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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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SM single top quark production
Associated
production

Tevatron:

LHC: O =326 pb
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Weekly Integrated Luminosity (pb-1)
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Fermilab single top history
Publication history .

. Search: PRD 65, 091102 (2002)
. Search’ PRD 63, 031101 (2000) i S e
e Ll L, i . Search: PRD 69, 052003 (2004
RARRL A iane - Search: PRD 71, 012005 (2005)
okl iy e s Run Ii _Evidence:  PRL 101, 252001 (2008)
- Search' PRD 75, 092007 (2007) iy (PRL) aXiv-0812.3400
_Evidence:  PRL 98, 181802 (2007) i S e g e
-FCNC: PRL 99, 191802 (2007) . Observation: (PRL) arXiv:0903.0885
W PRL 100, 211802 (2007)
_Evidence:  PRD 78, 012005 (2008)
Wib: PRL 101, 221801 (2008)
Wib: PRL 102, 092002 (2009)
.H*: (PRL) arXiv:0807.0859

Single Top Signal Significance

- Observation:  (PRL) arXiv:0903.0850 ;
Cross Section Expected Observed

CKM Matrix Element V,,

V| = 1819

| ' ' V| > 0.68 at 95% cL

Vft| = 0.88 213

22+0.7pb
th| >0.66 at95% CL
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Production cross sections: s-channel t-channel
(N)NLO calculation: 1.12 pb (£5%) 2.34 pb (£6%)
(my,, = 170 GeV)

Tevatron single top goals
* 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

* Explore analysis techniques that will also be used
elsewhere
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Single top quark event signature
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Background processes
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Sample Composition
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Yield [events / 10 GeV]

Yield [events / 10 GeV]
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Single top analysis

discriminating multivariate signal statistical
variables classifier likelihood analysis
Event kinematics s
Object kinematics Yy
Reconstructed top mass y
Angular correlations T o

* (Classifiers:
— Likelihood function — Matrix Element
— Neural network — Boosted decision trees

— Bayesian neural
networks
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Event Yield

— Including many systematic uncertaintics SN

Relative Uncertainty [%]

Measurement Procedure

Multivariate Output
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ayesian posterior

Measured
Cross Section
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Bayes Ratio = 8.0

| |
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Cross Section [pb]

\ Jet energy scale [0...16% | X
| Initial state radiation  [0...11% | X
| Final state radiation  |0...15% | X
Parton distribution functions| 2...3% | X
| Monte Carlo generator | 1...5%
| Event detection efficiency | 0...9%
\ Luminosity | 6.0%
| Neural-net b tagger | NA | X
\ Mistag model | naA | X
\ Non-W model | NA | X
‘ Q? scale in Alpgen MC | N/A ‘ X
| Monte Carlo mismodeling | N/A | X
| W+bottom normalization | 30%
| W-+charm normalization | 30%
| Mistag normalization  [17...29%
| ttbar normalization | 23%
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Discriminant Variables

* Object and event kinematics, top reconstruction

— DO also jet reconstruction
64, 24 variables used by BDT, BNN

— CDF also b-tag probability

22, 14, 13 variables used by BDT, NN, Lhood
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Boosted decision trees

* Send each event down the tree

* Each node. corresponds to a cut
— Divide sample in two: Pass « Fail

* Aleaf  corresponds to a node
without branches

— Defines purity = No/(N+Npg)
from MC sample

* Training: optimize signal/background
separation

* 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 22



Neural networks

Bayesian neural networks

Single network Bayesian NN * Neural network jet flavor separator
integrate TLC 2Jets 1Tag CDF Il Preliminary 3.2 fb”
over ﬂ - M single top
network o =

) > Clwbb+Wce [
weights w ! =:c_ 5
% 200_ -Diggson E
. | O Z+jet
* Bayesian Idea: 2 macD 5
« data
. . eqe c i
— Determine the posterior probability S 100, + g
i O
=

for each weight at each node

— Sample from this posterior

2

— Here: Average over 100 networks 1 -0.5 0 0.5 1

oot KIT Flavor Sep. Output

* Analysis with 4 networks, divided
into 2 channels according to
trigger

0.1-

* 14 variables

0-IIII|I[Illlllll\IIl|IIIllIIIIlIIIIIIIIIlIII
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Matrix element analysis

Parton level

matrix elements Signal discriminant
% integrate
over I= P(sig)
)«f; measurement P (sig)+ P (bkg)
uncertainties

* Integration over final state momenta
* And over reconstructed momenta, transfer function

