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1. Context & Top quark search strategy with the early data
2. Towards the reconstruction of top quark decays

3. First Top event candidates

.

ICHEP 2010 FRI 23-JUL-2010



Top Physics with the early LHC data ...

(o . o ) . . _ )
'E ' Expectations with 280 nb-!
5 ’"t e Assuming 100% efficiency, we expect
N Tevatron epton+jets:
10 ~14 in I+jets with I=e,u
10° . f-f"”f Di-lepton :
10 ~2 events in (ee,u,eu) y
10
10 o {E" > Vs/20] “ 4 . b
. N~ Strategy with the early data...
g 10 o A — Validate/Calibrate Object reconstruction
e 10

Quality, Trigger, Reconstruction, Calibration

Validate MonteCarlo descriptions

— Understand QCD & W/Z+jets background

Determine/Monitor multi-jet events

Measure W+(HF)jets background

Data Driven vs Simulation

10 — Select final state for top candidates

I I Define/ validate loose selections

\/s(TeV) 7 'ipev Constitute control sample for bkgd and signal
/ Optimize selection for specific measurements )
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L EXPERIMENT

3) Missing Transverse Energy F

| 4) b-tagged hadronic jets ]

1 1

5) Selection Validation -
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1a) Electron

, &’%
Electron Sources s e N
W/Z boson electron - W(Z) 2 e(e) : 7 |L=133n0" Ehm .
Heavy flavour electron  : b(=>c)>e z 10 - Pemetsecns
Conversion electron Ly >ee 10°F

| Fake from charged hadron : h-> e | 102

N\ 10

/Electron Identification Tools
« Medium electron» 0 01 02 03 04 05 06 07
— Strip layer information --against n%’s
fraction of energy, shower lateral size,
— Cluster-Track Matching : A7n<0.1
— Track Quality _
hits in pixel, pixel+SCT,d0,fiducial B-layer JL=132m’
«Tight electron» X0 E
— Hadronic Leakage Il E
ratio of E;7AP/EFM in 1st (all) Had sampling st ]
— Middle layer (Max. shower) N e,
ratio in n of cell energies in 3x7 vs 7x7

— Cluster-Track Matching : Ratio E/p (vs hadron) || Validation of 1D tools
— B_layer hit (VS Conversion) US|ng data driven teChanueS
— Transition Radiation Tracker —> Derive components using Matrix Method

N nb of hits, ratio of High/Low threshold (vs z’s) )

— Memie Cane 3
Q=adrans .
Bl Conversons

[ Promet eiecirons —
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1b) Electron

( Electron in W and Z selection
Trigger efficiency of 99.8+0.2% in data
Select electron with p>20 GeV
|| < 2.47 excluding Barrel-EC region
Medium or Tight quality
Isolated electron (calorimeter based)

Measure relative efficiency in data/MC 10F 1™ S
Ratio Loose/Medium and Medium/Tight ok E
Validate variable description one by one i“ 4 N MH L
= -> Agreement at the level of 3% (tight) . %o 70 80 80 100 119“312;
L N\ ) .
. q:::—*ﬂ — Energy scale and resolution
< Reco efficiency Energy scale & resolution dominated by EM
2 oF e * — Uncertainty (abs) is £3% from TB,x%>yy
F . Next: Trigger/Reco efficiency from data
07 — Via resonnances Z—>ee, J/y,Y—>ee
: =+ Medum ] Tag e : tight isolated electron
061 = Robustiignt - Probe : looser candidate
N IM,,-M,|< 10 GeV
'aﬂ 40 60 80 EIEFD ~ /

( m
a5
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e

Muon Identification

Two main sub-systems:
Muon Spectrometer
Inner Detectors: pixel/SCT (|n|<2.5),TRT (|n|<2)
- Form « Combined Muon » by y?> matching
[chain1] Refit of the ID+MS track

[chain2] Stat. combination of MS & ID meas.
Efficiency in MonteCarlo ’

