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Abstract

This reaport summarizes progress during the last year in the following
arsae of nuclear structure and zeaction theory:

Theory of the sffactive interaction, including behavier of the ex-
pansion in erdere of the resction natrix.

Magon dinteractions with nuclei, including inelastic scattaring of
pions, and thraa-body thesries oi scattering and abserption of piona by
dauterons.

Statistical spectroscopy including level densitiea, low=lying spectra
and ground-state energies for complex nuclei, auvm rules and strength dis-
tribucticns for wvarious excitation processes.

Huclear symmetries includiog their effects on o-transfer cross-
sections, and sysmetry breaking as measured by partial widthe connscting

-,

differant representations.
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There has been considerable interast in whether the calculation

" of the effective interaction for shall=nodel spectrozcopy, order by

order i a.perturbatian garies involving the reaction matrix, is a
convergent procedure. Although caleulatioms to a given order (usually
saecond) may give apparent agraement with spactra, there ars indica=-
tions of diffieulties, pessibly divergences, both from formal consider-
aclons and frem numerical examples, Two years aga we developed new
methods of diagrammatic perturbation theory to allow a fullar investci-
gacion of higher-order contributions to tha effective interaction. The
first applications, to third order, indicated that tha rate of conver-
gence might not be ag slow as had been thought- (these reaults were
publishad in 1972). Move recently, we have been able to extand our
calculation to fourth order. The fourth-crder centributions tum out

te be larger than third ordexr, which has led us to a long investigation
to find the "origin" of the larpe affects calculated. There are iadica-
tiona that tha behavior of the aeries expansion, te this ovder, may be
associatad with "dressing" of the interacting valence particles, through
s&parata.interaction with the residual nucleus. Publication of these
regults, and of the diagremmatic methoda, is in preparatiom.

The investigation of inelastic scattering of plons by nuclel appears
to introduce new possibilities for learning about nucleay structure and
the meson-—nuclear interaction itself. One example which we have studied
is the excitation of electric-dipole statea of muglei. The distorted-
wave impulse theoyy of inelsstic scattering leads us to claim that di-
pole excitatlon 18 quite sensitive teo the degree of velogity dependence
{or non=locallty} of the picn-nuclecon interactien., Our theeretical
understanding of this interaction implies that there ehould be conslder-
able veiunity dependence, which aleo leads to strong non=-locality in the
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aptical model for elastic pion~nucleus scattering (as for example in
the Kieslinger potential). This has net yet been directly confirmed
by experiment; the inelastic excitation of electric-dipola states of
nuclei appears to be the best test. We have reported preliminary
IMBA calculstions for a number of targecs, which exhibic chis sensi-
tivity to velocicy-dependence, by an enhancement of the inelaatic
differential cross sections at small angles. Assuming that this en-
hancement is found experimentally, it may in turmn prove to be usefunl
ln the study of the puclear physics of electric-dipole atates. A more
extensive survey of the dependence of the reaction cross-sectlon on
target structure {particularly iecspin) and beam energy is underway.

4 second example is the excitation of splo=-coupled guadrupole states
in nuclel. Thas such states should show up in the low-ensrgy apectrum
of wedium and heavy nuclei has Leen predicted by L. Lin, et al., using
the achematic surface-delta interactiom. In order to see that such
collectlve states are not just an gutcome of such a special interactiom,
we have repeated che caloulation using & realistic force, Jur prelimina:y_
resulcs indicate chat the conclugione of the previous authors do not
change much and chat the spin—coupled gquadrupole states ahould be seen
in an energy reglon of & to ¥ MeV 1n medium and heavy nuclel. We pro—
pose that these states should he excited also by inelastic plon scattering
around the 3-3 resonance. The atrong p-wave spin=-orbit term in the plon-
nucleon interaction should excite the spin=-coupled quadrupole state pre=
farentially at O = 90° (=N c.m. s¥stem). '

Many nuclear reactions induced by pions are in fact dominated by the
3-3 resonance in the free picn-nucleon scattering. How that comes about
dynamically, and how the resonance is modlfied in the nucleazr madivm, has

beem under investigarion. As previouely reported, we hava constructad
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a sciuble three=body model for T=d scattering, based on Faddeev's in-
tegral aquations, with a resonance in the pion=nucleon system. Wa have
enlargad the scope of chis theory by including a4 medel {based on Cheww
Low theory) for the resonance itself. This leads to 2 coupled channel
theory, in which pions may beab=orbed and produced, a8 well as scattared,
by the nuclear target. We are presently studying this problen for the
nore tractable case 0f a deuteron etarget: but the theory may provide 2
bagis for an improved treatment of absorption and scattering of plons
by nuclei in general.

