MEASUREMENT OF THE TOP-
QUARK PAIR PRODUCTION
CROSS-SECTION IN ATLAS

‘ Maria José Costa (IFIC-Valencia)
On behalf of the ATLAS Collaboration

EPS-HEP 2011, Grenoble
21st July 2011



TOP QUARK PAIR PRODUCTION @ LHC

The top pair production: QCD process,

dominated at LHC by gg fusion. 97000 =t
Theory NNLO (approx) for a my,, = 172.5 GeV: 4
§ BT —t— 1
o = 164.671.7 pbl @ Vs=7 Tev

More than 20 x Tevatron cross section M T
Why measure the top pair production cross g f
section in the various decay channels?

+ Test of perturbative QCD and of the SM :
description of the top quark decay. ‘
*Important background in searches for Higgs : f

and BSM physics.

* Might reveal new physics that modifies the
production and/or decay of top quarks
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TOP PAIR EVENT TOPOLOGIES

o SM: BR(t > W b) ~1
o Final states determined by W
decays W — qgbar (2/3), W — ¢v(1/3):
 All hadronic: 45% of all decays,
large QCD background
-+ Lepton (e,u)+jets: 30% of all
decays, moderate background

» Dilepton (ee,uy, epn): 5% of all
decays, very clean

o Main backgrounds for leptonic ‘§

channels: g

« W/Z boson+jets (similar §

sighature) g

» QCD jets (misidentified as =
leptons)

qq’
lepton plus jets
tau plus jets

Challenging signature: multiple leptons
and jets, missing E+

all hadronic

e et/ut Tt tau plus jets

.

Iy dilepton & lepton plus jets
®

ev/iuv T

W decay mode
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FIRST TOP PAIR CROSS SECTION
MEASUREMENT IN ATLAS WITH 3pb-!
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DATA SAMPLE

Thanks to the excellent
operation of the LHC and the
high ATLAS data taking
efficiency.

Analyses performed:
2010 data: 35 pb!

All Hadronic channel
Lepton (e,n)+jets
Dilepton (ee, pu, ep)
2011 partial data: 0.70 fb-!
Dilepton (ee, pu, ep)
Combination:

Dilepton (0.70 fb1) and
single-lepton (35 pb)

Total Integrated Luminosity [pb™

Total Integrated Luminosity [fbo
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DILEPTON CHANNEL ANALYSES
(BASED ON 0.70 fb-1 OF 2011 DATA)

High momentum u

~ > IS Y ) ,jl" |
High Energy Electron




DILEPTON EVENT SELECTION |

w.j"/
STRATEGY: o,/" gl "%
\\, -
Cross section estimated by counting “?()()()()( - Sl
humber of signal events 9 \\\\," Sl w'ja/
2 complementary analyses: with and \\\\ t NS o
without b-tagging ' BN
EVENT SELECTION & aTuas proiminay all hannels
Cuts were optimized for the 2 analyses: S j L dt 070 " éj’:’a :
with and without b-tagging a00L W 2y sjets
. . r ¢ /{ Fake leptons -
Single lepton (e or p) trigger : e
Exactly 2 oppositely charged leptons (ee. 600 .
up, ep) with pr > 20 GeV (1), Ep25 GeV (e) ; | -
and at least one matched trigger ¢ '
Dilepton mass m,, > 15 GeV
Emiss > 60 (40) GeV and |m,-mz|>10 GeV
(ee, uu channel)

Hr(sum of jets and 2 leptons pr) > 130 (140) o123 >t
GeV (ep channel) umber of jets

>2 jets with pr> 25 GeV and |n|<25 o(if) = Nsig _ Nobs = Nekg

>1 b-tagged jets with IP3DSV1 algorithm @ f Ldtx e fL dt X €
80% efficiency.
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DILEPTON BACKGROUND ESTIMATION

