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O What is single top and why is it interesting?

SEARCH FOR AN ELECTROWEAK PRODUCTION MODE OF TOP QUARK AT LHC:
S-CHANNEL ANALYSIS STRATEGY

' Preselection of lepton+jets events with the ATLAS detector
2 Background estimates

Extremely low signal purity and big overlap with backgrounds distributions
=) Multivariate analysis: Boosted Decision Trees
@ controlregion
Osignal region
Ofit of the output distribution for cross section determination

4 Systematicuncertainties

5 Statistical data analysis
mm) Limit drawing
mm) Significance

6 Conclusion
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Single top discovery

Electroweak production mode of top quark
q q

- t-channel s-channel Wt channel

Single Top Signal Significance
2009 Cross Section Expected Observed

D@ PRL 103, 092001 (2009) m,,,=170 GeV

Contents lists available at SciVierse ScienceDirect

FHYTICE IFTTFRS B

Physics Letters B
3.94 + 0.88 pb 450 500 e e et

CDF PRL 103, 092002(2009) m,,,=175 GeV
Evidence for the associated production of a W boson and a top quark in ATLAS at

+0.6 >
-1

Do 2.3fb March 2009 ATLAS Collaboration* .

! +0.95 CDF 3-2 fb-l LPSC.
Decision Trees 3.74 575 pb

[ ——
Bayesian NNs e— 4.70 *338 pb NBU{;L":}?}?"‘U* B8+0. ThomaS DE| emontex
Matrix Eleménts 4.30 15’;38 pb Mm::g;gg;;;:-.em Arn au d
BLUE Comb'inatton 4.16 +0.84 pb _ ) .

v lee‘!g?gc’;'qul:unctlon An Ni Ck
BNN Combination 3.94 +0.88 pb

! Boosted Decision Tree

| N 3.2f)
= N. Kidonafis, PRD 74, §14012 (2006) mMy,, =170 GeV

l Combinatipn (Lepton+.Jets)

0 5 10 @zm)

o (PP — th+X, tgb+X) [pb] MET+Jets,
Comhinahpn (All Channels)
| (32m') |
-5 0
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Motivations for the single top analyses

@ Top mass= 173 GeV ﬁ EWSB scale v= 246 GeV

a Lifetime (10%s) < hadronization time scale B} assess top polarizationviaits decay products
a Direct measurement of V,, withoutthe assumption of CKM unitarity

a Investigationson physics beyond SM:
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@ Top mass= 173 GeV ﬁ EWSB scale v= 246 GeV
a Lifetime (10%s) < hadronization time scale B} assess top polarizationviaits decay products
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a Investigationson physics beyond SM:

t-channel sensitive to:
i Flavour Changing Neutral Currents
- Asearch for the process b
gg>t->W(=>1v)b
show no evidence )
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. Work in progress if
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Motivations for the single top analyses

@ Top mass = 173 GeV ﬁ EWSB scale v= 246 GeV

a Lifetime (10%s) < hadronization time scale B} assess top polarizationviaits decay products
a Direct measurement of V,, withoutthe assumption of CKM unitarity

a Investigationson physics beyond SM:

t-channel sensitive to:
i Flavour Changing Neutral Currents
- Asearch for the process b
gg>t->W(=>1v)b
show no evidence j—

Anomalouscouplings ;
. Work in progress if

Wi production:

. shares the same final state of %%

: ; ,
an excited b quark decay. ,

- b* with masses<870 GeV b W

. excluded @ 95% C.L
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Motivations for the single top analyses

@ Top mass= 173 GeV ﬁ EWSB scale v= 246 GeV

a Lifetime (10%s) < hadronization time scale B} assess top polarizationviaits decay products
a Direct measurement of V,, withoutthe assumption of CKM unitarity

a Investigationson physics beyond SM:

t-channel sensitive to: | Deviationsin_s-channel XS
5 Flavour Changing Neutral Currents | may be caused by new resonances:
- Asearch for the process W | Composite models (top-pion): scalar
gg>t>W(=>lv)b . | - bosons (bound states of tb) appearing
. show no evidence — b inthe EWSB mechanism

Anomalous couplings PA | Charged W -like bosons (W’ ):
Work in progress i - modelindependentanalysisof the
e | - W'tb decay q t
e - No excess found in W

