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Top Physics in this talk: btagging . tvf
je

» Preliminary cross-section measurement

* lepton+jets channel Production b
e Di-lepton channel cross-section
» Single top cross-section plans X P X P
* t-channel — —
« Wt channel
& qcharge Decay modes,
------ i
- Top Mass ‘ae't - coupiing
« 2010 data expectations / - W, t helicities
o - Light jet q ~
2011 data expectations ccalo bjet\\\‘A

q ]et\// 1 b-tagging

» New physics in the top sector:
« tTbar resonances
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LHC top quark physics
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ATLAS is a general purpose detector, with inside-out * T ) .
design (Si detector, EM+HAD calorimeters, Muon e
chambers).

Top pair production is one of the dominant processes after other QCD processes and
W/Z+jets
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top quark production medsuremernt @

LHC: Gluonic production dominates

g
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g (87%atLHC) |,
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( 90% at FermiLab) =

q i

Tevatron: 5¢ discovery in 2009:

o(t, 1.96 TeV) =3.9 + 0.9 pb

LHC Single top production
o(t, 14 TeV) 0320 pb
dominated by t-channel

DO (arXiv:0903.0850)
CDF (arXiv:0903.0885)
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_Ref: hep-ex 0804,1476

o(tt 1.96 TeV)arrrox NNLO- 7 5 + 0.5 pb
Tevatron

o(tt 14TeV)zerrox NNLO _ 883 + 45 ply
G(tt 7 TeV)approx NNLO _ 165 +11_16 pb

= 1 tt/sec @ L=10%
Cross section LHC =100 x Tevatron

Background LHC = 10 x Tevatron
Use of b-tagging not essential to establish
ttbar signal at LHC

~250 pb ~10 pb
q ¢ q q q t
%W* Et >~MMA<
b t g b 7 i b
t-channel s-channel

g t
tW-channel M ~60 pb
b

b w
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top quark production medsuremernt

ttbar final states for the cross section
measurement

tt final states considered (I=e,u)

 Full hadronic 44%: 6 jets

30%: &+ MET + 4jets
5%: 2L +MET + 2jets

21%

* lepton+jets
* Dileptonic

» Others

-
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tt final states not considered in the Top
rediscovery at LHC in analyses up to
O(100) pb

“alljets" 44%

tHets 15%

ut+jets 15%

e+jets 15%

“dileptons” "lepton+jets”
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Data and Integrated (uminosity
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é B [ ] ATLAS Recorded :
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= 20_—Data used in ttbar xsec -
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» Half of 48 pb-' delivered in one week of pp running! Day in 2010

» Peak L: 2.1x10%2 cm?s'; Max for data used in xsec analysis 1x103' cm2s"
« Max. average pile-up 4 interactions per bunch crossing

» Data Taking efficiency was 93.6% during p-p run, taking into account detector
dead time and ramping-up of the HV.

 Denominator is from stable beams declaration to beam dump hand-shake

Thanks to accelerator group for the LHC performance!
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Ttbar cross section measurement @

 Measurement done in 5 orthogonal final states (statistically easier to
combine):

* [epton+jets; e+jets, u+jets

* Di-leptons: ee+jets, uu+jets, eu+jets
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» Measurement lepton+jets channel
Data-driven methods to control QCD and W+jets backgrounds
* 3 measurement methods:
« Counting experiment
» FitA template fits of the 3-jet mass distribution
« FitB simultaneous fit of the yields of the b-tagged and pre-tagged samples
 Measurement Di-lepton Channel
« Counting experiment
* Profile likelihood fit of the Signal and Background in the 3 channels

« Combined result
» Simultaneous likelihood fit to all channels to derive the combined cross section.