BACKGROUND:

o Z/y*(—ee,upu)+jets (data
driven, assisted by MC)

o Events with fake leptons coming
e.g. from W+jets, ttbar
lepton+jets, single top and QCD
(data driven)

o Other SM backgrounds: Single
top, diboson, Z/y*(—1r)+jets:
from MC normalized using
theoretical cross section

Wtjets  z+/y + jets
5\4\\ W efu q efu
SE‘EEEED q q e/p

—_
o
'

Events/ 10 GeV

10

—t
o
w
TTT

-4
o
[\S]

T LI I

[ | I [
ATLAS

Preliminary

JL =35 pb’

]
Hu control region -

® data
st
B single top
" DY + jets
diboson
B fake leptons -
uncertainty

pHu invariant mass [GeV]
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ZIy*(—ee,up)tjets BACKGROUND DATA
DRIVEN ESTIMATE

Measure # Z/y*+jets events in a sideband region where the
fraction of Z/y*+jets is ~90%.

Extrapolate it to the signal region.

MCz/y+ +ijets(SR)

N = X (Data(CR) — MCher(CR))

Z/vy*+jet other
[V HES — MCgzyy+4iets(CR)

E 140}~ :

Control Region: £ 1200 E

. - . 100 Signal Region Control Signal Region _J

same jet requirements - Region ]

as signal 801 g

|mg['mzl <10 GeV 60; :

Emiss>306eV o E

20 -

et b b b b e by byl
%% 60 70 80 90 100 110 120 130
A MET[GeV]
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FAKE LEPTONS BACKGROUND DATA
DRIVEN ESTIMATE

W+jets Fake (QCD)
B

Fake background comes e.qg. ] w e/ 000000 quarkTets
from: » |mimice/fp
W+jets: 1 real, 1 fake lepton
QCD multi-jet: 2 fake leptons & E g Quaark jets

B mimic e/u a1

Matrix method:
2 lepton selection criteria: loose L and tight T
Count number of observed dilepton events with N+, N, Nt Not

Efficiency for prompt (real r) and non-prompt (fake f) leptons are
measured in in Z—/¢ and di-jet events.

Extract Ngr, NFFzNRF:NFR-

(Nrr| | rr rf Jr fr 1[Nrr]|
Nrr r(l1-r) r(1-f) fd-r) fa-xm0n NRr
Nir (I1-nr 1-nf (I=f)r (1=-1Hf ||Nrr
Nl [A-nd-r) A-nd-f) A-HA-r) A-)A-]INFF.
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Hy DISTRIBUTION IN THE SIGNAL REGION
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DILEPTON CHANNEL SYSTEMATICS

Analysis without b-tagging: systematics breakdown

ee uu ey Combined
Uncertainty Source Ao |o|%)] | Aojo(%] | Acjo[%] | Ao/o[%]
Data statistics -03/98 | -66/68 | -41/42 | -33/3.3
Luminosity -40/47 | -37/43 | -43/47 | -42/4.6
MC statistics -42/49 | -28/32 | -19/2.1 | -15/1.6
Lepton energy scale 00/09 00/05 | -03/03 | -04/0.0
Lepton energy resolution 0.0/0.6 -05/08 | 00/05 | 04/03
Lepton indent. scale factor | -5.5/6.6 -1.2/27 | -3.1/34 | -26/27
Jet energy scale -100/106 | -38/76 | -3.7/45 | -59/5.3
Jet energy resolution -06/0.8 -3.1/36 | -06/0.7 | -04/03
Jet reconstr. efficiency 00/00 00/0.0 00/00 00/00
Drell-Yan prediction 00/0.0 -04/04 | 00/00 00/00
Fake leptons -16/16 | -04/04 | -32/32 | -20/19
MC generator 43753 | 00/00 | 29/32 | 2.1/23)
Parton shower -47/58 | -04/05 | -29/32 | -23/24
| ISR -11/06 | -08/3.6 | -05/24 | -24/2.5
EFSR -136/06 | -0.7/43 | -24/05 | -13/14
_ PDF -24/28 | -17/22 | -24/27 | -23/2.5
E%’i“ reconstruction -1.0/1.1 -08/17 | 00/00 | -05/0.6
Pile-up -06/13 | -05/15 | 00/00 | -05/0.5
Detector modeling -06/1.1 07/15 | -07/12 | -10/1.3
Theoretical cross-sections -14/13 -1.7/18 | -21/21 | -19/19
All systematics -20 /18 -713/13 -92/11 -93/10
Stat + Syst -22/20 -99/15 | -10/12 -98/11
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DILEPTON CHANNEL RESULTS

