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Introduction

» tt production: “new standard candle” for high-p; physics

— baseline: precise inclusive cross-section measurement with
good control of backgrounds and systematics

» Initial ATLAS and CMS
measurements had significant

uncertainties

» Want to get more competitive
compared to Tevatron
(~9%, 7% from tt/Z ratio) and
theoretical predictions (~9%)

» Analysis strategies with 2010
dataset geared towards best
overall balance between
statistical and systematic

uncertainties
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Theory Expectation
(m=172.5 GeV, approx. NNLO, CTEQ66):

o(theory) = 164.57*4% (scale)*’;' s (PDF) pb.
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Selection of Top Quarks

Muon

« Segments in tracker
and muon detector

* |solated track

* pr> 20 GeV

* [n| <2.5

electrontjets
muon+jets
tau+jets

Electron

« Good isolated calo object
« Matched to track

* E;>20 GeV

* [n|€[0;1.37][1.52;2.47]

"o ' &S tautjets
=1 3 muon+jets
s | O electron+jets
*:eo@\ e'lu it ud cs
q _
Jet

 Topological clusters

* Anti-k; (R=0.4)

« MC-based calibration
* pr> 25 (20) GeV

* n|<2.5

W
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b-Jet \
 Displaced tracks or
secondary lepton

» SVO: reconstruct sec.vertex

 JetProb: track/jet compati-
bility with primary vertex

E miss

-T

* Vector sum of calo
energy deposits

e Corrected for
identified objects

Event cleaning

« Good run conditions
* PV at least 5 tracks
» Bad jet veto

« Cosmic veto (up)
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First top quarks at LHC

» ATLAS (single, di-lepton) and CMS (di-lepton) measure o

9IIERNI-F|’HI-IIEPI-2IO|1 9_964 arXiv:1012.1792
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8 | e ATLAS - NLO QCD (pp) |
'_I':: L (2.9pb™) == Approx. NNLO(pp) 165+!1_,; pb - 4 f-:_'f;:L.'d
@) Y CMS = NLO QCD (pp) B -

102 B (3.1 pbT) ---- Approx. NNLOpP) .-z
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% Moch, Uwer (2008), Langenfeld, Moch, Uwer (2009), Aliev et al. (2010)
\'s [TeV]

» Essential ingredients:
— QCD multijet background; W,Z+jets; b-tagging calibration
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r[ Matrix method }

— a lepton: p; > 20 GeV

* my(W) > 25 GeV (e)

Loose muon selection

Non-prompt ~Prompt

Tight muon selection

\&

Nloose + Nloose

non—prompt»

Nloose

loose
prompt + EﬂOﬂ—pfomptN non—prompt

Use measurement of prompt
and non-prompt lepton
acceptance in control region

Invert matrix to obtain N, prompt

in tight selection

Uncertainty ~30%

QCD multi-jet background

» Reject QCD multi-jet background by requiring

a neutrino, E;™ss > 35(20) GeV for e(y)

— The combination to be consistent with a leptonic W decay
m.(W) + E;™ss > 60 GeV (u)

» Remaining background with fake or non-prompt leptons
» Estimate this rate from data:

(—[ Fitting method

inversion

kUncertain’ty ~50%

Extrapolate from low to high E;™'ss
QCD E;™ss shape from control sample

\§ QCD m a
processes

>

Real or ‘fake’ electrons

Candidate Events

QCD template built from
electron sample with ID cut

Discriminant

extrapolation to

J
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Y| Jet Energy Scale

ATLAS-CONF-2011-032
3 012_ T T T T T T T ] O 114 L T T T T T T
£ - Anti-k, B=0.6, EM+JES, 0.3< [n | < 0.8, Data 2010 + Monte Carlo QCD jets 1= 1.12— . —
S - o , 4 s e Multi-jet ATLAS Preliminary |
) 0.1— & ALPGEN + Herwig + Jimmy ¥  Noise Thresholds = 11 Track-jet In-situ calibrations
2 ~ X JES calibration non-closure PYTHIA Perugia2010 7| © 1.081— vy -jet direct balance N
3 L o0  Single particle (calorimeter) = Additional dead material 1~ 1.06F= ¥ -jet MPF n
= 0.08 Total JES uncertaint 1.04— —
e EE v b 1 102+ —t -+
s r arrel 1" e ++
% 0.06— - = =y
7 B ATLAS Preliminary 7 0.98— =3 +“}“ -
9] - 1 096 _
o
L 004 e 094k 'T}‘ .
c_cu T mﬁw | 092~ JES uncertainty anti-k, R=0.6, EM+JES—
S - 0 — 09 e ]
= 0.02_% ; # g U g o000 ] 102 10°
= LT S i+i*§¢5i f““ 1 o [GeV]
0 e ‘Im roved b factorofz‘
30 40 10° 2x10° 10°  2x10° P y
Evaluated up to 3.5 TeV in energy and |n|<4.5 P~ [GeV]
| Maximal relative JES uncertainty
region
nreg P = 20 GeV | Pj=200 GeV | P*'= 1.5 TeV
In|<0.3 4.6% 2.3% 3.1%
2.1<|n|<2.8 7.1% 2.5%
3.6<|n|<4.5 12.6% 2.9%
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W/Z + jets

» Diagrams: ordinary QCD+EWK

(&

» Very challenging for NLO with q >
many jets ! %
» Recently available with up to 4(3) 000000 ¢
jets for W(Z) _ :

— Phys. Rev. Lett.106 (Mar 2011) 092001

_ Phys. Rev. D 82 (Oct 2010) 074002 J J

» Simulation: ME+PS with appropriate matching
— important to cross-check them with data

» Berends-Giele and asymmetry methods
» W+b, W+bb large uncertainty

— see Tevatron measurements
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Testlng Berends-Giele scaling

Slide by Vitaliano Ciulli, Moriond QCD

The ratio C, is approximately constant for n =1

Jﬂ—l—l
To test this scaling, we performed a fit to the signhal yields with the constraint

T a = LO, strong coupling
Cn=a+/fn B = >LO+phase space

and taking into account in the fit the bin-to-bin migration due to detector resolution

3 CMS preliminary 36 pb! at N5=7TeV
€T oak _ = {5F 1 | T 3 F T 3415
pi g | ] oW+=njets) _ .o
N - W = = uncerainties:
v . | l a(W += (n+1)ets) e ficiney
1 2 3 4 P —> jat ensrgy scale
uncenanties: . .
Number of Jets 1 —p oficiency | |- —= MG+DET emearing matrix | ,

—= jat snergy scaks

=
0.5 1 F 0.5

W — 'E"I-" X W — H_\r

» data * data

o MadGraph o MadGraph

ohsstooyBECLcontouws | . N | |eetonyBeRC L comone . o

| | | | | | | |
4 4.5 5 55 4 4.5 ] 5.5

Contours represent only statistical errors, while systematics are shown by arrows
Within total uncertainty data agrees with MadGraph

Results agree with ME+PS for both W and Z
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New measurements

» ATLAS and CMS showed preliminary results with full 2010
dataset (~35pb-1) at Moriond (13 - 26 March)
— tt single lepton (with and without requiring a b-tagged jet)
— tt dilepton (with and without requiring a b-tagged jet)
— tt combination
— t-channel single top
— Wt channel single top

» Similar analysis techniques across experiments
— data-driven background estimation
— evaluation of systematic uncertainties
— cut-and-count / multi-variate techniques / profile likelihood
— more emphasis put on ATLAS measurements, as public
documentation is available

» Find all information at:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
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¥ 0, single lepton (no b-tagging)

ATLAS-CONF-2011-023

» Analysis strategy
— Projective likelihood based on uncorrelated discriminating variables
— Three variables chosen

1a0r ﬂ(IJ) ATLAS
120} lilﬂala M+ 24-]61:3 Preliminary
F I -1
L Ldt= 35 pb
1005 1 wajers P
80 r . QcoD
- [ other Bkgd
60

oot Thaent
20 G4

%5215105005115225

900F .
800F- Charge of p ATLAS 3 120 exp( 8xApIanar|ty) ATLAS
7003_ ® Data b+ >4- ]etS Preliminary —% 100F- e Data P+ >4- ]etS
soof. =1 Ldt=35pb" 3 - Oa
E Wi+jets E 80— W+jets
500;— Boco —; c .OCD
400F [ other Bkgd E 60— [ other Bkgd
3005 . 40
200F =| C
8 E 20
100:— = E
__|_|_|_|_4_|_|_|_ G
q 5 - -0.5 0 0.5 1 1.5 °

Preliminary

Ldt= 35 pb”

