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|Ihe Top Quark
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the background
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Single Top Production

aller Cross Section

uire Isolated High pre,
* W—jj - Dijet decay
backgrounds too large

* W1t included only when it
decays to a isolated lepton

‘Signature: Lepton, Missing Eqjels .-

t-channel

0.88 £0.11 pb
s-channel

G. Watts (UW)



ingle Top Final State

i J = lepton
) — b from t
epton, neutrino, and two b- s
) —hy

1 2 3

uark jets

The b-bar tends to be very close

to the beam pipe
Lepton, neutrino, and one b-
quark jets (second only if you are
lucky!)

G. Watts (UW)



Single Top Physics

* Decay Width
e Lifetime

(t—>Wb) ~ 1 assuming the SM * Spin .
rge * BR not assuming the SM

* Direct measurement of V,,

Cross Section for Pair Production

Standard Model

o Top-Flavor
: (my =1 TeV)
Z-1-¢c FCNC

. . (87, = &7)

» Cross Sections for s and t are 4th Family

. 1 , (v, =05)
sensitive to different types of new . H'

(M =250 GeV

physics
* t-channel is sensitive to FCNC
* s-channel is sensitive to new

resonances --

It is important to measure the
rates independently

. Watts (UW)



Where Is It?

Lepton, missing Er, and jets

+Jets - ¢ = 1000 pb
= gely;
) multi-jet background /jet mistaken ID

Basic Selection Cuts

b-jet tagging

Multi-variate techniques and sensitive
variables

G. Watts (UW)



The Data

Run Il Integrated Luminosity 19 gt 00217 Dictoler 2000

24
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e Analysis

etector Effects

Signal

Background 4
F

e i et e
[X] X [F3 0.3 [X] 0E 08 0

.7 0B 08 1
f Likslinood nier

00
180
1&0
140
12
100
a1
L
40
m
I'I°

G. Watts (UW)



e

asic Selection Cuts

 High p Leptons allowed

" Missing E; > 15 GeV
Between 2 and 4 Jets Upper bound eliminates tt

Er; >25GeV, [n|<25
E;>15GeV, |n|<3.4

G. Watts (UW)



eaning Up The Data
— We have cuts to clean up particularly

pathological backgrounds like badly
’ 4
/),

mismeasured muons or noise in the calorimeter.
o

Misidentified-Electron Data

Back Jets
muon is

The one w
mismeasured

dphi(electron,MET)

bQ

<<

4 V o Pv{fii’i'l&$§§¢

M jet 2

40 50 60
MET (GeV)

-

Our Simulation At 1 "E:

does not %

reproduce this All objects (jets, e, p) can be 2

effect so we at the source of this effect o
remove it

40 50 60
MET (GeV)

G. Watts (UW) 10



b-Jet Identification

f li Rkt be D@ has a number of
T . tagging algorithms:

 SVT
Based on S=IP/o;p of the tracks in a jet * JLIP
- CSIN
multi-jet DATA P, becomes a « NN %
: probability density
Tracks Likel function which is
Y combined to g"e
From Heavy \ § b 3<EE5Cev
determine an 207 et
Flavor : 2
actual jet $o. L
probability .
Response can be 3f %This
changed . Analysis

depending on cut
on P

0.005 0.01 0.015 0.02 0.025
light-jet efficiency

G. Watts (UW)



o and additional LOOSE Tag Sample

make sure the samples are orthogonal!

G. Watts (UW)
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l. Nucl.Instrum.Meth. A534 (2004) 250-259
et al., CMSNote 2000/ 065.

Monte Carlo Samples

T — -~
Getting the NLO

t-channel shape

CompHEP-SingleTop + Pythia

#, Wjj, Wbb - ALPGEN + Pythia

1o da/dPyib), [phiGeV]

No Jet Matching (for this analysis!)!

Relative Wbb and Wijj cross
section is set with the :
MCFM NLO generator. n— P0G

MC/Data Differences

Other than b-tagging similar selection cuts are all

applied

Event weights applied to account for differences
in vertex finding, jet reconstruction efficiency,
etc.

50 60

dai/dy,, [pb]

G. Watts (UW)
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more efficient

eight the event. Either: m‘
r on MC and apply Data/

r on a jet-by-jet basis.

large statistics to model light

ags

1e event through every

onfiguration

reight based on probability of

that configuration.

Same Event appears multiple times in
sample with different tagging configuration
and event weight.

G. Watts (UW)

Apply Tagging To MC

Tagged
i
5
Not 2@ Tagged
Tagged 56

Tagged
%
'4

Not
Tagged

15



“0Sst-1agging Agreement

—e— Data

100 Combined B Qcd
W+
o W+bb

s&t Signal 11.10
Wijj 114.04
tt—ol+jets 47.11
Whbb 27.00
Mis-ID’s leptons 22.60
17.56

[ WW->vjj

 WZ->lvjj

B £->Ivbivb

B ->Ivbjib

— s-channel (x10)
t-channel (x10)

Events / 8.33 GeV/c?

Diboson,tt— dileptons

o SPUIN PY, AP
150 200 250
W tranverse mass (GeV/c?)

