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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 the predicted properties establishes the SM top quark;
Disproving them yields new phyiscs
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The pp Accelerator Tevatron
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Top Quark Production at the Tevatron

Strong top production Weak top production
proton N ]
X, t i /" .
o < 85% qq — tt AN w
. i _
antiproton *".““'---...___ ‘ 15% 99 — tt 7 5 ) y t
900000 o SF— ! 7 t : ’
% oAl < Drell-Yan W -g fusion
g Be000 —— [ ¢ g @ f s-channel t-channel
o(tt) ~ 7.46pb o(t) = 3.46pb = 1.12pb+2.34pb
Moch and Uwer; m; = 172.5 GeV Kidonakis; m; = 170 GeV
PRD 78, 034003 (2008) PRD 74, 114012 (2006)

Per integrated luminosity of ~ 1fb™*
around 7000 top pairs and 3500 single tops expected.
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Signatures

o Alljets (20 + 4q) o Lepton+jets (2b + 2 + ¢v) o Dilepton (2b + 21 + 2v)

¢ = e, u with 7 named separately

Dominant backgrounds

Same signature / jets faking ¢ or Fr

§ B Total inelastic -
- _ Q0 -
e Multijet (qq or gg + gluon rad.) ng . @
= -m
. 9,4 g
o Wjets 20 bb 5x 10°
o 7 +jets ¥ 10° bub
168 i W 3000
the “+jets” helps suppression. N v eoe
10 |
B tt ©)
-12[
Simulation of multijet events 10 :pb\
and of fake rates difficult/unprecise 16" Higgs (ZH + WH)
10'16rfb. | s | . | ‘ | s
. . 100 120 140 160 180 200
— Estimation from data. Higgs mass (GeV)/c?
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Pair Production Cross Section
l+jets (5.3fb™1)

e Combine kinematic likelihood and b-tagging

: : : arXiv:1101.0124
e Systematics: Nuisance parameter fit.

250

D@, L=5.3fb !

200

e Improved by including background dominated |
2 jets and 0-b-tag events o

100

Events /0.1

047 = T.78 £ 0.256at 0 fosyst P F8.2...9.9%

0 01 02 03 04 05 06 07 08 09 1

SM: 7.46pb (assuming m; = 172.5 GeV) RF dscrminant
0-b-tag 1-b-tag > 1-b-tag

g D@, L=5.3fb™" —~ Data D, L=5.3fb™ £ 600 D@, L=53fb"

[ 10° I 2

2 I Other 2 50

o I WHjets s}

g B Multijets g

£ £

2 2

24
Number of jets Number of jets Number of jets Z\Zjets
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Overview of Cross-section Results

DO Run i March 2011
T—
lepton+jets (topo + b-tagged, PRD) Ho— 7.65+025 +075 o
53 fy ~025  —0.57
dileptons (topo + b-tagged)* He-H 797 igig fg gg pb
-1 .
5.3 fb
lepton+track (b-tagged)* —e—bH 5.0 jg jgg 03 pb
1.0 fo™
tautlepton (b-tagged)” H—e—H  7.32713"120 . 045pb
2.2 fp ' '
tautjets (b-tagged, PRD) H—leo—H 6.30 il_égig_g% +0.40 pb
- . .
1.0fb
alljets (b-tagged, PRD) — e+ 6.9 jg j'j 04 pb
_‘I . .
1.0fb
(stat) (syst) (lumi)
My = 175 GeV B owm C.acmarl.e al., JHEP 0809, 127 (2008)
N. Kidonakis and R. Vogt, PRD 78, 074005 (2008)
CTEQ6.6M
S. Moch and P. Uwer, PRD 78, 034003 (2008)
| 11 | L1 | L1 _I | [ | L1 1 |
. - O 2 4 6 8 10 12
= preliminary
red = 2011 result — -
blue = 2010 results O (pp - tt + X) [pb]
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up to 5.3fb~!

Systematics
dominated

Data and theory
uncertainties
comparable

Consistent
between channels
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Top Quark Mass

Matrix Element Method

Probabilty for kinematic configuration = depends on m; and JES:

Pevt(x; my, JES) — ftopPsig(x; my, JES) + (1_ftop)Pbkg(xa JES)

1 L
Fuig = — N /dcn dgz d"o(qq — tt — y;me) f(q)f(q2) Wy, z; JES)
t t Matrixﬁement PDFs Resolution

10T

S 5iDD

e Max. of Likelihood yields m; 0 2 §
and jet energy scale (JES). S of

e Calibration by comparison to MC = Z ]
6b »/M-172.5 = 0.72+

e Applied to /+jet and dilepton 8 x(m7-172.5)
(no JES in dilepton) 10086420 2 4 6 810

M - 172.5 GeV
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¢+jets analysis (Runllb, 2.6 fb™')

e Novel flavour dependent jet response corr.

