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Top production at the LHC

proton - (anti)proton cross sections

10" oy 10 Top pair production :
10° F o, — 110
107 Tevatr e 110 * Tevatron : = 85% quark-antiquark annihilation
E I'evafron LHC 3
10° — 10
F = q ¢
10 ;‘ R /’/ i ‘% 10
10 | ’ | 1 10° - > < -
lfr‘;r ) 1; 10° g q t
100 oe(E > s/20) - dwr = * LHC : = 85% gluon fusion
—_— E = 1
g 10 E w 410 ;
° ok o T S g t g —
0 E o, (E, > 100 GeV) 2 "00000
10" F d10" §
g t s ST —
107 o, 1 10°
][}Jé_ GIL‘.:(EI.“>\-S.-"4} ‘é]{}_ = O A S B R B
10° b OugeeM,, = 150 GeV) 100 8 12 ATLAS Online Luminosity Vs=7Tev —
p - 3 2 B I:lLHC Delivered T
107 Fo, (M, =500 GeV) g 10 W r =
I vl . BN = 10: [ ] ATLAS Recorded ]
o1 ,' 1o % sl Total Delivered: 8.98 pb’
Vs (TeV) 5' L Total Recorded: 8.13 pb™'
0] B
. T 6
= The LHC is a top factory g ]
= B _
_ 4_ —
— o, LHC (7 TeV) = 20 o, Tevatron 5 T |
° i ]
|—
27 |
= We expect 1 fb1 by the end of 2011 B .
0_ | . | . | . \ 7

— we might have double the statistics 28/03 28/04 30/05 30/06 01/08 01/09 03/10
available at the Tevatron Day in 2010
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= With early data :

* Top rediscovery (few pb)
— First cross-section measurement

* Detector calibration
— Jet energy scale, b-tagging efficiency

= Next :

* Precision tests of SM
— precise m, measurement to constrain M,
— single top measurements

* Top is a good probe to search for new phenomena

=== 2 categories of searches:

1. Look at what top decays/couples to :
— charged Higgs decays in MSSM or NMSSM
— decays to Zc, Zu (FCNC)

2. Look at particles decaying to t-tbar or t-bbar :

ttbar decay modes:
* all jets : 46%
* lepton plus jets : 44%
* dilepton : 10%

— Many models predict heavy objects that decay into ttbar :

ex: Z’, KK excitations, MSSM Higgs, topcolor
— W’ = t bbar search
— 4th generation t’
— stop seach
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SM top pair production is often the main
background for new physics searches
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Leptons

= Electrons: ©60000F 1n
. g E ATLASPreliminary - Data 2010 \'s = 7 TeV) E

* Main sources of fakes : @ C — Monte Carlo ]
. '550000 - [JHadrons -

* y conversion and fakes from hadron £ - B Conversions ]

* Identification : 40000\ [J Prompt electrons —
* Acceptance, E;, and fiducial cuts 300005 ]

* Lateral width of the shower - J. L=138nb’ .

* Fraction of energy in the strip layer (to reject ° ) : 50000l =

* Track quality : hits in pixel, pixel+SCT, d, - .

* Cluster-track matching (An < 0.01) = —

* Hits in the B-layer ng, (against y conversion) ]

" Muons :

* Main sources of fakes : =
* 1;,K decays and punch-through &

* Reconstruction : %
<

L

_l T T T | T 1T | L | T T
250 ATLAS Preliminary
[ —— Data 2010 (s = 7 TeV)

L L T —.— ] [
%0 70 80 90 100 110 120
m,, [GeV]

* Statistical combination of ID & MS tracks ZOOEDZ = Hut I IL dtm 107 o5 i

L — Fit 1

* Relative momentum scale and resolution : 150F =
Ap pID _ pMS : :

. = 5 ™ Momentum scale < 2% (B & EC) 100F -

® Good resolution observed with Z — pu events
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= Reconstruction :

* Anti-k, algorithm, R =0.4
* Topoclusters as input

= Calibration schemes :

Jets are calibrated at the truth-particle level to correct jet
energy for calorimeter non-compensation, dead material,

shower leakage, pile-up

°* EM + JES (default for top analyses) :

simple p; and n dependent calibration (based on MC or from data
using y+jets and di-jets balance techniques)

* Global sequential (GS):

start from EM+JES and add jet-by-jet information about the shower
shape properties of the jet to improve the resolution

* Global cell energy-density weighting (GCW) :

cell weights based on cell energy densities to compensate for different
calorimeter response to HAD/EM energy deposition (MC)
* Local cluster weighting (LCW) :

uses properties of topoclusters to calibrate them individually (weights
~ based on pions MC)

commissioning

= Performance with data :
== Calibrated jets energies in data/MC agree at the level of 2%

