Observation of Single Top Quark Production
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Why Studying Top Quarks ?

( &)
-
¥ RESULTS % :
‘ pr— By far the heaviest know
|1 r G 70, 10¢ elementary particle.
2- = BOSON A}, 20¢
3-W P0sON: &G Lcc
- oo e oo | Tight connection to the
TAY LEPRN - |, 795 .
" i Higgs-Boson and Electroweak
*o | Symmetry Breaking

It decays before it hadronizes.

It 1s still a teenager,
/ﬁ@ discovered 1in 1995, and still

not many have been seen!
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Top Quark Production

.

Production via the

. . g Total inelastic I
strong 1nteraction S |52
[}
q t g N mb
% 10 bb 1-10’
. 0, =6.70.8pb | 3 16° | ub
Z ; 168 w 6,000
B = 600
Produktion via the 10 "
. c 2
weak Interaction 1612 ﬂ)\ =
- .14
u t-channel S s-schannel ed 1° Higgs (ZH + WH)
- fb
10-16
100 120 140 160 130 200
W' W Higgs mass (GeV)/c?
b t q b

c,=2.0+0.3 pb o, =0.9+0.1pb

B.W. Harris et al. Phys. Rev. D 66, 054024 (2002), Z. Sullivan, Phys. Rev. D 70, 114012 (2004)
compatible results: Campbell/Ellis/Tramontano, Phys. Rev. D 70, 094012 (2004)
N. Kidonakis, Phys.Rev. D 74, 114012 (2006)
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Why measure single top ?

* Test of standard model predictions Y

* Does this process exist?

*Cross section « |V, |2

 Test of the unitarity of the CKM Matrix
» Hints for existance of a 4t generation
* A vector t’ 1s also possible?
J. Alwall et. al., “Is |V, |~1?”, Eur. Phys. J. C49 791-801 (2007).

* Test of the b-quark structure function: DGLAP evolution
» Preparation of Higgs seraches
* same signature — same tools can be used
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Why measure single top?

Reason #4 : More work for theorists

® Extraction of Vw/anomalous coupling very sensitive to theory input.
® Not so much of an issue now, but something for the precision future.
® Top mass important, e.g. |0% change in cross-section for 70— 175 GeV.

®  Other uncertainties: (beware the bottom quark!), , Ols, Mp.

™ e.g down by ~10% from 2004 to now

Calculation Reference Cross- section uncert

s- NLO ?ﬁi’éﬂﬁﬁﬁﬁ CTEQ6.6M 042 (+0.4,-0.4)
5- resNLO* mmggﬂi MRST2004NNLO 052 (+0.03,-0.03)
t-2-+3 NLO arx:fngggl.-ﬁuna CTEQ6.6M 093 (+0.16,-0.18)
t- 22 NLO ;ﬂ'ggl‘)‘g““;“'l"lzz?l CTEQ6.6M 0.99 (+0.12,-0.10)
t- 2—2 resNLO" mmgﬁ MRST2004NNLO 112 (+0.06, -0.06)

Stolen from Fabio Maltoni
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Tevatron
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Day

Proton-Antiproton collisions with a
rate of 1.7 MHz
Center-of-mass energy: /$=1.96TeV

Record Luminosity: £ = 3.53 -10%2 cm2s!
World Record for hadron colliders!
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The experiments

For single top analyses:
The whole detector has to be used!

m Silicon tracking mHadronic
detectors calorimeter
m Central drift mMuon scintillator : }
chambers (COT) counters 1 I M
mMuon drift J A
m EM calorimeter chambers -
mSteel shielding




*High pplepton + MET + jets Selection: 4
*Exact 1 lepton (electron / muon)

*Missing transverse energy

*2 - 4 jets

*At least one 1dentified b jet

*Veto against cosmic muons / Z bosons g
*Cuts to reduce QCD background

‘MET + jets Selection: €B

*Missing transverse energy

*Veto against leptons

*2 or 3 jets

*Cut on NN output to suppress QCD

CDF Run Il Preliminary, 2.1 b
00—

Events/0.10
Ty
.

600[—
E tjot
500 — Boiboson

mf_ B
F .

MC normalized to SM prediction

Both experiments have
increased their acceptance !
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Why 1s 1t such difficult?

CDF Run Il Preliminary, L=3.2 fb R
w 4500 T T T A
| [ M icnanel | |
">’ 4000 _ %wmgm i
W4+ch

o 3500 0 ¢ B wibotiom |
£ 3000 |- m | L
Q B rﬁ Diboson ‘?;’
3 o B - Egys Uncert

2000 + CDF Data

1500 I

1000

500

0 W+1j2 W+2jets W+3jets W+djets

Single top signal is hidden behind a huge background
“» — precise estimation of the background rates
— good model for the backgrounds
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Background composition

CDF Run Il Preliminary, L=3.2 fb

[/} ] 4500 T T T
= [ B tchannel
g 4000 - %Wﬂigm |
Wicharm
g 3500 __ $ B w+bottom |
£ 3000 - B Zovets
Q § Il Diboson
°© 2500 Mt n
7)) "] Sys Uncert
2000 * CDF Data
1500
1000
500
0 W+ljet W+2jets W+3jets Wadjets
q I
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Most sensitiv channel:
Events with 2 Jets and
one W boson
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Background compostion

