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The Top Quark

> needed as isospin partner of
bottom quark

- * discovered in 1995 by CDF and D@:
£a)m,,, ~ gold atom

» large coupling to Higgs boson ~ 1:
important role in electroweak
symmetry breaking?

> short lifetime: T~ 5 -10s < A _:

.
decays before fragmenting
= observe “naked” quark
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The Tevatron at FERMILAB: pp Collisions

Chicago

Main Injectar_“'
& Recycler

P 4> T4 Wp
Vs =1.96 TeV D~
At = 396 ns -

Run | 1987 (92)-95 — top quark discovery
Run Il 2001-09: 40 farger cataset | g measure properties with high precisions:
increased energy .. N h
is it really the particle expected in the SM?
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Top Quark Analyses at the Tevatron

Run I: top quark discovery (~125pb™)  Run ll: with high precision answer...
s tob pbair broduction s js it really the particle expected in the SM?

| 1;. anomalous couplings
q rare decays
\f branching ratios
CKM-Matrix-Element |V,,|

b W new particles

@

spin correlations P, e

charge fymmetw width, lifetime

FB o
production cross-section o.. w* W helicity
production kinematics \,q. N
production through resonances b
new particles qr

» single top production
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Top Quark Analyses at the Tevatron

Run |: top quark discovery (~125pb™) Run ll: with high precision answer...

o 1 . lucti @ is it really the particle expected in the SM?

' anomalous couplings
rare decays
\f branching ratios
CKM-Matrix-Element |V,,|

b \\W' new particles
\ .

spin correlations

mass, charge,
charge asymmetry

width, lifetime

AFB -
+ n -
mmmm) production cross-section o. W W helicity

qr

production kinematics q'
production through resonances b
new particles \
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Top Pair Production Cross Section

Searches in Top Pair Production
- New Resonances

Top Mass
Single Top Production
Outlool: Top Physics at LHC
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Top Quark Pair Production

q t
>_'u_w_u,< 85% |
q T

t g t g t

tg tg t
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Top Antitop Signatures

> top decay: 14%

| i
TS tt decay modes

all jet

~100% V. 4

on + jets

I
lept

46%

all hadronic

lepton + jets

> reconstruct and identify: FM

electrons, muons, jets, I et
b-jets and missing : w' e/u +Je
transverse energy dlleptz;n‘(e/ W / 34%
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Event Topology in Lepton-+]ets

signal background
- 1 lepton with high p_ W=Iv+ =4 jet
* 1v: high missing transverse energy
* 24 jets 93-5‘-'“'9' " /Q A
p -W~ 55 P
Wu/
multijet background (QCD)
+ misreconstructed met
+ fake isolated p or e
p
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Event Topology in Lepton-+]ets

signal background
- 1 lepton with high p_ W=Iv+ =4 jet
* 1v: high missing transverse energy
* =4 jets 93-5‘-'“'9' - /Q ¥
p W o5 b
U”u/

Monte Carlo

multijet background (QCD)
+ misreconstructed met
+ fake isolated p or e

extract
from data

Monte Carlo
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Typical p+jets Event

mip signal
in calorimeter
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Lepton+]ets Topological Cross Section
no b-tag - less model dependent W+J'Et5

- kinematic properties allow

separation between signal and
background

use as variables:

energy-dependent quantities:
- e.g. H_ (scalar sum of p_ of 4 leading jets) Hr [GeV]

angular dependenit:
* e.g. aplanarity

‘ Discriminant function:

5 (6) e (W)+jets
|str|but|on
iiij—distribution

B 02 032 04 05
Aplanarity
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Lepton+]ets Topological Cross Section

D@ Runll Preliminary 900 pb”  KS =0.855 = DATA715

2 F B i 004

@ |

2100 ‘ ] Wa+Jets 403
- [7] Multijet 88

top pair

7

/ % 01 02 03 04 05 06 07 08 09 1
Likelihood Discriminant

multijets

+0.9

o = 6.3_0_8 (stat) = 0.7 (syst) £ 0.4 (lumi) pb ]

tt
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b-tagging

> B hadrons lifetime T~ 1 ps
> B hadrons travel ny ~1mm

before decay

b-Jet Efficiency (%)

Secondary vix

!

Primary vix

0 2 4 6 8 10
Fake Rate (%)

displaced track
> explicitly reconstruct 3D vertices

> use properties from displaced tracks
to form a 7-variable neural network

* improvements of up to 50%

» ttbar event tagging efficiency 54%
(with fake rate of 1%)
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Lepton+jets cross section with b-tagging

1 b tag: >2 b tags: L=900pb™

D@ Runll Preliminary E—— I 100 D@ Runll Preliminary
1200 B i - +jets (8.3)pb i
B it - 11 (8.3)pb _ -
Bl single top 80— N Q -
1000 o Wee i
B Wbb n
Wi 60
- =
0 Multi-jet 40'_
201

Jet 1Jet

2Jets 3Jets >4Jets 2Jets 3Jets >4Jets

W+jets

[O'tt = 837" (sta) ")) (syst) = 0.5 (lumi) pb] top pair

-0.5
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Topi Pair Production Cross=Sections, /.

JAVA

7 |||||||||||||||||||||||||z
[ cacciari et al. JHEP 0404:068 (2004) Assume m=175 GeV/c
_ [Z] Kidonakis Vogt PRD 68 114014 (2003)  CDF Preliminary
D@ Run Il «=preliminary Winter 2007 AP v
. . _ "Dilepton
dlleptchlﬂets (topological) 7.1 "::g "::::- pb (L= 750 pb-'r} / 8.3i1 .Si1 .010.5
230 pb 2 -1
dilepton® (topological) 6.8 112109 b .
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Top Pair Production Cross Section

Searches in Top Pair Production
- New Resonances

Top Mass
Single Top Production
Outlool: Top Physics at LHC
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Search for tt Production via New Resonances

Harris, Hill, Parke, hep-ph/9911288

> no resonance production in ttbar
system is expected in SM

> some models predict ttbar bound states:
large top mass can be generated
through dynamical ttbar condensate X
formed by new strong gauge force
coupling to 3" generation

* @.g. topcolor assisted technicolor
predicts leptophobic Z' with strong 3™
generation coupling

> experimental check: search for bumps
in ttbar reconstructed mass spectrum

» sufficiently narrow so that width is
dominated by detector effects
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Search for tt Production via New Resonances

Total Invariant Mass of the tt System

70

50

40

Number of Events

30

20

10

CDF Run Il Preliminary, L=955 |:rb'1

—=— Data

SM tt
non-top Background

[

900 1000 1100 1200
M. [Gev/c’]

=M, > 725 GeV

Upper Limitono,, . [pb]

R Y SRR froceseenses Expected Limit at 95% C.L.+ 1a

—@— Topcolor Theoretical Cross Section

—#—— Observed Limit at 95% C.L.

L M@)<125Gey.

500 600 700 800 900'2'
Mass of Z'-Like Resonance [Gev/c]
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Top Quark Physics at the Tevatron - Christian Schwanenberger - YETI 2008, Durham 19 w



Top Pair Production Cross Section

Searches in Top Pair Production
- New Resonances

Top Mass
Single Top Production
Outlool: Top Physics at LHC
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The Top Quark Mass

> free parameter in the Standard Model

> check the self-consistency of the Standard Model in
combination with W mass measurement

S
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Extraction Techniques: Template Method

> use variables strongly correlated with m,.

