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Nuclear physics is a quest to understand the origin,
evolution and structure of the matter of the
universe that leads to stars, the Earth and us.

Introduction

Through research, nucleer physicists are leading us
on a joumey of discovery into the nucleus of the
atorn — the very heart of matter. The goal is a
roadmiap of matter that will help unlock the
secrets of how the univesa is put together,

Tha Office of Nuclear Physics in the Department

of Energy's HDOEIBI Ciffice of Su:len-:e supports the
experimental and theoreical ressarch neaded 1o

create this oadmap. This quest raquires a broad

approach to different, but relatzd, scientific frontizrs:

improving our understanding of the building

blacks af matter; discavering the origins of nucls;
and identiying the forces that transform matter,
Stewardship of the fizld is shared with the National
science Foundation's (MSFs) Nuclear Physics
Program. DOE and NSF fund almaost all basic
rez=arch in nuclear physics.

Funding for nuclzar physics provdes leading-=dge
instrumentation, world-class facil ties, and training

and suppart for the people invalved in these pursuits,

The resultis a vast array of information that is helping
us undersand the universe at ever desper levels,

Forefrant nuclear shysics reseanch provides solid
foundations for ather figlds: the accumuation of new
results and the inellectual raining of new gznerations
of scientists foster important advances in medidne,
chermistry and aother sciences,

Join us on our joumey into the heart of natter and

learm how nuclear physicists are creating a roadmap of
the svolution and stucture matter that will benefit cur

nation tor generations.
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Computer simulation of quarks and the strong force between them
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Fpart, quarks experienca many tons of farce pulling them
fog=ther again.

A5 a result, protans and neutrons are hot, bubbling
cauldrons of actvity, Quarks and gluons jiggle around
inside at nezarly light-=p=ed, and extm duons and
quark/anti-quark pairs may sven pop into existence
cne moment only to disappsar the nest Itis this flurry
of activity, fueled by the energy of the gluons, that
g=nerat=s nearly all the mass of protons and neutrons
and thus ulimately of all the matter we s=e. One of the
mizst bewildering questions nuclear physicists are Tyving
to answer is how the basic properties of protons and

A5 a byproduct of building and using accelerators, pionesing nuclear physicists have alzo developed
new tools to peer inside the human body. Using radiotracers and pasitron emission tomogaphy
(PET) scanners developed by nuclear physicists, biochemical clues have been identified for a rangs
of addictive behaviors induding smoking, alcohelsm, oversating, and drug abuse. The FET scars
revaal that people with addictions have fewer recaptors for cne of the brain's “pleasure” chemicals
and may be atternpting to compensate for a blunted pleasure resporse by taking dnags.

7S 7y

Cocaine

7 2%

Normal

Mormal E‘.

nietrons like mass, shape and spin come about from
this fload of pluans, quark/anti-quark pairs and a few
everpresant quarks.

Scientists are also imvestigating how the strong force that
glues quarks and gduons together irflusnces nudear
properties, & small fraction of that force laks out beyvond
the edges of protons and neutrons and binds thermn
together fo form nuclel. Thus, the very same force that
makes a proton or & neutnon also genemtes nuckel, We
are anlby beginning to understand how this “leakags"
oocurs and how it results in the impressive varisty of
nuclei found in nature.

Nuclear Physics Applications

The precise knowledge of nuclear materials

and nuclear reactions gained through basic

research in nuclear physics has yielded many

benefits for society, including:

» radiation therapy for eradicating cancer while
shielding healthy tissues from harm

+ medical imaging technologies such as
¥eray, MRl and PET

+ the potential for abundant nuclear power
and safer ways to dispose of nuclear waste

+ radiation detectors for screening cargo and

protecting our national security

Nuclear physicists study the
building blocks of nuclei that
make up 99.9% of the mass
of our everyday world.
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Using toals like the NSCL at Midhigan State University, ATLAS at Argonne Mational
Laboratory and HRIBF at Oak Ridge National Labomtory muclear physicists are
deciphering the processes by which supemova explosions create elements.

distribution of the elements an Earth.
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Newutrinos ane produced in vast numbers in some nuckear reactions, such as those
that ocour in the processes that light the stars and in the nudear power plants
that light our ciies. But mewutrinos rarely interac with other matter. They can pass
through the entre Earh without nteracting with a single atom. Meutninos get even
stranger: they can morph into one of three diferent types and back again. These
properties make neulrmos notoriously difficult to study — and fascrating. The
Sudbury Neutrino Detechor, located over ane mile underground (picured above),
provided the first direc evidence that neutrincs dhange as they travel from the core
of the sun to the Earth.
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A Journey to the Extremes
What happens when yoa boil water? Bend metal?
Bumn wood? Throughou human history, scienific
thinkars have askad questions about what happens
whien vou change matter. Evan babies act as
stientists, pushing and pulling on everthing around
tem 1o leam hiow things waork, Such expedmentation
iz essential to our survival and often helps us gain
contral of our warld.

In experiments using powerful particle accelerators,
nuclzar physicists pake and prod nuclei by coliding

atormns orsubatomic particles to discover what
happens ahen these packets o partic heatad
to extrems temperatures under 2xreme pressure,
Thess experiments are allowing scientists to changs
things in a predictable way, so they can ses what
happens a5 conditions like temperature and density
vary, obssrve at what point significant changss ooour,
and datemmine how to control te transitions. It's
much like being able to watch the svolution of

the universe on “videotape” — rewinding, fast-
forwarding and freeze-framing to better understand
what transpirad.