4500 i
4000 +
3500 %

CDF Run Il Preliminary, L=3.2 fb
I
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500

Selected Events

W+ljet  W+2jets
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Background composition

Selected Events
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CDF Run Il Preliminary, L=3.2 fb
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Background composition

CDF Run Il Preliminary, L=3.2 fb

@ 4500 1 T |- S—
§ 4000 B tokemal Most sensitiv channel:
W 3500 - EE"%‘;’ . Events with 2 Jets and
on-
£ 3000 |- B ZeJets one W boson
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< 2500 - -
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_______________
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Background composition

CDF Run Il Preliminary, L=3.2 fb
I

«» 4500 !
= — i
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Non-W
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Background composition

CDF Run Il Preliminary, L=3.2 fb
[/} ] 4500 T T
-E L Il s-channel e
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k|0 EE"%‘?“ - Events with 2 Jets and
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Background composition

CDF Run Il Preliminary, L=3.2 fb

@ 4500 [ 1 T [ ——
§ 4000 | B tokemal Most sensitiv channel:
W 3500 - EE"%‘;’ - Events with 2 Jets and
on-
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Theoretically simple processes

Top pair production

Electroweak processes
(WW /| WZ | 77, Z—Dbb)

Rate:
Theoretical cross section,
Efficiencies from Monte Carlo events

N=c-¢ - L

Model:
Pythia Monte Carlo
Alpgen+Pythia (I3 for top pair production)

The only backgrounds which can be
completely described by Monte Carlo
simulations.

- ATTHE
Physics Seminar DESY 16.06.2009 Dominic Hirschbiihl Bergische Universitat Wuppertal 3
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QCD Multijet / Instrumental background

Rate:
Fit to the distribution of missing transverse
energy

Model:

sJetele” : jet trigger data,

electromagnetic jet — electron
S2AntiEle“: lepton trigger data
X EM objects, which doesn’t pass
& all ID cuts

Differenz CEM JETZ2 Ntag==1: fQCD=6.1%

T
=
Q

T

=

-
Al 1
i

o
A
I
nt g —
W. =
0 =y
r
¥
1
1

150k

-
T
@
T

100F

T

-

-~
T

0 a0 100
Mizsing Tranzverse Energy [GeV]

Significance of Missing E

Significance of Missing E
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W + light flavor jets / Mistags

Rate:
Whh Mistag matrix, . |
taken from jet trigger data
Mistags can’t be simulated with MC

W Model:
o Alpgen + Pythia Monte Carlo without btag
@\

@%9 btag — thrown according to mistag matrix

K
i /.'II h . "
N Tagging of real b jet:
7 £ Disce Y . —— ) Spt:'trmus tagg{ng
147 "R\ \Y ong lifetime g of light flavor jet:
T @iSefpday  large boost = v
N\ fecondar}? vertex mistag”
L:If b G : ‘::ﬁlj"i'.ilﬂﬂl'_‘-' s Secondary
'Hu\\ e vertex
o tracks : | o\
\1
u
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W + heavy flavor jets

5, 2
“%9
$

Physics Seminar DESY 16.06.2009

Rate:

~ Normalizing on ,,pretag data“

42 — LO-NLO - factor

” Determiniation of the heavy flavor fractions
in W+1jet events — heavy flavor K-factor

Normalizing to theory (MCFM-NLO)

Model:
Alpgen + Pythia Monte Carlo

B non-W 1.00 0.09
[ Mistags 1.00+ 0
el We 135+ 0.12

N WQQ 145+  0.09
—e— ¥}NDF = 094

250

200

150

100

50

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8
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Signal Model

q 9 Rate (for a-priori sensitivity):
q Theoretical cross section,
Efficiencies from Monte Carlo events

S t N=c-tc- £

b Model:
Mni\ MadEvent + Pythia @
g l_) CompHEP + Pythia | “
2—2 and 2 —3 — both methods try to reproduce
processes have to be matched the NLO kinematics
. P P
% 100.3— —2.>D  Entries 916043 E 100;_ —Matched Entriesttssss
Ratio (221253 = 20569 .
” T :>
40 => Fraction = 0.167 40
20 20
% 5 10 15 20 25 30 35 40 45 50 05164152 125 50 35 40 45 50

p® [GeV] p2"® [GeV]
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Summary of different char

D@ Single Top 2.3 fb™' Signals and Backgrounds
2 jets 3 jets 4 jets

D

@121 @ 134

¢ 1:15 ® 1:34




Expected number of events

Single Top Observation — Event Yields

DD

tb + tqb signal *1.*2 223 + 30 191 £ 28 64 + 10
WH+jets 2,647 + 241 2,204 + 542 304 + 116 *4
Z+jets, dibosons 340 + 61 171 £ 15 171 £ 54
tt pairs *1.*2, *3 1,142 + 168 686 + 99 185 + 30
Multijets 300 £ 52 125 £ 50 679 + 28 *°
Total prediction 4,652 + 352 3,377 £ 505 1,403
Data 4,519 3,315 1,411

