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..-'_" -7 What is the nature and origin of this i L T e
ey universe?
" How it all started and how it will end? 2
What is everything around us made of? s
where are my socks? | 1
_. what is coming on the test? 4 }
. Does s/he like me?
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Baryon Quark

(Hadron}

Molecule

10m <108m
protons, neutrons, top, bottom,
mesons, etc. charm, strange,

Chemistry TOA... up, down
Atomic Phy5|c

Electron
(Lepton)

.

<108m

Particle Physics

Nucl Physics

Standard

ELECTROMAGNETIC
Model

STRONG

General

Relaiviy

Shabnam Jabeen (Boston Universit



What do We know?

Two Different Worlds

Standard Model General relativity

100000 Light Years —= .
o
'f‘jf“:;- :.‘F S . _":_.
" Sun ’.""I-' 3
(Approx:. SaTl SRl
position) .
L .
CE?I'-tfﬂlB‘\JlgE, .. i 1

1 Angstrém -ieseam

Photograph " @ Angle-Anstralian ‘Observatory

We have yet to discover something that contradicts either of
these theories — but they are both incomplete and incompatible
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What do We know? 5

SM: Theory of (Almost) Everything

..... (Standard Model) surpasses In precision,
IN universality, in its range of applicability,
from the very small to the astronomically
large, very scientific theory that has ever
existed ...

Robert Oerter
But
Standard Model is NOT the theory of everything
It does not explain origin of mass
It does not include gravity
and ....
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The World we Know and More... 06

Chemical Elements:
(other than H & He) 0.03%

Neutrinos:
0.47%

Dark Matter:
"The Uni is ot onl &v%
e Universe is fiot only
queerer then we quppose, 95%
it is queerer than we can Dark Energy:

suppose.” -Mark Twain 70% MYEtE ry
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The Outstanding Questions

 What is origin of mass?
 Why the values of quark and Lepton masses so different?

 Why are there 3 generations of particles ?

(everyday matter comprises particles only from first generation)
 What about gravity?
 What is dark matter?

 What is dark energy?

e Matter antimatter asymmetry?
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How to Find Answers?

| want to know how God created
this world.
| am not interested in this or
that phenomenon, in the
spectrum of this or that element.
| want to know His thoughts; the
rest are details.
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http://www.spaceandmotion.com/quantum-theory-albert-einstein-quotes.htm

How to Find Answers? 9

Science developed only when men
began to restrain themselves not to ask
general questions, such as:
What is matter made of?
How was the Universe created?
What Is the essence of life?
They asked limited questions, such as:
How does an object fall? How does
water flow in a tube? etc. Instead of
asking general questions and receiving
limited answers, they asked limited
guestions and found general answers.
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What do We know? 10

The Standard Model of Particle Physics
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Our Tools
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+ + CC ST *J g Now
Y e 'he Tevatron
- = e
. + &t; H@ Stars form
; @ S 0 feee (1 billion years)
AN i1 Accelerator
== b, Fo 2|7 (300,000 years)
@ = , @ ® = Nuclei form
VY . 2 o 2©° §ee (180 seconds) I b
R )
.5 ’ i
S S Ill'-
© - =
¥ = 4x1012
o 5 . |\ Quarks differentiate. seconds
2y 2 - \10-34 seconds?)
% 15 5" ?7.'? (Before that)
e ‘e @ 2 " P 1

~ 20 countries
~ 80 Institutions
~ 700 enthusiastic

physicists p source Mei TRIECtOr
- & Recycler

per experiment

il -

The only place where top quarks are produced and measured
(on average, we are collecting more than 400 top pairs per week)
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Our Tools

The DY Detector
5000 tons of iron, uranium Liquid argon,

coils, cables, wires, ...
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Our Tools 13

The DY Detector
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Our Tools 14
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Our Tools 15

Every 396 ns....
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Our Tools 16

Every 396 ns....
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Our Tools 17
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Our Tools 18
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Our Tools 19
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Our Tools 20
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Our Tools

Every 396 ns....
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Our Tools 22
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Our Tools 23
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Our Tools 24
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Our Tools 25

Every 396 ns....
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Our Tools 26
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Our Tools 27

Every 396 ns....
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Our Tools 28
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an Scintillators

MuunEhamnem

protons

Shabnam Jabeen (Boston University)



Our Tools 29

Missing Transverse Energy
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Our Tools
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We discovered
the top quark!




Why Top?

Why Look for the Top Quark?

Discovered at Fermilab in1995
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hy Keep Looking at the Top?

Tevatron is the only place (so far) where
top quarks can be produced

Total inelastic

Even more than a decade after its
discovery, our sample consists of ~ 1000
top quark events

Total cross section

Higgs (ZH + WH)

1200 140 160 180 200
Higgs mass (GeV)/c?

Lot of room for surprises!
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Why Single Top?

Top AND Single ......

