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Introduction
— Electroweak top quark production

Search for single top at the Tevatron
— Detectors

— Event selection

— Event analysis

— Results from CDF and D@

Outlook

— Single top discovery?

— Future studies of top quark couplings
Conclusions
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We known
experimentally:

* Top quark mass
172.7 £ 2.9 GeV

Mass of the Top Quark (*Preliminary)

—Yukawa Coup“ng ]_ _Tevatron Run-lI*

* SM strong interaction

* Top quark usually
decays to
W boson andb quark

AN P

4||\|||“||||||||.||

Measurement I\/Imp [GeV/cz]
CDF-l di-| ] 167.4+11.4
DO-l  di-l o 168.4 £ 12.8
CDF-II di-l* —@— 165.3+ 7.3
CDF-l I+] T 1761+ 7.3
DO-1 |4 ' T 180.1+ 5.3
CDF-Il 1+j* —— 1735+ 41
DIl 1+* —— 169.5+ 4.7
(CDF-I all- ] o 186.0+ 11.5
: x?/dof = 65/7
-?— 1727+ 2.9
150 170 190
M,, [GeV/ic?]
eliminary
dilepton (topological) 8.6 *;f :: pb
230 pb’ - ’ )
I+jets (topological) 67 *13+16 5
230 po™’ — B
combined (topological) 7.4 *12+A 5,
230 pk™’ [ | o2
dilepton (topological) NEW 86 "2 2 pb
370 pb™ S e
I+jets (vertex tag) 86 1211 by
230 pb™' H—e— e
I+jets (vertex tag) NEW 8.2 :';3 *‘; g pb
2362 pb' H—a— i
all hadronlc 77 fg; f;; pb
162 phb™’ - ’ ’
all hadronlc NEW 5.2 +3§ f::g pb

250 pb

Cacclalrl et al .JHEF' ﬂdﬂnll- 058(2004} n‘l ‘II?S Ge'u' ie®
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We assume but

don't actually know:
* Charge, Spin
 Electroweak interactions

— Charged current
* Total width
* CKM matrix
— Neutral current

Really don't know:
* Coupling to Higgs?
* Modified EW coupling?
* FCNC? Susy? New physics?



We assume but

don't actually know: Study in single top
* Charge, Spin quark production
 Electroweak interactigns

— Charged current
* Total width
* CKM matrix
— Neutral current

# N

Really don't know:
* Coupling to Higgs?
* Modified EW coupling?
* FCNC? Susy? New physics?




Key to electroweak symmetry breaking




Top Quark Electroweak
Charged Current Interaction

A"\

top quark decay

Reinhard Schwienhorst, Michigan State University
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SM single top production
production

q \WY ! g
>SN t
q s b \\Y%
OxLo OnLo ONLo
TeV: 0.88 pb (+8%) 1.98pb (+11%) 0.14 pb (£15%)
LHC, t: 6.6 pb (x10%) 156 pb (+5%) 34 pb (+10%)
LHC, t: 4.1 pb (£10%) 91 pb (£5%) 34 pb (£10%)

Reinhard Schwienhorst, Michigan State University 11



New Physics
Associated
production

qJ W' ( q q g )
_ c t
q' b b \%Y
New heavy boson FCNC Modified
Wtb coupling

Reinhard Schwienhorst, Michigan State University 12



Tevatron|EROIEMME: Signature
b

q W : By
_q' b I

=b quark jet
b jet

fraction [%]
=

*2]
Ilcl T LI T

L |3I0 L
jet p; threshold [GeV]




Tevatronf@aiEE Signature

=b quark jet - =b quark jet
==light quark jet —=+light quark jet
' lepton - lepton

“*b or gluon jet — =D or gluon jet.;

S
Q
O]
——
o)
=,
@)

ao, RS, Yuan, accepted by PRD (2005)




Tevatron Single Top Goals

Production cross sections: s-channel t-channel S+
NLO calculation: 0.88pb (x8%) 1.98pb (x11%
Run | 95% CUimits, D@: < 17pb <P
CDF: < 18pb <13pb  14%b

* Observe single top quark production
— Tevatron discovery!

