Operation of NSCL as a national

user facility is supported by the
Experimental Nuclear Physics Program

of the U.S. National Science Foundation.

SCL is a center for world-class rare
N isotope research and education.

Scientists here are dedicated to
studying the nature of the nucleus and Each year several thousand people visit

the rules that govern its behavior. Each NSCL, which offers tours, camps and

new discovery helps shed light on how research programs for students of all
ages.

ei have shaped our universe and _ _
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NSCL is located on the Michigan State fOI’ rare ISOtOpe r earCh. and
University campus near the intersection of nuclear SC|ence ducation.
Shaw Lane and Bogue Street.
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Visitor parking is available in the lot to the
east of the laboratory, while the ramp to the
north can be used as overflow.

consistentlyre
in the country. NSCL is
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attracting, teaching and mentoring the

next generation of scientists — work that UNIVERSITY
will continue far into the future with the National Superconducting Cyclotron Laboratory
construction of FRIB. Michigan State University

1 Cyclotron, East Lansing, Michigan 48824-1321
Phone 517-355-9671
www.nscl.msu.edu




The Coupled Cyclotron Facility at NSCL

lon sources feed partially-ionized
atoms to the K500 cyclotron,
which accelerates the ions up

to 30,000 miles per second or 15
percent of the speed of light. The
larger and more powerful K1200
cyclotron boosts the ions to half
the speed of light.

The fast beam of ions then collides
with a target, creating a wide
variety of secondary isotopes.
Thesesisotopes are filtered with the
A1900 fragment separator, which
carefully selects certain nuclei
from the fast beam that are rare
and unstable isotopes.

A1900 fragment separator precisely
selects rare isotopes for study

NSCL is the premier laboratory in North
America for generating isotopes using

the beam fragmentation method...

The NSCL Coupled Cyclotron Facility
serves as a focal point, both for the
immediate generation of experiments,
and for planning, design and paossible
construction of any future facility aimed at
the succeeding generation of experiments
using beams of unstable isotopes.

- Arden L. Bement, Jr.
Director of the National Science Foundation

beam of rare isotopes strikes a target
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Downstream detectors measure
reaction products made when a

NSCL detectors measure properties of
nuclei, which are far smaller than the tiniest
thing that can be seen with a microscope.
One example is the three-story, 300-

ton S800 Spectrograph, located at one
endpoint of a beamline. This device is used
to determine properties of rare isotopes
with high precision. Other detectors at
NSCL can yield information about the
structure of a nucleus, measure the mass of
extremely short-lived isotopes, and explore
the nuclear forces that govern how they
interact.



Outreach at NSCL

In keeping with our lab’s
commitment to education, NSCL
offers many ways for classes, clubs
and individuals to connect with our
renowned researchers and facilities.

Laboratory Tours .

the ! scenes of world
|sotope labora wher




NSCL outreach programs are
co-sponsored by the Joint Institute
for Nuclear Astrophysics (JINA)
and Michigan State University, and
funded by the National Science
Foundation.

This downloadable hands-on

lesson plan for grades 7-12 teaches
nuclear astrophysics using models
constructed from magnetic marbles.
These lessons can also be used in
conjunction with a field frip fo NSCL.

Every 1-2 years NSCL offers an
afternoon of free activities to show
hundreds of visitors behind the scenes
of our research facility. Learn more
about plans for the next Open House
at the website below.

High school and college students
can get involved with experiments
at NSCL through the HSHSP and REU
programs. Working closely with a
faculty member, students pursue
cutting-edge research in a world-
class laboratory.

Learn more about these programs
online at www.nsclmsu.edu/
outreach or contact visits@nscl.msu.
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Research at NSCL

To probe the mysteries of an atom’s nucleus
is to seek fundamental answers about

how the elements were formed and what
keeps nuclei together. Nuclear scientists
pursue these big mysteries by smashing and
examining the tiniest of particles. Collisions at
half the speed of light create new isotopes in
a billionth of a trillionth of one second. To do
this, researchers need patrticle accelerators,
state-of-the-art computers, and specially
designed equipment:

Research at NSCL concentrates on the
study of exotic nuclei, one of the current
frontiers in nuclear science. Compared to
the more familiar stable nuclei, these exotic
nuclei have large excesses of either protons
or neutrons and tend to decay quickly,
sometimes within fractions of a second.
Experimental groups use the world-leading
capabilities of cyclotrons at NSCL to produce
exotic nuclei through fragmentation of
accelerated stable nuclei bombarding a
solid target. In less than a microsecond,

the exotic fragments are transported to
experimental stations where a wide range of
experiments can be carried out using state-
of-the art equipment.

