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Single Top Quark Production

* Main SM production mechanisms at a hadron collider:

t-channel (“tgb”) s-channel (‘tb”) associated production (“tW”)
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— . _ - - (for m=175 GeV)
Tevatron (Vs=1.96 TeV): ~2.2 pb 1.0 pb 0.25pb L oee7
LHC (Vs=14 TeV): ~235 pb ~11 pb ~95 pb hep-ph/0701080

«  Not discovered yet. It has been the subject of intense search at the Tevatron since Run I.
Here will discuss the experimental status based on ~1 fb! of Run Il data.
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«  Motivation: 55 = $ eprmer
«  Study of the tbW interaction: U CE o rone
- Direct measurement of |V, |: o o« |V, |? '\8;42 . o ey
* Anomalous couplings 6., oo
« Sensitivity to different New Physics: Q L b (M, = 250 GeV]
* s-channel: W', H*, W,,... .5 E N E
 t-channel: FCNC interactions, 4™ family,.. 2 b
*  Top spin physics (~100% polarized top quark) tSE | |
1

- Develop/exercise techniques to extract small signal o Tos 1
In a large background (e.g. Higgs search).




Experimental Signature and Event Selection

. Experimental signature:

« One high p; isolated lepton (e or p) {——
« High missing transverse energy e r/
«  >2jets (>1 b-tag) —
—~ 1
e: pr>20 GeV, |n|<2.0 p>15 GeV, |n|<1.1 § , Total inelastic
e pr>20 GeV, |n|<1.1 p:>18 GeV, [n|<2.0 g 10
Missing E; MET>25 GeV 15<MET<200 GeV 3 10_4' mb )
- bb 7
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«  Experimental signature similar to tt—lepton+jets but 16" ]
lower jet multiplicity. t 2
« Main backgrounds: W+jets and tt. - lﬁlz;m\ =1
& o0 B | f 14
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Backgrounds

D@ Run Il Preliminary  KS=0.171 L=913pb"

* DATA 8219.0
B OcDh 1432 8
= W s light jete 5436 5
[ Wee + |ots 830.7)

BN Whbhb + Jets 357.8
-ti—q +}m 256

= nslhpsots
slgual b (x10) 5.9
— signal; tgb (x10)(316.

1000

Events

Diboson (WW/WZ/ZZ), Z->1t
« Rather small contribution mf_
« CDF: normalized to theoretical prediction '
« D@: included in W+jets estimate via normalization

600

e+2jets (pre-tag)

400

= Top pair production _
« Sizable especially for events with >3 jets. N Signal x 10!!
» Normalized to NNLO theoretical prediction o0 e e
jets faking electrons or muons . DOFun N Prelminary KS-0701  L=913 "
- Estimated using data with leptons failing one or more § rooof =B s

I Whbb !— Jets 357.3
1 -&o Jets 2l9
I i glun 503

slylal 1B (x10) 165 .8
— signal: tgb (x10)(315,

isolation criteria.
WH+jets: dominant background
« Event kinematics and flavor composition modeled

ano—

600[—

using ALPGEN ME generator with PS-ME matching oot
to avoid double/under-counting of radiation. son
* Normalized to data before tagging and after I
subtracting other backgrounds: %
data __ pdata Wbb+Wc¢ scale factor
NW+jets - NCandidates_ Nnon—W o I\Itt'/EV\/K ' 1.50 £0.45

«  Whbb/Wocc require additional scaling factor a~1.5 to
match data (30% systematic uncertainty assigned)

data data
N ( / NW+Jets)>< a X NW+Jets

CDF: estimated in inclusive jet data
D@: estimated in W+jets data with O-tags




B-Jet Identification

Exploiting b-quark content critical to improve S:B.

CDF and D@ have developed high performance lifetime-based taggers.

Jets tagged using
secondary vertex (SVX) :
£,~40%, g;,,~0.8%

NN trained using SVX
information (25 variables)
to further discriminate
between b/c/light jets.

Independent of b-source!

