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Introduction

The Top Quark

e Discovered by CDF and D@ in 1995.

e Completes set of quarks in SM.
e Quantum numbers as for up-type quarks.

e Production and decay properties fully
determined within SM.

e Mass is the only free parameter

Proving these properties establishes the SM top quark;
Disproving them yields new phyiscs
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The pp Accelerator Tevatron

FERMILAB'S ACCELERATOR CHAIN
e Circumfence 6.4 km.

e pp collisions TEVATRON

TARGET HALL

e Run I (1987-1995) <

e Run Il (since 2001) 3 7
Collision energy 2 TeV * cockeRoFFWALTON

PROTON

e 2 experiments,
CDF and D@,
record events.

L~ 7fb~ ! on tape.
Today: upto ~ 4.8fb™*
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Top Quark Production at the Tevatron

Strong top production

proton -

antiproton W S

7 000
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o(tt) ~ 7.46pb

Moch and Uwer; m; = 172.5 GeV
PRD 78, 034003 (2008)

85% qq — tt
15% gg — tt
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Per integrated luminosity of ~ 1fb™!
around 7000 top pairs and 3500 single tops expected.
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Weak top production

q q
q t
w+ / w
\ .

b t
7 B . ,
Drell-Yan W-g fusion
s-channel t-channel

o(t) = 3.46pb = 1.12pb+2.34pb

Kidonakis; m; = 170 GeV
PRD 74, 114012 (2006)
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Top Quark Decay
Top quarks decay to bW (nearly) 100%.
Pair Production Signatures

Decay modes are defined by 1W-decays:

e Dilepton (2b + 20 + 2v)
e Lepton+jets (20 + 2q + [v)
o Alljets (20 + 4q)

Single Top Signatures

Defined by W-decays and channel;
e.g. leptonic decay:

e s-channel (2b+1+v)
e t-channel b+q+1+v)

Daniel Wicke, Top Production at the Tevatron, Introduction

Top Pair Decay Channels

(2}
13 R
T o2
c i+ |9
o|lc|+
=105
o 2|8
- |2
15 | o
'o &5 tautjets
=l 3% muon+jets
\M | c
o | © electron+jets
@ "ZS + o+ 4 - —
& € [1|T ud cs
I*, q
w+ vV q'
t p !
oy,
b

La Thuile, 4th Mar. 2010 5



Top Quark Pair Production

proton -
\

-

Dominant backgrounds

q

q_.

Same signature / jets faking ¢ or fip antiproton s

e Multijet events
(qq or gg + gluon radiation)

o Wjets
o /+jets

the “+jets” helps suppression.

Simulation of multijet events
and of fake rates difficult/unprecise

= Estimation from data.
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Cross section (barns)
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Top Cross-section over Z Cross-section (CDF: 4.6/4.3 fb™')

In /+jets channel luminosity uncertainty dominating = measure ratios.
Top Pair

n Il Preliminary L = 4.3 fo™!

Events

800—

. B Il Top
Isolated e or u, £ and > 3 jets - | e
: .‘r’«vo:w
a) with identified b-jet: o :
Backgrounds from data before tagging
b) Wlth tOpOIOglcaI neural net ° 1 Jet 2 Jets 3 Jets 4 Jets =5 Jets
. _KS =98.4 % N, >3 CDF Il Preliminary 4.6 fb™
Backgrounds from fit to neural net shapes — N
z§ 500 R W+jets

F & [ aco
Z Boson ; ;

e Dilepton events with 66 GeV <myy <116 GeV

Results

U se theory Z N Ee Cross_sectlon 0 01 02 03 04 05 06 07 08 NNO.OQUtpu:

a) O'Z_>gg/0t{ = 395.7 = Ot — 7.14 & 0-35(Stat) + 0'58(syst) + 0-14(theory)pb
b) (TZ_%Q/Ut{ = 33.0 = o = 7.63 L 0-37(stat) + 0-35(syst) m O°15(theory)pb

No luminosity uncertainty; 7.0% total uncertainty
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Top Cross-section in Alljets Channel (D@: 1.0 fb™")

e Select 6-jet events with 2 b-tags

e Background model

5th jets have similar pr
antiproton

>0.35
2 = H DJ B i signal
. . s = Background
6-jet event w 5-jet event 3 0-30¢ — ?
=8 -
0.25