» Measure production cross sectionsV,

* Look for physics beyond the Standard Model
— Coupled to the heavy top quark

* Study top quark spin correlations

* Understand as background
— In searches for associated Higgs production

Reinhard Schwienhorst, Michigan State University 15



Experimental Detection of

Single Top Events

Reinhard Schwienhorst, Michigan State University
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Luminosity (fb™)

19 April 2002 - 27 December 2005

Dataset
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\
Muon System ..

—

Reinhard Schwienhorst,
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Coal Analysis Outline

Maximize Sensitivity

1. Event Selection
— SelectW-like events
— Maximize acceptance
— Model backgrounds

2. Event Analysis

— Find discriminating variables

— Cut/combine in multivariate analysis
3. Determine cross section

— Event counting or binned likelihood

— Separately for s-channel, t-channel,
and combined

Reinhard Schwienhorst, Michigan State University 20



D Event Selection

Trigger:

— 1 electronp. > 15GeV, fj9{<1.1
— 1 muon:p, > 15GeV, 9€1<2.0
Neutrino: > 15GeV

Jets:

— P, > 15GeV, j9€1<3.4, Pr (jet 1)> 25GeV
_2<n <4 n9e{(jet1)|<2.5

jets
— > 1 b-tagged jet
Reject mis-reconstructed events

Reinhard Schwienhorst, Michigan State University

| | light quark
— Electron +21 jets, muon +=1 jets
Lepton:
b-quark

b-quark
~b-quark

21



Background Modeling

Based on data as much as possible

W/Z+jets production .
— Estimated from MC/data )
e Distributions from MC q

* Normalization from pre-tagged sample
* Flavor fractions from NLO

Multijet events (misidentified lepton)
— Estimated from data

Top pair production
— Estimated from MC

Diboson (WZ, WW)
— Estimated from MC

Reinhard Schwienhorst, Michigan State University
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Event Yield in 370 pB

s-channet-channe

Cut acceptance 23% 22%

b-tag efficiency 54%  38%

Signal yield 9.5 15.0

Bkgnd yield 452

Data 443

Signal/bkgnd 1:50 1:30
Pre-tagged =1 b-tag

10,000 events 367 events 76 events

——
IIIIIIIIIIIIIIIIIIIIi.;'1!!
I —=—

" D@ Run Il Preliminary, 370 pb™
100 — t-channel (x10)

- s-channel (x10)
T
o WHjets, WW, WZ
I Multijet

—e— Data

Event Yield

50 100 150 200 250
ﬂ
=2 b-tags W wj
| Wbb
B
WW/WZ
B t-channel

i

B s-channel



Event Analysis
* Advanced analysis techniques

Cut-Based Likelihoods
g N/

Decision Trees Neural Networks Matrix Elements

Reinhard Schwienhorst, Michigan State University 24



Event Analysis

* Advanced analysis techniques

Likelihoods

Decision Trees Neural Networks Matrix Elements

4‘ 2
d'o, > ¢
(AT

Reinhard Schwienhorst, Michigan State University
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Cut-based analysis

* Tight event selection Events
— Exactly 2 jets Background sum 33.8 £5.9
— Include electrons and muons t-channel 2.8+0.5
— Separate by b-tag: =1 tag and =2 tag$s_channel 15+0.72

— Cut on reconstructed top quark mass Sum Single-Top| 4.3 +0.5

140 GeV< M, < 210 GeV

Observed
CDF Run Il preliminary 42
0.24r
o 0.22 —t-channel
S 025 s-channel
E F —it
5 0.18 non-top
2 0.161
£ 0.14F _l—._l
g 0.12F —
¢ 01 [ =
£ 0.08- —
W 0.06) = 1
0.04f — _‘_|_.—’_ ]
0.02f — I | |
U : | 1 | 1 1 1 | 1 | 1 | | |
-3 -2 =1 0 1 2 3