» compare data to MC with different m_ hypotheses

0.1 CDF Run Il Preliminary

top

0.1
N [ ]145 Gev/c?
E 0.1: [ ]165 GeVi/c?

L 2

-...."E.. 0 UB}_— . 185 GeV/c
E E 205 GeV/c?
O 0.06 .
g
i 0.0

100

l+jets

150 200 250 300
reco 2
m_——(GeV/ic)
top
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Extraction Techiques: Matrix Element

» probability densities for every event as function of m..

signal signal signal ]
P g P g P g Pmba\ckground Pnrlexperlment
/\ X| A X /\ X — /\
m m m m m
top top top top top

> Maximum Likelihood fit

Pm<mtop’x ACC Id -dql qu f(qZ) W( y)

Acceptance LO-Matrix element PDF' Transfer Functions
(selection, x phase space (Probability to measure x
trigger,...) when y was produced)
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Lepton+]Jets Channel

jet energy scale:

translate jet into parton energy

HAD

EM Calorimeter jet

Particle jet

gl

W mass constrains
jet energy scale
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Results for Matrix Element Method

> maximum Likelihood fit using signal and background pdfs

. ) 7 fb
jet energy CDF Run 2 Preliminary 1.7 fb" 1.

scale 108

i FE —A(nL)=-05
2 1.04—
= — A(InL)=-2.0
M —A(nL)=-45
1.02F-
1.01
1=
0.99
0.98-
 at least one - | | | | | |
jet has b-tag 0966 168 170 112 174 176 78
m, (GeVic’)

| m,, =172.7 £ 13 (stat) + 1.2 (ES) * 1.2 (syst) GeV |
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Tevatron Combination: March 2007

Best Tevatron Run Il (preliminary, March 2007) E 1 b z
._._.

All-Jets: CDF

(943 pb”) 1711+ 4.3 > account for
App— correlations

ilepton:

epton 164.5+ 5.6

. @
Dilepton: DO

e 172.5+8.0

—8—

Lepton+Jets: CDF

s 170.9+2.5

——

Lepton+Jets: DO

i 170.5+2.7
Tevatron B 1709+ 1.8

(Run I/Run ll, March 2007) zfdc:f 9_2”0'

¥ =9
| | | | |

150 160 170 180 21 90 200
Top Quark Mass (GeV/c")

(m_ =170.9 + 1.8 GeV |
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Summary: Top Mass Measurements

Heinemeyer, Hollik,

[m = 170.9 + 1.8 GEV] Stockinger, Weber, Weiglein 2007
top == T
A [
world average 80.70  experimental errors 68% CL: ]
(March 2007) - LEP2/Tevatron (today) 1
80.60 |- ]
m, = 80398 + 25 MeV
world average 2007 E 80.50
h 80.40
WMVVQWW W , =~ \\ W
b 80.30 ] -
»Jan'05: Am_ = 4.3 GeV MSSM [
|06- A _ 2 9 G V 80.20 both models__
° Jan :am, = 2.9 Ge L
160 165 170 175 180 185
¥ Today: Ammp = 1.8 GeV m, [GeV]

» Tevatron should reach Ammp ~1-1.5 GeV with full Run-Il data set
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Top Pair Production Cross Section

Searches in Top Pair Production
- New Resonances

Top Mass
Single Top Production
Outlool: Top Physics at LHC
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Single Top Quark Production

- first direct measurement of |V, |

w? v
Phys. Rev. D70 (2004) 114012 Pt
s-channel: b
> NLO = 0.88 + 0.11 pb _ _
(m = 175 GeV) antiproton ;
proton ajets

¢ ©°jsolated lepton
v o missing E;
t-channel:

>*NLO = 1.98 + 0.25 pb

_ antiproton ™
(mmp— 175 GeV)

> b-jets
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It has been challenging for years...

£ Total inelastic
S 2
- 10
S LT mb
210 b
: bb 1-10
o, 0
107 | ub
168 b 6,000
600
b
16" -
t 2

'“-IZEL_ single top

-14
0 Higgs (ZH + WH) \
b
16

100 120 140 160 180 200
Higgs mass (GeV)/¢>

: b
antiproton <
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Single Top Quark Production

no b-tagging yet w

, DORun i Preliminary KS=0.761 L=913pb" , DORun il Preliminary KS=0517 L =913 pb™
i A Weets £ B Wejets

“t fakes fakes
(multijet) (multijet)

single single
top top

140 160 180 200 20 40 60 80 100 120 140 1

p.* [GeV] Missing E_[GeV]

20 40 60 80 1100 120

signal < background uncertainty!
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Multivariate Analysis Techniques

- Likelihood discriminants (CDF) £L(X)
- Artificial neural network (CDF) %—
- Matrix element (D@, CDF) fM

- Bayesian neural network (D@) %
- Boosted decision trees (DQ) X’)/K;’X

background |: £| signal

0 1
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Boosted Decision Trees

> |DEA: recover events
that fail criteria in
cut-based analyses
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Boosted Decision Trees

> |DEA: recover events
that fail criteria in
cut-based analyses
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Boosted Decision Trees

> |DEA: recover events
that fail criteria in
cut-based analyses
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Boosted Decision Trees

> |DEA: recover events
that fail criteria in
cut-based analyses

* result:
weight for every event
background signal

F/ \P

" i L 4.
* . T
,- | -

e i " "

s/b s/b s/b s/b s/b s/b 0 1
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Boosted Decision Trees

14

F/ \P

vl a3
3 i % T
,. o -

= w

> |DEA: recover events
that fail criteria in
cut-based analyses

s train tree: Tk
-derive weight: &
» retrain tree: Tk
+1
to minimize error
caverage: T =2 o T

s/b s/b s/b s/b s/b s/b

Top Quark Physics at the Tevatron
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Boosted Decision Trees

> |DEA: recover events
that fail criteria in
cut-based analyses

° result:
weight for every event
background signal
s/b =
purity | : : |

s/b s/b s/b s/b s/b s/b 0 1
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Boosted Decision Trees

> |DEA: recover events
that fail criteria in
cut-based analyses

|4

° result:
weight for every event
background signal
s/b =
purity

s/b s/b s/b s/b s/b s/b 0 1
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Boosted Decision Trees

> |DEA: recover events
that fail criteria in
cut-based analyses

° result:
weight for every event
background signal
s/b =
purity

s/b s/b s/b s/b s/b s/b 0 1
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Boosted Decision Trees

> |DEA: recover events
that fail criteria in
cut-based analyses

|4

* result:
weight for every event
kground signal
s/b s/b 0 1

s/b s/b s/b s/b
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W+jets

fakes
(multijet)

0.6 0.7

single top

DO 0.9 fb™
e+l
2-4 jets
= <4
08 09 1

tb+tgb Decision Tree Output

_ top pair

MANCHESIER 07/01/2008
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n E 2 -1
10 .
49 variables =2 D& 0.9fb
(Y
> 10 e+l
- 2-4 jets
1-2 tags
W +J ats fakes . /
(multijet) p
1 | & o 5
H < 175 GeV 100.6 0.7 0.8 0.9 1
tb+tqb Decision Tree Output
< DG 0.9 b
Z60- \ o
c
o \§ H, < 175 GeV
L 40 e+jets
i 2 jets
S -
% 02 04 06 08 1

tb+tqb Decision Tree Output

single top

_ top pair
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- 49 variables 2

10

DO 0.9 fb™

1| Single top

2-4 jets
1-2 tags
fakes = .
WAt (ruitjey _ top pair
(mu t t) = /
107 S S
H < 175 GeV e — ! H_> 300 GeV
tb+tqb Decision Tree Output
k) -
3 [ DG 0.9 fb~ 3 | (b) DO 0.9fb"
> 60— = | tb+tgb
T T \ T 20~ it
o ~~ H, <175 GeV @ Wijets
% > i g
Wa0- + e+jets T Multijets
i 2 jets §
i - 10— " H;>300 GeV
20 = % 11ag - e+jets
= 4 jets
i - | I =~ 1 tag
% 02 04 06 08 1 % 02 04 06 08 1
tb+tqb Decision Tree Output tb+tqb Decision Tree Output
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BT Results of other Methods

> CDF has found evidence as well for matrix element
(3.10) but not yet for likelihood (2.70) and NN...