= put 6th jet in 5-jet event

0.20 [

— from 4 and 5jet events adding one jet 0.15 |

— validated by comparing 4 + 1 to 5-jet 0.10
0.053

e (Cross-section from fit to likelihood 0.00

0.0

o7 = 6.9+ 1.3(stat) + 1.4(syst) £ 0.4(lumi)pb
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Overview of Cross-section Results

e Efficiencies depend on top mass
e Results given for m; = 172.5 GeV (CDF) and m; = 175 GeV (DO)

e Good agreement between channels

DO Runll -- preliminary August 2009
—
CDF iets diepton, crlepton o) || gry 78413t 10% 0
|+jets (b-tagged & topological, PRL) H-®-H 7.42 405340 45 +0.45 pb
0.9fb"
T T T T | T T T T T T T T T T T T T T T T T T T T T T T T
[ Cacciari et al., arXiv:0804.2800 (2008) I+jets (neural network b-tagged, PRL) e §.20 052 +0.77+0.53 p)
Kidonakis & Vogt, arXiv:0805.3844 (2008) 10 ~050 -067-045P
DO Langenfeld, Moch & Uwer, arXiv:0906.5273 (2009) i opologica 1124078 +
) g dlleptj)n (topological, PLB) —e—H 6.98 iai 73;3 _82'11 b
Dilepton — 7.2719.71)1?.46;_»((').42_) 1.0
(L=4.3 fb™) stat) (syst) (lumi l+track (b-tagged)* 16 +09 |
1067 gge *—H 50 Zi4 Zo 03 Pb
Lepton+Jets (ANN) w0 e 7.63+0.37+0.3520.15 tautlepton (b-tagged)’ +1.34+1.20
(L=4.6 fb'?) 0 3 H—— 7.32 75, s 1045 pb
tautjets (b-tagged)* N . +43 +07
Lepton-+Jets (SVX) 7.14+0.3520.58+0.14 e ' . I 51 55157 =03 pb
(L=4.3 fb™) alljets (b-tagged)* - 6.9 *13 *14 04 pb
. 10 fo & — 13 -14 *
All-hadronic = 7.21+0.50+1.100.42 (stat) (syst) ()
(L=2.907) 175 Gey M M. Cacciari efal., JHEP 0809, 127 (2008)
_ Mhop = 175 1€ N. Kidonakis and R| Vogt, PRD 78, 074005 (2008)
CDF com b|ned W 750103&034i015 CTEQ6.6M S. Moch and P. Uwer, PRD 78, 034003 (2008)
X4DOF= 0.60 m=172.5 GeV/c? bl L Ll
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 0 2 4 6 8 10 12
4 5 6 7 _8 9 10 11 o (pp — t + X) [pb]
a(pp - tt) (pb)

Reached 6.5% total uncertainty
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Top mass from cross-section (D@: 1fb— ")

e 0,7 depends on the top mass.
e Both the theoretical prediction and the experimental measurements.

o [+jets, dilepton & T+lepton: miele = 169.1725 GeV

~
Q —
Q 145
g "o
1+~ —
b -
12—
S~
10~ T e
8_— '~.~..~ Ry h.:..'
6 —@— Measuredo, el AR
- Nadolsky et al., PRD 78, 013004 (2008) ~~**se..l - oo i
4 Cacciari et al., JHEP 09, 127 (2008) el
B Moch and Uwer, PRD 78, 034003 (2008)
2 B 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1
150 160 170 180 190

Top Mass (GeV)

Larger uncertainty, consistent with direct results (see G. Compostella)
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Resonant Top Pairproduction

No resonant top production in SM

Some models contain heavy resonances
with decay to tt

do
thf

Search for narrow resonances

Visible in invariant mass

e D@: M,; from direct reconstruction
e No significant deviations.
e Limits on oxB(X — tt).