Pre-tag = before applying b-tagging selection criteria.
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Ttbar xsec Selection

lepton+jets Selection:
1 electron or 1 muon trigger fired
» Exactly 1 lepton with p.> 20 GeV matched to trigger

« E.M¢ > 20 GeV and E;"**+ m_(W)> 60 GeV
« 21 jet with p, > 25 GeV and |n|<2.5

Di-lepton Selection:
« 2 leptons of opposite charge (ee, eu, pu) with p. > 20 GeV. At least 1 matched to

trigger
« >2 jet with p, > 20 GeV and [n|<2.5

« E/M*>40GeV, |m_-m,|<5GeV (ee); EM*>30GeV, |mw-mz|< 10 GeV (up) ;
H. > 150 GeV (ep)
« Vertex d, < 500 um « to remove cosmic muons

H. is defined here as the scalar sum of the p. of the leptons and jets
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» Main backgrounds of the lepton+jets channels are W+jets and QCD.

* They are both determined in a data-driven way for tagged and pre-tag samples.
 u+jets QCD bkg is determined in the pre-tag sample with the Matrix Method
and the tag rate is determined in a QCD enriched sample
- e+jets QCD bkg is determined by a likelihood fit of the E M distribution

Number of jets
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« W+jets background is determined in a data-driven way for both pre-tag and

tagged selections W}l et 2Jet W 2 jet W' et v
>4-jet >4-jet >d-jet pre-tag — pre tag z i pre tdg pre-tag
tagged — Wpfe-tﬂg . ftagged' . .
o fg4_je[ B f 2-jet fc-arr Berends scaling
Jtagged — ngﬂed 7—>3‘*4’ 3‘
- largest uncertainty
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» Other backgrounds are determined with Monte Carlo
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3-jets Mass Lepton+jets

«The mass 3-jet combination with the highest p. would show a resonant

component for the well reconstructed top-candidates.

» =3 jets sample is also providing information on the ttbar and background
(1:1 ratio) — exploited in FitA method

g ATLAS télzgged e/lu+jets
UJ12°:‘ Preliminary ® data ]
1001 JL:Z'Q pb” El;tingle top j
b B Z + jets
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Systematics and Results

* |+jets xsec has been measured with 3 methods:
» Cut and Count of the 4-jets tagged samples

 Fit A: simultaneous fit of the 3 jets mass in the tagged samples of the 3-jets exclusive and
4 jets inclusive samples (only one using the mass shape information).

* Fit B: simultaneous fit of the yields of the 4 jets pre-tag and tagged samples.
For the C&C method, the main systematics are b-tagging, JES and background.
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,/ Run Number: 160958, Event Number: 9038972
Date: 2010-08-08 12:01:12 CEST
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Non-Z background:

*Data Driven estimation of the non-Z background is performed with the matrix

» Main contribution is W+jets with a small contribution from QCD with 2 fake

method.
leptons.
%’ 5 | \ | \
o0 arLAs ee E
' Preliminary ® data
2] L _
= _[ L=29pb" Ll
2 10 Ml single top =
. N Z + jets
‘ diboson
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10"
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0
E?iss [GeV]
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Zjets background.

Z background:

» Data Driven estimation of Z+jets background is done by using an orthogonal
control region by inverting the Z mass veto cuts and lowering the E_ s cut to >
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Signal and BacKground

« Comparison of signal and background yields as a function of the number of jets
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and tagged jets.

2 ool | | | | ] @ | | |
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Systematics and Results

*Di-lepton channels cross-section is determined as Counting experiment where

the backgrounds are determined from data.
» The cross section is inferred by a profile likelihood ratio

» Uncertainty is statistically dominated.
» Main systematics are background determination and JES
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Combination of the channels

« The combination of the channel is done by using a binned profile likelihood and
systematic uncertainties are modeled using a I" function.