Result

Statistical analysis:
CDF Run Il Preliminary

: - - > 9 AEEERRREREE RRRRE :
— Likelihood fit S o Entries 42
— . é ?E— - —— Data _E
t-channel: s - W singietop -
o . - Bl it -
Q%N (untagged jet) a5 nontop
= - =
—s-channel or s+t: S E
2 E
[} HT 1;_ +
(transverse event energy) ol i T —
—Cross section limits:
s-channel t-channel S+t
— CDF 95% CL limaits: < 14 pb <10 pb < 17.8 pb

Phys.Rev.D71:012005 (2005)



Event Analysis

* Advanced analysis techniques

Cut-Based Likelihoods

Matrix Elements

Reinhard Schwienhorst, Michigan State University 28



Analysis Strategy

on

full dataset
electron m
/\ /
=1 b-tag >2 b-tags =1 b-tag
\

t-channel=1 untagged jet

Reinhard Schwienhorst, Michigan State University

>2 b-tags
\

t-channel=1 untagged jet

29



Do Dlscrlmlnatlng Variables

* Object kinematics _
— Jetp_ for different jets 0.05-

—t-channel

—tt—l+jets
* Tagged, untagged,... 0.2 T Whb
 Event kinematics :

— H (total energy)
— H_(transverse energy)

— M (invariant mass) % s0 100 150 200
T('et‘| untagged) [GeV]
- M, (ransverse mast 25 variables total i

D@ Run Il Preliminary, 230pb™

— Summing over various ; =Dae 0
objects in the event 2 40 m el
- Hets.
* Angular variables 30 = multie
— Jet-jet separation 20
— Jet pseudorapidity (t-channel) -
— Top quark spin :

- . 0 50 00 50 200
— Sphericity, aplanarity B pr(iet! yeg) [GeV]



Analysis Strategy

full dataset
electron muon
/\ / —
=1 b-tag >2 b-tags =1 b-tag > li-tags
{

' t-channel=% untagged jet

&

-

Event Analysis

=

Wbb tt Wbb tt

0
0
0

—tt — l+jets
pton

~tt - dile

D@ Run Il Preliminary

muon tb-tt NN output

Reinhard Schwienhorst, Michigan State University

t-channel=1 Lintagged jet
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Event Yield

Event Yield

60— o Data

40

20

40

30

20

10

Neural Network Output

D@ Run Il Preliminary, 230pb™
- =——s=-channel (x10)

- M e+l'l
- I W+jets
- -mujlti;et 21 tag

0 0.5 B 1
tb-Wbb NN output

~ D@ Run Il Preliminary, 230pb”’ —e-Data
—t-channel (x10)
M tt

M Wijets

M multijet

e+
>1 tag

0 0.5 1
tgb-Wbb NN output

Event Yield

Event Yield

- —e—Data

- ——s-channel (x10)
80 _

- Mt

- I Wijets
60; B multijet

D@ Run Il Preliminary, 230pb™

0.5 1
thb-tt NN output

- —e—Data

60? 1t
[ Wijets
| I multijet

a0l €H
>1 tag

20

| =—t-channel (x10)

D@ Run Il Preliminary, 230pb

0.5 1
tqb-tt NN output



Analysis Strategy

full dataset
e —l-
electron m uon
/\ —_—
=1 b-tag >2 b-tags b > li-tags
{

' t-channel:zjiuntagged jet t-channel=1 lmtagged jet

{

Event Analysis

==

ol ol

Wbb tt Wbb tt

—tb
—tt — l+jets
pton

~tt - dile

un Il Preliminary

muon tb-tt NN output

2d hlstograms, ttl channe
Whbb vstt filter WOT TR
! f

[—

y
binned likelihood

\/

result

Reinhard Schwienhorst, Michigan State University
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s Neural Network Result

1

° I I i D@ Run Il Prelimi , 230 pb
Dominant systematics 8 0.35 tun Il Preliminary, 230 p

_ i 02 NN and binned likelihood analysis
Jet energy scale, b-1D: 10 02 o3 < channel

----- t-channel

— Background norm: 15-20% 8 4 e
— Object ID: 5%?_' 00

* Total systematic
=1 tag=2 tags
Signal acceptance 15% 25¢
Background sum 10% 26% 0.05

L1 | | 11 | | ‘ [ | L1 |
0 2 4 6 8 10 12 14 16
cross section [pb]

III\|I\II|I\I\‘I\II;[I\I
..

