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Standard Model

Quarks

Photon B ns

Renormalizable quantum field theory describing the
fundamental forces and the elementary structure of matter



Top quark in SM

. Predicted in the 70's as weak isospin partner of the bottom quark
. Discoveredin 1995 @ TeVatron

4 HeaviestSM fermion:
m(t)=17320.9 GeV  (Phys.Rev.D 86,2012)

- peculiar role in the EWSB mechanism?
- strong coupling to the Higgs

d Lifetime t=4-1025s < T

- It decays before hadronizing
- [ts polarization can be assessed from the decay products

4 Decay proceeds almost exclusivelyviaa bottom auark and W boson,
it can be hadronic or semileptonic: . I*, q
t (v

b



Top quark production @ LHC

via strong interaction: top pair

g I q t
}WV‘< Oupar At 8 TeV %253 pb
g 3 7

q z

Gluon-gluon fusion Quark antiquark annihilation

via electroweak interaction: single top

q q
b q [
7%
w _
9 7 b
b t
Wt-associated production h 1
t-channel evidence 2012, ATLAS S-channe
observation 2010, DO observation 2013, CMS observation 2014, D0 & CDF

o.at 8 TeV ~88 pb ow.at 8 TeV =22 pb osat8 TeV ~6 pb :



Single top measurements motivation

. Constraints on the Cabibbo Kobayashi Maskawa matrix

/N 7 /N
Vtb determination: d Via Vs V| |d
: ||V, V.V

- Indirect measurements S'|=| Yed Yes Yeb| |§
- Top pairs decay, b’ Vi Vs @ b

with the hypothesis of CKM unitarity /\ /N h\ \ ,;\

Bt — Wb Vi |2 o weak Cabibbo Kobayashi mass
k= = — H’t | eigenstates Maskawa (CKM) matrix eigenstates

Bt —Wgq 23:1 Vig|?

- Single top production,
assuming left-handed coupling and Vth>>Vts, Vid g

ex
2 Ja'pf ¢
| |Vb‘ __ _single top
t th :
single top

- Single top production, q'
model independent extraction of |Viq|
Eur Phys].C 72,2012



Single top measurements motivation

. Sensitivity of beyond standard model (BSM) physics

Anomalous couplings = modification of the W-t-b vertex
i.e Flavour Changing Neutral Currents

predicted at detectable rate by MSSM, R SUSY,

Top colorassisted technicolor...

q ¢ Extragauge or scalar bosons produced as resonances or
replacing the standard mediator

. _ i.e. W), H* introduced by top flavour model, MSSM...
Directproduction of “down” extra quarks

Smallerinfluence of new physics scenarios,
reference for SM physics




Interest of single top measurements

Single top channels : different sensitivities to new physics scenarios
— combined constraints on several SM extensions

tqb cross section [pb]

5(2) D@ 9.7 fb

- W1 sD

- 2 SD
ar 3 SD
3

I A @® Measurement
2 H sm

- () Four generations

- O Top-flavor
1 /\ Top pion

i [] FCNC

rPLB 726,656,2013

T BT RS PR ET TS AT ET A AT AT

00 1 2 3 4 5

tb cross section [pb

L
C

5

Analogous synthesis @ LHC
- t-channel: obbserved (Ac/c <20%)

- Wt-production: observed (Ac/o = 23%)
- s-channel: no evidence yet

e )

C‘I

q v



The LHC

Large Hadron Collider

and heavyions collisions

Total Integrated Luminosity [fo7]

designed for proton-proton collisions at a center of mass energy vs=14 TeV

(V]
(o]

- ATLAS -

- . LHC Delivered Delivered: 22.8 o _

20 N Recorded: 21.3 b ]

— | |ATLAS Recorded -

15 N

10 :— Delivered: 5.46 b —:

- Recorded: 5.08 b .

50 .
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The ATLAS detector

Single top s-channel final state

q

YA

S

fl
n=—In|tan a|

0

Barrel Inner Tile

RPCs Detector Calorimeter

Toroid Liquid Argon

Calorimeter

Solenoid

End-cap
Toroid
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s-channel detection with ATLAS

Top pair semileptonicdecay, ATLAS EVENT DISPLAY

....
-

« EM cluster

- < R associatedto a

87 / - inner detector track

. [dentification:
loose/medium/tight
quality criteria

4y

|
o

~ == = Y/ . Energy calibration
i, 2R | and resolution

N u hadron'rc’t/c;p‘candidate

- Selection:
- pr threshold: 30 GeV
- inner detector acceptance: |n|<2.47
- isolation

11



s-channel detection with ATLAS

Top pair semileptonicdecay, ATLAS EVENT DISPLAY

. Independent track
reconstructionin

- | - muon spectrometer
- inner detector

. Identification

« Momentum
calibration
and resolution

hadromitop Candidater 2/

- Selection:
- pr threshold: 30 GeV

- [n|<2.5
- isolation

12



s-channel detection with ATLAS

Secondary
Vertex

I‘o

Lxy ~

A7
>

Primary
Vertex

“497"‘ - displaced SV
" dueto 110125

-large d0 &
< B-hadron mass

- semileptonic decay (40%)

Top pair semileptonicdecay, ATLAS EVENT DISPLAY

. topocluster in
hadronic calorimeter

. Identification
- Energy calibration
via pyn-dependent

corrections

. b-tagging

hadromitop Candidater 2/

- Selection:
- pr threshold: 30 GeV
- inner detector acceptance: [n|<2.5
- b-tagging with MV 1 algorithm

13



s-channel detection with ATLAS

Top pair semileptonicdecay, ATLAS EVENT DISPLAY

momentum

. Event momentum

1 imbalancein the
plane perpendicular
to the beam axis

. Energy calibration
and resolution

hadro‘nié_ top Candidates™ _ 7/

. Selection:
E miss > 30 GeV

- Neutrino reconstruction:
pr: E™sS | pz: W-boson pole-mass constraint

14



Search for s-channel
single top quark production
in p-p collisions at \/ s=8 TeV

with the ATLAS detector

ATLAS Draft
TOPQ-2014-03

Version: 2.0
To be submitted to: Phys. Lett. B.

Analysis Team

B. Alvarez Gonzalez (*), O. M. Kind (*), A. Lleres (*),
C. Monini (*), P. Rieck, S. Stamm
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Signal preselection

Data collectedin 2012, integrated luminosity: 20.3 fb!

2ol e =& 3 Singlelepton event trigger
ld - _rLdt=20,sib' Vs=8TeV P 3
£ =0r ATLAS internal -}“L}L_:fden = .
8 ol t22, 1 Preselection:
o - - .
g im0l 4 - 1isolated electron or muon
[+ - i
© 000 |- -] . . .
- 1 -2 b-tagged jets (MV1algorithm @70% efficiency)
00
i - missing transverse momentum threshold
s BET T
% ;j E@..,mm.am ,KW,,%V‘%%; - mp(W)> 30 GeV to reduce multijet events
S 8%

40 60 80 100 120 140 160 180 200
m(W) [GeV]

Monte Carlo simulation of physics processes that may fake
single top s-channel signature— interpretation of the ATLAS dataset

16



Top pairs background

Top pairs production

in the semileptonic and dileptonic \
decay channels constitutes the main — -
background source e f
(61% of the total preselected events) 3

—%— dawia

o0 HH 4 j915 2b- 139 CR - channel
J;Ldt=20,31b' "Ws=8TeV - ;:h:;?el.m
5000 internal N Wsjets
ATLAS Z+jots, dibosan
N Multijet

B2 Uncarainty

— analyzed in specific control region:
- same preselection cuts but
- 2 additional jets,
without b-tagging requirement