Wi production: - my,spectrum
- shares the same final state of %% § " @95%C.L

an excited b quark decay | , (0.5<m(W)<3 TeV) T [

- b* with masses<870 GeV b W
. excluded @ 95% C.L
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Cross section measurements @ LHC

The 3 single top production modes are separately
susceptible to different types of physics

i+ combined measurement of the three channels

i+ -provides evidence for new phenomena

3 - sheds light on the nature of the underlying theory
1. LHC top-factory (300 ksingle top eventsin 2011, s2=7 TeV)

' Statisticsincreases with center of mass energy

s 4th Generation quark

. StCNS d M ﬁel 25c}_l | | l 1 I 1 I I 1 1 I 1 ] 1 I ] 1 ] I 1 ] ] l ] ] ] I ] l—
Tcz'jc:[ﬁr (:) -Single—-top NLO cross—section vs E__ -

» Tap-flaveur (w) E 4
68% 95% 99% - -
BN production tW - ahanne -
= :g;g? ~— | Cross Section @ 7 TeV: 64.6 pb 1
= i @ 8 TeV: 87.8 pb d

Simulations for ® _F R
$2=14 TeV, 100 fb! &5 e
data ° -

@ L -

('h B -

$100— —

© I ]

‘ precise cross section determination s ki
i Cram TAN oES NEED S Lt o B e KON W SRR e BN S | l-l

g 10
Ecm(TeV)
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Cross section measurements @ LHC

The 3 single top production modes are separately
susceptible to different types of physics

i+ combined measurement of the three channels

i+ -provides evidence for new phenomena

3 - sheds light on the nature of the underlying theory
1. LHC top-factory (300 ksingle top eventsin 2011, s2=7 TeV)

' Statisticsincreases with center of mass energy

s 4th Generation quark
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: _Er';‘;:”::::r":";fe' L Single-top NLO cross-section vs E__ -
. - i i
» Tap-flaveur (w) L B
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[ D production tW 200 -
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Cross section measurements @ LHC

The 3 single top production modes are separately
susceptible to different types of physics

i+ combined measurement of the three channels

i+ -provides evidence for new phenomena

3 - sheds light on the nature of the underlying theory
1. LHC top-factory (300 ksingle top eventsin 2011, s2=7 TeV)

' Statisticsincreases with center of mass energy

s 4th Generation quark
FCNC 25 T I| T | T T T I T LI | | I | T I L] | I L L L I LI ] I T
*  Standard Model ingle—top NLO cross—section vs E
Top-coler (n) -
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s-channel analysis -preselection

Single top s-channel final state w@ Detictir distscteiatics’ 2
Muon Detectors Electromagnetic Calorimeters 5 Width: ~ 44m

e Diameter: 22m
Weight: 7000t

q

Solenoid CEAN AC - ATLAS V1997
\ 1 Forward Calorimeters

End Cap Toroid

O
o

arrel Toroid Inner Detector . . ¢ .
: i Hadronic Calorimeters y ielding

g
= —In|tan -
1= ~nftan ]|

Caterina Monini Séminaire des doctorants 14/5/2013



s-channel analysis -preselection

Singletop s-channel final state 2 @ Detector characteristics
Muon Detectors @nagnetic C alorimeD o \h{idth: 44m
A - ﬁ Diameter: 22m

Weight: 7000t
CERN AC - ATLAS V1997

Solenoid

Forward Calorimeters

End Cap Toroid

Electron 8
¢ p; >30 GeV - NNy J “
¢|n| <247 | O Sy iy d |
(excluding1.37< |n | < 1.52) VAR =7 =27 (i

'S,‘ .'.. \ y Pl
F\ i Y, " i i
W : ) D ’._ - ~N
Barrel Toroid Inner Detector ) ) Shieldin
Hadronic Calorimeters 9
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s-channel analysis -preselection

Single top s-channel final state

Electron

¢ p; >30 GeV

o|n | <247
(excluding1.37< |n | < 1.52)

Caterina Monini

Detection & reconstruction
of electromagnetic cluster

Towers in Sampling 3
Ap<An = 0.0245-0.05

" S0y, 4
- 7 % P L
7/ 77
/
P “‘H‘-
3
7.5.,“411 9, y
T00031 g towers in Sainpling 1
n