Posterior P

\||\|\\|\|||
a®
n“.
"
o
.
+
o
o
0y
)
o
W
o
K
= o
»
-
-
-
o

0, <5.8/5.0 pb

0.<45/6.4pb

Published in PLB 622, 265 (2005)

Reinhard Schwienhorst, Michigan State University 34



Sensitivity to non-SM Single Top

4th family (V_=0.5)

D@, 230 pb’
10 - . 95% CL @® Standard Model
i PRD66, 054024 (2002)
_ .90% CL Top-flavor (m =1 TeV)
8 . 68% CL Ztc FCNC (g, =9,)

* l» o

Top-pion (m =250 GeV)
PRD63, 014018 (2001)

t-channel cross section [pb]
(*2)

b 2 4 6

L
8 10

s-channel cross section [pbl]

Reinhard Schwienhorst, Michigan State University



DO V,,, Coupling Limit

 Both the s-channel and t-channel cross sections &
proportional to |V,

— Combine neural networks in a 2d likelihood function
tb-Wbb

>
th-tt _
tqb-Wbh

tgb likelihood
tqb-tt

— Need to assume SM ratio of cross sections

Reinhard Schwienhorst, Michigan State University 36



Posterior probability density

Probability density for |Y?

0.5

D@ Run Il Preliminary, 230 pb "’

— limit
---------- exp. lim.
95
Gexpected <1.7

0¥ <29

Reinhard Schwienhorst, Michigan State University
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Event Analysis

* Advanced analysis techniques

Cut-Based

e
D €3

Decision Trees Neural Networks Matrix Elements

4‘ 2
d'o, > ¢
(AT

Reinhard Schwienhorst, Michigan State University
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DO | ikelihood Analysis (370 ph)
* Using jet lifetime tagger

full

/ dataseN — Asymmetric ta_g requirements
eﬁctr\on r’r}u({, * At least one tight tag
=1 i)-tagzz ti-tags =1 i)-tagzz ti-tags Loose tagger cut for double tags
i - D@ Run Il Preliminary, 370 pb”
gzo -;—channel (x10) i construct Bﬂ:_ — t‘ChEﬂﬂEl (X1 0)
s o Vot W2 - ikelinood * s-channel (x10)
10 —— Data d imi i L -
+ 1 discriminan sl B |
00 01 02 03 04 05 06 07 08 09 1 : W+Jet8, WW, WZ
¥ sl B Multijet
2d histograms, Wbb vs tt filter _« Data

\

f'l+

binned likelihood 20

W n

result 0 01 02 03 04 05 06 07 08 09 1

Reinhard Schwienhorst, Michigan State University 39



D& leellhood Result

. % £ D@ Run Il Preliminary, 370 pb™’
Systematic uncertainties g tchannel (x10) |

— b-tag modeling: 6-17% Euo s-channel (x10) i

— Jet energy scale: 5% 10 — }Lﬂets W W
80 3 ’

— Trigger modeling: 5% 60 B Multijet

— Theory tt XS: 18% 40 —— Data

T‘é - D@ Run Il Preliminary, 370 pb™
Zoa_ —— s-channel
7] e
R t-channel
203
0,<3.3/5.0 pb = | 0% 1 sorvea < 44 P
Boal o 5.0 pb
0, <4.3/4.4pb s F s, observed < -V P
E 01
S T [N
ol N ‘*_'\P’Nk N
0 2 4 6 8 10

Cross section (pb)
Reinhard Schwienhorst, Michigan State University 40



Summary

s-channelt-channel

NLO cross section 0.88 pb 1.98 pb

95% CL upper cross sectionts [pDb]

CDF (160pb 1) 13.6 10.1
D@ NN (230pb 1) 6.4 5.0
D@ Likelihood (370pb 1) 5.0 4.4

Reinhard Schwienhorst, Michigan State University 41



Outlook

The future is here

Reinhard Schwienhorst, Michigan State University
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significance S/ \B