0 01 02 03 04 05 06 07 08 09 1

— Binned maximum likelihood to 4 channels (3-jets, 24-jets e,p)

Jet en. scale &

Reconstruction 1 e
ISR/FSR -2.1/+6.1
QCD norm. 3.9
QCD shape 3.4
Parton showgr 33

& hadronisation

Total syst. -10.2/ +11.6

» Independent of b-tagging :

— avoids related systematic uncertainty 2%

at the price of a worse S/B ratio 1
— Relative uncertainty ~15%

oy = 171 = 17(stat) +20_.(syst) + 6(lumi) pb

— cross-checked by cut-and-count and
1d x2 and likelihood fits

|\IH‘I\\‘ ‘I\I\‘\I\I‘\IIV'HIIIIHL
e+>4 ]ets ATLAS

407 Data Preliminary
ool JLdt:SS pb '
Wijets 1

00; | [elely) N
" Wl Other Bkgd + ]
80 .
60— .
40- * .
o L uE

0
0 010203040506070809 1

Likelihood discriminant
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Yy Luminosity measurement

ATLAS-CONF-2011-011

» Improved determination

— LHC bunch currents: 10% -> 2.9% Van der Meer scans
» ATLAS vdM scan analysis 5 lumi detectors and up to 5 algorithms
— length scale: 2% —0.3%
) T[T I T T[T T T T[T T I[TTTT[]
— emlttance gl’OWth: 3%—)0-5% Bunch average
— mu dependence: 2% —0.5% V=
— fit model: 1%—0.1% s
— beam centering: 2%—0.1% T o
A MBTS_Timing D
¢ BCM_EventOR
O  LUCID_EventAND
[0 LUCID_EventOR —N—
Scan IV —h—
\{ Primvtx
A MBTS_Timing ¢
¢ BCM_EventOR o
®  LUCID_EventAND -
" LUCID_EventOR ||I||||I||||I||||I||||I|

2.6 2.7 28 29 3

Lopec [ 10 cm? 5]

Uncertainty reduced 11% — 3.4%
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0, single lepton (no b-tagging)

L e LR DL L L DL
- CMS Preliminary - CMS Preliminary

35 pblat s =7 TeV - - 36pblats=7TeV
- uHets, N =3

[ Single-Tap :—p,+j9ts. Nots™4 [ Single-Top -
B W—lv - I W—lv :
Bz T C B 2T
Jaco B [Qcb

20 40 B0 80 100 120 140 160 180
Missing Transverse Energy [GeV]

Lepton + 3 or more jets
Simultaneous fit in
« MET

« M3: Mass 3 jets w/ highest
combined p_

Results consistent w/b-tag
measurement
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Y| O, single lepton with b-tags

ATLAS-CONF-201 1-035

> MUItivariate methOd 80[- ATLAS Prehmmary | l+>5Jets E

— split up in six channels (3,4,25 jets, e/p) ~ 70- | ta-sspo' = E

- 60 QcD =

» Input variables sob- + = e E

— lepton n, aplanarity, H;,, b-tag weight 40f { E

. . . . 30 -

» Profile likelihood fit extracts s T| E

— 16 norm. parameters, including o 105—*— — ] E

— e —— 00 0.2 0.4 0.6 0.8 E

8 240 £ ATLAS Preliminary + Data exp(-4xHr )
E200f [Ldt=35pb O ee BACD » Fitis set up with

‘e +Jets — 17 nuisance parameters

— constrained from data
» Main systematics

— W+jets HF content (7%)
E — Tagger calibration (7%)

€66°0 1591 SY 61670 1591 X

} ++ )
| T L'kS'('Jhood pisoiminant» Cross-check analysis

— Cut-and-count, fit to m(jjj)

o, = 186 x 10(stat) +21_,,(syst) = 6(lumi) pb

Ratio Data/Fit
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Y\ b-tagging calibration

» Performance of b-tagging depends on

e 1.4¢ ]
- ¥ . 2F ATLAS Preliminary 2.9 pb’ E
details of detector performance § | ATL-CONF-2010-099 i
» Data-driven estimates of b-tag efficiency § '+ E
and mistag rate ® 091—+— |
— ‘p/®” uses the p; wrt jet axis of associated pto os. (Sl - E
[ - E [ ] cale Factor (Stat Uncertainty
extract the flavour composition in data 0.7 VO
0.6;_ Stat @ Syst Uncertainty £b=50% 3
05—t