* The 2 complementary
measurements are in
agreement with each other.

- Dominated by systematics,
dominant sources: luminosity,
jet energy scale, for b-
tagging analyses also b-
tagging efficiency.

* The precision achieved
(~11%) is significantly better
than the previous

measurement based on 2010
data (~17%)

- Consistent with state-of-
the-art theory prediction
and measurement in
lepton+jets channel.

0.70 fb! 2011 data: ~ 11% precision

ATLAS Preliminary
Data 2011 j Ldt = 0.70 fb '

ee

T T 1 I T T | | | |

....... Theory (approx. NNLO)

m, = 172.5 GeV

172+16+31 *2

i et 154+10 *J2 7
el 1767 !/ +8
Comb. 171+6 ' +8

ee w/ b-tagging

uu w/ b-tagging
eu W/ b-tagging

+34 +8
17515 "o
159+ 10 *7 *7

177+6 7 8

0

Comb. of w/ b-tagging ._,_._‘_._ .
| | | | (|Stat)i(systl)i(lumi)
50 100 150 200 250 300
o [pb]

ATLAS-CONF-2011-100
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LEPTON+JETS CHANNEL ANALYSIS
(BASED ON 35 pb-! FULL 2010 DATA)

High Energy Jet

High Energy Jet



SELECTION AND BACKGROUND ESTIMATE

STRATEGY: Template fit to a LH discriminant
EVENT SELECTION

Single lepton (e or p) trigger :

Exactly 1 lepton (e or u) with pr > 20 GeV matched to \ }SL
trigger wj_j"‘ - \\
Eqmiss > 20 GeV, Eymssemr(W) > 60 GeV (muon channel) |, /7j ,,
Emiss > 35 GeV, m(W) > 25 GeV (electron channel) 7

>3 jets with pr> 25 GeV and |n[<25

BACKGROUND ESTIMATION:

W+ jets: shape determined from MC,
normalization from fit
QCD multi-jet (due to non-prompt (fake)
leptons): Estimated from data.
Muon channel: Matrix method
Electron channel: Likelihood template fit of
ETmiss dis‘rr'ibu’rion SidFeitbi:nd extrapolation to

signal region
Small backgrounds (Z+jets, diboson, single top):
shape from MC, normalization from theoretical
calculation.

Data

Candidate Events

Discriminant
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LEPTON+JETS ANALYSIS STRATEGY

Baseline analyses: Multivariate

measurement
Exploiting the difference

. . ¢ Od4p T o T
between signal and W+jets T | ATLAS Preliminary
. 2 0w+ >d-jets Simulation E
dominant background E oo E
A likelihood discriminant is £os WHets i
built from well modeled event o2 -
kinematic variables 015 B e A
Cross section extracted from b Without |
a binned likelihood fit of the s S b-tagging E
discriminant to a weighted o050 64 65 05 07 63 08 1
sum Of Signal Gnd baCkground Likelihood discriminant
templates

2 analyses: with and without
b-tagging information

TTOZ d3H-Sd3 - ©1S0D 9SO[ elen



LEPTON+JETS WITHOUT B-TAGGING

The following input variables were
used:

