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il Standard Model (SM) & =
Single Top Quark Production

® Describes all particle interactions

® Predicts 2 dominant modes for single top production at Tevatron

® (a)“S-channel”: SM cross section = 0.88 +/- 0.14 pb
(b) “T-channel”: SM cross section = 1.98 +/- 0.30 pb

[with Meop = 175 GeV]




& Previous Studies

DO and CDF reported evidence of single top
production at ~ 3 std. dev. significance

DO (PRL98,2008; PRD78, 2008)

- Decision Tree (DT)
- Matrix Element (ME)

- Bayesian Neural Network (BNN)

- Combination of all 3

> BLUE - Best Linear Unbiased Estimate

Explored multivariate technique (BNN) for

new combination

Tevatron Single Top Summary

Likelihood Fun::ticm. CDF
(2200 pb™")

Matrix Element: CODF C

(2200 pb™')

Neural Network: EElS’

(2200 pb™")

Decision Tree: EEﬁF-

(2200 pb™, not in combination)

—

Combination: CDF

1.8+ 29

2.2+ 55

(2200 pb™')

Decision Tree: DO
( 900 pb™')

Matrix Element: DO
( 800 pb™)

Bayesian NN: DO
( 900 pb™')

Combination: DO
( 900 pb™')

0
Single Top Production Cross Section (pb)




DO Detector

: g : Muon Scintillation
: Forward Mini- : : : Counters :
Drift Tubes !

Tracking System: Silicon, Fiber Tracker, :
: Solenoid, Central & Forward Preshowers :
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Analysis Strategy

Run Il DO Data (0.9

Multivariate Techniques:
fb-!)

e Decision Trees
e Bayesian Neural Network
e Matrix Element

Signal/Background
Models

Event Selections

Backgrounds:
ttbar, VW+jets,
~ fake-leptons
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Run Il DO Data (0.9
fb-!)

Signal/Background
Models

Event Selections

Backgrounds:
ttbar, VW+jets,
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fake Ieptons AT 2nd BNN iteration
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Analysis Strategy

Multivariate Techniques:

e Decision Trees
e Bayesian Neural Network
e Matrix Element

v

Perform BNIN Combination
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@ Fomis Analysis

Run Il DO Data (0.9
fb-')

—

Signal/Background
Models

PR

Backgrounds:
ttbar, W+jets,
fake-leptons

Event Selections

2nd BNN iteration

Strategy s

Multivariate Techniques:

e Decision Trees
* Bayesian Neural Network
e Matrix Element

v

Perform BNIN Combination

Discnminant




Analysis Strategy

Run Il DO Data (0.9
fb-')

—

Signal/Background
Models

PR

Event Selections

Backgrounds:
ttbar, W+jets,
fake-leptons

2nd BNN iteration

Analysis

Multivariate Techniques:

e Decision Trees
* Bayesian Neural Network
e Matrix Element

v

Perform BNIN Combination

Bayesian Statistical ' _

Discnminant




@ Fomit Analysis Strategy s

Multivariate Techniques:

Run Il DO Data (0.9 5
fb-')

e Decision Trees
* Bayesian Neural Network
e Matrix Element

Event Selections

Signal/Background -
Models

Backgrounds: ¢
ttbar, W+jets,

fake-leptons 2nd BN iteration | Perform BNIN Combination
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Single Top Cross Section Discriminant




Analysis Channels

® |2 analysis “channels”: lepton (e,mu), no. of b-tags (1,2), jet multiplicity (2,3,4)

S-channel T-channel

® Single top signature:
(1) One high isolated transverse momentum, central rapidity and charged
lepton

(2) Missing transverse energy (W decay ---> lep + neutrinos)
(3) b-jet from top quark



Neural Networks

® Used for pattern recognition --> ideal for separating signal from
background

Example Neural Network Mathematics of Neural Networks

InpLt Hidden Layer Output
Layer = Layer

mput#t —( 1 )

[:_ Z — Output
_ II_.--"_ --______.-'l:-‘;-_________.-'
Input #3 —=|

Input #4 —- I [

sk BNN: weighted average of several single NN that enhances performance
More information:


http://www.cs.toronto.edu/~radford/fbm.software.html
http://www.cs.toronto.edu/~radford/fbm.software.html

Bayesian Neural Networks

® Trained BNN using |/3 of data, remaining 2/3 for analysis and systematics.

® Check for convergence of network (figure below)

Example: electron, | tag, 2 jet

= g(x)

BNN_output

a=f _(x[S)
b=f_(x|B)

n(x) = g(x[S) / [g(x|5) * g(x|B)]

then with

fa(x[S) = n(x) * g(x|S)
fa(x|B) = n(x) * g(x|B)

we get
fn(x[S) + fn(x|B) --> g(x|S)



BNN Performance

Channel: electron, | tag, 2 jet

9(x)
a= fn(XIS) [ a= fn(XIS)

b=f,(x|B)

a+b

0
BNN_output

= g(x)
a="f (x|S) — a=f (x|S)
b=f (x|B) | — b=f (x|B)

— a+b

0
DT_Result




BNN Performance

» Channel: electron, | tag, 3 jet

= g(x) . g(x)
— a=f (x|S) a=f (x|S)
b=f (x|B) : : b= f (x|B)

atb

-0.5
BNN_output




BNN Verification Plots

® Channel: electron, | tag, 2 jet

— Signal, S
— Background, B

Area above curve: 0.15

02 04 06 O
BNN output

max S/\B: 2.10 max S/\NS+B: 1.56

@ bnn cut: 0.99 @ bnn cut: 0.91

0.5 0.5
BNN output BNN output




BNN Verification Plots

® Channel: electron, | tag, 3 jet

— Signal, S
— Background, B

Area above curve: 0.23

BNN output

max S/\B: 0.85 max S/NS+B:  0.80

@ bnn cut: 0.63 @ bnn cut: 0.63

0.5 0.5
BNN output BNN output




Sreman BNN Signal and

o
o
(=]

Event Y.Leld [ 0.04
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Background Distributions

D@ 0.9 fb™
B tb+tgb

B ttbar
= WH+jets

[l fake-lepton

< D@ 0.9 fb™
B tb+tqb

B ttbar
= W+jets

[l fake-lepton

Event Yield / 0.04

0.4 0.6 0.8 : 04 0.6 0.8 1
BNN output BNN output
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Cross Section Measurements [0.9 fb"']

® Used Bayesian statistical inference to calculate single top cross
section (O)

® Expected measurement:
6 + Ao = 2.6 = 1.2 pb (including systematics)
G/AO' 2 PR “S|gn|fcance
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Conclusions & Future Worlk
Revisited combination of analyses (DT, ME, BNN) in 0.9 fb! of data

New BNN method improves results, 15-20% rel. to old BNN

Unusual features inherent in verification plots ---> separation not
optimal yet

Observed S|gn|F icance improved, yet expected significance
iy o etel" |P I’at d SaChta i iitan Disce RS it s el s i vl e S e e e e i s B

Ve B Y G el B e e At s CUEENG L YRR Y SN e o S e A N Gt NG d TR RNy T % ¥ oY Gl e S M
" 7 _*.} R T G N b LR S AR S S e B RRRR SRR VR S AR 1/ PR P A - T e B D S i S i i S A R s e