30 40 50 60 70 Jot p8([)GeV]
» Study repeated for full 2010 data sample '

— Efficiency data-to-MC scale factors k., are unity within ~10%

— D*u and tt for cross-check

— Mis-tag rate affects cross-section extraction less 1

. —e— data
i
Wi+ldets
Il QCD
I Other

_[ Ldt=35pb”
KS test: 0.25

0

» JetProb calibrated for .= 50%, 70% 10

— Average JetProb weight of most b-like jets,
W p used as continuous variable in the analysis

T II\IIIII T II\IHIl T IIllHll T T TTTT
I II\IIII| 1 II\IHIl 1 I\IIHIl L Ll
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0;; single lepton with b-tags

CMS-TOP-10-003
Binned Likelihood Fit to the secondary vertex mass in the e+jets, p+jets channel, and in the

combination of both channels

150

CMS Preliminary [ L=36 pb", 5= 7 TeV CMS Preliminary [ L=36 pb", YJ5=7 TeV

. . u . N ; . .
20— § i g : g -3 H H £
F| S = H = - H = = =
g 2 7 2 2 S 2 § i
200 - - u u u 12— i I W -
T i i i ] C i i i
= = = = = r = = =
— L) Ll o w 1“ — ™ - w

a :j

oF

100

p~-jets channel:

n o £ 50 20 24 8 38
Secondary vertex mass (GeV) Secondary vertex mass (GeV)

Combined Measurement:

o = 150 £ 9 (stat.) £ 17 (syst.) & 6 (lumi.) pb

Profiling: most important systematics included as parameters, thus

their impact reduced

pi-in-jet and neural net analyses as well as a counting experiment

(e+jets channel) can be found in the backup! Slide by Jasmin Gruschke, Moriond QCD
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Y, O, dilepton

» Cut-based method
— require 2 OS hard leptons (e,u), 20 GeV
— two energetic jets, 20 GeV
— Z+jets is dominating background
« ee/py: E{Mss > 40 GeV and |m; - m,| > 10 GeV
* ey Hy > 130 GeV
» MC-assisted data-driven estimation of

remaining Z+jets background
_ MCz/y4jes(SR)
- MCZ;’)«*ﬂets(CR)
» Reduced uncertainty from ~100% to <50%
» Main systematics
— Jet energy scale (5%)
— Parton shower model (5%)

— Fakes (4%)

April 7t , 2011
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ATLAS-CONF-2011-034

Can also simultaneously extract
— Oy, lumi uncertainty cancels in ratio
— Oy, Oww, Oz from fit E;™sS vs N,
— b-tagging efficiency

X (Data(CR) - Mcother(CR))

OII\IIIIIII\I‘\III

L L L 1 r
120 140

m, [GeV]

Top Cross sections at LHC

T
ATLAS
Preliminary

JL =35pb’

‘ ] i@
ee — control region 20

Z mass
|OW ETmiss

L SR I SRRl R R

Ml fake leptons =

[7}uncertainty

Cle

[l single top

[ DY + jets
diboson

M fake leptons

7] uncertainty

Number of jets




Y, O, dilepton

» Cross-section extraction
— Profile likelihood method to combine channels

Li(oi. L, aj) = Gaus(Lo|L.or)

]_l Poz’s(Nbe |

iclee. e}

NE

i,fot

(@)

JESYSsTt

oy = 173 £ 22(stat) +18_, (syst) *3 ,(lumi) pb

— Events in SR are compatible with top quarks

105 events selected, 101 + 9 expected

Data well modeled by MC+DD methods

Hy: sum of lepton and jet momenta
Distribution after requiring 1 b-tag

\ \ \ \ \
160~ A714s all channels
140- Preliminary ® daia

_[ L=35pb’ Ll
120 [ single top |

[ DY + jets
100~ diboson
[l 7ake leptons
80~ uncertainty |
60— -
40
20
0

0 1 2 3 >4
Number of jets

18-  ATLAS

16

12

10

[0))
T T

o N B
LI B B B R

0 200

Preliminary

i .
- |L=35pb
14F .[ P

channel e+|1 -

* data 1

[ ]ttbar 1

W single-top  —

[ DY+jets 1
diboson

Il fake leptons —

uncertainty

P

400

600

800
H; [GeV]

1000 1200

—l Gaus(0]a;, 1) 25

20

15

10

Stransverse mass: generalization
of my concept with two neutrinos

ATLAS
Preliminary

L=35pb" |
m=172.5 GeV -

Bl single top -

I Z+jets g
diboson

Bl fake leptons

300

50 100 150 200 25
My, [GeV]