*I D@'s tb+tgb signal and tf background use my,, = 170 GeV (and signal oy o)
*2 CDF's tb+tgb signal and tf background use My, = 175 GeV (and signal oy, )

*3 D@'s analysis includes 4-jet events, so the tf yield is higher
*4  CDF'’s #.+jets channel W+jets yield does not include Wjj where j = light jet
*5 CDF’s f,+jets channel Multijets yield includes Wjj events

Physics Seminar DESY 16.06.2009

Dominic Hirschbithl

Bergische Universitat Wuppertal 7.
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CDF Run Il Preliminary, L=3.2 fb™

Il s-channel
[ t-channel
] walight
] W+charm
Il W4+bottom
] Non-W
I Z+Jets
Il Diboson
B
[] Sys Uncert
* CDF Data

Selected Events

W+ijet W+2jets Wi3jets W+Hdje




Shape Fit

—ﬂk
: /U
L(signalbkgl . bkgd) = H HG(bkg] LA )
k=1 nk : j=1
Use shape flt to gain Sensitivity c '_I'LC ?Jets 1Tag CDF Il Preliminary 3.2 fo”
also for the background 2 0.1—_:}'"?‘9 P
calibration 8§  [webwe SlL
L | —wag 1 £
. . . c — Diboson _._|'I_I'I— 5
Parts of distribution can have E, :,:ets E =
much better purity w 0.05 3
£
Which variable is the best one? I g
q q’ 0
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Discriminating variables

TLC 2Jets 1Tag CDF Il Preliminary 3.2 fb”

TLC 2Jets 1Tag CDF Il Preliminary 3.2 fb”

c c
s [ - S 0.08
Q - T (8] ©
C 0.2+ = ® o
o By = 0.06
==y SE : ;
s 9 0.04 9
oo =i — 8 A 3
— £ s £
= 5 0.02 5
— — [
foo 150 200 250 5 0 o5
M (lvb) [GeV/c’] coso (lep,l-jet),,, .
TLC 2Jets 1Tag CDF Il Preliminary 3.2 fb”
5 — single top Flavor separator:
e i tt . o
S 0.9l WbB+WcE s All events contain a b-tagged jet
- . — We © .
- — W = Only 50% contain a real btag
c = Diboson =S 5
g Z+jets e — Neural network using:
w i QCD
0.1 L,,, vertex mass, track
: multiplicity, impact parameter,
= semi-leptonic decay information,
Q1 — 05 "0 05 1 etc ....
KIT Flavor Sep. Output
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Discriminating variables

TLC 2Jets 1Tag CDF Il Preliminary 3.2 fb” TLC 2Jets 1Tag CDF Il Preliminary 3.2 fb”
a - M single top a2 [ M single top
c [ Dtt c [ Ot
2 400} I Wbb+Wce| Q@ 200[mwbb+wce ©
w [ mWc ® w [ [ Wc ©
o I Il Wqq o @ - B Wqq T + o
46 300 - [ Diboson ; 46 150 | [ Diboson ;
S i O Z+jets @ el [ [ Z+jets @
2 o Jad |2 = :

" « data - e data
£ 200: — g = 100} g
Q [ c Q [ c

100} 2 50} =
ok
200 250 -2 0 2
M (Ivb) [GeV/c] Q (lep) * n (I-jet)

TLC 2Jets 1Tag CDF Il Preliminary 3.2 fb” i .

2 | M single top No single variable powerful enough.
tt
4 ! [ Wbb+Wce o
w - mwe_ 5 : :
@ 200 BT p Each variable contains useful
3 [ D Z+jets 3 infi t]
=a D QCD E 1n OI'ma 10n.
: :
S : A .
o Need to combine information from
many variables.
KIT Flavor Sep. Output — Multivariate Analyses
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[ Signal Model ]

Search strategy

Background Model

v

> Event Selection

v

Check of input variables

\

v

[ Measured Events ]

fMatrixEIements )

Mulitvariate Analyses ~

- background  signal

Boosted Decision Trees\

@,m

CLp({z:}) =

L|keI|hood Discriminate B

n
[LZY pik
Z%_l H?i 9 Pim

=4

Blind analysis !

Physics Seminar DESY 16.06.2009
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[ Signal Model ]

Search strategy

Background Model

v

> Event Selection

v

Check of input variables

\

v

[ Measured Events ]

fMatrixEIements )

Mulitvariate Analyses

- background  signal

Boosted Decision Trees\

@,m

o

L|keI|hood Discriminate

129 P
-
Zm:l Hcf]_ p’im

~

=4

U/
Extraction of :>
cross section

Wy

Physics Seminar DESY 16.06.2009

Posterior Probability Density

o

2 4 6 8 10
Single Top Cross Section [pb]
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Check of input variables

TLC 2Jets 0Tag CDF Il Preliminary 3.2 fb'

Candidate Events

M single top
e
Owbb+Wct
BEWc
EWWwqq
B Diboson
[ Z+jets
mQco

«» data

200
M (lvb) [GeV/c?]

TLC 2Jets 0Tag CDF Il Preliminary 3.2 fb'