4.8 o wrt background-only hypothesis.
. =145 £ 31152 pb if usi i
O — _9o7 P 5.1 o if using Gauss function for
systematics
EI B T T T T | T T T T I T T T T | T T T T | T T T T T T T T I T T T T ]
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Sinygle Top production measuremernt

ATL-PHYS-PUB-2010-093

t-channel O,

= Oy/3

ATLAS: 2 methods for xsec measurement sequential cuts, and likelihood

ATLAS Preliminary
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Likelihood vs tf
Method Ac/o
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likelihood +14(star) = 32(syst) =1 1(lumi)%o
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producing forward jet

5
5
2
= ' /
@ q q q q
-
S [Mtchannel %% t
E Mw
2 Mg b t g b
= EVeets t-channel

[7] Z+jets,diboson

[laco

Binned likelihood on the output of the NN on the 3-jets
pre-tag sample to determine W+jets and ttbar rates

« Sequential cuts analysis :

Add kinematical cuts to reject it and W+jets
- Likelihood function analysis :
Likelihood ratio with angular variables to
discriminate tt & W+jets

Main sources of systematics :
B-tagging, bkg normalisation, ISR/FSR, Generator
Significance with 200 pb' @10 TeV : 2.7 o
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http://cdsweb.cern.ch/record/1241802

Sinygle Top production measuremernt

ATL-PHYS-PUB-2009-001
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o myl) [GeV]
tt discriminant e-p channel BDT input variable distributions after

kinematics cuts. Other inputs variables are

tW channel (associated W production) E;"*, H; and angular distributions
Signature similar to tt, but with one less b-jet between leptons, jets and E M
ATLAS: cut-based analysis and boosted decision tree

Expected results for 1 fb'' @10 TeV:

* 1 lepton+jets channel: 48% uncertainty (BDT analysis)

o di-leptons channel:  34% uncertainty (BDT analysis)

/

=
o
o
o=}
o
o
=

«at 10 fb' , 1 lepton+jets chan cut method: 20% uncertainty
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« 2010 Data sample:
o ~45pb'@ 7 TeV

reco

mStab — Miop e

top — _ reco w
mW

» Employ stabilized mass, robust to against JES
» Loose selection without b-tagging: S/B ~ 1.4
* Input top mass 172.5 GeV
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ATLAS Preliminary

Simulation
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ATL-PHYS-PUB-2010-004
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JES

Statistical uncertainty [GeV] as a function of %

@10TeV 10pb~" | 30pb~" | 100 pb~"
Electron channel | 10.8 =35 | 7.0 +=2.1 | 2.7+ 1.3
Muon channel | 99 +39 | 58+1.5 |28 +0.8

~50% larger uncertainty @ 7 TeV
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Top Mass prospects 2011 data
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DBT20 140 160 180 200 220 240 260 280 300 detector.
mig [GeV]
(a) The m}gff’ distribution
G o103= ' ATLAS Preliminary o
ok simuaon 3 EXpected uncertainties:
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Ttbar resonarnces

ATL-PHYS-PUB-2010-008

Basic event selection :

« > 1 isolated lepton (e,u) with pT > 20 GeV

« > 2 jets with pT > 30 GeV, 1 b-tagged jet

 if MT (W) < 40 GeV : > 60 GeV (against QCD)

Mass spectrum reconstruction :

« Minimal reconstruction : mbjjbfv (for early analyses)

* Full reconstruction : Mz = Mpjjbiv — Mpjj = Mply T?mfj_DG
» Monojet approach : jets anti-kT, R=1.0

— for highly boosted top quarks

Sensitivity :

events/200 pb /50 GeV

\s =10 TeV, 200 pb'’
T T 3

2 methods : Bayesian, Feldman - Cousins  Full reco
o 1E N T T LI T LI T LI T LIL L I_I T T LI T LI T T T
8] [ ATLAS Preliminary, simulation W= = 10 TeV/, 200 pbi ' > 400 ' "
E 13:_ Z, Tull reconstruciion = g E 1°E
& [ »  Nosystemalics (Bayes) = © 3501 .
= “; . o Systematics ncluded [Sayes) o B I
T kb O Systematis hciuded (FC) 2300- o
2 oE ——+—--. fDpooior T (hep-phiDo11288) 3 S o50- g
& : . g
3 3 & 200- z
- Full reco ; B 0
B = 150F
4 - 100~
2 - 50- [
ot bl b b e T e L c
600 800 1000 1200 1400 1800 1800 2000 %
Model mass m, [GeV]
Luca Fiorini CPAN