Candidate events/ 5 GeV
g

2000

3

000 s OB D

+
Ez;‘*’*.%.'.“k."wg*#*‘;,4;24%22%%
+

DataPredction
o000 a—-——-—

40 60 80 100 120 140 160 180 200 Modelledwith MC Simulation Samples
m(W) [GeV]
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W+jets background

q g
W+ light and heavy jets events
Second background source, representing the 15%
of the total preselected events
E fuiksetEmy mmimEe q W

— analyzed in a specific control region:
I - same preselection cuts but

- - lowerjet py threshold

. - looser b-tagging criterion

- veto to be orthogonal to signal region

Candidate events/ 5 GeV

i L e

?MMMMM&’WW//////%/// 4@

Data/Prediction
[=1=T=T-TE

80 100 120 140 160 180 200
my(W) [GeV]

Distributions modelled with MC templates,
theoretical cross sections corrected by a data-driven overall normalization
(likelihood fit of the distribution used to measure the s-channel cross section)

18



Minor background sources

b

w
b Single top events q q
Low production rate, o
f  but signatures close to the signal one ¢
b
o t-channel & Wt production merged /
to reduce statistical fluctuations g B
t
t Z+jets and diboson (WW, WZ, ZZ) productions
Negligible contribution, processes merged in the analysis
{ ;
q Z . w L
(0) 1 J\‘\J\' .
Modelled with _ “ b g q
MC simulation samples i g - q

19



Multijet background

Multijet production

Very high rate, shares the signal signature in case of:

- Jets misidentified as leptons () fakelepton
- b-jets or long-lived mesons semileptonic decays... (non-promptl)

‘isolated” " Misreconstruction mechanisms detector-dependent
Z_ v - data-driven matrix method

b< =—(jet) +Normalization: o
b

Tight sample:
q Tiaht izolation cut reduces
.. '9 fake lepton contribution

¢ et

QJ

jet
rloose loose rlouse
Ny + N
Mtighi wlﬂnac N rlonse
/ €real Vreal T+ €fake fake

« Modelling : reweighting of the “loose” data sample

20



Analysis strategy

After the event preselection:
. signal purity: 2.8%
. considerable overlapin the signal and background distributions

1) further signal selection:

- pr of the jet used to reconstruct the top > 50 GeV
-mp(W) > 50 GeV

Process Pre-selection | Selection

e e s-channel 674+6 A57+5
o =E [WENE 387 e t,Wt-channels 3752445 2264434
0 T ENS O B tt 15252467 | 10206454
= P W light jets 468466 180+43
° b EfL R W +heavy flavour | 386272 1985 451

7 +iets 203416 108+7
_____ MW,MWW%% @% Multijet 0444472 2704139
3 0 S ;0 .4y I A Total expectation | 24958 273 | 15433+124
Prtop GV N 1 50 Data 25000161 | 16031127

S/B [%] 2.8 3.1

$ 2) discriminant variable for the fit: multivariate techniques
Boosted decision trees (BDT) output distribution

21



Boosted decision trees

Binary trees made by nodes that split recursivelyin 2
.Training sample: MC templates for signal and background

. Sequential selection implemented by cutting on the variable that accords the
best signal-background separation )
— subdivision of the phase space into
orthogonal zones (S or B-like),
no eventrejection

. Instability depending on excessive
optimization for the training sample |
overcame with stopping criteria T PP

. 9/:27 6 /:162
and boosting (forest of trees) : \ \ ,

« Machine learning: application of the algorithm on data

22



BDT inputs

1) Choice of the background sources for the training: ttbar & W+jets preselected events

2) Selection of the kinematicand topological input variables

- good modelling .
- high separation power, evaluated via the parametric function {
%‘J0_24;_'I"'I"'I"'I'"I'"I"'I"'I"'I"'I"'I' § e '
g 0.22F ATLAS simulation _ -g 0.9F Discri power = 0.15 %
- oz2F — Signal £ 08 . .
> o — Bkround S S cumulative functions
<5 0.18F Ckgroun T o7
Z0.16F 3 E for S & B events
—o14f 2 °° ]
0.12 |:§ 05 E
0.1F 0.4 =
0.08F 0.3 |
0.06F ]
: 0.2 3
0.04fF ]
0.02F 0.1 E
0: i PR T T P FET FE N 0 il PETEE FETEE FETE ERTE ARTHE FRTRE FRETE FENTE FEN TS
60 80 100 120 140 160 180 200 220 24D 260 0 01020304 0506 07 0809 1
p,(lepton)+E]"* [GeV] Signal efficiency

23



BDT inputs

1) Choice of the background sources for the training: ttbar & W+jets preselected events

2) Selection of the kinematicand topological input variables

Input variable list optimized in order to minimize
the total expected uncertainty on the s-channel cross section: 19 selected

Variable S

Definition

A2, 1) 0.17
Ad(t1,52)]  0.16
pr(l) + Emiss (.15

s 0.11
mr(W) 0.10
pr(l) 0.09

\_ |An(l, j1) 0.07
Hr 0.07

|An(t2, 51) 0.07
Ao(51,352) 0.07
Ao(l, EFss)| 0.06
\An(l, 52) 0.05
An(V, jno top)|  0.05
pr(sj1,52)  0.05
W helicity 0.05
cos O( EP*™* j2)  0.05
m(l, 72) 0.05
cosB(Top_j2vl) 0.05
cosB(Top_jlvl) 0.05

|A¢| between the leading jet and the top quark (Top_j2uvi ') \
|A¢| between the subleading jet and the top quark (Top_jlvi ')

Sum of lepton pr and missing transverse energy

Missing transverse energy

Transverse mass of the W-boson

Transverse momentum of the lepton

|An| between the lepton and the leading jet /
Scalar sum of jets pp, lepton pr and missing transverse energy

|An| between the leading jet and the top quark

|Agd| between the jets

|Ag@| between the lepton and the missing transverse energy

|An| between the lepton and the subleading jet

|An| between the neutrino and the jet not used to reconstruct the top

pr of the system composed by the two jets

W helicity from the top quark (reconstructed via the leading jet) decay?
Cosine of the angle between E7**** and the subleading jet

Mass of the system composed by the lepton and the subleading jet

Top (reconstructed via the subleading jet) spin correlation in helicity basis®

Top (reconstructed via the leading jet) spin correlation in helicity basis®

24



BDT inputs

1) Choice of the background sources for the training: ttbar & W+jets preselected events

2) Selection of the kinematicand topological input variables

R B L I LR R~

2 eom — 2o Sl -
=] 2 Jets 2 b-ag SR E o E ~ = i 2ot 2 biag SR ] o 2 Jets 2 03] SR
B eoon LR=20.3% " fE-4TeV 3 B toogf e Lat=20.3%" (E=ETeV 3 o ¥a Lot=20.30" {E=8TeV
E ATLAS internadl ] § E Bl ATLAS bwrsl a ATLAS intemal
& 3 % soof B e - =
g E 2 E %
3000 - E
= E P 1 g 0
1000 —': u;wE— E 00
Y [rm— —— il
E é 14 - & 1.4
B T = 1 3
i " g o ! ﬂ:
LI S Booep e T
T 1 15 2 25 3 35 4 0 05 1 15 2 25 3 35 4 60 80 100 120 140 160 180 200 230 240 260
é(top with leading b-jet.sub-leading b-jet)| JAé(top with sub-leading b-jet,leading b-jet)] p,llepton+E7* [GeV]
3 3 2 :
(o =0 2 jots 2 b-tag SR o 41 2 etz 2 b-tag SR 5 0 2 Jets 2 b-tag SR =
o Lat=20.3%" {E=0TeV o Lat=20. 30" fE=aTeV - Lat=20.30" {5=3TeV E
o
-] ATLAS indarmal = ATLAS bl s ATLAS imterval ]
E - E g ey -
& o 2 1
= 1w o= ® —
3 3 - ]
E B 3 ;
{3 ! 3 4300 -
=0 =
v £
j g § af
i ¥ - Yot L/
¢ : 1 o
0 pafes . . . N . , o gy . N N . . . . N o g: N . . . N + N . L
@ & B0 100 120 140 180 18O 40 B0 B0 100 120 140 160 180 200 b o5 1 15 2 285 3 35 &
Er [GeV] m (W) [GeV] |Anilepton, leading b-jet)|
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BDT application

