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PROBLEMES GENERAUX A PETIT NOVBRE GENERAL FEW BODY PROBLEMS
DE CORPS



UNE METHODE NOUVELLE DANS LA TH{'ZORIE DE LA DIFFUSION A PLUSIEURS CORPS
D.J. Kouri*, Max-Planck-Institut fUr Strbmungsforschung, 3400 Guttingen,
République Féderale d'Allemagne, et F.S. chin+, Département de Physique,
Université Brown, Providence, R.I. 02912 USA.

Récemment, nous avons déduit un nouvel ensemble d'équations couplées pour les
operateurs T et K, décrivant la diffusion a plusieurs corps. L'é@lement essentiel de
1 a méthode est la matrice W de couplage des canaux, dont les &léments apparémment arbi-
traires sont déterminés par 1la condition que le noyau des equations couplées solt
connexe. Les approximations u;mitaires pouvent etre introduites avec simpliecité,nuisque
les opérateurs T et K sont connectés par une &quation d'Heitler et les &léments des opéra
teurs K sont réels. Aussi bien il n'y a pas des solutions purieuses des équations couplées
(11 n'y a pas de maladie de Federbush),Finalement, les nouvelles equations ont la
vrale structure unitaire.

Cette conferénce traitera d'une derivation des equations; des propriétés des mat-
rices W et méthodes de choisir leurs eléments afin de garantir que le novau iteré
des equations soitconnexe; des aspects des golutions pour le cas géneral,compremant
la formulation d'un operateur de potential optique dans le canal direct; des connexions
avec autres formulations; et des applications numériques, particulidrement a le dif-

fusion des électrons par les atomes d!hydrogeéne.

A NEW METHOD IN THE THEORY OF MANY-BODY SCATTERING

».J. Kouri*, Max-Planck-Institut fur StrBmmgsforschung, 3400 Gdttingen,

Federal Republic of Germany, and F.S. Levint Physics Department, Brown

University, Providence, R.I. 02912

We have recently derived new sets of coupled equations for the T operators and
for the K operators describing many-body scattering. The key to the method is the
channel coupling array W, whose seemingly arbitrary elements are fixed by requiring
the iterated kernel of the coupled equations to be connected. Unitary approximations
may be introduced with relative ease, since the T and K operators aie related by a
damping equation and matrix elements of the K operators are real. In addif ion, the
equations are free of spurious solutions and have the correct unitarity structure.
This talk will be concerned mainly with a derivation of the equations; a discussion of
the properties of the arrays W and of how their elements may be chosen so as to ensure
connected iterated kernels; some aspects of the solutions in the N-channel case, in-
cluding the formulation of a direct channel optical potential operator; conmections

with other formulations; and numerical applications, particularly to e + H scattering.

* Present address: Departments of Chemistry and Physics, University of Houston,
Houston, Texas 77004,
+ Work supported in part by the U.S. Atomic Energy Commission.



TRANSFORMATIONS CANONIQUES ET UN MODELE
SOLUBLE POUR LE PROBLEME A TROIS CORPS LINEAIRELS.

M. Moshinsky*, J. Patera et P. Winternitz,Centre de Recherches [luthlmatiques,

Univers:té de Montréal, Montréal, P.Q., Canada.

On résout de fagon algéurique les €quations de mouvements pour trois parti-
cules confinées sur une droite et interagissant par 1'interm&diaire de forces i deux

2

corps décrites par une somme de potentiels de la forme'Vik = u(xi-xk)2+5(xi-xk)- Les
fonctions d'ondes sont construites explicitement et un groupe de transformations canoni-
ques est établi, qui fait apparaftre un isomorphisme avec le probl&me de 1'oscillateur
harmonique. Le spectre contient une dégénérescence accidentelle décrite par un groupe
SU{2). On considére aussi une généralisation du mod@le contenant 3 la fois des forces

i deux et 3 trois corps, qui a Egalement une symétrie SU(2) et est donc explicitement

solubles.

~

*
Instituto de Fisica, Apdo Postal 20364, Mexico 20, D.F., Mexico

CANONICAL TRANSFORMATIONS AND A SOLVABLE MODEL
FOR THE LINEAR THREE-BODY PROBLEM.