[
(=
Qo
<
|'|-|

N
(=]
Qo
(=]

Candidate Events

-
o
(=3
o

0.5

0

0.5
cosO (lepy, ¢, Iv)

1

MC normalized to data

250

MC normalized to data

Candidate Events

Candidate Events

TLC 2Jets 0Tag CDF Il Preliminary 3.2 fb"

2
Q (lep) ¢ n (I-jet)

TLC 2Jets 0Tag CDF Il Preliminary 3.2 fb”

N w
(= (=
S S
(=] (=]

- M single top
Ot

[ D Whbb+Wect
| We

-l Waq

- I Diboson

[ [ Z+jets

L QcCD

-« data

MC normalized to data

MC normalized to data

Candidate Events

8000}

Candidate Events
3
Q
(=)

TLC 2Jets 0Tag CDF Il Preliminary 3.2 fb”

1 205 0 05 1
cosb(lep,l-jet), , .

TLC 2Jets 0Tag CDF Il Preliminary 3.2 fb”
- M single top
Ottt

I Wbb+Wcc
B Wc

Il Wqg

[ Diboson
[ Z+jets
macop

« data

Physics Seminar DESY 16.06.2009
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Overview about Multivariate Analyses

High pp lepton + MET + jets:
single & double tagged
W+2jet & W+3jet
2 lepton categories

MET + jets:

W+2 jet & W+3jet

Vs

Neural Networks

\.

Ve

Matrix Elements

([ Bosted Decision il
! Trees

([ Likelihood

§ Function

([ METH+jets ]
| Neural Networks

High pp lepton + MET + jets:
single & double tagged
W+2jet & W+3jet & W+4jets
2 lepton categories
2 data taking periods

Vs

Bayesian
| Neural Networks

Matrix Elements BNN J

\

( Bosted Decision

! Trees

Physics Seminar DESY 16.06.2009 Dominic Hirschbiihl
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Matrix Element Method

[ Idea: Compute an event probability P for signal and background hypothese }

Integration over part of the Parton distribution
phase space @, functions (CTEQ6)

(plﬂﬂ ]l’pjh)__'l‘dpjldpjbdpv Z¢4 ‘M(pﬂ)| —| (E]et9 part

comb

jet-vectors matrix elements measuripg a jet
energy E; if E was

\_ produced

J
NN @

\

\

- — ~
{ Input: lepton and } { Leading order J Probability of

missing Er

<

charged lepton
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Matrix Element Method

Calculation of the discriminate: Sgarreimmmese’

= +  CDF Il data W 2jets
™ S —— Fit Sum (with stat. error)
P ) I « ‘."3100 W + beauty
- B W + charm
— S el — S W + light
\ T~ dh}
P &€ +P, € 2
. & 50

signal © " " bkg © _ == :
w

K=]

—|5$ignal ‘Z:
\ b- Psignal «:"’b' Pb—bkg ((:+ (- b\P nonb—bkg « j

W+Jets Cross-Check Sample CDF Run Il Preliminary, L=3.2 fo!  [B"
- - 8000 F ' ' ' I [Jw-tight
E’ -1 | |:|W+t:harrn
: DG 2.3 fb Datn 4 o B
£ 400 th+tqb M £6000 =N
2 Hr<175GeV  Wbb H o |
L B 1 b'tag WCE - Lu | .lenson
. . 1] =
. 2 jets Wijj + Wc 54000 g
L Non-W 9 i B
200 I Multijets B g 1%
i 2000 ¢
i ::D’
L | 9= 7 : 0 B
% 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
_ KS: 3.1% .
Matrix Elements Output Chi2/DoF: 45.5/40: 24.0% EPD-2j1t untagged
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Boosted Decision Trees

[ Idea: Advance application of a cut based analysis using a boost algorithm }

. . & . * Large number of input variables

w * Cuts produces branches
/. ‘ * Terminal leaf calculate:
purity = N¢/Ng + Ny
@ @ « Each data event is assigned the
' purity value of the leaf it falls into
*Boosting: Create series of many trees

by reweighting based on value of
misclassification

Pretagged Cross-Check Sample CDF Run Il Preliminary, L=3 216’ |83
- i i ! [T wlight
© D@ 2.3 fb” Data 4 4000 | E
> 15000 wbb B " oW
e H Wee t |
°>’ all channels Wjj+ Wcj g‘.‘SOOU
40000 | Z+jets e
] Dibosons o) £
i t 82000 4z
. Multijets Wl © ¥
5000~ = % © @
s, O1o00 {&
e, =
M“
Oo_h—-'— ! cl o T%teg, 0 g
0.2 0.4_ _ 06 038 1 -1 05 0 05 1
Boosted Decision Trees Output BDT2j1t

% ==%2
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Neural Networks

Idea: Combine many variables including correlations in one discriminate }

Event Fraction

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

normalized to unit area

=200 250
M, . [GeVic’]