1) Choice of the main background sources for the training

2) Selection of the kinematicand topological input variables

3) Optimization of the BDT configuration Parameter Type/Value
Boosting algorithm | Gradient boosting
- to maximizing the BDT separation power nTrees 350
- and avoid overtraining MaxDepth 3
MinNodeSize 18

TMVA ITMVA

§ TP T § 2‘§i§n'a|‘ulss':s'a.'nme‘)' "TTTT T Signalfiraining sampie) '~ 1

.“3 F \\'M = E@ Background (test sample) « Background (training sample) E
aQ 0.9 n L © 1.8

g r \ E [  Kolmogorov-Smirnov test: signal = 0.384 - background = 0.43

-g 0.8 : \\ :“__‘; 1.6 ;— —;

E 0.7 g \\ 14 o _;

g L 12 E

g 0.6 . 1 1 _i

0.5 0.8 £# =

0.4 g \ : 0-6¢ ‘i

0.4F =

03} \ 0.2 E

0-2 Coti Lall Ll 1101 | Lal Ll 1101 | [N 0 s +

1] 01 02 03 04 05 06 0.7 08 09 1 -0.8 -06 -0.4 -0.2 1] 0.2 04 0.6 0.8

Signal efficiency BDT response
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BDT application

1) Choice of the main background sources for the training
2) Selection of the kinematicand topological input variables
3) Optimization of the BDT configuration

4) Application of the BDT algorithm to data — fit of the output distribution

rrrrrrrrrr T T rrr [ rrr [ rr [T ] 1—. _I T T | LI | LI | T 17T | T 1T | T 1T | T T | T T | L T T I_

- —&— data
. . — o - -
2 2500 *ik 2 Jets 2 ?-[-ag SR - 2::::::.\-.1 - ~ 03[ . . — s-channel -
2 Ldt=20.3fb" Vs=8TeV S o pair 41 = - ATLAS simulation ]
% ATLAS internal —Jet 1 © 005 B —— t-channel, Wt .
2000 . ot - . — . —
& 27 Uncanainy 4 £ ] —— top pair -
o 1 = B —— W+heavy flavor 7
‘g 1500 ] 0.2 - -
S . < ]
1000 — - ]
] 015+ —]
500 —: - N
] 0.1 — ]
0 ] |- -
g 1.6 3 T T T T T T T T T : :
E :: 3 . . % 0.05 - -
E 1 mmiﬁﬂﬂﬂvxﬁﬂuﬂ’rmmw - | .
=V = 7 = .
% 06 & f L Lo b b b b by 1y 4 L

2 a4

1 08 06 04 02 0 02 04 06 08 1 0.8 -06 04 -02 0 02 04 06 08 1
BDT response BDT response

I
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Maximum likelihood fit

Maximum likelihood fit to the data of the BDT classifier

Nbins _ Nbackgrounds
as. aby _ € 1 b,
Lo = 11 — II c@hto.a))
k=1 A j=1
expectation value relative uncertainty of the bkg
n. of observed events
S b mzesebumgsn T,
 asaaf- [ SR - - :
£ Ldt-20.3f " Vs=8TeV — . Extraction of the nominal
. wests ]
ATLAS internal Z-+jels, dibosan ] . . . v
% 2000 - signal cross section: 30,
-'g -
2 1500 - Process 3
2 E s-channel 0.89+0.32
. tt 1.05+0.02
500 - t-channel, Wt 1.0240.05
] W4jets 1.12+0.15
s 18¢ - Z+jets, diboson | 1.074+0.59
ﬁ 1.4 ; ., E _, ..
E e S S S w“/% £ Multijet 1.00 (fixed)
s 0BE %
w 0.6 =
O o4 -

-4 -08 -06 -04 -02 0 02 04 06 08 1
BDT response
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Sources of uncertainties

. Data and simulation statistics
. Experimental uncertainties:
- luminosity
- energy scale & resolution of the reconstructed objects
- lepton trigger, identification, reconstruction efficiency
- jetreconstruction and tagging efficiency
. Theoretical and data-driven normalizations of the physics processes
. Modelling:

_ISR/FSR _' L LA L BLELELILE DL IR | "'I""I""I""_

- signal generator scale R Z

- MC generator and parton shower = . =z

- PDFs o rate uncertainties E
~

are integrated via pseudo-experiments including: - Z
L

- Tate variations: . S shape uncertainties Z
SR 3

Vit = B {1 =) 18] (H(6:) - €1 + H(=07) - ’fz'.j)} o 4
i=1 4

- shape variations:

r_lgfiﬂ B |;h;: + Z 104 - (H{5-=') ’ AO5;_:'1.: + H(—d;) - ‘ﬂ&';ﬂ‘)
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Cross section extraction

—Total uncertainty: modified standard — Individual contributions:
deviation to account for asymmetries Source Ao/o %
Data statistics +35
g 4500 T T T I I T T e Simulation statistics +29
S ooob i 2jets2 b-tag SR .---expected B 1 s _
o - ) . <P > . ET" scale +54
S asoof.  ATHAS simulation -ou: E E resolution +0/-3
3 = O . Jet energy scale +39
A’ 3000 E Jet energy resolution +5
2500 f_ _f Jet tagging efficiencies +4
- 3 Jet reconstruction efficiency <1
2000 = E Lepton energy scale/resolution < 1
1500 |- - Lepton efficiencies +2/-1
1000 [ = Signal modelling & scale +11
- . tt modelling +6
>00 = P E W+jets shape modelling +8
T —— - . ISR/FSR +3
3 -2 -1 0 1 2 3 B4 PDF <1
; Background normalization +7
In agreement with the SM prediction: Multijet normalization +12
Integrated luminosity +2
oy =350+ 1.7(stat) + 4.0(syst) pb =35.0+4.3 pb Total systematic 180
Total +87

gs, SM = 5.61 £0.21 pb
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Pseudo-events

10°

10* E

10°

10°

10

Significance & limit

- wsem  o2jetsebiagSR|  Sensitivity of the measurement:
Eo expected Q-value ATLAsinternal 3 1 3 (1.4 exp) standard deviation
SERELEELE observed Q-value ]
§— —g E4{]0__“‘|IIllllllIII|IIIllllllllllllllllllll_
i 1 —~ ATLAS Internal —+— Data - background
3 ER - | :
: | T 300° ys=8Tev,203h' S@nd -
B N oy I —— Upper limit i
] - '
- : 200 -
—1&0I IEISIZII —GUI I I-’-iOI | |2|‘0I i:lfl.'rl | I2|0I | '4|0' | IBlﬁ 80 1':00
Q-value 100 -
03 {
Extractionofa CLs limitat 95% CL: [ T _
| L1 1 I L1 1 I L1 I L1 1 I L1 1 | 11 I_

CLs=ps+b/(1-pb)<59 AN S
5= ps+b/(1-pb)<5% -1 -08 -06 -04 -02 0 02 04 06 08 1

BDT response

oy < 146 (7.9 exp) pb = 2.6 (1.4 exp)r, s
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Conclusion

Finalization of two searches for the electroweak production of top quark
in the s-channel with the full ATLAS dataset collectedat 7 and 8 TeV.
Similar multivariate analyses, boosted decision trees discriminants.

