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Fermilab

« ~2,000 employees

e ~2 300 researchers
from around the world

« 6800 acres, park-like site
 like a small village

* High energy collider (Tevatron)
e High intensity v beams

« Particle Astrophysics programs
e Particle / Particle Astro Theory
e Computation
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Particle Physics
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What is the world made of?
What holds the world together?
Where did we come from?







Many generations of Accelerators created
with higher and higher energy and intensity beams

Fermilab

~2000 Scientists
Fermilab experiments using accelerators
> 2 publications every week

~2 Ph.D.s every week
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Ernest Lawrence x10% bigger
(1901 - 1958) x108 higher energy, higher intensity beam



Accelerators are Powerful Microscopes.

higher energy beam particle = smaller wavelength 3 =

L
p

What Is the universe made of?

nucleus

2

electron qguark
1018 m
0.000000000000000001 m
nana nano meter




Everything is made of electrons, up quarks and down quarks.




What holds the world together?

Beginnings of Unification

Gravitational Force Electromaagnetic Force

Issac Newton James Clerk Maxwell
(1642 - 1727) (1831 - 1879)
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radioactive decays

Enrico Fermi
(1901 - 1954)

Accelerators as tools to study weak and strong forces


http://www.chicagotribute.org/Images/Fermi Enrico portrait.jpg�

Accelerators are like Time Machines

because they make particles last seen
In the earliest moments of the universe.

particle beam
—

PIOR neutrino

muon
target kaon
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(proton mass = @ = ~1GeV/c?)
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With advances in accelerators, we discovered many surprises.

Intensity

—

—> Energy

The field of Particle Physics has been
tremendously successful in creating and establishing

“Standard Model of Particle Physics” answering
"what the universe i1s made of” and “how it works”



Standard Model of Particle Physics

 Standard Model is a remarkable
Intellectual construction

« Every particle experiment ever
done at the lab (except Neutrino
experiments. Nobel Prize in 2002)
fits in the framework

« But huge questions remain __
unanswered. New physics (e.qg. B etns
Supersymmetric extension of SM,
extra dimensions, ...) is required Higgs yet to be discovered
to answer.




What is the world made of?
What holds the world together?
Where did we come from?




1/ What is the origin of mass for fundamental partlc 5'7 T
. Why are there so many kinds of particles? st

-'|3. Do all the forces become one? L SR

4. Are there extra dimensions of space? -'i:-f':..i ;..;;;?..-:-:_.J:_ * :
5. What are neutrinos telling us? ; e -.;.,j_;. ;_,_-_ :

6. Are there undiscovered principles of nature: B ' N
new symmetries, new physical law




Where did we come from?

Understanding our Universe!

Particle Physics and Cosmology Questions
from Astrophysical Observations



Everytiiing Is made of electrons, up quarks and down quarks.
Everything that we can see

Galaxies are held together by mass
far bigger (x5) than all stars combined.

Dark Matter - What is it?






Not only Is the Universe expanding, it Is

Accelerating!!

Where does energy come from?
Dark Energy
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1/ What is the origin of mass for fundamental partlc s’P Mgl T
/2. Why are there so many kinds of particles? ;,' bl
-13. Do all the forces become one? - S

4. Are there extra dimensions of space? SO S

5. What are neutrinos telling us? arat o '

6. Are there undiscovered principles of nature:

new symmetries, new physical law

7. What happened to the antimatter?

8. What is dark matter?

9. How can we solve the mystery of dark ene
>3O0 How did the universe come to pe?




Origin of Mass

Matter/Anti-matter :

Asymmetry Dark Matter

Origin of Universe

Unification of Forces

New Physics y
Beyond the Standard Mode

Neutrino Physics
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History of the Universe AcceleTaloly

-

Energy Frontier Accelerators
Intensity Frontier Accelerators
Cosmic Frontier Facilities 1

Unification, New Symmetry
Towards simple, elegant, complete theory
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Particle Physics in the World
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The Tevatron

ler

The Energy Front
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mq“l ' R US CMS Host Lab; the only US CMS Lab

CMS Tier-1 Computing Center
LHC Physics Center
Support US CMS Community
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To make being at Fermilab as good as being at CERN.
Requires critical mass (~100 Fermilab + University Scientists at Fermilab).