- N W B N
lllIlll

Tevatron Single Top Future

s+t combined Im proveme Nnts

NN search
Cut on NN output (event counting)

* b-tagging
— More signal
* Jet energy resolution

— Better top mass
reconstruction

* No systematics
CDF Il preliminary

Prospects

Significance {1 °* Observe single top

of observation.- production in Run Il
(no systematics) — Discover new

1 physics (if it's there)

1 2 3 4 5 6 7 8 * MeasurelY|to~10%
integrated luminosity [ 1/fb ]

Reinhard Schwienhorst, Michigan State University 43
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Tevatron luminosity projection

9
* s-channel + t-channel combined 8.2 fb-!
B - _ .
* NN + cut (event counting)
71 * No systematics
6 4 = Single experiment
5 - SM single top observation _~ 5.1fb
4 - 4.1 fb!
3 -
2 - “Evidence for...”
1 —
D 1 1 1 1 1 1
9/29/03 0/29/04 9/30/05 10/1/06 10/2/07 10/2/08 10/3/09

Reinhard Schwienhorst, Michigan State University 44



Conclusions

* Single top quark production is a key observatian fo
the Tevatron

* Run Il single top analysis going well
— World's best limits are from D@o_ < 5.0 pho,< 4.4 pb
— Already reaching sensitivity to new physics

* Single Top is about to get really exciting in Ruin |
— Both CDF and D@ will be close to discovery nextryea

* Top quark couplings are important to understand
electroweak symmetry breaking

— Study In detall at future colliders

Reinhard Schwienhorst, Michigan State University 45



Backup Slides

Reinhard Schwienhorst, Michigan State University
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Slngle op atLEP and Hera: FCNC

| BN BN
E= excluded by CDF
[ ] excluded by LEP

Reinhard Schwienhorst, Michigan State University — 48



Neural Network Filters

— Focus on the largest backgroundéb andtt - | +jets
— Same variables for electron and muon channel

15

arbitrary units

10

15

10

arbitrary units

D@ Run Il Preliminary

—tb

o 05 1.
muon tb-Wbb NN output
D@ Run Il Preliminary
—-tgb
Wbb
Wijj

0""015"'_'i -
muon tgb-Wbb NN output

Same filter for =1 tag arneR tags

arbitrary units

arbitrary units

40—

20

D@ Run Il Preliminary
~tb
—tt — l+jets
it — dilepton

L ")
* TEay al
.t LR FET R Akl
“

05 1
muon tb-tt NN output

20

10

D@ Run Il Preliminary
—~tgb
—tt > l+jets
it — dilepton

»
+
*
-
wet?
amn®

o5 1
muon tgb-tt NN output



Result

* No evidence for single top signal
> Set 95% CL upper cross section limit
— Using Bayesian approach and binned likelihood
— Including bin-by-bin systematics and correlations

Build binned likelihood from 2-d histograms
-l-:-:' ¥ ¥ v E * ¥
o . o B v =
5 I12 = *
o o 1
Z 10 2
2 | -8 E_ -8
0.5 -6 0.5 L)
4 -4
i ¥ : ;‘ #tf..u* i
0/ D@ Run Il Preliminary, 230pk’ 0/l D@ Run Il Preliminary, 230pb’
0 0.5 1 0 05
tb-Wbb NN output tgb-Wbb NN output

Reinhard Schwienhorst, Michigan State University 50



Signal-Background Pairs

Variables: -

Whb W bb tt

Individual object kinematics

prijetli ceea)
PT [:j'Etlu ntageged j
PT I.'r.:-|":;-"d‘321_1 ntageged j'
PT (jEtlnanbesl:j

PT f:jEth e = E'-E':j
Global event kinematics

My (jetl,jet2)

M (alljets)

Hr(alljets)

M (alljets —jetltﬁedj

H (alljets — jetly coq)
Hr(alljets — jetly,o.q)
pr(alljets — jEt]—ta.ggedj

M (alljets — jety axt )

H (alljets — jet, __, |
Hr(alljets — jetyoz )

M (tﬂp-l:aggedj = M (I’i';:je'tl-l:a.ggedj
M (toPpest) = MW, jetyont )