M. Moshinsky*, J. Patera and P. Winternitz,Centre de Recherches Mathématiques,

Université de Momtréal, Montréal, P.Q., Canada.

An algebraic treatment is given for a model involving three varticles
constrained to a line, interacting through two-body forces described by a sum of
potentials of the type Vik = u(xi~xk)2+8(xi-xk)‘2. Wave functions are constructed
explicitly and a group of canonical transformations is obtained mapping the problem
onto that of a harmonic oscillator. The spectrum displays accidental degeneracy
described by an SU(2) group. Generalizations are suggested involving both two and
three-body forces, in whaich the problem still has an SU(2) symmetry and is hence
explicitly solvable. /

L3
Instituto de Fisica, Apdo Postal 20364, Mexico 20, D.F,, Mexico



THE USES OF THE FEW BODY PROBLEM
R. D. Amado+
Department of Physics, University of Pennsylvania

Philadelphia, Peansyivania 19174, U.S.A.

The few body system is a rich source of information for hadron
dynamics. How some of this information manifests itself and how the
general constraints of quantum mechanics help or restrict its extrac-
tion will be discussed. Examples will include the theory of final

state interactions, of meson-baryon resonances and of meson degrees

of freedom in the nucleus.

+Supported in part by the National Science Foundation.



COULOMB EFFECTS IN NUCLEQN-DEUTERON SCATTERING
J. A. Edgington and C. J. Oram, Queen Mary College, London, Cngland.

Using a naive potential model of the N-d interaction we have evaluated,
approximately, the “1nper Coulomb corrections" to the nuclear phase shifts. We find
an effect of magnitude typically 5%, due mainly to the rapid varjation of the phase
shifts with energy. We show that the differences observed experimentally between n-d
and p-d cross sections and polarisations may in large part be ascribed to these
corrections. Results for cross sections are given at 35.0 and 46.3 MeV, and for
polarisations at 35 MeV.

A POSSIBLE CHECK OF EFIMOV RESONANCES

- M. S. HUSSEIN
Instituto de Fisica ~ Universidade de Sao Paulo - C.Pastal B8219, S.Paulo,
S.Paulo, Brasil.

A suggestion is made where Efimov resonances, if they
exist, would manifest themselves in the measured total and other cross-
sections in the form of a damping width assocliated with the observed
thres-body resonancas. Such a damping width is roughly proportional to
the energy interval definesd by the total width of the observed three-

body resonance. An example is given namely, NN -+ NNw.

GLAUBER REPRESENTATION FOR THE SCATTERING BY NCNLOCAL POTENTIALS

., B. S. BHAKAR

Department of Physics, University of Manitoba
Winnipeg, Canada

. An eikonal approximation for nonlocal potential i's derived when
the impinging particles have high energies. We take as an examp}e non-
local separable potential whose exact solution is known. We derive an
impact parameter representation by two methods. One method leads to an
expression which is valid only at small angles and high energies whereas
the other method leads to expression which is valid at all'energies and
angles. The two expressions can be shown to be identical in the small
angle and high energy limit. .



THREE~PARTICLE CALCULATIONS ABOVE BREAKUP THRESHOLD FOR SEPARABLE,
ALMOST SEFARABLE AND LGCAL POTENTIAL

H. Ziegelmann
Inspitut flir Theoretische Physik der Universit#t Tdbingen, GFR

Three-particle calculations above breakup threshold have been performed
for separable approximations to the Yukawa and the Malfliet-Tjon poten-
tial. In the case of the Yukawa potential the non-separable part of the
interaction 1is guite important and has therefore been taken into account
by the quasi-particle method. In the case of the Malfliet-Tjon potential
the separable approximation gives results not far from the exact results
of Kloet and Tjon. The Malfliet-Tjon potential can therefore be called
"almost separable”.

CALCULS DE TROIS CORPS AU-DESSUS DU SEUIL DE DESINTEGRATION POUR UN
POTENTIEL SEPARABLE, PRESQUE SEPARABLE ET LOCAL

H. Ziegelmann
Institut flUr Theoretische Physik der Universitdt Tiblngen, GFR

Nous avons calculé la diffusion de trois corps au-dessus du seuil de
désintégration pour le potentiel de Yukawa et celui de Malfliet-Tjon par
approximation séparable. Dans le cas du potentlel de Yukawa la partie non
séparable est assez importante, et par conséquent, nous en avons tenu*’
compte par la méthode des quasi-particules. Dans le cas du potentiel de
Malfliet-Tjon 1l'owproximation séparable donne des résultats qui corres-
pondent & peu prés aux résultats exaets de Kloet et Tjon. C'est pourquoi
qu'ont peut appeler le potentiel de Malfliet-Tjon "presque séparable".



