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1. Brief summary of the goals of the project 

 
The main goals of the project can be summarized as follows: 

• Development of effective energy functionals that are appropriate for the description of heavy 
nuclei.  Our goal is to improve the existing energy density (Skyrme) functionals to develop a 
force that will be used in calculations of fission dynamics.  To this end, we will use recently 
developed Hartree-Fock (HF) and Hartree-Fock-Bogoliubov (HFB) codes.  

• Systematic self-consistent calculations of binding energies and fission barriers of actinide 
and trans-actinide nuclei using modern density functionals.  This will be followed by 
calculations of spontaneous fission lifetimes and mass and charge divisions using dynamic 
adiabatic approaches based on the WKB approximation.  

• Investigate novel microscopic (non-adiabatic) methods to study the fission process.  In 
particular, we are going to assess whether the imaginary time method and the generator 
coordinate method can be used in practical self-consistent calculations. 

 
2. Project participants  

 
Research has been carried out by principal investigator, one adjunct Professor, five research 
Professors, three graduate students, and a number of collaborators. A list of personnel involved in 
the research covered by this grant includes: 
 

• A. Baran (UT/University of Lublin; February-July 2006) 
• P. Borycki (UT, graduate student; since January 2003) 
• D. J. Dean (ORNL/UT) 
• J. Dobaczewski (UT/University of Warsaw) 
• W. Nazarewicz (UT/ORNL, Principal Investigator)  
• N. Nikolov (UT, graduate student; since January 2005) 
• G. Papadimitriou (UT, graduate student; since January 2006) 
• J. Skalski (UT/Soltan Institute for Nuclear Studies; January-December 2005) 
• A. Staszczak (UT/University of Lublin; September 2003-September 2004) 
• M. Stoitsov (UT/Bulgarian Academy, Sofia) 
 

During YEAR 1, Dr. Staszczak and Mr. Borycki have been fully supported by the grant, and Dr. 
Stoitsov and Dr. Dobaczewski received partial support. Dr. Staszczak was responsible for the fission 
barrier calculations, while the main task of Mr. Borycki, and also a principal part of his Ph.D. thesis, 
was to implement zero-point corrections into the energy density functional. 
 
During YEAR 2, Dr. Skalski, Dr. Staszczak,  and Mr. Borycki were fully supported by the grant, and 
Dr. Stoitsov, Dr. Dobaczewski, and Mr. Nikolov received partial support.  Dr. Skalski was 
responsible for the  development of non-adiabatic methods to describe fission and also for fission 
barrier calculations for medium-mass nuclei. Another Ph.D. student, Mr. Nikola Iliev Nikolov, 
joined the group during the spring term of 2005. 



 
During YEAR 3, Dr. Skalski, Mr. Borycki, and Mr. Nikolov were partly supported by the grant. 
Another Ph.D. student, Mr. Georgios Papadimitriou, joined the group during the spring term of 
2006. Dr. Andrzej Baran from the University of Lublin is expected to join the group in February’06. 
  

 
3. Outreach 
 
Our group has been very active, in terms of presentations, publications, and organizational 
involvement, in publicizing the research covered by this grant. Specifically:. 
• Our large-scale self-consistent calculations of nuclear bound states, partly supported by this 

project, were featured in the 2003 DOE Brochure on Exploring Matter and Energy issued by the 
Office of High Energy and Nuclear Physics (see 
http://www.sc.doe.gov/henp/eme2k3/html/particle.html).  

• We published an article in Nature (vol. 433, 705-709 (2005)) on the structure of the heaviest and 
superheavy nuclei.  

• A research topic related to the theory of fission has been listed on the website of UTK Physics 
Department: http://www.phys.utk.edu/graduateprogram_research_projects.html.  

• We developed a set of graduate-level lectures on modern nuclear science, including topics 
covered by this grant, see http://www.phys.utk.edu/witek/NP621/NuclPhys.html. 

• In additional to annual workshops (Sec. 4.D) the subject of fission was a featured at the INT-05-
03 program at the INT in Seattle (http://int.phys.washington.edu/PROGRAMS/05-3.html), 
organized by Bertsch, Engel, Nazarewicz, and Ormand. 

• We established a fission project website, http://www.phys.utk.edu/witek/fission/fission.html, that 
popularized our research. 