Additionally requiring
b-tag improves S/B
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EventsA5 GeV/c?) [\

0,; dileptons

-li’ll'TI'"""]"'l"'l"'l"'l"'l("-
14~ CMS Preliminary Data 7]
[ 35.0pb"at Va=7 TaV o S i
[ Events with ee I T signal ]
12} Wz
i Bz -t ]
10 3 [ Single top
- Cw .
8l WD -hv+X -
of p
al
2r

% 20 40 60 80 100 120 140 160 180 200
Dilepton mass [GeV/c?]

‘g E CMSIPreliminary J _._l Data

g’oo_'ss.opb’at\E:'/Tev B 5 =ignal

w L . B 2T (=a.)
| Events with ea/pp/ep Oy -t

80 [ Single top

X CJw

L. D Wy

60 [C] b-tag uncertainty

TN SN T T T N U U N N T T T A W Y1

1 2 23
Number of b-tagged jets

EventsA5 GeV/c?)

18
16
14
12
10

R CMS-PAS-TOP-10-005
359pb" st VE=7 TeV B 7 signal
Events with uu Wz T
Ezh 't
[ Single top
A
B w.thh+X
20 60 80 100 120 140 160 180 200
Dilepton mass [GeV/c?]
Nigt =1 Nt = 2
Source ete " +utpu~ e*pT ete  +putu— eFut
Lepton selection 1.91/1.30 1.11 1.91/1.30 1.11
Energy scale —3.0 —5.5 3.8 2.8
Lepton selection model 4.0 4.0 4.0 4.0
Branching ratio 1.7 1.7 1.7 1.7
Decay model 2.0 2.0 2.0 2.0
Event Q7 scale 8.2 10 23 1.7
Top-quark mass -29 -1.0 26 1.5
Jet and Er model -3.0 -1.0 3z 0.4
Shower model 1.0 3.3 —0.7 —0.7
Pileup 2.0 —2.0 0.8 0.8
Subtotal (before tags) 11.2/11.1 131 8.0/7.9 6.2
b tagging (= 1b tag) 5.0 5.0
Subtotal with tags 9.5/94 8.0
Luminosity 4 4 4 4
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tt cross-section combination

» Combine dilepton and single lepton channels
— extend 3 channel to 5 channels ATLAS-CONF-2011-040
— choose most precise: |+jets with b-tag, dilepton w/o b-tag

T 1 1 T I 1 |. '. 1 I 1 1 T TE T 1 1 I 1 1 T 1 | I I I I | I I I —_ 4_ —T I —— I —T —— — . —— —T —T —T I
ATLAS Preliminary P Theory (approx. NNLO) ©o* . 55 ]
Data 201o,j L=35pb’ m, = 172.5 GeV ‘<_§> PE E
: ' 3 =
L+jets w/ b-tagging P—|+|—| 186+ 10 "2 +6 05 E
Dilepton w/o b-tagging  +——s—— 17322 772 *3 5 = E
Combination et 180+9 +15+6 1 5§ -
L+jets w/o b-tagging ——— 17117 _*1270 +6 ' g \s=7TeV g
Dilepton w/ b-tagging H—-—A—l—l 171+22 *3 +7 =3 Jl_ dt =35 pb’’ E
: - 0.5F E
1 1 1 1 I 1 1 1 1 I 1 1 Il 1 | 1 E 1 1 1 I 1 1 1 1 (|St?.t)|__|-(lsy|St|)i|(|L|ln1ll) : A LAS Prellmlnary . U :
- NS L
0 S0 TS 508 07 08 08 T 14 12 13 Tai 15
tt
Gy Osu
— Stat. uncertainty ~4%
— Syst. uncertainty ~8%
Lumi tainty ~39 CMS-TOP-11-001
— Lumi. uncertainty ~o7/o Measurement Cross section [pb] Weight
— Agrees with QCD prediCtiOn CMS l+ets+tag 150 £ 9(stat) + 17 (syst) £+ 6(lumi) 58%

