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This is B final report on scientific progress supported in thc years 1999-2002. 

The c a r d  focus of this research was the htuplay between three generic classes of  
degrees of freedom relevant to nuclcar structure theory: single-particle degrees of 
hedom, alIective degrees of fi.eedom, and statistical dwees of fieedam, which can be 
thought of as an incoherent mean 6eId or a thenmal barh. 

The reseatch was very SUcceSsfij, resulting nine refereed publications, all in Phys. 
Rev. C, and several daence proceedings. 

I divide up the results into three classes: 

/1) Random interactions 

Recent simulations have shown that random two-body interactions in mmy-body 
systm show significant nonrandom behavior. I contmud my work on random two- 
M y  interactions with a pqkr  on pairing-like behavior, in cubbodon with G. Bertsoh, 
D. Dean, and I. Tahi-a papa which since its publioation in 2000 has bem cited at least 
40 tirnos, aceording to the SPIRES database. 

A probfm that has not yet been successfully tackled is band smmure. Random 
iateractions in boson systems give rise to strong rotational and v i i o d  signatures, but 
not in fermion systems. I have tried a number of ensembles but none yield intcrcsting 
results. This work is ongoing. 

f2) Defiiation and mborbit s~litting 

A collaboration with J. P. Draayer and two LSU graduate students, V. Gueorguiev 

orbit splitting. 
Def'tion is a pmistent signature of the nuclear many-body systam. A campact 

representation of ddormation in nuclei is thrwgh the group SU(3), which can be mapped 
ucady to thc many-fdon system. But SU(3) is not an exact symmerry, and m y  other 
classic fames of nuclei, notably pairing and spin-orbit splitting, mix SU(3) irreps. In 
fact, in two papers considering sd- ad lowerpf-shell nuclidcs, wc found that single- 
particle spin-orbit splitting was by far thc dominant source of mixing of SU(3) irreps. If 

l and I. Stetcu, has investigated thc interplay between defoxmation and singlo-particle spin- 

one r e m o d  the spin-orbit 'splitting in the single-particle energies, then SU(3) bccame a 
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very good s v e t ? Y *  
This has conscqumces for modehg realistic nuclear wavefuactjons, and in part 

suggested a ‘mixed-mode’ approach to shell-model calculations: using SU(3) irreps to 
en& deforozation, andJ-coq!ed single-particle c-ons to modcl spin-orbit 
splitting (and to a lesser degree, pairing). While reasonablysucces~, other work by us 
suggwts that using m e - F o c k  states to encode pairing could be even more &cient. 
Not all of the issues have been resolved, but we are looking at this work as a lead-up to 
eficient bases for large d e ,  ab initio nuclear struche calculations. 

During the period of this grant I worked with an LSU graduate student, Mr. Ioncl 
Stetcu, on nontrivial tests of the random phase approximatiOa (RPA). The original 
motivation was a suggestion by George Batsch to use mea-field tbcory augmented by 
RPA as a method to sy&matiCaly calculate binding energies of fir-bm-stability 
nuclides, particularly applied to broken symmetries such as def’atiion. As it tums out, 
RPA has mostly been tested against tcy, one-parameter models such as the Lipkin madel. 
Stetcu wrote a Harcrce-Fock+RPA code that worked within an occupation-space shell 
model representation. ’Rac advantage of such a code is that it can be compared directly 
and fdrIy to “hll’’ numerical shell modcl diagonalization. l?brthcrmore, the interactions 
uscd itre complicated, baving several dozen pmketers. The result is by firthe most 
direct and &orous test to Qte of RPA as a microscopic approximation to a full 
dculation. Fbthcnnore we allowed arbitrary deformation and treated zero--- 
so!utions exactly. 

give poor results. The failures of RPA, however, are not the result of the soelled 
collapse of RPA, which wt have found to bc an artifact of oneparameter lnodels (thk 
paaicular result is being Writtw up). We have laid ti solid foundation to compare so- 
called i x n ~ m m 6  to RPA, such as quasiparticle RPA, renormalized MA, dressed 
RPA, etc.; in the future we will test thew against exact shell-model dculations and see 
just how mch of an improvement they are o m  plain RPA. We found that the stability 
of RPA is rather sensitive to resuictions in the wavefuncrion; far example, wc restricted 
ourselves to real-values Hartree-Fook wavefbnctions but allow the equivalent of 
imaginary RPA ucdtaticws: in somc, but not alI, cases RPA is unstable because me has 
not yet found the true mm-ficld ground me. 

