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Key to electroweak symmetry breaking

top quark
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Top quark decay

bottom quark
top quark

W boson
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t-channel single top quark production

light quark line

W boson

heavy quark line
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Wt associated production
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s-channel single top production

light quark top quark

light quark’ bottom quark
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SM single top quark production
ASEEeTEd
production
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LHC: _

(7 TeV) Oyt = 76 PP
LHC: _

(14 Tev) o,..=326 pb

SM tasks:

e Weak interaction of bare quarks

e Measure total cross section — CKM matrix element |V
e Top polarization, PDFs
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New physics in single top

~ New | New coupling: New particles:
Interactions: modified Wtb heavy boson

FCNC coupling or charged Higgs
or anomalous or T or B’

CKM matrix

q q g t q \WA t
Zv.g MW >’VU\J<
C s q b

New physics tasks:
e measure individual cross sections — different modes sensitive to different
new physics
e look for specific new physics scenarios
e W’, fourth generation quarks, charged Higgs

e gluon FCNC
e anomalous Wtb couplings
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Proton-antiproton collider
CM energy 1.96 TeV
- — Energy frontier - until a year ago

nstantaneous luminosity >4E32 cm™s”!

+ 3
actions per crossing, 1.7M crossing per sec
—. Protomnwe roton luminosity fro
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Single top quark event signature

T b-quark jet or light quark jet

Proton —» 0 Antiproton
® -® -® - - -

b-quark jet
High-momentum gy
lepton (e or p) ;

é Missing transverse energy

—
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Single top quark event signature

S'Channel Proton —»

=b quark jet - =b quark jet
**b jet - **light quark jet
'--l?pton - lepton
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Background processes
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Discriminating variables

M single top
e _
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Discriminating variables D&
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e Considered ~200 for multivariate filters
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Tevatron analysis outline

Trigger

Single t -
selection e P b-quark

event kinematics tagging

S/B=1/10° th

tqgb TN
tt— 1l
tt — I+jets I
wbb Il
weec IR

S/B = 1/250, we/

50,000 events/tb Z+jots

Dibosons

Multijets I
Statistical analysis Combination Multivariate techniques
BDT
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Multivariate methods

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

Event energy
Quark jet angle
Reconstructed top mass

—( P(signal)

Cut-Based Neural networks Decision trees Iikelihood

h = &

Boosted decision trees  Bayesian neural networks Neuro evolution Matrix Elements
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Single top production cross section

A Several multivariate Boosted Neural Matrix
. . Decision Trees Networks Elements Likelihood
filters combined 1n

one final discriminant l/ \
-~ BNN (D) AR
— NEAT (CDF) ‘
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CrOSS SeCtionLS CDF Preliminary Single Top S‘Aummary

For M, = 175 GeV/c*

D@ 2.3fb"’

March 2009

1
Decision Trees

Bayesian NNs

Matrix Eleménts
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NLO: Z Sullivan, Phiys Rev. D70, 114012 (2004)

Neural Ne;work
(3.2 )

Matrix Element
(3.2m')

Likelihood Function
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Boosted Decision Tree
(3.2m)
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(3.2 )

MET+Jets,
(2.1 )

Combination (All Channels)
(3.210 )
1 1

-5 0

2> No| 9P BN Jz v g

Single Top Production Cross Section (pb)

5
L]

o
[

t-Channel Cross Section o, [pb]

= N o
- N e s

©
n

NNNLO: N Kidonakis, Phys Rev D74 114012 (2006)

Best Fit
68.3% CL
95.5% CL
99.7% CL
SM (NLO)
SM (NNNLO)

%0 05 1 15 2 25 3

35 4 45 5

s-Channel Cross Section o_ [pb|




Tevatron combination

— Each experiment observes 5 ¢ significance

— D@ and CDF measurements are
consistentto 1.6 ¢
— Combination of MVA distributions
A Bayesian statistical analysis
A Taking all uncertainty correlations into account

Single Top Quark Cross Section

August 2009

DO 3.94 *055 pb

CDF L cpi 27 2= pb

+26
23 pb

CDF i 5.0

+0.58

Tevatron Combination 2.76 _o'47 Pb

p =
d }

T | | ST SR |

0 2 4 6 8
G (pp — th+X, tqb+X) [pb]
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CKM matrix element Vtb

q’ q

ty
w

A Cross section o« |Vtb|? ~ Tevatron Preliminary, August 2009

— Assume SM top quark decay:
Vtd[*+H Vs« |Vib]?
— Pure V-A and CP conserving Wtb vertex