Spactrogcopic amplitudes for alpha-particle stripping smd piclhup
among the stable sd=shall nuclei with A & 28 have been tabulated. The
results are axact in the limie chat the eigenscates of the targat and
residual nuelai corrvespond te members of pure {lu)KJ bande obtainad by

angular-momentum projection from a single SU, representation. Sum yulas

3
vhich provide a maasurz of the total streangth expected in a particular
channel have been derived, The results have been used to predict pystema-—
ti¢ effects in ad-shall a-particle transfer.

The effect of representation mixing has been demonstrated for
1%3 + a :_EZHE and zuﬂa + z zﬁug. & detalied comparison between the
eimple predictiona and the corresponding results obtained with wave functions
generated by using "realistic" effective interactions of the Kuo-Browm

2%

type has been carried out for ""Ne + o < zﬁﬂg. & study of the effect of

the prolate to oblate shape transiticm Eor nuclei near the middle of the
shell is underwasy with both experimental and theoretical resulis for

2¢HE(GLi,d}zaSi currently available.

24,25 28,29
and

The lﬁﬁ{ﬁLi,d}zzﬂﬁ Hg{ﬁLi,d) Si experimente have been
perfaormed in collaboration with members of the Muclear Siructure Research

Laboratary at Rochester, We anticipate carrying out the 25H3{d,ﬁLi}21R¢



experiment on the Princeton cyclotron to test the theoretical predictiom
of an uwnusually strong 1=4 transafer to the 2.96 MeV " = 9f1+stata in zlﬂh.
The feasibility of (5Li,d] axparimentes on the Ne isotopes is heing in=
vastigated,

- The work, deseribed last year, on the sigenvalue distributions fox
the EGOE (embedded Gaustian erthogonal ansemble) which, unlike the ordinary
GOE, makes olose goutzct with spactr$scapy, has been completed apnd two
papars are Iin preparation. We have continuad to study some aspecte af
energy-level fluctuations, attempting, in particular (but sc far without
zeal success) to wnderstand why the Dyson—Mehta GOE results apply in much
nore general circumatances, for example in the ground-state domain. The
work on ensemble resulis has been doue in collaboration with persons in
Mexico and at Cornell.

Work on ground-state energles and lewvel densicies for interacting
particles continues, and applications to iatermediate nuglel are now being
made, Our method of locally averaged expectation values has been used by
J. N. Ginocchie to glve a theory for the spin-cut-off factor. The com=
puting programs for constructing distributions with fixed angular momentum
{and iscspin) are in full operation and che first results (for large sd-
shell spectra) are being studiad. These programe have many uses but we
think of them primarily as making it feagible to do theoretical spectro—
scopy in "huge" spaces, encrmously larger than could be feasible by matrix
uechods. Ae the programs are used now the spectra, transition strengths
and s¢ forth ' sre generated by purely szcatistical methods. We hope scon
to develcp also a SpecLToscopy, more accurate in the ground-state domain,
in which the fixed~J dJdistributions are used to correct and extend conven-
tional mstrix resulte. .

Group-theoretical techniques for evaluatlng partial widihs of

spectral distribution theory have been developed in collaboration with



. T+ Hecht of the University of Michipgan. The results can be used to
evaluate tha total intensity with which all states of a particunlar
symuetry admixz info a cypical state of another symmetry, hence
providing a measure of the goodness of nuslear symmetries. Applica-
tion has been mada to the spin=isospin SUh symmetry in 25Hg treated as
(ad)g. It was found that leading symmetries arxa strnn%ly admiged, wich
the symmetry brasking daminatfd by the one-bady part {EE as well as
+5) of the eifective interaction.