A
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" 'ATLAS Preliminary

anti-k, R=0.6 cluster jets, |y|<2.8
—4— Data 2010 \s =7 TeV

| MC QCD di-jets

11 ILI\I\I
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Missing transverse energy

= Reconstruction :
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> L e B AL R
. . . 3 10° ATLAS Preliminary
Include contributions from cells in topoclusters, muonsand =
. . @ Data 2010 Vs =7 TeV
corrections for energy loss in the cryostat 2 10° ﬁ;‘:o u H‘E °
= Global calibration (independent of the object) : b 1ot ni<4.5
I . . _ -
* Global cell weighting calibration (GCW) : 10° S
cell-level signal weight 10 RefFinal
* Local cluster weighting calibration (LCW) : 10 )
cells weights according to the topocluster topology 1 +ﬁ Wﬂ WL
. H H H Il 1 | 1 Il Il 1 ‘ 1 1 Il Il | Il Il 1 1 ‘ Il 1 1 Il 1 Il
Refined calibration T o T A
Refinement of the cells calibration from physics objects ET™ (GeV]
] i .
RESOIUtIon ° % 900: T T T | T T T | T T T | T T T | T T T |- I- T T :
== Good agreement between MC and data for min bias events O goor Cqwom | ATHAS Preliminan
= r Jaco 47
— 10: T = 0 700:_-Z—>1.q.1 JLdt=991nb 3
> — = C —» TV .
&_ 9 e Data:fit0.49\T E, = '% SOOZ—EE;_’“ =
S 8E —— MC Minbias: fit 0.51\[ E, = L - Bl + .
3 7E Low 3 500 =
W = = — -
e o E 400F E
E.  5C E E 3
W 300 W v ;
W gf E 2001 E
25_ N Data_2010 \{i=7TeV_§ 100; —f
1 ATLAS Preliminary Ldt=0.34 nb E = E
, ml<4.5 = 00 L :
) T N T S A SRR (AR RN B SRR B 20 40 60 80 100 120
0 50 100 150 200 250 300 GeV
T E, [GeV] I\/ITW my [GeV]
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= Jet energy scale uncertainty :
JES uncertainty estimated by comparing MC simulations
using various detector configuration, hadronic shower
and physics models
Main sources of systematic uncertainties :
* Dead material : 5%
* Noise description : 3%
* Hadronic shower model : 5%
* Lar/Tile absolute EM scale : 3%

JES uncertainty, anti k;, R=0.4

Barrel End-caps
pr <60 GeV 8% 9%
p; >60 GeV 6% 7%

= Jet energy resolution :
Jet energy resolution measured in-situ using
di-jet balance and bi-sector techniques.

|—> Measure A:—p”_ Pr.2
pT,l + pT,Z

GPT

Pr

:\/EGA

m=) NIC and data agree within 14% for 20 < p; < 80 GeV
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AntiK, R=0.6, JES Calibration, 0.3<fn|<0.8

= — "]
e L _
T 016 Monte Carlo QCD jets —
E - [ ] Underlying event (PYTHIA, Perugia0) O Fragmentation (PYTHIA, Professor) a1
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[¢) — v Noise Thresholds ~ ====== LAr/Tile Absolute EM Scale 1
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w 0.06 — 1
) - -
Q - ¢ 0 1
-.; 004 | T E:,].-..E ......... JI] EpRE E..--g-_g..g__g_.ﬁ ........... =
T - X i SRR
£ 0.02— 4 i n . . -
- ¥ ; . m ] .
20 30 40 10 2x10 10

‘g_}—

o 02

b

0.1

0.04
)
T
o
o
E-i—'
&
k=
[a]
°
o

Py [GeV]

—_— _
Fitto MG: oip, /p, &\ N7p+ 8%, + C*

Anti-k; R = 0.6 cluster jets
EM+JES calibration

—— Dijet Balance: Monte Carlo (PYTHIA)
— —#— Dijet Balance: Data 2010 Vs =7 TeV
—O— Bisector: Monte Carlo (PYTHIA)
—=@— Bisector: Data 2010 \s=7TeV

ATLAS Preliminary

20
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b-tagging

= 3 main identification algorithm categories :

==) Can be used for calibration of lifetime tagging algorithm

Number of jets

1. Impact parameter based taggers : Trackcounting, JetProb

— look for displaced tracks wrt PV

2. Secondary vertex tagger : SVO (default for early top analyses)

— explicit reconstruction of the b-hadron decay vertex

— use 3D decay length significance L/o(L) as discriminant variable

3. Soft muon tagger :

— exploits semi-leptonic decay of b and c-hadrons to muons (BR=20%)

— use p; (1) as discriminant variable

500 + SVO0 selection

Simulation

Em b jets

@ cjets

I light jets

+ Data 2010
Ns=7TeV,L=0.4nb"

400

ATLAS Preliminary

3 4 5 6 7 8 9
Number of tracks used for secondary vertex

2
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Number of jets

180
160
140
120
100
80
60
40
20

Jet].'ﬁ\xiS

Secondary Vertex
/ J

Decay Length

Track /

A=
Impact ‘ Primary Vertex

Parameter

SVO0 selection Simulation
- Data 2010 El b jets
I cC jets
(\s=7TeV light jets
L =0.4nb" - o)

ATLAS
Preliminary

-20 -10 0 10 20 30

L/c (L)
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Top candidates : &(e,u)+jets channel

=Event selection :

* p; > 20 GeV

* trigger matching

° pr>20GeV

* e/jet overlap removal

EM* > 20 GeV

= / candidates in 295 nb-1

Antoine Marzin (OU)

Primary vertex with > 5 tracks

Exactly 1 isolated lepton (e, )

> 4 jets (anti-kt R=0.4 at EM+JES scale)

> 1 b-tagged (SVO0 at 50% efficiency )

