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Abstract 

This report summarizes progress during the past year in the following 
areas of nuclear structure and reaction theory: 

Statistical spectroscopy, including: giant resonances for beta and 
electromagnetic excitation, and sum rules (including inverse-energy-
weighted sum rules); statistical methods of truncating shell model spaces 
and renormalization of operators; study of state labelling and "chains" 
of groups; evaluation of fluctuation measures; technical aspects of 
operator averaging. 

Meson interactions with nuclei, including: scattering and absorption 
of mesons by nuclei (general methods), models for absorption, single- and 
double-charge exchange of pions, role of rho mesons. 
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A considerable amount of work is being done on the statistical theory 
of giant resonances. The 3-decay resonances, for which data are available 
for delayed particle emitters and via (p,n) reactions, are of particular 
interest. The CLT (central-limit-theorem) limit for the allowed Gamow-
Teller strength has been worked out for ds-shell nuclei; the results will 
be extended to heavier nuclei, for which the experimental results are 
more interesting, and where supplemented by low-order non-CLT corrections, 
are expected to give an excellent account of the observed allowed decays. 
The calculations for the forbidden decays should be no more difficult. 
It is proposed also to evaluate the Gamow-Teller strength in the spin-
isospin SU(4) representation which is also amenable to spectral-distribution 
studies. Considerable attention is being paid also to electromagnetic 
transitions and giant resonances and it is hoped in particular to give a 
good account of the El and the high lying E2 resonances. A more or less 
complete formal theory of inverse-energy-weighted sum rules has been 
worked out but it remains to be seen to what extent it will be applicable 
to low-lying resonances, the open question here being the rate of convergence 
of the series which is generated by inverse energy weighting. 

There is'considerable interest in deciding how large model spaces 
must be in order that a given transition strength can be theoretically 
achieved. Since a strength is bounded by a sum rule, and a sum rule by 
the largest eigenvalue of a sum-rule operator, a first step towards this, 
made several years ago by Hsu, simply diagonalizes the sum-rule operator. 
This procedure which is obviously of interest only for very strong transi
tions and applicable only with small spaces (and which takes no account 
of the correlation between the Hamiltonian and the sum-rule operator) has 
been greatly extended by using spectral distribution methods which are 
not inhibited in any of these ways. A formal account, along with a variety 
of applications, will be given later. 

The idea of using statistical methods to truncate and to renormalize 
a large shell model matrix has been worked out. The selection of basis 
states to form the truncated space is determined by their contributions 
to the low-lying energy eigenstates. Renormalizing of the truncated 
matrix is achieved by requiring that the width of each configuration in 
the truncated space retains the same value as that in the full space. 
Tests of the method have been performed by comparing with full shell model-
results in (ds) and (ds) spaces and the results are good. This work 
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has been done by S. S. M. Wong, visiting from Toronto. 
The square root of the variance of an operator in a model space de

fines a proper norm and thereby a geometry. In spectroscopic model spaces 
in particular the central limit theorem makes the geometry an "effective" 
one, by means of which one can express and evaluate expectation values 
and other quantities in geometrical terms. The simplest geometry, cor
responding to traces taken over all states with a fixed number of particles, 
is connected with a group structure, that of the unitary group U(N) of 
transformations in the (N-dimensional) one-particle model space. Taking 
traces defined by U(N) subgroups we find a rich array of more complicated 
and more interesting geometries. Considerable progress has been made 
during the past year in understanding some of these more complicated 
geometries, in relating the results to some recent mathematical work in 
counting and constructing operators which uniquely label the states, and 
in finding the "best" approximate methods for representing Hamiltonian 
and other operators in terms of generators of the chain of groups being 
considered. Much of this work has been done in collaboration with 
Dr. J. P. Draayer, now at Louisiana State University. A paper concerning 
the applications is being written. Closely related to this work are new 
methods for fixed-angular-momentum distributions which take advantage of 
the semi-classical forms which are characteristic of J-coupling structures. 

In the applications of statistical techniques described above the 
basic technical problem is the evaluation in many-particle model spaces 
of the traces of operator products. A set of computer programs has now 
been developed to evaluate analyticatly the trace of arbitrary products 
of operators encountered in statistical spectroscopy. The underlying 
method, described in a paper submitted to Nuclear Physics, is very similar 
to that of Ginocchio but the derivation is much simpler, using only 
Wick's Theorem, and it extends to coupled products of operators with 
definite JT-tensorial ranks. The programs will be made available in the 
near future by submitting them to Computer Physics Communication. It is 
with the aid of these programs that various new applications of statistical 
methods, which are described above, are being made. They are expected 
also to be useful in quite different applications as well. 

A great deal of preparatory work has been done for the review on 
spectral distribution methods and applications which has been solicited 
by Reviews of Modern Physics and is being written with Dr. S. S. M. Wong 



of Toronto and Dr. J. P. Draayer. This very large project is by now well 
past the point of no return; there seems a good chance that it will be 
completed during the coming year. 