A No assumption on number of families
or unitarity

N
L4

5| v | =0.88+0.07
| 95% C.L. limit: 0.77

P Posterior Densi
YTTdYYYT.mY'YYN

o
o
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t-channel production

e New analysis
with 5.4 fb-!

e Dedicated
t-channel filter
e No assumption
about s-channel y*.&

.,

DO 5.41b™

S
8

_(a) DO 5.41fb
- e Data

M t-channel
s-channel
W+jets

M it

i Multijets

40
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3

Yield [Events/0.04]

O,
3
Yield [Events/0.04]
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Ranked t-channel discriminant B i
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Ranked t-channel discriminant

D@ 5.4fb "

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

e 5.5 ¢ significance

FoY
o

D@ 5.41fb

sm'’

: o LIRSS O Four generatons”
| ot | EEREE ¢ Sy
140_160 180 200 220 0 0 24 ooz Fonc'?
Top Quark Mass [GeV]  Q(lepton) X n(light-quark jet) %3 "3
s-channel cross section [pb]
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Top quark properties

e top quark width from
t-channel cross section 4

—use R=B(t—=Wb)/B(t—=Wx) to obtain full width "

Mo =2.051027GeV 7 = (3.2731) x 107255 b

e Top quark polarization from spin correlation

(R: V+A, L: V-A)

wel
t@ [N
B 68% CL b

- CDF 11 Data WA
< R R ™
q’ b

e Analysis using likelihood function

CDF Run Il Preliminary, L=3.2 fb”'
95% CL.

e Test for right-handed coupling in
top production

T = 1.5
polarization = ZE=ZL — 17
6 5 - Byl 0.8
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Tevatron new physics searches
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Gluon-FCNC 1n single top

A DO: 2—2 process A CDF: 2—1 process
% Same final state as * multivariate analysis using NN
t-channel W single op
* multivariate myic
analysis using BNN

q < s i
o e < 0.025 TevL

, M Diboson
t

| 7 +jets
200 rh:o D 1
« data(2.21b")

2 06 07 08 09 1

u, c

Candidate Events

~0. 1 Rgtc oy r—1
D@ 2.3fb" nNouowt A~ < 0-105 Ted

95% CL limits: tgu tgc
Cross section 0.20 pb 0.27 pb
Kgf )\ 0.013 TeV~! 0.057 TeV ™!
0 05 1 | » | ',
Cos(lepton,jet1) B(t — qg) 2.0 x 10 3.9 x 10

Yield [Events/0.04]
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Single top anomalous coupling

A Left-vector (f-;, =1 in SM), right-vector (f},),
left-tensor (f-,), right-tensor (fX,) top

8 e ——bw w(fiPL + fEPRXIW,;

\/_
g - Lo’“’qu

\/_ Y (fy PL + f3'PR)IW,, + h.c.

A Single top is sensitive to magnitude (PRL 101, 221801 (2008))
A ttbar to ratios of couplings (W helicity, PRL 100, 062004 (2008))
A Best sensitivity through combination (PRL 102, 092002 (2009))

2~ 2 DO Preliminary i 2 D@ Preliminary T 2 D@ Preliminary

=" | | = P _i [ ® Measured Peak
1.5 Iﬁ1|2<0-72 1.5 Jﬂ2| <0.30 : |fR2|2 Dsse:sgrL -
: : Moo C.L.
Wos5%% C.L.

8,2 < 0.19

1._
L
.

0.5/
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Search for W' boson

- Explore simultaneously left-handed and right-
w' handed couplings s, W50 23w
- 95% CL limits:

M, > 863 GeV (L only)

M, > 885 GeV (R, M,,< m
M, > 890 GeV (R, M,, > m
M, > 916 GeV (L+R)

(a) DO 2.3 b’

Data
— W7 850 GeV (x15)
B tqb
0 Wijets

Z+jets, dibosons
B
0 Multijets

DO 2.3 v’
—®— Observed limit
- @ Expected limit

~¥- W’ (a"=1, a®=1)

-

*T_TTV‘Tﬁ"Y 'r T™TrT rY_'j" [24 o

G (pp — tb) [pb]
w

o

02 04 06 08 1 8%
Boosted Decision Trees Output 00”650 M(W?) [GeV]

700' 750 800 850 900 950 1000
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Measurement of t-channel production

50; CMS, 36 pb'\'s = 7 TeV

40F
30
20

10

Tuesday, July 5, 2011

q « 36 pb! of 2010 data

Event selection:

1 electron or muon
E-(py) > 30/20 GeV

- M; (W) >50/40 GeV
. =2 jets (pr > 30 GeV), 21 b-tag

- fewer channels than Tevatron, tighter
cuts

> daia

ol Background modeling:

o™ 1« normalize W+jets and QCD to data

B vwubives

B v » top background to theory

B W+light jets

Soco Analysis procedure:
Other

4 « BDT with 37 variables

% 05 1 15 2 25 3 35 4 455 0 2-d fit to light jet n and spin correlation
y

|
light jet
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t-channel result

CMS 36 pb’ \s 7TeV

3 CMS 36pb \s 7 TeV
=0 tag control sample

Irr‘nrl[nnlnn
TT

IYII]IYIII

IR FET AR Y

lllllllll]
llllllllll

08 06 04 02 0 02 04 06 08 1
cos 6"

— ll!]lll
Y e b

ol Ly
-08 -06 04 02 0 02 04 06 08

FT B2 LES L (R [ B RE.PYPP 2 P i
~ CMS,36pb'\Ns=7TeV e data
Bl t channel

%tymh- eCombination using BLUE
tt
Bl o5+ wee combined: observed cross section:

— o, = 83.6 £ 29.8 pb

B w+light jets

| _|aco
Il other Observed significance: 3.5 o

Observed |Vtb| > 0.68 at 95% CL

bdt

08 06 04 02 0 02 04 06 08 1
bar  arXiv:1106.3052 [hep-ex]
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: L ATLAS
Measurement Of t—Channel productlon Y EXPERIMENT

d
- 156 pb' of 2011 ATLAS data

1.6/~ ATLAS Online Luminosity \s=7TeV
- LHC Delivered
[_] ATLAS Recorded

1.4/

1.2} .
t Total Delivered: 1.29 fb)
1

|- Total Recorded: 1.23 fi |
>t 156 pb!
0.6}
0.4}
0.2}

Total Integrated Luminosity [fb

]

0| i i L i i
28/02 31/03 02/05 02/06 04/07
Day in 2011
""b"""l"""""’l""-
ATLAS Preliminary 156pb ' @ 7 TeV +
2 jets tag )

" ATLASPrelminary 156 pb' @ 7 TeV]
L 2 jets tag B t-channel
4001 . w

Bl s-channel

B
I W+heavy flavour]

I W+jets
Diboson
B Z+jets
Il Multijets
« ATLAS data

Candidate Events
Candidate Events

MC ﬁorrﬁalized -to SM p-)red-iction
MC normalized to SM prediction

*lllllllllllllll

200 400 600 200 300 400 500
H; = ZE; (Iepton, E;Miss jets) [GeV] M, ., [GeV/c?]
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. L ATLAS
Cut-based t-channel analysis

| untagged jetn | > 2.0
140 GeV < top quark mass < 190 GeV
An(lepton, b-tagged jet)| < 1.5
b-tagged jet n | < 2.0

. > 180 GeV

separate by lepton flavor
and top charge

| —
80 B single-top t-channel
70

Ml single-top Wt-channel -
60

Il single-top s-channel
50
- ATLASPreliminary  156pb'@ 7 TeV1 40

I

Il W+heavy flavour
—2 jets tag Aftercuton -
i luntagged jet 1

llll

I W-+light jets
Diboson
B Z+jets
I Multijets
+ ATLAS data

i

Candidate Events

IIII1111]IIIT]YYIIIIIIYI

30

lllllllllllllllll

Candidate Events

MC normalized to SM prediction

Muon + Electron + Electron - Muon -

200 300 400 500

M, [GeV/c? Lepton flavour and charge
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Neural network result

R
o
o
o
o

ATLAS Preliminary "1560b' @ 7 TeV |
2 jets 0 tag M single-top t-channel

B single-top s-channel

M ti, single-top Wt-channel

[l W+heavy flavour

B W+light jets

[ Z+jets, Diboson

Il Multijets

« ATLAS data

statistical + JES uncentainties)

Candidate Events

02 04 06 08 1

NN output

MC normalized to SM prediction

WATLAS

L EXPERIMENI

e2?2 input variables

. ATLAS data

B single-top t-channel
I single-top Wt-channel
I single-top s-channel
M i
Il W+heavy flavour
I W+light jets

Diboson
B Z+jets
Il Multijets

ATLAS Preliminary
" 2 jets tag

jets tag

Candidate Events

0.8

ATLASPreliminary 156 pb'@ 7 TeV]

lllllllllllllllll

MC normalized to SM prediction

S
o

wn
+—
-
o
>
L
)
+—
4]
O
©
-
3]
O

N
(-

1

NN output
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L ATLAS
t-channel result S

2‘_1 T L] TI Ll Y:I 'l T T L] t L] T T TY T
— v .