LJ5LJ3 LJ4 LJ2 ;
u 1 1 e+jets
(%5035 \\‘II\‘\\\|\\\‘I\\‘\I\‘\\I‘\\\I\\i 3014}
Q 0.3 ATLAS Preliminary S0.12[
=~ Simulation -
) 7 1]
£0.25 etjets £ 0.1F
: Ot ,_% r
w 02 = o 'o.081
single t [
§0-15 0 Z+jets 50.06]-
3] Wijet © N
3 0.1 e 80.04F
w L [
0.05 4  o0.02F
90 40 60 80 100 120 140 160 180 200 00
EF*[GeV]
LI LJ7 LJ6 u+jets
C%D‘O's?m‘m‘mm‘m‘m‘m‘mw* =
o ATLAS Preliminary ©0.14
~N0.25- . . 1 8
w Simulation 2012
= 0.2 mu+jets 1 -vu‘-:-)
g th T} 0.1
- maco @
20.15 - W single t +0.08
=] I Z+jets c
‘8 0.1 Whjets — -%,%:?0-06
L 1 £0.04
0.05 4 "
— 0.02
P T T Y s e e = == == S N =| r
90 40 60 80 100 120 140 160 180 200 0

LHC-10

EMe[GeV]
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LJ3LJ2,LJ5 LJ4

b 1

\ \ ——
0 100 200 300 400 500

ATLAS Preliminary

Simulation
e+jets

Cer

Bl aco
W single t ]
I Z+jets -
WH+jets

| \ —
100 200 300 400 500

my(highest p_)[GeV]
LJ7LJ6 LJ1

b

ATLAS Preliminary

Simulation

[l single t
I Z+jets -
Wijets ]

mm.(highest pT)[GeV]
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Top candidates : dilepton channel
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= Event selection :

Dij ee DL1
. . 2 T \ — I I ] 2ol T ‘ ‘ \ i
* primary vertex with > 5 tracks & * ] arras Prefiminary 6 g ATLAS Preliminary (]
o Simulation [l single top s Simulation Il single top
g 0.4+ -Z+jets - 5 0.6/ .Z+jets i
. 5 W + jets :‘(g_'é W + jets
 Exactly 2 isolated leptons (e, ) £os diboson | g diboson
dilepton-ee 04 _—|— dilepton-ee
* p;>20GeV 0.2 g
* opposite charges o i
e 21 with trigger matching
78 9 3 4
c >2 jetS with pr> 20 GeV Number of jets Number of tagged jets

* Specific selection for each channel :

(D
T

i DL2 DL2
. miss
cee: E; >40GeV, M, -M, | >5GeV {

j"_:,) 057\ I I I I I I L L I B A ) B BN B
E miss g ’ ATLAS Preliminary e ATLAS Preliminary e ]
cpup: EM™ >30Gev, M, -M, | >10Gev & L PrOTINAY g sinieop 0.1 AS Preliminary gt op

MU g 0.4- W z+jets 3 Iz +jets

. % W+ jets W + jets

® eu : HT= z ET (|ept0nS+JetS) > 150 GEV .g 0.3 diboson _| diboson

dilepton-eu dilepton-ep. |

Fraction of events / 20 GeV

== 2 candidates in 295 nb! .

2 3 4 5 6 7 8 9
Number of jets

200 300 400 500 600
H; [GeV]
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Top e platinium candidate with 2 b-tagged jets

Run Number: 160958, Event Number: 9038972
/ Date: 2010-08-08 12:01:12 CEST

L EXPERIMENT

1
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Data-driven background determination

= Main backgrounds in the €+jet channel :

* W+jet events
* QCD multi-jets events with a fake lepton

= W+jets : from MC — data-driven methods underway (W/Z ratio, W asymetry)

= QCD : matrix-method (+ other methods to cross-check) :

—> define 2 event samples :
Nb of fake leptons in

. . loose loose loose
* Tight : standard event selection N = N 5 + Ny, selecteddataevents

* Loose : e(u) wihout B-layer (isolation) cut N =g NI0ose +

— €., €stimated from MC Z — €8 (but it will be estimated from data with more statistics)

— €., estimated from a data control sample enriched in QCD multi-jets events :
e 21 jet with p; > 20 GeV
miss
« EI™ <10 Gev

Iterative procedure required due to a small residual contamination of the control
sample from W and Z events (typically converges after 2 iterations)

This procedure is applied in bins for estimates versus N,.. or kinematic variables

jets

Antoine Marzin (OU) LHC-10



Event distributions

= Modified I+jets selection : 1 2, > 1 jet with p; > 20 GeV and E{" > 20 GeV (no b-tagging requirement)
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= QCD from matrix method (with stat. unc.)
= Other processes from MC (no stat. unc.)