ON THE COMPARISON BETWEEN QUANTUM MECHANICS AND LOCAL HIDDEN VARIABLE
THEORIES: BE11'S TYPE INEQUALITILS FOR MULTI-VALUED OBSERVABLES

A. BARACCA - Istituto di Fisica dell'Universitda - Firenze
S. BERGIA - Iscicturo di Fisica dell'Universita - Bologna
M. RESTIGNOLI - Istituto di Fisica dell'Universiti - Roma

Bell pointed out that for dicotomic variables observable dif-
ferences schauld exist between quantum mechanics and local hidden
variable theories; an experimental test seems to give evidence for
a failure of quantum mechanics in polarization correlation measurements.
In this paper we investigate the case of multi-valued obsexvables.

We propose a straightforward generalizationm of Bell's inequality; for
a purely mathematical case of a spin-O particle decaying into two
equal spin-j particles we point out a difference with respect to the
dicotomic case: the inequality may in fact be violated by the quantum
mechanical mean values of the angular momentum correlations for the

two subsystems only in the spin-l/ case. For higher vaiues this does

no longer happen, while a discrepaﬁcy with respect to quantum mechanics
may still be found by measuring the correlations between couples of
well defined polarizatioms.

SUR 1A CS%ARAISON ENTRE LA MéCANIQUE;QQANTIQUE ET LES THEORIES A VARIA-

BLES CACHéEb; INEGALITE A LA BELL POUR OBSERVABLES A PLUSIEURS VALEURS.

Bell a montre qu'il y a une différence obs€rvable entre la mécanique
quantigue et les théories & variables cachées, et le test expérimental
indique une violation de la premiére dans des mesures de correlation de
polarization. On propose ici une simple géné€ralization de la relation de
Bell puor obsérvables & plusieurs valeurs. On montre que dans le cas
(tout & fait mathématique) d'une particule de spin O qui se décompose
en deux particules égales de spin j cette relation peut atre violé par
les valeurs moyen des correlations entre les moments angulaires de la

mécanique quantique seulement pour j=1/ . Pour les valeurs plus hautes

2
du moment angulaire la mécanique quantique peut tousjour violer 1'iné-
galité saulement si 1'on mesure des correlations entre couples de pola-

rizations des deux sous-systémes.



THREE BODY BREAK-UP REACTIONS AND THE PADE APPROXIMANT

A.W, Thomas. Department of Physics,

Iniversitv of British Columbia, Vancouver, B.C., Canada V6T 1W5.

Using only the analyticity properties of the half-off-shell t-patrix for
three particle scattering (in the Amado model), we describe a simple way of
calculating break-up amplitudes. This procedure involves little more work than
the usual method of calculating the elastic scattering amplitude by contour

rotation,

THREE-BODY MODEL OF THE N-~T SYSTEM
Shinsho Oryu
Department of Physies, Faculty of Science and Technology,
Science University of Tokyo, Noda-city, Chiba, 278 Japan

The n-T elastic scatterf+g amplitude was assumed to be made of a
summation of finite Born terms multiplied by the weight factors depend-
ing upon the total energy only. Fach of the factors was obtained by
means of xz—minimization to the experimental elastic scattering cross
section taking into account the constraint of the optical theorem. The
shape of the experimental data was fairly well explained by the model
though in the simplest case with only three terms and with the three-body
model(n+n+d) of n-T system, at the neutron energy 14.1 MeV. By the
analytical continuation of the amplitude, it can be shown that the break-
up differential cross section is given by a simple calculztion based on
Faddeev?®s approach withcut solving the three-body and/or the four-body
Faddeev equations numerically.
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INTERPRETATION MICROSCOPIQUE DES REACTIONS INDUITE PAR DES PROTONS SUR 3.
C.L. Rao, S. Ramavataram and ¥, Rarmavataran
7
Universit& Laval, Laboratoire de Physique Nucl@aire,

- . P s
Dawartamnnt 30 Thyol uey Quflec I (p4, Caneaa.