D@ Run Il == preliminary 0.9 fb"
Decision Trees é 4.9 j '_: pb
Matrix Elements ; 4.6 jg pb
Bayesian NNs i 5.0 j ‘.g pb
Combination* E 4.8 j g pb

I
I N. Kidopakis, PRD
Z. Sullijan, PRD

. 114012 (2008), my,, = 175 GeV
, 114012 (2004), my,, =175 GeV

0

5

o
10 15

o (pp — th+X, tqb+X) [pb]

3.40

3.50

evidence
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First direct measurement of |V, |

> L1 [ < I!,
W - -
\/bd' \ﬂﬁs ‘Cﬁb
) V, ) Vekm = | Ved Vs Vb
q’ b Vida Vis Vi

» before only indirect limits: |V, | = 0.999127 + 0.00026 (1o CL)

CKM Fitter Group for Beauty 2006
> assume: Ilel2 -+ IVtsl2 & |th|2
*assume: pure V-A and CP-conserving Wtb interaction

> no assumption on quark families or CKM matrix unitarity

IV, =1.30.2][0.68 <V, <1 (95%CL) |
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new era of top physics at the Tevatron:
precision measurements & searches in the top sector
> Cross section measurement top pair production

- search for new resonances

> top mass

- evidence for single top production

= all measurements are in agreement with SM
= more interesting results will follow with more data
= will continue to explore top sector in detail

= important experiences as preparation for LHC:

analysis techniques, trigger efficiencies, background estimation,
systematics as e.g. jet energy scale, statistical methods
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Top Pair Production Cross Section

Searches in Top Pair Production
- New Resonances

Top Mass
Single Top Production
Outlool: Top Physics at LHC
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Top Pair Production at the LHC

Tevatron: o(1.96TeV)=6.1pb
LHC: o(14TeV)~800pb

quark/anti-quark annihilation gluon/gluon fusion
proton = ’
g
: antiproton }\"“m
. Tevatron 85%
: LHC 5%

10 top pairs per day @ Tevatron <> 1 top pair per second @ LHC
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Top Quarks as “Standard Candles”

few hours of data taking ATLAS ATL-PHYS-PUB-2005-024

top pair -

80—

60|

400

20—

n'.n
0

300 350 400

m_ (Gev) ~ W+jets

°> top mass peak one of the first signals to detect

> use for detector commissioning:
e.g. trigger, b-tagging, jet energy scale
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Single Top Production at the LHC

s-channel

associated tW

NO=66pb  0MO=153pb NLO = 6() pb > i
LHC Owo-47%0  Owo= Q0B 90— g05p top production

TeV o°=0.75pb oN0= 147pb oM°=0.15pb

O, & 0,411, NIOL €qual

= anti-top production

4 single tops per day @ Tevatron <> 30 single tops per minute @ LHC
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Outlook: Top Quark Physics at the LHC

» LHC is a top factory: 1 top pair per second at nominal luminosity
30 single top per minute at nominal luminosity

* systematically limited Tevatron analyses hard to beat:
Am _ ~1GeV (instead of 1 - 1.5 GeV at the Tevatron)

* statistically limited Tevatron analyses important:
2% statistical error expected for single top production in t-channel

measure basic quantities as spin, charge and couplings!

> role of top quark in electroweak symmetry breaking:
measure top-Yukawa coupling

high precision SM measurements
high sensitivity for new physics
much wider range of topics

I 440

explore top quark physics in great detail
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First direct measurement of [V, [ | b =

> it | <
Vud Vus Vub
W Vekm = Vedo Vs Veb
) V, _ Vid Vis Vi
q b CKM Fitter Group for Beauty 2006

» before only indirect limits: |V, | = 0.999127 + 0.00026 (1o CL)

o a 2 2 2
assume: |V >+ [V >« |V, |

*assume: pure V-A and CP-conserving Wtb interaction

IV, =13%02]

> assume: flL =1

0.68 < |V,| <1 (95%CL) |

> no assumption on quark families or CKM matrix unitarity
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The Tevatron at Fermilab: Luminosity

- Tevatron has delivered ~3.4 fb™
per experiment
-~ CDF and D@ ~2.9 fb! recorded each
= current data taking efficiency is
approaching ~90%

Run Il Integrated Luminosity | 19 April 2002 - 9 December 2007 |

—A—
2.27 L/

\

v

E 1.8 | |

andlysed J

\\

min
=
\‘\ ‘\

Lu
=
NS
NN

0.6

0.4

0.2 =]
%_—f I
0.0
Apr- Jul- Qct- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Qct- Jan- Apr- Jul- Oct- Jan-
02 02 02 03 03 03 03 04 04 04 04 05 05 05 05 06 06 06 06 O7 OF OF 07 08

y
,;/—

— Delivered
_.—f//,
L~ — Recorded
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ml | Muon Scintillators
]
5 — Muon Chambers
protons -
Shielding

antiprotons

Nesey 07/01/2008 Top Quark Physics at the Tevatron
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Event Topology in Dilepton Channel

- 2 opposite charge leptons with high p_
(ee,ep,pp)

lelizL * 2 V's: high missing transverse energy
« = 2 jets (1 jet for ep)
* cuts on topological variables
p p

background

aﬂ}”
Z+jets production: \‘

+ misreconstructed missing energy

small background = precise measurement in future
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— electron+muon event with b-tagging
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Dilepton Topological Cross Section

..2 60 DQ preliminary, 1.05 fb"
g | @ Data ‘ tOp palr
o B ;
) zny /
¥ | [ ]Diboson
340_ B Fake
=
S
<

20

T e e I N
0" 1 2 3

Number of jets

[crtt - 6.8 (stat)f(;f3 (syst) = 0.4 (lumi) pb]

-1.1

07/01/2008
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Top Pair Production Cross-Section

o(pp — tt) (pb)
T

,
-
L

-
uuuuu
B
-

-
-
-
LY

lllll

-

'

-
T, T e

tea -

llllll
h

Ll
-
s
-
- -,
-------
TEam . Tmm,
L T P
i L
-
-

.
- ]

Cacciari et al. JHEP 0404:068 (2004)
Cacciari et al. + uncertainty 4
Kidonakis,Vogt PIM PRD 68 114014 (2003) |
Kidonakis, Vogt 1P 1

PN ST TN T A T T T T T N [N N T S [N T N TN NN T T T N T AN ST S [N
1060 162 164 166 168 170 172 174 176 178

Top Quark Mass (GeV/c

180

} SM

12 need NNLO in

the future...

(ol

7.53 £ 0.87 pb for m, =

172.0 = 2.7 GeV]
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Measurement of cross section ratios

(1)L
O‘(t%)DIL

° many uncertainties cancel!

=1 in SM

< 1 due to e.q.

> radiative corrections
in MSSM hep-ph/9907422

> in multi Higgs dublet

models hep-ph/9509203
hep-ph/9401311

= W disappearance

07/01/2008 Top Quark Physics at the Tevatron - Christian Schwanenberger - YETI 2008, Durham 61 w



Measurement of cross section ratios

(1)L
O‘(t%)DIL

° many uncertainties cancel!

=1 in SM

< 1 due to e.q.

> radiative corrections
in MSSM hep-ph/9907422

> in multi Higgs dublet

models hep-ph/9509203
hep-ph/9401311

= W disappearance
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Cross section ratio and limit on B(t =@ b H")

+0.27 DO Runll Preliminary
[Rcr =121 " (stat+syst)] $0.5¢
mo45f. 68% C.L.
oaf. 95% C.L.
035} |
03|
0.25|
0.2f
0.15}-
0.1
> leptophobic charged 0.05F
Higgs with mass close o A
tO w boson 9).5 04 -0.3 -0.2 -01 -0 0.1 0.2 0.3 064“:;5
[B = 0.13 **(stat+syst) ] [B < 0.35 @ 95% C.L.]
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Results for e, p + jets combined

SM: use ttbar cross section
6.77 = 0.60 pb (NLO+resummations)

DO Runll Preliminary1

0
—— 197.0 data
E 35— L =0.9 fb'1 [ 10.84 Zprime750
2 B 145.56 tiljet
T .al B 5 69 )
o 30 01222
o 0.31 W2
b 1.00 WW q
%« 25 2.35thg
B 10910
3.58 Z+jets
20— I 9.20 Wbb
I 5.01 Wee
[ 3.90 Wip
15 I 6.27 Multijet

Z' with 750 GeV q

*

7000 1200
M, [GeV]

= e, U + jets combined: 197 events, 187 expected
= binned Likelihood fit to get upper limit
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Limits for e, p + jets combined

DO Run Il Preliminary

T 4F
g b
= 3.5 i = Observed Limit 95% CL
E £ e Expected Limit 95% CL
@ SE — Topcolor Z (CTEQS6L1)
@) C
2.5 ]
- L =0.9 fb™’
21—
- r =0.012 M
C X X
15—
1=
0.5
- | - e

1 11 | L1 1 1 L1 1 1 | 1
400 500 600

=T
o

1 | | 1 | | 1 | 1 | 1 1
og| 800 900 1000 1100
M, [GeV]

