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Introduction

The Triangle Universities Nuclear Laboratory (TUNL) { a collaboration of Duke Uni-
versity, North Carolina State University, and the University of North Carolina at Chapel
Hill { has had a very productive year. The following reports cover parts of the second
and third year of a three-year grant between the U.S. Department of Energy and the three
collaborating universities.

During the current grant period TUNL physicists have achieved major successes:

� Double-beta decay:
With a 1 kg isotopically enriched (98.4%) 100Mo sample we have accumulated, for the
�rst time, a practically background free 
-ray coincidence spectrum resulting from the
double-beta decay to the �rst excited 0+ state in 100Ru. After 5.5 months of counting
our result is T1=2 = (5:2 � 1:5) � 1020 years.

� Neutron-neutron scattering length ann:
The �rst simultaneous and accurate determination of the 1S0 neutron-neutron and
neutron-proton scattering lengths were made at TUNL. The results of these measure-
ments resolve the long standing anomaly between ann obtained from ��-d and n-d
data.

� Parity nonconservation in the nuclear interaction:
The observation of parity-violation e�ects of both signs at higher energies in 232Th
establishes that the previously found anomalous sign correlation is localized in energy.
This result is consistent with local doorway-state theory predictions.

� Meson-exchange currents:
Polarized p-d and d-p radiative capture data enabled us to evaluate the Gerasimov-
Drell-Hearn Sum-Rule integral for 3He in the 
-3He threshold region. Our value di�ers
by a factor of 10 from rigorous 3N calculations using the \nucleon-only" approxima-
tion, but only by a factor of two when MEC e�ects are included.

� The tensor force in the nucleon-nucleon interaction:
By scattering longitudinally polarized neutrons from a longitudinally polarized proton
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target we determined the nucleon-nucleon tensor force from the analysis of our � =
��L ���T total cross-section di�erence measurements between 5 and 20 MeV. Our
data suggest that the tensor force is larger than predicted by meson-exchange based
nucleon-nucleon potential models, questioning the strong �-coupling used in these
models.

� Astrophysical S factors:
New T20 measurements suggest that the 2H(d,
)4He reaction is not predominantly
s-wave capture at energies near 100 keV, but is dominated by p-wave capture. This
�nding will e�ect the extrapolated S-factor result. The negative slope of the S factor
for 7Li(p,
)8Be is now understood and results in an increase of S at E = 0 from 0.3
to 0.5 keV-b.

� Chaos in the nucleus:
Our determination of the e�ect of symmetry breaking on the distribution of electro-
magnetic transition strength in 26Al, which shows strong departure from the Porter-
Thomas distribution, has been qualitatively con�rmed by three new theoretical cal-
culations.

� Proton-deuteron scattering at low energies:
We have completed scattering measurements of protons from deuterons and vice versa
at center-of-mass energies of 432 and 667 keV. These experiments show that the dis-
crepancy between rigorous 3N calculations and data for Ay(�) and iT11(�) approaches
the stunning value of 40% at the lowest energy, while the tensor analyzing powers are
rather well described.

� Three-nucleon forces:
The comparison of our result obtained for the neutron-proton scattering length from
the neutron-deuteron breakup reaction with the value measured in free neutron-proton
scattering clearly shows that three-nucleon force e�ects are less important in the
three-nucleon �nal-state interaction con�guration than previously thought. However,
for space-star con�gurations our new measurements indicate large three-nucleon force
e�ects.

� Sub-Coulomb �-transfer reactions:
We have studied the 12C(�,
)16O reaction indirectly by measuring the 12C(6Li,d)16O
and 12C(7Li,t)16O reactions at sub-Coulomb energies. These measurements have pro-
vided accurate information on the subthreshold 2+ state, which places strong con-
straints on the low-energy E2 S factor.

� High-accuracy measurements of the proton electric form factor at JLAB:
The new determinations of the ratio of the electric and magnetic form factors of the

x
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proton made at six Q2 points between 0.5 and 3.5 (GeV/c)2 show a de�nite deviation
from the dipole form for the electric form factor. This result may have important
consequences in understanding the nucleon-spin problem.

� Globular clusters:
We have determined the total width of the Ex = 223 keV resonance in 24Mg(p,
)25Al
and have determined new reaction rates for 22Ne(p,
)23Na and 23Na(p,
)24Mg. Our
results strongly suggest that low mass stars in globular clusters evolve through stages
that are poorly understood in terms of mixing and hydrodynamics.

� Holi�eld Radioactive Ion Beam Facility:
Using the �rst radioactive beam delivered at ORNL, we have measured the energy
and width of the astrophysically signi�cant 3+ state in 18Ne via the 1H(17F,p)17F
reaction.