Fmally, we: comidcrcd a wen-known &corm relating the energy-weighted sum rule 
to the HartrceFock expectation value of EL double cornmWm, a theorem by the way 
f m d  in most textbooks. Steta  found that when one has a deformed ground state, or 
indecd when the Hatm-Fock state breaks any exact symmetry, &e standard statement of 
the energy-wahted sum rule theorem is mong. Hc also found thc comct statement and 
confirmed it numerically. To date most applications of M A  have been on spherical 
nuclid‘es, but as computer power grows there are more and mom defmed mean-ficld 
calculations and likely to be more applications of RPA to deformed systems. In this case, 
Stem’s modified theom could prove a usell insight. 

RPA works moderately we& although one should be aware that it can occasionally 

Wc plan to continue working on RPA in the near M e .  
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Two PhD stdents at Louisiana State University were supparted by this grant: halftime 
support of Vesselin Gueorguiev, PhD October 2002 (major advisor Professor J.P. 
Draaycr, but nearly all of his thesis work was done En collaboration with myseif; two 
publications resulted and at least one more is in preparati~~), and full time support of 
Ionel Stetcu, PhD June 2003 (major advisor C. Johnson) who will go on to a postdoctoral 
position at University of Arizona with Plrafessor B. Barrett, S t e m  was involved in four 
publications supported by this grant, and was the main a d o r  of two of thm. 
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Publications sumrted bv this m t :  

"Generalized senio&y from randm mtedons," C. W. Johnson, 0. IF. Btrtsch, 

"Sum rules regarding the sign problem in Monte Carlo shell model calculations," 

D. J. Dam, and I. Talmi, Phys. REV. C 61,01431 I (2000). (Note: 40 cltotions since 
publicsrtion accodng to SPIRES database.) 

C. W. Jobson and D. J. Dean, Phys. Rev. C. 61,044327 (2000). 

KapIan, T: Papenbmk, and C. W. Johnson, Phys. Rev. C 63,014307 (2000). 
.'SU(3) symmctiy breaking m IrwerpJ-shell nuclei," V. GueotgUiev, f. P Draayer, 

and C. W. Johnson, Phys. Rev. C 63 0143 18 (2000). 
"A mixed-mode shell-model thew for nuclear btructm studies," V. Gueorguiev, 

W. E. ormaad, C. W. lobnson, and J. P. Draaya, Phys Rev. C 65 0243 14 (2002). 
"The randan phase approximaa'on vs. exact shelf-model correlation energits," I. 

sletcu and C. W. Johnson, Fhys. Rev. C 66 034301 (2002). 
"SU(3) vs. projected Hartree-Fock sta!c,* C. W. Johnson, I. Stctcu, and J. P. 

b y e r ,  Wys. Rev. C 66,034312 (2002). 
"Scalar ground-state observables in the mdom phase approximations," C. W. 

Johnson and 1. Stetcu, Phys. Rev. C 66,064304 (2002). 
"Pair& &om random interactions," C. W Johnson, Nucl. Phys. A 704 (2002) 276. 
"Tests of the random phase approximation for transitions strengths,; It. Stctcu and 

C. W. Johnson, Phys. Rev. C. 67,043315 (2003). (submitted in 2002). 
"Mer fiom chaos in the shell model," C. W. Johnson, Capture Gamma-Ray 

Spectroscopy and Related Topics: 10th Iatemational Symposium (ATP Conference 
Proceedings 529) p. 51 8, Stephen Wender, ed., (AIP, MeMlt, New Ymk, 2000). 

"Collectivity, computets, and chaos," Cdvh W. Johason, a~Xiv~ucl-tb/o30376; 
invited talk at Computational d Group Theoretical Methods m Nuclear F'bysics (to 
appear in Nuclear Physics A). 

"Sph ~trucnve O f  ~ ~ ~ ~ ~ y - b o d y  S Y S ~ S  with t~o-body mdm ~ ~ ~ X & O I I S :  L. 

"Random matrices in nuclear stuctm," Intenratl'.ona! Workshop on Advances in the 

"Order fiom Chaos in the Shell Model," Tenth XntemationaI Symposium on Capture 
Nuclear Shell Model, Trento, Italy, June 1999. 
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Gamma-Ray Spectroscopy and ReIated Topic, Santa Fe, September 1999. 
"Paking fiam random interactions," Shell Model 2000, RIKEN, Japan, March 2000. 

"Order fbm Chaos in thc Nuclear Shell Model," A P S  Spring Meeting, Long Beach 
CA, April 2000. 

LaboratoryI September 1999. 
"Order from chaos in nuclei: recent dwclopmcn&" T- 16, b s  Alamos National Lab, 

February 2001. 

Physics Seminar, November 2001. 
"Order out of Chaos in the Nuclear Shell Model," Triangle Universities Nuclear 
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