not required  Jetenergyscale » 2%
Simultaneous fitin e/u + 3,4, = 5 jet events * MC statistics = 1.8%

Template likelihood Fit including systematic uncertainties 6.6% total uncertainty

as nuisance parameters

o)2400|||||
= 3 Jets ATLAS Preliminary - Data 2011, Vs =7 TeV
$ 2000 [Ldt=0.70 fb- W i B QCD Multijet
t . O W+Jets B Other EW

1600 3

1200 u + Jets 3 Jets e + Jets

4 Jets | =5 Jets el 4 Jets
800
400 §

=
@ 1.5 |
S 1.0} ""'*‘“‘**++*+"a“**ﬁtf**#***+1++}+++ﬁ+**f+*¢f++++**+“’“*“*¢’iﬁ#3****%‘*;**{’@ iy
o)
= 0.5¢ - : ‘ - :
T 0 20 40 60 80 100

Likelihood Discriminant

[ 6,=179+3.9(stat.)+9(syst.) + 6.6 (lumi) pb




Lepton + jets, 8TeV 5.8 fb~7,

> Method P - ~ s000F —
 Likelihood discriminant = n(e,p), s [ ATLAS Preliminary JLdt=5.8 ! S| ATLAS Preliminary JLdt=5.8 !
: 2 5- 4paa C*23J€1S I \g_gTev| Ejgo0f e Data E*23JEMS \'s=8TeV
aplanarity 5 ,, g14000¢ ,,
. . . & C [ ]w W+lJets Il Vultijet w L W+Jets Il Multijet
¢ InClUS|Ve e/l.l + 2 3 jEt SEleCtIOH FOI' 4'_.Z+Jets .SingIeTop Dibosons 12000:_.Z+Jets .SingIeTop Dibosons
high statistics ; % 10000] '
« >1b-tagged jet to supress W+jets 3 .
background 3 :
 Template likelihood Fit to data to 2f s000F
obtain cross section i 400"
* Consistent results betwen channels k! 2000}
and with SM predictions ‘ I
< s 1.5,
> Uncertainties:

Data / Expectation
Data / Expectation

* Signal modeling » 11%
» Jet calibrations —» 6%
* 13% systematic uncertainty

0 0.10.20304050.60.70.809 1
Likelihood

0,=241+2(stat.)+31(syst.)+9(lumi) pb




summary

ATLAS results presented for all channels

By ATLAS Preliminary ey oo ey 3
[ ] ° form, = 172.5 GeV
e ° Data 2011, Vs = 7 TeV —_— slatr.ntuncertainly q
* All channels covered | — toml uncrtanty |
R . Channel & Lumi. . ¥(stat) £(syst) £(lumi) >
New techniques development to improve the | . n
. , Single lepton  0.70 fb — = 179+ 4+ 9+ 7pb 1
background determination biepon 070 L 17558 1 *2pp 8
* Good agreement with SM predictions: Al hacronic 167 +18+78+ 6pb | =¥
(" ) ' T
+10 Combination 0t 177+ 3 7%+ 7pb
Theo* - o-(ﬁ:ﬁev) 177 1 pb R
-t
ATLAS . 177 3 7 pb flgglfeblepton b — Xuy  —a— 165+ 2+17 + 3pb ,l\,
\ comb. - stat. 7 syst — * lumi T4+ jets 167" . 194 + 18 + 46 pb 8
Thag T lepton  2.05 b H————1 186 +13+£20+ 7pb | BN
All Eqronic 168 +12 “¥+ 6pb
471" | | |
2 S NLOQED(p) | #Sngielepion @TvI2a1=32p0 ] 50 100 150 200 250 300 350
o= L B Approx. NNLO (pp) I Eii'lgfo?f;gnfﬁ ;EV) 179=12pb > 8 TeV: o [pb]
“NLOQCD(PP) 5 All-hadronic 167 =81 pb .
102 |-A9POx NNLO GP) @ Combined 177 ipb_ _| e+ Starting efforts to analyse the huge 8 TeV
: B CDF o -
oo ] sample .
g 250L 1« Firstresultin lepton+jets shown
I 1+ Good agreement with SM:
10 200+ 4
] I Theo — - +13
i 150 1 0,(Vs=8TeV)=253"", pb
i ATLAS Preliminary . 11 ATLAS 1st
7 5 = + + +
1 2 L z -+ L L @Tev result. — Og 241+ Zstat.—31syst. —9lumi pb
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* see slide 3 for references
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