The techunigque of local energy averaging hae been uwsed to extend the
gingle-nucleon~tranafer non~energy-weighted and linear-energy-weighted sun
rules; assuming that the level-to-lewvel fluctuations in the sums are small
(snd measurez for this can be sometlmes galculatad) one is able to evalu-
ate the sum-rule quantities dizectly in terms of the Hamiltonian para-
meters even for very complicated nuelai, These quantities arve moments of
the strength distribution. ~Going well beyond eum rules we have been able
recently to derive the strength function icself (for single-nucleon or two-
nucleon transfer and for eleciromagnetic and other "hole-parcicle" transi-
tionz) as a double series in the orthogenal pelynomials which are defined
by the density., Lonsideratione based on the central~limit-thecrem indicate
that the convergence should be rapid. We are presently making comparisons
with shell-model resulta, after which we shall proceed to serious applica-
ticas. Papers om boch sum—rules and strength are in preparation.

During the year, we bave had a aumber of visitors, for pericds of one
to savaral weeks, supported in part by the contract. They were: D. Apgassi,
Welzmann Institute (Israel), R. K. Bansal, Panjab University (India}, A. E.
L. Dieperink, I. K. O., Amaterdam (Netherlands), P. Goode, Rutgers [niverai-
ty, C. Mahaux, University ¢f Liege {Belgium), P, A. Mallo, Hational Univar-

sity af Mexico, and J. K. Hon {(Cornell).
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The work reported includes that of J, P, Draayer and 0. Nalciocglu,
Beseaxrch Asscociates, and three graduste etudentsi T. Mizutani, V. Pot-
bhare, and H. Fraszd.

Thxough our research In collaboration with &. 5. M, Wong at the
Iniversity of Toronto, and P, Goode at Butgers University, we have
been alded by large grants of computer time by these institutions.

The co-principle investigators, Prof. J. B. French and Prof. D. 5.
Koltun, have devored aspproximately 66 2/3% of their afforc to the researcch

project, during the academic yesr.
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F. Myhrer and D, &, Koltun

Pion-Deutexon Scattering in the A{1236) Energy Reglon as a Thres Body
Problem

Physics Letters 46B, 322{1973) {CO0-2171-30}.

Daniel S. Eoltua
Theory of Hean Removal Energies for Single Particlea in Huclel
Physlcal Review C2, 484 (1974) (C00-2171-31).

0. Bohigas, J. G. Floges, J., B. French, ¥. J. Giannoni, P. A. Melle,
and 5. 5. M. Wong

Becenc Besults on Energy Level Fluctuations

Phys. Rev. C {in press) {C00-2171-37}.

J. B. French, P. E. Mugambi, 5. E. M. Wong and 5. 5. M. Wong
Spectxoscopy in Huge Spaces
To be submitged to Nuclear Physics (CO0- 2171-38}).

0. Naleioglu, D. J. Rowe and €. Hgo-Trong

Excitation of the T, Components of the Giant Dipole Scates in N>Z
Nuclei by Huon Capiure

Huc. Phys. A218, 495{1974) {(C00-2171-32).

I 5. Foltun and Q. Halcioglu
Sensitivity of Inelascic Pion Scattering to Non-local Interactions
Phys. Lett. (in press) {CO0-2171~35).

T, Baudinet-Robinet and C. Mahaux
Statistical Analysis of Intermediate Structure
Physical Beview €9, 723 (1974) (CO0-2171-36}.

J. P. Draayer
Alpha=Farcicle Spectroscopic Amplitudes for sd Shell Huclel
Nuecl. Phys. {in preas) {CO0-2171-34}.
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J. P. Draayer and N. Anantaraman
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Bull, Am. Phys. Soc. 19, 472 {(1974).

N. Anantaraman, R. M. De Vries, J. P. Draayer, H. E. Gove and J. F,
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A Study of the IBD(ﬁLi,d}EEHa Reaction at 3% Ma¥
Bull. Am. Phys. Soc. 19, 471 (19747,
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J. P. Draaver, H. E. Gove, J. P, Treantelman, N. Anantaraman and
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The 2“Mg(%Li,d)?%5i Reaction: Theory and Experiment
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D. §, Koltun and 0. Halcleglu
Nuclear Recoil Effects in Inelascic Pion Scattering
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. 8. Koltun and 0. Halcloglu
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Bull- Am., Ph}"ﬂl Soc. _J:il 5?6 {19?'&}- }'