= M_ > 680 GeV

expected: M, > 740 GeV
CDF: M, > 725 GeV
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Results for Matrix Element Method

> maximum Likelihood fit using signal and background pdfs

DO Runll Preliminary
> 1ot [ <

A
-_—

(/2]
. Ll
jetenergy °
scale

o O = = =
© © o o ©o o
O 00 a N A o o

o

©

B
|

0.92 —

145 150 155 160 165 170 175 180 185 190
M,,, (GeV)

w [ m_ = 170.5 + 2.4 (stat+JES) = 1.2 (syst) GeV ]
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Tevatron Combination: March 2007

DO Runll -- preliminary Summer 2007

E 1 fb! z
170.5 24 +1.2 GeV

I+jets (matrix element, b-tagged) *
910 pb™’
I+jets (matrix element, topological) * 170.5 25 #1.4 GeV

910 pb™’

> account for
173.7 44 21 Gev correlations

+4.1 +1.2
170.3 a5 18 O&V

I"'jets (ideogram, b-tagged, topo)
420 pb™" (Phys. Rev. D)

@
H@H
—o—
o
I+jets (matrix element, topological) —e— 169.2 :;'2 :::i GeV
H—&—H
H—&—H

I+jets (matrix element, b-tagged) .
370 pb™" (Phys. Rev. D) Best Tevatron Run Il (preliminary, March 2007)
370 pb™" (Phys. Rev. D) ——
Il {neutrino weighting, topo) NEW * 172.5 538 3.5 GeV All-Jets: C1DF 1 71 .1 i 4-3
1050 pb™” (943 pb’)
Il (matrix weighting, topo) NEW * 175.2 6.1 3.4 GeV —
1050 pb™ Dilepton: C;DF 164.5+ 5.6
Il combination (nu and matrix) NEW * H—&—H 173.7 154 234 GeV (1030 pb )
1050 pb™" °
Il combination (neutrino and matrix) H—@&—H  178.1 1567 248 GeV Dilepton: QD 172.5+ 8.0
370 pb™' (Phys. Lett. B) (1000 pb )
I+jets & Il combination (august2007) H@H 172.1 1.5 1.9 GeV
11" Lepton+Jets: CDF 1 70 9 + 2 5
(940 pb™) =
World average (march 2007) Hell 170.9 1.1 15 GeV
L 1 | L 1 L I 1 L 1 | L 1 1 I 1 1 Le{,p;gg.i-;?JtS: DO 1 70-5 i 2-7
140 160 180 200 P
Top Quark Mass [GeV] Tevatron . 1709+ 1.8
(Run I/Run II, March 2007) ST
¥ /dof = 9.2/10

mtop =170.9 =+ 1.8 GeV 15|0 1é0 70 18|0 1<;|ao 2c|)0

Top Quark Mass (GeV/cZ)
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Dilepton—-Channel: Neutrino Weighting

no v p_information
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Dilepton—-Channel: Neutrino Weighting

@ assume top mass

no v p_information

s take (anti-) neutrino n from MC

v i
@ 2000

10000

entr

8000} —
6000}

4000—

2000}

07 oy by by by by g
-4 -3 -2 -1 0 1 2 3 4

neutrino n
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Dilepton—-Channel: Neutrino Weighting

@ assume top mass

no v p,_ information

s take (anti-) neutrino n from MC

m |

q_) 12000

| - L

dd L

C 10000

() -

8000

6000/

4000—

2000;

° sum over i

- L s S A TN U SN T (N U U YN T N Y TN S T NN O O
all solutions G

neutrino n
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Neutrino Weighting Algorithm

> compare measured E, with expected (MC) for different
m,,, hypotheses

=> derive w(m,,,) for every event

:I . I
100

120

| | | |
140

| | | | |
160

180 200 220

m,,, (GeV)
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Neutrino Weighting Algorithm

> compare measured E, with expected (MC) for different
m,,, hypotheses

=> derive w(m,,,) for every event

° extract

I I I I | | | | I I I | I
100 120 140 160 180 200 220

mean t Myop (GeV)

templates
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Neutrino Weighting Method: Result

NEW: simultaneous 3 (2)-dimensional fit to signal (background) templates

rms=45 GeV > L [ <

» 57 events

-log likelihood

-—h N W Lo L)) [=2) ~J 00
rrprrrrfrirTryrrTryrnri TTTTITTTTyrerTnrnsT

250 300

200 3
00 120 mean P55

» maximum Likelihood function L(m ,mean,rms): PRELIMINARY

[ mtop=172.5 + 5.8(stat.) + 3.5 (syst.) GeV] w
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Combination for matrix/neutrino weighting

TR
O | |
e s .
| E SRR USRS SRR Vet
(@) I r ; N ‘.g." .
C - ': .;’{’,";’
= ool FRa M
Lo e VA LTS
() I SRR
o — ‘.:0‘ l‘civ
g """"""""""""""""""""""""""""" e e
O w -
c % 14|~ -signal m =175 GeV
S -
s & +o[ Ebackground DO Runll Preliminary
= - -¢+-data
w 150 160 170 180 10 :_ —e—
c m__matrix weighting [GeV] .-
o op - l
o) - -
£ :
4 ‘ +
2:_ E* I—CE il
900 120 140 160 180 200 220 240
mpeakGeV

[ mtop=173.7 + 5.4(stat.) + 3.4 (syst.) Gev]




What mass do we measure?

L os . -F My (1+ 2.

> LO QCD: free parameter top
> NLO QCD: dependent on the renormallsatlon scale ¥l

Bm FMMWJfQCD | ,
T ot e G

gs { SR TR G W WU WA mC(H))'mé(H)

16 CONICEDL O QUAIR flla JIIVET 'l'l',"l'l'l
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Differences in top mass definitions

hep-ph/0001002 L M |
. = mi\ds (m,) = : t pole mass
/ 1+ B_QS(Mt)
MS scheme

=> difference between MS and pole mass is =7 GeV...
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Extraction techniques: Matrix Element

» probability densities for every event as function of m..

signal signal signal ]
P g P g P g Pmba\ckground Pnrlexperlment
/\ X| A X /\ X — /\
m m m m m
top top top top top

> Maximum Likelihood fit

Pm<mtop’x ACC Id -dql qu f(qZ) W( y)

Acceptance LO-Matrix element PDF' Transfer Functions
(selection, x phase space (Probability to measure x
trigger,...) when y was produced)
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What top mass is in a LO Monte Carlo?
> matrix element in LO QCD
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What top mass is in a LO Monte Carlo?

> matrix element in LO QCD

b
q 0 \Y
S t
<C
v ¢
.ti... E
a ¢ q
O
W .u'
ql

> parton showers simulate higher orders,
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What top mass is in a LO Monte Carlo?

> matrix element in LO QCD

b
q v
% t
@,
S w pe
DO 00 0OC0 E
q t q
w_ -I
q

> parton showers simulate higher orders,
i.e. not only radiating additional gluons!
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What top mass is in a LO Monte Carlo?

> matrix element in LO QCD

Q|

> parton showers simulate higher orders,
i.e. not only radiating additional gluons!
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What top mass is in a LO Monte Carlo?

> matrix element in LO QCD

> parton showers simulate higher orders,
i.e. not only radiating additional gluons!
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What top mass is in a LO Monte Carlo?
> matrix element in LO QCD

» parton showers simulate higher orders,
i.e. not only radiating additional gluons!

= NOBODY KNOWS...
> arguments that it should be close to pole mass
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Important to Know...

M. Seymour: as far as I know, noone understands 1in detall the
relationship between the guantity you measure and any fundamental
parameter of the theaory.”

T T I T | I I I T T T | | T T T I I T I

m =170.9 + 1.8 GeV

experimental errors 68% CL.:

80.70 - 4
: LEP2/Tevatron (today) i top
i pole mass } m = 80398 + 25 MeV
80.60 —
i world average (March 2007)
< .
o 80.50—
S,
=
=
80.40 |
80.30 |
‘ SME -
MSSM! il
80.20 | both models EEEEEE . .
ol IHeilrler:ua‘;.'ler. IHl::-lllilv:, |Stulckirllgelr, ".":febler, ':Neilglein '{??: e W|I| contlnue at the LHC!
160 165 1??“t [Ge\A?S 180 185 Hein yer' HOllik'

Stockinger, Weber, Weiglein 2007
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Important to Know...