 
4. Deliverables 

 
We made progress in the area of the nuclear energy density functional; we performed systematic 
studies of particle-number fluctuations and developed the particle-number-projected (before 
variation) Skyrme-HFB formalism; we established a practical way, based on the generator 
coordinate method, to calculate the zero-point energy correction; and we produced several self-
consistent HFB mass tables.  We began systematic barrier computations for the heavy and 
superheavy elements. In particular, we succeeded in calculating two-dimensional self-consistent 
potential energy surfaces. Finally, we investigated the imaginary-time approach to spontaneous 
fission.  Several results obtained in the course of this work were published or submitted for 
publication.  They are listed in Sec. 3.1.  Section 3.2 outlines the projects in progress.  Conference 
talks are listed in Sec. 3.3.  Finally, Sec. 3.4 talks about code development work, and Sec. 3.5 
describes the workshop supported by this project. 

 
A. Completed projects. Publications 

 
1. “Systematic Study of Deformed Nuclei at the Drip Lines and Beyond”, M. V. Stoitsov, J. 

Dobaczewski, W. Nazarewicz, S. Pittel, and D. J. Dean, Phys. Rev. C 68, 054312 (2003). 
This work contains the first large-scale application of the code HFBTHO (v1.66p) 
described above.  The HFB+THO framework that follows accurately reproduces the 
results of coordinate-space HFB calculations for spherical nuclei, including those that are 
weakly bound.  Furthermore, it is fully automated, facilitating its use in systematic 
investigations of large sets of nuclei throughout the periodic table.  As a first application, 
we have carried out calculations using the Skyrme Force SLy4 and volume pairing, with 



exact particle number projection following application of the Lipkin-Nogami 
prescription. Calculations were performed for all even-even nuclei from the proton drip 
line to the neutron drip line having proton numbers Z=2,4,...,108 and neutron numbers 
N=2,4,...,188.  

2. “Local Density Approximation for Proton-Neutron Pairing Correlations.  Formalism”, E. 
Perlinska, S. G. Rohozinski, J. Dobaczewski, and W. Nazarewicz, Phys. Rev. C 69 
(2004) 014316.  In this study we generalize the self-consistent Hartree-Fock-Bogoliubov 
(HFB) theory formulated in the coordinate space to the case which incorporates an 
arbitrary mixing between protons and neutrons in the particle-hole (p-h) and particle-
particle (p-p or pairing) channels.  We define the HFB density matrices, discuss their 
spin-isospin structure, and construct the most general energy density functional that is 
quadratic in local densities.  The complete list of expressions required to calculate total 
energy is presented.  

3. “Axially Deformed Solution of the Skyrme-Hartree-Fock-Bogoliubov Equations Using the 
Transformed Harmonic Oscillator Basis.  The program HFBTHO (v1.66p)”, M.V. 
Stoitsov, J. Dobaczewski,W. Nazarewicz, and P. Ring, Comp. Phys. Comm. 167, 43 
(2005). In this work, we describe the program HFBTHO for axially deformed 
configurational Hartree-Fock-Bogoliubov calculations with Skyrme forces and a zero-
range pairing interaction using transformed harmonic-oscillator states.  The particle-
number symmetry is approximately restored using the Lipkin-Nogami prescription, 
followed by an exact particle number projection after the variation.  The program can be 
used in a variety of applications, including systematic studies of wide ranges of nuclei, 
both spherical and axially deformed.  

4. “Shape Coexistence and Triaxiality in the Superheavy Nuclei ”, S. Cwiok, P.H. Heenen, 
and W. Nazarewicz, Nature 433, 705-709 (2005). Superheavy nuclei represent the limit 
of nuclear mass and charge; they inhabit the remote corner of the nuclear landscape, 
whose extent is unknown. The discovery of new elements with atomic numbers Z≥110 
has brought much excitement to the atomic and nuclear physics communities. The 
existence of such heavy nuclei hangs on a subtle balance between the attractive nuclear 
force and the disruptive Coulomb repulsion between protons that favor fission. In a work 
published in Nature 433, 705-709 (2005), we model the interplay between these forces 
using the self-consistent energy density functional theory; our approach accounts for 
spontaneous breaking of spherical symmetry through the nuclear Jahn-Teller effect. We 
predict that the long-lived superheavy elements can exist in a variety of shapes, including 
spherical, axial, and triaxial configurations. In some cases, we anticipate the existence of 
metastable states and shape isomers that can affect decay properties and hence nuclear 
half-lives. 