* Include ME for s-channel, t-channel, W+jets (incl. gluons),
top pairs, diboson

— Determine weights in two different — Analyze 2-jet and 3-jet events
HT regions * Include b-tag NN as weight
* WHjets vs ttbar dominated in likelihood ratio
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ME-260-147) f N s

* 2.3 fb! analysis (arXiv:0903.0850)

— Increased signal acceptance
— Improved multivariate filter performance

Reinhard Schwienhorst, Michigan State University
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DD Boosted decision tree distributions
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DEJBayesian neural network distributions
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DEY Matrix element distributions
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4

¥ Combination: Another BNN

— Gain because each method provides unique separation
DG 2.3 fb" * DG 2.3 fb"
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DI  Combination distribution

* Combine 24 channels, Signal Region
50 bins per channel, ~i p
sort bins by s/b S DG 2.3 fb
2 40
&
o
Final Discriminant r
S . DG 2.3fb" 2 + !
o | o —
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Reinhard Schwienhorst, Michigan State University 30



Is there a signal?
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D& Kinematics in the signal region
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* 3.2 tb’! analysis * Combine 5 lepton+jets
(arX1v:0903.0885) channels

* Include METHjets
channel

Reinhard Schwienhorst, Michigan State University 33



Multivariate likelihood function

Likelihood functions built from 7 variables (10 for 2-tags)
— Kinematic variables

— b-tag NN output CDF Run Il Preliminary, L=3.2b’
R : 8 F . W |
kinematic top decay solver ; ) 2-jet events e
— t-channel ME w107 e
* No transfer functions, I —H]
no integration — gl
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Lichﬂn
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Neural Networks
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Boosted decision tree distributions
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Matrix element analysis
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[ Triggered Lepton W+2 jets SecVix+SecVix o Dot

* 2 or 3 jets, 2 tags, : Mot

W\ Full data sample M

using different taggers §
* Likelihood to extract |

‘ WeeWe
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MET + jets anal

— 1 CDF Run Il Preliminary, 2.1 b’
Sample includes leptons e, 2 R e samp

+ #DATA

Top T

Props
 Multijet

that were missed plus tau
decays
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Boiboson
.Z + h.f.
Bw+ht.

B

ittt
Fatititet
Fatatitet

eafatali

— Event selection neural
network to reject QCD

— Final neural network with
11 inputs

N
N
N

LN
NN

MC normalized to SM prediction
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Combination

signal-like event

— NEAT — NeuroEvolution of gﬂﬂ--l RS
o . u <, ;3 .:_. ! ._,
Augmenting Technologies e S; e

* Neural network combining
lepton—+jets analyzes

* Also optimize binning

— Then simultaneous signal fit to
NEAT and MET+jets NN

1

CDF Run Il Preliminary, L=32 1t
- Single Top
B W+HF
B

QCD+Mistag

Events

0 02 04 0B 08 1 -1 -05 0 05 1
Super Discriminant MJ Discriminant
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Cross section measurement

CDF Run Il Preliminary, L = 3.2 b

— 0.5 > b
T C -1 % +0.
-g_ L Dg 2-3 fb ‘§ B Single Top =23 -gg pb
— 04— 2
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‘8 - ngle Top Cross Section [pb]
8 %- ; B ‘ . CDF Preliminary Single Top Summary
o 2 4 6 8 10 For M, = 175 GeV/c?
tb+tqgb Cross Section [pb] S-Channel
1 Likelihood, Function 1.5+ 09
D@ 2.3fb March 2009 (3217 0.8

Decision Trees 3.74 i8;$8 pb

—e— 4.70 *}d° pb

Neural Network
I (3.2fb )
Bayesian NNs Matrix Element
' 3.2 fb
DU _120 P

LikelihoodfFunction

Matrix Elemc:ents

|
BLUE Combination

|
BNN Combination
|

I
mmmm N. Kidonakis, PRD 74,

4.16 +0.84 pb

3.94 +0.88 pb

14012 (2006)
|

Mg, = 170 GeV

5

|
10

o (pp — th+X, tgb+X) [pb]

rst, Mich

(3.21")

Boosted D;ecision Tree
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Combination (Lepton+Jets)
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Significance

* Significance (p-value) and linearity and many checks
through extensive ensemble testing

— Ensembles of pseudo-data at various signal cross sections
— Each passed through full Bayesian analysis

Measured tb+tgb Cross Section [pb]

Input tb+tgb Cross Section [pb]

- 7))

10~ BNN Combination ]

- 7)

©

hd

8— ©

[ Q

()