� Gamma-ray physics at the DFELL:
The FEL generated 100% polarized 
-ray beam was used to measure the analyzing
power of the 2H(
,n)1H reaction near the photodisintegration threshold region. Our
data should determine the M1/E1 ratio in this energy range for the �rst time.

� Polarized target:
The TUNL dynamically polarized proton target was converted into a polarized deuteron
target and the �rst ~n-~d total cross-section di�erence data ��L were obtained.

� Laboratory for Experimental Nuclear Astrophysics:
We have almost completed the construction of the Laboratory for Experimental Nu-
clear Astrophysics (LENA) at TUNL. This state-of-the-art facility is designed to
produce intense beams of protons with energies up to 1 MeV for measurements of
astrophysically interesting reactions.

� Polarized ion source:
Toward our goal of developing more intense polarized beams, tests of a new intense
and highly collimated hydrogen-ion plasma jet from an ECR source show our scheme
to be a promising new basis for creating a more e�cient ionizer of spin-polarized
deuterium atoms by charge exchange at � 1 eV.

� Charged-particle parity violation studies:
A 2� �-particle detector system with 64 segments consisting of 4 large silicon strip
detectors is being used for charged-particle parity-violation studies in the 31P(p,�)28Si
reaction.

� Gas-jet target:
We have completed the installation of a windowless high-density recirculating gas-jet

xi
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target that we acquired from the University of Erlangen. First 14N(p,p)14N data were
taken.

� Nuclear data project:
We completed the review \Energy Levels of Light Nuclei A = 20." Preliminary
versions for A = 5 and A = 6 have been completed and distributed. The review of A
= 7 is underway. We also increased our World Wide Web (WWW) service. Updated
and/or revised ENSDF �les have been prepared for A = 2{10 and A = 16{20.

� The 14N(p,
)15O reaction:
We have measured the lifetime of the 6.793 MeV state in 15O, which is a subthreshold
resonance in the 14N(p,
)15O reaction. We also have performed exploratory mea-
surements of 14N(p,
)15O at Ep = 140 keV using unpolarized and polarized proton
beams.

� Nucleosynthesis calculations:
For the purpose of obtaining more reliable predictions for nucleosynthesis calculations,
we have developed a theoretical framework to estimate random errors of resonant
thermonuclear reaction rates.

TUNL seeks to be on several of the nuclear physics research frontiers identi�ed in the
1996 NSAC Long Range Plan. The TUNL research program focuses on the following areas:

� Precision test of parity-invariance violation in resonance neutron scattering at
LANSCE/LANL.

� Parity violation measurements using charged-particle resonances in A = 20{40 targets
at TUNL.

� Chaotic behavior in the nuclei 26Al and 30P from studies of eigenvalue 
uctuations in
nuclear level schemes.

� Search for anomalies in the level density (pairing phase transition) in 1f{2p shell
nuclei.

� Nuclear astrophysics, using the refurbished Enge split-pole spectrometer, the Low-
Energy Beam Facility, a new 200 keV accelerator for high-intensity unpolarized beams,
and the KN accelerator (all at TUNL); facilities at HRIBF, Argonne, and Caltech; and
the HIGS facility presently under construction at Duke's FELL. Emphasis is placed
on the following topics:

{ abundance anomalies in globular clusters
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{ explosive nucleosynthesis in novae

{ evolution of massive stars

{ origin of galactic radioactivity

{ the solar neutrino problem

� Study of double-beta decay to excited 0+ states.

� Neutrino studies at KamLAND.

� Few-body nuclear systems, with speci�c experiments to address:

{ radiative-capture reactions on hydrogen isotopes to investigate non-nucleonic de-
grees of freedom

{ the role of three-nucleon forces in the 3N and 4N continuum using hadronic and
electromagnetic probes

{ the strength of the tensor force in the NN interaction

{ search for \scaling" in the three-nucleon continuum

{ the Ay(�) and iT11 puzzles in 3N scattering

{ the quark structure of nucleons in experiments at JLAB

� Nuclear Data evaluation for A = 3{20 for which TUNL is now the international
center. Extensive services are provided through our WWW site and are constantly
being improved.

Developments in technology and instrumentation are vital to our research and training
program. We continued our innovative work in:

� polarized beam development

� polarized target development

� detector development

� polarimeters for charged particles and 
 rays

� improving high-resolution beams for the KN and FN accelerators

� development of a Laboratory for Experimental Nuclear Astrophysics for radiative-
capture studies of astrophysical interest.

xiii
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We submitted a proposal to DOE to develop an intense beam of polarized 
 rays.
This High-Intensity Gamma-ray Source (HIGS) will utilize the facilities of the Duke Free-
Electron Laser Laboratory (DFELL). The DFELL currently includes a 250 MeV LINAC
injector, a 1.1 GeV electron storage ring, and the OK-4 undulator. It is possible to tune the
electron beam in a manner which allows the FEL photons produced by one electron bunch
to backscatter from a second electron bunch, all within the ring. This leads to an intense
beam of almost 100% polarized 
 rays whose energy can be readily tuned from about 2
MeV to greater than 200 MeV. Furthermore, beam energy spreads of less than 1% can be
obtained by purely geometrical collimation. In order to achieve the full range of energies,
it will be necessary to upgrade the energy of the injected beam to 1.2 GeV and to make
modi�cations in the electron beam optics in the FEL storage ring. Funds for upgrading the
injected beam energy to 1.2 GeV, which will allow us to produce 
 rays up to about 220
MeV, will constitute the major part of the proposal.

