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HEP Related Fields

= CMB(1) = Gravity wave

=Dark Matter detection(2)
detection zedms

= Tests of QM = Proton decay

= Tests of Gravity =N, n-bar oscillations

“Don’'t listen to what they say. Go see”



=1 year sabbatical at Princeton, 1999-
2000

ot hooked!

~\Wanted to create an interdisciplinary
environment



How Did the Center Begin?

zCompetition for funding by the National
Science Foundation (new Program: PFC)
zAbout 50 pre-proposals
#14 allowed to submit full proposals
28 made presentations over 2 days at NSF
=4 were finally funded (August 2001)
#Process took 1 full year



Center for Cosmological
Physics

=13 Chicago Faculty
10 Postdoctoral Fellows

zGraduate and Undergraduate
Students

sVisitors, Symposia; Outreach
&5 year Initial term (began 8/01)
=HEP Sabbatical program

“Study, and in general the pursuit of truth and beauty is a sphere of activity in which we
are permitted to remain children all our lives.” A. Einstein



Charter Personnél

Ed Blucher Andrey Kravstov
John Carlstrom Randall Landsberg
Sean Carroll Stephen Meyer
Juan Collar AngelaOlinto
James Cronin Clem Pryke
Joshua Frieman e Simon Swordy
Wayne Hu  Michael Turner

* Bruce Winstein

Experiment/Theory
Astronomy/Physics

Location: LASR, Chicago




SCIENCE THRUST
Fundamental Physics of the Universe

What Is.
— Dark Matter?
— Dark Energy?

— Cause of Inflation?

— Nature of ultrahigh
energy cosmic rays?

Cro




The Universe as a
Laboratory for New Physics

zDark Matter
=zDark Energy Using:
zlnflation
=zCosmic Rays
aStructure

=zRadio Telescopes

zSurface Arrays

z0ptical Telescopes

oo /Banosamesion zGravitational Lensing
zSimulations

=Direct Detection
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Borriello and Salucci, astro-ph/010651
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“Sky” Temperature

T =2.728 K

Highly uniform. For a finer look........



Temperature Variations:
2.7127950-2.728050 degrees
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Temperature
E-polarization
B-polarization
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High Energy Particles from Space
Carroll, Cronin, Olinto, Swordy

Search for gamma-radiation from dark
matter annihilation

Detection of cosmic high energy neutrinos
Search for effects of quantum gravity

Investigation of exotic particle signatures
(monopoles)

CIB investigation

Center Extends and




Ultra high energy cosmic ray measurements
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Auger search for GZK cutoff.
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Structure of Matter




Where did all the galaxies
come from?

zAmplification of these small non-
uniformities in temperature, density

=Gravity Is the most important agent
zDark Matter and Dark Energy

=1 will show animations of structure
formation over the past 10 billion years
zDone by Andre Kravstov 100 MLY
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To realize these great opportunities at
the Frontiers of Physics, a new
Integrated approach with astronomers
and physicists, experimentalists and

theorists working together in a Center
environment Is crucial.

*\We are committed to the center concept
*A model for a new approach to science research




Example: What Isthe Dark Energy (DE)?

What do experiments tell us about DE?

— S-Z surveys, CMB, Large Scale Structure, High Redshift
Supernovae

Theory will provide direction for new experiments.

What are promising particle-physics models?

— Vacuum Energy, Light scalar fields, Topological Defects,
Candidates from SUSY and String Theory, Modified

Gravity on large scales

Can we directly detect DE?

— Explore interactions of DE with cosmological particles:
polarized photons, high energy cosmic rays
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— Explosion of new results

— Many means of probing

— Driven by young scientists

%ﬂ[% AOLOGICAL PHVSICS
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Major Results, Past 5 Years

=zGeometry of the Universe
zFluctuations in the CMB
zDiscovery of Dark Energy
=zDiscovery of Accelerating Universe
=Strong Evidence for Inflation
=Structure Formation

=zNeutrinos have Mass

=Extra Galactic gamma ray sources
#>10%° ev particles
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e \We do know what to do with them.




