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Abstract 

This report summarizes progress during the last year in 

the following areas of nuclear structure and reaction theory: 

Theory of energy level densities and spacingSj with appli

cations to a number of nuclear problems, including energy-level fluctua

tions as studied in slow neutron spectroscopy. 

Theory of locally averaged expectation values, with appli

cations to orbit occupancies, the goodness of symmetries, and comparisons 

of effective Hamiltonians. 

Theory of the effective interaction, including linear rela

tions -among nuclear energy levels, and convergence of the reaction-matrix 

expansion. 

Theory of hole energies measured in high energy particle 

removal experiments. 

Nuclear reaction theory, including optical model, heavy 

ion transfer reactions above the coulomb barrier, and partial width 

correlations. 

Meson interactions with nuclei, including muon capture re

actions, pion scattering and absorption. 
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There has recently been considerable interest in the "infor

mation content" of energy-level fluctuations as studied particularly in 

slow-neutron spectroscopy, and new operator ensembles have been introduced 

to study this matter. During tie past year, group theoretical methods have 

been used to derive the essential features of the eigenvalue densities for 

these ensembles, including for example the rate of the semi-circular -*• 

Gaussian transition which occurs with increasing particle number, and the 

convergence properties of the ensemble spectra (measuring essentially the 

probability that an individual member of the ensemble will give a spectrum 

essentially difference from the ensemble average). 

In the same domain some residual questions about proper 

methods of deriving the distribution of distant-neighbour-spacing distribu

tions for spectra arising from ensembles of finite-dimensional matrices have 

been cleared up. In particular it has been shown analytically that an 

apparent failure in an elementary ergodic property of the ensembles (which 

would allow one to use a spacing unit derived via an ensemble average) 

derives from a finite-size effect which is surprisingly large for inter

actions of low particle rank. 

Some results have been derived also for interaction ensembles 

in which further properties of the Hamiltonians are specified than is done 

with the conventional ensembles. In particular one may fix the partial 

widths which measure the strengths with which particles are excited between 

specified sets of orbits. With such ensembles one makes quite a direct 

connection between ensemble spectroscopy and more standard methods. 

The study of level densities and ground-state energies 

for complex nuclei has made good progress. It has become clear that the 

partial densities for low-lying configurations are strongly skewed by inter

actions with much higher orbits, and in fact appear to be representable 

via generalized lognormal distributions. Third and fourth moments are 
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calculated for these configurations and appear to yield accurate results. 

These moments are being applied also in studying the circumstances under 

which essential Gaussian densities may be expected. 

The very formidable project of programming the methods 

derived earlier for distributions with fixed angular momentum (and isospin) 

has been completed at Toronto by S.S.M. Wong. The resulting programs are 

useable in justifying or correcting the various approximate methods for 

calculating fixed-J level densities which have been used since the early 

work of Bethe; in studies of y-^ay cascades following particle capture and 

other similar processes; and more generally for spectroscopy in "hugs " spaces. 

It is already clear from the first preliminary results that the density 

parameters vary quite smoothly with J, a property which will greatly simplify 

calculations. 

Many features of random processes are greatly simplified 

if the process is Gaussian. By analogy the central limit theorem which 

yields essentially Gaussian spectra in spectroscopy should also simplify 

such quantities as the expectation values, locally averaged in energy, of various 

operators. This idea has been exploited by expressing the 

expectation values in terms of parametric derivatives on the state densities. 

One finds then for the strict Gaussian case a remarkable linear energy 

variation which arises in fact from derivatives on £ and a, the centroid 

and width parameters of the spectrum; in this case the results are expressible 

also in terms of the operator-space geometry which follows by taking widths 

i to define the norms. More generally one finds an expansion in Hermite polynomials 

in the variable (E-^)/a. First applications have been to orbit occupancies 

and occupancy fluctuations; to spin-cut-off factors; to a comparison, at 

fixed excitation energy, of various Hamiltonians (including for example 

operators derived from the same H by various degrees of renormalization); 



and to studying the goodness of symmetries by considering the expectation 

values of Casimir operators. Many extensions of the applications and 

methods are feasible. 

An extended review of statistical aspects of spectroscopy 

is being prepared, attention being paid to statistical averages and fluctu

ations about them, to interrelations between symmetries and statistical 

behavior, and to relevant aspects of information theory. 

The effective interaction theory of particle-hole relations, 

applied earlier to nuclei in the f7/? shell, has been extended with some 

success to explain the relation of the spectra of C£ and K. A review 

of particle-hole and similar linear relations among nuclear energy levels 

has been prepared for publication. 

The convergence of the expansion of the effective inter

action in orders of the reaction matrix has now been investigated through 

fourth order, using methods previously developed and applied to third order. 

The fourth order contributions turn out to be surprisingly large. This 

work is being prepared for publication. 

Study of the relation of hole energies in high energy 

particle removal experiments to orbital energies in the theory of the nuclear 

ground state, has made considerable progress. A linked cluster theory for 

the mean removal energy has been developed, which makes it possible to 

compare any given approximate theory of the target ground state with the 

spectra measured in (p, 2p) or (e, e'p) experiments. 