Les résonances de paritd négative avee T = 1 au systéme de nombre de mass A = k4
ont £t& €Ludié théoriquement, dans un modeéle de continuum aux excitations du type par-
ticle-trou. Les résultats du calcul aux voies couplées pour les réactions 3H(p,y)"He
et son inverse ainsi gue la réaction 3H(p,p) 3H et la réaction JH(p,n)3He sont présen-

tés et comparés avec les résultats expérimentaux.

A MICROSCOPIC INTERPRETATION OF THE PROTON-INDUCED REACTIONS IN THE MASS-3 SYSTEM.
C.L. Rao, S. Ramavataram and K. Remavataram
Université Laval, Laboratoire de Physique Nucléaire,

Département de Physique, Québec Gi1K TP4, Canada.

The T = 1 negative parity resonances in the A = b system sre ctudied in the frame-
work of a continuum model of 1lp-lh excitetions. The results of the coupled-channels cal-
culation for the reaction 3H(p,y)"He and its inverse as well as those for the reactions

3H{p,p)3H and 3H(p,n)3He are discussed and compared with experiment.
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P-MATRIX MFTHOD IN THE 3-BODY PROBLEM

V' Glockle, Iastitute Tor Tnecieticel Flhiysics of the
Ruhr-University Bochum, 463 Bochum, Germany

The asymptotic form of the Faddeev ampiituae in coordinat
space is derived to various orders, allowing the definition of an inte-
rior and exterior region. Using the Faddeev equations and a suitable
complete system of basis states for the interior region one can derive
a set of equations directly for the on-shell 3-body T-matrix olements.
This procedure is equally well suited for local and nonlocal pair inter-
actions.

m

EXTENSION OF BRULCKNER'S THEORY ¥CH THH BOSCNAIUCLSQN-SYSTEI

K. Bleuler, University of Bonn, V-Germany

Boson exchange (in conjunction with the 4}—Resonamce) lesds t0 a satis-
factory descripticn of tle nuclear force between free nucleons. Various
recently descovered effectcgive = 1rporyant support of the theory. It
ig =tressed, however, that nuclear forces as derivad from the free 2~
rucleon gystem cannot authomatically been taken over into the Jreat-
Tent of nuclear natier. An enlarped theory treating Bosons and Nuclsons

on the same level is proposed.

ON THE STRUCTURE OF LIGHT NUCLEI

K. Bl euler, University of Bonn, W-Germany

The structure of various light nuclei is visualized with help of the
concept of valence-particles. The latter are described by a special
Hamiltonian (containing integral operators due to the Pauli principle)
which englobes the important effect of core-polarization. Various examples,
in particular the F19 nucleus, are discussed,



1

4 3 4
REACTIONS 3}-1(3i:le,d) He and 3!—!( He.n_n)"ﬂe AT LOW ENERGIES, BRRSHAY-
TEMNER THEOREM, AND ISOSPINSYK~U<1EIR‘I+
S. o Selnrlewer, n. Lenz ana A. Richter
Iastitat ful Eaperamentalpnysikh ger Ruhr-Universitat, Bochum, Germany

W. von Witsch
Institut fir Strahlen- und Kernphysik der Universitdt, Bonn, Germany

H. Paffe and B. Ruth
Fachbereich Physik der Universaitdt, Marpurg, Germany
Angular drstributions of the reaction 35(3He,a) ZH have been measured between
(4.25 < E(3He) < 9.85) MeV in steps of 0.5 MeV. They are on the average 15% asymmetric
about 90° c.m. contrary to the predictions of the Barshay-Temmer isospin theorem, and
hence indicate a sizable isospin violation. All available data in thas reaction at low
energies show a strongly energy dependent isospin violation which might be due to 1so-
Spin mixing between T=0 and T=1 states in the compound nucleus E’L:.. In order to test
the oraigin of thas i1sospin viclation further, the energy dependence of the n-p, T=0 and
T=1 final state interaction in the reaction BH(BHe, np)qﬂe has been studied. Prelimi-
nary results ats 3He -~ bombarding energies of O.31, 1.63 and 1.93 MeV andicate so far no
detectable energy dependence of the singlet to traiplet contrabution of the cross sec~
tion. This contribution 1S on the average about 1l%,

T .
Supported in part by Deutsche Forschungsgemeinschaft.