E.g. topcolor-assisted technicolor:

D@: My > 820 GeV (expected 870 GeV)

; (a) + — smtt

.22 o F ) ]
0] E s 1.2+ i -= Observed limit 95% CL ]
Q 02 - r | ]
9 E X - ff M,=450GeV = ' ]
S 018 + _ 2 qF \ ----Topcolor Z' (CTEQ6L1) ]
S 0160 ' —— Xl M,=650GeV >2 r ]
So. * F - N ]
.g 0.14F . X -t M, =1000GeV @; 08 D Expected limit 95/ulCL B
T E . @ Runll, L=3.6 fb"
&L 012 + 0ty D@ Preliminary | © E o Run E
0.1 + 0.6 Preliminary ]
0.08F . : 1
n a- A
0.06F w1 " 0.4
0.045 > e N 02F =
0.02 - + —
E e T e L ] A e BRI
% 200 400 600 800 1000 1 $00 200 500 600 700 800 900 1000 1100
M [GeV] M, [GeV]

> C
&20-_ (b) DY, L=3.6fb! —= Data
LT ] + Prelim. [ 1z (650 GeV)
@00 i M |
5 C WH+jets
|-|>J 80 Other MC
603— B Muttiet
40
201
0: | .
0 200 400 600 800 1000 1200
M, [GeV]

(D@: L = 3.6fb™*; CDF with 2.8fb™*: M, > 805 GeV)
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Unfolded Differential Cross-section (D@: 1.0 fb_l)

FIl|—| I R B L R R I LR AR

e /+jets events with at least one b-tag Sosep 27 o ik :
(90-14:_ —— Approx. NNLO pQCD

s F B MC@NLO ]

&0'125_ - —~ PYTHIA E

e Kinematic fit used to reconstruct top quark pr(t) o [y ALPGEN ]
~0.08 -

@) o ]

. © ]

— Constraints: 2 x W-mass, and m; = m; = ;
— Use best jet-parton assignment with best y? 002t e ;
bt Lo linns T ]

0 50 100 150 200 250 300 350 400
top quark P, [GeV/c]

e Background is subtracted

N
(=)

QO 20 T :
— W+jets measured in events “before” b-tagging S 1o ‘&Tééétéoscaleuncena.n'?y‘z’_
Q [ —— Approx. NNLO pQCD
O 16f----- MC@NLO
> [ -—-PYTHA
: : , _ do o 14f - - - ALPGEN
e Regularised unfolding applied to determine —— S 12
de i 1.0
0.8:: ,
0.6F .
Approx. NNLO and MC@NLO show best agreement TR

top quark P, [GeV/c]

Pythia and Alpgen get observed the shape at high-pr
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Single Top Quark Production

Physics background

e Multijet (¢q or gg + gluon rad.)

o Wjets
o /+jets

Instrumental background

e Physics object misidentification

e Mismeasurement of energies

Small, but amplified by cross-section.

Cross section (barns)
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Single Top Selections

DO (as an example) requires a lepton, Fr, 2-4 jets at least one identified b-jet:
D@ Single Top 2.3 fb™' Signals and Backgrounds tb T

Signal
2 jets 3 jets 4 jets tgb I } &
| tt— 1l B0

tf - Ijets I

wob Il

@ ¢ it
wcj I

wjj B
Ztjets

° 1:10 ° 1:15 0 1:34 Dibosons | |
Multijets

(Area is proportional to sample size)

1 b-tag

2 b-tags

e Signal to Background after selection 1 : 10 at best.

e Both experiments employ multivariate techniques
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Multivariate Analyses

Boosted Dec. Trees

o D@ 2.3 fb”

<)
o
o

Event Yield

B

8

T
EERRENEE-

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

Boosted Decision Trees Output Bayesian Neural Networks Output

2
g
Q
w
b t
b

0.4 0.6 0.8 1
Event Probability Discriminant

CDF Run Il Preliminary, L=3.2fb™
2

e Each analysis provides a separate measurement of the single top cross-section

e Different multivariate techniques “find” different single top events

e Combination of these analyses improves the significance
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Single Top Cross-Section Result

o CDF&D® observe single top with 5.00 significance

e Measured cross-sections agree at 1.60 level

e Since last year new channels were added:

Single Top Quark Cross Section

December 2009

D@ Lepton+jets 2.3

D@ Tau+jets 4.8fb"

|
|
|
|
|
Preliminary, not in combination :
CDF Lepton+jets 3.2 b | oA

|

|
CDF MET+jets 211"

|

|

|

|

|

Tevatron Combination

Preliminary

B B.W. Harris et al., PRD 66, 054024 (2002)
N. Kidonakis, PRD 74, 114012 (2006)
|

3.94 708 pb
3.4 *22 pb
217 *322 pb
50 *5% pb
2.76 *3:23 pb
Miop = 170 GeV

0 2

4

6

8

G (pp — tb+X, tqb+X) [pb]
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Pseudodatasets