The relation of this problem to the theory of the optical 

potential for nucleon scattering on nuclei is being pursued in the context 

of Green's function theory. 

A semi-classical theory for the heavy-ion particle transfer 

reaction above the coulomb barrier has been developed. The recoil and finite 

range effects as well as the three-body kinematics are included in a straight-
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forward mariner. The merit of the theory' lies in the fact that it is much 

simpler than the DWBA for the same problem. Because of this intrinsic 

simplicity one does not lose track of the physics of the situation. The 

calculations are underway. 

In the theory of resonance reactions a relation has been 

derived between the background cross section and the correlation coefficient 

between the partial width amplitudes, in the framework of the shell-model 

approach to nuclear reactions. Applications have been made to the (y3n) 

reaction. 

A study of muon capture by N > Z nuclei has been pursued, 

with the aim of studying the isospin structure of the giant dipole resonance. 

The muon capture, unlike photon induced reactions, reaches only the T 

states, making it a unique tool for separating these states. Calculations 

have been performed for Ni isotopes. 

Scattering of pions by deuterons at energies near the 3-3 

resonance has been studied in a full three-body model using the Paddeev 

equations. This work appeared in the doctoral thesis of F. Myhrer, 

and is being prepared for publication. 

A study of inelastic pion scattering by nuclei is underway, 

with particular interest in the possibility that dipole states might be 

preferentially excited in the forward direction by the strong TT-N p-wave 

interaction. K-meson nucleus scattering has also been studied, in connection 

with the interest in level shifts and widths in K-mesic atomic X-rays. 

During the year, because some of our work has been cooper

ative with S.S.M. Wong at the University of Toronto and F. S. Chang at 

the University of Pennsylvania, we have been aided by large grants of 

computer time from these institutions. Princeton University also made 

available computer time for the work of a thesis student supported by 

this program but working with Professor French at Princeton. 
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The co-principal investigators, Prof. J. B. French and 

Prof. D. Koltun, have devoted approximately 66-2/3$ of their effort 

to the project since the beginning of the current term. Professor 

French has been conducting his research at Princeton during the academic 

year, where he has been Visiting Professor. Professor C. Mahaux of the 

University of Liege in Belgium has been a visitor here for part of the year. 
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Revista Mexicana de Fisica (in press). (C00-2171-22). 

A.Goswami, D. K. McDaniels and 0. Nalcioglu 
Anomalous Parity States in g q / ? - Shell Nuclei and the Thankappan-True Core-
Coupling Hamiltonian 
Phys. Rev. C_7, 1263 (1973) (COO-2171-23). 

0. Nalcioglu, D. J. Rowe, and C. Ngo-Trong 
Muon Capture for the Study of T> Components of the Giant Dipole States in 
N > Z Nuclei 
Proc. Int. Conf. on Photonuclear Reactions and Applications, Asilomar (1973)> • 
(contributed paper) (000-2171-2*0. 
A.Goswami, R. Graves, and 0. Nalcioglû -
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Proc. .Int. Conf. on Photonuclear Reactions and Applications, Asilomar (1973) 
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Muon Capture in 0 and Nuclear Coexistence 
Lett. Nuovo Cimento (in press) (C00-2171-20). 
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Phys. Rev. C7, 590 (1973) (COO-2171-26). 

Brij L. Gambhir and James J. Griffin 
Rigorous Solutions for Three-Body Rearrangement Reactions and Validity of 
the Distorted-Wave Bom Approximation 
Phys. Rev. C7, 1006 (1973). (COO-2171-27). 

Daniel S. Koltun 
Single-Particle Removal Energies in Many-Body Theories 
Proceedings of the Symposium on Present Status and Novel Developments in the 
Many-Body Problem, Rome, Italy 1972 (to be published), (C00-2171-15.). 

Daniel S. Koltun 
Linear Relations Among Nuclear Energy Levels 
Annual Review of Nuclear Science, Volume 23 (1973) (to be published) (C00-2171-19). 

E. Boridy and C.Mahaux 
Relation Between the Background Cross Section and the Correlation Between 
Partial Widths 
Phys. Letters (in press) (COO-2171-28)-. 
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13. Philip Goode 
Effects of Core Excitations in the Violation of the Nuclear Particle-
Particle Hole Transformation 
Nuclear Physics (in press). (COO-2171-10). 

14. J. B. French 
Distributions, Fluctuations and Symmetries in Many-Particle Spectroscopy 
Proceedings of the Mexico City Symposium on Symmetry in Nature 
(Revista Mexicana de Fisica, in press) (C00-2171-29). 

15. F. S. Chang 
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Note: Publication No. 10 was also delivered as an invited paper at the 
Symposium on Present Status and Novel Developments in the Many-Body 
Problem, Rome, Italy, September 1972. 

Publication No. Ik was given as an invited paper at the AAAS-CONACYT 
Symposium, "Symmetry in Nature", Mexico City, June 1973. 