For many years the Guassian Orthogonal Ensemble of large-dimensional 
matrices, and various of its relations, have been used for models of energy-
level and strength fluctuations. The severe technical problems encountered 
in evaluating fluctuation measures by the conventional procedures have now 
been circumvented by representing the ensemble spectrum by a sequence of 
orthogonal-polynomial excitations of the averaged spectrum, the amplitudes 
being then random variables whose low-order statistical properties may be 
derived. This method, described in last year's report, has been applied 
to the evaluation of the two-point correlation function and the various 
measures which it defines. This procedure, which is simple, gives good 
approximate values for the conventional measures; the errors, which in
volve correlations at very short distances in the spectrum, can be eliminated 
in a quite plausible way. It is shown that the GOE system is quasi-
stationary in the sense that the measures scale properly according to 
the locally-averaged spacing; this is in agreement both with Monte-Carlo 
and experimental results (in which, for example, it is found that the 
slow-neutron fluctuation measures extend all the way to the ground state). 
It is shown also that all the standard measures derive essentially from 
two-point fluctuations; it will in fact probably be quite difficult to 
detect fluctuations of higher order. The question of the extent to which 
measures are independent of each other is cleared up, it being shown that 
all the measures are functionals of the spacing widths. 

It has always been taken for granted that random-matrix systems are 
ergodic in the sense that ensemble averages (for which there may be 
analytic results) give a good representation of the spectral averages 
(for which there may be experimental results) in the limit of large di
mensionality. Conditions on the (p < 2k)-point correlation functions 
which are necessary and sufficient for the ergodicity of k-point fluctua
tion measures have been worked out. For small k, which is the case of 
practical interest, these conditions are shown to be satisfied for GOE. 
It seems quite likely, but has not yet been proved, that the result is 
valid for arbitrary k so that GOE systems are ergodic much more generally. 
The results should apply also to'other matrix systems. A paper is in 
preparation. 
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Last year's report refers to a review of energy level and strength 
fluctuations being made in collaboration with colleagues at the University 
of Toronto and the National University of Mexico. The review has been de
layed in order to take advantage of the new procedures and results described 
above, but an essentially complete version is now available. Besides a 
discussion of the slow-neutron fluctuations, from which the whole subject 
has developed, the review deals from many points of view with general 
questions about eigenvalue and strength fluctuations in complicates sys
tems, questions which are becoming more and more important in several 
fields of physics. 

Work has continued on the problem of combining a theory of meson 
absorption by nuclei with the theory of meson scattering by nuclei. It 
is clear that this problem is of increasing interest, both formally and 
practically. As a formal matter, the question is how to generalize 
scattering theory beyond the usual Schrodinger method used as the basis 
of multiple scattering theory (e.g. Watson's theory). As a practical 
matter, the question is how to include in useful calculations, the effect 
of absorption on the scattering channels in meson-nuclear reactions, and 
conversely, multiple-scattering effects in the absorption processes. 

The development of a formal theory was mentioned in last year's re
port, as well as the first application of the theory to low energy pion-
deuteron scattering. A newer formulation has been developed, and further 
calculations done for that case: these will appear shortly in print. 

A closely related method is being developed for the more general 
problem of pion-nucleus scattering, including absorption. Considerable 
progress has been made during the year in understanding the theoretical 
connection of the present theory with other theories and models, namely: 
Green's functions, optical potentials, and propagation of resonances in 
nuclei. A report of this work will be prepared for publication in the 
near future. No numerical application of this theory has yet been made, 
other than for the deuteron case mentioned above, because that requires 
a more complete theory of meson absorption than is now available, which 
is a subject for future work. These problems have been pursued in col
laboration with T. Mizutani of S.I.N. (Switzerland). 

A simple model of nuclear absorption of mesons, following multiple 
inelastic scattering in the target, was mentioned in last year's report. 
Some progress has been made in the formulation of this model, but no 
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numerical applications have yet been made. It is hoped that this approach 
will provide a suitable, but rough, calculable model for obtaining general 
characteristics of absorption reactions, and also provide a calculable case 
to be used in the general theory of scattering and absorption, mentioned 
earlier in this report. The work on this model was done in collaboration 
with P. Goode, of Rutgers. Work continues. 

New work has been undertaken on the problem of calculating single 
and double charge exchange cross sections for pions on light nuclei. For 
the simple charge exchange, e.g. C(TT,TT) N*, there has been singular 
lack of success in using optical potential theory, although the same theory 
has been applied in the same approximation with some success, to elastic 
scattering on light nuclei. A number of additional effects have been 
suggested. In a collaborative effort with J. M. Eisenberg and E. Levin 
of Tel Aviv University, a calculation has been performed to establish the 
importance of the contribution of the rho-meson to this reaction. The 
possible role of this meson has been suggested by researchers at Stony 
Brook and elsewhere. The preliminary results indicate that this mode of 
excitation, in which the pion is "converted" to a rho, which then recon
verts to a pion, could have a 10-20% effect on cross sections. This 
alone is not sufficient to settle the present theoretical difficulties, 
but appears to be important enough on its own. A report of this work will 
be prepared for publication. In more recent work, the role of the same 
rho process in double-charge-exchange have been investigated. Here, the 
(very) preliminary results indicate a possibly large effect on a small 
cross section (e.g. for 0(TT ,TT ) Ne, do/dQ, (0°) ̂  1-2 yb/sr) . Work 
on these reactions continues. 