— based on single particle response
— for gluon-, light quark jets and b-jets
— pr and 1 dependent

e Combined with Runlla to full 3.6 fb~*

my = 174.9£0.834tat10.78 7rs£0.964yst GeV
arXiv:1105.6287

Dilepton analysis (5.4 fb_l)

e JES from ~-+jets yields main uncertainty

my — 174.0 £ 1-88tat + 2-4syst GeV

arXiv:1105.0320
(most precise dilepton)
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Example: Corr. b-jets n < 0.4

20 40 60 80 10% 120
P [Gev]

max

tot

DO 5.4fb ™

Lot/L

1_ i

| . I | . |
160 170 180 190
m, (GeV)
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t —t Mass Difference (3.6 fb™ ")
C'PT-Theorem claims m; = mg

Analysis

e |dentify (anti)top from lepton charge

e Adapt der ME mass measurement

e Dendence on Am instead of m;.

Result

A
DB Am—+08+18GN —2 —04+1.0%
m

arXiv:1106.2063

Top- and anti-t-quark have the same mass.
Unique result in the SM quark sector.
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Summary of Mass Results

Dg * = preliminary April 2011
Run | dileptons 0.1 H @ H 168.4 +12.3 +3.6 GeV
+12.8 GeV
Run | lepton+jets 0.1 H—e— 180.1 36 +39 GeV
+5.3 GeV
Run Il dileptons * 5.4 5" H-@H 174.0 +1.8 25 GeV
+ 3.1 GeV
Run Il lepton+jets * 36" HeH 1749 1038 t1.2 GeV
+1.5 GeV
D@ combination (April 2011) HOH 175.08 +0.77 £1.25 GeV
+1.47 GeV
World average (July 2010) HeH 173.32 +0.56 +0.89 GeV
+1.06 GeV
Runll o(l+jets) * 53" H—e— 167.5 +54-49 GeV
(not in the combinations)
1 | 1 | 1 | 1

160 170 180
Top Quark Mass [GeV]

e Runll results systematics limited. Dominating JES and signal modelling.

e Results obtained for decay channels agree
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Top Mass in electroweak Fits

July 2010 6 July 2010 m i = 158 GeV
' ' I T ¢ F
1 —LEP2 and Tevatron (prel.) Aq® =
80.5 ~ LEPL and SLD = L 0.00758:0.00035 a
68% CL 3 % - 0,02749£0.00012
— - % % eeeincl. low Q? dat .
S 4 incl. low Q° data
& ~
.84 0 |}z > 34 .
=
S 2 _
80.3{ 1- |
0 | Excluded . 4 Preliminary_
150 175 200 30 100 300
m, [GeV] m, [GeV]
Combined myy und m; results Higgs mass projection
touch SM region barely my S 158 GeV (95%CL)
These fits require m1 ©¢. Is that what we are measuring? Not exactly.
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Well defined Mass from Cross-Section

e 0,7 depends on m;: both the theory and the measurements
e Determination of m; in well defined mass definition

e Definition uncertainty for exp. mass dependence arXiv:1104.2887
included in uncertainty

March 2011

—m,,, m(DO, NLO*NNLL)

g D@, L=5.3 fb g . D@, L=5.3 fb 80.5.] — M (DO, Approximate NNLO)
e L e | B IR LEP1, SLD
b~ | - | 1
125 12F — 68% CL
. . >
B IREANAN i Q
LN 10 — Oogoal ( () )4
R I R £
6f RN 6 R N B
| —e— Measured o(pp— ti+X) | —e— Measured o(pp - ti+X) 80.3 1
[ —— Measured dependence of o NS [ —— Measured dependence of o
I —— Approximate NNLO N I —— Approximate NNLO ]
i — NLO*NNLL | | | i — NLO*NNLL | | | 150 175 200
2150 160 170 180_ 190 277140 150 160 170 180 m [GeV]
Top quark pole mass (GeV) Top quark MS mass (GeV) t
Pole mass MS mass
163.0 = 5.0 GeV 154.5 +4.7GeV ~ w/ NLO+NNLL, Ahrens et al.
167.5 4 5.0 GeV 160.0 £ 4.6 GeV  w/ Aprox. NNLO, Moch & Uwer

Some tension between the o, predictions and in my vs. myy.
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Branching fraction (1.0 fb™ ') o

Vi
t
From amount of events with 0,1 and 2 identified b-Jets .
B(t — Wb) Vip|?
R = = = 0.97 +0.09
Bt = Wq)  [Vie]? + [Vis|* + [Vial?
Consequences
) DZ Runl| : :
Zo00- . omosny| Prerequsite for Vi, from single top:
| - Vsl 576 at 05% C.L.
400-+—% e Vis|? + [Vid]
* .| Top Quark Width (w/ 2.3 fb™" single top)
ZOOi __* Ft = Ft(t — Wb)/R
| . with I';(¢ = Wb) from recast of 01, t—channel
03 1 > I, =1.997092GeV  (SM: 1.34 GeV)
Ntag
D@, L = 0.9fb 1 First width measurement; accepted by PRL
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W -Helicity in Top Decays

Does the top decay show the expected spin structure?

SM: only lefthanded particles couple to W's (V — A coupling),
W is lefthanded or longitudinal.