.7 TeV: CLs exclusionlimitat 95%: CL 0,<21.7 pb
— improved the previous ATLAS result (L=0.70 fb-1, cut-based selection)

-8 TeV: cross section measurement (after TeVatron’s discovery): 6,=5.0+4.3 pb
corresponding to 1.3 standard deviations,
in agreement with CMS recent result: 0,=6.2 +8.0 -5.1 pb

Perspectives

. Implement matrix element to improve signal discrimination
- Reduce the impact of statistical and systematic uncertainties

. Analysis will not be eased at higher center of mass energies
since o, increases with Vs less steeply than the main backgrounds cross sections

32
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200G t—channel

-l
[8)]
o

cros_§-section o[pb]

Single top cross sections

T T I T | F50 ) I LI I LI T I T | 50 ) I LI I LI T I T

ingle-top NLO cross-section vs E__

s- channel

lll(l/;:r‘_

D

| mmm W+t channel

[ mmm S—Channel

channel

[4)] o
! o
rrrr]yrrrryrrrrT

T T T L0 Lol

6
E_ (TeV)

b-quark splitted from a gluon brings a non perturbative t- channel

contribution when the b-quark s collinear to the gluon.
g

In this case, the perturbative calculation can be
restored by the 2— 2 diagram with a PDF for the 2-3 22
b-quark in the initial state instead of a gluon splitting
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Vi calculations

. Direct measurements: single top
Bt — Wb Vis|? 2
=B Wa 3¢ iz Ve
— Wa Zqzl“"ttﬂ

. CKM unitarity: top pair decays £

. Indirect measurements:
- leading contribution to mixing amplitude of Bd/s® Bd/s°

from electroweakboxocagram, (VtdVib)?

b Wi b 1
I _1r 44
q |\W | b qLngghb

Figure 1: Dominant box diagrams for the BY—B" transitions
(¢ = d or s). Similar diagrams exist where one or both ¢ quarks

are replaced with ¢ or u quarks.

- radiative decay b—ys b

36



p-value

Model independent Vtb

. Model independent constraints on the CKM matrix (which rotates the
electroweakinteraction eigenstates into the mass eigenstates Q' =Vcxm QL)

% hypothesis Vtb>>Vtd,Vts
4th Gen Bt — Wh
--- R=1 method = m
1-0 B I I I | 1 1 ] I | 1 ._r :l-:‘ I-' | | \ | I | | ] I | I I | I 1 |
_EurPhys].C72,2012; i . ]
L : N L N _
i . Y. : i
08 [— i yooL n —
= i " 3 1 1 N
L - r vy -
[ A T ]
06 — H : vl —
- H ! v .
: .-“ ! Lol -
- _;' _‘ ; L 1: ] =1
04 _— - g :__-' .’ '.‘- ‘: —_
1 standard deviation: ¢ A
i ;F l‘_.‘ ..! ". | ‘|l i
02 — PR W —
B g _."k K4 (Y ' T
"2 standard dm;i_afinhc ! ‘”. ]
0.0 B Luu.s:l-'r:"‘i"":"f. [ | I [ | ] | Il"“j"i\-'- K T | |_ I L 1
0.0 0.2 04 0.6 038 1.0 1.2 1.4

V|

--- 3SM method
3 fermions families,
measured R value (0.90 £0.04)

--- 4SM method
4 fermions families
|Vtb|2+|Vtd|?+|Vts|?=1

---4SMTL method

4 fermions families
|[Vtb|2+|Vtd|?+|Vts|?<1
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Extra gauge bosons (1)

. Single top sensitivity to Beyond Standard Model (BSM) physics

EXTRA GAUGE BOSONS
Top flavor model postulate a gauge group larger than
Left-right symmetric models |f‘> SU(3)cx SU(2)Lx U(1)Y

Extradimensiontheories and thus further ew mediators W’ , 7’

e ~

s-channel , - constructive or destructive
w interference with the SM
VAVAVA W exchange diagrams

- W’ produced on shell

Q—channel & Wt associate production negligible effect /
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Extra gauge bosons (11}

The electroweak part of the SM gauge group is replaced with
SU(2)1xSU(2)2xU(1)x in G(221) models

Cat. Model SU(2)1 SU(2)2 U(1)x
CouplingS Wlth = un-unified (UU) (uL) (UL) Yau for all fermions.
left-handed E - -
) <
fermions £ ur, VL uL VL
= non-universal (NU) , , Ysu for all fermions.
Top-flavor dL st gnd \L/ jst ond AL ) a \°L/ ,a
ik . UL 1% UR VR L for quarks,
left-right (LR : ‘ 6
eft-right (LR) (dL) i (EL) (dg) ' (ER) —% for leptons. 10 Stage
symmetry
. . - 1f ks, .
Couplings with | | ~ | 1eptophobic (LP) 2 ; 2 ure) o or A breaking can
. = dr, } er, } dr } Ysm for leptons. .
right-handed — | % —proceed via a
fermions S | hadrophobic (HP) (HL) . (UL) (VR) Yo for quarks, scalar doublet
= do | —1 forl : .
A o z for eptons (D) or triplet (T)
a fermiophobic (HP) (:L) , (UL) Yau for all fermions.
— L er
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Extra gauge bosons (III)

10 s |e—= LR-D — LR-T & — |
II T T T 2 T E =
ol i - ., S5 — 5.0e-2
d / 5
| ’ : :
gl : allowed (95% CL) v P - 6e-4 11l allowed (95% cL) | {3,5e-3
i / : ] i
7L ’ ;| | q5e4 :
= H : : 15.0e-5
A 1 |{4e-4a z 3
= : B 41.0e5
5 13e-4 =
5Ii . = 2
: 1204 {2.5¢-6
‘T uu | A |
| U {1e4 1 ‘\&m -
3p —U |- NS e 110ee
0 1 2 3 4 5 6 ° oli . i . . , Lo
] 0 2 4 6 8 10
. .. [t]
Exclusion limits for left-handed models.
1 1\ ~"1/2 Exclusion limits for right-handed models.
gw r — gy
4 g q t = t. ==
‘g}’ b ]. - 2 fp - *
g2

Phenomenological studies
Ph.D. Thesis TomasJezo, 2013

m(W'r)>1.84 TeV, m(W’L)>1.74 TeV@ 95% CL
Model independent experimental result

ATLAS-CONF-2013-050 20



Extra scalar bosons (1)

. Single top sensitivity to Beyond Standard Model (BSM) physics
EXTRA SCALAR BOSONS

MSSM... |$ (h°,H?) CP-even, (A%) CP-odd, (H*,H)

éhannel if m(H *)>m(t) r charged Higgs may be produ&

dS a resonance

+

' < decay could be spotted
v:

via an excess in tauonic
final states (dominant

\ q g mode for tanf>2 )/

= all single top channels
if m(H *)<m(t)
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Extra scalar bosons (II)

m(H *)>m(t) CASE

Recent limits from LHC H/A—tt: high tanf excluded for 200< m(H*)<400 GeV
— relevant tanf for the analysis not favoured, need confirmation from direct search

JHEP 11 005, 2013 Phenomenological study of the s-channel as source of heavy H*
simulation LHC events at 14 TeV, mass window cut on charged Higgs

| A 'I (RS - e 60— /1I | I_k
60 o j I'. |I L:;_ 30)1‘/!;)‘),_ - - L jﬂ '. I'E
B T q '| ¢ H_-_-h""“-—n_h_h_ o - : 7 |II |I 'I:
B ;.'J /ﬁ '| I'. Rm"“w/ B ‘-f! /‘j | l|| k
50— O 1 1) 50_@ A [RAN
I~ j il o -3 7 'I.lulll
1 \ 6O fb! -3 HE
-3 j 5 = g 7 H 1 :
40— = I'. S ,,r—""_'-.-' 40 | W 7 { IiE SDV
- uf? // T q00 ! 5 // - s
B - it . i
= a \ 60fb"
[ - = I|I -~ T
830} J 5¢ contours 530 oy
1;/ y | 100"
20 i_ 20? Exclusion at 95% CL
! :
i e 4 s J_h—_/777777—xs—;_.__
s Gl iy
:_1/ Excluded by LEF'7777 e o —— Vll;‘c'u"eld by LE|P |777777777 /|7/7/7/7z—|77777777/|f77777/;7r-'7//7777|
L1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 11 | 1 1 1
0+ '|x:|m' ' ',”L,._]' ' ',H_'m' ' '2,50' ' '22'0' ' 'zzlm' ' '2,[0' ' 'zéo' ' '32,0 0""%40 160 180 200 220 240 260 280 300
m(H®) [GeV] M) [GeV]

The 50 discovery contour The 95% C.L. exclusion contour.