« Simple event-counting
« Expected cross section
systematic uncertainties
- B-tagging ~ 12%
MC statistics ~ 11% | A ]
ISR/FSR ~ 6% e "'-,:. ATLAS Preliminary ~

1 8: ! stat only
1.6k : ;' stat + sys

- log likelihood

1.4

156ph '@7TeV
o, qeural network

: N 436 O | A e
Signal modeling *3°_,,% AR W

o/ Ogyy

Total systematics *°°_,3%

o . NN: Observed cross section:
» Statistical uncertainty 17% G, =761 pb

Cut-based: Observed cross section:

o, =97 ™45, pb Observed (expected) significance:

Observed (expected) significance: 6.2(5. 7)o
63450
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w t-channel summary

. ATLAS

oL EXPERIMENIT

a
v
L

I

I | 1 1 l 1 1 I I 1 1
CMS Preliminary, 35.9 pb™

DO

CDF

——— NLO 5f
A ATLAS 156 pb-!

|| Illllll

| llllllll

-
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- - W ATLAS
Wt associated DI‘OdU.CthIl :

t eNever before seen £ _ | arias preiminary o consocs:
eSearch in TS
W lepton+jets
and di-leptons
Dilepton backgrounds:

Top quark pairs
Model using MC@NLO
Normalize to d?}? E

401

C Signal
30 reg;
T region

Number of Events

20F

Number of Jets

eSet I|m|t of 158 pb (10 X thSM)

: stat only

w

-log likelihood

Drell-Yan

Model using Alpgen

Normalize to data Smaller
backgrounds
ATLAS Preliminary

from Z»tr, NY \s=7 TeV, L= 35 pb" -
dibosons, W+jets, S oy g S PR o
multijets
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LHC new physics searches
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. ATLAS preliminary °

L=35pb’’

ATLAS FCNC search

efirst single top new

e Shgnai{100 pb)
- har
B Singie top
D Zejets

Wejels
B wob, wee, we

B cco

- ATLAS preliminary

IL=35pb’

physics search
esingle-top production

e dota
~— Signal(100 pb)
B e
B Single top
I Zejers

Wejots

B web, wee, we
I aco

ATLAS preliminary

J L=35pb’

L ATLA

JLEXPERIMENT

e Signal {100 pb)
B tar
B sSingie top
- Zeojots

Wejots
B vl wer we
B oco

stat. uncertainty

slat, uncerfainty stal. uncertainty

70!
I "
|
10}- L‘L‘
:+ fim
-1 -0.8-06-04-0.2 0 0.204 0.6 0.8
NN Output

ATLAS preliminary

o
o
@

Posterior Density

o " ; JL:BSpb'
0 20 40 60 80 100120140160 18020 : ) >

P [GeV] lepton charge

o
o
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ATLAS FCNC sea})rc‘h

efirst single top new
physics search
esingle-top production

T 900,
' ! e dota
sgnaiitoopd) | Dgog —— Signai{100 pb)
. W roar w ) W oo
J L=35 pb B singie top | 700! J‘ L=35pb B single top
| Zejots { | B Zejers

W lnbe

_ ATLAS preliminary ° © ATLAS preliminary

90
80
70
60|
50
40§
30,
’)n‘

B

ATLAS preliminary

J L=35pb’

|

T

LATLA

~LEXPERIMENI

e Signai (100 pb)
B coar
- Single top
D Zejets

Wejots
B vl wer we
B oco

stal. uncevtainty

L_Tﬁilm L

First of many new physics searches!

50

O.

0 20 40 60 B0 10012014016018020  ~ . : : >
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Many more new physics searches

e Anomalous couplings

L = _—w‘x w(fiPL + fi Pr)IW

V2

g —La’“’q,,
\/_ My

-In single top and in combination with ttbar
eResonance searches

-New heavy boson W’
»With anomalous couplings?
» With different CKM matrix - ttbar asymmetry?
» Charged Higgs decaying to tb

-Fourth generation quarks
»B’ or T' decaying to single top
eNew particles produced together with single top
-Charged Higgs
oIf discoveries are made elsewhere first?
-Measure coupling to top

Reinhard Schwienhorst

(f2' PL + f3'PR)tW, + h.c.
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Many more new physics searches

e Anomalous couplings - magnitude

9 7. % s
L = —Eb’)’ﬁ ‘Qb(@PL 72 R)tv‘y

- q —”l.O'/l"/qu @ - E - 17— ,
\/§b Mo L —i—‘PR)t” T i.c.