5. “Shell Energy in the Heaviest Nuclei Using the Green’s Function Oscillator Expansion 
Method”, S. Cwiok, W. Dudek, P. Kaszynski, and W. Nazarewicz, E. Phys. J. A23, 387 
(2005).  In this work, the Green’s function oscillator expansion method and the 
generalized Strutinsky smoothing procedure have been applied to shell corrections in the 
heaviest elements. It is demonstrated that the spurious contribution to the total binding 
energy due to the unphysical particle gas that appears in the standard method can be as 
large as 1.5 MeV for weakly bound neutron-rich superheavy nuclei, but the effect on 
energy differences (e.g., alpha decay values) is fairly small. 

6. “Skyrme-Hartree-Fock Calculations of Fission Barriers of the Heaviest and Superheavy 
Nuclei”, A. Staszczak, J. Dobaczewski, and W. Nazarewicz, Int. J. Mod. Phys. E 14, 
395  (2005). In this work, self-consistent Skyrme-Hartree-Fock (SHF) calculations of 
static fission barriers have been  presented for even-even Fermium isotopes as well as for 
superheavy even-even N=184 isotones. In the particle-hole channel, we use the SLy4 



Skyrme parametrization, while in the particle-particle channel we take a T=1 seniority 
pairing force treated in the BCS approximation. The influence of reflection-asymmetric 
and triaxial degrees of freedom on the static fission paths has been investigated.  

7. “Large-Scale HFB Calculations for Deformed Nuclei with the Exact Particle-Number 
Projection”,  M.V. Stoitsov, J. Dobaczewski, W. Nazarewicz, and J. Terasaki, Eur. Phys. 
J. A 25, s1.567-s1.568 (2005). Recent theoretical advances in the large-scale HFBTHO 
calculations of nuclear ground-state properties were presented with the emphasis on the 
exact particle number projection. The applicability of the widely used Lipkin-Nogami 
procedure was  discussed together with the analysis of the particle number projection 
after variation. 

8. “On the non-Unitarity of the Bogoliubov Transformation due to the Quasiparticle Space 
Truncation”,  J. Dobaczewski, P.J. Borycki, W. Nazarewicz, and M. Stoitsov,  Eur. 
Phys. J. A 25, s1.541-s1.542 (2005).  We demostrated that due to the energy cutoff in the 
Hartree-Fock-Bogoliubov quasiparticle space, the Bogoliubov transformation becomes 
non-unitary. We propose a method of restoring the unitarity by introducing a truncated 
single-particle Hilbert space, in which the HFB equations are to be solved. 

9. “Nuclear Fission with Mean-Field Instantons”, J. Skalski,  Proc. Int. Workshop on "New 
Developments in Nuclear Self-Consistent Mean-Field Theories", Yukawa Institute for 
Theoretical Physics, Kyoto, Japan May 30 - June 1, 2005; YITP-W-05-01 (Soryushi-ron 
Kenkyu) p. B62.  Quantum tunneling process in spontaneous nuclear fission may be 
analyzed in terms of imaginary-time solutions to selfconsistent mean-field theory. An 
advantage of such formulation is that it identifies a unique semiclassical prediction for 
the dominant (exponential) part of the fission half-life as instanton action, and that this 
prediction is based solely on the underlying mean-field theory (there is no arbitrariness in 
the selection of mass parameters). We try to advance a variational approach to finding 
instanton action, hoping that a good estimate of action may be easier to find than that of 
the instanton itself. 

10. “Self-Consistent Study of Fission Barriers of Even-Even Superheavy Nuclei”, A. 
Staszczak, J. Dobaczewski, and W. Nazarewicz, Proc. "3rd International Workshop on 
Nuclear Fission and Fission-Product Spectroscopy", 11-14 May 2005 Cadarache, France, 
AIP Conf. Proc. 798, 93 (2005).  In this work, static fission barriers of even-even nuclei 
with 100≤Z≤110 were investigated using the Skyrme-Hartree-Fock model with particular 
attention paid to symmetry-breaking effects along the fission path. Effects of reflection-
asymmetric and triaxial degrees of freedom on the fission barriers were discussed. 