Extra scalar bosons (III)

m(H *)<m(t) CASE

JHEP 05 112, 2013 Phenomenological search for light H* decay in the t-channel single top
m(H*)>125 GeV due to recent LHC exclusion results (tanf3>10/20)

simulation LHC events at 14 TeV

[=]
=]

70

LHC 95% CL exclusion ..

60
LHC 95% CL exclusion

20

—
=

tanp
III|IIII|IIIllllllTIIII|IIII|IIII|IIII

LEP 95% CL exclusion - LEP 95% CL exclusion
T Y T N T T T N T T T T T T T N T A v e L a1y

20 125 130 135 140 145 150 125 130 135 140
m, [GeV] m, .[GeV]

The 50 contour for different integrated luminosities. Excluded area at 95% C.L. for different integrated luminosities.

L1 1 | 11 11 I | I I I
145 160 155 160

v
Y
v
v
P
%
1
2
7
v
v
§_|||||||||\||||$||||||||||||||||||||||||||||
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Extra scalar bosons (III)

TECHNIPIONS

*New strong interaction: the technicolor

» Additional massless techni-fermions sensitive to it
(left-handed: SU(2)L doublets, Right-handed: SU(2)_L singlets)

* Global chiral symmetry of the fermions spontaneosuly broken by the formation of
techni-fermion condensates (technipions) which acquire mass together with Z&W

Inorder to provide fermion masses and mixing angles an extended technicolor
gauge interaction involving both ordinary and techni-fermions was proposed.

In the top color assisted technicolorthe top quark participatesin this new strong
interactionwhich is spontaneosuly broken at a certain scale At.

The strong dynamics leads to the formation of a large top quark condensate (tb)
and explain for its big mass.
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Flavour changing neutral currents (I)

. Single top sensitivity to Beyond Standard Model (BSM) physics

EXTRA COUPLINGS

Top color assisted technicolor |f‘>
MSSM, R SUSY ...

flavor changing neutral currents

at detectablerates

/ q q
= t-channel u,c
7
f
C

g
» s-channel & Wt production

= all single top rates

\_

cross sectionincreased as \

PDF(u/c)>PDF(b)
in the incoming quark

exotic production mechanisms

but different final states

could be enhanced by open
top decay channels
to light quarks

/
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Flavour changing neutral currents (II)

Theoretical values for the branching fractions of FCNC top quark decays as predicted by

Process SM 2HDMII 2HDMIII MSSM RSUSY Extraq TC2
t—uy 3.7x1071 — — 2x107% 1x10°% — —
I — uZ g x 10717 —_ —_ 2x 107 3x%107 — —
t—ug 3.7x1071" — — §x 107 2x107*  — —
t—cy 46x107%  ~ 1077 ~1077  2x107% 1x10® ~10% ~1077
t—>cZ ~1x107%  ~ 1078 ~10°  2x10% 3x107° ~10*% ~107
t—cg 46x107'%7  ~ 107 ~107%  8x 107 2x10* ~107 ~107
SM s.d,b u, u,c FCNCin u.c
top decays
t q, t t Z g ql v t
W
q.v Y gl v )

t-g-q coupling better studied in production mechanism,
since final state signatures dominated by multijet background

o (gg—t)x B(t #Wb)<2.5 pb

ATLAS-CONF-2013-063
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Extra quarks (I)

. Single top sensitivity to Beyond Standard Model (BSM) physics

EXTRA QUARKS

Top colorassisted technicolor |f‘> additional chiral family
top flavor, SUSY ... of fermions

all single top channels modified cross sections \

since Vb could deviate from 1
(mixing effect)

= t-channel & s-channel increased ratesif b’ is directly
q . produced and decays into b
W
q b’

o J
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Extra quarks (II)

Fourth generation of fermions arXiv:1204.1252,2012

« H -yy signal above SM expectation [ATLAS & CMS]
while the rate predicted by SM4 is below

« Higgs-strahlung channel above SM expectation [D0 & CDF]
while the rate predicted by SM4 is below

. H>TTtis not enhanced as SM4 estimates

Vector like quarks Phys. Rev.D 88,2013

“hypothetical spin 1/2 particles that transform as triplets under the color gauge
group and whose left- and right-handed components have the same colorand
electroweak quantum numbers”

Directproduction
Small deviations in Vi,
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http://arxiv.org/abs/1309.1888

Single top interference

s and t channels at the NLO

t t
”xi ; .
. d ] ‘
(3) (4)
» Same initial and final states: s- and f-channel contributions interfere Stefano Frixione

» The day is saved by the fact that the interference is zero (Ir(\*) = 0) Single'toptheory
SM@LHC, Madrid, 10/4/2014

Take ug — thd:

» At the next order, this is not longer the case

As for Wt...

L 2 G

One just can't tell whether these diagrams are relevant to / (with the /

decay not drawn) or to Wt production ) o .
DR: Diagram removal: eliminate all doubly-resonant diagrams

W ¢t and Wt production interfere at O(ay, a2) B
DS: Diagram subtraction: subtract locally ¢ contributions

Again, Wt production can be defined only in an operative manner _ -
(Laenen, Motylinski, Webber, White, SF, 2008) ~ —— PR: Process removal: do not include the contributions from processes

which interfere with tt



B-tagging

N Likelihood ratio to compare the measured value of a

b(X;)
Wiet = Z In u(X, : discriminating variable Xi to reference MC distributions
=l obtained for light- and b-jets.

Different cut-values on the jet weight - several working points:
- b-tagging efficiency
- light/c mistagging rates (prob of mis/c-tagging) -1

V w.p. calibration with data - pr-dependent S

- via jets containing muons:
-- pr rel : template fit of muon pr respect to jet axis (pr o)
to get flavor fraction before and after b-tagging
-- System8: 3 independent jet selection criteria
to construct 8 samples. B-tagging efficiency
extracted from the different event yields
- Results combined to improve scale factor precision

- via top pairs (dilepton & single lepton) for high p; range
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B-tagging algorithms (I)

[P3D: transverse and longitudinal impact parameter significance as the PDFs

SV1:reconstructs secondary vertex and take likelihood ratio of:
invariant mass, (prt SV track)/(prall tracksin jet),
n. of two-trackvertices, AR (jet-direction, line joining PV & SV)

JetFitter: exploits the topology of weak B/C-hadron decay chain (b = ¢ = X)
inside jets and employs a Kalman filter to find a common line on
PV — b vertex — c vertexdecay chain

: combination of JetFitter & IP3D & topological variables based
on artificial neural network techniques (MC training)

Jet

MV1: neural network tagger exploiting JetFitterCombNN,

Displaced tracks /{
JetFitter, SV1 as input .