- 11
Longitudinal W Lef:handed %%

SM: f, = 70% SM: f_ = 30%

In WW-restframe lepton from W stays (preferably)

orthogonal to b along b-direction

12
b < ¥ tion of top an of top
112 Vi
if >

Vi

S R
1 1

|+
/ §
* =
0 ... Neg. direc- b < J ... neg. direc-
W )

L1t
]!
Right-handed W

SM: suppressed (f1 ~0)

opposite to b-direction

Ly o
b </:Aﬁgd”ec-

* tion of top

One possible observable: decay angle between b and /; cos 6*
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Results from decay angle cos 8* (5.4 fb_l)

% 120 e D@, L=43fb"  (a) % 200+ D@, L=43fb"  (b)
g100- Tt :
60F |4 + } 100F
40F T g
: 50¢
20 r
k) 05 0 0.5 1 % 02 04 06 08 1
cosb* [cose¥|
¢+jets from fv ¢+jets from qq’

e Use /+jets and dilepton

e Compare to templates for left, right handed
and longitudinal polarisation

e Fit polarisation fractions: fy, fi

D@: fy=0.67+0.10 and f, = +0.023 4+ 0.053
SM:  fo = 0.7 fi~0
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N
s f D@, L=4.3fb™ (c)
g 150; —— D@ data
= C — Signal + bkg.
L r Y e - SM Signal + bkg.
w0 [ Bkg.
so— |
01 05 0 0.5 1
cos6*
dilepton
o
&L [
C (b)
1= o DZ,L=541fb"
0.8
L ® Best-fit value
0.6~ * SM value
04 |
0.2
0} ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
; L L L ‘ L L L ‘ L L L

cle e b b Py
0 02 04 06 038 1
f,

PRL 106, 022001 (2011)
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Spin Correlations (5.4 fb™ 1)

The top quark decays before it hadronises. = Spin imprinted on decay products

Q>mw<1 ®="5) ‘7"1 Sz?mu<

/
2 Ni| g g Vi apesigen s
,4 -
t

L (c= 'Sn) t

t
Angular Distributions (Dilepton)

Observable: 6, angle between p(¢*) and quantisation axis (here beam axis)

200 ——————
d?o [ D@ L=5.4fb" —— Data .
~ (1 —Ccosficosf_) : B £ SV spin corr. |
d COS 9_|_ d COS 9_ 1501 [ ]t no spin corr. |
1) [ Backgrounds
. Nsame_Nopposite E'l:) lOOk —
p— > -
Spin corr. strength €' = 57— A—— e
50 ]
C' =0.10£0.45 stat. dominated B
0 0.5 0 ) 1
NLO SM: Cpeam =~ 0.78 (Bernreuther et al.) cos 6, cos 6,
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Matrix Element Method (Dilepton)

Eventwise probability for kinematic configuration x to occur

o P (x|SC) with spin correlation.

o P, (x|NoSC) without spin correlation. ArXiv-1103.5194

g ] - 1
& 100] —— Data D@, L=5.4 fb
Z { — tt SM spin corr.
: —_ 804 tt no spin corr.
Ratio of probabilities | measured tdf
7 ackgroun
b Pyig(2]SC) go-| M 8¢9
Pig(2|SC) + Pisig(x|NoSC) 40-
ields a discriminant. Z
y 204
| o 903 035 04 045 05 055 0.6
Fit C' from R-distribution: R

5.4fb~h C =0.57+0.31 First result with (expected) significance > 30.
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Forward Backward Asymmetry (4.3 fb_l)

W Top pairs | D@ Run Il Preliminary

= Cwsiets I =43f*
50— B Multijet T |

e Initial state is not charge symmetric

Events

e Despite no single graph is asymmetric
SM: asymmetry from interference at NLO

_ - Nr—N
D@ consideres Al =" "5 :
NF —|—NB 0.1 0.2 0.3 0.4 0.5 0.6 0.7 D()i.;crin?izant 1
with F: Ay =y —yz >0 and B: Ay <0. Discriminant Ay > 0
* EXp: Ay — Qe(ye o yhad) g 250:_.Toppairs D@ Run Il Preliminary
EzwiDW®§ L=431f"
e Discriminant to fit W +jets bkg. for =Ay o

Alt = 0.08 £ 0.04¢at & 0.0T4yg¢
DO Note 6062-CONF

NLO SM with these cuts: A%—B = 0.0lfgjgf . Y
Ay Distribution
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Summary
e Top cross-section and properties results with up to 5.4 fb~*

e D@ at the Tevatron check all aspects of the top quark:

: . Decay Properties
Production Properties y P
jet
; Jet

: : : e W Helicit
e Cross-section (total and differential) . - .
e Spin correlation
e Charge asymmetry s e : :
_ —— e Branching fraction; Vi,
e Resonant production _
: : e W tb anomalous couplings
e Gluon fusion fraction
e FCNC
e Invisible decay
Inherent properties e Charged Higgs
e Top mass o ttH
o W’

e Width; lifetime
e Top charge
e sTop or Top’

e No evidence for new physics, yet. M
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