99% of W->p are « combined muons » \\
MS adds 0.6% and calo-tag muon 0.4%
Measurement of relative efficiency at the dca
Use ID+calorimeter tagged muon
- Measure relative efficiencies in data / MC
- Validation of MC at the ~3% level

[ Muon Fake Estimate

Main sources of non-prompt muon
/K decays & punch through

Use extra cut on MS p; and Ap;(ID-MS)<15 GeV

Constraint /K rate from data using KOs >n+n-
Select vertex and count tracks seen as u
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Muon Identification relative efficiency

DATA g, MC g,

p-(1)=6 GeV
Chain 1

(94.0+2.00% | (96.8+0.3)%

Chain 2 | (98.7+0.9)% |(97.4¢o.2)%

Ve

510’
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N Ns=7Tev
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_.?'[’_‘*'
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1d) Muon

e 2 /:.asnnﬂ — 2\
Muon in W and Z selection N T paereeee D
Trigger efficiency of ~99.7% in data < 4000 jL=291.2 nb"| Eurp =
Select muon with pr>20 GeV s | ) F*H = ]
Combined muon 300r *L ‘ - i
|n| < 2.4 II 200k o'tk T
Isolated muon (2pT in R=0.3 cone) s 10 M
lp+'P-p:MS|< 15 GeV 100 R A )
Measure relative efficiency in data/MC : ;
Validate variable description %4020 30 40 50 60 70 80 90 100 J
N J \_ p, [GeV]
%45: T T aaaarih 4 A
O dp T PRI || ATLAS Pretiminang High pr Muon scale and resolution
€ 35- [ |z-w £ Select p(u)> 20 GeV/c
5 305, 0 ‘ Momentum scale known at a level <2%
25" [ Momentum resolution
200 Known at 5% (Barrel) and 8.5%(EC)
15 | 3 Next: Trigger/Reco efficiency from data
1o | 3 Tag & Probe using Z->pup, Jhy,Y=2>puu
5 ! ; Tag : « tight » isolated muon
et ; Probe: « medium » muon
%ﬂ 70 80 90 100 110 120 \_ )

\ my, [GeV] )
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4 N\
Jet Reconstruction

Anti-KT algorithm with radius of 0.4-0.6
Start from cells regrouped in 3D clusters

Jet Calibration from MC
Several calibration schemes tested vs data
— JES+EM scale (EM+JES)

Corrections from MC truth as f(pM)
— Global Sequential (GS)

Add jet-by-jet information (shower shape)
— Global Cell energy-density Weighting (GCW)

use cell weights based on energy density
distribution wrt MC ||~

— Local Cluster Weighting (LCW)
use topo-cluster properties for an individual
calibration derived from MC of single rn’s
Performance
Same average corrections over uncalibrated jets
Agreement between data and MC at the ~2%
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2) Jet Energy Scale and Resolution

[ Jet Energy Scale Uncertainty

Dominant sources of systematic uncertainties
Dead material (5%) II
Hadronic shower model (5%)

Electronic Noise (3%)
LAr/Tile absolute EM scale (3%)
9.4% (10%) for p{¢'<60 GeV Barrel (EC)

7.0% (7.6%) for p{*'>60 GeV Barrel (EC) |

-

~

Jet Resolution

Use dijet balance method & Bisector method
Select back-to-back jet events
Measure A = (p;Probe-pref/p,av9)
Determination of 0,7 / pr = \2 0
MC and data agree within ~14%
for jet of 20<pT <80 GeV

Systematic Uncertainties
Difference of two methods
MC Soft radiation correction (3rd jet)

0.14
0.12

0.1
0.08
0.06
0.04
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3) Missing Transverse Energy

p
Missing ET Definition
— Defined from cells belonging to topo-clusters
and from muon contribution

