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Their number far exceeds the count of 

all the atoms in the entire Universe. 

Although they hardly interact at all, 

they helped forge the elements in the 

early Universe, they tell us how the 

Sun shines, and they may even cause 

the titanic explosion of a dying star. 

They may well be the reason we live in 

a Universe filled with matter – in other 

words, a reason for our being here.

We have learned much of what we know 

about neutrinos in just the last decade. 

We have been challenged to rebuild 

neutrino theory quickly to keep up with 

the rapid pace of new discoveries. This 

booklet tells the story of how far we 

have come and where we hope to go.

NEUTRINOS :
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LEFT: The Veil Nebula is part of a supernova 

remnant known as the Cygnus Loop. It is the 

shattered remains of one, or possibly two, 

supernovae that exploded more than 15,000 

years ago. Exploding stars like this give birth 

to some of the countless neutrinos filling 

today’s Universe. 

(IMAGE : T. Rector/University of Alaska 

Anchorage and WIYN/NOAO/AURA/NSF)



A CRISIS
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LOOMED AT THE END OF THE 1920’S – A DECADE ALREADY FILLED WITH 

REVOLUTIONS. ONE OF PHYSICS’ MOST SACRED PRINCIPLES – THE 

CONSERVATION OF ENERGY – APPEARED NOT TO HOLD WITHIN THE 

SUBATOMIC WORLD. FOR CERTAIN RADIOACTIVE NUCLEI, ENERGY JUST 

SEEMED TO DISAPPEAR, LEAVING NO TRACE OF ITS EXISTENCE.

A CRISIS
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U.S. PARTICIPATION IN 

WORLDWIDE COLLABORATIONS

The astonishing discoveries in neutrino physics have led physicists to 

build detectors on nearly every continent, even Antarctica! The difficulty of 

detecting neutrinos means that most neutrino experiments must be built 

and run by collaborations of people from many nations and across many 

scientific disciplines. Neutrino physics must therefore be considered in 

an international context. This map shows the experiments that are now 

collecting data plus those currently under construction. The field is so rich 

with experiments that only a few can be highlighted here, those with major 

U.S. participation. Results from these experiments will drive the excitement 

in the field for at least a decade to come.
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Neutrino experiments will soon 

embark upon an exciting exploration of 

fundamental physics.

New experiments are being designed to yield the 

answers we seek: experiments searching for a 

rare decay mode of nuclear matter, experiments 

studying neutrinos from nuclear reactors, from 

particle accelerators, and from the Sun. The planned 

experiments are physics-rich, diverse, cost effective, 

and integrated with the worldwide effort to reach 

an understanding of the neutrino. Each component 

provides unique information and thereby enhances 

companion studies in high energy physics, nuclear 

physics, and astrophysics (see figure on facing page). 

There are rare moments in science when a clear road 

to discovery lies ahead and there is broad consensus 

about the steps to take along that path. This is one 

such moment.

THE FUTURE OF NEUTRINO PHYSICS
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“NU” HORIZONS

We live in a time when the light of new 

discoveries is breaking apart our long-

held picture of the Universe. 

This revolution began in part with the now widely-

confirmed assertion that neutrinos have mass, and it 

will continue to be waged by neutrino experiments in 

the U.S. and abroad.

New theoretical models correct the problems of the 

old Standard Model, and they suggest a Universe 

never before imagined. The data gathered at current 

and future neutrino experiments will be instrumental 

in confirming or correcting these theories, or perhaps 

in opening unimagined possibilities.

The odyssey into a fundamental understanding of 

neutrinos – and the Universe as a whole – continues. 

Our Nation’s support of physics in the years ahead 

will largely determine the success of this journey, with 

profound possibilities for science and society.
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RIGHT: The Northern Lights over Sudbury, 

Ontario, home of the Sudbury Neutrino 

Observatory. (IMAGE : J. Farine)