V'

Angular variables
AR(jetl,jet2)
@[:]_-Eptﬂﬂj X ??[ijtlunta.gedj
cos(lepton, @ (lepton) x 2 ) top,__,
GDEI':].EptDﬂ ) jEtlun-I:agge-:'l :I‘hDP-ha.EE =l
cos(alljets, Jetly ceea ) alljets
cos|alljets, jet _ntest )all jets

v
Y

<<

<< | < 1%

e < <]
N

Tl <<l << ]|«
|

<l < IS T Tsass]

[ <<

<111




D& Neural Networks

Input Nodes: One for each variable x;

M_ (iet1 iet2) - 7 == + Weight
T uetijels) = _-A, R - Weight
AN \ @ + Threshold
M (alliats) N M/ o - Ihreshold
e ‘.“llr‘ﬂ, N _'-_
Wf:’;ﬁ = \\\
I NN

/ /JJ;‘* RN

S NN, W
Z /é’.’_/ \\\\

p; (notbest1)
cos(LA(NX 2} | giop =S
Il
M (W,best) =~ Output Node: linear

i" combination of hidden nodes

AR (jet1,jet2) f (;() = > W'k nk(;(:v—\;k)
e
P, (tag1) B S

Hidden Nodes: Each is a sigmoid
dependent on the input variables

nk(X,Wk) =

1 +e-Zwikx1 0 1




Objectp.

P, of jets:

— Both s-channel and t-channel:

° 'Jetjfagged
— Only t-channel:

e Jetl

tintagged

e Jet 2

tntagged
— Only s-channel:
e Jet ]

non-best

e Jet 2

non-best

7

0.25

0.15

0.05

Event Yield

0.3

0.2

0.1

50

40

30

20

10

—t-channel

—tt—l+jets

—Whhb

1 1 1 1 1 ‘ 1 1 I I
50 100 150 200
pT(let‘| untagged) [GeV]

D@ Run Il Preliminary, 230pb”

——Data
=—t-channel (x10)

s-channel (x10)
M tt
I W+jets
M multijet

50 100 150 200
pT(]et-I untagged) [GeV]



Event Energy

0.25 s-channel
[ — ] | 0.21- —tt—l+jets
Total energ\H =2, E b

transverse energy.. =2, E.

— Both s-channel and t-channel.— ¢sf

- H(all jets — Jet] E
(@ll) tagge() o900 200

300
— Only t_Chan nel H (alljets-jet1,,,,.q) [GeV]
° . - Dé Run Il Preliminary, 230pb™
HT(a” JEtS) 25 i —oI—DIatay P

——t-channel (x10)

- s-channel (x10)
20:— ,,% Mt

Event Yield

« H(all jets — Jet] ) N\

fagge

M Wijets
B multijet

— Only s-channel:
« H(all jets — Jet )

« H(all jets — Jet, )

0 50 100 150 200 250 300
H (alljets-jet1tagged) [GeV]



Reconstructed Object

s-channel
— t-channel

—tt—l+jets
——Wbh

o.25§
— Both s-channel and t-channel: -
. M(aII jets) 0.15-
p(all jets — Jet tagge() ot
° M(toptaggeg >°-°5f
* VS 0~

— Only t-channel:
+ M(all jets — Jet] ) N & s
— Only s-channel: £ a0

« M (Jetl, Jet2)
p(Jetl, Jet2)

« M(all jets — Jetl )

» M(top,)

100 200 300

M(W jet1 [GeV]

tagged )

30
20"

10~

D@ Run Il Preliminary, 230pb”

—e—Data

—t-channel (x10)
s-channel (x10)

M it

M Wijets

M multijet

100 200 300
M(W jet1,, .4 ) [GeV]




Angular Correlations

0.2 —t-channel

—Wbb
— Both s-channel and t-channel: 013

* AR(Jetl, Jet2) 01 ~—
— Only t-channel: I

* nQJet untaggeg>< Q(lepton) 087

7
« cos(lepton, Jeuntaggeamptagged< U s om0
costilepton,|etl isqqed o
— Spin correlation in optimal basi PION:I® untagged Hop,,,,