Supporting the LHC Community
CERN-Fermilab Hadron Collider Physics Summer School

1st Fermilab August 9-18, 2006
e CERN June 6-15, 2007
G Fermilab August 12-22, 2008
4th CERN June 8-17, 2009

5th Fermilab Summer 2010

i




Energy Frontier: Beyond LHC (Future Options)

International Linear Collider Muon Coﬁlf!fl,,der-\x\
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The Intensity Frontier: Neutrino Beams

MiniBooNﬁ MicroBooNE

S T R i | | | .
MimBOONE_" v e R T, "T

=y, ¥ T iy

S~ SCIBOONE ¢
VICTOBOBNE =

e




=3l . - at Soudan
15kt-Liquid-Scintillator ﬁ
: Do MINOS (Far De
SF o = ” _p_;_.q, .___1_*_. _.. 5:11. .ﬂ' . e L, '_'.._j
s iV e - i;'.-".;:' g R i

B
Y Pie=s . o
. ek = i -",L.l -':|'II-.. Dl

J 1 5=

i P l._ r 4 #.

L]

Matter — Antimatter Asymmetry with Neutrinos
Proton Decay

Supernovae Neutrinos
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International Neutrino Summer School

Merging various neutrino schools into one coherent school
Rotating in three regions

1st Fermilab July 6-18, 2009
2 KEK 2010
e Europe 2011




Intensity Frontier: n to e Conversion (uN = eN)

MuZ2e experiment
Detector solenoid

Electron

Collimators calorimeter

Tracking

Production detector

solenoi ) target p\ .o
d\ \ absorber

/ Transport
Beam pipe  solenoid

Production
target




The Cosmic Frontier: Dark Matter Searches
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Cosmic Frontier: Dark Matter

Underground experiments may detect Dark Matter candidates.

WIMP (~200 km/s, ~100 GeV)

A . Energy Frontier

Cosmic Frontier

Interplay:
Cosmic — Energy — Intensity Frontiers

Accelerators can produce dark matter in the lab and understand exactly what it is.



The Cosmic Frontier: Probing Dark Energy
Telescopes (ground, space)

‘ ‘1 Sloan Digital Sky Survey
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How does ? fit

Into this grand picture?



: '.'What IS the origin of mass for fundamental partlc 5’7

2. Why are there so many kinds of particles? |
-{3. Do all the forces become one?

4. Are there extra dimensions of space?

5. What are neutrinos telling us?

6. Are there undiscovered principles of nature:

new symmetries, new physical law

7. What happened to the antimatter?

8. What is dark matter?




Through Quantum Fluctuations,
Top guark mass and W boson mass carry

Information
about the Higgs Boson.

LR N ]
“-‘ ...
.




wer

better than 1 % Accuracy




W Boson Mass

electron

or muon \

up quark:/¢ :

neutrino

anti
down quark

0.05 % Accuracy



What did we learn from Top and W masses?
_ /]
Ng 100 GeV/c?
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/
150 175 200

Top Quark Mass (GeV/c?)

114 GeV/c? < Higgs Mass < ~Top Quark Mass (172 GeV/c?)
SM Higgs (if it exists) is being produced NOW at the Tevatron!
Challenging — Just not that often & it's buried in “backgrounds”



Searching for Higgs
at Fermilab’s Tevatron and CERN’s LHC

gluon

114 GeV/c? < Higgs Mass < ~Top Quark Mass (172 GeV/c?)
Fermilab could exclude this range if Higgs is not there.

CERN'’s LHC is the ultimate accelerator for finding Higgs.



Building Detectors
and Triggers




Completion of CDF Detector Construction: Sept. 13, 2000



| can NOT do anything
without my students and postdocs

Undergraduate Students

Jake Whitaker
Richard Ruiz

(~5 undergrad students
during Summer

including REU students)

My current group

Graduate Students

Satomi Shiraishi
Wesley Ketchum
Jian Tang
Yangyang Cheng
Ho Ling Li
Robert Lanza

Postdoctoral Fellows

HyunSu Lee
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