During the past year, work was begun on the writing of a book, by 
one of us (D.S.K.) together with J. M. Eisenberg of Tel Aviv University. 
The tentative title of the work is "Theory of Meson Interactions with 
Nuclei"; it is intended to be a research monograph, which could also serve 
as an advanced (graduate) text. The goal is to present theoretical tools 
for the study of nuclear reactions of pions and kaons with nuclei. There 
is no such book available now. The book is beyond the planning stage, 
and a major part of a first draft of the text is now complete. It is hoped 
that the writing will be completed within the coming year. The book will 
be published by Wiley-Interscience. 
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The work here reported includes that of S. S. M. Wong, B. D. Chang, 
and four graduate students, K. Kar, T. Halemane, A. Pandey, and D. Schneider, 
all at Rochester. There has been an active collaboration with persons at 
several institutions, including: J. P. Draayer at Louisiana State University; 
T. Brody, J. G. Flores and P. A. Mello of the Instituto de Fisica of the 
National University of Mexico; F. Myher at CERN, Geneva; T. Mizutani at 
S.I.N., Zurich; J. M. Eisenberg and E. Levin at Tel Aviv University, Israel. 

Through our research in collaboration with S. S. M. Wong at the 
University of Toronto, and J. P. Draayer at Louisiana State University, 
we have effectively been aided by large grants of computer time by these 
institutions. 

During the year we have had a number of visitors for periods of a 
few days to six weeks, in some cases supported by the contract. These 
have included J. P. Draayer of Louisiana State University, J. Mon of 
Cornell, P. Goode of Rutgers, O. Bohigas of Orsay (France), D. Agassi of 
Max Planck Institute (Heidelberg) and Weizmann Institute,(Israel), 
P. C. Sood of Banaras Hindu University (India). 

Prof. S. S. M. Wong was Visiting Associate Professor at Rochester, 
July 1, 1976 to June 30, 1977,and a summer visitor during July and August 
1977, while on academic leave from the University of Toronto, to which 
he has now returned. Dr. B. D. Chang left the Department in August 1977 
and has gone to work with Prof. J. P. Draayer at Louisiana State University. 
Dr. M. Reiner who comes to us from the University of Neuchatel (Switzerland) 
joins the Department in September 1977, and Dr. Dan Agassi of the Max-
Planck and Weizmann Institutes will join us in October. 

Prof. D. S. Koltun returned in August from a year's academic leave, 
which was spent at S.I.N. (Zurich), and mostly at Tel Aviv University 
(Israel). Prof. Koltun was a Guggenheim Fellow during 1976-7. Prof. J.B. 
French was awarded a Guggenheim Fellowship for 1977-8, and will spend the 
academic year on leave, at the National University of Mexico. 

The co-principal investigators, Prof. J. B. French and Prof. D. S. 
Koltun, have devoted approximately two-thirds of their effort to the 
research project, during the academic year. 
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Reports and Publications October 1, 1976 - Sept. 30, 1977 

1. T. Vo-Van and S. S. M. Wong 
A Weak-Coupling Model for the Even Zn Isotopes 
Canadian Journal of Physics, 5_5, 909 (1977) (UR-633) 

2. B. D. Chang and S. S. M. Wong 
Scalar and Configuration Traces of Operators in Large Spectroscopic Spaces 
Submitted to Nuclear Physics A (UR-627) 

3. Q. Ho-Kim and J. P. Lavine 
Radiative Pion-Proton Scattering 
Nuclear Physics A285, 407 (1977) (Revised version of COO-2171-57,58) 

4. J. B. French, P. A. Mello and A. Pandey 
Statistical Aspects of Many Particle Spectra:II 
Annals of Physics, in press (Revised version of COO-2171-67) 

5. T. Mizutani and D. S. Koltun 
Coupled Channels Theory of Pion-Deuteron Reactions 
Annals of Physics, in press (UR-602) 

6. D. S. Koltun and F. Myhrer 
Theory of Pion-Nucleus Scattering Lengths 
Zeitschrift fur Physik A, in press (Revised version of COO-2171-56) 

7. M. Bawin and J. P. Lavine 
Deep Bound States in the Kadyshevsky Equations 
Nuovo Cimento 39A, 131 (1977) (Revised version of COO-2171-62) 

8. S. S. M. Wong and G. D. Lougheed 
A Study of 28Si Using Shell Model and Statistical Spectroscopic Methods 
Submitted to Nuclear Physics A (UR-636) 

9. S. S. M. Wong 
Truncation of the Nuclear Shell Model Space Using Spectral Strength 
Distribution 
Submitted to Nuclear Physics A (UR-637) 

10. Annual Technical Progress Report for Period 
July 1, 1975 - Sept. 30, 1976 (COO-2171-68) 
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