Muclear physicists are also probing matter at larger
srales to se2 nuclsi we var sean before,
how nuclei transtorm th ves from ane typs to
another, how long they live, and how to detect such
a change has taksn place.

Future faciliies will allow scientizts to aeate the
neutron-rich exofic nuclei that may be lomed

in supernovas tound nd how elerrents are
produced in the universe. They are also aiming to
create nuclei with exctic species of quarks. Maost
nuclei in nature zre primarily made of “‘up” and
*down® quarks. huclear physicists are aeating nuclsi




with a third species of quark, “strange” quarks, to
probe how the foroe thet holds the nudeus together
changss when different building blacks are us=d to
make nuclei.

Towday's experiments are only just beginning to allow
nuclear physicists to exzmine the properties of these
enotic nuclei, and tornorrow offers even more exciting
passibilities. New advances in accelerator tachnology
pizneered by this scientific community have made it
possible to plan new facilities that can cook up fresh
batches of star-stuff. This will help us understand, for
erample, why the sun bums as brightly as it does and
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ke longit's likely to continue. It may also help us
disoover which nuclei might be us=d as tiny specialists
to journey into our bodies to disgnoss disease and
wanish onoz their job is done.

The knowledge of unstable “wudel 5 allowing the
collazoration of Oak Ridge hatianal Lab, Jeffzsen
Lab and lohns Hopkire University to develop a
smal-animal 1mager that colleas membol and
strucharal images of mice s they maove freely
withn a very small space. Scizntists are develping
a zsimilar system for medica imagirg of children,
eliminating the resd for sedation.

Accelerators allow nuclear
physicists to study matter under
different conditions to learn how

its building blocks interact and
cambine re form more complex
particles and materials, helping
scientists search for new ways
to benefit society.
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Investing in Our Nation's Future

My clear science is @ key component of the Naton's

reseanch capabilities. In addition to providing
fumdarnental insights into the ongin, svolution amd
stucture of matter, nuclear scisntists create knowledgs
and devices that are directly applicable to the nation's
= ecunity safeguards, haalth needs,
2nwiro nnrru-mal p tion and eoonomic vitalitg
Shadents with nudlear sdence training become the
skilled workforce necessary for the many industries
that apply nucle =rice and related technologies,

uclear Science.

Research and development for homeland secunty s
an important application of nuc science. Detaction
eystems based on the vary same technologiss
developed in nuclear physics experiments ars
prowviding Important techniques far efficienty and
unobtrusive by screening transport contain it our
nation's bordzrs, Thesa methods draw he

nuclear sciznce expertise in detechor dzvelopment,
expermental simulation, source design and analysis.
Ceclining vil reserves and mounting concems
about greenhouse gasas and global warming are
making nuclear power more atta ctive 3= a relisble

prepared her fora s

source of enargy for the future. Nuclear science
faculty educate and train nuclzar power enginesrs.
Fesponsiblz stewaidship of the Nation's muclear
power industry relies on a capably trained nuclear
science workforce.

The growing field of nuclear medicine has its origin
in nuclear science, Applications developed in the
ears incude be flonlzing mdiation,
7, and radionuclides faor
madical i |rn-:|g|r|9 Thess techniques, for example,
enable the early detection of cancer and detailed
studies of how the brain and heart function.
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Diagnosic technigques with roots in nuclear science
b= come even more important as our society 3ges,

Shidents in nuclear science @ain a broad rarge of
skills that are invaluable to the workforce, including
prablern sobving, mining of data from large data sets,
working in teams, advano=d theorstical modeling
and mathematical skilks, and computer simulation of
cormple systems, Cver twa-thinds of nuclear science
graduates find employment outsids of academia,
reoresenting a significant transfer of knowledge 1o
meet socety’s needs,

Advanced education in nudear sdence has conribured
to Amerca’s prospenty and technological advances

for more than half a century A robust educational
eystam supporting and training the best L5 scientists
and en@nesrs and attracting cutsanding studants and
scizntists fram other nations & esszntial for producing a
weorld-class workfonce,

Nuclear scientists fill
a variety of roles in
government and industry

I careers ranging from
finance o medical physics.




The Department of Enegy's Office of Nudear Physics is the primary funding agency
for the quest to understand the origin, evolution and structure of the matter in the
universe leading to the stars, the Earth and us.

The Department of Enegy's Office of Nudear Physics supports national labs and
university researdh grouos and provides research tools utilized by the national and
intemational research community. These tmilbazers are adding to the knowledge
base of humankind, developing new technologies, fraining the next generation of
scientists, and improving the sdence literacy of the general public.

Frorn the question of how it all began, to whal the far future holds, fiom dissecting
things we can observe in the universe, to searching for things unseen, nudear
physidsts are testing the boundarnies of our knowledge. The only way to find out
where these experimens might lead is to keep moving forward with the endeavar
tc explore and understand the heart of matter,

For more information, visit: www.science.doe.gov/Teature WP htm

Computer simulation of fludtuations in the strong force
Coutesy: Broakhaven National Labs

using funds from the Dffice of Nudlear Physics.