6 T

>

‘ @

4— D9 Q
; T

ol Slope = 1.017 + 0.006 &

Intercept = —-0.009 + 0.032 ™

- N

/I‘I | | | 1 | | | | | 1 | | 1 1 ‘ 1 1 1 | 1 h

% 2 4 6 8 10 o)

o
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Reinhard Schwienhorst, Michigan State University

D@ Combination

67.8M pseudo-datasets (background-only)
17 above measured cross section

p-value = 2.5 x 10~

Observed significance

=5.03¢0
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Significance *

Log-likelihood ratio calculation

CDF Run Il Preliminary, L = 3.2 fb”

—
-]
o

cted significance > 5.96
rved significance 5.00

Lvalue 3.1 X 1077)

eriments

PeTl
-
-‘J
|

Pseudo-Ex

. N

-300 -200 -100 0 100
Test Statistic [-2In(Q)]
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CKM matrix element |V,

CKM Matrix
/ dl \ / Vud. Vus Vub \ / d \
V s — Vcd Vcs Vcb S

th /
o Measurement: |V ¥ fL1| \ ") \ Vid V“ \ b
— Assume top decays to b (Vy, > V,, Viy)

* No constraint on # of generations . P
CDF Run Il Preliminary, L= 3.2 fb

g | >
8. DG 2.3 fb” 20
s | 8 V| > 0.71 (95% C.L.)
5 . zh
e | VipfH = 1.07 £ 0.12 z
o 1.0 s
o I Q-
o i flat prior>0 o
I S
05l 'Vtb| > 0.78 B
I 3
[ 3t
I - 95%
0 I = C 0 L T 1
0 0.5 1 15 2 25 ) 3 L oL L oL
|Vipf1] Vool
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w Searches for new physics in single top

* Searches for

5 1.5{DB 0.9 6"  PRL 100, 211803 (2008)
new heavy boson W' =
'
q 4 t 1
— - —w»— Observed limit (M > M)
a' b 0.5 —— Observed limit (M, < M,,)
""""" standard model
no W/W’ interference
— CDF prelim result, 1.9fb-1: %00 700 800 900
M > 800 GeV and M > 825 GeV _ W’ mass [GeV]
* Similar: D@ Susy H™ search 30003~ pga3ops’ 195%CL
: = i E90% CL
* Flavor-changing o~ L —68% CL
. < 0.002
neutral currents: >
q q 0.001
u quark or t & 001 002 003 004

C quark (Kg / A)2 [Tev -2]


http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/journal_papers/phys_rev_lett_100_211803_2008_singletop-wprime-tb.pdf

Single top anomalous coupling

o Left-vector (f*,, =1 in SM), right-vector (f})),
left-tensor (f+,), right-tensor (f},) top

L = — Ly Vi (fEPL + fEPR)W,,

7

g 5 w*“""qy

\/_ My
* Single top 1s sensitive to magnitude (PRL 101, 221801 (2008))
* ttbar to ratios of couplings (W helicity, PRL 100, 062004 (2008))
Best sensitivity through combmatlon (PRL 102 092002 (2009))
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¥ .
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(f2 PL + [2' PR)tW,, + h.c.
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é? LHC: new physics 1n single top

* Dedicated searches for specific signatures

— New heavy boson W'
— FCNC 1nteractions via gluon, photon, Z

— Anomalous couplings
T.Tait, C.-P.Yuan, Phys.Rev. D63 (2001) 0140018

* Measure SM cross 00

- [ T | TTTT | TTTT TTTT | ITTT | TTTT | ITTT | TTTT | TTTT | TTT I_

. . . 2 @) IJCNC LHCA

sections in detail g F K= E

Q360 -

— And compare theirr  © | F | E

. OB % 4% generation, .

ratios =0 [ IV..|=0.55, |V,,|=0.835 R
= - (extreme values allowed w/o the CKM unitarity assumption)

- 300 - E

280 | -

260 | ]

240 2 X Top-flavor + Top-pion 7

. M.=1TeV M, =450 GegV
220 sen2»=0.05 t.-c, mixing] ~ 20%
200 :II 11 | L1l L1 II| L1 11 | L 11 I|I L1 | | III|II 11 | L1 11 | 11 II_

O 5 10 15 20 25 30 35 40 45 50
G, (pb) s-channel
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Conclusions/Outlook

Both Tevatrom experimentsiiiave obsernved
single top quatkeproducinon at the 5@ level

-\.\ Already @1@1 fb ecLud;ed = 2

Sfp’arate - hannel from t-c HGmRE!
“Continue to look for new plyS#€s

.L- .

_.r

Precision measurements 1n smgle top
Look for n@w Sl@S in single t©
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