45-

—h

o COS(a” jets, Jegggegalljets E . :tD::\: . (><10)DQ Run Il Preliminary, 230pb"
— Only s-channel: ;§ 35 g ol 10
« cos(lepton, Q(lepton)xg), .., :2‘
— Spin correlation in optimal basis 20
’ COS(a” jEtS, Je%%‘n bes)all jets 12

-1 -0.5 0
cos(lepton,jet1

0.5
untagged )toptm_we d
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Final State Reconstruction

light quark — untagged jet

b-quark - b-tagged jet

top lepton
W neutrino

- ReconstrucW from lepton and&,

* Reconstruct top quark fronV and leading b-tagged je
* Reconstruct light quark as leading untagged jet
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Final State Reconstruction

s-channel

b-quark - b-tagged jet

top lepton

neutrino

“b-quark - b-tagged jet

« ReconstrucW from lepton anclt_r

* Reconstruct top quark frol¥ and one of the jets using
Best Jet Algorithm
— Pick jet for whichM(W,jet) Is closest to true top mass (175GeV)

* Reconstructb-quark as leading non-best jet

Reinhard Schwienhorst, Michigan State University
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Systematic Uncertainties

-—g 180 D@ Run Il Preliminary, 230pb”
Monte Carlo Systematic Uncertainties > 1600 +gam
: = E — Background sum
Theory cross sections 15% ® 140 + —t-channel (x10)
. . 07 07 L s-channel (x10)
SVT modeling, single (double) tag 10 %(20 %) 1205
Jet Energy Scale 10% 100f
Trigger Modeling 6 % 8ol .
Jet Fragmentation 6 % 60/
Jet ID 5% 40= | ¢
DRI 20[
0: \ | \

2 3 4
Number of Jets

* Some uncertainties also affect shape

— JES, b-tag and trigger modeling 3 | D Run Il Preliminary, 230p5"
. E 60 | | —— Background sum
o Ota.l Uncertalnty :>: 50_ FLT —t--cll11annell Eiig))

=] tag=2tags 4 i
Signal acceptance 15% 259 %

Background sum 10% 26% —
10 !
Result Is statistics limited % 151;)0|300400500600 700 800

\'s [GeV]



Event Selection: b-tagging

Algorithms: S g
— Secondary vertex tag s |
— Impact parameter (jet lifetime) tag wo.sf

icienc

b-jet SVT tight Eff

f

41

B LIS :!,_.——-:.:
0.4; S i e
- |
: 0.2
primary secondary . mistag rate; ~0.2%
vertex vertex oL ... [.. . 1...
20 40 60 80
ﬂ
Impact t-channel
parameter . -
* Final state:
-1 highp, bret
* Final state: — 1 highp_ light quark jet

— 2 highp_ b-jets > Require=1 b-tagged jet

> Requirezl b-tagged jJet s Require>1 untagged jet
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Mis-reconstructed Events?

- Cosmic rays (muons) > Primary vertex constraints
— Primary vertex witre3 tracks

* Mis-reconstructed vertex
— Lepton is required to originate

— Affects missing from primary vertex
transverse energy PR

* Mis-reconstructed jets , Triangle Cuts

— fake electron_
. -
— fake isolated¥ 3

r
o

muon

—
o N

dphi(electron

muon-in-jet
misidentified
as isolated

-
=

O 10 20 30 40 50 60 3
MET (Ga\\ MET (Ge\
61
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1/c do/dP.(b), [pb/GeV]

Signal Modeling

* CompHEP-based generator
— Includes O@) diagrams- reproduces NLO distributions

— Including top quark spin correlations
* Normalize to NLO cross sections

* t-channel: match 23 E and - 2 g processes

=
CE 2—>3 matched
----------- 2—>3 <}
N | .g
L T 2->2
-
L.
I A L T
2 ..
10 = e Bl .
- M, fe=
s - - : :
10 — Eoooo by ey oy
L1 Lo b e e B e
A bl n 2 A A
0 10 20 30 40 50 60