M. Seymour: as far as I know, noone understands 1in detall the
relationship between the guantity you measure and any fundamental
parameter of the theaory.”

T T T T | | I I T T T | | T I T I T T |
experimental errors 68% CL.:
LEP2/Tevatron (today)

pole mass

80.70

(m,, =170.9 + 1.8 GeV |
m = 80398 + 25 MeV

80.60
world average (March 2007)

E 80.50
= world average

0,40 interpreted as

.
o MS mass
| (too extreme...)
80.20 both models _: . .
o IHeilner?eyler.lHnlllik, |St0|ckirllgelr, ".":febler, ':.Neilglein '??: L W|" contlnue at the LHC!

160 165 170 175 180 185 . .
m, [GeV] Heinemeyer, Hollik,

Stockinger, Weber, Weiglein 2007
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Top mass from cross section measurement

D Runll Preliminary

—~ 22F
'g_ 20F O pp tix
s -
N 18 Total uncertainty
o 16F
; 14 Kidonakis et al.
T 12 ;_ e SIESTIERY Theoretical uncertainty
= 10 = it _";--'.'.T:'-T.T,?j.: T
N S
é 6 E_ ‘‘‘‘‘ i '-".'-‘-'I"'-'-"'."_','.:.:":1.;",-'-_.-'. :: :::: :."
ac
gi.I..|.I|...I....I....I....I..
160 165 170 175 180 185

Top Mass (GeV)
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Top mass from cross section measurement

D Runll Preliminary

5 2%
o 20 — Opﬁ—> tt+X
S 1 -
N 85 --------- Total uncertainty
o 16¢
; 14 Kidonakis et al.
’[‘ 12 ;_ U RIS Theoretical uncertainty
£ 10—=-= R
m 3 B l ...................
X e,/ 7 N e
D & At ':':-;':_.'..,1_,1',-,;-...,

0"360 165 170 175 180 185
Top Mass (GeV)

> signal efficiency: rely on LO MC
> kinematical distributions very Frixione, Mangano, Nason, Ridolfi,
similar between LO and NLO hep-ph/9503213
— assume no influence on top
mass definition

- Christian Schwanenberger - YETI 2008, Durham
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Top mass from cross section measurement

DZ Rl » NLO QCD including

o 22¢ resummations in higher orders
2 205 * best theoretical knowledge
3 185_ * top mass definition: pole mass
g 165_ / — measure different quantity than
: }g_ in kinematical analyses
= 10 f—‘:”:r":""‘-":{ R e
m 8 ;_" S ;':I“”“"""7;'-,'711;:'.1.#:_ ------------------------
X e R
@) 4 ;_ QERRERE
2;_ | ] ] | | |
0"i60 165 170 175 180 185

Top Mass (GeV)

M. Cacclarl: "... at least 1n princliple the mass

you measure trom the kinematical fits 1s not the same as the one you
might extract from the cross section (LO pythia mass wersus MLO pole
mass )"
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Top mass from cross section measurement

> “simpler” analyses DZ Runll Preliminary
@ good cross check ||~ 22¢
= complementary '8_ 20t Opp— i
information : 18 . Total uncertainty
o 16¢
< 14 0 e Kidonakis et al.
T 12;_ ...... SLICIERE Theoretical uncertainty
: 1 0 = e .""z"- L
m g £ i -i: . ................
4
gz..I....I....I....I....I....I..
160 165 170 175 180 185

Top Mass (GeV)
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Cross section in/ lepton+jets/dilepton channel

D@ Preliminary, 0.9 fb™ D@ Preliminary, 1.05 b
=14 - g4 o_
o pp— tt+X — |+jets+X o pp— tt+X — 11+X
T [ e Total uncertainty T [ e Total uncertainty
© 19 World average °© 1o World average

— NLO Cacciari et al.

— NLO Cacciari et al. . _ _
RURIEIEEE Theoretical uncertainty

T e Theoretical uncertainty

‘I Te T A1 | UL
‘I T T | L

el
........
L.
-

.
"aa
Lr
L
LTS
e
-----------
--------
Py
L
.
.
..
I
-

8~ 8
ot or
2:..?|'n...|....|E.i..l....|....|.. 2:..|,,,,|,,,§,|I,,,,,,,a,|lllilll

160 165 170 175 180 185 160 165 170 175 180 185
Top Mass (GeV) Top Mass (GeV)

[Mt =166.1 723 (stat+syst) 5> (theory) GeV] [Mt = 174.1 13§ (stat-+syst) 152 (theory) GeV]

kinematical analyses:
[mtop =170.5 £2.4 (stat+JES) +£1.2 (syst) GeV] [mtop =173.7 £5.4 (stat) 3.4 (syst) GeV]

ey 07/01/2008 Top Quark Physics at the Tevatron - Christian Schwanenberger - YETI 2008, Durham 90 w




E 1 fb! g

CDF Results of all Methods

> Likelihood discriminants: o < 2.7 pb @ 95% CL
- 2 artificial neural networks: o < 2.6 pb @ 95% CL

- matrix element: ¢ = 2.7 *}; pb (2.30)

but: use same data selection
correlation among analyses
is 60-70%

- 1.2% compatibility of all analyses
(common pseudo experiments)
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Boosted Decision Trees Event Charcteristics

MANCHESTER

24

DI <0.3

D@ Run Il Preliminary 0.9 &'

e+l channel

¥
g wh

: 1-2 lags
v | 2-4 jets
! a0 DT<0.3

+

s+1=4.95 pb

DT > 0.55

0O Aun B Preliminary 0.9 '

e+ channel
1-2 lags
2-4 jets
DT=0.55
s+1=4 95 pb

DT > 0.65

DO Run Il Proliminary 0.9 ity
e+ channel

1-2 lags

2-4 jots

15/ DT>0.65
s+1=4.98 pb

b-Tagged Top Mass [GeV]

D@ Run N Preliminary 0.9 '
241 channel

1-2tags

2-4 jets

DT<0.3

s+1=4.95 pb

8
LA |

8
T T

5
:
:

Yield [counts/10GeV]
&

200
b-Tagged Top Mass [GeV]

D@ Run N Preliminary 0.9 '
e+|1 channel

1-2 lags

24 jets
DT=0.55
s+1=4 95 pb

b-Tagged Top Mass [GeV]
10— Al
D Il Preliminary 0.9 fb
241 channel
1-21ags
2-4 jets

Yield [counts/10GeV]

DT=0.65
5+J =4.95 pb
} signal

backgr.
error
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Boosted Decision Tree s+t observed results

o
W
|

DO 0.9fb™

o
ha
e

o
t
1 | |

o
—i

O
(=,
[T}

Probability Density [pb™]

Posterior

Li 2 o i . :
s 8 10 12

4
tb+tqb Cross Section [pb]

o= 49x14pb
background compatibility: 0.035% (3.40)
_SM compatibility: 11% (1.10)

2...

f I 1

~N

~N

J
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Top Pair Production Cross Section
Top Mass

Searches in Top Decays

- Cross section ratios
- branching fractions
- W helicity

Outlool: Top Physics at LHC

MANCHESTER 7/01/2008 Top Quark Physics at the Tevatron - Christian Schwanenberger -




Search for new physics in top decays
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Measurement of Branching Fractions

Vud Vus Vub |

R:B(tﬁWb) VCKM= Vcd Vcs Vcb

Standard Model: Bli=Wa) Via  Vis  Vib

v P R changes fractions of

i — =V [=1 b-tagged jets:
|th| +|Vts ‘|‘|th| f DO Runll Preliminary

unitarity of CKM matrix o
oz fond DL R=1

we assume: B(t—-Wq) =1
e.g. decay into 4™ generation

quark: R< 1 00 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
sensitive to b disappearance B(t—Wb)
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Binned Likelihood fit in e,u+jets channels