Spatial association with a
Inner Detector track

Electromagneticcalorimeter

Accordion shape
Absorber: lead
Active detection medium: LAr
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Inner Detector

Pixel

Semi-Conductor Tracker
Transition Radiation Tracker




s-channel analysis -preselection
Singletop s-channel final state <@ Detector characteristics %
Electromagnetic Calorimeters - V‘{idth: 44m
: - ﬁ Diameter: 22m

Weight: 7000t

Solenoid CEAN AC - ATLAS V1997
\ th Forward Calorimeters

End Cap Toroid

Muon
¢ p; >30 GeV
e|n|<25
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s-channel analysis -preselection

Single top s-channel final state

Muon
¢ p; >30 GeV
e|n|<25

Caterina Monini

Track reconstruction

Muon spectrometer
Monitored Drift Tubes
Resistive Plate Chambers
Thin gap Chamber
Cathode Strip Chambers

and
or
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Inner Detector

Pixel

Semi-Condutor Tracker
Transition Radiation Tracker




s-channel analysis -preselection

Singletop s-channel final state 2 @ Detector characteristics <
Muon Detectors Electromagnetic Calorimeters el Width: ~ 44m
A e Diameter: 22m
q | . - Weight: 7000t
Solenoid |\ CERN AC - ATLAS V1997

Forward Calorimeters

End Cap Toroid

2 b-tagged jets
¢ p;>25 GeV . A g L | o\

I\ i LY, v . N iy }‘,‘ 3
2 ,-"'I"! e e e s —- " l"’-, v'..‘ 3
: ’ ! ! — — - i * \
Barrel Toroid Inner Detector . . Shieldin
Hadronic Calorimeters Y
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Singletop s-channel final state

q

2 b-tagged jets
¢ p; >25 GeV
e|n|<25

Caterina Monini

Detection & reconstruction
of calorimeter cluster

Tile barrel

Tile extended barrel

LAr hadronic
end-cap (HEC)

LAr electromagnetic
end-cap (EMEC)

LAr eleciromagnetic
barrel

s-channel analysis -preselection

Tile calorimeter (barrel)

Hadroniccalorimeter

b-tagging

Displaced
cks

Secondary
Vertex

Primary
Vertex

End- cap calorimeter

Absorber:iron Absorber: lead
Active detection medium:
plastic scintillator |Ar
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Active detection medium:

MV1 algorithm
Neural network to combine
topological variables and
3 b-tagging algorithms




s-channel analysis -preselection

Single top s-channel final state

Transverse missing energy
© E;Miss >30 GeV

E; not measured by the sub-detectors (total energy for
particlestravelingtransverse to the beam axis is zero)

q

Triangularcut: E,/™s+ M;(W)>60 GeV
to reduce fake leptons from QCD-multijet events

Exemplar sketch for:
Signal QCD

\s =7 TeV \s =7 TeV

M,y [GeVic?

20 40 60 80 100 20 40 60 80 100
ET™® [GeV] ET*® [GeV]
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Background estimates

QCD multijet

ELECTRONS:
jet electron model

« Shape: MC events with 1jet
faking 1 electron

@ Normalization: binned likelihood
fit on observed E{miss

A
& QCD model from dijet MC sample
MC processes

Data

Candidate Events

Discriminant

Fitin extrapolation to
sideband signal region
MUONS:
Matrix method

© Shape: loose data rescaled

¢ QCD rate expressed in terms of
loose/tight lepton events, real/fake
selection efficiencies

Ttbar, single top
diboson, Z+jets

Theoretical prediction &
Monte Carlo simulation

N=¢€olL

At Bl Wk =Vry Vo —4Y L ¢
e
SLE3a-L3o0 0V g U s

o

}:: azl +0maX* *qQ (Xn(" ‘m =
m iy X ;
V=y. {‘J‘a b'ifc- % P 2l

Tl Mot
V=smfi) \ » « tot ix5) 7{-‘ .};?g; f"_y‘

PR Y ) sl

%<‘s(..k“).& K 2t dls ¢

I ) - $(oxtbmio} ooy ad

B () (o Lt R
b b - R(E

W+jets

© Shape: simulated events,
at least 1 jet b-tagged

¢ Normalization: determined by
fitting the Boosted Decision Tree
output distribution in a control
region (high W+jets purity)