J o
/ 5
J -



Scale factor

1.6F

1.4f

1.2

0.8

0.6

B-tagging algorithms (II)

51055||||| |||||||; |||||rr|]|||| 1|||E C103
= - ATLAS Prelminary — —— 1 ; ‘%
) X , . @
a " JetFitarComohN " —_—
=10 = 2
Q_J‘ = JelFilterCombNNc 3 "q—)'
= T N T 1PED 18V - () 102
]
. 103§ — SV E
10°F E
10 f tt simulation \ s=7 TeV f
i p"“>15 GeV |ﬂ'*‘|<25 ]
' T T
d 3 0 4 0 5 0. 6 {) ? 0 8 0 9 1 d
b-jet efficiency
T L B L BN B B B
-4 ;;;?’femﬂ ATLAS Preliminary —
- T _ & g MV185 -
- B combination .[L =5t 7TeV ]
P B B B B B N S S I I a
20 40 B0 80 100 120 140 160 180 0
Jet p_ [GeV]

— A
ATLAS Preliminary

L L e

= MV

JetFiterComb NN

m— et FitterComb NG

wr= |P3045VT

— BV

pf[ﬂ 5 GeV, n®'|<2.5

| vl e b b a1y |,

3 04 05 06 0./ 08 09 1
b-jet efficiency

1.2

ATLAS Preliminary JLdt 20.3 fb ]

8 TeV

1.1

_+__+_—¢—¢~ -,

b-jet efficiency scale factor

|:| 1T POF {tol. emor)
@ i PDF (stat. eror)

MWV1, g, = F0%
08

4
{
.

20 30 40 10° 2107

Jet P, [GeV]
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Matrix method parametrization (I)

€ real/fake 1S -dependent, but in case of significantdependence 7(x)
on other variables — further parametrization: €sae = €fake(1) - :

< € fake >
f_ﬁ | | | | TU _I ‘ T 1T | T TT | LI | LI LI LI T T 'a_.q‘- L T T T T T T I T I_
) 1‘_45 -8TeV, I Ldt-2031b" ] o 1ﬁ =8TsV, I Ldt=203 10" Jd = 1k ATLAS Iniamnal —
w w E = Data 202, {5- 8 Te‘.f;:LLm-EUJEE &’ .
r C 18 [ CR2:M<20 GeV & N+E™<6D GeV ]
0.8- EF EZ4Vh1J“Ed111m1 0.8 e EF_ Eﬁﬂ-_medluml E a0 _
i % B . 1= [ Wperoug + EF a2evm_madumt ([ pratag + EF 60 madkm ]
L ?%i L T+ # E I 0 bing + EF s24rhi madeesi [{Jokdag + EF e50 medium -
06_— 06_* = BD__ A Etag + EF_adévhi_mediumi . btag + EF_a60 modiumn ]
i - —— = C ]
041 ] 04r 1 R ]
L —e— Tag & Probe, = 0 b-jets, = 2 jets, e24vhi _| L — e Tag &Probe, = 0 b-jets, = 2 jets, 060 i __,.l.,_ = -
0.2 —e— EI™®. 150 GeV , = 0 b-jots, e24vhi J 0.2\ —e— ET™. 150 GV, = 0 D-Jets, 060 — ED: L— :
L —&— Ef™> 150 GV, = 1 b-jet, e24vhi : L —&— ET™x150GaV, > 1 bijet, 860 u - -
0_| Lo b b e b b v g b g 1y |_ 0_| v b b v b by 1 \_ 0 C 1 1 [ B 1 1 1 L1 1 11 I_
10 20 30 40 50 60 70 10 20 30 40 50 60 70 107 - 10°
P, (jet) [GeV] p, (jet) [GeV] prlssdnelE 52

electronreal efficiency
.. Tag&Probe: parametrizationinn and 2 jet-multiplicity bins

«high MET: e=¢[n(1)] x €[pt(j1)]/<e> x e[min(AR(L}))]/<e> v
electronfake efficiency

. parametrization A: 3D, as function of Etand n electron, pT(j1)/ AR(j1,1)
.parametrization B: same variables than A but treated as uncorrelated
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Matrix method parametrization (II)

€ real/fake 1S 1-dependent, but in case of significantdependence 7(x)
on other variables — further parametrization: €fae = €fake(7)) - '

8 e T g A T
w WL .
1:— preemaae = 1:‘ e |dl:|sig| > 5, mu24i ]
0.8F . 0.8F —oldy | > 5, mu36
Cr.’c":—f— — D.Bf— —
0,_4'_ —— Tag & Probe , mu24i _: 0.4:_ _:
[ —— m¥ > 100 GeV , mu24i | B . ]
02 —= Tag & Probe , mu3é | 0.2L e ]
i —s— m" > 100 GeV , mu36 | T T
o | T I I VAN NN T T T N T
20 40 60 80 10@ 120 140 00 10 20 30 40 50 60 70
p_ (jet) [GeV] p_ (jet) [GeV]
muon real efoigiengy T
.Tag&Probe:e= g[n(l)] x €[Et(l)]/<e> x €[pT(closest j)/AR(j,1))]/<e> l
«high MTW: e= ¢[n(1)] x €[pt(j1)]/<e> x e[min(AR(Lj))]/<e>

muon fake efficiency
parametrization: e= g[n(clust)] x g[pt(l)]/<e> x e[min(AR(l,j))]/<e>
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Boosted decision trees

Splitting criterion: algorithm core, based on the maximization #
of a figure of merit representing the decrease of impurity i <«
for the split S into the daughters ¢y, tp :

2l
Ai(S.t) = i(t) — pilt,) — pri(ty). i(t) = Gini = ——

(s +0)?

Boosting algorithm: maximizes the generalization potential
by associating higher weights to the events misclassified by the first classifier,
overwhelms the shortcoming of discrete output.

n. of DT (weak learners) Boosting weight for m
BDTou\tplj\t M l L\Earning rate of boosting algorithm
. M
F(X? P) — Z jmf(x a‘ﬂl)? /{) S '{ mNHm [ ()
m=0

Parameters which minimize the difference between
the model response F(x) and the true valuey,
modelled by loss function:

gradient boost algorithm — L(F,y) = In(1 + e 2F®)y)
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Expected CLs (I)

Limit setting

- Q1= median value Q distribution obtained for the S+B ensemble
- pb= P(Q<Q1 | B)

- Q0= median value Q distribution obtained for the B only ensemble
- ps+b=P(Q>Qo | S+B)

. Signal hypothesis (n. times SM) is excluded at 95% CL
if CLs=ps+b/(1-pb)<5%

£
entries
S+B
Signal hypothesis defined as the fraction of
B oy C.L for the S+B and B hypotheses
pb pPs+b
=

Q1 Qo Q-value 2



Expected CLs (II)

Limit setting

- Q1= median Q value, B+S ensemble
- pb= P(Q<Q1 | B)

- Q0= median Q value, B only ensemble
- ps+b=P(Q>Qo | S+B)

— CLs= ps+b/(1-pb)<5% for

£ Signal hypothesis

entries entries

5+B

Phb

Q1 Q-value

observed(S+B, B only)

ATLAS: 14.6 (15.7, 9.4) pb
CMS:11.5 (17.0, 9.0) pb

A Background only hypothesis
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Selection cuts