Csmtt ]
[ single top _|
DWHets §
COwee
Ehad. tT |
Woco

1000

ATLAS Preliminary *
Simulation 3

2000

T ]
500 1000 1500 2000 2500 30C

mass(tT) [GeV]

=]
o
(o]

100

events/200 pb 60 GeV

ner-=»

Minimal

L ATLAS Preliminary [ Jeya -
| simulatign \E=1ﬂ'rev,r¥nu pb! [lsm

[Jw+dets ]

. Z+Jets
. single top
Pacojets -

500 1000 1500 2000
mass(t i) [GeV]
Ffa A aat
Monojet
/s = 10 TeV, 200 pb'
45_' T T [ E T T ]
40; DSMVIT

F DWﬂels
35¢ Hes ot ]
303 i .OCD ]
25 i

E L3
20 :

F 0 1000 2000 B
150 ATLAS Preliminary
10E Simulation =

5¢ =
0[5 500 1000 1500 2000 2500 3(500

mass(t T) [GeV]
23



http://cdsweb.cern.ch/record/1278454/files/ATL-PHYS-PUB-2010-008.pdf

Summary and Discussion

» Top Physics is among the ATLAS physical results of the first year of LHC data
taking.

 ATLAS performed the measurement of the Top pairs cross section
measurement for_both the lepton+jets and di-lepton channels. Statistical and
systematic errors are comparable in the final result.

» Measurement of the cross-section in channels with t are expected in 2011.

» Top Mass measurement with good accuracy possible with 2010 data.
Accuracy comparable with Fermilab results could be in 2011.

 Single top cross section measurement in the t-channel and Wt channel and
ttbar resonances searches can be delivered with O(0.1-1 fb).
Stay tuned for more results in 2011.

* Top Physics measurements are a nhecessary step to show the sensitivity
of ATLAS detector to new physics.

*More informations at:
https://twiki.cern.ch/twiki/bin/view/Atlas/TopPublicResults
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p>2.5 GeV
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Leading muon, p;>15 GeV, second muon,
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* Calibrate EM scale with constrained fit to the Z line-shape in 28
calorimeter regions. Typical corrections 2%, consistent with precision of
cryostat temperature measurement in test beam.

: : : > B [ L L L B L B L BN
Data with 5 GeV E; di-electron trigger 8 1200~ o Dbaa [La=s7p0 ATLAS Proliminary ]
led in later data) = - .
| (presc.a 2 1000 rlxznc Z—ece - E
- = Fitt t 7]
Trigger selection produces shoulder around R o data Al 730008 Gev -
15 GeV W gpo— hi<2.47 ' ‘ data 7
E | Ovc = 1.49+/-0.02 GeV E
— T 600 E
> - " ATLAS Preliminary 7 C ]
O 10*E - Data 2010 \'s = 7 TeV - 400— ]
T B det=10.1 pb! ] B ]
Z|l > v | - ]
o _g 107 e E— E 200— ]
. gt gt - z 7 B _ : ]
10°E . E o 75 80 85 90 9 100 105 110

10%_ HH*,H#: , _% M, [GeV]

- i ] : o

16 t = Fit to a Breit-Wigner convolved
ok I ||‘ E with crystal ball function.
: ST P H L 4 Stat errors only.
1 10 10 10
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MC (Pythia LO + Parton Shower, normalised to data)
Statistical errors only

ATLAS Preliminary
s=7 TeV

—e— Data f Ldt=36.3 pb™

—e— Data f Ldt=36.3 pb™!
— PYTHIA

1/n n_,(bins)
3

i P MC (Pythia LO + Parton Shower, normalised to data)