¢ Expected yields: normalized to
theory

ATLAS Simulation

1
0.2 0.4
BDT vs W+jets normalized output

Caterina Monini
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Preselected event yields

MUONS Channel | 2-tagged muon | 2-tagged electron Electrons
2 B0 s el AR @ 4l | s channel 108 + 1 01 2 FTLAS merkl | aB6% @V s T
£ 7007 2Jets 2 tagged =R t channel 324 £4 219 +4 3 B00p ZetsZlagged =h
L =5 Wi 99 +3 84 3 oo ' =Y
- - i 2162 £ 10 1884 + 8 - .
W . E Wlight 168 + 28 75 + 14 400 E
400- 3 Whb 349 + 16 291 + 14 b p E
3005 = Wee 104 £9 80 £ 8 i ]
ot xR E We 147 £ 12 141 + 12 00 SR S N E
: ] Z+jets 15+3 12+2 1001 ane r B
1005 mlin b = Diboson 38+ 1 33+ r+ e
04060 80 100 120 140 0 180 200 QCD 96 £ 19 137+ 69 20 40 60 80 100 120 140 160 180 200
MY[GeV] Total prediction 3610 £42 3016 £ 74 M GeV]
Data 4279 3526
S/(B) 1.83 1.64
S/B 3% 3%

. B
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2

1) Choice of the variables with separating power >0.05 (BDT input)

DEtalLepJet1 : 0.122744 DEtalepJet1 : 0.122744

£ i
0.16— v 4
i s-channel : T
0.14[— g r
0‘12; « 0.8~
04 0.6
o8l W+jets i
o‘oaf— b4
0‘04:— L
E 02—
0.02— L-

C | = L | L L 1 L L L1 L L P L L P L

o gs 5z 25 3 35 4 a5 5 02 o4 o8 o8 Signal Ef
2) Classifier training
A subsample of events is used to build the algorithm
Optimization of the BDT configuration
| TMVA overtraining check for classifier: BDT | Back 4 rajecti Sianal effici

TMVA ackground rejection versus Signal efficiency TMVA

% i é\g;‘lall(telst éan.llplél T ‘ T T .‘ Skgn‘al (It[a‘i\'lirllg ‘San"lp“e) ‘ T T - ) 1 N TT 1T L L TTTT TTIrT TT T T L L TTT1T]

o = E 2 r — b

% 5 :@ Background [test sample} * Background [training sample) -] o 0oL -

E [ Kelmegorey-3mirnoy test: signal (kackground) prebability = 0.287 (0.961) ] ';—J,- ’ E E

< B ] T 08F -

S 4 — — = -

C ] § B "\ ]

L . S 0.7 - m

. s g - N

3 1E ® 0.6F -

B 1= o E 7

5 Js 0.5 F ]

C 12 0.4 F .

[~ qm [ -

1 = C NMVAMethod: \:

- ] .—% 0.3 BDT \

B J1é B B

0 e e | i B i YI=2na 3 0_27\\””\\ T T T A A B A A

-0.8 -0.6 -0.4 -0.2 0 0.2 0 0.1 0.2 0.3 0.4 0.5 0.8 0.7 0.8 0.9 1

BDT response Signal efficiency
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3 AN
1) Choice of the variables with separating power >0.05 (BDT input)

2) Classifier training
A subsample of events is used to build the algorithm

Optimization of the BDT configuration

3) BDT testing
The algorithmis applied to all the MC channelsand data

ATLAS Simulation
% l:l s-chan
Lg_JMOO B t-chan, wit
ttbar . -
1200 =W+Hﬂ.ets Signal region
1000|[_] WHets nrichedin ttbar
l:l DiBoson,Z+jets
soo| [l aco

..both chosen to minimize:
- the expected limit on

s- channel cross section
- its uncertainty

Controlregion
For W+jets
normalization

o3 [ . -

0 0.2 0.4
BDT vs W+jets output
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s~ ttbar discrimination

antiproton

1) Choice of the variables with separating power >0.05 (BDT input)