CMS dilepton 168 = 18(stat) == 14(syst) £ 7(lumi)  42%
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Slngle tOp with MVVA  cws-top-10-008

Slide by Philipp Harris, Moriond EWK

2 Dimensional fit

CMS Preliminary, 36 pb' 5 = 7 TeV

Fit to Boosted decision tree

DMS Prelln'unary :36 ph1 \.'E -7 Te‘uf

| Slngle

CMS Prafiminary, 36 ", 5 = 7 TaV/

"1 «data
2 It channel
1 Cs channel

Top

1 mW-light jets
] mZ+ets

1 mw

4 [DJaco

0

4 08060402 0 02 04 0608 )

uﬂﬂ511.522.53354¢.5?

Iepton—reooileﬁ%t angle

« W+2 jet selection

n of recoiled Jet

q

 Lepton + MET + 2 jets

* Require 1 b-tag

» Significance meas(expected)

e 2D: 3.7(2.1) sigma
« BDT: 3.5(2.9) sigma

g

L]
“l

b

|

-1 08080402 0 0.2 04 0.6 0.8

1

BDT output

t-channel single top quark production

———— -
B CMS Preliminary, 35.9 pb'
¥ Do

- & CDF
- MLO 5

0o 2 4 6

83.6+29.8(stat+sys)+3.3(lumi) combined *' ™

8 10
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Y Single top: t- and Wt-channel

> t-channel: cut-based (likelihood cross-check)

— 1 lepton, 1 b-jet, 1 light-jet, E;™iss

— Bkg: QCD multi-jet, W+jets

— Final cut m,,, € (130;210)GeV; |N;gnr.jetl>2.5 5 B
- leellhood ratio adding H(j), cosAcp(I E mlss)

100 = T
ATLAS Prellmmary @\ s_TTeV
80 I J. L=35 pb ;
r N t-channel 1
[ Muon, 2 jets I W+t prod.
L Il s-channel a
60 n I top pairs |
I W + heavy flavor |
L P W+ jets |
40 - Dibosons -
r N Z +jets
I Multijets
20 L + Data |
$ 4

0
100 200 300 400 500 600
Reconstructed Top mass [GeV]

40 F
35 [
30

= ATLAS Prellmmary @\ s—?TeV
F JL 35pb

* Electron, 2 jets

ok
5-4-3-2-10 12 3 4 5

n(leading untagged jet)

» Wt-channel: cut-based

— l+jets:

« 2-4 jets, exactly 1b-jet

— dilepton:

» Data driven Z+jets, fakes, tt (from Njets>1)

— combine channels, expect o\, < 94 pb
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Summary of measurements

CMS Preliminary\ s=7 TeV

value + stat. + syst. + lum. error
(luminaosity)

158+ 10+ ° + 6

CMS combined (prel.) 15
(36 pb”)

TOP-11-001 (unc cor.x lum.)

CMS I+jets+btag (prel.)

150+ 9+17 + 6
TOP-10-003

(36 pb”)

CMS dilepton (prel.) © 168+ 18+ 14 + 7

TOP-10-005 (36 pb™)
CMS I+jets (prel.) T 173414+ 3%+ 7
TOP-10-002 (36 pb”)

B=—180+ 92° + 6
(35 pb™)

ATLAS combined (prel.)
ATLAS-CONF-2011-040

ATLAS I+jets+btag (prel.) W86+ 10+2 + 6

ATLAS-CONF-2011-035 (35 pb”)
ATLAS dilepton (prel.) 173422+ + 3
ATLAS-CONF-2011-034 (35 pb7)

ATLAS I+jets (prel.)

1712 17+% + 6
ATLAS-CONF-2011-023

(35 pb”)

Appiox. NNLO QCD

ATLAS dilepton+btag (prel.)
ATLAS-CONF-2011-034

Theory: Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
MSTWZODB(N)'\ILO PDF, scalelg PDF(90% C.L.l) unc. | |

71£22+% + 7
(35 pb”)

50 100 150 200 250 300

Top Pair Production Cross Section [pb]
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CMS Preliminary,Ns=7 TeV, L=35.9 pb'

2D, p channel ° 104.1+ 509
. a1
2D, e channel 154.2 £ ;5
\— 404
BDT, u channel 89.8 + 5
BDT. e channel 592+ 32
2D, e+p channel * T24.2 £ 1
BDT, 4 channel ¢ 78.7 + 25
CMS combination * 83.6 + 200
| | | | | |
-100 -50 0 50 100 150 200