>450__ e t T iiate e - T T T T T T T T T T UL | =T T T T T T T T T T 3
(q_-; B + e-:Jets . 3 > l e+jets i %}2 o l etjets l B
=400 E gala 295 nb 3 g 250 ® Data 295 nb™' 4 g 00: ® Data 295 nb-' ]
@ E g Wrets 3 = :L{ - i ~180F ¥ Bl ‘ =
‘5350:_ é Z_*’J'Ets 5 j_é‘ Z+j:::s ] 2160i \Zﬁiﬂi;s £
Lﬁ 300 :_ = Z’;ETTI)G top _f q>)200 B single top ] § E | [ sinjgls top ]
E < QCD uncert. 3 Lt ’ Qcb T L|.|140; % I aco {
250F - — “Z2. QCD uncert. i E 7 27, QCD uncert. m
200; ATLAS Preliminary 1 ATLAS Preliminary | 120; + ATLAS Preliminary E
= _ 1 — 4 C -
. g J L dt =295 nb 3 J Ldt=295nb" ] 100 J Ldt=295nb" ]
et+jets  1so- E - 80" -
100F Z 3 . 60 =
o e 1 o ;
of s ] 1 200 E
0 50 100 155"%55 G e\z/? ¢ 100 150 200 0’ 150 200
T Transverse mass [GeV] p. [GeV]
N
%140;‘ I t I I t l l_ll+jei:sl I I I__ > F UL LI N I L A A Y N O B A
) r . } 7] D 90; I.L+jet5 { %160,_I T T T T |+\. |t L |—7
= - & 6 Data 295 nb 7 g F ® Data 295 nb”' B o L I-L.JeDS 295 nb™" ]
T 120 : q -] < 80F o = 140 Jatazeon -
w L +jets - — E Wets 4 I r I ]
-— . Z+iets 4 oy r ul r W+jets B
5 - ) ! - = 70 Z+jets = 2120_ Z4i ]
>100— I single top ] @ C o B single top ] S r . Jets b
w - m = F J o L B single top 4
L= W aco 1 W o . coo 1 dy o F — ]
I 80 - I 777/ QcD uncert - c 777 QoD uncert ] 100 a [ gCD uncert B
IJ +J etS - +_$ ATLAS Preliminary - 7% ATLAS Preliminary SOi ‘ ATI;AS Preliminary B
601 1 J Ldt=295nb" 7 ) J Ldt=295nb" i % J‘ Ldic205np” 1
C ] # = 601~ + 3
400 B ] 402 7 .
20; _ _E C i, . ]
r b 1 20— i =
C ] E i +: :
0 100 150 200 _‘Mm_m_sf
50 100 150 200
0 E!I‘.""ss [GeV] Transverse mass [GeV] 0 50 P, [Ge\2f?0
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etjets

Impact of b-tagging

T T
ATLAS Preliminary

JL= 295nb "

I
|

m|e+jets
Data

| Kid

M eco

[l singte t
Ztjets
Wijets

2 @cD uncert.

22
20
18
16
14
12
10

Events

%‘I"‘ rrrpTTITTTTT

1 2 3

=4

jet multiplicity

T |
ATLAS Preliminary

JL =295nb ™"

é+jets

+ Data

| K4

Il aco

[l single t
Ztjets
Wjets

QCD uncert.
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=4

jet multiplicity

> 1 b-tagged jet

J+jets
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J L=295nb"

j

I
|

ATLAS Preliminary

‘u+jets
—- Data
| K
M eco
Ml single t
Ztjets
Wijets
QCD uncert.

24

jet multiplicity

18
16
14
12
Event selection for 10
top searches 8

Events

ATLAS Preliminary

J L=295nb"

s${[“I\I‘I\I‘I\I‘I\I‘Il\l\

L+jets

+ Data

| [

M aco

- single t
Ztjets
Wijets

QCD uncert.

=4
jet multiplicity




plans for first top measurements

All these MC analyses are done at 10 TeV (o, @10 TeV = 2.5 x 0,, @ 7 TeV)

= Top anti-top cross-section : (200 pb! at 10 TeV)

* Lepton + jets channel :

o — Nsig _ Nobs T kag
1. Cut and Count method : exL ex L
Ao @
—— =+3(stat)+ <15(syst)% R R Rs CRE LSRR ZREREZNG RA2RE
o % ATLASS Plretlymlnary
L— JEs, ISR/FSR, Wiets e 1 e
2. Hadronic top mass fit method: iz o Electron Channel
Ao \ pe b 3 sl
—— =+15(stat)+ < 15(syst)% sof (1 Gaus +
o 30E- P Iy, 6™ Chebyshev pol.
L JEs, isr/FsR 205 il
10} Alen elite 1yl 3]
0.1....1....|....|....1...|..
100 150 200 250 300 350

M [GeV]
Plus luminosity uncertainty (we have already achieved 11% with data)
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plans for first top measurements

All these MC analyses are done at 10 TeV (o, @10 TeV = 2.5 x 0,, @ 7 TeV)

= Top anti-top cross-section : (200 pb! at 10 TeV)

 Lepton + jets channel

ood
N
T

* Dilepton channel : £ 18

Simple Cut and Count method + profile likelihood ratio 14

—— = +3(stat) £10(syst)% 08

o ee channe{

[—> signal model, fake rate, ISR/FSR

ATLAS Preliminary

Simulation

AG 15—

PR ST TR ESUCC W DAY Y V2% T )
1.4 1.6 1.8
] /08“

Plus luminosity uncertainty (we have already achieved 11% with data)
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plans for first top measurements

All these MC analyses are done at 10 TeV (o, @10 TeV = 2.5 x 0,, @ 7 TeV)