2) BDT training
A subsample of events (s-channel and ttbar double b-tagged)

is used to build the algorithm, and optimize the BDT features

3) BDT testing
The algorithmis applied to all the MC channelsand data

4) Fit this distribution

ATLAS Simulation Full spectru m

l:l s-chan

Strategy : exploitcuts on BDT vs W+jets classifier I chan. Wt
I toar

to perform a simultaneous fit on BDT vs tt distribution =
. . . . . . 800

- signal region -> cross section limit setting [ wiets

- W+jets enriched -> normalization determination 600

Eventsx
=
=3
(=]

Il cco

l:l DiBoson,Z+ets

control region
400

0

-0.8

BDT vs ttbar output
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Modeling systematic uncertainties

Systematicuncertaintiesconnected to:

@ Luminosity

a Cross section (theory/ data driven normalization)

@ Simulation models bias  (generator, parton shower, parton density functions, initial/final state radiation)
@ Instrumental bias (jet energy scale, resolution, reconstruction, b-tag, leptonidentification...)

.. affect the XS measurement by varying: {\@ rate uncertainties
Rates: predicted number of events of a certain process in a specific channel =«
Shapes of the normalized template histogram N

shape uncertainties

L~

o

s

A

.

e

A

A

oy

s

4 A
N
o o S
\\ iy A
AR o e
S, o o
.... \ 7
r. ¥l
e 2 o |
s e o ]
w‘*s«.wmu i

‘\\‘U\V S AR YRR SR

Frequentist method: ensemble of pseudo-experiments including these varlatlons (that
represents our ag-priori knowledge of nature) + maximum likelihood fit

B
e M
L(B1,--,84) = ]I i H G(Bj; A))
p—1 k'
B = O obs \ y ) \ ]
N OSM product of Poisson Gaussian constraints on the

likelihoodsfor each bin background cross sections
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Events

Fit the classifier distribution to the data

Signal region -> assess signal cross section
( huge ttbar contribution)

Controlregion -> determine
W+jets normalization

“OETATLAS hemal | 4660 @7TeV e
[ . MC stat+ QCD unc.
400 — 2 jets 2 tagged =
- B TTbar
350 _ =
=| BDT vs W+jets>0.0 _—od
300 F .
250 F- =
200 =
150 - A
100 =
50 - =
0 - A -
08 06 04 02 0 0.2 0
BDT,
Simultaneous fit:

Observed scale factors to rescale all the processes

Caterina Monini
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2 - ATLAS Internal ' 7466 @716V e ow
E 120F- 2 jets 2 tagged %%L:m
BDT vs W+jets<-0.25 I

60f- &
sof E
201 -
s R
08 06 -04 -02 0 02 O
BDT,
Channels B
STs 1.59 + 0.45
STt 1.04 = 0.10
_ Oobs Wt 1.00 = 0.08
5 _ TTbar 1.22 £ 0.03
gSM .
Wijets 0.86 = 0.09
QCD 1.00 = 0.00
Zjets+DiBoson 1.18 +£0.39
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Cross section limit and significance

Significance:
Expected Observed

o 10° F————— — P
Q —— s-channel @ SM q0 -4.4 -11.0
"::_'_ 4[| |— nos-channel Phb 1.62% 107" 4.51%1072
L 10 c significance 14 o 20

10°

10°

---Ob-sewe.d---- smmmnn
expected

|
50
Q-value
Observed upper limit at 95% CL.:
0.< 3.5 og= 16.25 pb

(previous unique result: 26.5 pb)
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Conclusions and future plans

[j We analyzed the s-channel final state for the whole ATLAS 7 TeV dataset

We built two classifiers to discriminate againstthe main backgrounds:
- BDT vs W+jets:
-> control region (aiming at W+jets normalization)

-> signal region
- BDT vs ttbar: fit of the output distribution
[j We set an upper limit on the single top s-channel cross section thatimproves the previous result!
..butstill lot of work has to be done!
Perspectives for the future:
é Use new prescription for the b-tagger working point
6 Include 1jet bin to constrain W+jets in the fit

@ Include 3jets bin to constrain ttbar in the fit

6 Re-optimizethe 7 TeV analysis and then switch to 8 TeV
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Input variables for BDT vs W +jets