Single Top t-Channel Production Cross Section [pb]
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Systematics: Experimental

» Objects in Monte-Carlo simulation are ‘treated’ (efficiency,
resolution) to match data in control regions
— uncertainties due to limited statistics or disagreement of models

— Determination of b-tagging efficiency and mis-tag rate

— lepton trigger, reconstruction, and identification
— lepton resolution, scale

— jet reconstruction efficiency, jet energy scale

» Pile-up: well modeled in simulation
— reweight distributions to match #primary vertices
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Systematics: Modelling

» Generator Model
— MC@NLO+Herwig vs Powheg+Herwig; Madgraph+Pythia vs ?

» PDF
— Re-weighting procedure using LHAPDF and 22 Evs from CTEQG66
— Follow PDF4LHC recommendation

» ISR/FSR

— Variation in the amount of ISR/FSR-processes (dedicated samples)

» Parton Shower
— Compare Powheg+Pythia with Powheg+Herwig

» Scales
— Variation of renormalisation/factorisation scale (dedicated samples)

» W+jets
— heavy flavour content
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Perspectives in 2011

» Will increase dataset by O(20x) in Summer and O(100x) by
the end of the year
— New beam conditions (pileup)
— Focus to understand systematics

» New measurements feasible
— larger top sample than Tevatron
— e.g. differential measurements

» Looking forward to discuss
about what is interesting to test &§
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Conclusion and Outlook

| T 1 T | 1 T 1 T
NU)QCD(mn o KﬂAS180+18pb ]

| B Approx. NNLO (pp) (35 pb™, Prelim.)

=+ NLO QCD (pp) v CMS 158+ 19 pb e
- Approx. NNLO (pp) (36 pb™, F’re“m)

m CDF 5>
A DO

G [pb]

» The era of top physics at«
the LHC has just started  *

— with only 35 pb-! can already
look into production cross-
section, mass, single-top and 1o
several properties

— competitive measurements are
emerging: cross-section at 10%
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» Statistics limited analysis will become attractive this year
— anticipate ~0.7 fb-' by Summer and ~2 fb-1 by the end of the year

» Focus to reduce systematics
— improve detector understanding; use advanced analysis techniques

» 2011: the year of precision top measurements at the LHC
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Backup slides
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Lepton+jets systematics

Statistical Error (%) +5.3 52|
Object selection (%)
Jet energy scale +38 28
Jet reconstruction efficiency | +4.2  -4.2
Jet energy resolution +0.8 0.2
Electron scale factor +1.2 08
Muon scale factor +0.5  -06
Electron smearing +03 -02
Muon smearing +0.6 -04
Background modeling (%)
Wijets HF content +72 63
Wijets shape +1.5 -15
QCD shape +1.0  -1.0
11 signal modeling (%)
ISR/ESR +4.0  -4.0
NLO generator +0.5 -0.7
Hadronisation +0.0  -0.6
PDF +1.7  -1.7
Others (%)
b-tagging calibration +15 6.3
Simulation of pile-up +1.5  -06
Templates statistics +1.6  -1.5
Total Systematic (%) +11.5  -10.5
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All cross section results

Channel o7 (pb) (stat., syst., lum.)
ce 178745 )

i 19425155 557

ep 164 26+ 18*/
combined 173 £22+3 48

ATLAS Preliminary

R Theory (approx. NNLO)
Data 2010,J L=35pb’ i

0

: m, = 172.5 GeV
Dilepton
Counting ..._._,._._. 173+22 * /3 3
Counting w/ b-tagging ..._..._._. 17122 *2 7
inclusive ..._|.._... 171+ 22 £14+£5
ff/z A S 178+ 22 + 20
b-tagging fit NS 176422+ 22+6
(stat)x(syst)x(lumi)
- 5‘0 — I‘I (l)O‘ — HéOI T I2(|)OI — ‘25|0I — ‘3(|)0I —
G lpb]
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ATLAS Preliminary

mr T rrr

------- Theory (approx. NNLO)
Data 201 o,J L=35pb’ m, = 172.5 GeV

L+jets w/o b-tagging

Multivariate 171+17 * 2 +6

1D lepton n fit — 1 204 +25+3917
1D AN (Ljel) fit ey 168+21+24+6
Counting  +— +u | 15411 *28 +5
: (stat)+(syst)+(lumi)
e 00 T80 200 250 300 350
5. [pb]