-In single top and in combination with ttbar
eResonance searches

-New heavy boson W’
»With anomalous couplings?
» With different CKM matrix - ttbar asymmetry?
» Charged Higgs decaying to tb

-Fourth generation quarks
»B’ or T' decaying to single top
eNew particles produced together with single top
-Charged Higgs
oIf discoveries are made elsewhere first?
-Measure coupling to top

Reinhard Schwienhorst
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Many more new physics searches

e Anomalous couplings - magnitude, complex phase

g 1, L a2 e
L — —Eb')/ﬁ ‘QbWPL +R)tm 1
y g i
— /=
\/§ : My L 2 @R JtW H

-In single top and in combination with ttbar
eResonance searches

-New heavy boson W’
»With anomalous couplings?
» With different CKM matrix - ttbar asymmetry?
» Charged Higgs decaying to tb

-Fourth generation quarks
»B’ or T' decaying to single top
eNew particles produced together with single top
-Charged Higgs
oIf discoveries are made elsewhere first?
-Measure coupling to top

Reinhard Schwienhorst
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Many more new physics searches

eAnomalous couplings - magnitude, complex phase, CKM

B s ——bq rPL + fEPrRYW;

(fz Vo A fthR)tU + h.c.

g —La’“’q,,
\/_ My

-In single top and in combination with ttbar
eResonance searches

-New heavy boson W’
»With anomalous couplings?
» With different CKM matrix - ttbar asymmetry?
» Charged Higgs decaying to tb

-Fourth generation quarks
»B’ or T' decaying to single top
eNew particles produced together with single top
-Charged Higgs
oIf discoveries are made elsewhere first?
-Measure coupling to top

Reinhard Schwienhorst
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Many more new physics searches

eAnomalous couplings - magnitude, complex phase, CKM

B s ——bq rPL + fEPrRYW;

(fz Vo A fthR)tU + h.c.

g —La’“’q,,
\/_ My

-In single top and in combination with ttbar
eResonance searches

-New heavy boson W’
»With anomalous couplings?
» With different CKM matrix - ttbar asymmetry?
» Charged Higgs decaying to tb

Reinhard Schwienhorst
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Many more new physics searches

eAnomalous couplings - magnitude, complex phase, CKM

B s ——bq rPL + fEPrRYW;

(fz Vo A fthR)tU + h.c.

g —La’“’q,,
\/_ My

-In single top and in combination with ttbar
eResonance searches

-New heavy boson W’
»With anomalous couplings?
» With different CKM matrix - ttbar asymmetry?
» Charged Higgs decaying to tb g
-Fourth generation quarks
»B’ or T' decaying to single top q

Reinhard Schwienhorst
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Many more new physics searches

eAnomalous couplings - magnitude, complex phase, CKM

B o= ——bq rPL + fEPrRYW;

(fz V20 A fZ}‘PR)tU + h.c.

q —LO‘ (s
\/’ My

-In single top and in combination with ttbar
eResonance searches

-New heavy boson W’
»With anomalous couplings?
» With different CKM matrix - ttbar asymmetry?

» Charged Higgs decaying to tb g ,
-Fourth generation quarks B
»B’ or T' decaying to single top q

eNew particles produced together with single top
-Charged Higgs

oIf discoveries are made elsewhere first?
-Measure coupling to top

Reinhard Schwienhorst
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Summary/Outlook

eSingle top production observed at Tevatron and LHC
-Tevatron s-channel+t-channel observation in 2009
-Tevatron t-channel isolation in 2011
-LHC t-channel observation in 2011
-LHC first limit on Wt
-Next: Wt and s-channel observation
=Single top as background to Higgs and other searches

eSingle top as a tool to look for new physics
-Tevatron: W', FCNC, H+, anomalous couplings

-LHC: FCNC
-Next: many more LHC new physics searches

Larger LHC datasets will bring separate observation of all
single top processes and many new physics searches

Reinhard Schwienhorst
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Additional Material
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Background Modeling

-2 jets 0 tag

Candidate Events

L) L] L] L] ' L) L] L] L] ' A}

L ATLAS Prelimina

i' 156 pb’'@ 7 TeV+
single-top t-channel
B single-top s-channel
Ml ti, single-top Wt-channel
[l W+heavy flavour
B Wlight jets
I Z+jets, Diboson
| Multijets
* ATLAS data
statistical + JES uncertainties