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

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

5 01" single top 5 — single top
= Y= = tt
g wbbswee ] b g 0.2- Whbb+Wce ]
- | — Wc I & | = . — We H]
L — Mistags ] b % L = Mistags %
'E [ r-—"'—"" 3 'E — Diboson 3
(] 219 Z+jets 2
& 0.05 3 I ] b=
w v. .g 1T} 0.1 QcD .g
£ £
) )
i = i =
e e PRI ISR RS R
-1 -0.5 0 0.5 1
| KIT flavor sep. output ee0e0
Hidden
Nodes W+2Jets 1Tag  CDF Il Preliminary 2.2 fb'1
g 0.15}- — single top
= tt
g Whbb+WcE ]
s —We S
— Mistags =
‘E 01 — Diboson g
o Z+jets 2
> w QcDb E
0.05 3
=
)
c
-1 -0.5 0 0.5
NN Output




Bayesian Neural Networks

ALK,

0.8

0 ATIETETI RTTA AT ARATIATUTA AT

0 02 04 06
Bayesian neural netw

Train several
networks with
different parameters

0

0.1-

0-IlllllIkl!llII]HH'HI]IIHIIIHllllllllll

Average of
100 networks

0.2

04

0.6

Bayesian neural network output

0.8 1

Event Yield

/ :’ r.
). v,
ST

Pretagged Cross-Check Sample

Data e

Wbb R

Wee

Wjj+Wcj
Ztjets
Dibosons

tt |

Multijets IR

DG 2.3 fb™

all channels

8000

6000

4000

2000

0

0 02 04 06 038 1
Bayesian Neural Networks Output




Multivariate Likelithood Methode

CDF Run Il Preliminary, L=32 fb™!

>

8 ® Data H Wwbb W+LF

s [ M s-channel W ttbar | NonW

N 250 |- t-channel Wc+Wcec [ Z+jets,Diboson |
i

7 L

= L

@ 200

= L

17|

« Combines several sensitive variables

Iinto a single variale
*Pioneered at LEP

150 |

100 |

ybnolpald o} pajpas ojden ajuopy

—> N N 519

50 |

100 150 200 250 300 350 400 450 500 550
Ht (GeV)

CDF Run Il Preliminary, L=3.2f5"

w N_bkg I N_S|g 4 N_bkg
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Combination

Iputs

Idea: Building a super-discriminate using the individual discriminates as

* Using NEAT neural network

(“Neuro-Evolution of Augmenting Topologies”)
K.O. Stanley and R.Miikulainen,
Evolutionary Computation 10 (2) 99-127(2002)

» candidate networks compete
against each other
*Automatically optimizes
'network topology, weights
coutput histogram binning
*includes systematic errors
In optimization procedure

Inputs:
*Matrix elements
*Boosted decision tree

*Neural network
e[.ikelihood

Physics Seminar DESY 16.06.2009 Dominic Hirschbuhl _

Initial Configuration: After evolution:

4 [ESChanrer |
CDF Run Il Preliminary, L = 3.2 fb -Ig)h‘f;::s'm
2 ti (Non-Dilept
c All channels ng%n ilepton)
2 104 WH+cE
T Mistags
|

uo2Ipald O} PSZI|EWION

0 0102 03 04 05 06 07 08 09 1
Neural Network Output



Combination

Inputs
0 0 -1
« Using a simple BNN — 10, DG 2.3 fb
@ Ié 9FE 74% correlation
.J»—., E
S 8F .
g7 '
= @
2Ny w6
= oy
: = g,
'IIlpU.tS. .N: 3 X
.MatriX e].ements 2" Pseudo-datasets
o« e 1 :_. - with backgn_)und
*Boosted decision tree 1ok i
'B . N 1 k 012 3 45 6 7 8 910
ayeslan INeura networ BDT tb+tgb Xsection [pb]
W+Jets Cross-Check Sample tt-Pairs Cross-Check Sample
T T 80[
] -1 Data ¢ - -
o D@ 2.3 fb th+tgh W f DG 2.3fb Data ¢
T N Wbb 1 - [ th+tqgb W
g 200 i L?tig v Wecm S 80 Hr>300GeV  Non-t
w 2jets Wij+Wc m & 1,2 b-tags ti—¢ M
Non-W 40 4 jets tt—/{+jets
Multijets Il Multijets Il
100 i
20_
0 0

0 0.2 0.4 0.6 0.8 1
Combination Output

0 0.2 0.4 0.6 0.8 1
Combination Output
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Systematic uncertainties

Even after a good agreement between simulation and
observation one has to carefully asses systematics.

%) D@ 2.3 fb”
2 o
& - Single-tagged
2T ,
§5 0 s oo
rate & shape 28 o
. . om ,
uncertainties g 2 T
&= 0 i
25 50
80 0.102 0304 0506 0.7 0.8 0.8 1
Combination Output
c W+2Jets 1Tag  CDF Il Preliminary 2.7 fb™'
0 0 1L —— slingle top @
. et . Q
Consider sources that affect 8 | US| &
rate, discriminant shape, or both. > S5
o @ 0.05 & |3
MC statistics treated as a source of T s
systematic uncertainty in each bin s g
" Ou....l....l....l.
independently 0.5F
O e —C
0.5F
1 05 0 05 1

NN Output
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Systematic uncertainties

Physics Seminar DESY 16.06.2009

Dominic Hirschbl'ihl»ff;?f?