11. “From Finite Nuclei to the Nuclear Liquid Drop: Leptodermous Expansion Based on the 
Self-consistent Mean-Field Theory”,  P.-G. Reinhard, M. Bender, W. Nazarewicz, and T. 
Vertse, Phys. Rev. C, in press; nucl-th/0510039. The parameters of the nuclear liquid 
drop model, such as the volume, surface, symmetry, and curvature constants, as well as 
bulk radii, were extracted from the non-relativistic and relativistic energy density 
functionals used in microscopic calculations for finite nuclei. The microscopic liquid 
drop energy, obtained self-consistently for a large sample of finite, spherical nuclei, was 
expanded in terms of powers of inverse nuclear radius and the isospin excess (or neutron-
to-proton asymmetry). In order to perform a reliable extrapolation in the inverse radius, 
the calculations were carried out for nuclei with huge numbers of nucleons. The Coulomb 
interaction was ignored to be able to approach nuclei of arbitrary sizes and to avoid radial 
instabilities characteristic of systems with very large atomic numbers. The main 
contribution to the fluctuating part of the binding energy was removed using the Green's 
function method to calculate the shell correction. The limitations of applying the 
leptodermous expansion to actual nuclei were discussed. While the leading terms in the 
macroscopic energy expansion can be extracted very precisely, the higher-order, isospin-



dependent terms are prone to large uncertainties due to finite-size effects. 
12. “Pairing Renormalization and Regularization Within the Local Density Approximation”, 

P. Borycki, J. Dobaczewski, W. Nazarewicz, and M. Stoisov, submitted to Phys. Rev. C; 
nucl-th/0601054. We discuss methods used in mean-field theories to treat pairing 
correlations within the local density approximation. Pairing renormalization and 
regularization procedures are compared in spherical and deformed nuclei. Both 
prescriptions give fairly similar results, although the theoretical motivation, simplicity, 
and stability of the regularization procedure makes it a method of choice for future 
applications. 

13. “Large-Scale Self-Consistent Nuclear Mass Calculations”, M.V. Stoisov, J. 
Dobaczewski, W. Nazarewicz, and P. Borycki, submitted to International Journal of 
Mass Spectrometry; nucl-th/0601040. The program of systematic large-scale self-
consistent nuclear mass calculations that is based on the nuclear density functional theory 
represents a rich scientific agenda that is closely aligned with the main research 
directions in modern nuclear structure and astrophysics, especially the radioactive nuclear 
beam physics. The quest for the microscopic understanding of the phenomenon of 
nuclear binding represents, in fact, a number of fundamental and crucial questions of the 
quantum many-body problem, including the proper treatment of correlations and 
dynamics in the presence of symmetry breaking. Recent advances and open problems in 
the field of nuclear mass calculations are presented and discussed. 

14. “Fission Barriers of Superheavy Nuclei in the Skyrme-Hartree-Fock Model”, A. 
Staszczak, J. Dobaczewski, and W. Nazarewicz, Int. J. Mod. Phys. E (2006), in press. 
Constrained Skyrme-Hartree-Fock calculations of static fission barriers were  performed 
for even-even elements with Z=100-110 as well as for superheavy N=184 isotones. In our 
study we used the Skyrme parametrization SLy4 and a seniority pairing force treated in 
the BCS approximation. The computations were carried out applying a code that makes it 
possible to break all self-consistent symmetries of the nuclear mean field, including axial 
symmetry and reflection symmetry. The influence of reflection-asymmetric and triaxial 
degrees of freedom on fission barriers was discussed. 

 
 

B. Talks 
 

1. “Theoretical Description of the Fission Process”, A. Staszczak, talk at 2004 Stewardship 
Science Academic Alliances (SSAA) Program Symposium, March 29-31, Albuquerque, 
NM. 

2. “Zero-Point-Energy Corrections in HFB”, P. Borycki, poster presented at 2004 
Stewardship Science Academic Alliances (SSAA) Program Symposium, March 29-31, 
Albuquerque, NM. 

3. “Dynamical Corrections in HFB”, P. Borycki, talk given at the 3rd RIA Summer School, 
ANL, August 17-21, 2004, Argonne, IL. 

4. “Skyrme-HFB Deformed Nuclear Mass Table”, J. Dobaczewski, invited talk at 
International Conference on ‘Nuclear Physics, Large and Small’, Hotel Hacienda 
Cocoyoc, April 19-22, 2004; J. Dobaczewski, M. V. Stoitsov, and W. Nazarewicz, AIP 
Conf. Proc. 726, 51 (2004); nucl-th/0404077. 

5. “Particle-Number Projected HFB Method”, M. V. Stoitsov, invited talk at International   
Conference on ‘Nuclear Physics, Large and Small’, Hotel Hacienda Cocoyoc, April 19-
22, 2004; M. V. Stoitsov, J. Dobaczewski, W. Nazarewicz, and J. Terasaki, AIP Conf. 
Proc. 726, 57 (2004). 

