n, "Napoleon Bonaparte”. National Portrait Gallery, London
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Single Top-Quark Production

- test of Standard Model (V-A, ...)

- direct measurement of |V, |?

- test of b-quark structure function

- same channel as WH @ Tevatron
- proving ground for WH

tchannel

Standard Model prediction:
€+//,L+ O'-channel NLO™ 20£0.3 pb
crs-channel NLO= 09 ¥ 01 pb
Vel
B B crsmgle top NLO_ 29%04 pb
!

s-channel ° Harris et al., Phys. Rev. D 66, 054024
Sullivan, Phys. Rev. D 70, 114012

g t
t
Wt production o= 0.1 pb Tait, Phys. Rev. D 61, 034001
E? -”-_r_
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Event Signature

top quark decay ~100% in W-boson and b-quark
LW — | +v

q bjet q q'jet

bjet

q bjet g bjet

- exact 1 isolated charged lepton (e/uy) E; > 20 GeV
- missing transverse energy MET > 25 GeV
-2 or 3 jets (E;> 20 GeV, |n|< 2,8)
with 1 or 2 jets with reconstructed secondary vertex (b-tag)
- complex QCD-veto, Z-veto, ...
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Single-Top and Bkg Estimate

Determined from MC
Single-Top, Diboson, Z+jets
and top pair production:

Npredi — Otheo * €evt * ’ L di

Determined from MC and Data

W+HF jets: W+jets normalization from data,

HF-fraction from ALPGEN MC
(calibrated in W+1jet side-band)

tagging eff. from ALPGEN MC

Determined from Data

W+LF jets (negative tage rates)
and QCD events (MET fit)

top2008 — Isola d’Elba, Italy Jan Lueck — Measurement of Single-Top at CDF 4




Jet Flavor Separator

~50% of all events do NOT CDF Run Il Preliminary, L=2.2fb"
contain b quarks even though a ' |
secondary vertex was required! — s
[72] ‘+charm
-$+h:nttom |
— i
Train neural network with input from jet and |-‘|]-|)2 ) M oion
track variables, e.g. vertex mass, decay length, = |
track multiplicity, ... P -
W+2Jets 1Tag CDF Il Preliminary 2.2 fb 51 ]
o
o} — single top _ O
% R _ © e
— ®
v Whb = W+1jet W+2jets W+3jets W +4jets
= — Wce+We =
@ S
> i — Wad o
Ll aq @
0.1 =
! £ up to 20% gain in
iy g

sensitivity!

1 9O

1 05 0 05

1

KIT flavor sep. output
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W + Heavy Flavor Calibration

i _I Bottom %
s Charm
150 | — light
- — BG Sum
I + Data
100 [ + +
50 |
:_’_
0= : ' :
-1 0.5 0 0.5 1
KIT flavor sep. output
600 F . : -
—— Bottom
Charm
— Light
| =
400 |
i Cross
200 | .
i check
0 | i
0 1 3

top2008 — Isola d’Elba, Italy

2
SecVix Mass

4
[GeV/c?]
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Use ALPGEN predictions of kinematic
distribution but mistrust ALPGEN rates

Use b-tagged W+1-jet data control sample to
estimate the HF fractions

Three-parameter fit to bottom/charm/light
templates of KIT flavor separator distribution

s B-KNN
» B - Loose
» C-KNN
s C - Loose

W //

Apply correction factor

“ B
*
- *
“ -
i

“‘
.

o5 for Wbb and Wcc: ]
Kye=1.4 £ 0.4
T s 2 25
Jet Bin



N 7 [ I~ .
QCD Rate Estimate

- Apply complex QCD-veto 2000 | .
A A before
Foe E b-taggin
- MC models of inclusive jet+MET 1500 | B 2919
production not precise enough o 1000}
- Use data samples to model kinematic: 00
- “anti-lepton”: lepton candidates o
which pass all but two of the non-kinematic |
- ' ' —~ CDF Il Data| |
.Iepton ID reqmrernents | + b-tagged |57 |
- “jet-leptons”: Multijet events 2 100 | + 4} I W+bottom | 1
where one jet fakes the lepton S0 T [ W+charm | 1
P _ j i [ ]Mistags _
T i [ EWK/Top
: e 2 0l TR | SUM |
- Perform fits to MET distributions and extract 2 S0F -_
QCD content with MET > 25 GeV © x
ol gt ¥
- Uncertainty on QCD rate: 40% 0 S0 100