= 3 jets > 4 jets

DG Runll Preliminary D@ Runll Preliminary
» — « 600
| 3000 * Data e L » Data
s [ w H B tt(ljets) s _ [ p p Ir M tt(ljets)
- - = 500
52500: +Jets B (1) g C to a B (1)
E, L diboson E 400k diboson
2 2000 " single top = " Isingle top
Bl Z+jets Bl Z+jets
1500 300
B Wob = wbb
cc
1000 = mcc 200 = Wip
=~ Tt" " B Multijet
500 Lz 100
0 0
0 1 > _ 0 1 > _
Number of tagged jets Number of tagged jets
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Binned Likelihood fit in e,u+jets channels

= 3 jets > 4 jets
DG Runll Preliminary D@ Runll Preliminary
2 3000 » 600
g - = Data = - = Data
5 n 2 B tt(ljets) s __ [ M tt(ljets)
; 2500 :— w+J ets - tt(ll) ; 500 " top pal r - t[ ||)
'E 2000' d_iboson 'E 400 diboson
< single top z single top
Bl Z+jets B Z+jets
1500 i g I Wbb
" Wee
1000 = wee 200 mwi
I Wip — e
N ultije
500 B Multijet 100
0 0
0 1 >2 0 1 =2
* + Number of ;gged jets + + Number of;gged jets
topological topological
discriminant discriminant

Maximize total Likelihood function simultaneously for
branching ratio R and top pair production cross section
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Lepton+jets cross section in SM

M =175 GeV
top

w [crtt = 8.08:’;)_':25 (stat+syst) + 0.49 (lumi) pb] 12%

L=900 pb™

[crtt = 8.2 + 0.5 (stat) £ 0.8 (syst) = 0.5 (lumi) pb] 13%
L=1120 pb™

= combine results
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Simultaneous Measurement of o and R

DO Runll Preliminary L=0.9 fb'
9
= | CDF Run | 0.94 *0->1
°10- L=109 pb” —e— '
I CDF Run I 1.12 *0-27
i L=160 pb”’ —e— 0-23
8|_
- D@ Run Il 1.03 1013
] L=230 pb —e—i '
B o)
AL 95% C.L. DO Run Il preliminary 0.991*0:0%4
. 68% C.L. L=900 pb’” re- '
T T e v b ey by
0.8 0.9 1 1.1 1.2 -0.5 0 0.5 1 1.5 2
R R = B(t — Wb)/B(t — Wq)
+0.87 _ +0.094
o =810 (stat+syst) + 0.49 (lumi) pb R=0.991_ .. (stat+syst)

= agree with SM

07/01/2008 Top Quark Physics at the Tevatron - Christian Schwanenberger - YETI 2008, Durham 100 w




Lower'limit to branching fraction| R

] 109 Runll Preliminary L=0.9 fb' V. Ve Vo5 \I[
ool Vekmr = | Ved Ves Vb

o.sf Via Vis Vi

07} '

o nf

ik  68% C.L. [Vl + 7+

03 . 95% C.L. _

02k using measured |V_| and |V| :

01F V.| > 0.096 @ 95% C.L.

oL | T I I IR \ |

0 02040608 1 12 14 96 18 _ _ _
J Rmes  Using unitary of CKM matrix:

[R > 0.812 @ 95% C.L.] ['th| > 0.901 @ 95% C.L. ]
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Top Pair Production Cross Section
Top Mass

Searches in Top Decays

- Cross section ratios
- branching fractions
- W helicity

Outlool: Top Physics at LHC
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Helicity of the W'in| ttbar Events

TI8 - w(y_ S V-A spin =1/2
Top Standard Model weak decay — Y 1 Y VbW,
V-A coupling as it is for all the other fermions tspin =1/2
W+ spin=1
b |14 w
PN N N
, — ﬂ , — i — ﬁ Suppressed by the
ﬁ L ﬁ L ﬂ V-A coupling
NS D 4 ) 4
w b b
: W Left-Handed W, Longitudinal w, Right-Handed
U55950405 0 42 04 05 03 1 fraction F fraction F, fraction F,

8(1+c059 )

In SM (with m,=0, M, = 175 GeV and m,, = 80.4 GeV),

1
Fo= >==0.70 | F =(

M2

top
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Helicity of the W'in| ttbar Events

0 5 _—
c [ @ erbeoa. L DO Run Il Preliminary
o B — tl— l+jets (V-A) - - 1 Er——
u>.| 30[ D@ Run Il Preliminary - - -ti— l+jets (V+A) = 480 L=1fb . only
: [] background = === Stat. + syst.
20 [ B Physically allowed region
: 475 <
[ B F0=0. 7/
10} -
il 470—
F- o S e e -
% 5 0o 05 1 ;
cosH* 465
1 1 l ] 1 1
o5 0 0.1 0.2 0.3 F
e C -9 -1
€ 251 (b) D@ data, 1 f5 / .
o C D@ Run Il Preliminary — =11 (V-A)
2 - -t 1 (VA (¢ N\
o for F =0.7:
|:| background 0

F. =0.017 = 0.048 (stat) = 0.047 (syst)

10F F <0.14 @ 95% CL
5F ~— /
QP T = = no deviations from SM predictions

cosoO*
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Event Selection in Lepton+]ets

e () isolated, p. > 20 GeV,
Ini< 1.1 (2.0),

at least 4 jets, v
p.> 20 GeV,

Inl< 2.5

no other high p_lepton T g /

QJ Jf w\

minimum Acb'

=1

missing E_> 20 (25) GeV
> for e (u)+jets

0,1lor2 jets
b-tagged
(Neural
Network)
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Event Selection in Lepton+]ets

e () isolated, p. > 20 GeV,
Ini< 1.1 (2.0), minimum Acb'
no other high p_lepton T g /

QJ _}f w\

at least 4 jets, v
p.> 20 GeV,

_  Mmissing E_> 20 (25) GeV
Inl< 2.5, P - P for e (u)+jets
one jet p_> 40 GeV

~ ©%,, ¥—10,10r2 jets
" b-tagged

{:v (Neural
Network)
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signal

Top anti-top signatures

3000 times more often

g

background

W + jets
v
= +
q e
o q
b 10'° times more often “a”
M q g 9
f"'
_ q a
dilepton (e/p) v multijets g 9
esey 07/01/2008 Top Quark Physics at the Tevatron
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Top anti-top signatures

D@ Runll Preliminar
100r Y

Number of events
= (] (o]
I°|I T I°|I T Ioll T

N
o
T T 7

f=
LI

1Jet 2Jets | 3Jets >4Jets

b % 60_— D@ preliminary, 1.05 fb" tOp pai r
E ; Fiata |
\Y; o [z
340 e
P
20

dilepton (e/p)

Number of jets

07/01/2008
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What are we measuring in mass analyses?

» different methods: templates, matrix element, ideogram...
> calibration curve (e+jets with b-tagging)

0+1 +2 Tags

20

15

10

Fitted M, - 170 (GeV)

203 0 s 0 1015 20
Top mass hypothesis - 170 (GeV)

avoid:
Measurement of PMASS(6,1) using a data set of 4fb™ at
the Tevatron
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All Hadronic Channel

CDF Runll preliminary L=943pb"

__ Doublele Tags
- v Data

- [ Signal+Bakground
8- I Background

g
(1e1eNClC

Double Tags Events/10(GeVi/c)

2D-template analysis (m,,, JES):

> signal template from matrix
element calculations
> background templates inspired MOt op Mass (Gov)

by data

m,=171.1 + 3.7(stat.+JES) £ 1.9(syst.) GeV]
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Cross section in dilepton channel

D@ Preliminary, 1.05 b D@ Preliminary, 1.05 fb™
o 140 o . o 141 o .
& pp— tt+X — l1+X & i pp— tt+X — l1+X .
N Total uncertainty g [ e Total uncertainty
© 121 World average © 1o World average
.~ NLO Kidonakis et al. < .~ NLO Cacciari et al.
T e Theoretical uncertainty - R Theoretical uncertainty

T =7

=
........
et

LI
------
......
-

.......
.......
.......
--------
- -
................
..............
-----
-------
-------
------
--------

: o

Bl J ............... 5:— *

S 'S
2:.|...1.§...|§.....5|...!. 2:..|,,,,|§|,,;,|I,,,,,,,%,IHE,H

160 165 170 175 180 185 160 165 170 175 180 185
Top Mass (GeV) Top Mass (GeV)