P (h [(1aV1
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Top Quark Spin
* Top Quark decays before it hadronizes
— Full spin information is preserved in the decaydjouct
— Electroweak charged current interaction is leftdeh
* Top polarization In the top rest frame:

Lepton moves along
top spin direction
Angle between light quark

+

top quark helicity
(left-handed)

t

S

and leptor

30:— —Bom
b W :

D> < 20/
b-quark helicity ~ Whelicity  1gf
(right-handed) (left-handed) |

q_

top moving directiorr

Reinhard Schwienhorst, Michigan State University




Relative Contributions to NLO rate

iIncluding Top Production and Decay

s-channel

NLO rate
>’W\,< Born level
M Initial state
>’W\Q Final state
M Decay

Cao, RS, Yuan hep-ph/0409(

)40

0.86pb NLO rate 1.9pb
65% I Born level 105%
22% ﬁ Light quark 13%
11.5% ?g Heavy quark -11%
1.2% ﬂ Decay -%

* O(as) corrections large for the s-channel

— Only small rate correction for the t-channel
* Decay correction is"2order effect, top mass and top width
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Kinematic effect of Of,) Corrections

* After simple parton level selection cuts:
— 1lepton, p>15GeV, |<2, missing E>15GeV

— 22 jets, p>15GeV, |<3
* Example: s-channel jet

X100
g -
= 80/
u L
o i
“ 60

40

20/

) -

L.
______
L.
-

! |3I0| L
jet p; threshold [GeV]

Cao, RS, Yuan hep-ph/0409040

YR

5

multiplicity
;.e' 35C — [, <3
= oI, <2
°©  30-> i <t
25F Cross
20+ section
15 ..
10-
5_
0‘ | N T R R N .””.m
20 40 60 80 100

jet p; threshold [GeV]



Single Top t-chan

o [fb]

50;

40"

20"

100

— I [<3
- <2
ey <1

Cross section
30 .

20 40

* After simple cuts

— Large number of 3-jet events
- Depends strongly on jet p

andn cuts

60 80 100
jet p; threshold [GeV]

fraction [%

60— -

40

20t

fraction [%]

100+
80+

ol

100}
80}
60/

40t

nel at NLO

- N]c[szz
T Njcts=3

-
= -
-
-

-
- -
-

20 30 40 50
jet p; threshold [GeV]

N R R R

jet |In| threshold



Tevatron Single Top Goals
* Observe single top quark production

Reinhard Schwienhorst, Michigan State University
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Tevatron Single Top Goals

» Measure production cross sectionsV,

CKM Matrix
(o Ve v T )

\%‘ s = Vo Vs Vg
Vi RN vts

Reinhard Schwienhorst, Michigan State University
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Tevatron Single Top Goals

* Observe single top quark production
» Measure production cross sectionsV,

* Look for physics beyond the Standard Model

* Different sensitivity for s-channel and t-channel

6 L T I T T T T 17T T 17T 17T 1T 7T T T 1 | 1 I 1 I | I I I
- @ Standard Model |
= C x  Top-Flavor
. 5 = (my=1TeV) _|
Example:Top-Flavor O zecreNe
45 ¢ (87, = &)
¥ Ath Family
_ 4 * o (V, =05 |
e Y b ]
“a bottom quark « ™ | (Myy =250 GeVy
1 L 4 S
W N 3 F
25 | +
top quark 2 | -
1.5 i Tait, Yuan PRD63, 014018 (2001) ]
l | | |||||||| | L1 1 1 |
0 0.5 1 1.5 2 2.5 3




Tevatron Single Top Goals

Observe single top quark production
Measure production cross sectionsV,

Look for physics beyond the Standard Model

Study top quark spin correlations — probe V-A
* Physics with ~100% polarized top quarks

Reinhard Schwienhorst, Michigan State University
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Tevatron Single Top Goals

Observe single top quark production
Measure production cross sectionsV,

Look for physics beyond the Standard Model
Study top quark spin correlations — probe V-A

Irreducible background in searches for
associated Higgs production

Gateway to the Higgs

Reinhard Schwienhorst, Michigan State University
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