Systematic Uncertainty Rate Shape
Systematic Uncertainties Jet Energy Scale 0..10% v
Ranki?] fg?:;|l(;a-|tg;sé:gs,ssnsliléﬁis;nEﬁed Initial + Final State Radiation | 0...15% v
DG 2.3 b Parton Distribution Functions | 2...3% v
Larger terms Monte Carlo Generator 1...5%
b"[’(ifcﬁ;?éi fsuhr;c;g];riations) (é.zdlﬁigiofi EIIZSZ;) Event Detection Efficiency 0...9%
Jet energy scale (1.1-13.1)% (signal) Luminosity 6%
(includes shape variations) (0.1-2.1)% (bkgd)
W+jets heavy-flavor correction 13.7% Neural Net B-tagger v
Integrated luminosity 6.1% Mistag Model v
Jet energy resolution 4.0% Q2 scale in ALPGEN MC v
Initial- and final-state radiation (0.6-12.6)%
T 2.0% Input variable mismodeling v
tf pairs theory cross section 12.7% Wbb+Wcc normalization 30%
Lepton identification 2.5% Wio mermelbme S 30%
Wbb/Wec correction ratio 5%
Primary vertex selection 1.4% Mistag normalization 17...29%
ttbar normalization & my,, 23% v

Bergische Universitiat Wuppertal
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Hypothesis testing : p-value

p-value = probability of upward fluctuation of
background to the data or something even more “signal-like”

Signal-Like Outcomes

S
> B

CDF Il Preliminary 3.2 fb™

.
AU

Pseudo-Experiments
- ek ok b
LILIAYLS

ﬂd
e

1

—— with single-top at SM rate
no single-top
ﬁexp: 0.00000011 = 5.2¢

median expected

150

50 0 50 100 150
Test Statistic Q

2100

Physics Seminar DESY 16.06.2009

Background-Like Outcomes

Dominic Hirschbithl

P(data |s+b, &)
P(data | b, &)

0 = nuisance parameters

Q=

Fit for W+jets scale factors.
Fluctuate all nuisance
parameters in pseudo-
experiments

Bergische Universitiat Wuppertal 42

sssss
uuuuuuuuuuuu



Statistical analysis

Bayesian statistical analysis:
P(s|D)=PD|s) * P(s)

@ Posterior gives the measured cross section and uncertainty.

Throwing background only events
) — determination of sensitivity

- 0.5 *
T C | - :
2 - DO 2.3fb @ 107 Bayesian Neural Networks
— 0.4 3 108 62.8M pseudo-datasets (background-only)
- B G Measu red -g 1,427 above theory cross section
et - ] 5
‘w 031 = 3.94:0.88 pb g p-value = 2.3 x 10°°
c C = 4
QO C g 10 Expected significance
e 0.2 n o 10° =4.08 ¢
(o) - i)
= 01 2 102
Q B “ 40
s - [ theory = 3 46 pb
g i | . 1 ‘ | | s c =3.46 p
o 0 2 4 6 8 10 S 0 1 2 3 4 5 6
tb+tgb Cross Section [pb] . tb + tgb Cross Section [pb]
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Results from €5




Expected sensitivity

n n
= £ 3001
g g
L L
200}
100
0 02 04 06 08 1 0 02 04 06 08 1 ° ] 0 05 1
LF Discriminant ME Discriminant NN Discriminant
n n ;
c c . -1
5 5.20 5 CDF Run Il Preliminary, L = 3.2 b
s00l - Single Top

B W+HF
B
QCD+Mistag

- Other

—e— Data

0.8 [+Irj 0.8 o8 1

100F

-1 05 0 05 1 0 02 04 06 08 1
BDT Discriminant LFS Discriminant
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Expected sensitivity

High pp lepton + MET + jets MET + jets

Events

&
=
% 10° 10 >5.90 l.40

150 ¢

+

100 ¢

S0

0 02 0.4 06 0.8 1 -1 -05 0 05 1
Super Discriminant MJ Discriminant

CDF Run Il Preliminary, L = 3.2 b’

- Single Top
Perform combined cross section fit over the two B W+HF

orthogonal analyses -
QCD+Mistag

B other

—— Data

Physics Seminar DESY 16.06.2009 Dominic Hirschbithl ~  Bergische Universitit Wuppertal
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Summary of individual measurements

CDF Preliminary Single Top Summary
For M, = 175 GeVi/c®

S-Channel _|_,_ 09
Likelihood Function + Y.
(3.2 ) 1.5+ gg

Neural Nefwork
(3.217)

Matrix Ele!'nent
(3.217)

LikelihoodfFunction

(3.2f")

Boosted E_gecision Tree
(3.217)

Combination (Lepton+Jets)
(3.2f")

MET+Jets )
(21f")

Combination (All Channels)
(3.2 ) | |

Top mass
M., =175 GeV/c?

top

Theory cross section
c=2.9%20.3pb

-5 0 5
Single Top Production Cross Section (pb)

NLO: Z.Sullivan, Phys.Rev.D70,114012 (2004)

Physics Seminar DESY 16.06.2009

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




Measurement of |V, |

Using cross section result measure |V, |

Assume Standard Model (V-A) coupling Vio.meas|? = [ Vipsm?
and |V | >> [V, |Vl | TSM |
(from BR(t —=Wb) measurements)

CDF Run Il Preliminary, L = 3.2 fo!