Missing ET Calibration
— Global cell weighting calibration (cell level)

or Local cluster calibration (cells w/in cluster level)
— Refined calibration correction from physics objects:

L T T I T 1 1 1 r 1 1 71 'I T r 1 T I L T T I T

4 EMscale: fit0241VEE.

* LOW.St02T\IE
O GCW:fit039\IE

E-MSSresolution

@ . .;53$£¥++

Data 2010 Vs =7 TeV

E™* E]"™ Resol'L E,{(EM)//LE, [GeV] )

P s N W BN @ ® O
|

ETmis,can,calib=ETe+E T7+ET7+E 7,jets.|.ETcalo,u.|.E7_ceIIOut ATLAS Preliminary Jm_q_m -
—~>Calibrated migsing E; is well descrijed by MC T T
.. . 50 100 150 200 250
Missing ET Resolution s EEM Gy
Overall good agreement / some tails jn high jet E;M'SS OETTTTTTT P TR
. . . & EMszcale:fi043VWEIE, —
Resolution inData / MC in reasonable agreement * LOW:mO039\IE :
(& I b 0 GCW 041\IE, E
4 R = -
= =
;o R ey B o R — 1|2 T
= Data 2010 ..';-TTE-E Data 2010 x_s-:?T‘."..*g i . aisih'“ég =
E !Ld‘.-f] M ity E‘ i Jld'.:l) 34 b’ _; E '.-.' -—E
Yook e “ 3 @ ot E
£ * Das 1 w é;nu‘::tn-am 3 g .-.- MC MinBias E
r e v 3 ?J_,!’" g® . e m TTeY =
L 1 10 h?“ ) . ﬁ 8" ATLAS Preliminary | =4.5 é
i E | 1'|, : uf E
i ; ] 1 UL ﬁ h |1 %20 20 60 80 100 120 140 160 180 200 220
40 B0 B0 g0 200 30 a0 %0 60 I E-(EM) [GeV]
9 Er [GeV] Eticev )\ /
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3) Missing Transverse Energy

S' 1D5 ta 2010 (T TeV)
[ Missing ET Definition ) g ‘ [ L2062 éz.&;e? o
— Defined from cells belonging to topo-clusters w10 W v
(noise suppression) and from muon contribution E 10° ER—
Missing ET Calibration -
— Global cell weighting calibration (cell level)
or Local cluster calibration (cells w/in cluster level) 10
— Refined calibration using physics objects:
ETmis, calo,calib= ETe +E T;/.|. ETT+ E - Jjets 4 ETcan;q. ETceIIOut 1
—>Calibrated missing E; is well described by MC 107 BT
Missing ET Resolution ET™* [GeV]
Overall good agreement / some tails in high jet E-MISS %‘mﬁ R AL L
|_Resolution in Data / MC in reasonable agreement 0
N . 2
Missing ET in W=>lv events

Select events with lepton with p>20 GeV II
Isolated (remove fake, prompt ...)

Extra Missing ET due to presence of neutrino

k%ET'V”SS Distributions in good agreement with MC

20 40 60 80 100 120
\_ ET [GeV] /
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4) Jet Tagging :

/Impact parameter based Taggers

Select quality track in jets

Measure track dca to Primary Vertex
Define significance S,,=dy/04q
Determine resolution functions

>

102;

\_ - Validate MC description )
\

-
Jet Probability Tagger (Aleph)

— Compute proba. for a track to originate from PV
— Remove VO, conversions, hadron interactions
— Derive Jet Probablllty to orlglnate from PV:

P = P, Z ELELY l'[ym
\_ =0 k!