—e— Data
I Qcd .
i Combined
[ W+bb

[ WW->Ivjj

I WZ-=vij

B tt->1vbivb

B 5> vbjjb +
—— s-channel (x10)
t-channel (x10)

60

Events / 0.27

50

40

Data

30

Total Background

20

This is the data sample used as
input to the likelihood analysis.

1 2 3 4
Lepton charge x Mhon betagged jet




Event Yields

Single Tag ~ Double Tag Double Tag
{ s&t Channel 10.22 2.61 9.22 2.45

tt 51.67 25.83% 47.75 25.84%

Wbb 2415 8.06 14.67 5.38

Wijj 111.55 * 4.87 74.70% 3.42

WW 2.28 0.03 2.40 0.03
WZ 1.99 0.74 1.82 0.72
Multijet 21.79 1.41 17.92 2.67

Single Tag

G. Watts (UW



Systematic Errors

Luminosity Measurement 6.5%
Theoretical Cross section 2%-18%
Jet and Lepton MC/Data Reconstruction Efficiencies 2%-5%
Jet Fragmentation (PYTHIA /HERWIG & FSR/ISR) 5%-7%

These sources of error could change the shapes of our distributions. We re-run
the analysis with each error source at +1c.

b-jet Identification 6%-8 %
Jet Identification/Reconstruction 49%-5%
Jet Energy Scale 49%-5%

Jet Energy Resolution 2%-3%
G. Watts




Sensitive Variables

D@ Run Il Preliminary, 23(}pl:)'1

2
c
3
o
A
=
2
>

Look for variables that show differences
between various signals and backgrounds

has some separating power

I
00 50 100 150 200 250 300 350 400 450 50
_ InvariantMass_AllJets
* pp of the 1%, 29, and 379 leading jets
» Scalar sum of the ME; and E; of lepton
* Invariant mass of all jets, W My, My 1,05eq
« Minimum angular separation between jets

* Cos of 2" Jeading jet and lepton in top
frame

* Sphericity of event
* Centrality of event

. — Ch f lepton, n of unt d jet
Qxn arge of lepton, n o ung e (bew)

. Watts

Events / 0.11

0 0.5 1
cos(2nd jet, lepton) in top rest frame



Likelihood

butions rather than a straight cut
d from Background and Signal model
al network or decision tree)

— . :
( ,l—’) _ 7D&}‘ignal (33 f es

T~ N o~ e
signal (3-’ ) + Pba-CkngUnd (7 )

_

G. Watts (UW)
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Determining P

signal

Nvariables

7Dsig1'1zzaul(a_7}) — H Psignal(aji)

-
o
o

oo
o

Events / 8.33 GeV/c?

Psignal = Nsignal/ (Nsignal + Nbackground)

Nbackground

PN Y APV
0 20 100 150 200 250
W tranverse mass (GeV/c?)

G. Watts (UW



Signal Efficiency

1

e
)

o
=)

Wijj - 65% of total background
- 32% of total background

tt-Likelihood, s-channel

Multiple Likelthoods

We construct one likelihood for
each of these sets of backgrounds

-

We Don’t Actually Cut On the Likelihood!

(Wijets-Likelihood, s-channel

1

Signal Efficiency

-o- tt-dilepton | —o tt-dilepton
e tgb “I —o-tab
_+ Qcd ——Qcd

Electrons . wi / Electrons —wz

0.4 0.6 0.8 1 ’ : 0.4 0.6 0.8 B
Bckg Efficiency Bckg Efficiency

G. Watts (UW)
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Likelihood Result

—e— Data

I Qcd

W+

[ W+bb

o WW->Ivijj

I WZ->Wjj

I ->lvbivb

 ->vbjjb
s-channel (x10)

— t-channel (x10)

—e— Data

I Qcd

W

[ W+bb

[ WW->lvij

. WZ->hij

I {->ivbivb

B E->Ivbijjb
s-channel (x10)
t-channel (x10)

t-channel, single tag

t-channel, single tag

0.7 0.8 0.9
tf Likelihood filter

06 07 08 09 1
Wh+jets Likelihood filter

The output of each likelihood

is plotted on a 2D plot.

* This plot, binned, is input to
the Bayes Limit Calculation

B
[
=
=
=
c
c
©
=
(%]
:
(]
&
2
A
S

tf/ s-channel filter

G. Watts (UW) 24



ity (pb

Limits

Using Bayesian approach in a binned likelihood fit
Include bin-by-bin systematics

wenn @lectron

o)
......... > ' "'-_"‘:_ t_Channel s TILON

s-channel
Expected Limit: 3.4 pb Expected Limit: 4.4 pb

terior Prob. Densi
o o
NP ow
(3, ] [#+] (5]

Observed Lirpit: 5.0 pb

........
......

G. Watts (UW)
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Future Prospects

Run Il Integrated Luminosity

We have close to 1 fb-! being
analyzed as we speak.

gging performance
roved analysis techniques

g w==-|p-

* Data since summer includes
new Layer 0 of the Silicon : - L I.I
detector - N o on

* Another improvement to

b-tagging

A SM Single Top Can’t Survive Long...

G. Watts (UW)
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