Missing Transverse Energy [GeV]
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I :
Single-Top- and Bkg Estimate

CDF Run Il Preliminary, L=2.2fb"

All detectors
i [l s-channel
3000 — [ t-channel |
Wilight i
E 7 single-top Wecharm |
c signal hidden B +botiom | |
m Z Mon-W
> /’/ behind large Bl Z+jets ]
w000 % bkg uncertainty BEDboson |
ﬂJ | KV -ﬁ |
'Ei / ¥ CDF Data
-] | 4+ Bys Uncert | |
— %/’ B ]
-E [ tt: counting -
81 000 - experiment -

i = ¥ possible ]
ﬁ
0

W+1ljet W+2jets W+3jets W +4jets

H_J

signal region divided into 1 or 2 b-tags,
e.g. 4 independent channels
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Analyses Detalls

t- and s-channel
combined @ SM ratio

" Neural Networks

Matrix Elements

Likelihood Function

Boosted Decision Trees

t- and s-channel
separately

»y

p,
\

. \
/ \

Neural Networks
s-channel only:
Likelihood Function

/\Combination

optimization of apriori separation power done individually
remaining treatment identical, e.g.
 event selection (QCD-veto, divide into 4 independent channels, ...)
» signal + bkg predictions (Wbb/cc rate calibration, QCD rate MET fits, ...)
* signal + bkg models

\-systematic rate and shape uncertainties

J\

)

top2008 — Isola d’Elba, Italy
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T —— —— N 1 :
Neural Network Analysis

Event Fraction

\ M, , [GeV/c’]

W+2Jets 1Tag CDF |l Preliminary 2.2 qu W+2Jets 1Tag CDF |l Preliminary 2.2 qu W+2Jets 1Tag CDF |l Preliminary 2.2 qu W+2Jets 1Tag CDF |l Preliminary 2.2 qu
I | = single top i = single top == single top
it [ i 0.1« i
3 ~ Wbb+WcT 3 i ~— Wbb+WcE| § - — Wbb+WcT =
g 0.2} —We e g 0.3'_- —We w g | —We e " =
= — Mistags = 1 —Mistags | E | — Mistags
3 — Diboson 3 i —Diboson | 2 — Diboson r -
2 — Z+jots 2 0.2 -Z+jets £ I |
3 oy 3 04 2 0.05
8 0.1 mEE i o I
E 118 ot | g
5 -5 0 = 5 [
. L ———— = L c a
‘Fo' ; : e-— . : : = D, — i e' = ===
0 150 200 250 -1 -0.5 0 0.5 1 0 50 100 150 200 -2 0 2
KIT flavor sep. output M. [GeVic’] Q * Mgy

normalized to unit area

N

Training in 4 channels

- NeuroBayes® package
- Signal:Bkg ratio 50:50

- Bkg mixed as predicted by SM
- up to —80K training events

- ~10 to 20 input variables

- 15 hidden nodes

W+2Jets 1Tag  CDF Il Preliminary 2.2 fb”

o
-
(41

Event Fraction
e

0.05

= single top
tt
Wbb+Wcc

— We

— Mistags

=— Diboson
Z+jets

QCD

- 1 output node: “NN Output” | > o

top2008 — Isola d’Elba, Italy

Bkg-lik

Jan Lueck — Measurement of Single-T

NN Output

~70.5 1

normalized to unit area

. Signal-like



B e 1 :
Fit Templates in 4 Channels

W+2Jets 1Tag  CDF Il Preliminary 2.2 fb” W+2Jets 2Tag  CDF |l Preliminary 2.2 fb”

