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Motivation:
e,
Why study Single Top Quarks?

= Measure the production rate and compare to SM predictions

= Test of EW interaction
= Probe for new physics

= Physics beyond the SM could look similar to single top processes

= Various models look similar to =
s- or t-channel production W

= Direct probe of Wtb interaction Vi

= Direct measurement of
CKM matrix element |th|

= Single top similar to WH — testing ground
for methods to extract a small signal
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@| Single Top Cross Sections

= Single top quark production via electroweak interaction

P 2P

Collider s-channel: o, t-channel: O Wt-channel: O

LHC: pp (7 TeV) 4.6 pb 64.6 pb 15.7 pb

= Wt-channel: negligible at the Tevatron

= s-channel: challenging at the LHC
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oA (3%0) The Challenge

= (s+t) production cross section about 2 of tt

= Single top signature similar to W+jets background
b Modeled using

q’ g
Simulated with 7 5 Alpgen+Pythia/
Comphep (D@) or Herwig
POWHEG (CDF)
+Pythia g ) Y, : Normalized to Data
q v
= Other important backgrounds:
_ tt and multijet
Modeled using MC ut .
W . g e
proton q q ]
Normalizedto ¢ ¢ ! , Modeled using
SM cross section ; i 5 . | Data
antiproton - g jet
g jet
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‘\,,fJ Event Selection

= Enrich data sample in single top-like events:

Exactly one high p_ q
isolated electron or muon

Large E_for the neutrino

2, 3 (and 4) jets with high p_ q

Very challenging to
understand: high |n|
and low P

Angular and total energy cuts to
reject multijet background

= ITmportant tool to reject background: b-jet identification
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@J After Event Selection and before
b-jet identification

=40000~—— N
» Before b-jet % 234jetsand D@, 5.4 fb 1
identification: single top O r€/mu combined e Data
signal hardly visible! © 30000 DS -:gb
= S/B of about 1:185 1L =V_V+1'9t5
(- tt
o 20000 B Multijets
= W+jets normalized to u>J
data before b-jet b
identification © 10000
Q
>~
0

0 50 100 150
W Boson Transverse Mass [GeV]
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§%% Identification of b-Jets

= Important to increase tt purity

= b-hadron: travels some millimeters before it decays

= Neural Network (D@)
combines properties of displaced

S
tracks and displaced vertices T s
s |
&L % : z
8
displaced tracks B 60_
b-hadron _
Primary Ly . - 0}
Vertex Jecondary §
@ " Vertex a0} : | _
"dﬂ rd i | ;pT>15;and 0<h<Z5 | |
“1‘\_’,' _Jl.ljlllil]LiJlljllJilJliJL]j
o % 2 4 6 8 10 12 14
o Fake-rate (%)
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After Event Selection and after
b-jet Identification

= Require 1 or 2 identified b-jets_,

= S:B about 1:20

= Background enriched samples
(tt and W+jets enriched) to
check background modeling

Using counting-only:
Systematic uncertainty on
background larger

than signal

background

>
Q

s/5G

wfd

Yield [Even

1500

1000

500

2,34jetsand . D@. 5.4 fb -1 ‘
1,2 b-tags in\ ’. Data
combined

B Multijets

140 160 180 200 220
Top Quark Mass [GeV]

Use multivariate discriminant techniques to separate signal from
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\ _J Further Signal Enhancement:
Multivariate Discriminants

m Several techniques used for MVAs

= Boosted Decision Trees (BDTs)
= Application of sequential cuts
= (Bayesian) Neural Networks
= NEAT
= Generic algorithms evolving a population of NNs
= Matrix Elements

= Use the full event kinematics
= Combination of different techniques

= BLUE

= For observation and now:
use the outputs of the discriminants

as input to a super-discriminant
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\ _J Further Signal Enhancement:
Multivariate Discriminants

m Several techniques used for MVAs

= Boosted Decision Trees (BDTs)

