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Electroweak symmetry breaking

Gauge boson coupling to Higgs field
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Key to electroweak symmetry breaking
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W boson
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Top quark electroweak
charged current interaction

W

top quark decay
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SM single top quark production
Associated
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Discovery of single top?
* Excess of leptontMET+2jet events at UAT 1n 1984

— Consistent with production of single top quark and bottom

quark | !
— SPS: Vs = 540 GeV

o Mop=4OGeV i
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CERN comes out again on top

With the discovery of the electroweak bosons (W* and 20 in the bag, CERN now announces (he
discovery of the quark called top. What will come nexi?

The Mauthew principle — “1o him that | of theevents recorded by UAL weresignsof
hath shall be given" — is workingin favour | desay of this kind, Six events have now
of CERN, the Eurcpean high-energy | been unambigueusly identified as the
physics llboratory ot Ganeva. and of the | decavaf We ikt tanand harsamne tha wae

fhe sivpnge paricles themselves, arc pairs
of quarks — the pianeson 5.3 pair called sp
and doven for saample. But nucleons, such
e e e N I e % it

e

| I-.l

20

[ =]
@©

6 4 2
EVENTS/5GeV/c?

Oe+ 2 jets
.|_|,+2jE|'S

VENTS/10 GeV /c?

o~

5

ol

UA |

—

ps

6 EVENTS

| W= tb
m, =40 GeV/c?

Reinhard Schwienhorst, Michigan State University

10



Discovery of single top?

* Excess of lepton+MET+2jet events at UA1 1n 1984

— Consistent with prod

quark

* M =40 GeV
op

— Not confirmed after [ /

better background

more data and

estimation

* W+jets production!
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Tevatron single top goals

Production cross sections: s-channel t-channel
NLO calculation: 0.88 pb (£8%) 1.98 pb (£11%)
current 95% CL limits, DO: <5.0 pb <4.4 pb

CDF: <3.1pb <3.2pb

* Discover single top quark production!

* Measure production cross sections
-~ CKM quark mixing matrix element V|

* Look for physics beyond the standard model
— Coupled to the heavy top quark

* Study top quark spin correlations
* Understand as background to many other searches
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Preparation

How do we collect a sample
of candidates?
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— Energy frontier

stantaneous luminosity >250E30cm2s-!
Ainteractions per crossing, 1.7M crossing per s secend"\
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Apparatus: Run Il DO Detector
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Luminosity (/fb)

2 * Run Il Integrated Luminosity 19 April 2002 - 15 July 2007

3.4

3.2

320

3.0

2.8 1 fb-1 /
2.6 2006/2007 results / /
/
|
{

2.4

2.2 /

2.0

1.8
1.6 5

P %
1.2 // /_/

1.0 230 pb-! /| //
0.8 <€ (004 results = = ydvd

| —
L —

AN
N
N

0.6 -
0.4 P — Deljvered
_.—l""/

0.2 e A — Rec¢orded
| e
0.0 |t I E— ——

Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul-
02 02 02 03 03 03 03 04 04 04 04 05 05 05 05 06 06 06 06 07 07 07




Recent improvements

* Improved W+jets modeling

— Important background for top pairs and single top
— Alpgen+Pythia with MLM matching
— Normalize total count and HF fraction to data

* Fully reprocessed dataset
— New calibrations, lower thresholds, ...

* Neural network > o [ bdets
” : - F o e
b-quark tagging I
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Single top qua#k event selection

b- or light quark jet i e Leading jet:
| | 3 Er > 25 GeV

e Second jet:
Et>20 GeV

 0-2 additional jets
(E; > 15 GeV)
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- selection
* At least one top quark

b- or light quark jet

* >] electron or muon
— P> 15GeV

=1 jet
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Event Sample Composition

Top quark

SR Single top (total ~ 1 ev pb)

Percentage of single top tb+tgb selected events
and S:B ratio

Electron . . ] i .
=
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Data-background comparison
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ptimized Event Analysis

ow do we find the needle
in the haystack?

Reinhard Schwienhorst, Michigan State University
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Multivariate methods

Input: Method: Output:
discriminating variables multivariate analysis  signal likelihood

Event energy
Quark jet angle .
P |
Reconstructed top mass —O  P(signal)

Cut-Based Neural networks Decision trees Likelihood

I, =>

Boosted decision trees Bayesian neural networks Matrix Elements




Discriminating Variables

* Event kinematics

— H (total energy)
— H_(transverse energy)

— M (invariant mass)
— M, (transverse mass)

— Summing over various
objects in the event

* Angular variables
— Jet-jet separation

— Jet pseudorapidity
(t-channel)

— Top quark spin
— Sphericity, aplanarity

Object kinematics
Jet p,. for different jets

Q Run Il Preliminary 0.9 fb'
e+ channel

1-2 tags
2-4 jets

Yield [counts]
Wi -

6
A R(jet1,jet2)

49 variables total



Decision Trees

Send each event down the tree
Each node . corresponds to a cut
— Divide sample in two: Pass — Fail

A leaf  corresponds to a node
without branches

— Defines purity = No/(Ng+Npg)
from MC sample
Training: optimize Gini improvement
— Gin1 =2 Ng Ng /(Ng + Np)

Output: purity
for each event

* Boosting: average over many trees (~100)