REACTION 3E-l(‘-’ﬂe,d):‘l*le et "H(aﬁe,np)qﬂe AUX ENERGIES BASSES, LE THEOREME
DE BARSHAY-TEMMER ET LA SYMETRIE D'ISOSPIN+
G. Schrieder, H. Genz et A. Richter
Institut fir Experimentalphysik der Ruhr-Universaitdt, Bochum, Allemagne

W. von Witsch
Instatut fir Strahlen- und Keraphysik der Universitdt, Bonn, Allemagne

H. Paffe et B. Ruth
Fachbereich Physik der Unaversatat, Marburg, Allemagne

Les distributions angulaires de la réactaion 3H(3Be,u) ZH ont &té mesurées dans le
domaine d'énergie entre (4.25 < E(3He) < 9.85) MeV en pas de 0.5 MeV, Elles sont asymé-
traques d'environ 15% par rapport a 90° c.m. contrairement aux prédictions du théoréme
de Barshay-Temmer et indiguent ainsi une violation considerable d'isospin. Toutes les
expériences connues par cette réact;.on aux énergies basses montrent une forte violation
d'isospin ce qui indique un mélange d'isospin dans des états intermédiaires de 6L1 avec
T=0 et T=1. Pour tester l'origine de cette violation d'isospin la var:.a:io.n des inter-
actions n-p, T=0 et T=1 dans l'@tat final a &t 2tudiée en fonction de 1'énexgie pour
la réaction 3H(3He,np) 4He. Les résultats préliminaires aux énergles 3He de 0.31,1.63 et
1.93 MeV ne montrent pas une variation remarquable des contributions de singlet a tri-
plet d la section efflcace. Cette contribution est d'environ 11%.
+Ce travall a été appuye en partie par la Deutsche Forschungsgemeinschaft.



HOW TO ESTIMATE BREAKUP AMPLITUDES IN NUCLEAR REACTION CALCULATIONS

J. Schwager
Institut fir Theoretische Physik der Universitdt Tibingen,
D-74 TUbingen, Germany

Experience shows that the wave function for scattering of compound
systems can be obtained to a rather good approximation by variational
methods in coordinate space. AS long as the probability for breakup is
small, this is true even if (as is usually done) no asymptotic part
describing breakup is provided for in the trial wave function. It 1s
shown here that it is possible to extract information on the breakup
amplitude from the interior (and more reliable) part of such a wave
function by use of the generallized Kato identity. Though this procedure
15 not expected to glve rigorous results, it is of striking simplicity
in practical application.

DOES THE FADDEEV THEORY REQUIRE OFF-SHELL INPUT?§

Bengt R. Ka.rISScm+ and Enrigue M. Zeiger

Stanford Linear Accelerator Center
Stanford University, Stanford, California 94305

We present nevw Faddeev-type equations for the three-body problem. Although obtained
from the rigurous Faddeev .heory, they only require two~body bound state wavefunctions
and helf-off-shell transition amplitudes as input. In sddition, their “effective poten-
tials” are independent of the three-body energy, and can easily be made real after an
angular momentum Qecomposition. The equations are formulated in terms of physical tran-
sition amplitudes for three-body processes, except that in the breskup case the partial
wave amplitudes differ from the corresponding full awplitudes by a Watson fsi factor.

§ Work supported in part by the U. S, Atomic Energy Commission.
+ Present address: Institute of Theoretical Physics, Fack, S-402 20, G3teborg 5, Sweden.
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INTLRACTIuN A 1huid (URPs A L'ETAT LIE, UNE NOUVELLE APPROCHE,

B.T. Darling 2’ R.M. Shoucri
Département de Physique, Universit+ad Lawel, Qufbec G1K 7P%, Canada
Une nouvelle approche du probléme & trois corps avec masses et charges arbi-
traires permet de réduire le calcul de l'énergie E & la solution d'un systéme d'équa-
tions différentielles coUplet & une variable de la forme

) v vt ov!