Candidate Events

-

MC normalized to SM prediction

200 400 600

= 3E (lepton, E;Miss_ jets) [GeV]

2 jets tag

Candidate Events

Tuesday, July 5, 2011

ATLASPreliminary 156 pb’'@ 7 TeV

Candidate Events

MC normalized to SM prediction

Reinhard Schwienhorst

WATLAS

L EXPERIMENI

- ATLAS Preliminary
- 2 jets tag

" 156 pb’ @ 7 TeV"
B t-channel
B Wt
Il s-channel
M i
I W+heavy flavour]
P W4jets

Diboson
B Z+jets
Il Multijets
« ATLAS data

MC ﬁorr-nali-zed -to SM p-)red-iction

400 600
H; [GeV]

ATLASPreliminary

2 jets tag

58P0 @7 TeV]

MC normalized to SM prediction
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ASingle top signals larger than at

Tevatron ST YT I I (T
] -Single—top NLO cross-section vs E__

- Especially t-channel ]

- Even at 7 TeV 2

2

ABackgrounds similar & [—s e

150—
to Tevatron :
- W+jets less important
- tt is dominant backgroundt

50

| commea W+t channe

A Y e YUY (T vl |7 TR S PO T L

Q
o
<
@
w
®
@
O
—
o

100

lllllllll
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ATLAS Standard Model cross sections

ATLAS Prellmlnary

I Ill.lll

J‘Ldt 35 - 205pb
\3_ 7TeV

Theory (NLG))

®m D4ta 2010 {~35 pb)
o Data 2011 ;

ILdt:

i 156 pb" |

R

| lllllll

éJLdt_-
1

I IIHH|

IIH|
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SM single top measurements

At-channel observation early

—In ~200 pb! at 10 TeV
- Sufficient # of events for cut-based analysis

As-channel and Wt with ~30 fb!
— Separate by b-tag and jet multiplicity
— Earlier observation reqwresm -
multivariate technlaues= 3000F --c.. Atlas, 14TeV, 1fb-=

L =200 pb' \; - 4 —ot.channel

- Il Wt-channel
B t-chan. - B s-channel

*)]
o

t-channel
measurement

candidate events
F =S
o

N
o

. lllllllllllllllllllllllllllll

- - [ .
— — E — -
A A - —— e wnll S —
—_
1 I!lllllllllllll'

200
CMS, 10TeV, 0.2fb!

| el B
0-1 08 06 04 02 0 02 04 06 O
Multivariate filter output®
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Single top event signature

A Basic event signature (e
or m)

- Single lepton trigger
or lepton+jets trigger

- One high-E; leptons
AE; > 20 GeV or 15 GeV

— Missing transverse energy
AMissing E; > 25 GeV
or 15 GeV
- 2-3 high-E; jets (2-4 jets)
AE; > 15 GeV

proton

antiproton

Event sample composition
+ets

Top qua Expeideast5Oisigha) events

pairs

per fb!
Single top - After b-tagging

- nJ

multijet

Reinhard Schwienhorst
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Analysis samples D&

— Divide into 24 analysis channels

A By b-tag multiplicity (1, 2), jet multiplicity (2, 3, 4),

data taking period (before/after upgrade), lepton (e, m)

— Cross-check samples

AEnriched in W+jet events

AEnriched in top pair events
— Check data/background agreement for all variables and

multivariate filters in all samples

W+Jets Cross-Check Sample tt-Pairs Cross-Check Sample

10000- D@ 2.3 fb™ Data ¢ 00E DG 2.3 —

8 p@ 23fb"

pretagged
all channels

300

200

Yield [events / 3 GeV]
Yield [events / 10 GeV]
Yield [events / 10 GeV]

b
o
D

0
b 100 150 0 S0 100 150 % 50 100 150
W Boson Transverse Mass [GeV] W Boson Transverse Mass [GeV] W Boson Transverse Mass [GeV]

Reinhard Schwienhorst
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Kinematics in the signal region

High Signal Region - Q xn High Signal Region — m,,,

DG 2.3 fb”

Ranked
Combination
Output > 0.92

" p@ 2.3

Ranked
20— Combination
QOutput > 0.92

W
=

N
T

-
«
o
—~—
)
-
-
)
>
w
-
S
L.
S

—
©

Yield [Events/30GeV]
=
[

0 : .
. -2 0 2 4 100 200 300

Q(lepton) x n(light-quark jet) Top Quark Mass [GeV]

Reinhard Schwienhorst
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Systematic uncertainties D&

Systematic Uncertainties

!