® Study Witb coupling in top
production

®* Cross sections sensitive to new
physics

* Top properties

* Similar search as Higgs
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Single Top Search 35

How Does Single Top Look in the Detector

DG Experiment Event Display
Single Top Quark Candidate Event, 2.3 fb™ Analysis
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Shabnam Jabeen (Boston University) 35



Single Top Search

Signal and Back ground Modeling

10000 D@ 2.3 fb™ Data ¢

Wbb IR
Wcec IR
Wjj+Wcj Il
Z+jets
Dibosons Il
tt
Multijets Il S:B = 1:259

D@ Single Top 2.3 fb™ Signals and Backgrounds
(All channels combined, before b-tagging)

pretagged
all channels

Yield [events /| 3 GeV]

th 0
tqb Il
tt— i I
tf — Hjets [l
wob Il
wee Il
50 100 pied—
wii B0
Z+jets

W Boson Transverse Mass o —
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More Tools

Playing Tag Makes Things Better

Secondary
— vertex

>
Tevatron Beam pipe (5cm) Zooming in (5mm)
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Single Top

Yield [events / 5 GeV]

Search

... After B-Tagging

Data ¢

tb+tqgb

Wbb I

Wcc R

Wjj+Wcj
Z+jets
Dibosons

tt— ¢ M

tf — (+jets I

Multijets 1

' D@ 2.3 fb"

400
b-tagged
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200

%

50
W Boson Transverse Mass [GeV]

100 150

Single top signal is smaller than total
background uncertainty

S:B=1:259

38

D@ Single Top 2.3 fb™ Signals and Backgrounds
(All channels combined, before b-tagging)

tb
tqb 1N
tt— i B
tt— Hjets 1l
wob Il
cC

Z+j
DibosOns
Multijets [l

-

Single Top 2.3 fb™" Signals and Backgrounds
Il channels combined, after b-tagging)

th
tqb Il

v

Counting events is not a sensitive enough

method
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Single Top Search

Multivariate Technigues

e Three technigues used for this
analysis

e Boosted Decision Trees
 Matrix Elements
e Bayesian Neural Networks

0 0.10.20.30.4 0506 070809 1
Discriminant Output
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Single Top - Yes We Can! 40

COmbIned ReSUItS Efﬂz.Sfb'

Y
o

Yield [Events/20GeV]
)
o

= —

200 250
Top Mass [GeV]

o(pp > th+ X, tgb+ X) =3.94+£0.88 pb BERLCIRLREUL

Measured Significance = 5.030

Discovery of single
top production!!
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What is the Connection? 41

The Top, the W and the God Particle

A L ) B

experimental errors: LEP2/Tevatron
68% CL

e Q5% CL

— 99.7% CL

iypEeebmmel ] ) ) ) 4 | 4

b=
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b

I | -

SMEEE
MSSM! B
both models EEE

L1 1
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| | 1 I | | | | | 1 1 | | | | | 1 I 1 | | L]
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The W Boson

Measurement of W Mass

CDF Run 0/1

DO Bun |

CDF Run 1l

Tevatron Run=0/1/11

World average (prel) +H84

DO Run Il m; (prel.) —a—i

B80.436 + 0.081

B80.478 + 0.083

8§0.413 + 0.048

80.432 +0.039

8§0.399 + 0.025

80.401 £ 0.044

80 80.2 80.4
m,, (GeV)

80.6

42

The new result from D@ is the
single most precise measurement of
the W boson mass to date

* Room for 10% improvement

25 MeV per experiment are around
the corner, and a final combined
error of 15 MeV is realistic
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What is the Connection? 43

The Top, the W and the God Particle

experimental errors 68% CL:
CDF Run Il
DO Run I

— L ERD

= sue | EP1/SLD

The W boson is
sgueezing the Higgs

Sy boson:
MSSM
both models

Heinemeyer, Hollik, Stockinger, Weber, Weiglein '08 7
| 1 1 1 I 1 | | 1 | 1 1 | 1 l 1 1 [ | 1 1 L

P e e = i w8l \With top quark mass known to
m, [GeV] less than 1%, the limiting factor
now is how precisely W boson

mass is known
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The God Particle 44

Where to Look for Higgs?

— 0.02756+0.00035
“ % - 0.02742£0.00012

% %« incl low Q2 data

Direct search at LEP:

Hggs mass>114 GeV @ 95%CL
Prelimin:

— Including indirect electroweak
constraints

Higgs mass <154 GeV @ 95%CL
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The God Particle 45

Tevatron’s Search for Higgs

3

Tevatron Run II Preliminary, L=3 fb
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The God Particle 46

March 2009 My = 163 GeV

o) _ . i
Aochad -

1 —0.02758+0.00035
0.027490.00012

- incl. low Q° data

(5)
L aof)-
i\ — D D2758+0.00035
%% - D.02748£0.00012
=== incl. low Q° data

| Excluded "\
30 100 300
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30 300
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What is Next?

Looking Forward to TeV Scale

 Maybe a Higgs (or something like it)

 Maybe supersymmetry (lots of new particles)

— Supersymmetric models have at least 5 Higgs
particles!

 Maybe extra dimensions ( These ludcrous conspiracy theories ae st

\_ @ smokescreen fo hide the incredible truth! /
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What is Next?

?d‘ised to Answer the Big Questions
" ‘ AN 7

b
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To Bob Wilson from Chris Quig

“.... thank you for giving us normal, everyday human
beings the chance to discover, within every one of us,
a little bit of the gods.”
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