& +28 - (K23/2)k + ./2) Yx_ (R) = — Uer X (B

= e ] -

ar R K
R est la racine carrée du moment d'inertie du systéme par rapport & 1l'axe Z perpendi-

. s ' r FL W . .

culaire au plan des trois corps. Ug' représente les €léments de matrice du potentiel
d'intéraction par rapport & un syst@me donné de fonctions orthonormées. Le moment
cinétique intrinsdque des trois corps, sinsi que les forces d'échange spparaissant en

physique nucléaire, sont négligés mais peuvent &tre pris en considération dans 1'ex-
1

pression de Uﬁ, .

THREE-BODY INTERACTION IN A BOUND-STATE. A NEW APPROACH

B.T, Darling and R.M. Shoucri
Département de Physique, Université Laval, Québec G1K TP4, Canada

A new approach 10 theproblem of three bodies with arbitrary masses and charges
allows the calculation of tne energy E to be reduced to the solution of a ccupled sys-
tem of differential equations in one variable of the form

vvt vt

v
f gi +2E - (K + 3/2)(X + 5/2) Xk (R) = =~ Uggr Xgr (R),

2 2
LdR R Kt

N

R is the square root of the moment of inertia of the system with respect to the 2
axis perpendicular to the plane of the three bodies. Uv}g‘:: are the matrix elements
of the interaction potential with respect to & certain orthonormal set of functions.
Spin effect as well as exchange forces appearing in nuclear phy51s, although ne-
glected, can be taken into consideration in the expression of UKK"
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INTERACTION  NUCLEON-NUCLEON A TOUTES NUCLEON-NUCLEON  INTERACTION AT ALL
LES ENERGIES ENERGIES
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POTENTIEL NUCLEON-NUCLEON A COEUR MOU TENANT COMPTE
DE L'ECHANGE DE DEUX PIONS ET DE w

R. de TOURREIL', p.w.L. serung'**, B. roumen'*

Une version améliorée de 1l'interaction a8 coeur trés mou est
présentée. Elle inclut les effets d'échange des bosons connus 7,p et w .
Le coeur et le reste de la portée intermé&diaire sont traités de maniére
phénoménologique. Le potentiel reproduit trés bien les données expérimen-
tales du probléme 3 deux corps - 1'€tat 1ié et la diffusion jusqu'a
350 MeV. Les amplitudes du potentiel sont faibles, dans le sens ol le
rapport des énergies potentielles des composantes scalaires au deuxiéme
et au premier ordre de la série des perturbations de la mati2re nucléaire
est de 1l'ordre de 20 a 30 % et l'intégrale de défaut k = .077 a
kp = 1.4 fm !
moins forte que celle d'autres interactions phé&ncménologiques, mais le

. La composante tenseur dans le sous-espace triplet-pair est

facteur de forme du deuton est bien reproduit. Le pourcentage d'onde D
dans le deuton est de 5.80 %.

SUPER-SOFT-CORE NUCLEON-NUCLEON INTERACTION INCLUDING
TWO-PION EXCHANGE AND w-EXCHANGE CONTRIBUTIONS

R. de TOURREIL', D.W.L. SPRUNG'**, B. rouBen'*

An improved version of the super-soft-core interaction is
presented. The known 7,p and y exchange contributions are incorporated,
while the core and the remainder of the intermediate range are treated
phenomenologically. The potential gives a high quality fit to the two-body
bound-state and scattering data up to 350 MeV. The amplitudes are weak in
the sense that in nuclear matter, the ratio of second-to first-order
enerqgy perturbations (for the scalar components) are in the ratio 20-30%.
The wound integral k = .077 at kF = 1.4 fm~l, The triplet-even tensor
component is weaker than in other phenomenological potentials, but the
deuteron form factor is well reproduced. The percentage D state is 5.80%.

% Recherche appuyée par le Conseil National de Recherche du Canada

+ Division de Physique Théorique, Institut de Physique Nucléaire,
91406 - Orsay - France (Laboratoire Associé au C.N.R.S.)

++ Physics Department, Mc Master University, Hamilton, Ontario, Canada

1 Laboratoire de Physique Nucléaire, Université de Montréal, Montréal,
P.Q, Canada

* Research supported by the National Research Council of Canada.