_S 0.15_— —tsiingle top _5 -
e |8 g o A
‘ll-: 0.1 = Mistags E ,,I': = -I—' E
- . — Diboson 3 c =1 | >
§ Zojts 2 ¢ [ H5HEET] £
. 0.05 ” s " 0.05 =in 8
. £ I £
g e
b PP DU M P B

q1 -0.5 0 0.5 1 q1 : 0.5 1

NN Output NN Output

0 1!\.’+3Jets 1Tag CDF Il Preliminary 2.2 fb” W+3Jets 2Tag  CDF |l Preliminary 2.2 fb”

s s |

& 3 & 0.2¢ 3
w = w ' =
E E =
2 0.05 2 S ———] [ ] 1| $
(11 @ w [ @
| 8 0.1 ——t——1 N
2 - — 2

5 0 o5 1 5 0 s 1

NN Output NN Output
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Systematic Uncertainties

Syst. Uncertainty Rate Shape
Jet Energy Scale 0...16% V|
Initial state radiation 0..11% ¥i|
Final state radiation 0...15% ¥
Parton Distribution Function 2...3% ¥
MC Generator 1...5%
Event Detection Efficiency 0...9%
Luminosity 6%
NN Flavor-Separator ]
Mistag model 1
Q2 scale in ALPGEN MC ]
Input variable mismodeling 1
Wbb+Wcc normalization 30%
Wc normalization 30%
Mistag normalization 17...29%
Top-pair normalization & mtop 23% ¥

top2008 — Isola d’Elba, Italy
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Systematic Uncertainties (e.g. JES)

Estimate of syst. uncertainties of the

a) rates: difference in acceptance between
syst. and default sample
process 2jets 1tag 2jets 2tags 3jets 1tag 3jets 2tags
t-ch -1.1/0.6 % | 4.8/-3.5 % |-10.4/10.6 % | -5.7/4.3 %
s-ch 0.1/06% | 12/-1.9%| -83/94% | -7.2/74%
single-top | -0.8/0.2 % 1.8/-2.2 % -9.1/9.9 % -6.6/6.1 %
tt 9.8/-94% | 81/-75% | 46/-51% | 54/-52%
Wee+Wob | 7.0/-6.9 % | 10.8/-10.6 % | 8.4/-7.7 % | 11.0/-12.1 %
We 7.0/-6.3 % | 11.3/-103 % | 8.2/-6.9 % | 13.9/-15.8 %
7 tiets -5.3/54% | 5.0/-5.0% |-10.8/140% | -5.0/5.0 %
Diboson 2.7/1.7 % -3.0/1.5 % | -12.4/11.9 % | -11.0/11.0 %

b) shape of the “NN Output”:
bin-wise difference of normalized
syst. and default shape

rate and shape uncertainties of same syst.

source are treated correlated in the fit.

top2008 — Isola d’Elba, Italy

Event Fraction

CDF Il Preliminary 2.2 fb”

W+2Jets 1Tag

0.1+

0.05|

0

|

— single top
— JES ¢
—— JES +o

[N N

0.5
oEguaph,_-_-._p._,..._p..___._..—,cI: -

-1 -0.5

0 0.5 1
NN Output

normalized to unit area
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Simultaneous Likelihood-Fit to Data

W+2Jets 1Tag  CDF |l Preliminary 2.2 fb” W+2Jets 2Tag  CDF |l Preliminary 2.2 fb”
qg [ 25 qg i M single top
B 0 | Ctt _ 0
4 150} 20 e ¢ 450 EWbb+Wce| &
wl 15 T}u wl s I We T}u
@ : - @ B Mistags | 2
© i 10 ‘g w i [l Diboson ig
< 100 5 2 s 10l Hzvjets | 2
o T o - - o
'g - N c | data N
T E S E
& = O I =
2 ) 2
S : S
= X =
' 0

1 -1 -0.5 0 0.5 1

NN Output NN Output

" W+3Jets 1Tag  CDF |l Preliminary 2.2 fb” " W+3Jets 2Tag  CDF |l Preliminary 2.2 fb”

M single to M single to
g 40 Sardere| £ T
S X @ wbb+wWce| 2 S Dwbb+Wce| $
w [ EWe © w I W Wc =
o 30 B Mistags | 2 P 20} B Mistags | 2
= - [ Diboson = = - [ Diboson =
g ! E1Z+jets 2 % - [ Z+jets 2
-g « data ﬁ -g = «| data ﬁ
@®© e S 10+ | e
o 5 o L 5
= L _| | =
S i S
= [~ |=
E 0 L | 1

