FACTS Relativistic Heavy lon Collider Il (RHIC I1)

PURPOSE

To move from proof of the existence of
quark-gluon plasma to the
characterization of this post-Big Bang
state of matter and its relationship to
the fundamental features of the
universe at present

SPONSOR
Office of Nuclear Physics, Office of
Science, U.S. Department of Energy

TOTAL ESTIMATED COST

approximately $150 million in
FY 2003 dollars

FACILITY-USERS

More than 1,000 facility-users from
universities, research institutions, and
government laboratories in the U.S.
and abroad, including:

California: Lawrence Berkeley National Laboratory,
University of California; Colorado: University of
Colorado; Connecticut:Yale University; Florida:
Florida Institute of Technology, Florida State
University; Georgia: Georgia State University; lowa:
Ames Laboratory, lowa State University; lllinois:
Argonne National Laboratory, University of Illinois;
Indiana: Indiana University, Notre Dame University,
Purdue University,Valparaiso University; Kansas:
University of Kansas; Massachusetts:
Massachusetts Institute of Technology; Maryland:
The Johns Hopkins University, University of
Maryland; Michigan: Michigan State University,
University of Michigan,Wayne State University,
Western Michigan University; North Carolina:Wake
Forest University; Nebraska: Creighton University;
New Mexico: Los Alamos National Laboratory, New
Mexico State University, University of New Mexico;
New York: Brookhaven National Laboratory, City
University of New York, Columbia University, New
York University, Stony Brook University, University of
Rochester; Ohio: Kent State University; Pennsylvania:
Carnegie Mellon University, Pennsylvania State
University; Tennessee: Oak Ridge National
Laboratory, University of Tennessee, Vanderbilt
University; Texas: Abilene Christian University, Rice
University, Texas A&M University, University of
Texas; Washington: University of Washington

WEB ADDRESS
www.bnl.gov/RHIC2

Lag )

to be upgraded as part of RHIC I
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The STAR dector at the Relativistic Heavy
lon Collider, one of two major experiments
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a passion for discovery

RHIC II:The First In-Depth Look at Quark-Gluon Plasma

New Capabilities for Studying Matter As It Existed Immediately After the Big Bang

Today, the ultra-high tem-
peratures of the early uni-
verse are approachable on
Earth — but only inside the
largest, highest energy par-
ticle accelerators.That is why
the Relativistic Heavy lon
Collider (RHIC) was con-
structed at the U.S. Depart-
ment of Energy’s (DOE’s)
Brookhaven National Labo-
ratory: to attempt to recreate “quark-gluon
plasma,” a state of matter that is thought to
have existed immediately after the Big Bang.
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Once the existence of quark-gluon plasma is
proven in the lab, the next challenge will be to
experiment with this primordial state of matter,
with the goal of understanding the fundamental
interactions of unbound quarks and gluons.

Quark-Gluon Plasma and the Big Bang

When the universe was less than 10 microsec-
onds old, the constituents of protons and neu-
trons — called quarks and gluons — did exist,
but in a super hot and dense state that physi-
cists call a plasma. At 10 microseconds, the uni-
verse became too cold for quarks and gluons
to remain in a plasma. Just as water turns to ice
as the temperature gets colder, quarks and glu-
ons then combined to form familiar particles
such as protons and neutrons, as well as other,
more exotic particles.

Since then, quarks and gluons have been insepa-
rable, confined within protons and neutrons of
nuclei of atoms. Discovering quark-gluon plasma
will not only provide insight into the beginnings
of our universe, but will also open a window
into the inner workings of the atomic nucleus.

Why Study Quark-Gluon Plasma?

Confirming the existence of quark-gluon plasma
will have consequences for our understanding of
the universe’s evolution, as well as for the origin
of elementary matter.While nuclear physicists are
looking for evidence of quark-gluon plasma at
RHIC, astronomers are hoping to see signs of
it in space, for instance, within neutron stars.

Following the accelerator-based discovery of
quark-gluon plasma, RHIC nuclear physicists will

The Relativistic Heavy lon Collider
at Brookhaven National Laboratory

be positioned to look deeply
into quark-gluon plasma, to
define its characteristics and
phase transitions precisely.
That is why Brookhaven Lab
has proposed upgrading
RHIC into RHIC II.

RHIC Becomes RHIC II

To create the environment
necessary for quark-gluon
plasma, two gold-ion beams
traveling in opposite directions at near light speed
are collided within RHIC. In doing so, physicists
are attempting to “melt” the protons and neu-
trons within gold-ion nuclei, thereby freeing the
quarks and gluons to form the hot, dense matter.

Although RHIC’s gold-ion beams are energetic
and intense enough for the plasma’s discovery
and initial exploration, beams of even higher
intensity are needed for a detailed examination
of rare processes. By upgrading RHIC into RHIC
I, the collider’s luminosity will be increased by
a factor of 10 greater than RHIC’s present ca-
pability, thereby increasing the rate of plasma
production and the ability to study rare pro-
cesses associated with the substance.

Science Endorsements

This year, after examining the science intersect-
ing physics and astronomy, the National Re-
search Council of the National Academy of Sci-
ence identified the existence of quark-gluon
plasma as one of the most pressing research
questions to be addressed in this field.

In addition, the science underlying RHIC Il re-
ceived the highest ranking from a future-facili-
ties subcommittee of the Nuclear Science Ad-
visory Committee (NSAC), which reports to
DOE’s Office of Science and to the National
Science Foundation.As NSAC noted in its long-
range plan, the cost of the RHIC Il upgrade is
incremental compared to the large investment
already made in RHIC — while the benefits of
RHIC Il to science, technology, education, and
the nation are significant.
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