6. “Particle-Number Projected HFB Method with Skyrme Forces and Delta Pairing,” M. 



Stoitsov, invited talk at 8th International Sping Seminar on Nuclear Physics, Key Topics 
in Nuclear Structure, Paestum, Italy, 23-27 May 2004. Ed. by Aldo Covello (World 
Scientific, Singapore); pp. 167-176. 

7. “Towards the Universal Nuclear Energy Density Functional”, W. Nazarewicz, invited 
talk at the 3rd CNS International Summer School (CISS04), RIKEN, Wakoshi, Japan, 
August 17-20, 2004. 

8. “Structure of Exotic Nuclei”, W. Nazarewicz, invited talk at International Symposium 'A 
New Era of Nuclear Structure Physics', Niigata, Japan, November 19-22, 2003; J. 
Dobaczewski, N. Michel, W. Nazarewicz, M. Ploszajczak, and M. V. Stoitsov; Edited by 
Y. Suzuki, S. Ohya, M. Matsuo, T. Ohtsubo (World Scientific, Singapore, 2004). p. 162. 

9. “Large-Scale HFB Calculations for Deformed Nuclei with the Exact Particle-Number 
Projection”, M.V. Stoitsov, invited talk at the Fourth International Conference on Exotic 
Nuclei and Atomic Masses, Pine Mountain, GA, September 12-16, 2004. 

10. “On the Unitarity of the Bogoliubov Transformation”, P. Borycki, poster presented at the 
Fourth International Conference on Exotic Nuclei and Atomic Masses, Pine Mountain, 
GA, September 12-16, 2004. 

11. “Skyrme-Hartree-Fock Calculations of Fission Barriers of the Heaviest and Superheavy 
Nuclei”, A. Staszczak, “XI Nuclear Physics Workshop”, Kazimierz Dolny, Poland, 23-26 
September 2004. 

12. “On the Unitarity of the Bogoliubov Transformation”, P. Borycki, 71st Annual Meeting 
of the Southeastern Section of the American Physical Society, Oak Ridge, TN, USA, 
November 2004. 

13. “Structure of Superheavy Nuclei”, W. Nazarewicz, invited talk at INT-04-3, Seattle, 
November 11, 2004. 

14. “Super-Heavy Elements: Theoretical Perspective”, W. Nazarewicz, invited talk at APS 
April Meeting, Tampa, April 19, 2005. 

15. “Nucleus-nucleus Potentials at Near Barrier Energies from Self-consistent Calculations”, 
J. Skalski, Int. RIKEN Workshop, Wako-shi, Japan, May 24-26, 2005. 

16. “Self-Consistent Study of Fission Barriers of Even-Even Superheavy Nuclei”, A. 
Staszczak,  3rd International Workshop on Nuclear Fission and Fission-Product 
Spectroscopy, 11-14 May 2005 Cadarache, France, AIP Proceedings, in press. 

17. “Nuclear Fission with Mean-Field Instantons”, J. Skalski, invited talk at Int. Workshop 
on New Developments in Nuclear Self-Consistent Mean-Field Theories, Yukawa 
Institute for Theoretical Physics, Kyoto, Japan May 30 - June 1, 2005. 

18. “Pairing Regularization and Pairing Renormalization for Zero-Range Interaction in 
HFB”, P. Borycki, Int. Workshop on New Developments in Nuclear Self-Consistent 
Mean-Field Theories, Yukawa Institute for Theoretical Physics, Kyoto, Japan, May 30 - 
June 1, 2005. 

19. “On the Unitarity of the Bogoliubov Transformation”, P. Borycki, poster presented at Int. 
Workshop on New Developments in Nuclear Self-Consistent Mean-Field Theories, 
Yukawa Institute for Theoretical Physics, Kyoto, Japan May 30 - June 1, 2005. 

20. “On the Unitarity of the Bogoliubov Transformation”, P. Borycki, poster presented at the 
Gordon Research Conference on Today’s Frontiers in Nuclear Physics, Bates College, 
Lewiston, ME, USA, July 10-15, 2005. 

21. “Pairing Regularization and Pairing Renormalization for Zero-Range Interaction in 
HFB”, P. Borycki, poster presented at the Gordon Research Conference on Today’s 
Frontiers in Nuclear Physics, Bates College, Lewiston, ME, USA, July 10-15, 2005. 