8 B e B B S e B
) ) ?g ATLAS F’rel-liminar'_-,fl o Luo=100 ", pseudo-experimen
. Top anti-top cross-section : o 120 Simulation  weeee Best Fit background
'; B Best Fi t_ﬁ_— background
* Lepton + jets channel g 1 Map = 1710430V
W ogo —
* Dilepton channel sl i
. . 40— —
= Top quark mass : template method in the lepton + jets channel
201
* 1-D analysis : m, measurement only T T T T R R T T B i)
= [GeV]
* 2-D analysis : simultaneous measurement of m, and JES
== Need a better understanding of the detector
31.03__""""I""I""I""I""_I'_"'I_:
*E 2:D AT G
F — 5=10TeV
Expected uncertainties 101E a __“__"f:--:__ wiz 1 f; E
Method stat syst total 2 \&\\ E
1-D (100 pbY) 2 GeV 4 GeV 4.5 GeV 0.99F jesn- — ) =
C mo, = 172.5 GeV T ]
2-D (1fb?) 0.6 GeV 2 GeV 2.1 GeV DHEE_.JES=1.DDD:EI_DUS _E
0.97 C My, = ::1?2.5’: [il.B] GeV | | | | I_—
[ JES, ISR/FSR 168 170 171 172 173 174 175 176

m, [GeV]

Antoine Marzin (OU) LHC-10 17




plans for first top measurements

All these MC analyses are done at 10 TeV (o, @10 TeV = 2.5 x 0,, @ 7 TeV)

= Top anti-top cross-section :

 Lepton + jets channel

* Dilepton channel

- -1
| ] ] T T T T T 200|p"'b""1‘|'@ 10|T9V T g T T 20019'1')""1'@ 10|Tev T =
f C s 3
To p q u a r k m a s s o 1000 o ATLAS Preliminary B t-channel % A»TLAS Preliminary I t-channel
E C Simulation [ wt Simulation [ wt
800 [ ttbar [ ttbar

2-jets Tag sample Il W-+jets

2-jets Tag sample B W-jets — i
+jets, dibos}

[ Z+jets,dibosof

= Single top (t-channel) : (200 pb! at 10 TeV) *

* Sequential cuts analysis : -
— Add kinematical cuts to reject tt and W+jets %01 0z 03 o4 03 06 t7 Da0s 1 O O 02 03040508 G be BT

* Likelihood function analysis :
— Likelihood ratio with angular variables to discriminate tt and W+jets

Method Ao/o

Seq. cuts +15(stat) +35(syst) +11(lumi)%
likelihood +14(stat) + 32(syst) =11(lumi)%

[ b-tagging, bkg normalisation, ISR/FSR, Generator

Significance with 200 pbtat 10 TeV: 2.7 ¢
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plans for first top measurements

All these MC analyses are done at 10 TeV (o, @10 TeV = 2.5 x 0,, @ 7 TeV)

= Top anti-top cross-section :

 Lepton + jets channel
* Dilepton channel

= Top quark mass

= Single top (t-channel)

= Early tt resonance searches : (200 pb? at 10 TeV)

] . 2 "FATLAS Freimmary, simuiaton = = 10 TV, 200 po']

* Main sources of systematics : = 180 R E
. . . - 145 . Mo sysizmatics (Eayes) -3

Jet energy scale and resolution, luminosity < E 1 S leetiveett
X g E_ ....... J:&TJ.:'?E"-;EEMF-N;EQ- 1288) _E

* A 95% C.L. limit of o x BR(X—tt) = 3 pb is expected RN E
. o E ]

for a narrow (I/m << 7%) spin 1 resonance mass of 1 TeV 56 E
Early analyses with ATLAS are expected to extend 53 .

TN N T T T N T T [N T T T NN TN N T A T | o
significantly the mass reach of existing searches P00 SO0 TOoo 1208 1e00 eno TEnn 2om

Model mass m,, [Gel]
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_ summay

= Top quark physics requires a good understanding of all the detector

nrer-=»

* Leptons identification, reconstruction and resolution
* Jets reconstruction, calibration and resolution

* Missing transverse energy calibration and resolution
* B-tagging algorithms

== /n advanced commissioning stage with a good overall data/MC agreement

= First top candidates have been observed with 295 nb!
= QCD background data-driven estimates already done with the matrix method

9 pb-! of data are now available and we expect 1 fb-! by the end of 2011

* Data-driven estimates of Drell-Yan and W+jet backgrounds underway
— can them be used to establish the top quark signal in ATLAS and the first x-section measurement

* Start on top mass fitting and background studies for single top measurement

® Top quark is a window to physics beyond the Standard Model

== A very promising Top quark era has begun now
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Electrons
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. ° L(') TTTT | L I LI | TTTT I LU I TTTT I TT T T I LI | TTTT I L I_

Electrons sources : 8 oL ATLASPrlimnary = 0an 20005 Te0)

. — Monte Carlo 3

* W/Z decays : W(Z) — e(e) 2 [Lotssmt  Graen e

* Heavy flavour decay b,c — eX 2 4ol 52?01}’,,9,{5;‘,’;‘;0”3 <

. c E =

¢ yconversion: y — e€e L u st had ]

3 against hadrons

* Fakes from charged hadrons: h — eX 10F E

10°¢ E

= Different identification definitions: - ;

10 =

®Loose : - E

* Acceptance, E;, fiducial and tracking cuts 1 | =

* Lateral width of the shower 0 01 02 03 04 05 06 0.7 08 09 i

* Medium : f
° . . . O .