Lepton n: ttbar more central

Lepton charge: ttbar symmeftric,
W+jets asymmetric

Aplanarity: ttbar more isotropic
4 channel fit: e, p + 3 jets, >4 jets

380: """" prrerprrrr T e T | R R -
° _t ATLAS ]
o OF i .. —
‘2 - e Data e 24 JeTS Preliminary ]
2 60F Mg 4
g %% Un [esset 3
50 W+jets 3
405 B oco ]
= [ other Bkgd ]
30 -
20F =
10 =
of

0 01 02 03 04 05 06 07 08 09 1

exp(-8 x A)

Events / 0.25

Events

100 TT T[T T 711

90
80
70
60
50
40
30
20
10

® Data e, >4 JCTS
(e

Wijets
= [Pacp

= [ other Bkgd

ATLAS
Preliminary

I L=35pb"

25 2 15 1 05 0 05 1 15 2 25
nIepton
= L L L L L L L L L B
= ATLAS =
= eData e,24 JeTS Preliminary 3
= [a IL= 3Bpb’ =
F W+jets 3
= [P aco E
= [ other Bkgd $ =
— 3
-1.5 -1 -0.5 0 0.5 1 1.5
q

TT0C d3H-Sd3 - ©1s0D 9SOr ele|N



LEPTON+JETS WITH B-TAGGING

The following input variables
were used:

Lepton n: ttbar more central
Aplanarity: ttbar more
Isotropic

New variable: Hy 3,

N njets N, objects

Hrsp = 2,057 13l 25200 Ipej
) J

New variable: Average b-
tagging weight for the two
most b-like jets

6 channel fiti e, p + 3, 4, >5 jets
using profile likelihood technique:
systematic uncertainties included
as nuisance parameters —
constraint by data

Entries/0.10

Entries/0.25

140

120

100

80

60F

40F

20F

——T 7 T T
_ ATLAS Preliminary W+ 4 Jets

L 4 —e— data ]

- | Ldt=35pb CJ+ ]

— KS test: 0.11 W+lJets ]

I QCD ]

- * + Il Cther .

| | E

gt :

- [ .

_—+—’_k|_L i

0 0.2 0.4 0.6 0.8 1

exp(-4><HT’3p)

102

10

= ATLAS Preliminary

T T T T T TS
u+ 4 jets
—e— data

[
W+Jets

I QCD

Il Other :
Ldt=35pb" -
KS test: 0.25 3
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LEPTON+JETS ANALYSES RESULTS

Without b-tagging: ~15% precision With b-tagging: ~13% precision

oz = 171 + 17(stat.)*15(syst.) + 6(lumi.) pb| |o7 = 186 + 10 (stat.)"2} (syst.) + 6 (lumi.) pb

S L]
* e

% 01020304 050607 0809 1 0 20 40 60 80 100
Likelihood discriminant Likelihood Discriminant

mg :fllfllfll[ll\ll\ll\ll\II‘II\Il\fll[llfllfll\ll\ll: 8240 T T T T T l- l- T T T T T T T I_._IDIt T T T T T T H
N S 200 p+24-jets ATLAS ER = ATLAS Preliminary Data s
O ¢ imi 1 @ Eo00f [Ldt=35py O W ach =5 g
I, L200- éoa’a preliminary. | O o <OV O W+Jets W Other 5 &
) r t? _ -1 7 EE &
O 180 = s ets _[Ldt =% o 16013 W+ Jets | e+ Jots ©
N 160" gy qcp + 3 CND 120 i 3 vets 4 Jets . 25 Jets 1 3Jets 1 4Jets 1 25 Jets ﬁ;
LL 1401 [ Other Bkgd E Lll_ : o
g o I - Z :
Q oo | 10O o
O 100 . _ o
N osof t 10 8
Vp) - ] )
< V)
2 <
< —
<

:z'

Ratio Data/Fit

* Based on 2010 data and already dominated by systematics, dominant sources:
* jet energy scale & resolution, ISR/FSR
* for b-tagged analyses, also: b-tagging calibration, W+jets heavy flavour content

* Consistent with state-of-the-art theory prediction

- Consistent with various cross checks analyses (cut-and-count, 1-dim variable fit, hadronic
top mass fits) performed and with the di-lepton channel.
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COMBINATION
DILETON 0.70 tb-! FROM 2011 DATA

LEPTON+JETS 35 pb! 2010 DATA




COMBINATION LEPTON+JETS & DILEPTON

ATLAS-CONF-2011-108

The most precise methods chosen for the combination:
Lepton+jets with b-tagging (e+jets,u+jets) based on 35 pb-!