22. “Structure of Exotic Nuclei”, W. Nazarewicz, invited talk at NSCL User Workshop 2005, 
East Lansing, MI, August 18-20, 2005. 

23. “Zero-Range Pairing Interaction in Nuclei,” P. Borycki, poster presented at the 



Stewardship Science Academic Alliances (SSAA) Program Symposium, Las Vegas, 
Nevada August 23-24, 2005. 

24. “Nuclear Fission with Mean-Field Instantons,” J. Skalski, Stewardship Science 
Academic Alliances (SSAA) Program Symposium, Las Vegas, Nevada August 23-24, 
2005. 

25. “(i) Nuclear DFT and Maximum-Spin States, (ii) Microscopic Leptodermous Expansion”, 
W. Nazarewicz, invited talk at INT Workshop Towards a Universal Density Functional 
for Nuclei, Seattle, September 26-30, 2005. 

26. “Fusion (fission) barriers from self-consistent calculations as a DF test,” J. Skalski, 
invited talk at INT Workshop Towards a Universal Density Functional for Nuclei, 
Seattle, September 26-30, 2005. 

27. “Density Functional Theory and Symmetry Restoration in Nuclei,” M. Stoitsov, invited 
talk at INT Workshop Towards a Universal Density Functional for Nuclei, Seattle, 
September 26-30, 2005. 

28. “Adiabatic fusion barriers from self consistent calculations,” J. Skalski, invited talk at 
HRIBF Workshop on "Near and Sub-barrier Fusion of Radioactive Ions with Medium 
and Heavy Targets," Oak Ridge, December 2-3, 2005. 

 
C. Code developments.  

 
As stated in our original proposal, “Developing codes and technology that can be freely used by 
NNSA is also one of our goals.”  We published the program HFBTHO (v1.66p), which provides 
an axially deformed solution of the Skyrme-Hartree-Fock-Bogoliubov equations using a 
Transformed Harmonic Oscillator Basis.  The program can be used in a variety of applications, 
including systematic studies of wide ranges of nuclei, both spherical and axially deformed, 
extending all the way out to nucleon drip lines.  The program is available from the CPC Program 
Library. Another code developed by our group is HFODD (v2.08k) that solves the Skyrme–
Hartree–Fock–Bogolyubov equations in the Cartesian deformed harmonic-oscillator basis. This 
code is currently used by our collaborator from LLNL Dr. Walid Younes in his fission barrier 
project. (Dr. Younes visited with us three times during 2004-2005.)  
 
Currently, we are working on a particle-number-projected variant of HFBTHO (see Paper A.7).  

 
D. Annual workshop. As stated in our original proposal, “We will hold workshops at the Joint 

Institute for Heavy Ion Research devoted to the fission problems that we will pursue under this 
proposal.  We will solicit input from NNSA laboratory researchers on what is relevant to 
calculate.”   

1. On March 17-19, 2004, we held  The First International Workshop on the Theoretical 
Description of the Nuclear Large Amplitude Collective Motion (with a focus on fission) at 
the Joint Institute for Heavy Ion Research in Oak Ridge.  The workshop was well-
attended (25 participants) and involved five participants from NNSA/DP Laboratories 
(LANL and LLNL), including P. Möller, A. Sierk (LANL), F.S. Dietrich, E. Ormand, W. 
Younes (LLNL), G. Arbanas (Nuclear Data Group, ORNL) as well as several students. 

2. On March 30-31, 2005, we held The Second International Workshop on the Theoretical 
Description of the Nuclear Large Amplitude Collective Motion (with a focus on fission) at 
the Joint Institute for Heavy Ion Research in Oak Ridge.  The workshop was well-
attended (21 participants) and involved five participants from NNSA/DP Laboratories 
(LANL, LLNL, NNSA), including P. Möller, A. Sierk, and L. Bonneau (LANL), W. 
Younes (LLNL),  A. Kerman (MIT/NNSA), G. Arbanas (Nuclear Data Group, ORNL) as 
well as several students.  



The program of both workshops can be found on the project’s website. The workshops were 
partly sponsored by this grant, and reference to NNSA support was displayed during the 
meetings.  
 

 
4. Summary 

 
The project is well on track to meet its technical milestones:  Progress has been made in all three 
areas of the program: (i) development of the nuclear energy density functional; (ii) static fission path 
calculations using the self-consistent methods, and (iii) development of non-adiabatic approaches to 
fission. 
 
 
 