[Mt = 174.5 T5%° (stat+syst) T37 (theory) GeV] [Mt = 174.1 T35 (stat+syst) 152 (theory) GeV]

kinematical:
MWT+VWT Miop = 173.7 £5.4 (stat) £ 3.4 (syst) GeVl
Note 5460-CONF
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Cross section in dilepton channel

D@ Preliminary, 1.05 b D@ Preliminary, 1.05 fb™
o 140 o . o 141 o .
& pp— tt+X — l1+X & i pp— tt+X — l1+X .
N Total uncertainty g [ e Total uncertainty
© 121 World average © 1o World average
.~ NLO Kidonakis et al. < .~ NLO Cacciari et al.
T e Theoretical uncertainty - R Theoretical uncertainty

T =7

=
........
et

LI
------
......
-

.......
.......
.......
--------
- -
................
..............
-----
-------
-------
------
--------

: o

Bl J ............... 5:— *

S 'S
2:.|...1.§...|§.....5|...!. 2:..|,,,,|§|,,;,|I,,,,,,,%,IHE,H

160 165 170 175 180 185 160 165 170 175 180 185
Top Mass (GeV) Top Mass (GeV)

[Mt = 174.5 T5%° (stat+syst) T37 (theory) GeV] [Mt = 174.1 T35 (stat+syst) 152 (theory) GeV]

kinematical:
MWT+VWT Miop = 173.7 £5.4 (stat) £ 3.4 (syst) GeVl
Note 5460-CONF
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Search for resonances
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Search for tt Production via New Resonances

Harris, Hill, Parke, hep-ph/9911288

> no resonance production in ttbar
system is expected in SM

> some models predict ttbar bound states:
large top mass can be generated
through dynamical ttbar condensate X
formed by new strong gauge force
coupling to 3" generation

* @.g. topcolor assisted technicolor
predicts leptophobic Z' with strong 3™
generation coupling

> experimental check: search for bumps
in ttbar reconstructed mass spectrum

» sufficiently narrow so that width is
dominated by detector effects
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Reconstruction of tt invariant mass

lepton momentum ' invariant W mass:
— - \ z component of v

V
/ b ) ) Q \
momenta of I D p missing
4 leading jets > - LJ

N :

D

=72 VY

)

G " v 0 e better sensitivity for high

b mass resolutions than
v former constrained
kinematic fit technique
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Event Selection in Lepton+]ets
e () isolated, p_> 20 GeV,
Inl< 1.1 (2.0),

minimum Ad I
no other high p_lepton T~ g /

& Jf w\

at least 4 jets, Pl -

p,> 20 cév, D B missing E_> 20 (25) GeV
Inl< 2.5, - for e (u)+jets

one jet p_> 40 GeV

. ﬂ : E

o= C] 2
\ ~ ©%, 0 $——  atleast 1 jet
N b-tagged

(Neural
Network)
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Results for e, p + jets combined
top pair and signal: data and SM:

SM: use ttbar cross section
\ 6.77 = 0.60 pb (NLO+resummations)
DQ'Run Il Preliminary _ D@ Run Il Preliminary

%0.1 6 % - 1 —B 197.0 data
o o 35 L =0.9 fb" [ 10.84 Zprime750
§).14— 2 ~ =14a .56 thijet
B - .89 i
5 © " M, =650GeV| B aod)
D12 + ® 0.31 WZ
& C + + 4 I3 1.00 WW
= i + . = 250 2.35 tbq
01— - Bl i09th
L + + = ;gg tZ+jels
= -+ 20— I 9.20 Whb
0.08| + + = I 5.01 Wee
- + 1 C [ 3.90 Wip
- 27 Multij
0.06— + 15 - I 6.27 Multijet
: —--— - = 1 -
0.04— . + 10 Z' with 750 Gév
u - + u
C + - —
0.02[ -~ + -+ 5F : /
0 C o 0 »--—1—'-.-1 P S TR B _.-J_\_|""—|-::"' — ey 00: T 'i‘- |
0 200 400 600 800 1000M G 1V2]00 1000M“ [Ge‘IVZ]OO
e -

= e, U + jets combined: 197 events, 187 expected
= binned Likelihood fit to get upper limit
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Limits for e, p + jets combined

DO Run Il Preliminary

T 4F
g
= 3.5 i = Observed Limit 95% CL
E £ e Expected Limit 95% CL
@ SE — Topcolor Z (CTEQS6L1)
@) C
25— )
- L =0.9 fb™’
21—
- r =0.012 M
C X X
15—
1=
0.5
C | |

=T
o

| | 1 I | 1 1 | 1 | 1 1 | 1 1 | | 1 | | 1 | | 1 | 1 | 1 1
400 500 600 og| 800 900 1000 1100
M, [GeV]

expected: M, > 740 GeV
CDF: M, > 725 GeV
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B2
“o18
0.18
.14
.12
0.1
0.08
0.06
0.04
0.02

MANCHESTER

Mass dependence of resonance

D@ Run Il Preliminary

dzl

24

— niher je1s
4t — Zorimads0
Lt
-
-
-
-+ -
- -
- * -
200 400 600 B0O 1000 1200

tt invariant mass [GeV]

Mx = 450 GeV

012}

.08}
0.08[
0.041

o.02f

D@ Run Il Preliminary

0.1

—tibar bats

1 — ZprimeBsn

200 a00 500 800

1000 1200
tt invariant mass [GeV]

Mx = 650 GeV

D& Run |l Preliminary

m F
-%L 18- . — ibar s
w | +
L + - — Zpeimed 000
01—
- - £l
0.08[—
" ey
0.06|— . LT
C f +
C . . +
0.04- . _l_-|-+ 4
- - gt +,
0.02 - -t T,
B -o--r-.-"""++ ..._‘\_ -
PP Bty | | |
uﬂ 200 400 g00 800 1000 1200

t invariant mass [GeV]

Mx =1TeV
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dependence on resonance limit

T 250
ke — '/,— @ StatExpectedLimit_NN_Tight_Tagged_nohf.dat
%‘ : \ SystJESExpectedLimit_NN_Tight_Tagged_noh{.dat
& 2 B 4 SystNoMtExpectedLimit_NN_Tight_Tagged_nohf.dat
ix : — ‘; ¥  SystExpectedLimit_NN_Tight_Tagged_nohf.dat|
1.5
- = |
i .
1
0.5

L1 1 1 | | | L1 1 | I. L1 1 1 I 11 1 1 | L1 1 | | | I - — I L1 1 1
gﬂﬁ 400 500 600 700 800 900 1000 1100
M, [GeV]
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MSSM parameters

e tanJ = 20, p = 225 GeV, M4 = B00 GeV, M, = 53 GeV, M3 = 500 GeV,
e Trilinear couplings Ay, = A = 200 GeV,

e Scalar lepton masses M; = M; = Mz, = Mz, = 200 GeV,

e Scalar quark masses My, = M;, = My = M;, = 250 GeV.
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First measurement of charge asymmetry
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Forward backward asymmetry

W+
D 00 0 00

(o |

q t q
/ w i

Ay =y — Yz |
NAy>O . NAy<O

— NAy>O un NAy<O

Aty
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Charge asymmetry in SM

> no asymmetry in O(c ?)

- asymmetry in O(«x °)

interference between:

q —-—<goos66y——t t
\ ) >o‘m'o‘o‘w<
q —<4000900 t g t

) »—<—1

interference between:

q t q t
190, 60
>@m—m< @om'o'r<
q t q t
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Measurement of charge asymmetry

kinematic reconstruction b

q \;
t

W+

D 0L 0O 0O Q0 I; @ tag

q t q
. i

Ay =y — Yz |
NAy>O . NAy<O

— NAy>O un NAy<O

Aty
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Top pair reconstruction

mﬂznanm
assignments:
constrained

kinematic fit
lowest x°

b-tag I

.2

qJ'J

invariant mass \{}»
m, =80.4 GeV

invariant mass
mw=80.4 GeV

(2 v solutions)

m = 175 GeV
mass constraint
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Top pair reconstruction

12 jet-parton invariant mass
assignments: @ m,=80.4 GeV
constrained \ (2 v solutions)
kinematic fit
lowest x?

