ATLAS results on inclusive top quark pair
production cross section in dilepton channel
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Object reconstruction

To study top quark it implies good understanding of many different objects
reconstructed in all different ATLAS subdetectors

Electrons
matched track and EM cluster

tight identification using
shower shape variables, ID

central : |n|<2.5, p;>25 GeV
isolated in ID and ECAL

Triggers
based on single lepton high p;

Tau (based on jets)

matched calo cluster +
1 or 3 tracks

identification using a BDT
20<p,<100 GeV, |n|<2.3

Muons
combined fitted tracks
tight identification
central : |n|<2.5, p,>20 GeV

isolated in ID and ECAL
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algorithm with average
b-tagging efficiency ~70 %
and light jet rejection
factor ~140

identified objects

2




? Event selection

Signature : -
2 isolated e/lp + E_ + jets (1b)

Trigger : 1 single isolated lepton
Offline : n =2, opposite sign leptons +

ET, JE (e, ujets), m (Z veto)

Channels :
8 analyses are performed
ee, uu, ey with and without b-tagging
eTL and uTL without b-tagging where
TL = Track lepton = Good quality isolated track

Analysis Strategy : counting experiment
data driven estimation of Z+jets,
W+jets and multijet backgrounds

Missing Transverse Energy

Number of Jets
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Analysis based on 0.70 fb* @ 7 TeV




Z+jets background

* ZIy* + jets events contaminating signal region
% large E. possible from mismeasurement

% difficult to model in Monte Carlo simulation
* Define control region

% |m,-m |<10 GeV and E.">30 GeV
* same jet requirements

* Determine scale factors
% after subtracting other backgrounds
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JHEP1205 (2012) 059
| | £e - JLLE | el | eTL | T || b-tag | b-tag pp | b-tag ey |
Z/y*+ jets ‘ 40125 | 144151 - 243107 | 22,0432 ' 0.8+17 20.3+18 —
Z/y" — rrHjets | 49+2.6 | 1.0 £50 | 43 % 16 170575 | 25+ 11 || L x—{ 5 7675 ¢ 9533
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Fake lepton background

@ Backgrounds with fake leptons
% W+jets (mainly), multijets, tt single lepton, single top ...
@ Determination with 2-dimension matrix method

# define Loose and Tight leptons (isolation) which give 4 observable states
< Loose-Loose, Loose-Tight, Tight-Loose, Tight-Tight

# also four classes of background
-+ Fake-Fake, Fake-Real, Real-Fake, Real-Real

"y rf fr ff Ngrr
(1 —=r) r(l-f) f(1-=r) f(1=1) NgrF

(1 —r)r (1-r)f (L-f)r (L—J Nrr
1-r(1-r) A1-1NA-5) A=-H(0-r) (1-1)1-1) =

® Fractions r and f from control samples,
then solve equation for N__/N__, N__

% fraction r measured from Z(- Il)+jets events

% fraction f measured from sample with single loose lepton ' JHEP1205(2012) 059
| | ee - [LL | el | eTL | uTL || b-tag ee ‘ b-tag pp | b-tag ey

| Fake leptons | 40+50 | 63+4.1 | 44+24 | T4+15 | 8+17 | 75+£65 | 49+31 | 20+13 |
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Number of sighal and background events
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Number of jets ET*® [GeV] Number of b-tagged jets
JHEP1205 (2012) 059
ee [ EfL eTL pTL b-tag ee b-tag pp b-tag ep
Z[y*+ jets 4.0135 144753 - 24.37007 | 22,0423 9.8+17 20.355 % -
Z/y* — TT4jets | 49+£26 | 11.0+50 | 43+16 | 170752 | 25+ 11 1.8711 76753 9.5733
Fake leptons 40+50 | 63+41 | 44+24 | 7T4+15 | 85+17 || 756+ 65 | 49+31| 20+ 13
Single top quark 6.4712 16.0t52 | 411 £55 | 57720 | 63+08 73] | 162053 | 335557
Diboson 59+ 11 | 872 | 329449 | 59702 | 48198 || 22+07 | 2600 8.8+L7
Total background | 25.2 + 6.4 | 565 £ 94 | 161 £34 | 12677, | 142 £ 21 |[ 286 £ 6.9 | 51.6725 | 71.6 + 14.1
Predicted tf 124 + 17 241712 746 £ 42 | 112118 | 110 Hf 159757 304*328 675721
Total 149 £ 18 208+ 17 907 £ 54 | 239 4 26 | 253 £ 27 188718 356757 746777
Observed 165 301 963 236 255 'I 201 365 834
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G(pp - tt)N MNLOapprox =1

Computed with: Aliev et. al., HATHOR,

arXiv:1007:1327 (2011)

67:17 pb

Cross section measurement

JHEP1205 (2012) 059
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ATLAS e Theory (approx. NNLO)
ee — A 186+ 17 +2:3 +$
Hu et 167+12 *1> *8
e ket 177+ 715 +8
eTL 161223 *55 8
uTL s : 168+ 24 *5° *3
ee w/ b-tagging . 184+15 *3% *8
up w/ b-tagging S 175+11 +17 *3
ep w/ b-tagging R 192+ 7 *17 +8
Combination Fotit— 176+ 5*]] +8

