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Three Broad Scientific Thrusts of U.S. Nuclear Science

Quantum Chromodynamics (QCD) seeks to develop a complete understanding of how
guarks and gluons assemble themselves into protons and neutrons, how nuclear forces
arise, and what forms of bulk strongly interacting matter can exist in nature, such as the
guark-gluon plasma.

Nuclei and Nuclear Astrophysics seeks to understand how protons and neutrons
combine to form atomic nuclei, including some now being observed for the first time, and
how these nuclei have arisen during the 13.8 billion years since the birth of the cosmos.

Fundamental Symmetries of neutrons and nuclei seeks to develop a better
understanding of fundamental interactions by studying the properties of neutrons and
targeted, single focus experiments using nuclei to study whether the neutrino is its own
anti-particle.
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The 2015 Long Range Plan for Nuclear Science

NSAC and APS DNP partnered to tap the full intellectual capital of the U.S. nuclear
science community in identifying exciting, compelling, science opportunities

Recommendations:

A The progress achieved under the guidance of the 2007 Long Range
Plan has reinforced U.S. world leadership in nuclear science. The
highest priority in this 2015 Plan is to capitalize on the
investments made.

A The observation of neutrinoless double beta decay in nuclei
wo ul d é prafaued implications.. We recommend the timely
development and deployment of a U.S.-led ton-scale
neutrinoless double beta decay experiment.

A Gl u o ns é g eneadyrathdf the visible mass in the universe.
Despite their importance, fundamental questionsr e mai n é .
can only be answered with a powerful new electron ion collider
(EIC). We recommend a high-energy high-luminosity polarized
EIC as the highest priority for new facility construction
following the completion of FRIB.

A We recommend increasing investment in small-scale and mid-
scale projects and initiatives that enable forefront research at
universities and laboratories.

T

LONG RANGE PLAN
for NUCLEAR SCIENCE

©w

NP is implementing these
recommendations which are
supported 1 n th
FY 2017 request
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ATLAS Layout After Recent Upgrades

ATLAS is a unique premier
Stable Beam Facility for _ Improved.
research on Nuclear INStrumentation
Structure & Nuclear
Astrophysics
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CHICO-Il and GRETINA at ATLAS

Programs:
T Coulomb Excitation of stable and CARIBU beams:

I Structure studies of neutron-rich nuclei using deep-inelastic
reactions;

I CHICO-II: high segmentation for both d (1) and « (1.4")
I GRETINA: about 3.50(2)% absolute efficiency at 1332.5 keV
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146Ba Coulomb Excitation

Statistics ~ 100 times higher than previously obtained
A higher yield

A more stable operation
A more efficient post-acceleration
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146Ba is predicted to
octupole deformed.
The observed
coincidence gspectra
allow extraction of an
E3 transition
probability to verify
the theory.
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Nuclear Data Connection Between Discovery Research, Decay Heat, and Fission Yields

Reactor AntiNeutrino Anomaly Mini-Boone Oscillation Data

n Measured/ n Expected

New physics (e.g. a sterile neutrino) or wrong prediction of neutrino spectra ?
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