27 2
@r
arl V| > 0.71 (95% C.L.)
2 o
-4
[1- 3
n i -
1 b
o
8r
§ -
20
@
ar
- 95%
S E— 5 CDF combined fit:

|V, [>0.71 at 95% C.L.

| Vi, [=0.91 £ 0.11 (stat+syst) £ 0.07 (theory)

Z. Sullivan, phys.Rev. D70 (2004) 114012
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Separate measurement

Measure o, and o, separately

Interesting because s- and t-channels have different sensitivity to
BSM models

Train dedicated s-channel and t-channel discriminants and fit 2D

el e Likelihood function
5 CDF Il Preliminary 3.2 fb"’ Aln(L) & MMML;}J&&"
E g ® da D: 35 e CDF Il Data
-E- 4.5 = — 68.3% C. 30 © =9I — Theory(*15)
o 4 E— -~ 955%C.L. 3 68% C.L
d E 997% C_L_ _| [ 95% C.L.
@ 3.5 3 B SM(NLO) 25 0 5l
= 2.5 20 L]
> LE 15 ! !
2 E 1.50
E 1.5 10 '
¢ 1E i i
- 0.5 ;— S 0.5.
0% 0 oL..... /. i : R 1
0051152253354455 0 0571 15 2 55 3
s-channel cross section [pb] o, pb
o, = 2.0 pb o,= 1.4 pb
o, = 0.7 pb o, = 1.0 pb

%==1p

Physics Seminar DESY 16.06.2009 Dominic Hirschbithl' =~ Bergische Universitit Wuppertal
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Observation @ €3

CDF Run Il Preliminary, L= 3.2 fb"'

%108 § Analysis Significance | Sensitivity
_%10? _ E Std.Dev. (o) | Std.Dev. (0)
8 : NN 3.5 5.2
'£510° E i
L 8 ME 4.3 4.9
Ems LF 2.4 4.0
10° L i LFS 2.0 1.1
- i BDT 3.5 5.2
10° SD 4.8 >5.9
10° ¢ i MJ 2.1 1.4
10 _ i Combined 5.0 >5.9
18 . AN
-300 -200 -100 0 100

Test Statistic [-2In(Q)] Ob ) |
servation !

Expected p-value : xxx x10 -19: > 5.90
Observed p-value: 3.1 x107:  5.00
400 Mio pseudo-experiments! (130,000 CPU hrs)

Physics Seminar DESY 16.06.2009 Dominic Hirschbl'ihl/.{jf;f"" Bergische Universitat Wuppertal
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A golden event
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Results from




Event Yield

500

400

300

200

100

Expected sensitivity

¢ Data
I tb+tgb
Il Wbb
M wce
B Wij+Wej 150
I Z+jets
Wt
Bl (i /+jets 100
Il Multijets

i 4.30

DG 2.3 fb”

0.2
Boosted Decision Trees Output

0.4 0.6 0.8 1

4.1c

100

Event Yield

50

0 0.2 0.4

Matrix Elements Output

500

D@ 2.3 fb”

H,> 175 GeV

Event Yield
B
3
[

0.6 0.8 1 0

0.2
Bayesian Neural Networks Output

Single Top 2.3 fb"

© L
© I Data ¢ Wijets Il
> S th+tqgh I ti
E 600 on backgrouny Y Multijets W
> . :
w N 4:.56 40 SanaI Region

400 N

200
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0.4 0.6

0.8 1

Discriminant Output

Dominic Hirschbiihl
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¢ Data

I tb+tgb
Il wbb

I Wee

W wjj+WwWcj
B Z+jets
U
Wl ti—(+jets
Il Multijets

4

0.4

150

D@ 2.3 fb"

100

0.6

0.8

1

1
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Summary of individual measurements

DG 2.3fb™’ March 2009

|
Decision Trees

I
Bayesian NNs

3.74 1579 pb

—e— 470 )33 pb

: +0.99 Top mass
Matrix Elemelmts 4.30 _1 50 pPb M,,, = 170 GeV/c?
BLUE Combination 4.16 +0.84 pb

Theory cross section
c=3.520.2pb

|
BNN Combination
|

I
mmmm N. Kidonakis, PRD 74,

3.94 +0.88 pb

14012 (2006) my,, = 170 GeV

| 1
0 S 10

o (pp — th+X, tgb+X) [pb]

54
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Observation @ ¥

D@ 2.3fb' Single Top Results
Single Top Significance
Analysis Method Cross Section Expected | Measured
Boosted Decision Trees 3.74 ig:?g pb 430 460
Bayesian Neural Networks 4.70 fg:;g pb 410 540
Matrix Elements 4.30 f?:gg pb 410 490
Combination 3.94+0.88 pb 450 5.00