= Application of sequential cuts Used by CDF -

= (Bayesian) Neural Networks @B in new 7.5fb™ *
= NEAT analysis

= Generic algorithms evolving a population of NNs
= Matrix Elements

= Use the full event kinematics
= Combination of different techniques

= BLUE

= For observation and now:
use the outputs of the discriminants
as input to a super-discriminant
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\ _J Further Signal Enhancement:
Multivariate Discriminants

m Several techniques used for MVAs

= Boosted Decision Trees (BDTs) D3
= Application of sequential cuts Used by D@
= (Bayesian) Neural Networks pya In new 5-_4fb'1
- NEAT DO analysis
= Generic algorithms evolving a population of NNs
= Matrix Elements

= Use the full event kinematics
= Combination of different techniques

= BLUE

= For observation and now: e
use the outputs of the discriminants
as input to a super-discriminant (BNN
05.07.2012 Yvonne Peters

11



T Training and cross section
extraction

® Train MVA on

= s+t channel using SM ratio between s- and t-channel
= t-channel with s-channel as background in training (not in fit)
= s-channel with t-channel as background in training (not in fit)

= Bayesian method to extract cross section results

= Integration over systematic uncertainties (modeled as Gaussian priors)

<2000 DY DO 5.41fb" S DS DO 5.4fb"
3 N t-channe [
= Example: t-channel §"™°%F. schamnel 5
. . . . > = + >
trained discriminant 1000 “§ Wi w3
T . s m Multijets v 20
O S QO i
~ 500 ~
0 02 04406 0. 86 07 08 09
Ranked t-channel discriminant Ranked t-channel discriminant
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Results:

(s+t)-Channel

" Trained discriminants on s+t channel

2 0.6/
g -
€05,
204
% 0.3
5 02
a 0.1

Y123 45678

D@, 5.4 b

Gexpected
- +0.77
=3.49*0""pb
Gobserved

=3.4377pb

th+tgb cross section [pb]

W + Jels, > 1 b-Tag CDF II Preliminary 7.5 fb”
=+ CDF Data

HZ+Jets
» [l Diboson

Posterior Probability Density

-1 -0.5 0 0.5
NN Discriminant

WiJets, NN Discriminant CDF Il Preliminary 7.5 fb*!

_ +0.57
B 0, =3.04 55 pb
=\ Assuming m_ = 172.5 GeVic’

o
o
—
T T T

0.005

% i oA 8
Single Top Quark Cross Section 6, [pb]

o . =343"7p

S+t

PRD 84, 112001 (2011)

0., =3.04" 5 pb

= Main systematic uncertainties from

Luminosity

Jet-energy related uncertainties

for mt=172.5GeV
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http://dx.doi.org/10.1103/PhysRevD.84.112001

T
\S
77 31

= s- and t-channel are differently sensitive to new physics

t-channel cross section [pb]

2D Single Top

Measurement
1
sm'"

[11 PRD 74: 114012, 2006
- [2] EPJ C49: 791, 2007

[3] PRD 63: 014018, 2001
| [4] PRL 99: 191802, 2007

Top-flavor 31

| FCNCI[4]

SnfeRey K |

Four generations

[2]

2 a

s-channel cross section [pb]

= Measure both channels simultaneously
= Train on t-channel (D@) or s-channel (CDF)

DO 5.4 fb !

68% C.L.
N 90% C.L.
N 95% C.L.