Statistical errors only

* anti-k, R=0.6 _EI
10 X y*1<2.8 .
105k . 4
6 - ] anti-k, R=0.6
10°E ATLAS Preliminary E <28
10_75_\/§=7 TeV = ; |
10-BEI | | IIIIIE ||||||||I|||.|J|
21 22 23 24 25 26 =27 =28 =29 =210=11=12 500 1000 1500
jet multiplicity P, [GeV]
Jets corrected to hadronic scale Count jets with p;>60 GeV

Jet p,>60GeV
Highest p; jet 1.3 TeV

Shape comparison with MC PYTHIA (LO + parton shower)




E.miss distribution for events with e or

Missing Transverse Energy

with p,>20 GeV
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>106"'I'"I"'I"'I'"I"'I"'I"'I"'I"'; > T T T T T
3 . ATLAS Preliminary —— pata 2010 §s = 7 Tev) 810 %ATLASPreIiminary E%ﬂ‘ji‘i‘“wﬂﬂm
010 LW ~ev E 0 [ 3 aco
N [Jaco ] N10°F —paam
@ |:|W—rw i P P CJw—qv
%104 Bz _? 3104 Bz
= —Lal : = —K
i 108} o 5 u .
. . det=3epb" : det:SSpb :
10 u-“ 102 ?:
10 Q|| II : 10 _;1
1 1 k
-1
10 0 20 40 60 80 100120140160180200 0 20 40 60 80 100120140160180200
EmISS Ge .
= 10 T T L I A BN T [(GeV] E1n:||SS [GeV]
ﬁ 9; ATLAS Preliminary e Data:fit0.41\X E; é
S 82— 3:137’?2'\/2010 —— MC: fit0.43\ T E, —;
2 75 Ly=03nb =
S o Mi<45 E
o = EM Scale ]
g s =
w” F g
g AC E
o gE =
2e E E.™ss resolution as a function of the SumE;
15 —
ot I B B R
0 50 100 150 200 250
Y E, [GeV]
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B-tagging
e Calibrate SVO (secondary vertex) tagger L/o(L)>5.72
» 50% tag efficiency point in simulated ttbar events.

« Tag rates from template fit to p;®' of muons

 Evaluate data/MC scale factors.

350

z - untagged & SV0 weight = 5.72
2 1400 | 3 .
S s B b jets s 300 B b jets
5 1200F 5
2 - 3 non-b jets £ 250 3 non-b jets
S B - Data 2010 % s - Data 2010
e - ATLAS Preliminary ATLAS Preliminary
6001 29pb ™" 150 29 pb
400 :— 100
200 f— 50
GE 0.5 1 15 2 2.5 U : : o :
10° p;-EI [GeV] p_"re' [GeV]
120 " ATLAS Preliminary 2.9 pb’' |
L e Data ]
100__ - b jets ]
L B st ]
- light—flavour jets _:

[/7777] = 10 Simulation Tag Eff.
SVO Cut

After all corrections

* Mis-tag rate from vertex mass fit or rate of L/o(L)<-5.72
) « Mis-tag rate ranges from 0.2 to 1%, as p, increases

5 10 15 20 25 30 35

SV0 Decay Length Significance
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Sinygle top

Event selection :

« = 1 isolated lepton (e,u) with pT > 20 GeV

« = 2 jetswith pT > 30 GeV, 1 b-tagged jet

«> 20 GeV, MT (W) > 30 GeV (against QCD)

- 200 pb ' @ 10 TeV
£ L L L B LR B
2 900 ATLAS Preliminary B t-channel
Y a00 Simulation Wt
[ tthar
700 2-jets Tag sample B W jets
600 ] Z+jets.diboson

1
Likelihood vs W+jets
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Jop Spin Correlation

The top anti-top are produced unpolarized, but their spins are correlated

r(t) = 1.4 GeV » A%, /m,, The top quark decays before

hadronizing: the decay products keep information of the angular
correlations

SM prediction of the ttbar correlations can be tested by measuring the
angular distribution of the decay products (it has never been observed).