STUDY DF THE REACTION

D. Aebischer, B. Favier, CG.
C. Lechanoine, J3.C. Nikles,

University of Geneva,

pp -+ 7' d AT 576 MeV

-
Junoag
Werren

Creeniaus? R. Hess, A.
0. Rapin, C. Serre, O.

Switzerland

The reaction pp =+ 7°d has been studied for small pion
producticn angles in the center of mass by observing the 7 and d at
small angles in the laboratoery system using multiwire proportional

chambers. The presence of a term in cos"eCM in the differential cross

section, observed for the inverse reaction

wd -+ pp, has been confirmed.

National Research Council of Canada Fellow, now at the University of
Geneva, Switzerland

+ Swiss Federal Institute of Technology, Zurich, Switzerland.

ETUDE DE LA REACTION pp + w'd A 576 MeV
D. Aebischer, B. Favier, G. Greeniaus} R. Hess, A. Junod”
J.C. Nikles,

Université de Genéve,

C. Lechanoine, D. Rapin, C. Serre, D. Werren

Suisse

La réaction pp - 1°d a eté étudiée pour des pétits
angles de production du pion dans le centre de masse, en observant le
m et le d & petits angles dans le systeéme du laboratoire, & 1l'aide de
chambres a fils en régime proportionnel.
cessité d'un terme en cos“@
différentielle.

Ces mesures confirment la né-

cm Pour paramétriser la section eff- :ace

* Boursier du Conseil National de Recherche canadien,
1'Université de Gengve, Suisse
+ Ecole Polytechnique Fédérale Suisse, Zirich, Suisse.

3 présent &
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FRECISIG. #ILS J0 Xl 'S, PROTON-PR0T0N PHASE S.IIFDS

0

'

ieve nulnioue, Yepartment of i»nplied satnenalics ana
Theoretical Physics, The University, P.0O. Box 147, Liverpool,
169 3BA, U.XK.

Precision fits to the qSO p-p phase shifts have been obtained
with a number of equivalent local potentials. These potentials
have shapes which seem to indicate that the real interaction is
nonlocal.

DETERININATION PRECISE DES DEPHASAGES DE L' ONDE
qSO POUR LA DIVFUSION PROTON-PROTON

1i.i]l. Kermode, Department of Applied Nathematics and
Theoretical Physics, The University, P.0O. Box 147, Liverpool,
L169 334, U.l

la ddtermination préEise des débhasages de 1l'onde qSO pour la
diffusion proton-proton est faite pour diffeTents potentiels locaux
equivalents. Les lormes de ces potentiels semblent indiquer que
1'interacticn réelle est non locale.

DELTA FUNCTION POTENTIAL FOR THE 3s, - 3D, STATE

J. B. Aviles, Jr,

US Naval Research Laboratory, Washington, D. C. 20375, USA

A two nucleon interaction model is given in the form . ant!
. 4 - et XA. F =t
B, arIvisrUy = 5 £ 80ron)

The parameters are geven for the 35, - %D, state. The resultant deuteron properties

and phase shifts are compared with experiment.
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ETUDE CES VARIATIONS DE LA VALEUR PERMISE DE 2nn
OBTENUE DE LA REACTION a D-ynn SUIVANT DIVERSES
FONCTIONS D'ONDE N~N OUI SONT EOUTVALFNTFS DANES LT SCUGL Uhlialre s
W. R. Gibbs and B. F, Gibson
Los Alamos Scientific Laboratory, Los Alamos, New Mexico 87544
and
G, J. Stephenson Jr. t
University of Maryland, College Park, Maryland 20742
Nous avons constaté un effet plus petit sur la valeur de ay, obtenue de

la reaction 7 +D»y+ntn que sur la valeur de a obtenue par Sauer de l'analyse de la

PP
diffusion elastique p-p, di aux variations de la fonction d'onde N-N qui sont

gquivalentes dans le sense unitaire.

*
Ce travail a &té appuyé€ en partie par le USAEC.

+A présent au Los Alamos Science Laboratory, Los Alamos, New Mexico 87544.