In agreement

with SM prediction

Wa+Jets, NN Discriminant CDF Il Preliminary 7.5 fb™

-
3
L
3

t-channel Cross Section [pb]

3 ® CDF Data

[ SM prediction: B 68.3% CL

4F arXiv:0909.0037v1 1 95.5% CL

: 99.7% CL
Il SM(NNNLO)

S

5

s-channel Cross Section [pb]

o.=0.98+0.63 pb
o,=2.90+0.59 pb

PLB 705, 313 (2011)

o.=1.81"% pb

o,=1.49"07 pb
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http://dx.doi.org/10.1016/j.physletb.2011.10.035

;W-J t-Channel and s-channel

= In 2D: Integrate over s-channel = t-channel cross section

= Result: 0,=2.90+0.59 pb S D Dosan
*
m First observation of t-channel with g
5.5 standard deviations (SDs) significance %‘ 20
= s-channel trained MVA - not yet significant at D@ > | _
T o > o 3 %6 07 08 09 1
S D&> D I 1'25 D& D@, 5.4 T Ranked t-channel discriminant
£ 0.15- 5 1 Gexpected
C L\ +0.4
: ~ Tog [\ = 11255 pb
5 0.1- /I \ g 06 -\ Oobserved
S - \ 204 = 0.68 535 pb
005- % @ ™7
5 \ a 0.2F | ¢ |
4’1/. | | L .\\.~ ;g'/'/ ! \@i&‘ e
% -2 0 2 4 q) 05 1 15 2 25 3 35 4 PLB 705, 313 (2011)
Q(lepton) X n(light-quark jet) tb cross section [pb)
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& V|
= Direct extraction of V_fromj|single top cross section ‘th‘zocg(sﬂ)

= No assumption about number of generations ( )

= Assumption: |V_[*+|V_|? << |V_]|? Vas Vus - Vup
P St td tb Vekm ={Ved Ves Vs

Vie  Vis Vi,

\

D& D@, 5.4 fb"

o

WaJets, NN Discriminant CDF Il Preliminary 7.5 fb™'
0.01F
! |th| > 0.78 (95% C.L.)
0.008 -

3
-

A

V. |>0.79
@ 95% C.L.

Posterior density
N

Posterior Probability Density

b
LI I T T

%.8 04 05 {1.6.0.? 0.8 G.E-iv I21 0.2 0.4 0.6 0.8 1
¢ | PRD 84, 112001 (2011)
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http://dx.doi.org/10.1103/PhysRevD.84.112001

&, |V, | revisited
= Direct extraction of V_ from |partial top width \throcf(tﬂb)

= No assumption about number of generations ( \
NOT assuming |V_[*+]|V_|? << |V _|? Via Vus Vup
I Ve td t Vekm ={Vea Vs Vi

Vie  Vis Vi,

= NOT assuming SM ratio between
s- and t-channel cross sections \

- Df&y DG,541b"

- |V_| >0.81at95% C.L.

Posterior density
_ N W HO1O0 N

b 0204 06 08 1

PRD 85, 091104 (2012)
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‘\W'| Summary

m Single Top at Tevatron: A real challenge!

= Ideas and methods were developed and established

= From cross section measurements
to searches and properties studies

= s-channel single top: A Tevatron Legacy

= More details on the results:

D@: http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html
CDF: http://www-cdf.fnal.gov/physics/new/top/top.html
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G 3% The Top Quark

= Heaviest known elementary particle:

» Standard Model:

m =173.3+1.1GeV

arxX1v:1007.3178

Single or pair production
Electric charge +2/3 e
Short lifetime 0.5x10%s

= Bare quark - no hadronization
~100% decay into Wb

Large coupling to SM Higgs boson
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http://arxiv.org/pdf/1007.3178

G (3% The Challenge

= Production cross section about V- of tt

= Single top signature similar to W+jets background

§

= Other important backgrounds:
tt and multijet

w+ v q
proton q

0|
—
=
Q|

antiproton

Qi
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Further Signal Enhancement:
Multivariate techniques

1000

2]

800

w DO, 5.41&"

600

400+

Yield [Events/0

200}

00 1 2 3

Ao(Lepton,MET)[Rad]

F D@, 5.4fb™
2000_—\% « Data
: Wtb+tgb
1500 =g -W-|.hqp
] mW+lp
Z+jets

1000 -
; Diboson

it

M Multijets

Yield [Events/10GeV]