>0 -1

8 :%-; 107 Dg 23 fb

S 8 106 67.8M pseudodatasets

c -g 5 17 above measured

3 g 10 cross section

o5 1 |
53 10 bvalue = 2.5 x 10 Observation !
> )

0 ¥ 103

© o Observed

E 102 significance

o 10 =5.03¢0

o' gmeas = 3 94 p

z 1 1 J L 1 L 1 | 1 1 1 1 J 1 1 1 1 1 | 1 1 1

o 1 2 3 4 5 6
tb+ tgb Cross Section [pb]

fEp
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Measurement of |V |

Using cross section result measure |V, |
Assume Standard Model (V-A) coupling f;R=f,l=fk=0
and |th| >> |VtS|’ |th|

= =2 (Vo) o (5P + 18] = S (o= o), L7+ 1] |

P r - -
gl |
D D@ 2.3 fb™ s F D@ 2.3 fb™
c 15 c B
[ L o 44—
a | Q
| = | %9
(] 5 L (e} B
= - |thf |=1.07iO.12 = 3l
2 q0- ! g r |Vip| > 0.78
o [ |
o flat prior = 0 8 o
- at 95% CL
N 0 < flat prior < 1
Us
- 95% 68%
0_ | 1 L | | I | |

02 0.4 0.6 0.8 1

o
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Tevatron summary

Single Top Signal Significance
Cross Section Expected Observed

March 2009 D@ (2.3 fb-1) arxiv:0903.0850 (m,, =170 GeV)
V,ft| = 1.07£0.12
V| > 0.78 at95% cL

March 2009 CDF (3.2 fb-1) arxiv:0903.0885 (m,, =175 GeV)
V,ft| = 0.91+£0.13

CKM Matrix Element V,,

3.94 + 0.88 pb 450 500

2.3 732 pb >5.90 500
V,,|>0.71 at95% cL

Physics Seminar DESY 16.06.2009 Dominic Hirschbihl Bergische Universitiat Wuppertal / 57
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After long journey ...

Luminosity (pb'1)

91103
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] | |
| |
| 1
o eseeecesesesosoee +0600000000000000000000000000 rgeevevesessseseseseree

' . - B N B
1%00 2000 3000 4000 5000 6000 7000
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Why 1t 1s such difficult ?

D@ Single Top 2.3 fb™ Signals and Backgrounds

2 jets 3 jets 4 jets

Preta
g th |

tqgb N

tt— 11

tt - Itjets I

wob

weec IR

wej B8

wjij
Z+jets

Dibosons |

Multijets [l

1 b tag




Expected events for 3.2/ 2.1 tb-!

MET + high py lepton + 2 jets 3.2 fb-! MET+ >2 jets 2.1 fb!

(single + double SECVTX tag) (single + double SECVTX tag, SECVTX + JetProb.)
s-channel 58.1 8.4 s-channel 29.6 2.7
t-channel 87.6 13.0 t-channel 34.5 6.1
Single top 145.7 21.4 Single top 64.1 8.8
tt 204.1 29.6 tt 184.5 30.2
Dibosons 88.3 9.1 Diboson 42.1 6.7
Z + jets 36.5 5.6 W+ HF 304.4 115.5
W + bb 656.9 198.0 QCD multijet 679.4 27.9
W + cc 292.2 90.1 ~30% Total background 1339.9 170
W+ ¢ 250.4 77.2 Total prediction 1404 172
W + light flavor 501.3 69.6 Observed 1411
Non-W 89.6 35.8

Total background 2119.3 350.9
Total prediction 2265.0 3754
Observed 2229

Physics Seminar DESY 16.06.2009 Dominic Hirschbiihl Bergische Universitiat Wuppertal
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Event selection for 2.3 fb-1

Event Yields in 2.3 fb-' of D@ Data
Electron + muon, 1 tag + 2 tags combined

Source 2 jets 3 jets 4 jets
s-channel tb 629 24+4 T2
t-channel tqb 77 +£10 39+6 14 +3
W +bb 678 + 104 254 + 39 73 £ 11
W+cc 303 + 48 130 £ 21 4217
W+cj 435 £ 27 1327 24 +2
W+ 413 + 26 140 + 9 41+3
Z+jets 141 £ 33 54 £ 14 1715
Dibosons 89 + 11 3215 912
tt — 0¢ 149 £ 23 105 £ 16 3216
it — /+jets 72+ 13 331 £ 51 452 + 66
Multijets 196 £ 50 73+17 30£6

Total prediction | 2,615+ 192 1,294 = 107 742 £ 80

Data 2,579 1,216 724

Physics Seminar DESY 16.06.2009

Dominic Hirschbiihl

Bergische Universitat Wuppertal
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ngk D

10
L(Bi, ., B5: 01, .., 010) = [ ——t HG 211, 4;) - T[ G(6:,0,1)
i=1

k=1
Poisson term Gauss cc::t.straint.; SySt;’;ﬂtiCS
5 10
=205 {H [1+10i] - (€54 H(0:) + €ji-H (—69)]}
j=1 i=1

Normalization Uncertainty

C Qg {H(1+|5f|'(Hﬁk+H(5f)+ijk—H(—5i)))}
N—— -

=1
Shape Uncertainty
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