The Cosmic Frontier at Fermilab

Dark Energy Dark Matter

Since the 1930s, astronomers have accumulated evidence that the
. mass that holds galaxies and clusters together with its gravity far
Isel:cfhr:jetgleaHnl]Jbsbtleeri((:)lljgrnaer\r;vsfgfc\:/;n_at - . exceeds the amount of mass in normal atoms in any detectable
dark enerqy - t%/at _npears to aceelerate 0% Ll form. Scientists suspect this gravity comes from an invisible dark
9y PP Phitans , matter made of some new kind of elementary particle left over from

the expansion of the universe and B the early universe. Fermilab is a leader in the worldwide hunt for

g]o?wligitupDaTkOZL(e)];g;t; é(;t]albeensettjggged o e orzwe  dark-matter particles, playing a leading role in three kinds of

o 248 experimental searches.
through large-scale precision

measurements of the expansion and The Cryogenic Dark Matter Search uses
structure of the universe using massive germanium crystals cooled to 0.04 degrees above
SUIVEYS. absolute zero. CDMS data place the strongest
| current constraints on the properties of WIMPs
| AR e LR (Weakly Interacting Massive Particles). R
SIOan Dlgltal Sky sSurvel ot e The Chicagoland Observatory for st e o
: Underground Particle Physics uses bubble > a
Fermilab’s connection to dark energy S e el ‘._ chambers — dusting off this older particle
research began with its role as the fee e o T o COU PP physics technology in a new, powerful way —
anchor laboratory for the Sloan Digital il SIS e SR to search for nuclear recoils caused by
Sky Survey. SDSS was the world’sfirst | - S+ .0 Ll oeoa 0 T collisions with dark matter.
large, deep digital survey of the SKy gatalogue: Galaxy-Clusters Darkside (Depleted Argon cryogenic Scintillation and lonization
A e Darkside Detection) will place a liquid-argon detector in the Gran Sasso National

Fermilab now leads a supernova survey with SDSS that sets new standards for Laboratory in Italy. The 50 kg detector will improve sensitivity by 10x
precision and error calibration in the use of supernovae to measure very large over current experiments.
cosmic distances.
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The Dark Energy Survey (DES)

The Dark Energy Survey will be a deeper, more precise

High-Energy Cosmic Particles

successor to SDSS. Fermilab leads the international DES The universe accelerates particles to energies far greater than

collaboration, which is deploying the Dark Energy Camera on human-made accelerators can, more than 10 million times more
the 4-meter telescope at the Cerro Tololo Inter-American energetic than protons in the Large Hadron Collider.
Observatory (CTIO) in the Chilean Andes. Fermilab is the lead

upper limis 95% C.L. = - = SHOM laboratory supporting the
Zburs Pierre Auger Cosmic Ray
Observatory in Argentina, the premier facility for
studying the highest energy cosmic rays. The
Observatory consists of a surface array of 1600
water tanks (like the tank in the photo above)
overlooked by four fluorescence detector

Q u antu m S pace'tl m e | telescopes. It covers 3000 km?, roughly the area

miosm Oof the state of Rhode Island.

The final petabyte-scale survey database will comprise about
2 NS 300 million galaxies and will look back in time over more than
The Dark Energy camera oecamy AT O the age of the universe.
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The length scale at which two important theories - general ' Auger currently has the most stringent limit on
relativity and quantum field theory - are unified was first 1o ongle flavour neutrino fimits (90% CL) photon primaries, ruling out many top-down
calculated by Max Plank and is known as the Planck Length scenarios for ultra-high-energy cosmic ray
(1.6 X 10-3> m). production.

The holographic theories constructed to unify the theories

predict subtle macroscopic effects. If there is a minimum
Interval of time, or a maximum frequency Iin nature, there is a

corresponding limit on a on the fidelity of space and time ("quantum spacetime”)
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The best limits on a neutrino flux can be set by
looking for deeply penetrating horizontal air
Soumgaing (211 (down-going) showers for all flavors via charged
A4S and neutral current interaction, and with Earth-
Using the technologies introduced in gravitational wave interferometers, the Fermilab —Ettm"g penetrating (up-going) showers for tau neutrinos
Holometer will attempt to measure the holographic noise (blurriness) that would be caused e e via decay into tau leptons. No neutrino

by this limit. It will be the first direct experimental access to the Planck scale. v energy (eV) candidates were observed.

Fermilab Holometer (conceptual design)
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