No. of Background-Only

(b) Measurement Significance

DG 2.3 fb”

67.8M pseudodatasets
17 above measured
cross section

— —
o o o
o o N

4
10 p-value = 2.5 x 107’

—_
o
w

Observed
significance
=5.030

102

] omeas = 3,94 pb
O (TR

0 1 2 3 4 5 6
tb+ tgb Cross Section [pb]

CDF Run Il Preliminary, L = 3.2 fb

-300 -200 -100 0 100
Test Statistic [-2In(Q)]
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Single Top in 7+jets (D@: 4.8 fb™ ')

e |dentify hadronic 7 with boosted decision trees

e Based on track quantities, calorimeter energies
and shower shapes motivated by

a) T — 1t +u;
b) 7 — pT + v,
c) 7 — 3rF + v (+7°)

e Training samples constructed from data

7 selection efficiency: 59...76% at 98% rejection

Then BoostedDT single top analysis performed:
Sensitivity: 1.8c  Observed: o(t) = 3.4723pb
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& 300r-D@ Run 11 4.8 fb ™ —e— Data
S, Il tb+tgb - tautjets
2 [ W/Z+jets, diboson
o i I
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0.22F

2 o2 DORunll 48fh™
Zo.18[- gmeasured = 34722 pb

§0.16_ 95% C.L. Upper Limit=7.3 pb
31§§ 0.14F o®Pe=37+2.2pb

é 0.12 95% C.L. Upper Limit=8.5 pb

6 8 0 14
Signal Cross Section [pb]
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Interpretation as V3,

Assuming SM couplings V;;, can be derived:
CDF & DO combined |V;;| = 0.88 + 0.07

Reduction to physical range yields
[Vis| > 0.77 at 95%C.L.

with no assumption
on the number of generations.

Reminder:

In top pair production for three generations
|Vip| > 0.88 can be achieved
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Two Dimensional Results and t-Channel Measurement

e s- and t-channel can be fitted simultaneously

e Results consistent with SM at 1 — 20-level

4.5
4
3.5
3
2.5
2

t-Channel Cross Section o, [pb]

05 |

15 |
1]

0 t !

CDF Run Il Preliminary, L=3.2 fb™

5 ——

T [ L R
® Best Fit

68.3% CL
95.5% CL
99.7% CL
SM (NLO)

EECON

SM (NNNLO)

0 O

1 1

. 2 2. 3 3. 4 4

5

s-Channel Cross Section g, [pb]

t-channel cross section [pb]

e DO with specialised t-channel discriminant:
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D@ 2.3 fbt
Measured Peak
SM
Ztu FCNC
gzm=0.04 gz

IV |=0.2
ts

> X <4 »* @

Top-flavor
m,=1TeV
Top Pion

u m,=250GeV

[ Jeswc.L.
B s0v% c.L.
B o5% c.L.

t-channel discriminant
| I | | 11 1 | 111 | | I | | I | L1 1
1 2 3 4 5
s-channel cross section [pb]

OO

Ut—channel(t) — 3.14+8:gépb (4.80')
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Polarisation of Top Quark

e Polarisation might change

in presence of non-SM contributions (R: VHA. L: V=A)
W l
. . . . . q t@< L v
e Consider production with right-handed coupling L™ b

(keeping SM left-handed decay) >f%&§<

e Exotic case changes angle between lepton and jet.

B~

CDF Run Il Preliminary, L=3.2 fb™
[ 95% CL
[ 68% CL
- CDF Il Data

e Train discriminants for SM and exotic (RRLL)
(separately)

os+t(LLLL)(pb)
£ (6]
_—

e Measure two cross-sections: or and oy

OR — O],
P = = —1.0%}" .
OrR+ 0L

3 4 5
OsurreL) (PD)

In agreement with pure SM production
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Summary

e Presented new and updated measurements related to top quark production
e CDF and DO have analysed up to 4.8 fb™ " of their data

Strong/Double Top

— Discussed various background estimates from data
— Precision reached on cross-section 6.5%
— Properties of top production explored

Electroweak/Single Top

— Observed at 50 significance (LaThuile 2009)
— New channels are being explored
— Used to verify properties: |V;;|, polarisaion, . . .

e No sign of new physics till here
(G. Compostella will present remaining properties)
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