Some experiments are designed to discover
a new nucleus, while others capture known
nuclei to study their decay or measure their
mass. Yet other experiments use the exotic
nuclei to bombard another target and study
the ensuing nuclear reactions. This can reveal
information about the internal structure

of the nucleus or the behavior of nuclear
matter under the extreme temperatures and
densities triggered in a nuclear collision.



Operation of NSCL as a national user facility
is supported by the Experimental Nuclear
Physics program of the National Science
Foundation.

Experiments have already revealed many
surprising properties of exotic nuclei, such

as the formation of a neutron halo around
the dense central part of the nucleus. Many
more remain to be discovered. NSCL theorists
are working closely with experimentalists

to interpret these results and to use exotic
nuclei to uncover hidden aspects of the
nuclear force that holds together all atomic
nuclei. Understanding this force and building
a theory that can predict the properties of
nuclei is one of the ultimate goals in nuclear
science.

Exotic nuclei also play an important

role in astrophysics. They are created

in stellar explosions such as X-ray bursts

and supernovae, and they may exist

inside neutron stars. Often the decays of
exotic nuclei are intermediate steps in the
astrophysical processes that created the
elements in nature. Many NSCL groups
work at the intersection of nuclear physics
and astrophysics to explain astronomical
observations concerning the origin of the
elements, the nature of stellar explosions, and
the properties of neutron stars. This research
is the result of combined NSCL experiments,
nuclear theories, astrophysical models, and
observations.

Learn more about these programs at
www.nscl.msu.edu/science or contact
visits@nscl.msu.edu
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SCL considers safety and environmental
N stewardship to be top priorities. NSCL has
established written Environmental and
Occupational Safety management systems that are
registered as compliant with International Standards

Organization (ISO) 14001 and Occupation Health
and Safety Assessment Series (OHSAS) 18001.

Safety at NSCL

If you beco

pick up the nearest facility telephone and dial “0".
The operator will send assistance to your location.

e Inanemergency, call 911 from any phone.

Operation of NSCL as a national

user facility is supported by the
Experimental Nuclear Physics Program

of the U.S. National Science Foundation.

If you have questions or require more
information, do not hesitate to contact the
following NSCL personnel:

Tours:

Dr. Zachary Constan

Outreach Coordinator
constan@nscl.msu.edu

Phone (517) 333-6363 ¢ Office N107

General safety:

Terry Monahan, CSP

NSCL Environment, Safety & Health Manager
monahan@nscl.msu.edu

Phone (517) 324-8185 « Office 149

Radiation safety:

Dr. Reg Ronningen

NSCL Radiation Safety Officer
ronningen@nscl.msu.edu

Phone (517) 333-6378 » Office N104

NSCL Fax: (517) 353-5967

MICHIGAN STATE
UNIVERSITY

National Superconducting Cyclotron Laboratory
Michigan State University

1 Cyclotron, East Lansing, Michigan 48824-1321
Phone 517-355-9671

www.nscl.msu.edu
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Visitor Safety

National Superconducting Cyclotron
Laboratory at Michigan State University
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...a worldfleading labdratory
for rare isotope résearch and
nuclear science gducation.
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Radiation Dose

osorption in material such as tissue exposed to
radiation. Biological risk, which depends on the
type of radiation, its energy and duration, and
the organs exposed, is assigned to the dose.

Safety Guidelines for Visitors at NSCL

The rem is the unit of dose used to estimate
biological risk. The unit millirem (mrem), equal fo

Radiation Hourly dose | Annual dose

source (mrem/hr) (mrem/yr)

Tour of NSCL less than 0.02 (one tour)
0.02 (avg)

e g [osmpeal | |

Average public

1/1000 rem, is often used.

NSCL contains radiation-producing
devices such as accelerators, ion sources,
specialized equipment and test facilities. Some
components were made radioactive by beams

of beams. Commercial radioactive
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Your tour will encounter only very low
levels of radiation. The following table shows
sources of radiation that may be encountered
by the average person, the doses from those

. . Warning signag
sources, along with a comparison to the dose

received during a visitor tour of NSCL.