P amlras
radanKeag

from Largest to Smallest Effect

on oingie 10p LIross oectlion

D@ 2.3 fb-’ DG 2.3fb"

Larger terms

b-ID tag-rate functions (2.1-7.0)% (1-tag)
(includes shape variations) (9.0-11.4)% (2-tags)

Single-tagged

Jet energy scale (1.1-13.1)% (signal)
(includes shape variations) (0.1-2.1)% (bkgd)

W+jets heavy-flavor correction 13.7%
Integrated luminosity 6.1%
Jet energy resolution 4.0%
Initial- and final-state radiation (0.6-12.6)%

b-jet fragmentation 2.0% 80 0170203040506 070809 1
tt pairs theory cross section 12.7% Combination Output
Lepton identification 2.5%
Wbb/Wecc correction ratio 5%

Relative Uncertainty [%]

on Total Background

Primary vertex selection 1.4%

Reinhard Schwienhorst MICHIGAN STATE
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P(s|D) =

Statistical analysis D&

A Bayesian statistical analysis

P(D|s)*P(s)

— Posterior gives measured cross section and uncertainty

oy
|
Q
.
>
b —
7))
o
Q
o
S
®)
=
Q
-
7))
O
o
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DO 2.3fb"

measured
(0]

=3.94+088 pb

6 8 10
tb+tgb Cross Section [pb]

Reinhard Schwienhorst

DO 2.3 fb-1 March 2009

Decision Trees JO—*
Bayesian NNs L 4.70 *33% pb
Matrix Elements 4.30 935 pb
BLUE Combmatlon Hﬁ

e

BNN Combm ation

- N K

3.74 1022 pb

4.16 +0.84 pb

3.94 10.88 pb

0 5 10
o (pp — th+X, tqb+X) [pb]

PRL 103, 092001 (2009)




Significance

A Significance (p-value) and linearity and many tests
through extensive ensemble testing
— Ensembles of pseudo-data at various signal cross sections

D@ Combination |

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

Also linearity

p-value =2.5x10 .
10 BNN Combination

Observed significance
=5.03¢

—_
o

DO

&

g™eas = 3.94 pb

—

Slope = 1.017 £ 0.006
Intercept = -0.009 £ 0.032

N

2 3 4 5 8
tb+tqb Cross Section [pb]

7))
e
Qo
7))
©
-
©
s
@)
©
=
Qo
7))
Q
o
[rem
“
N
[re
(o]
o)
.

Measured tb+tgb Cross Section [pb]
o

F

2 4 6 8 10
Input tb+tgb Cross Section [pb]
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Tevatron Combination

Single Top Quark Cross Section August 2009

D@ Lepton+jets 2.3 fb 3.94 :822 pb

b e +0.56
CDF Lepton+jets 3.2 fb 2.17 -0.55 pb

5.0

+0.58

Tevatron Combination 2.76 _g' 47 pb

]
B B.\W. Harris et al.. PRD 66. 054024 (2002)

B N. Kidonakis. PRD 74. 114012 (2006)
|

| . 1 W1
O 2 4 6 8

o (pp — th+X, tgb+X) [pb]

Miop, = 170 GeV
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D> CKM matrix element [V |

CKM Matrix
(¢ [V Vi V)

V S, ‘ :‘(l ‘ :\ ‘ :“b

th
A Measurement: |V xf | K b / \ Vid \},

- Assume top decays to b (V,, » V,, V)

A No constraint on # of generations
CDF Run Il Preliminary, L = 3.2 fb

1

D@ 2.3 fb™

—

.
o

IV, > 0.71 (95% C.L.)

IVeofi| = 1.07 £0.12

2
7]
-
Q
o
—_
o}
-
@
-
7]
O
o

flat prior > 0

o
Posterior Probability Density

Reinhard Schwienhorst
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Single top polarization — anomalous coupling

A Left-vector (ft;, =1 in SM), right-vector (f},), b
left-tensor (sz), right-tensor (f},) top

£ = —Sby Vi (FEPL + FEPRIW,; W

V2

g - Lo’“’qu

\/' M

A Single top is sensitive to magnitude (PRL 101, 221801
(2008))

(fz Vo A f PR)t” + h.c.

& B Q.4afios of cou

——
= é _ ® Measured Peak

AL ;

(:

0.5/

. (ﬂﬂ'ﬂ ozi%’feﬁiooz

95% C.L.