Strlp Iayer Of the EIVI Calorlmeter (to reJeCt T[ ) . OIGOOOO_II TT | TTTT I TT 1T | LU I LU I TT 1T I LI I TTTT | TTTT I TT II_

fraction of energy f,, additional shower shapes A C ATLASPreliminary  _e-pata 2010 Ns=7Tev) |

* Track quality : 4 : . — Monte Carlo ]

. q . y. . -250000—_ [JHadrons -

hits in pixel, pixel+SCT, d, , fiducial B-layer 5 N [ Conversions ]

* Cluster-track matching (An < 0.01) 40000 ] Prompt electrons -

° Tight : 30000:— 1 -

® Hadronic leakage : - J. L=13.8nb .

ratio E;"AP / E;EM for first and all Had sampling 20000:_ E

* Additional shower shape in the Middle layer s |_— against conversions -

® Hits in the B-layer ng, (against y conversion) 10000E -

*Cluster-track matching : ratio E/P (against hadrons) ]

H H 1 . I + ||||é||||||||||||||_

® Transition Radiation Tracker cuts : O 05 1 15 2 25 3 35 2 45 5

number of hits and ratio High/Low thresholds
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= Muons sources :

* W/Z decays : W(Z) — u(p)

* Heavy flavour decay b,c — pX

* 11,K decays in flight

* punch-through and cosmic muons
= Muon reconstruction :

° 2 main sub-systems :
* Inner Detector : pixel, SCT, TRT
* Muon Spectrometer
* Different strategies :
* Stand-alone muon : MS only
* Combined muon : ID + MS
* Segment tagged muon : ID + track segments in MS
* Calorimeter tagged muon : ID + MIP in the calorimeter

= MC validated with first data :
* Relative efficiencies measured using the
complementarities of the different strategies
=) ggreement within 3%

® Relative momentum scale and resolution :
®* Momentum scale < 2% (B & EC)

Ap p'D — p'vIS ® Resolution (10 < p; <20 GeV)
- D ® 5% in the barrel
P P * 8% in the end caps
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Relative Momentum Scale

Relative Momentum Resolution

0.1
0.08
0.06
0.04

0.02

-0.02
-0.04
-0.06
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0.1
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0.06
0.05
0.04
0.03
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0.01
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1T } 1T I 1T | 1T | TT | TT | 1T [ T TT ‘ LI
ATLAS Preliminary
Data 2010,\s = 7 TeV

jL~ 17 nb™"

M)l = 1.05

= Data

I‘I\I‘III|IIIIIIIIIIIIIIIII\I‘I\I‘I\

4

T ] 1T ] 1T ] T | T | LI [ TTT [ TTT [ TTT [
ATLAS Preliminary
Data 2010,Ns =7 Te

IL~‘17nb

M)l = 1.05

barrel

= Data

= QCD MC
—— Cosmic Ray Data 2009

Il||II|IIIIIII|\I\I\I\{\\I‘I\I‘I\I‘I

4
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QCD MC
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b-tagging

* Main identification algorithm categories :
1. Impact parameter based taggers : Jet/hxis \ DN
N\
- TrackCounting : /
. requires at least 2 good tracks with Sy, =d, / 04
above a threshold
- JetProb (ALEPH) : Secandaty Vertek J/—
. calculate probability for a track to come from PV
. combine all tracks in jet to derive a jet probability i '\Decam,,gth
to originate from PV
-Irl:'la;:ct/ "‘Primary Vertex
Parameter
@ SHELNAERES DU N B BN B L @ 107 grrrr T e e T T T
S F \s=7 TeV L~1nb' 7 < \'s=7 TeV L~1nb" 3
O 10°E e pataz010 = —— 6 e Data 2010
= 3 ND min. bias MC : light jets 3 o 10 ND min. bias MC : light jets E
o s - ND min. bias MC : c jets n ey ND min. bias MG : ¢ jets 3
— 10 E ND min. bias MC : b jets = P 5 ND min. bias MC : b jets
é : - g 10 E
10* - = ]
- ATLAS - 10 E
10°E Preliminar E 7
F Y E 10° E
102|§— - =
- . 107 =
10F E .
F ¢ : 10
1 E
10-1 IH [ | [ | |: 1
30 20 -10 O 10 20 30 40 o 1 2 3 4 5 6 7 8 9
Sy —Logm(Jet Probability)
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b-tagging

= Main identification algorithm categories :
1. Impact parameter based taggers Je‘,,;;;is o

2. Secondary vertex tagger :
- SVO (default for top analyses) :
. explicit reconstruction of the b-hadron decay vertex
. use 3D decay length significance L/o(L) as

Seconda‘Fy Vertex .

discriminating variable
~ ' ""\Decay Length
-:—l;a;:ct/( i."‘I;l"imary' Vertex
Parameter
0 ) 0 C . . .
2 g5 + SV0 selection @ 180 SVO0 selection Simulation
S . . S 1goL * Data2010 Il b jets
= Simulation . - :
2 @ C s<7TeV I cjets
£ 400 b jets S 1400 Ns=7Te mm light jets
2 :lcjets 2 120:_ L=04 nb)
I light jets E
100
- Data 2010 - ATLAS
_ 80 Preliminary
Ns=7TeV,L=0.4nb" -
60
ATLAS Preliminary 40F
20
P l a0l
2 3 4 5 6 7 8 9 (—)20 -10 0 10 20 30
Number of tracks used for secondary vertex L/o (L)
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b-tagging