Table 10: Separation Power against W+jets

Variable Separation power Definition
m(Top_j2vi) 0.056 Top mass computed by using the second jet and the leptons to reconstruct the top quark
pr(l, j2) 0.057 pr of the system composed by the lepton and the second jet
cosé(Top_j2vl) 0.057 Top spin correlation in helicity basis '
AD(j1,v) 0.062 A® between the leading jet and the neutrino
Er(l) 0.062 Transverse energy of the lepton
An(jl, j2) 0.063 An between the leading the second jet
Hy 0.070 Scalar sum of the pr of the selected jets, lepton and neutrino
E;."q”""s 0.071 Transverse missing energy
Pr(l, j1) 0.073 pr of the system composed by the lepton and the leading jet
Anlrl, j2) 0.074 An between the top quark and the leading jet
AD(l, v) 0.078 A® between the lepton and the neutrino
E(j2) 0.078 Second jet energy
Whelicity_j2vl 0.079 W helicity from the top quark (reconstructed through the second jet) decay >
An(r2, j1) 0.083 An between the leading jet and the top quark
pr(Top_j2vl) 0.085 pr of the top quark reconstructed through the second jet
AR(L, j1) 0.086 AR between the leading jet and the lepton
pr(Top_jlvl) (0.090 pr of the top quark reconstructed through the leading jet
prjl) 0.093 Leading jet py
pr(j2) 0.096 Second jet pr
Hit(j1, j2) 0.101 Scalar sum of the py of the jets
Whelicity_jlvi 0.117 W helicity from the top quark (reconstructed through the leading jet) decay
An(l, j1) 0.122 An between the lepton and the leading jet




Input variables for BDT vs ttbar

Table 17: Separation Power against tt

Variable Separation power Definition
pr(l, j2) 0.052 pr of the system composed by the lepton and the second jet
pr(Top_j2vl) 0.054 pr of the top quark reconstructed through the second jet
pr(l, j1) 0.062 pr of the system composed by the lepton and the leading jet
prjl) 0.066 Leading jet pr
n(l, j2) 0.066 Pseudorapidity of the system constituted by the second jet and the lepton
pr(j2) 0.067 Second jet pr
n(l, j1) 0.069 Pseudorapidity of the system constituted by the leading jet and the lepton
pr(l) 0.070 Leptonpy
m(l, j1, j2) 0.071 Mass of the system composed by the two jets and the lepton
m(l, j2) 0.073 Mass of the system composed by the second jet and the lepton
prjl, j2) 0.074 pr of the system composed by the two jets
m(Top_jlvi) 0.075 Top mass computed by using the leading jet and the leptons to reconstruct the top quark
prTop_jlvl) 0.080 pr of the top quark reconstructed through the leading jet
m(l, v, jl, j2) 0.084 Mass of the system composed by all the final particles
m(Top_j2vi) 0.088 Mass of the top quark reconstructed through the sub-leading jet and the leptons
Hy(jl, j2) 0.088 The scalar sum of the pr of the selected jets
Hy 0.090 Scalar sum of the pr of the selected jets, lepton and neutrino
Mp(W) 0.102 Transverse mass of the W boson
AD(r1, j2) 0.118 A® between the top quark and the second jet
AD(r2, j1) 0.119 A® between the top quark and the leading jet
E;.{m"’" 0.141 Transverse missing energy
pr(D + EF™ 0.162 Sum of the lepton pr and of the transverse missing energy
pril,v, jl, j2) 0.164 pr of the system composed by all the final particles




Analysis optimization- systematic uncertainties

How systematic uncertainties affect our choice of the signal/control regions?

Check several combinationsof cuts in order to minimize
the expected cross section limitand its uncertainty

— 0.2
a |) Test statistics: =2
Q valuedistribution generated with pseudoexperiments ) 15i_ e
- B|S+ B |
for background only hypothesis: 4, — 2In£(£{|ﬂ|;3] ) @l
_ f(a|0)
i - L(S + B|S + B) al;
for signal + background hypothesis: ;, — —2in
. . P o "TL(S+ B|B) _
II) CLs expected limit (replacing g, with q,) 0o0s [ Py o
CL, — CLstb _ Pstb _ o hasto be minimized :
' Ch 1 — ps ol

@ For each pseudo experiment we fit the distributionto obtain the scale factors Bj for each I:ioroceégj. q
The RMS of 3 signal is an estimator of the (expected) uncertainty of our measurement