Jets tagged using NN
trained on 7 variables from
existing SVX and impact
parameter-based taggers.
Operating point:

&,~20%, £,~10%, &;,,,~0.5%

Tagged background predictions based on MC (tt, diboson, W+jets) use tagging efficiencies
either calibrated to data (b/c) or directly from data (mistags).

b-tag efficiency
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Event Yields — After B-tagging

E.g. in 2 jets channel:

S/B SHB
Before b-tagging ~1/200 ~0.6
After b-tagging (1+2 b-tags) ~1/18 ~1.5

Event Yields in 0.9 fb~' Data

Electron+muon, 1tag+2tags combined
Source 2 jets 3 jets 4 jets
tb 16+3 8§+2 2+
tgb 204 12%3 4+1
tt— I 39+ 9 3217 113
tt — I+jets 205 103 £ 25 143 + 33
W+bb 261 £ 55 120 £ 24 35 £
W+cc 151 £ 31 85+ 17 Z23+h
W+jj 19+ 25 4319 12l
Multijets 95+ 19 7715 29+6
Total background 686 + 41 460 + 39 253 38
Data 697 455 246

 Good agreement between expectation and

observation after b-tagging.
« Total background uncertainty larger than expected signal.

Counting experiment hopeless!!

Candidate Events

Sensitivity significantly increased after requiring b-tagging.

Event Yields in 955 pb-1 Data
Electron+muon, 1tag+2tags combined

2 jets

s-channel 154+ 2.2
t-channel 224+ 3.6
tt 58.4 +13.5
Diboson 13.7+ 19
Z + jets 119+ 4.4
Wbb 170.9 + 50.7
Wcc 63.5+ 19.9
Wc 68.6 £ 19.0
Non-W 26.2+ 159
Mistags 136.1 + 19.7
Single top 378+ 5.9
Total background 549.3 £ 95.2
Total prediction 587.1 + 96.6
Observed 644

CDF Run |l Preliminary, L=955pb™
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Systematic uncertainties are assigned for each signal and background component in each

of the analysis channels.

Correlations between channels and sources are taken into account.
Most uncertainties affect only the background normalization. Some uncertainties can in

Systematic Uncertainties

addition affect the shape of distributions.

Uncertainties affecting single top

Systematic uncertainty
Jet energy scale
Initial state radiation
Final state radiation

Rate

+1.6% / -2.0%
+2.0% / + 0.3%
+2.6% / +1.9%

Parton distribution functions | +1.4% / -0.4%%

Monte Carlo generator
Event detection efficiency
Luminosity
Neural-net b tagger
Mistag model
Non-# model

Q2 scale in Alpgen MC
Total rate uncertainty

+1.6%

+7.4%
+6%
N/A
N/A
N/A

N/A
+10.5%

Shape

X
X
X
X

M A

Background | Rate Uncertainty

W+bottom 25%
W+charm 28%
Mistag 15%

tt

23%

\

‘

Source of Uncertainty Size Shape
Top pairs normalization 18%
W+jets & multijets normalization 18-28%
Also affect Integrated luminosity 6%
(some) bkgs | Trigger modeling 3—-6%
Lepton ID corrections 2—7%
Jet modeling 2—7%
Other small components Few %
Jet energy scale 1-20% X
Tag rate functions 2-16% X

* Uncertainties included as nuisance parameters
during the statistical phase of the analysis.




Search Strategy Overview

« In order to achieve the highest possible

sensitivity, analyses underwent careful Percentage of single top tb+tgb selected events
optimization: and S:B ratio
* Maximize acceptance (loose lepton Iilectron 1jet 2jets | 3jets | djets | 25jets
identification, low p, thresholds, wide n Muon
range, improved b-tagging
performance,...) 10% s
0 tags m D
. 1:3.200 1:380 1:300 1:270 1:230
* Include as many channels as possible:
D@: 2-4 jets 1tag 8%
1:100
« Perform analysis in separate channels
since S/B different and combine at the 2 tags
end:
D@: (e,u) x (2,3,4 jets) x (1,2 tags) = 12
« Develop sophisticated multivariate
analysis techniques for best possible Signal acceptances (including BR)
signal-to-background discrimination. tb tgb
CDF (2 jets) ~1.9% ~1.3%
« Optimize analysis for combined (tb+tgb) D@ (2-4 jets) ~3.2% ~2.1%

search (also perform separate searches).




Multivariate Analysis Techniques

* A number of discriminant variables
between signal and background
can be identified:

B-tagging NN

Reconstructed top mass

Q(lepton)en(untagged jet)

+ Top spin-related angular variables

but no single variable is powerful
enough to cut on it.

— Combine a number of variables i
into a single more powerful
discriminant variable by using a |
multivariate analysis technique. |