0.5 1 1 -0.5 0 0. 1
NN Output NN Output
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Result

W+2/3 Jets CDF Il Preliminary 2.2 fb’
50

40
30
20
10

100F 02

200f

150}

Candidate Events

MC normalized to fit values

1 -0.5 0 0.5 1
NN Output

Osingle top = 2.0707 (stat. + syst.) pb
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Significance

CDF Il Preliminary 2.2 fb™

.ﬂ 101: with single-top @ SM rate
e Modified frequentist approach E :gs » Josingletop
e Perform pseudo experiments (PE) with T 107 LA LTSy
and without SM single top ;.’_ 10°
- Fluctuate all syst. uncertainties in PE w 10°
(=}
- Binned likelihood fit for each PE: ° 10:
reduced likelihood as a function 4 :gz
of the single-top cross section a 10
1I " R B
-150 -100 -50 0 50 100 150
e Q= I‘reduced(o-s+t = SI\/I)/I‘reduced(o-sﬂ = O) 2In(Q)
exp. Significance: 4.40
obs. Significance: 3.20
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Events with ,NN Output®™ > 0.8

Candidate Events

Candidate Events

W+2Jets 1Tag  CDF |l Preliminary 2.2 fb”
i M single top
Ot
[ wbb+WcE
BEwc
Il Mistags
[ Diboson
[ Z+jets

« data

30

20

1 r 1

LI B B

10

MC normalized to fit values

foo 200 250
M, [GeV/c’]

top2008 — Isola d’Elba, Italy

150

200}
150F

100}

\_N+2f3 Jets

CDF Il Preliminary 2.2 fbh”

W+2Jets 1Tag

50
40
30
20

0

0.5 1
NN Output

CDF Il Preliminary 2.2 fb'1

[ Ot

30 @ wbb+wce

- Il Wc

| W Mistags
L [l Diboson
20"[| Z+jets

« data

LI L

10

1 ©

1

- [l single top

-0.5

MC normalized to fit values

0 0.5 1
KIT flavor sep. output

MC normalized to fit values

W+2Jets 1Tag  CDF Il Preliminary 2.2 fb”
M single top

OFmtt
[ O Wbb+Wce
[ lWe
15| H mistags
| [l Diboson
[ [ Z+jets
|- » data

10

MC normalized to fit values

2
Qo nlig ht

-2
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Multivariate Likelihood Function Analysis

CDF Run Il Preliminary, L=2.2 fb™!

. . - 7 .I T e — ]
histogram based binned G180 | g Johenel W thwr T New
. . . N - I t-channel | Wec+Wecc W Z+jets,Diboson |
likelihood function (LEP style ) i e
. . ?E 140 ;‘ N
100 | R
80 ]
60 - I
g bk
40 :—.f N 9 1
g 20 ;I A
q<- 10 & -1 E: . LI P d
= 10 100 150 200 250 300 350 400 450 500 550
10 sig H, (GeV)
| 107 sig — Ni
0 0.2 0.4 06 ?'.:ha: 0 0204 06 ?'.:ha: ; N g N bk
] 1 — t-chan O,O[/ I !
< — ts'(-chan ’b,ee
£ 10 — wbb o d’o,.

107" mistags /)60'78/ L(X) — H piSig (Xi )

0 0.2 0.4 06 0.8 1I B H pisig (Xi )+ H pibkg (Xi )

L

tchan
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" Multivariate Likelihood Function Analysis

CDF Run Il Preliminary, 2.2 fb” COF Run Il Preliminary, 2.2 fi5'
-g‘ 109 I " Bl s-channel % ' '
[ [ t-channel o B schannel
i [ WeoWe z i
B tbar ) WM
] Wbb — h
’ Woh
I W+LF B W:LF
i I zejeis
—
- 1 I oW

CDF Run Il Preliminary, L=2.2 fb™!