STs betafit.STs_betafit
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QCD ESTIMATE

MATRIX METHOD for muons

rtight, loosoe
\ a

tight loose _ prtight loose
A = *Vreal

fake

rtight o . \'l_UUHL;
Nake.real — takereal © SVfake real

* Loose: relaxedisolation

» Realefficiencies: tag and probe

* Fake efficiencies: from low Mt(W) and high dO-significance regions

* Uncertainties:should cover data/MC disagreement in QCD enriched
control regions-> 50%

JET-ELECTRON MODEL for electrons

* DijetMCsample, events with 1 jet faking 1 electron

E
A
i

ﬂ_a_..,.

015

0.1

0.05}

0.25}

0.2f

(same pT threshold and n acceptance as a signal electron, 80-95% of its energy deposited
in the electromagnetic calorimeter, and at least 4 tracks to reduce

the contributionsfrom converted photons).
 Binnedlikelihood fit of observed MET in a sideband (MET<30 GeV)
* Uncertainties: pile-up studies, fit of less sensitive variables... -> 50%




Pseudo experiments

1. Foreach processj (single top, tt ...)we have a prediction of the expectation value:‘;}

gen

Uncertainties on the cross sections are included by varying ‘E}according to a random number ,BJ

thrown from a log normal distribution

2. Theacceptance uncertaintiesg; ;_and g, ;, are included by varying the expectation values accordingly
for all systematic uncertaintiesS: Gaussian distributed random number 6, for each process i

using a mean of zero and a width of one.
\)
gen el cfen - - N
v p 1+ Z 0i| - (H(67) - € j+ + H(=0;) - € j)
= |
nuisance parameter specifying the strength of the systematic excursion
(Correlations across channels are taken into account since the same &, is used for all of them)

3. Interpolation between different shape histograms (relative change of the template in the different bins)

S
N = i+ Z 1] - {(H}rh —ji) - H() + - (@, — aj)- H(—c'if)}
i=1




Likelihood function

B o—pp .tk A
L(B1,-,84) = [] —— ] G8;; &)
=

k=1 Tk ]

» P, =relative signal cross section normalized to the prediction (scale factor)

» B,to B, = relative background cross sections (rates) normalized to the prediction,
enteras nuisance parameters =fit parameters

» A =numberof considered processes
» k=Dbinindex

» = predicted expectationvalue of the numberof eventsin bin k, includes signaland
backgroundevents

» n,=observednumberofeventsinbin k

» B =numberofbins




Breakdown of systematic uncertainties

Erocess: SI=

aysHame up[%] down|[%]

Data stat. 2.100 -=-42.100
ctag 4,853 -4 .T82

mu_ smeared M3 2.203 -5.203
pileup 2.86a7 -6.6876

JVE £.201 —-6.783

igoptd T.322 —-T7.263
jet_goodReco 7.709 -7.658
lep SF 2.073 -2.073
ptiminld 2.238 -B8.225
outacft 9.001 -9.704
ISE_F5R 9.21%9 -9.148
jet_smeared 3ysat 9.145 -9.729
jet_scaled 10.47& -10.430

el smeared 10.771 -10.78&3
X3ection 11.294 -11.212

el scaled 14,225 -15.&37

B3 15.298 -15.28&

ttgen 15.527 -=-17.3%94

mistadg 17.6368 -17.773
mu_smeared ID 21.15%6 -21.258
mc3tat 2.757 =32.757

kEtag 40.&679 -—-40.588

Total (3vy3) 6l.409 -&£3.92
Total {(ays+3tat) T4.455 -T76.5339



Beyond standard model

Extra gauge bosons
- Inspired by GUT
-Predict W’coupled to top quark

increase s-channel
~no impact in t- nor Wt channel

Extra scalar bosons
- Top color assisted technicolor
- Predict new scalars as bound
fermionic states
(tb) pseudoscalar top-pion

increase s-channel
~no impact in t- nor tW channel

Fourth generation
- Fourth quark family (t’,b’) models
- with extended CKM matrix

increase t-channel (via PDF s)
decrease s-channel (via smaller Vy,)

FCNC

-New couplings beyond EW scale
via FCNC
(Ztc, ytc, gtc, Ztu,...)

increase t- and Wt- channel
~no impact in s-channel
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