—int-(tbar)restframe inttrestframe
2
1
1 dI' 1+aicost; 1 d’N =—(1- Ax;x, cos 6, cos6,)
[ dcosb; 9 y N dcos@ d cosé‘q 4
A Py 240F TT T AL B =
¥ 220F L =220pb" ATLAS
I 2 200 ‘|‘ E
{ A 180F =
————————— e > ;' 160F =
140 E
=, 120 =
Top Rest Frame By B e + + E
80 + E
-1 ull —|—+ -
Results for 220 pb: SM 60F 44 E
s i 401 -+ ++ E
prediction oF Lt ++ 3
A=O.67iO.17(Stat)iO.18(s +0.25 S T RPIN EF RN SR RPRPIN RPN i i SO
yst (MC) 15 -10 5 0 5 10 15
422 91=9|; 92=9q; K1=1 : -9*cos6,"cos6,/0.51
=-0 4()+(] () ()

Luca Fiorini
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Top quark Charge discrimination

- Goal is to discriminate between SM q,,,=2/3 and exotic models with q,,,=-4/3

Determinate sign of the lepton charge, determine the b-quark — lepton matching,
determinate sign of b quark in the B-jet

- Technique:
« Charge weighting Yiqil i Dil
Gbjet = A k=0.51 optimizes the discrimination
il i

« Semileptonic B decays approach - -
g T T T T Entries 5530
3'16'3' ATLAS preLiminary - .:E Mean 0.0949 + 0.0045
|-=1fb' e,
‘% 140 ™ ' | Entries 5545
4 120 Mean -0.0304i($045

100

Separation at 50 with ~100 pb' (ATLAS)
Systematics: ISR/FSR, MC model, b-jet scal

b jet charge
Luca Fiorini CPAN
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Wtb Anomalous Coupling

In general, the t>bW vertex can be written as:

o 2 T _ g - ictVqy _
Z = by (VLP;_x o v ;q@ t Wy +h.c,
W helicity fractions F,, F, , and N /‘ _
, anomalous coupling terms

depend on these couplings
(PR/L =11y )2)

ATLAS: measure p, =F /F,, p,=Fg /F, and angular (forward/backward) asymmetries

Results can be delivered for 1 fb SM predlctlon pL 0.423 , PR— 5.1+10*
ml: 0-3_' r B Tyl Lo Tl N TR S T A S TR B SR S mE 0-3_ =TT 11 T T | = PRI S
5 ATLAS : ATLAS ]
0.2 Preliminary — 0.2 Preliminary —
0.1 f Vp=0 - 5 f_ g,=0
of 3 of 5
-0.1 ] 0.1 —f
0sf - gl .
- 68% CL a!lowed reglons . - 68/ CL allowed reglons R
R S N '0.3 et iy g "’0.3

Dominating systematlcs ISR/FSR, pile-up
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FCN(C Searchies

"{2 ——{ ‘é . ATLAS Expected 95% CL limits:

N
FCNC decays t—(Z,y,g)q is suppressed in SM (10 10§m- ZiUs L
K ED
NP could manifest itself with BR 10-2-10- oz coran’ 1N et

Signature in top-pair production: 10
* 1 top decays t- Wb with leptonic W
« Look for high E; gluon jet or photon or lepton pairs ATLAS (10f6°)

. g ZEUS
Main systematics: ISR/FSR, MC generator, pile-up, 0 g : 630 g
bkg. uncertainties. s atLas
ATLAS: Some contributions can be removed using 10
likelinood selection with event shape and top
mass reconstruction.

Channel  Exp BR 56 sens.
t-Zq ATLAS @ 1fb’ 10* (Iklhd)
@ 1fb’ 10 (Iklhd)

t>gq ATLAS @ 1fb" 102 (Iklhd)

Luca Fiorini CPAN
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