+0.9

Osut =18 55 Pb

exp. Significance: 3.40
obs. Significance: 2.00

Marginalized Posterior (arb units)
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Matrix Element Analysis

Compute an event probability P for signal and background hypotheses:
input: lepton and Integration over part Leading Order
jet 4-vectors! of the phase space

matrix elements

1 : f(q,)f(q,)
P(p;,pi»p)) = P Idpjldijdpv Z¢4 | M(p{) B MW

Jet (Ejet’ 'Epart)
comb | ql H q2 ‘
Probability of
! b ¢ q 4'; u . I sd ¢ measuring a jet energy
e/t e/ut p b Ay .
MM < >_<b )i ) H ; E; if E, was produced.
W

¢ b 9 b q — I d . b & v

s-channel t-channel tt Wijj Wc

Combine the signal and background probability densities
into a single Event Probability Discriminant:

b' P Singletop
EPD- T

b P Singletop + b' ﬁ-ﬁ-’b& T b‘P i +( 1- b) P:“-E-"+-:Fm.-m T ( 1- b)P W+light

b is b-probability from KIT flavor separator

top2008 — Isola d’Elba, Italy Jan Lueck — Measurement of Single-



[ = .
Matrix Element Analysis

CDF Run Il Preliminary | =lpqee— CDF Run Il Preliminary | oo
F c-like  clike
Mistags Mistags
© W + 2 Jets [ tt-bar g . W + 3 Jets T tt-bar
O ]
4 5|
= =
S S
& ot
he] Ot
(] [N
N NI
@ ©
EL £
Q [e]
pd =

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

Event Probability Discriminant Event Probability Discriminant

CDF Run Il Preliminary, L=2.2 fb ' CDF Run Il Preliminary, L=2.2 fp!  [B*”
g‘ I ‘ I I I I I I DEHIKE
wm i |:|Mistags
GC) 300 .tl—b?r
at 1 2
P c 250 ]
= o 60
i W 200 F .
3 .. = 2.2+08 pb[ o 40
[e) Single Top -0.7 -Ej- [ 1=
i i © 150 F 20 -_%
5 e, 5
= 1 @ 100 | 87 075 08 085 09 0.95 1&
Q Qo 18
@ | - 50 § 13
o 15

. (I ... . | I 0 g

0 2 4 6 8 10 0 0.2 0.4 0.6 0.8 1
Single Top Cross Section [pb] Event Probability Discriminant
exp. Significance: 4.50
obs. Significance: 3.40
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Boosted Decision Trees Analysis

. . * . Use many input variables (>20), non-

| discriminating variables are
&0 0%

automatically ignored, but don't
degrade the performance

Optimize series of binary cuts with
training sample

Calculate for each leaf purity
p = s/(s+b)
and sort events by output purity

Create series of “boosted” trees by re-
weighting based on value of
misclassification
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"~ Boosted Decision Trees Analysis

CDF Run Il Preliminary, L=2.215' B CDF Run Il Preliminary, L=2.215' B
T T T DWaight F : T ' [CIW-+light
EW+charm 12 B [OW+charm
WW-+bottom [ WW+bottom
80 |- OMon-W [ T oW
2! Bz £ 10l Wziets
S | .Diboson g [ .Diboson
. I s N
Q [1H] -
4 =z - | z
3 a0 - s 5 :
2 5 T | =
c @ c 4 a
o [ = o 2
O 4 ° O s
I & 2 &
2 5 g
0 : 0
-1 05 0 0.5 1 -1 05 0 0.5 1
BDT2j1t BDT2j2t
CDF Run Il Preliminary, L=2.2 fb”
-%_ T T T T
2]
C
@
a)
P
8 Cgingio 1op = 1-9703 Pb I exp. Significance: 4.60
- = - gnm
a obs. Significance: 2.80
St
[}
e
w
e
o

2 4 6 8 10
Single Top Cross Section [pb]
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~ Combination of NN, LF, ME

Combine Neural Network, Likelihood Function,
and Matrix Elements analyses discriminants in
each channel as inputs to a neural network

I S-Channel

CDF Run Il Preliminary, L = 2.2 fo" | == rctamal CDF Run Il Preliminary, L = 2.2 fo
2 | Alchannels S 1Vtb| = 0.89 £ 0.14 (exp.) = 0.07 (theory)
:>: ;: o istgs 1Vtb| > 0.66 (95% C.L.)
; = 3
: e 3