In the development of polarized targets we successfully converted the dynamically po-
larized proton target at TUNL into a vector polarized deuteron target.

With respect to innovative detector and target developments, we have put in operation
a unique detector system to study double-beta decay transitions to excited states. We have
also installed a recirculating gas-jet target.

The Nuclear Data Evaluation project for nuclei A = 3{20, which was moved to TUNL
in 1990, continues not only to bene�t our local research, but is also providing an important
service to the international nuclear physics community.

The TUNL seminar program continues with characteristic vigor (23 invited speakers),
supplemented by 19 in-house lectures on TUNL instrumentation and safety procedures
and 3 lectures on Advances in Physics. A related program, the Triangle Nuclear Theory
seminars, is also bene�cial to TUNL faculty and students.

The talents and enthusiasm of the 17 faculty members, 13 research sta� and post-
doctoral associates, and more than 30 graduate students from the three Triangle universities
are responsible for the successes of our research program. We also bene�t from collabora-
tions with Tennessee Technological University, North Georgia College and State University,
North Carolina A&T State University, Shaw University, North Carolina Central University,
State University of New York-Geneseo, Idaho State University, Gettysburg College, China
Institute of Atomic Energy and Tsinghua University (Beijing), Jagellonian University (Cra-
cow), and Istituto Nazionale di Fisica Nucleare (Pisa).

The TUNL Advisory Committee - Drs. David Balamuth (University of Pennsylvania),
Baha Balantekin (University of Wisconsin), James Friar (Los Alamos National Laboratory),
Gerald Garvey (Los Alamos National Laboratory), and Steven Vigdor (Indiana University)
- continues to provide valuable advice on the research program.

The research summaries presented in this progress report are preliminary. They should
not be referenced in other publications. If you wish to know the current status of a project,
please contact the person whose name is underlined in the author list or a senior author.

xiv
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Personnel

Department of Physics, Box 90308, Duke University,
Durham, NC 27708-0308
Department of Physics, Box 8202, North Carolina State University,
Raleigh, NC 27695-8202
Department of Physics and Astronomy, University of North Carolina,
Chapel Hill, NC 27599-3255

Faculty

Bilpuch, E. G. (Professor Emeritus) Duke
Brune, C. R. (Research Assistant Professor) UNC
Champagne, A. E. (Professor) UNC
Clegg, T. B. (Professor) UNC
DeBraeckeleer, L. (Assistant Professor) Duke
Gould, C. R. (Professor) NCSU
Haase, D. G. (Professor) NCSU
Howell, C. R. (Associate Professor) Duke
Iliadis, C. (Assistant Professor) UNC
Karwowski, H. J. (Professor) UNC
Ludwig, E. J. (Associate Director, Professor) UNC
Merzbacher, E. (Professor Emeritus) UNC
Mitchell, G. E. (Associate Director, Professor) NCSU
Roberson, N. R. (Professor Emeritus) Duke
Tilley, D. R. (Professor Emeritus) NCSU
Tornow, W. (Director, Professor) Duke
Walter, R. L. (Associate Director, Professor) Duke
Weller, H. R. (Professor) Duke
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TUNL Advisory Committee

Balamuth, D. P. University of Pennsylvania
Balantekin, A. B. University of Wisconsin
Friar, J. L. Los Alamos National Laboratory
Garvey, G. T. Los Alamos National Laboratory
Vigdor, S. E. Indiana University

Associated Faculty

Crawford, B. Gettysburg College
Crowe, B. Shaw University
Fletcher, K. A. State University of New York, Geneseo
Jackson, C. R. North Carolina A&T State University
Keeter, K. Idaho State University
Prior, R. M. North Georgia College and State University
Raichle, B. Morehead State University
Shriner, J. F. Tennessee Technological University
Soldi, A. North Carolina Central University
Spraker, M. North Georgia College and State University
Stephenson, S. Gettysburg College
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Research Sta�

Bardayan, D. (Research Associate) UNC
Churchwell, S. (Research Associate) Duke
Dummer, A. (Research Associate) UNC
Ga�, S.1 (Research Associate) Duke
Gonzalez Trotter, D.2 (Research Associate) Duke
Hansper, V.3 (Research Associate) UNC
Kalbach Walker, C. (Senior Research Scientist) Duke
Kelley, J. (Research Associate) Duke
Lemaitre, S. (Research Associate) UNC
Marko�, D. (Research Associate) NCSU
Rohm, R. (Research Scientist) NCSU
Roper, C. (Research Associate) Duke
Stephan, A. (Research Associate) UNC
Warman, K. (Research Associate) Tennessee Tech. Univ.
Westerfeldt, C. (Research Scientist, Radiation Safety Manager) Duke
Wulf, E. (Research Associate) Duke

Technical and Nuclear Data Support Sta� for TUNL

Carter, E. P. Accelerator Supervisor
Cheves, C. M. Project Coordinator
Dunham, J. D. Accelerator Technician
Edwards, S. E. Computer Maintenance Supervisor
Gibson, P. M.4 Sta� Assistant
Godwin, J. L. Editorial Assistant
Mulkey, P. H. Electronics Technician
O'Quinn, R. M. Accelerator Technician
Pulis, T. E. Sta� Assistant
Scripa, M. Research Secretary
Williamson, S. Electronic Technician Trainee

1left 4/99
2left 12/98
3left 1/99
4left 3/99
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Graduate Students

Agvaanluvsan, U. NCSU Macri, R. Duke
Amro, H.1 NCSU McDevitt, D. NCSU
Beal, W. NCSU McLean, L. NCSU
Bertone, P. UNC Messimore, J. NCSU
Browne, M.1 NCSU Milanovich, G. UNC
Canon, S. Duke Mosher, J. UNC
Crowley, B. Duke Neidel, E. Duke
Crowell, A. Duke Nelson, S. Duke
Danner, A. UNC Poole, J. NCSU
Dugersuren, D. NCSU Powell, D.1 UNC
Fisher, B. UNC Roper, C.1 Duke
Fitzgerald, R. UNC Rowland, C. UNC
Foster, R. NCSU Runkle, R. UNC
Grossmann, C. NCSU Sabourov, K. Duke
Hale, S.1 UNC Schreiber, E. Duke
Hoe, C. Duke Tajima, S. Duke
Hornish, M. Duke Tavukcu, E. NCSU
Keener, G. NCSU Veal, K.1 UNC
Leonard, D. UNC Wood, M. UNC
Lokitz, S. NCSU Wulf, E.1 Duke

Visiting Scientists

Carmen Angulo 5/99 Universite Catholique de Louvain
Frank Avignone 2/99 University of South Carolina
Alexander Barabash 2/99, 6/99 ITEP, Moscow, Russia
John Becker 4/99 Lawrence Livermore National Laboratory
Jean-Paul Delaroche 10/98 CEA, Bruyeres-le-Châtel, France
Pierre Descouvemont 5/99 Universite Libre de Bruxelles
Kurt Fletcher 1/99,6/99 SUNY-Geneseo
Chris Frankle 5/99 Los Alamos National Laboratory
Hartmut Hofmann 1/99{3/99 University of Erlangen, Germany
Mahir Hussein 7/99 University of Sao Paulo, Brazil
Alejandro Kievsky 9/98{12/98, 3/99 INFN, Pisa, Italy
Dennis McNabb 5/99 Los Alamos National Laboratory
Cal Moss 5/99 Los Alamos National Laboratory

1graduated between Sept. 98 and Aug. 99
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Blaine Norum 3/99 University of Virginia
Mauricio Pato 7/99 University of Sao Paulo, Brazil
Ron Pedroni 5/99{8/99 North Carolina A&T State University
Bernd P�tzinger 9/98{10/98 University of Erlangen, Germany
Gaylon Ross 4/99 University of Central Arkansas
Eduard Sharapov 6/99{present JINR, Dubna, Russia

Ivo �Slaus 10/98, 4/99 Rudjer Boskovic, Zagreb, Croatia
Gary Weisel 7/99{8/99 Penn State University, PA
Scott Wilburn 12/98, 7/99 Los Alamos National Laboratory

Temporary Graduate Student Personnel

Usov, I. UNC
Welch, S. Duke

Undergraduates

Blackstone, M. Tennessee Tech. Univ.
Covington, S. NCA&T
Harrel, R. UNC
Lynch, J. Gettysburg Coll.
Mahar, K. Tennessee Tech. Univ.
Mathur, R. Gettysburg Coll.
Montgomery, C. Duke
Palmquist, G. NCSU
Pearson, E. Univ. of Durham, NCSU
Reisner, W. Reed College
Rogers, B. UNC
Sandifer, A. Idaho State Univ.
Smith, B. UNC
Staples, N. NCA&T
Walker, L. Univ. of Central Arkansas
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