= Main identification algorithm categories :

1. Impact parameter based taggers
2. Secondary vertex tagger
3.  Soft muon tagger :

. exploits semi-leptonic decay of b and c-hadrons to
muons: BR(b — uvX)+BR(b—c— uvX) = 20%

. use p; (1) as discriminant variable

m=) Can be used for calibration of lifetime tagging algorithm

80 ATLAS Preliminary —&— Data 2010

Js=7TeV I ND min. bias MC : b jets
70 ] ND min. bias MC : c jets
[ ] ND min. bias MC : light jets

o o5 1 15 2 25 3
Tagged muonp (GeV)
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Track

Jet.'Axis o \

Seconda‘Fy Vertex )

/ Py
Ay

LT e
/ PRI
P
P -
LT
.
’
.,

Decay Length

‘ Primary Vertex

Impact
Parameter
: ATLAS Preliminary —&— Data 2010
70 :_ Vs=7TeV I ND min. bias MC : b jets
= ] ND min. bias MC : ¢ jets
60 - ] ND min. bias MC : light jets
S0
40F
30F
20
10
0 PP o |

0051152253354455

Soft muon tagger weight



= Event selection :

* =1 isolated lepton (e,u) with p; > 20 GeV
* 24 jetswith p; > 20 GeV, 2 3 with p;> 40 GeV
« 7 >20GeV

= Hadronic top reconstruction : \
* select the 3 jets with the hightest p;*©P

* 2 jets satisfy |[M;; - M, | <10 GeV

= Cross section measurement : 2 methods :

rom data
N .. N
1. Cutand count: o5 =_—_S519 _ _ obs bkg
exL @x L
from MC

2. Hadronic top mass fit :

—> o extracted from the integral of the Gaussian

Method Ac/o Main sys.

C&C + 3(stat)+ <15(syst) + 22(lumi)%| JES, ISR/FSR, W+jets

Fit  |+£15(stat)+ <15(syst) + 20(lumi)% JES, ISR/FSR

Results assuming a 20% lumi. unc. but we have already achieved 11% with data
Antoine Marzin (OU) LHC-10
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40
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— =

50
40
30
20

10
0|
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e+jets u+jets
signal 1286 1584
background 598 799
% i ISR ) PR P RSt ?) BB R R [AE SIS AR
G 180 ATLAS Preliminary
T~ 160F () Simulation
‘g 1405— [Cttbar
S IF W cther
w120 Esingle t
80F-
coF- ee channel

00 450 500
My G

eV]

T lll[llllllllllIIL

/

A . 16t Chebyshev pol.

L L

Electron Channel

LI IR B B B

ATLAS Preliminary
Simulation

L = 200pt’

Gaus +

300 350

M [GeV]
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Cross-section measurement : dilepton channel %A

= Event selection : 200 pb” at 10 TeV
° =2 isolated leptons (e,u) with p; > 20 GeV ee My ey
* 22 jetswith p; > 20 GeV signal 214 332 698
« E/"™>20GeV background 49 84 108
Additional cuts for ee or pp events (against Drell-Yan) : PN GALRRAL nasns Rt A RAARY ARRE AARLY AAAMI AR
¢ EM* > 35 GeV & 120F ee—channel S
T - Hdiepton
* IMZ - M{’,E | >5GeV 100F" B other E
e 80k EEsingetop
= Backround determination : < EEziets
C — WHjets zl
* Data-driven methods : wof [ SRz
Drell-Yan and fake lepton rates (QCD, W+jets) 20:——L_ ATLAS prasminary .-
* MC: di-bosons, single top Qe e
. Number of Jets
= Cross-section measurement : 3 2
. TN . £ 18 ee channel
Simple Cut and Count method + profile likelihood ratio 2 oE
. g..E 90%
* Uncertainties : 3 —;
*Main systematics : 1=
signal model, fake rate, ISR/FSR 08
=4 o)
* Final combined uncertainty (200 pb! at 10 TeV) : = o8%
Ao 0'4? ATLAS Preliminary
22 — +3(stat) +10(syst) + 22(lumi)% 02f smuaton
o 0 IO.IGI . IO!BI I ‘lI I I1.2' . I1!4I ' I1.I6I I I1.8

o log,

Result assuming a 20% lumi. unc. but we have already achieved 11% with data
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= 2 analyses with the template method :
* 1-D analysis : m, measurement only

— loose selection without b-tagging : S/B = 1.3

oy tab __
— Use stabilized mass m;™ =—1

impact of JES unc.

reco

reco
I\/IW

My, to minimize the

Entries / 10 GeV

* 2-D analysis : simultaneous measurement of m, and JES

— Use b-tagging and and a kinematic fit to reconstruct
the ttbar final state : S/B = 8

— Explicit correction for the difference between b and light JES

== Need a better understanding of the detector

= Uncertainties :

Main sources of systematics are b-JES and ISR/FSR

JES

Expected uncertainties

Method stat syst total
1-D (100 pb?) 2 GeV 4 GeV 4.5 GeV
2-D (1fb?) 0.6 GeV 2 GeV 2.1 GeV
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140