AN

/TrackCounting Tagger

— Require > 2 good tracks w/ S, > threshold

— Use a 2" highest S, track cut to tag

— Good agreement Data/MC vs p; and n-ranges

- /
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104

Impact Parameter Based

m [TT T II TT TT IIII T T TT .II
i
@ ~ as=7TeV L~1n
::’105;—
E E ® Data 2010
e} - N min. bias MC : Bght jets
E=) “}4 MWD min, Bias MG ; ¢ jots
E E WO min, bias MC | b jets
=3 =
2 -

103'5

0 2 4 6 8 10

Average multiphcity

Data ;3,130 1 0.008
WG 03,102 £ 0.005

12 14 16 18
Track mmtiplicity

\

| 5 G= ?Te‘u’

* [ata 2010
ND rrin, beas MG : light jets
ND min. bias MC : ¢ jois
ND min, bias MG : b jots

m‘[
m"'[

1w -
4-3-2-10123 4

10 20 30 40

2y,




4) Jet Tagging :

/Impact parameter based Taggers
Select quality track in jets

Measure track dca to Primary Vertex
Define significance S,,=dy/04q
Determine resolution functions

- Validate MC description

o

)

p
Jet Probability Tagger (Aleph)

— Remove VO, conversions, hadron interactions
— Derive Jet Probability to originate from PV:

In? a
Py = P, Z &

-@{l:l—lf trk;

\_ =1

— Compute proba. for a track to originate from P‘u

AN

/TrackCounting Tagger

— Require > 2 good tracks w/ S, > threshold

— Use a 2" highest S, track cut to tag

— Good agreement Data/MC vs p; and n-ranges

o

J
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Impact Parameter Based
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4) Jet Tagging :

/Impact parameter based Taggers
Select quality track in jets

Measure track dca to Primary Vertex
Define significance S,,=dy/04,
Determine resolution functions

- Validate MC description

J
~

N

Jet Probability Tagger (Aleph)

— Compute proba. for a track to originate from PV
— Remove VO, conversions, hadron interactions
— Derive Jet Probablllty to originate from PV:

hﬂﬂ—*ﬁgzni_ﬁ 9"0 Hﬁﬁk;
X = h

/TrackCounting Tagger

— Require > 2 good tracks w/ S, > threshold II
— Use a 2" highest S, track cut to tag

— Good agreement Data/MC vs p; and n-ranges

.

J
~

Impact Parameter Based

) l

Mumber of tracks

Mumber of tracks

\ 3— ? TeV

- ® EIRIH.EDW
3 MD min. bias MC : light je
MND min. bias MC - ¢ jois
MO min. bias MC : b jats

m 0

10 20 30 40

\ S- ? Te‘u’

§ ® [Data 2010

MO} min. bias MC : light jets
MO min. blas MC : ¢ jets
MO min. bias MC : b jets

24 highest Syp track

ATLAS
Preliminary
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4) Jet Tagging : Soft muon & SV

Run 152409
( Event 4349994

Soft Muon Tagger
Tag soft muon from b(=>c)>u X [BR~20%)]
Select combined muon in jets
Good MS and ID match
Muon track w/ 7Si+2 pixels+1 BL hits  [[]
|do|l <1 mm and [Z,sinB|< 1.5 mm
Use p;"(n) as discriminant variable
—>Fit templates of b, ¢ and light jets
- J

e N ( \

ATLAS Preliminary —=— Data 2010

Secondary Vertex Tagger 70F  vE-7Tev I D min. bias WC - b jets

— Reconstruct vertex from 2-track combinations ) —— —— il
with dca/o ., above 2 50F  from p;

— Compute 3D decay length significance aoF likelihood ratio

Impose tracks to have 2-track Xdca/ oy, > 6 . 1
Cut on %2 to ensure bad compatibility w/ PV o e
— Removal of VO and y-conversion e
— Removal of vertices in pixel layer (interactions)
ﬂ----l'l'l'l'l"....l ........ lassalasas lossalssss lasas
005 1 15 2 25 3 35 4 45 5
9 Soft muon tagger weight
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4) Jet Tagging : Soft muon & SV