0

07 075 08 085 09 095 1

Posterior Probability Density

uonoIpald 0} PaZI[eWIoN

® 0.1 02 0.3 0.4 0.5 0.6 07 0.8 0.9 0 02 04 , 0.
Neural Network Output [V el

Combination: exp. Significance: 5.10
Osingle-top = 2-2 + 0.7 pb obs. Significance: 3.70

B.L.U.E. cross+6;r71eck
O-single-top = 2'1—0-.6 pb
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—(r Separate s-channel Search

Use double b-tagged events with — s“ftff;il!lp“"i"“"“"I Lit=1.9 1"
- 2 secondary vertices :
- 1 sec. vertex and a “loose” b-tag
(jet probability tagger)

No QCD veto applied since QCD bkg small
Use only W+2jet events, only 1.9 fb-1 of data

diboson
Zjet

B wee

. Weo/'We
Wist

B Non-w

Ry Syst. error

ST I S - S B

Use Likelihood function as multivariate analysis

% 010203040506070809 1
Likelihood Discriminant

Assume SM t-channel (very low)

CDF Run i Preliminary L=19 b CDF Run Il Praliminaryl.Ldr =1.91b"
0.005F h I == W+2 jets SecVix+JetProb . Data
i w e Anns B s—channel
/ -t—charme\
t
0'004 diboson
+0. Zjet
| 02"=0.58 55 [pb] s
0.003_ .chf\.'\n'c
GEMZD.BB [pb] Wiet
B Non-w
0.002 ySyst. error
0.001;
(b 010203040506070809 1

2 3 a4 5 6
Cross Section [pb]
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"~ NN geparate s- and t-channel Search

 Build t- and s-channel templates from the networks of the combined search for a 2
parameter likelihood fit to data

« Add an additional s-channel network in 2 Jets 1 Tag channel to build 2D discriminant
apriori s-channel sensitivity improvement of ~15%

M
N
?'.

t-channel CDF |l Preliminary 2.2 fb” 2" Whbb+Wce CDF |l Preliminary 2.2 fb” Wqq CDF Il Preliminary 2.
14 ; 1 " 1 -Wad "

s-channel NN Output
s-channel NN Output
s-channel NN Output
s-channel NN Output

MC malized to SM predicti
s-channel NN Output

MC normalized to SM prediction

MC normalized to SM prediction

MC normalized to SM prediction

MC normalized to SM prediction

.—él

T T T T T T T T T T T T T T T 1 T T T T
-1 <05 0 0.5 1 -1 <05 0 0.5 1 -1 <05 0 0.5 1 -1 <05 0 0.5 1 -1 <05 0 0.5 1
t-channel NN Output t-channel NN Output t-channel NN Output t-channel NN Output t-channel NN Output

unwind 2D discriminant bin by bin /

4 'S

& W+2Jets 1Tag CDF |l Preliminary 2.2 qu W+2Jets 2Tag CDF Il Preliminary 2.2 qu 0 4Wt3lJets 1Tag CDF Il Preliminary 2.2 qu W+3Jets 2Tag CDF Il Preliminary 2.2 qu
H — t-channel 1 1 b i 1 .
-_9_. = s-channel g =L g g
Qo tt T O 1 k- o O m Q @
o 8 : 8 8 8
— Whb+W, 2 © 0.1 | 2 © 2 ®© g
E 0.2 st % = | '._I: % L % i %
bt 1 —M_istags S = L ._:.. = S = € - =
ul:, ] — Diboson ° E | 0 B e E e E 2
@t 3, =a 3 F] 3 3
0.1 & ™ 0.05}| = 8 : [ 8 8
o o . o o
| E | E i E E
i: g g g g g
()] =2 : I 5 i _- n - ot L L L = 0 L L Laa
10 2 3 40 -1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
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me s- and t-channel Search

CDF Il Preliminary 2.2 fb™
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0.511.52253354455
t-channel cross section [pb]

Ot—channel = 0.870% (stat. + syst.) pb

Oe—channel = 1.6tH;§ (stat. 4 syst.) pb
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