120

100

80

60

40

20

1.03

1.02

1.01

1

0.99

0.98

0.97

ATLASPreliminary ~ *  Lu=100ps" pseveo-sxperiment
- Simulation  eeeeee.. Best Fit background
Best Fit i + background
— m,,, = 175.1: 4.3 GeV
| é EI— |II IIl ]
|I I."
| ar h j —]
1 I|||I
| r L _|
Qe7 7eg 770 180 180200
| My, 58
1 1 11 I 11 1 1 I 1 11 1 N
100 200 300 400 500 600 700
=0 [GeV]
T T LI B L B R LA R B =
- 2_.D ATLAS Preliminary ]
- Simulation
3 P Ns=10TeV 3
= L L=1f" 3
- Y ]
— \\f\\“\ ]
o hh_ AT ]
— JES" = 1 HMH - | —
[ mi, = 1725 GeV — ]
C JES = 1,000+ 0.005 E
F m,_ = (172.6 £ 0.6) GeV E
PR T T N [ T TN TN T [N T T S N T N T N T T M T [N S S T T N T S S |
169 170 171 172 173 174 175 176
m,_ [GeV]
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Single toOp (t-channel)

200 pb* at 10 TeV

Sequential cuts ligeligoo

t-chan:o,= o0,/3

Signal t-chan 118 112

background 185 127

= Event selection :

* =1isolated lepton (e,j) with p; > 20 GeV ¢ M S, e ey
* =2 jetswith p; >30 GeV, 1 b-tagged jet A g 3 15000 :
miss - - s L g
- E/™ >20 GeV, M; (W) > 30 GeV (against QCD) L 0150 e | :
[ 2 T 1000 0
> v T r bl
H H H 0.1 o © F b,
= ttbar and W+jets normalization : = s
r i E
Use a binned likelihood fit to the output of a / 0.05¢ € £
. . . b
neural network in a control sampl.e (3 jets) 55550 — .
== Uncertainty of 14% for W+jets and 7% for ttbar NN output NN output
. - RURRRISSN—— T @10TeV_ 2 . 200 pb~! @10 TeV_ 5
" 2 methods for X-section measurement : ;= smaseommy  mmicomo g0 Amshoimy WMo |
° : [ 800;_ 2-jets Tag sample Et\;vb:rets 790 2-jets Tag sample Enwbzrets .
Sequential cuts analysis : : —Jr &0 [ 2+fes dibos
E 500
Add kinematical cuts to reject tt and W+jets wh 400
. . . . - 300
* Likelihood function analysis: ____——> & 200
E 100

Likelihood ratio with angular variables to discriminate tt & W+jets

o0 01 02 03 04 05 06 07 08 09 1

01 02 03 04 05 06 07 08 09 1 Likelihood vs W-jets

Likelihood vs ft

= Main sources of systematics :

B-tagging, bk lisation, ISR/FSR, G t Method Aol
“tagelng, bkg hormatisation, s penerator Seq.cuts | +15(stat) + 35(syst) + 11(lumi)%
Significance with 200 pbl at 10 TeV : 2.7 o likelihood +14(stat) + 32(syst) +11(lumi)%
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Early tt resonance searches
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+J = 10 TeV, 200 pb'
T T

= Basic event selection : oo LT o] 8 o Monojet | N Ll
* > 1lisolated lepton (e,u) with p; > 20 GeV ‘g‘;iiﬁi : E:z' ] é 22: ) e _
* 2 2 jets with p; > 30 GeV, 1 b-tagged jet %ig: | ] % o ‘ I
¢ If MT (W) < 40 GeV :E'Ir"nISS > 60 GeV (againSt QCD) ® 150F ATLA;GPFE":'::'IGW _ © 155— I:ﬂ‘u'n"L»ﬁ':':.;‘amPrelili";;cnar\,.r —E
1002_ Simulation _ 10;_ Simulation 3
= Mass spectrum reconstruction : I P 3 E
OU 500 1000 1500 2000 2500 3000

£00 1000 1500 2000 2500 3000

* Minimal reconstruction : m, . (for early analyses) mass(th [GeV] mass(tD [GeV]

. oo 3 ST

* Full reconstruction : My =My, — My —My, +2M, SR i i Doveses ]

* Monojet approach : jets anti-k,, topo, R=1.0 ﬁ; Minimal Ef;jfm :

— for highly boosted top quarks S ook Wacoiss ]

= Sensitivity : °
. . O ; -
* 2 methods : Bayesian and Feldman - Cousins S00 1000 D e

05 % C.L. Timits " minimal Full monojet 2 "CEATLAS Pretminary. simiiaton NG = 1 Tev. 550 po'd
- . . . = 16 . . =
on @ x ER{X —+ tf) (pb) | stat. only incl. syst | stat. only incl. syst | stat. only incl. syst E B 7 TR0 e (Bayes) E
my = 1 TE‘\J', = C * @  Systematics incluged (Eayes) 3
7', Bayes 3.1 36 21 28 2.2 28 1 F - PO
. Dayeslan . i . . . . o P = topeolor ' [hep-ph/ooi1238) 3
Z' . FC - - 2.6 29 2.0 33 = R E
. =] —
gii (broad), FC - - - - 2.6 3.9 ° -
my =2 TéV, E E
7', Bayesian 1.0 1.1 0.5 0.7 0.5 0.5 2 = ——
Z' EC - - 1.0 1.1 0.5 1.1 0™ 500800 1oDo 1200 1300 1800 1800 2000
gxx (broad), FC - - - - 0.8 1.5 Model mass m, [GeV]
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