- N ( N/
Soft Muon Tagger S 220 | SV0 selection
Tag soft muon from b(>¢)>p X [BR~20%] g 20 Simulation
Select combined muon in jets E 160 = o jlgfg
Good MS and ID match < 140 = light jets
Muon track w/ 7Si+2 pixels+1 BL hits oo + Data 2010
|do| < 1 mm and |Z,sinB|< 1.5 mm (Ns=7TeV,L=04nb)
Use p;™!(u) as discriminant variable ATLAS Preliminary
—>Fit templates of b, ¢ and light jets
\_ R
Ge
4 N |8 — SV0 selection Simula::::[ :
Secondary Vertex Tagger 5 1oL - Data 2010 mm bjets
— Reconstruct vertex from 2-track combinations Z b Ns=7Tev — ﬁdﬁﬁets

— Compute 3D decay length significance

with dca/o ., above 2

Impose tracks to have 2-track ~dca/ oy, > 6
Cut on %2 to ensure bad compatibility w/ PV

— Removal of VO and y-conversion

— Removal of vertices in pixel layer (interactions)

ICHEP 2010 FRI 23-JUL-2010
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Top quark Candidate Search with 280 nb-1...
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Top quark search in « electron+jets »

Electron+jets selection
Primary Vertex with >5 tracks
One electron with p> 20 GeV
Trigger matched
Medium quality
Track with B-layer hit
Isolated around e-direction
At least 4 jets with p>20 GeV
Pseudo rapidity |n|< 2.5
EM scale + JES calibration
>1 b-tagged jet (SV0)
Missing Transverse Energy
S E-MSS > 20 GeV

Note on B-tagging

SVO0 is the default tagger

Jet by JetProb & TrackCount used
| as cross-checks

ICHEP 2010 FRI 23-JUL-2010
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ETI\/HSS m_l_ MJ”
(GeV) (Gev) (GeV)
LJ2 41.4 4 (1) 89.3 68.7 106
II LJ3 26.2 4 (1) 46.1 62.6 94
LJ4 39.1 4 (1) 66.7 102 231
LJ5 79.3 4 (1) 43.4 86.7 122
/ LJ3,LJ5LJ4 LJ2 LJ3 LJ2LJS LJ4 \
ED.BS;Il'rl 11 T L BEARE L—ED,HF u |:l | | N
= 0.3- ATLAS Preliminary gn,m:— ATLAS Preliminary
= F Simulation 1= | Simulation
) ﬁn.zsz— otjots . g 0.1 eojots _
l.I}J 02- O 4 dp.og - Ol
- E MW acp 1s | macop
£0.15 W single t €0.06L M single t E
S B Z+jets 1o\ W Z+jels
S 0.1 Wejels 1800t wies
o e
0.05 ] 0.02- -
90 40 60 80 100 120 140 160 180 200 UD 100 200 300 400 5_;:!0
EP*[GeV] m,(highest p_)[GeV]

/
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-
1 electron p; = 41 GeV

E/MSS =89 G
4 jets > 20
L -1 b-tagged jet

.-"F

Date: 2010-07-12 060437 BST

\_ Fun Mumber: 158375, Beant Mumbern 21427353
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Top quark search in « muon+jets »

4 ‘ _ )
Muon+jets selection | E MIss m- M,
Primary Vertex with >5 tracks : (GeV) (Gev) (GeV)

At least 4 jets with pr>20 GeV 1 | 429 [ 7@ | 251 | 593 | 314
Pseudo rapidity |7l< 2.5 II‘ 6 | 294 |s@ | 654 | 641 | 126
EM scale + JES calibration ' : .