7 TeV ANALYSIS 8 TeV ANALYSIS

Preselection Preselection

Lepton pt>25 GeV Lepton pt>30 GeV

Jets pt> 30 GeV, b-tagging with MV1 85% Jets pt> 30 GeV

MET>30 GeV MET>35 GeV

MTW>30 GeV MTW>30 GeV

Signalselection Signal selection

2 b-tag jets, cut on BDT(tt) 2 b-tag jets, MV170%
Top jet pt>50 GeV

W+jets enriched samples MTW>50 GeV

1 b-tag jet

W+jets enriched samples
Top pairs enriched sample 2 b-tag jets with pt>25 GeV,MV1 80%

' 2 of which b-
3 jets, 2 of which b-tag Top pairs enriched sample

4 b-tag jets with pt>25 GeV,MV1 80
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7 TeV dataset

Data collectedin 2011, integrated luminosity: 4.7 fb-1

Signaland background estimations

MC simulations implementing theoretical cross sections:

. Single top
. TOop pair
« Z+jets & Diboson

W
o

- ATLAS

Data-drivenapproach:
— Preliminary

2012, \s =8 TeV

o
n

Delivered: 22.8 b’
Recorded: 21.3 b

« W+jets normalization via tag & counting method
(rescaling of specific MC samples)

« Multijet
electron+jets final state: jet-electron model
muon+jets: matrix method

[[]LHC Delivered
| |ATLAS Recorded

]
o

—_
o

2011, \s =7 TeV

—_
o

Delivered: 5.46 b’
Recorded: 5.08 b’

Total Integrated Luminosity [fo T

tn

per

I Y O
Woodt e pet b oct
Maonth in Year

L
o
3
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7 TeV strategy

Preselection: common cuts detailed before

W+jets enriched region Signal-enrichedregion Top pair-enriched region
1 b-jet 2 b-jets 3 jets, 2 of which b-tag

Boosted decision trees

W+jets discrimination Top pairs discrimination
§0_14— = AT s chanel % 0'2;_ = 575 channal
a :::“‘""m G0.18[ :i';‘“‘"““""‘
o :_ R 0.16 f— DiBesan, ZHste
0.1 — 01ef] -
C 0120
008 =
E 0.1
006 — Uosf— -
- 006- —
0.04 oaE—
E n.mi_l_‘_'_‘—
0.02 — c
C Doz
L T -EII:ITI us 0.8 1 0_1_ “08 06 104 D02z 0 0z 04 16 o8 1

+|&ts normalized output BOT vs tbar normalized output

\_'_I
Signal selection

Threshold value on BDTW+jets optimizing total s-channel cross section
uncertainty and CLs limit — signal purity increases from 1.4 to 4.6 %
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7 TeV input variables BDTw:jets

Vanable S
Anft, 51) VLS9 N8 o ariasimomar oormow [lacarn = = ariasimemal -7V, [Lai- 4710 E
prl[j?} 0138 |9 jgF 2jets2tag) 3 C 2jets 2 tag (e) 7 E
Ht(j1,72)  0.136 - - s
An(t2.41)  0.112 E - y- D E
An(tl,j2)  0.106 - E I - =
AR(Lj1)  0.105 &0 E 3 E
An(j1,72)  0.104 60 . E z |
pr(Top_jlvl)  0.103 . . 3 F g
Hy 0.008 ' = g
pr(Topj2vl)  0.096 3 £ 4 o0 oo bbb E
Pr(l, j1) 0.096
W helicity_jlvl  0.005 . : 2
A®(t1,72)  0.001 e Pl
m(Top_jlvl)  0.088 - _
Er {f ] 0.087 % 222 ATLAS inte:ma.f 5= ?Tulav, J-Ldt =47 fII:n . 30 f—l ATLAS i.:rtemal I-.E = TTeV, IJ-Ldt = 4_?Ifb - =
Centrality — 0.083 °  EZL™" s0 - et 2ie0 ) E
AB(12, 1) 0077 o 0 E
Sphericity ~ 0.073 E E
E(j2) 0.072 ™ oE- E
m(j1,52)  0.066 . s 2z
Er(j1.72)  0.066 60 x B0
cost)(Top_j2vl) 0.062 of S N . e
m(l, j2) 0.062 2 T “E
Ii’heﬂ?fﬁfy_jgpf []{]61 % sE is __ ..................................
m“ jl} 0.058 8 1; IR iy,
m[Tﬂp.}EHIj 0.053 0_50- .................................... S
Aplanarity 0.051 (2, HiJet[GeV]




7 TeV input variables

B DTttbar

Events

Vanable

pr(, 0,51, 72)
AB(t1, 2)
AB(t2, 1)

pr(l) + B

s
m(Top_j2vl)
Ad(j1, j2)
pr(l)
(W)
n(51,52)
Hy(j1, 52)
m(Top_jlvl)
m(l, j2)
m(l, v, j1, j2)
AR(j1, 52)
n(l, j1)
m(l, j1)

A®(j2, EF=)

An(t2, j1)

Events

Data/MC

Data/MC

250

200

150

100 FES

50

T T T
TLAS internal {5 = 7TeV, J-Ldt =47

B

p?r\ 2L [Gev)

An2j1)
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ATLAS internal Vs = 7TeV, JLdt =47
2 jets 2 tag (1)

Ab(t1j2)

pL+ET ™ [GeV]



7 TeV likelihood fit

After the event selection, analysis sensitivity still very low...

Statistical fluctuations and total uncertainty on the expected cross section
reduced with a simultaneous fit of:

a) mp(W) in the 1-jet bin constrain W+jets events
b) BDTttbar in the 2-jets bin signal region — s  extracts-channel contribution

c) vectorial sum of final particles pt in the 3-jets bin __. constrain tthar events
GS

=] C
§ [ ATLAS intomal Cloen S 30001 ATLAS internal —-Da
6 40000 o rrey, J.Ldt =47 = % S I'—‘" - oo
E L =rlev, =4, I single top (1, Wty 3 o500 =TTeV, =4, o etnt
5 F -glggm ’ 5 E - (D)lggso 2+
i 30000 - o @ 2000 iy o
20000 [~ ~ 1401 500
- & = ATLAS internal 0w =
[ 3 — s channel -
10000 — e 120 5 - 770y, J-Ldt =471 o 000 -
L % 100 :_ -‘E;lgt;sun,ZﬂE(s 500 }
Lﬁ C I Wejets C
- #< Uncertainty
% 1.5 F 80 -
S AR A AN E
§ g 60L %AWA#MWWWWW
0.5° E ‘
K N N - 120(W) 405 40 60 80 100 120 140
" Z ( i1,i2, L,v)
20
NnE
% 1.5¢
R
3 G dadl zé(// //
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7 TeV results

Cross section uncertainty

Total expected uncertainty: v 10 ——m—m————1———1——3
+153%, -168% 2 E ﬁ;}crs“:"c”hler:rfl SM :
E 3 RS expected Q value ]
Dominant contribution from 107 - observed Qvalue E
-jet energy scale (89%) i
- E;™ss scale and resolution (56%) 10° E E
- b-tag efficiency (52%) - -
o
> 10 3
Significance & limit calculation : :
Single top s-channel production 1 - -
excluded only if its cross section e . ——— L3
_ y _ -100  -50 0 50 100
is greater than 4.7 times the SM one: Q-value

oy < 21.7(14.3 exp) pb at 95% C.L

cross section measurement sensitivity: 0.6 standard deviations (0.8 expected)
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8 TeV dataset