E (stat sys‘ Iuml
1 1 1 I L1 1 1 I 1 1 1 ‘ [ B | I 1 1 1 | |

0] 50 100 150 200 250 300
G lpb]

0, = 176 + 5 (stat) "

Systematic uncertainties

(syst) + 8 (lumi) pb

Uncertainties Ao /a[%)] | Combined |
Data statistics +2.9
Luminosity +4.3
MC statistics +0.7/-0.6
Lepton uncertainties +2.6/-2.2
Track leptons +0.3/-0.2
Jet/ E=i=* uncertainties | +4.4/-3.4
b-tagging uncertainties | +0.4/-0.0
Z/~"+ jets evaluation +0.3/-0.2
Fake lepton evaluation +1.7
Generator +5.1/-4.9
All syst.(except lumi.) | +8.0/-6.5
Stat. + syst. +9.6/-8.2

overall precision ~9%,

limited by systematic uncertainties

Jet/E]"" (~4 %), generator (~5%), lepton (~2.5%), fake lepton (~2%)
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Other cross section measurement

PhD of Timothée Theveneaux-Pelzer (LPNHE Paris):

Etudes sur la reconstruction des électrons et mesure de la section efficace de production
de paires de quarks top dans les canaux en dileptons dans I'expérience Atlas,

UPMC, 3 juillet 2012

CERN-THESIS-2012-114

ATLAS Work in progress ~ + "™

— stat. uncertainty
Data 2011

—— gyst. uncertainty
Channel & Lumi. ot + (stat) = (syst) + (lumi)
Sroisleplon 00BT 1 TOHESETRE | similar Analysis as the published one with 0.7 fb
Dilepton  0.701b" —e— 17946 pb but based on 4.7 fb?
All hadranic 167+ 18+ 78+ Bpb - ee, uu’ eu channels
1ozb - no b-tagging
Combination P 177435 £7 pb - dedicated work on fake leptons
This thesis { 4,70 flot - re-estimation of all systematics
Dilepton ee —— 1682+7.7 57" pb
Dilepton uy 1. 1772446 14 pb overall precision ~7%,
Dilepton e . 1760 42.8°5878 o limited by systematic uncertainties
Combination —e— 1788 +2.3 7 " pb
IIIIIII|Il|l|1IEIIIIIIIIIIIIIIII|II

50 100 150 200 250 300 350
. [pb]

0,=178.8 + 2.3 (stat) f;f(syst) + 8 (lumi) pb
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BR could be enhanced by the existence of H*

pair production with e/u + T + jets

Signature :

lisolated ey + T +E. + jets (1b)

Trigger : 1 single isolated lepton
Offline : opposite sign lepton + 1 lepton
ET*°>30 GeV, JE >200 GeV,

2 Jets at least one of them is b-tagged
Analysis Strategy : perform template fit of BDT

500

OS - SS Events

400

200

- background distribution is different with jet flavor

- to reduce # of templates, SS events are subtracted to

300}

100

PLB 717 (2012) 89
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0, (u+T) = 186 + 15 (stat) + 20 (syst) £ 7 (lumi) pb
o (e+1) = 187 £ 18 (stat) + 20 (syst) + 7 (lumi) pb
= 186 £ 13 (stat) = 20 (syst) = 7 (lumi) pb

Gtt

ove

rall precision ~14%,

limited by systematic uncertainties

Systematic uncertainties

b-tag (-9 pb), 1-ID (~4 pb)



Summary

@ tthar production cross section
* measured accuracy for combined measurement < theoretical one
* 0, is measured in alternative channels (1), showing SM is applicable at LHC

HI 20 Dec 2012

ATLAS Preliminary Theory (approx. NNLO)
form, = 172.5 GeV
Data 2011, \/s = 7 TeV —— stat. uncertainty
— fotal uncertainty
Channel & Lumi. o,; 2(stat) Z(syst) +(lumi)
Single lepton  0.70 fbo™! — — 179+ 4+ 9+ 7pb
Dilepton 0.70 fb™ ——.——— 173+ 6 711 "Spb
All hadronic 167 =18 £ 78 + 6 pb
1.02b"
Combination — 177+ 3 "5+ 7pb
Single lepton, b — Xpuv  —a— 165+ 2+ 17+ 3 pb
466"
T4+ jEts 1.67 1" . 194 + 18 + 46 pb
Toag T lepton  2.05 fo™ ———— 186 +13+20+ 7pb
All hadronic 168 £12 *20+ 6 pb
4.7 fo | | | |
o [pb]

350

NB: combination takes results in dilepton
from ee,uy,ep without b-tagging
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ATLAS-CONF-2012-024

_ T LI I N Y O Y I O
[ ---NLO QCD (pp) # Single Lepton (8 TeV) 241+ 32
— —Approx. NNLO (pp)

[ NLOQCD(P)  ( Allhadronic 167 =81 pb
|_—Approx. NNLO (pP) & Combined 177 '{lpb __—cgeest™=

T | TT | T
pb
¥ Single Lepton (7 TeV) 17912 pb
A Dilepton 173 _*: ph

250

200 .
1505257 ]
7 8 1

P P | |

2 3 4 5 6 7 8
Vs [TeV]

- total precision ~6%, half of
theory uncertainty
- agreement of channels

within uncertainties
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