ATLAS Preliminary &+ Theory (approx. NNLO)
m,=172.5 GeV

Data 2010,J L=35pb'
L+jets w/ b-tagging

0

Multivariate Do 186+10 *2 +6

Top mass profile fit |—|-—|—| 156+8 ' +5

Top mass standard fit I-l-l—i—l—| 183+14 *% +6

Counting e 156+ 10 *3 +6

(stat)+(syst)+(lumi)

— 5 700 150 200 20 300
G lpb]
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Dilepton analysis

» fake estimation

(Nrr| | rr rf fr fr | Nrr
Nri| r(l=r) r(l=f) Jr=r) f=1 NgF
Nirl— | (1 =r)r (1-nf (1 —f)r (I =1Nf Nrer
(Nepl I(I=r)1=r) (1=r)1=f) (I=F)1=r) (1-=1F)1—=F)][NFF

Non-Z lepton background estimates

Niets CH

ee L

Matrix method
Matrix method

0 1.9+£1.0+1.0
| 39+1.5+£2.0

140807 0.01°+03
19£09+1.0  0.0%°+03

Matrix method >2 | 30+£21+15 08+07+04 05+05+03
Candidate weighting method >2 | L1£06%03  06+03%, 22119,
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Definition of mT2

9 [j(2)
My = min lm[ET = \/m +pT ), mT(p“’ jﬂ(g])}]
PaytPoy=ET

Lj(i) . 2 Lj(h) Pay L) 5Pa
mT(p Py = My + my, -+ Q0E:VELT — pp Py ]

. - . . - . Li(i - .
with the transverse momentum of the composite object of one lepton and one jet pTﬂ”, of the trial
neutrino P and their transverse energy Et and masses m. The minimization uses trial momenta for the

neutrinos which only have to satisfy the measured E%““. From the two possible combinations of leptons
and highest-pt jets the combination with the smallest mT; 1s chosen.

C.G. Lester, D.J.Summers (1999)
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Definition of input variables

Lepton pseudorapidity n = —In(tan(6/2)), cluster n for electrons N/

d'E . -
Aplanarity A: 1.5 times smallest eigenvector of momentum tensor M = w7 PikPik
— transformed to exp[-8xA] ) :puu pﬁ

Hrt3p: transverse momentum of all but the leading two jets, divided by sum of
absolute values of all longitudinal momenta in the event (neutrino p; from solving
event kinematics and taking solution with smallest pz)

SN o2 |
z"’“m‘* P2l

HT,Bp =

—> transformed to exp[—4 xHr 3p]

Continuous b-tagging weight wyp from JetProb tagger — transformed to —log1o(w.p)

Our choice: mean of two highest b-tagging weights (expect two b-jets in tt signal)
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Number of events

Number of events

Single top - electron channel
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Single top — muon channel

E60—l-lIIIIIIIIIIII|IIIIIIIIIIIIIIlII:IIIIIIIIII|III-l— E100_LIIIIIIIIIIIIIIIIl;IIIlIIII_ E _IIII|IIII|IIIIIIIIIIIIIIII;II'IIII|IIII_
5 L ATLAS Preliminary @/s=7TeV ] E r ATLAS Preliminary @>s=7TeV 8 5100 - ATLAS Preliminary @+/s=7TeV -
8 5of _ : 8 | _ ] 5 | _ ]
-550_—JL=35pb1 E EBO_JL=35pb1 ] % _JL=35pb1 ]
= C ] P - . — 80 -
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2 \ ] 2 80 ] Z el ]
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28 gg [ Muon, 2 jet i 8 [ Muon, 2 jet .
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< 60 R < . I W+t prod.
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] 20 3
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Muon channel 2-jet tag sample
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Number of events

Number of events
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Luminosity uncertainty

Uncertainty Source oL/ L
Statistical < 0.1%
Bunch charge product 3.1%
Beam centering 0.1%
Emittance growth and

other non-reproducibility 0.4%
Beam position

jitter 0.2%
Length scale calibration 0.3%
Absolute ID length scale 0.3%
Fit model 0.2%
Transverse correlations 0.9%
i dependence 0.6%
Long-term consistency 0.5%
Total 3.4%
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