0750 100 150 200
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'g'mooj— , D@, 5.41b”
5. | DE
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g 600
o [
s 400;
2 i

200,
0
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= 1. Select variables discriminating signal and

background

m 2. Combination via a multivariate analysis (MVA) tool

m 3, Fit the distribution

Hidden

Nodes ';'
Q
(=]
S~
(7))
]
c
o
>
W
T
2
S-

Yvonne Peters

2000 - DE D@ 5.4 b

‘\E o Da:la |

N B t-channe
1500 §§ s-channel

: § Wijets
1000 B it

‘s M Multijets
500 flm e
s 3
Q"\*u.

0 02 04 06 08 1
Ranked t-channel discriminant
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o Results:
Single Top Observation 2009

= Observation 14 years after top discovery Final Discriminant
¥ r »
. . . - = L DG 2.3 fb
= Usage of multiple multivariate techniques S D&
o 600
by CDF and DO = tbP?Jg +
. I u>J 400} W+tjets
m et tf
BDT, Matrix Element, (B)NN, NEAT - ——
S [
s 200_
Single Top Quark Cross Section August 2000 O e 1
| - -
50. CDF Lepton+jets 3.2fb" ' 217 fgﬁpb Ranked Combination Output
|
! un Il Preliminary, L=3.2 fb™
CDF MET+ets 21fb’ | 2.0 :%E pb g S ;-yézs-ffi:-b- ------ 5
| E‘ 45 . B 68.3%CL ]
50 D@ Leptontjets 237 ! 3.94 :gg pb % “r S :2:?2:: ;
| @ 3= B SM(NLO) :
Tevatron Combination ! 2.76 fﬂ_‘i? pb g 3t B SM(NNNLO) -
Frialimiar | E 25 f E
B &Y. Hamls et al., PRD 66, Uil-iUL-'i:i:’:?:?i:"l e e g 2 _ E
N. Kidonakis, PRD 74, 114012 (2006) Migp = 170 Ge =15 1
| - .
T TR i |
0 2 4 B 8 05 | E
D PRI ST i O 0 VI 5 5 i I

arxXiv:0908.2171 ﬂ{Pﬁ-}fh'*m fqb'l'X} [pb] 0 05 1 15 2 25 3 35 4 45 5

s-Channel Cross Section _ [pb]
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q' q ( W+ \
m\ Main ingredient:

t ‘ ratio of branching
‘ fractions measurement

)

Main ingredient:
t-channel single top cross
section measurement

_ o B

= Partial width:

I'(t—= Wb
I'(t—>Wb)=0 (t—channel )X (1= Wh)sy

o (t —channel),,

m Extract partial and total
width from combination of R
measurement and t-channel cross section

= Correlations of systematics fully taken into account
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m Definition of R:

Top Quark Width

B(t—Wb)

B(t—|{Wd+Ws+ Wb})

event

p4

= Using dilepton and lepton+jets tt events
B(t— Wb)=0.90+0.04
= Extract partial and total top width

= Measure:

B

-N T h T I?I T -m T — I- T

Posterior density [Ge
o ©o o o

\
i

D@, 5.4 b
Expected I
= 1405 GeV
Observed I’
+0.44
=1.87 0.40 GeV

T |
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5557

e
15 2

95 3 35 4 45
It - Wh) [GeV]

Posterior density [GeV ]
o © © o

-
- N

- Expected I,

IIINIIIhIIImIIIbII

D@, 5.4 b

=1.397 GeV

ObservedT,

= 2.00%;; GeV

Yvonne Peters

B(t »{Wd+Ws+Wb})=1

3000 | 1 l—-— Data

{Dg, L=5.3 fb! > 212
B0 e ttR=05 |

frmmmrnns  Reo
2000 . Background |
. DO |
1000- -
so000 T s
0 ] I

0 1 >2

Ntag

arXiv:1201.4156 [hep-ex]
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