The Cornerstone for Discovery,
for Innovation, for Solutions

NSCL is located on the Michigan State University
campus on the southwest corner of the intersectior

Rare Isotope Science of South Shaw Lane and Bogue Street. Visitor parking
iS available at meters in the underground levels of
Atoms are the basic building blocks of nature, composing the parking ramp to the north of the laboratory.

everything from stars and planets to people. At the center
of every atom is a nucleus that is 10,000 times smaller than
the atom itse¥, but contains more than 99.9% of its mass
[hough much too small to see directly, scientists

at NSCL study the nucleus by using sophisticated and
ultra-sensiive instruments
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Every clement is determined by the

o specific number of protons in S nucleus
Mearv/hie, the number of its neutrons Michigan State University

jetermines the isotope of the element.
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A world leader in rare isotope research and education.

The number of isotopes one can find naturally on earth is rather
imited, but thousands can be made in the laboratory and even
more are continually produced in the cosmos. Only about-300
isotopes are stable, all others decay into stable ones by
emitting radiation. Short-lived “rare” isolopes can decay as
fast as 1/100™ of a second; other isotopes can kve bilions of
years. NSCL is a world-leading rare isotope factory where nuclel
are accelerated up to half the speed of kght so that they can
be fragmented to produce rare isotopes. Scientists investigate
those isotopes to better understand the universe that we live

in. how the elements on earth were made in the cosmos, and www.nscl.msu.edu

to determine which ones could be used to benefit society.
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How NSCL Works &

Acceleration

To stucy rare isotopes, we must first produce them. The
Superconguctng Source for lons (SuSH strips avay some
electrens from atome in the source (metal vapors or gasses)
e produce positive ions that can be manpulated with electic
and magnetic felds.

The positive ions are injected into the KS00 cydotron, where a
magnetic figld up te 100,000 times stronger than the Earth's field
bengs ther path into Croular
orbits. Each revoiution, the ions
receve three 140,000 volt
glectric joits, which add energy
and widen the orbit. The ions
are then passed 1o the karger
K1200 cyc'otron, where they
are strppedc of more eecrons
and accelerated 10 speeds
uo 10 93,000 miles per second,
having traveled aimost three
mies in 0.00005 seconds

Fragmentation

The speecing ions are fragmented on a thin fol,
Most of them pass right through (it's hard te hit one
nuc'eus with anoiner), but some break apart to
form various isotopes. Of those, a select few

Wil be the exact isotope wanied for study.

Separation

Scentists separate the desired
rare isotopes from other nuciear
debris by a combination of
magnetic lenses and onisms,
analogous to fikering Iight of

a dasred color (wavelength)
oy means of a prism spectrograch. The A18900 Fragment Separater
(designad and bult at NSCL, as is much ¢f the lab's equipment) can
fier one partcular isctcoe from a milon dilicn nucked in less than one
miionth of a second.

Exploration

The selected isciopes can be studies using scohisticated
nstruments ¢esigned for a wida vanety of exosaments. For example:

¢ The Low Enexrgy Beam lon Trap (LEBIT) uses a high-ielc magre! 1o
wWegn anisoteee 1o one part in 100 mifion before it undergoes
radtoactive decay. This is equivaent to weigning a truck te
delamine whether tha Criver ieft a one-golar bF in it or nQt - all within
a fracton of a second before the tuck might biow up

¢ At theee stores tall and 300 tons,
the SB00 Spectrograph can
measure an isolope’s velociy
vithin 0.005 percent, which
i like determining the speed
of a 50 mie per hour car 1o
within 0.04 inches per second.

* Siowed isotope beams from
¢as steppers also can be
sent to the BEam COcler anc
LAser (BEOOLA) spectroscopy
end staton, where lasers are used
10 measure nuciear properties.

* The Reaccelerator (ReA) accelerates rare
ISO00e 0N deams from the thermal beam
area 10 energes that closely resemble the
temperatures found in stelar enviconments.
It wil be a pame instrument for ruciear
asrophyscs.

Facility for Rare €
Isotope Beams

Reaccelorator

Nuclear Research at MSU

The Natonal Science Foundation (NSF) currently provices
more than 320 milicn each year 10 operate NSCL and supoornt
ruclear science research at MSU. NSF suppon for nuclear
physics on campus dates back to 1961, when NSF agproved
construction of the KS0 cycictron.

Today, NSCL is the nation's fagshp rare isctope user facility,
serving over 700 researchers from more than 20 countnes.

It is 2iso the nation’s largest university-campus-based nuciear
science laboratory, procucng approximately 10% of the nation's
Ph.D.s in nuciear physics and ranked the #1 nucear physics
graduate program by U.S. News & Wordd Report. The
laboratory empioys more than 100 stucents and provides them
vith 2ccess 10 wop-level research and educationa expenence.

The Future of NSCL

A rare isotcpe laboratory is enly as good as the number and
types of rare isotopes it can make avaladie for research. On
December 11, 2008, the Department of Energy amounced
that Mchigan State Unversity would be the site ¢f a $680
millon proect calied the Faciity for Rare Isotope Beams (FRB).
FRIB wil use a high-power superconducting linear accelesator
to produce more rare iIsotopes and at much higher rates than
possibie anywhere else in the wordd. When FRB tumns ¢n,
NSCU's agng cyclotrons val be retred, whie the detectors and
research stations wil remian in piace. FRB val fragment 400
billon nuciel every second at up 10 57 percent of the speed
of Ight, allowing it to complete expernments in hours that
woud take NSCL years. Scheculed for completion in 2021,
FRIB will open the dodr te naw, unexplored frontiers in nuCiear
science end many other figlds of reseath
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3. MoN/ LIS is a neutron detector array
built by undergraduate students. Every
students come to the lab to run

‘, v w
f}f’ experiments with the device.

ooo Fraynont Separator can pick one
out of a million billion others in less

'rhio‘ouplodwclomsacnnyuses:wo
cyclotrons to accelerate ions to half of the
speed of light.
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5 ReA ReAccelerator will take stopped
~ rare isotopes and reacclerate them

to energies found in stars and other
astronomical phenomena.
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5. The LEBIT facility can weigh a nucleus to
within 1/100,000,000™ of its weight. It's like

weighing a truck in less than one second to

determine if the driver left a dollar bill inside.

4. For some experiments, half of the speed of light is
too fast. NSCL pioneered the technology to stop
and further manipulate these fast isotopes in order
to conduct many new and interesting experiments.
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