O WK m_ =175 GeV
@” " mass constraint
invariant mass I 49
mw=80.4 GeV
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Charge asymmetry in SM

o) 0.15—
= L
'y MC@NLO
:I'L|§| |+T'I'|'I' $o1lel
L : | : E E
oos(T 11 T 4
- IUL N
- Y AR
(][ EESSRRE A — LN S TR SRR S
: O N
-0.051 ' | |
— | | | L1 | o | ot | L
10 20 30 40 50 0 20

4th jet p_ [GeV]

> acceptance effects can be approximated by simple parton
level cuts without changing asymmetry by more than 2%
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Event Selection in Lepton+]ets

e (p) isolated,

Inl< 1.1 (2.0),
no other high p_lepton

p, > 15 (18) GeV,

at least 4 jets,
p,. > 20 GeV,

Inl< 2.5,
one jet p_> 35 GeV

at least 1 jet

N b-tagged

5) (Neural
Network)

MANCHESIER 07/01/2008
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Asymmetry Reconstruction

misreconstruction of Ay dilutes observed asymmetry:

° misreconstruction of event geometry Ay = — YT
> misidentification of lepton charge Y Yt Yt

How good are we? NAY>0 _ NAy<0
P: is probability to reconstruct App =

correct sign of Ay NAy>0 1 NAy<0
T e 5 calimi f P ; i
o o9 PQRunllPreliminary, 0.9t - i
AN ggF ............... .............. ........ ............... .....

0.7E
0.6F

oSz s correction is very model
L o — nominal ;
0.3 i | dependent and may kill
-y |—+1osyst .y
o2/ T 0" || sensitivity to asymmetry
LaL n||;| — 0 y o due to new thSiCS...
% 02 04 06 08 1 12 1.4 16 1.8 2

1A Y gen!

= no correction, but we provide parameterization
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Top anti-top signatures

Apy = (3.0£1.9)% o

(due to top pair
reconstruction)
but smaller yield

background

signal
q
W + jets
q
MC@NLO: 3 )
A, = (0.8 0.2 (stat) = 1.0 (accept) ) % g a q
multijets G g A =
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Asymmetry extraction

> maximum Likelihood fit:
extract sample composition and asymmetry simultaneously

Ay=y—y: >0 Ay=y—y; <0
@ 20 TEENT49-26 Top Pair | [ — @ 20 116-26 Top Pai '
€ =26 Top Pair | D@ Run Il Preliminary = [ op Pair I D@ Run Il Preliminary
g 18- | mmm 38:11 Wiets oo’ g 18F | ) 36410 W+ets 09" |
w 16 [ 21+ 3 Multijet I w 165 | 19+ 3 Multijet :
14 * 208 Data 14 * 171 Data 5 : . |
e 12
10 \ l L ’ l l ”
8t || 2 1 B O s B | N
6F | “II | st Iel'ey LT 1 o't
. ) e [l o0l ],
2 2
t)0 01 02 03 04 05 06 07 08 09 1 Dﬂ 01 02 03 04 05 06 0.7 08 09 1

D D
°> top pair production cross sections consistent

> asymmetry in W+jets enriched sample consistent
[Afb = (12 + 8 (stat) £ 1 (syst) ) % ]
consistent with prediction in NLO QCD
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Asymmetry due to leptophobic Z'

not restricted to narrow resonance:
complementary information b

V=-A
{T}.‘r"l 5 _ sin? %&r“} q

€

_isin Fe cOs Sy

2

F < 0.44 (expected)
F < 0.81 (observed)
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Search for stop pair production
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Supersymmetry

r

Particles

Aix

Supersynunetnc
‘shadow " partlcl

Mame |Spin Superpartner [Spin
Electron | 1/2 Selectron §
Muon f 2 Smuon i
Tau 1/2 Stau 0
Meutrino | 1/2 Sneutrino g
Quark Squark 0

Mame |Spin Superpartner Spin
Graviton | 2 Gravitino 3/2
Photon 1 Photino 5
Gluon 1 Gluino 1/2
W 1 Wino ™" 1/2
Z0 1 Zino 1/2
Higgs 8] Higgsino L2

07/01/2008
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Supersymmetry

Mame |Spin Superpartner [Spin
Electron | 1/2 Selectron §
Muon f 2 Smuon i
Tau 1/2 Stau 0
Meutrino | 1/2 g
* large top quark mass: large ik =

mixing between left- and right-

handed superpartners
» t, can be lightest squark, lighter stop quark

than top quark

> electroweak baryogenesis possible
in such a scenario

> we haven't looked at it before...

Mame |Spin Superpartner Spin

Graviton | 2 Gravitino 3/2
Photon 1 Photino 5
Gluon i Gluino 172

W 1 Wino " 1/2

70 1 Zino i
1/2

Higgsino
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Stop pair production vs. top pair production

2 light jets

°2 b jets

> one charged lepton

® missing transverse energy
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Event Selection in Lepton+]ets

e () isolated, p. > 20 GeV,

Inl< 1.1 (2.0), minimum Acb'

no other high p_lepton

at least 4 jets,

p.> 15 GtJeV missing E_> 20 (25) GeV
T ) :

Inl< 2.5, for e (U)+jets

one jet p_> 40 GeV

at least 1 jet
' b-tagged

9° (Neural

Network)
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Stop pair production vs. top pair production

Q|

/7

\
n T A T AT T S L - ~ \
o1 . t.
E - ] 1 X
©0.16[ ] / 0
5 - ]

+0.14
0.12
0.1
0.08
0.06
0.04
0.02

1 P
00 20 40 60 80 100 120 140 160 180 O

missing E_[GeV]

Q|

Q|

= no cut based separation possible
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Stop pair production vs. top pair production

W+jets

Hitfit recon§iructed tonp 1 mass .P’le'."!“."*?r ,

— Stop
j —Top
—W-+jets

0.2
.18}
+0.16f
0.14f
0.12f

0.1
0.08f
0.06f
0.04f
0.02}

ntries

of

i

aEd

. L L L | L L 1 L ] Il I I Il | 1 L 1
0 50 100 150 200 250 300

Reconstructed top mass

Q|

qQ
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Likelihood discriminant in e+jets channel

——data

D@ Preliminary 913 pb' —stopx10
g B T 1 ‘ LI I T 1.1 1 I T 11 \_ .g :| TT | T TTT | T TTT | TTTT | T {1?.5;.135;
= 0.3 1 £ 5E D@ Preliminary =“wb§g
s f to — Stop 175/135 1 8 7F = ek
D.25F p _K,’p. 4 o s Wip
- —— W+jets ] - W Z+jets
u - o[- M singletop
0.2~ stop = - diboson
- : sl QeD
0.15 — - =
= ] 16— —
0.1 — F -
- | — . ] 10
0.05F - = .
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= no indication for stop pair production
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Cross section limits for e,p+jets combined

use Likelihood discriminant to calculate limits
(Bayesian approach)

combined 95% C.L.

§,- | DQ Preliminary |
o i e ® observed
! m expected
10 A A theoretical 7
8 S -
5 . N
R [ |
i - - M y
2 -
i N
D g :
- A A A A A -

045/105 160/105 160/120 175/105 175/120 175/135
stop/chargino mass [GeV]

= limits are factor ~7-12 above MSSM prediction
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Helicity of the W'in| ttbar Events

-E [ (a) -@- D7 data, 1 fb” f{_ |-4;_ DO Run Il Preliminary
@ C — tl— l+jets (V-A) 1.2
u>.| 301 D@ Run Il Preliminary - - - f— l+jets (V+A) - L=1fb"
i [] background 1:_
20‘ , 0.8;—
10: : : . o.4;— i o
s e 0.2:— .
% w05 o0 05 1 ool
coso*
e T T T T T N T T f
04 02 0 02 04 06 08 1 12 14 I
w r
= 25 (b) -®- DO data, 1 fb' [ \
8 20 o Runl Preliminary — -1 VA f,=0.390 £ 0.177 (stat) = 0.095 (syst)
w 20 + - - -t Il (V4+A) f+ 0.171 + 0.102 (stat) £ 0.059 (syst)
B backgroun
15F * et 11 £ 200 f, = 0.653 + 0.086 (stat) = 0.070 (syst)
10F ST f =0: f = 0.018 + 0.048 (stat) = 0.047 (syst
5_ T \L0 N ( ) (sy )/
o = no deviations frorn SM predictions

0 ] i B -
105005 ' (agreement at 27% level)
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