Dilepton without b-tagging (ee, up, epn) based on 0.70 fb!
5- channel combination done using a profile likelihood fit

Uncertainty source

Uncertainty (pb)

Heavy flavor 4.1
Jet energy scale 3.9
Fake lepton estimate 3.2
Initial and final state radiation 3.0
b-tagging 2.8
Event generator 2.3
Electron efficiency 2.0
Muon efficiency 1.5
W Shape 0.5
QCD Shape 0.4
All others 5.1

| = I-- Theory (approx. NNL(|))
[Lat = 35 pb "(L+jets, 2010) m = 172.5 GeV
JLat = 0.70 fs "(dilepton, 2011)
L+jets w/ b- tagging p_._._H 186+ 10 *3) +6
Dilepton w/o b- tagging .—.-..-._. 171+6 1% +8
Combination ket 1765 '3 +7
L+jets w/o b- tagging H_h._._+ 171£17 '3 +6
Dilepton w/ b- tagging ._.-.-._. 1776 *17 *8
(stat)+(syst)(lumi)
B0 To0 T80 200 20 300
o lpb]

o = 176 £ 5 (stat.) + 17 (syst.) + 7 (lumi.) pb.
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HADRONIC CHANNEL ANALYSES
(BASED ON 35 pb-! FULL 2010 DATA)




HADRONIC CHANNEL

Measure cross section in all
possible channels constitutes an
important cross check

Signature: >6 jets, 2 b-tagged
Very challenging channel:
QCD overwhelming: S:B ~1:15

Main systematics: b-tagging, jet
energy scale

Construct mass y? discriminant:
2 mi m 2 m“' m 2

2 ggb ot i "W

= P+

-y () ()

Select the combination with
lowest %2

o7 <261 pb @ 95% cL

ATLAS-CONF-2011-066

0
0 10 20 30 40 50 60 70 80 90 100

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

ATLAS Preliminary

—_— it

--- Background (control data samples)

det=36pb'1 ]

Mass 2

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

LATLAS Preliminary

Data

[ ] ti(Fitresul

Background (control data samples)

det=36pb'1 :

Mass x°
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SUMMARY AND CONCLUSIONS

Cross section measured in )
ATLAS within 8.2% uncertainty =

with LHC pp collisions at Vs=7
TeV by combining results
obtained with 35 pb-! lepton+jets
channel with 0.70 fb-! dilepton
channel.

Results consistent with
theoretical QCD predictions and
with CMS results.

Important to focus future work
In improving systematic
uncertainties

T I T T T T | T T T T | T T T T T T T T I T T T T I T T T T
[ -- NLOQCD (pp) ® Combined 176 = fg pb 7]
¥ |+jets 186 = 23 pb
— Approx. NNLO =
B PP (pp) (35 pb™, Prelim.) ,
, - NLO QCD (pp) A Dilepton 171 = jopb ...

10° = - Approx. NNLO (pp) (0.70 fo", Prelim.) .- 285 —
- wCDF > i :
- ¢ DO .
10 3

1 L { L L I L I
1 2 3 4 5 6 7 8

\'s [TeV]

o = 176 £ 5 (stat.) + |2 (syst.) + 7 (lumi.) pb.

A search of fop pair production in the all hadronic channel has also been
performed, observed upper limit in agreement with measurement.

Other analyses coming along: hadronic tfau channel, ttbar+jets and
differential cross section measurements.
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