— Iterative tree building: train each new tree focusing more and more

on misclassified events

Reinhard Schwienhorst, Michigan State University 25



Bayesian neural networks

* NN with three layers
— 24 in put nodes (variables) e
— 40 hidden nodes w—
— Each node and each \r‘"
connection has a weight

* Bayesian Idea:

— Rather than finding one value for each weight,
use many values
— Determine the posterior probability for each weight

— Sample from the posterior

* In this case, 100 individual neural networks
— Each network gets a weight based on training performance

Reinhard Schwienhorst, Michigan State University 26



Matrix Elements

* Calculate signal discriminant directly for each event

PS; naf(_’)
D.(X) = P(S|X) = :
(X) ( ‘X) Ps;gna.’( )+ PBackgmund( )

* Signal/Background probabilities are calculated from

the differential cross section

S 1 S S
Psignal(X) = J—Sdﬂs(x) os = | dos(X)

* (Calculate difterential cross section for each event
based on Feynman diagram and event kinematics

e

* Integrate over ME and measured momenta

Reinhard Schwienhorst, Michigan State University 27



Results

Let Data speak!

Reinhard Schwienhorst, Michigan State University
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Ensemble Tests

— Draw ~1,000,000 “pseudo-data’ sets of events from the
signal+background MC

* Bootstrap with replacement

* Several different signal XS values

— Repeat full statistical analysis and measure ¢ for each

DT analysis

SM Ensemble _thigb
Entries 1000
- Mean 2,922
140 - RMS 1.513
: e+|1-channel

1201

1001

Full systematics

1 1 1 | 1 1 1 | 1 1 1
2 4 6 8 10 12 14
Observed tbtgb cross section [pb]

Ensemble response s+t cross section [pb]

- M 2 B~ o o ~ @ W0

y%ndof = 4.89/4

Slope =1.07 £0.03
Intercept=-0.12+0.10
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Input s+t cross section [ph]
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Event Yield
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Boosted Decision Trees
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Bayesian Neural Network
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Events

Matrix Element
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& o L
35 > _F ¢ i Otbsigb = 49.14P
=0.25— 4 : !
e L ie | % . O._39
%0 g [ 'y | Y AeTT
g - : ° .
25 § 0 % a
o C r 'Y :
20 215 | ;
2 Co é
2 S
1 & - :
01— 9
Co N
10 A
oY S
0.05_— ! ‘o ]
075 08 085 09 095 1 0_ i ok tlll L

t-Disc Combined 3Jet

= M with Systematics
D@ Run Il Preliminary S y Entries 2000
DO Run Il Prefiminary |pys. o 416

81 entries above
observed cross section

p-value: 0.00081
sigma: 3.2

253 entries above
observed cross section

p-value: 0.13

sigma: 1.1

6 7 8 9 10 6 7 8 9 10
Observed Cross Section (pb) Observed Cross Section (pb)




Yield [counts]

Yield [counts]

Reconstructed top quark mass
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Events

D@ Run Il Preliminary

Variables after cut on likelihood
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Single top summary

DO Run Il == preliminary 0.9 fb™!
" ! 1.4

Decision Trees ' —eo— 4.9 i1 4 PP
Matrix Elements* | o 48 71° pb
Bayesian NNs* — 4.4 j '_2 pb
Combination* E H—o— 4.7 j 2 pb

N. Kidor:'lakis, PRD ¥4, 114012 (2006), Migp = 175 GeV

Z. Sullijan, PRD 70, 114012 (2004), my,, = 175 GeV

| | T R |
0 5 10 15

c (pp — tb+X, tqb+X) [pb]
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CKM matrix element |V

CKM Matrix
(e (v v v\ [
g = Vi Vs Vi S
o ) L @y L

* Measurement: |V, ><le|

— Based on DT result
— Include XS uncertainties = sstchannels D0 RunllPre
— Assume SM top quark 5 - | | '
decay 3
* No constraint on # of generations & oa Me":s;’f;e“t'
e Assume f; 1 =1 2
— lower limit on Vg
* Atthe 95% C.L.: PR RS R
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Separate s-channel and t-channel analyses

* Train filters individually for s-channel and t-channel

* Repeat statistical analysis
* DT result:

Posterior Density

DJ Run Il Preliminary, 910 pb’

s-channel, tb

Measured

Cross Section

Bayes Ratio = 1.7

B 10 12
Cross Section [pb]
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Posterior Density

o
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o
[}

o
-
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0.1

t-channel, igb DJ Run |l Preliminary, 910 pb™

Measured
Cross Section

Bayes Ratio > 10

1 1 I
10 12

Cross Section [pb]
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Searches for new physics in single top

Searches for
new heavy boson W'
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The future

-l
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Tevatron Run 2
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* We will likely be analyzing 4 fb-1 in 2009
— Possibly already 1n 2008
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significance S /\B

Prospects for s+t

Projection by CDF for P5 in 2005
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Significance

Prospects for s and t separately B %
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Conclusions/Outlook

* The Tevatron experiments are getting to know the top
quark very well

* We have 3.4 ¢ evidence for single top quark
production

— |V | > 0.68 at the 95 % C.L.
* Qutlook:

— Tevatron dataset will increase %5 1n next 2 years
— Single top goals:

* 5 sigma observation

* Separate s-channel from t-channel

* Measure top quark spin correlation
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