>1 b-tagged jet (SVO0) LJ7 78.7 4 (1) 40.0 83.7 108
Missing Transverse Energy

LJ1 LJ7 LJB LJ7LJ6 LJ1 N\
E-MISS >20 GeV
one muon with pt> 20 GeV l, 1 l u 1
Trigger matched E 0.3 T En 1‘1: | 1 r |
Combined Tight Q0.25 ATLAS Preliminary  |g~ b ATLAS Preliminary
/ H -~ L f i 1=0.12} i £
Isolated around u direction PR Simulation 12t Simulation :
g 02 Dt g 0.1 E:{: ;
= r [ r
W W aco 1%0.08- moco E
‘ED.‘IE_— M single t - M single t ]
R W Z+jets ©0.06- W Z+jets 3
S 0.1 Wejets - - Wejets
i 0,04 3
0.02-

ow __; o L

[ 1
%D 40 &0 B0 100 120 140 160 180 200 0{} 10[] 2[][] 300 400 500
\_ Er“[GeV) m,(highest p JiGeV] |
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Top quark search in « dilepton channel »

Di-lepton selection

Primary Vertex with >5 tracks

2 leptons with p; > 20 GeV
Medium electron and/or
Combined muon

At least 2 jets with p; > 20 GeV

No b-tagging required

[ee] E;MISS > 40 GeV
IM,-M|>5 GeV

[np] ELMISS > 30 GeV
IM-M,[>10 GeV

[epn] H(jets,leptons)> 150 Ge\//

\\}

MISS
jet ET

(GeV) (Niay) (GeV) (GeV
DL1ee | 55.2/406 | 3(1) | 424 271

Hy

I
p'eP

DL2eu | 2271478 3(1) | 76.9 | 196
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Fraction of events

Fraction of events

DL1

T T

0.5 ) J
ATLAS Preliminary [
Simulation Bl singfe top
0.4 B2+ jots 0.2
W+ jets
0.3- diboson  _
dilepton-ee
0.2- - o1
0.1
0 p 3 4 5 & T B g 0
Df Number of jets
' J =
0.5 >
— ATLAS Preliminary (e g
Simulation W single top N
0.4 Pz + jets 1:“ 0.
W+ jots @
0.3~ diboson _..;
dileplon-eu E
o
0.2- ‘Eﬂ.ﬂ

: L
2 3 4 5 6 7 8 9
Number of jets

DL1

I N
ATLAS Preliminary [t
Simulation [l single top
B z+jets
W+ jels
diboson
dileplon-ee

e . L
50
DL2

250
EF™ [GeV]

LR AL L U B |

ATLAS Preliminary LJf
Simulation Wl single top
Pz jers _
W+ jols
diboson
dilepton-ey

1~




electron p; = 65.2 GeV
electron p+ =40.6 GeV
E/MSS = 42,4 GeV

3 jets with p;> 20 GeV
21 b-tagged jet

H: =271 GeV

Run Mumber:155678, Event Number 13304729
Date: 2010-05-24 16:41:53 CEST

L 35

| 25

_ 55 ET (GeV)

| 45

~




1 electron pT = 22 7G vV

%ATLAS

EXPERIMENT

Rum Hufiben LEESER, Baasn Phimber. Z7 80106
Cabe Z010-07-0F 0% 55:15 CEST
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Summary & Perspectives

/Top quark physics requires an overall good understanding of the detectors )
A lot of progress in understanding most physics objects has already been achieved:
Leptons reconstruction, ID and resolution performance
Hadronic jets reconstruction, ID, calibration & resolution
Missing transverse energy calibration, correction & resolution
B-tagging tools (several taggers) tested against first data
Still a lot remains to be done:
Lepton performance calibration with (Z) data
In situ Jet energy scale calibration, higher statistics in situ resolution measurements
\_ Validate Background Estimate & Description in data control sample )
4 N\
A search for top quark candidates has been conducted with 280 nb-1
Strategy has been defined to look for top (pair) candidates
Specific selections developped for top pair in lepton+jets and dilepton channels
Some candidates have been identified
Number of observed events is compatible with expectations
Kinematic properties are consistent with top pair expectations

Larger data sample is required to quantify background to a level where it can support
a conclusive observation of top quark production in ATLAS

...but a new era for Top Physics is about to begin...
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