Sample Generator | o [ph] | N.ovents
s-channel (I+jets) PowHEG+PYTHIAG 1.8 1 199 895
Wt (DR) PowHEG+PYTHIAG 22.3 999 692
t-channel (I+jets, t) PowHEG+PYTHIAG 184 2 994 591
t-channel (I+jets, ) PowHEG+PYTHIAG 9.9 1 999 888
tf (no full-had.) PowHEG+PYTHIAG 137.3 | 14 996 424
tt (no full-had.) PowHEG+HERWIG 137.3 | 29 960 959
tt (no full-had.) MC@GNLO+Herwic | 137.3 | 14 997 103
tt — lvly + 0 parton AvrcEN+HERWIG 8.3 799 897
tt — Ivly + 1 partons ALPGEN+HERWIG 8.8 808 897
tt — lvily + 2 partons ALpcEN+HERWIG 5.7 529 996
tt — lvly + 3 partons ALPGEN+HERWIG 3.8 359 997
tt — lvgq + 0 parton ALPGEN+HERWIC 345 3 359 080
tt — lvqq + 1 partons ALPGEN+HERWIG 36.5 3 398 787
tt — lvqq + 2 partons AvLrcEN+HERWIG 23.5 2 209 980
tt — lvgq + 3 partons ALPGEN+HERWIG 15.7 1 459 791
Wt (DS) PowHEG+PYTHIAG 22.3 099 995
Wt MC@NLO+HErwiG 22.3 1999 194
t-channel (I+jets) aMCQ@QNLO+HEerwiG | 283 099 896
s-channel (e+jets) MC@NLO+Herwic 0.6 199 997
s-channel (p+jets) MC@NLO+HErwIG 0.6 200 000
s-channel (T+jets) MCa@NLO+HErwiC 0.6 199 999
tt (no full-had., more PS) | AcerMC+PyTHia6 | 137.3 | 14 985 986
tt (no full-had., less PS) ACERMC+PyTHIAG | 137.3 | 14 988 492

Sample Generator Novents
Z — ee 4 0 parton ALPGEN4PYTHIAG | B484 6 208 988
# — ee + | partons ALPGEN+PYTHIAG | 2073 5 160 476
# — ee + 2 partons ALPGEN+PYTHIAG 649.5 3175 991
Z — ee 4+ 3 partons ALPGEN+PYTHIAG 18.4 504 995
Z — ee 4+ 4 partons ALPGEN+PYTHIAG 4.7 398 597
Z — ee 4 5 partons ALPGEN+PYTHIAG 1.5 220 700
Z — up + 0 parton ALPGEN4PyTHIAG | B486 6 208 ThG
Z — up + 1 partons ALPGEN+PYTHIAG | 206.T7 B 188 384
£ — up + 2 partons ALPGEN+PYTHIAG 69.5 3 175 488
Z — up + 3 partons ALPGEN+PYTHIAG 18.5 204 TOO
Z — pp 4+ 4 partons ALPGEN+PYTHIAG 4.7 JE8 200
Z — pp 4+ 5 partons ALPGEN+PYTHIAG 1.5 220 200
Z — 77 4 0 parton ALPGEN+PYTHIAG 5483 19 352 765
Z — 77 + | partons ALPGEN4PyTHIAG | 2074 10 660 582
Z — 7r 4 2 partons ALPGEN+PYTHIAG 69.5 3 T10 503
# — 77 4 3 partons ALPGEN+PYTHIAG 18.5 1 091 995
& — 77 + 4 partons ALPGEN+PYTHIAG 4.7 398 TO8
# — 77 + 5 partons ALPGEN+PYTHIAG 1.5 229 TO49
W — er 4+ 0 parton ALPGEN+PYTHIAG | 9 208.2 | 20 434 230
W — er 4+ 1 partons ALPGEN+PYTHIAG | 2 031.1 | 48 155 904
W — er 4+ 2 partons ALPGEN+PYTHIAG 614.3 17 554 347
W — er 4 3 partons ALPGEN4PYTHIAG 167.3 4 085 287
W — er 4 4 partons ALPGEN+PYTHIAG 42 8 2 548 202
W — er 4 5 partons ALPGEN+PYTHIAG 13.6 T 192
W — pr + 0 parton ALPGEN+PyTHIAG | 9 208.0 | 31 965 655
W — prr + 1 partons ALPGEN+PYyTHIAG | 2 031.4 | 43 677 615
W — prr + 2 partons ALPGEN+PYTHIAG 614.4 17 611 454
W — prr + 3 partons ALPGEN+PYTHIAG 166.8 4 956 077
W — pr + 4 partons ALPGEN+PYTHIAG 427 2 546 505
W — pr + 5 partons ALPGEN+PYTHIAG 13.6 TEE BO8
W — 7 4 0 parton ALPGEN+PyTHIAG | 9 208.0 | 31 902 157
W — 7 4 1 partons ALPGEN4PyTHIAG | 2 0306 | 48 255 178
W — 7 4+ 2 partons ALPGEN+PYTHIAG 614.4 17 581 943
W — 7 4+ 3 partons ALPGEN4+PYyTHIAG | 167, 2 4 977 982
W — 7 4+ 4 partons ALPGEN+PYTHIAG 42 8 2 548 205
W — 7 4 5 partons ALPGEN+PYTHIAG 13.6 TRO 006
W — lv4 bb 4 0 parton ALPOEN+PYTHIAG 63.1 1 504 907
W — lr4bb4 1 partons | ALPGEN4PYTHIAG 51.3 1 398 306
W — I+ bb 4+ 2 partons | ALPGEN+PYTHIAG 27.3 GO0 398
W — 4 bb 4 3 partons | ALPGEN4+PYTHIAG 12.7 398 397
W — le+ e 4+ 0 parton ALPGEN+PYTHIAG T0.2 4 299 592
W — I+ e 4+ | partonzs | ALPGEN+PYTHIAG 150.3 3 98T 391
W — le4 e 4 2 partons | ALPGEN+PYTHIAG 21.4 2 394 304
W — lv4ec 4 3 partons | ALPGEN+PYTHIAG 32.3 985 205
W — lv4 e+ 0 parton ALPGEN4PYTHIAG | 12282 | 22 T6D 047
W — v+ e+ | partons | ALPGEN+PYTHIAG | 406.9 5 198 760
W — v+ e+ 2 partons | ALPGEN4+PYTHIAG 106.2 2 090 200
W — le4 e+ 3 partons | ALPGEN+PYTHIAG 31.3 499 498
W — le4 e+ 4 partons | ALPGEN+PYTHIAG 6.6 199 45940
Ww Herwic 20.9 2 450 B0
ZZ Herwic 1.5 245 D00
Wz Herwic 7. 994 998
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8 TeV BDT input varia
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8 TeV systematic shapes

For which sources of uncertainty the shape variations need to be considered?

1) Kolmogorov-Smirnov test for nominal z T 2 2 bias S e
. . . . . rad T
BDT distribution and = 1o variation. T " e nomina

—— systup (0.02)
—— gyst down (0.03)

[f KS<0.6, shape uncertainty
included in the statistical tool
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2) Uncertainties whose KS is within (0.6-0.8)
are kept if their effect on the
s-channel cross section uncertainty is >
than the one of simulation statistics
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3) Reliability of the criteria 1) & 2) examined BUT response
by varying the binning of the classifier or by smoothing
the distribution of one particular process
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8 TeV impact of MET SCALE
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Figure F.3: Expected signal distributions of the BDT classifier after background

subtraction to the pseudo-data including the EJ" scale 1o variations

a)| down

o

uncertainty with rates only, up uncertainty with rates only, down uncertainty
with tf shape and [(d)] up uncertainty with ¢f shape. The statistical errors of the 69
Monte Carlo signal sample are smaller than the size of the points.



8 TeV impact of JET SCALE
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Figure F.4: Expected signal distributions of the BDT classifier after background
subtraction to the pseundo-data including the jet energy scale +10 variations|(a)|down
uncertainty with rates only, up uncertainty with down with rates only. |(¢)| down
uncertainty with ¢f shape and up uncertainty with ¢f shape. The statistical
errors of the Monte Carlo signal sample are smaller than the size of the points.
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