/8,12 < 0.19

Reinhard Schwienhorst
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Single top in tau final state

DO Run Il 4.8fb"' - Dat
Il Single top
Waldets
Z+Jets
Dibosons *
.
I Multijets

Event Yield

* D0 Run Il Preliminary

0.8 1
tb+tqb BDT output

DO e+u combination (2.3 fb™)

DO t+jets (4.8 fb™) *

DO e+u+t combination * e 3.84 % pb

Theoretical SM prediction at top quark mass 170 GeV

s i g2 a3 p3-139 PR-plgipig.§ gy ipigit)

0 1 2 3 4 5 6
0’( p5—> tb+x’ tq b+X) [pb] Submitted to PLB, arXiv.org:0912.1066

Reinhard Schwienhorst HCHIGAR STATE
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¥ First evidence for t-channel production

A Train MVA filters for t-channel
A Measure t-channel and s-channel
simultaneously
- Remove s/t constraint : el
- s(t) = 3.14 _,,*°% pb Woccr
AExp./obs. significance: 3.7/4.8 SD — iy
- s(s) = 1.05 + 0.81 pb

DO 2.3 pb™
® Measured Peak
¥ SMm
= Ztu FCNC

gtlu=0'o4 gl
4 qu|:0.2

Top Flavor

t-channel cross section [pb]

a5
s-channel cross section [pb)

-8

DO 2.3fb" DO 2.3 fb"
* Data 5

B t-channel

s-channel
B Wijets

Wit
M Multijets

DO 2.3fb’

W
8

Yield [Events/0.8]

o

Yield [Events/0.02]
n
8

_8

"’ | |

%" 2" Yo 2 4
02 04 06 08 1 8.8 0.85 0.9 0.95 1 Q(lepton) x n(light-quark jet)

Ranked t-channel Output Ranked t-channel Output o\ .4 (o PLB, arXiv.org:0907.4259
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s VW4 Channel

= S—-Channel

./ ~ 14
.
/ E_ (TeV)

UDSErNvVE three singlie top production modes separately

—channel: easy 11 |
y-channel and assocC. proa. nar

vieasure V.. tO TEW “o

58 Reinhard Scflienhorst MICHIGAN STATE
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LHC: new physics in single top

Dedicated searches for specific signatures

— Resonances: New heavy boson W', heavy charged
Higgs

— FCNC interactions via gluon, photon, Z

_ Anomalous Wtb COUF}'”’ﬁthS-P.Yuan, Phys.Rev. D63 (2001) 0140018

A Measure SM cross 3 TR T  LHC:

sections in detail a1

— For 3 processes
separately

— Compare their
ratios

t-channe
& -

—

—

% 4" generation,
|V..|=0.55, |V,,|=0.835

(extreme values allowed w/o the CKM unitarity assumption)

o, (pb)

e

X Top-flavor 4+ Top-pion E
M,=1TeV M..=450 GeV

sen?=0.05 t;-C; mixing| ~ 20%

'T—-r—r-p-r-r—rrrv'rrﬁ‘rﬂ*r‘r‘“r‘vﬂ"—r—!j‘m‘rr—v-r‘

Ty

lllllllllll.lllllll lllllll.lllllll.lllllll.llll-‘
5 10 15 20 25 30 35 40 45 350
o, (pb) s-channel

o
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Single top quark physics

A Study top quark electroweak interaction
— Sensitive to many models of new physics
A Important milestone towards Higgs
— Background to associated WH production
— Establish analysis techniques
A D@: single top evidence in 2007,
observation in 2009
— Plus many searches for new physics
— Now working on separating s-channel from t-channel
A LHC: single top in 7 TeV and in 14 TeV data
— Initial measurement at 7 TeV
— Separate different production modes at 14 TeV
— Plus many direct searches for new physics
A Long-term: study interaction between top and new
physics

Reinhard Schwienhorst
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Single top phenomenology

A O(a,) QCD corrections to single top production and decay

— Benitez, Heim, Brock, Schwienhorst
— With MSU theorist C.P. Yuan and his former student Cao
A s-channel study at the Tevatron:

- Cao, RS, Yuan, g 140 — top.NLO t-channel
PRD 71: 054023, 2005 © 420 top, Born

A t-channel study at the Tevatron: 1gof """ ™°

- Cao, Benitez, RS, Brock, Yuan, g
PRD 72: 094027, 2005 o

A s-channel at NLO at the LHC 40
- Heim, RS, Cao, Yuan,
PRD 81: 034005, 2010

- - antitop, Born

20

&

A Working on t-channel study at the LHC
A Also compared MCFM t-channel NLO
with D@ simulation samples

Reinhard Schwienhorst
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