-

A STUDY OF THE VARIATIONS IN THE ALLOWED VALUE OF ap,, OBTAINED
FROM THE REACTION n"D-ynn DUE TO DIFFERENT UNITARILY-
EQUIVALENT N-N WAVE FUNCTIONS *
W. R, Gibbs and B. F. Gibson
Los Alamos Scientific Laboratory, Los Alamos, New Mexico 87544
and
G, J. Stephenson Jr. t
University of Maryland, College Park, Maryland 20742
We demonstrate that.rank two unitary transforms of the short-range N-N
wave function produce a much smaller effect on the value of a,, extracted from the
radiative capture reaction 7 +D+y+4ni+n than that observed by Sauer on the value of

the Coulomb-corrected app extracted from p-p scattering.

*Work supported in part by the U.S. Atomic Energy Commission.

+Present Address: Los Alamos Scientific Laboratory, Los Alamos, New Mexico 87544,
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INFLUENCE OF THE NEUTRON'S GHARGE DISTRIBUTION
ON NUCLEAR CQULOMB ENERGIES

C.R. Heimbach, American University and Harry Diamond Laboratories,
J.S. 0'Connell, National Bureau of Standards, Washington, D,C.

The electrostatic interaction energy of a deuteron was computed for a model in
which the neutron charge distribution was taken as a superposition of two exponentialsg
of total charge +e and -e. Because the interaction potem:i.al is of short range the
result is sensitive to the Interior deuteron wave function. For a Reid hard-core wave

function the computed energy is 1 keV.

L*INFLUENCE DE LA DISTRIBUTION DE CHARGE DU NEUTRON
SUR L'ENERGIE COULOMBIENNE DES NOYAUX

C.R, Heimbach, American University and Harry Diamond Laboratories,
J.S. 0'Connell, National Bureau of Standards, Washington, D.C.

L'energie d'interaction electrostatique de le deuteron est calculee pour un
modele dans lequel la distribution de charge pour le neutron etals un superposit fon
de deux exponentialles, avec charge totale de +e et -e, Le resultat est sensftif i
1'i{nterieur de la function d'onde de le deuteron, parce'que le potentiel d'interaction
entre le neutron et le proton a un domaine petit. Pour une function d'onde calculee

avec le potentiel "hard-core" de Reid l'energie d'interaction electrostatique est 1 keV,



POLARIZATION MEASUREMENTS IN p-p ELASTIC SCATTERING AT 352 MeV

D. Aebischer, B. Favier, G. Greeniaus} R. Hess, A. Junod:

C. Lechanoine, J.C. Nikleés, 0. Rapin, D. Werren
University of Geneva, Switzerland

The p-p analyzing power P(8) has been measured in the angular range
2° ¢ 8 ap € 7° at 462 MeV incident proton energy. The full azimuthal an-
gular range was observed using multiwire proportional chambers placed

directly in a 37% polarized beam.

National-Research Council of Canada fellow
(now at University of Geneva, Switzerland)
+ Swiss Federal Institute of Technology, Zirich, Switzerland.

MESURES DE POLARISATION DANS LA DIFFUSION ELASTIQUE p-p A 462 MeV

D. Aebischer, B. Favier, G. Greeniaus? R. Hess, A. Junog”
C. Lechanoine, J.C. Niklés, D. Rapin, D. Werren

Université de Genéve, Suisse

Le pouvoir d'analyse P(8) a &té mesuré, pour la diffusion é&lastique

p-p, dans la région angulaire ZDSGLAB s7° 3 462 MeV d'énergie cinétique.
Un systéme de chambres & fils en régime proportionnel placé directement
dans un faiscesau polarisé a 37% a permis d'observer la distribution de
1'angle azimutal avec pleine efficacite.

* Boursisr du Conseil National de Recherche canadien, & préssnt a

1'Université de Gengve, Suisse
+ Ecole Polytechnique Fédérale Suisse, Zlrich.



PROTON-PROTON POTENTIAL WITH A THEORETICAL INTERMEDIATE

RANGL PARI oLDUCLD rROIl DISPLRSIOQI RLLATIONS

M. Lacombe, B. Loiseau, J.M. Richard, R. Vinh Mau

eos e . P . . PURN L
Division de Physique Theorlque”, Institut de Physique Nucléaire, Paris

et Laboratoire de Physique Théorique ~ Paris*

P. Pires, R. de Tourreil

Division de Physique Théorique‘, Institut de Physique Nucléaire,

91406 Orsay

Nous avons construit un potentiel proton-proton dont la partle
3 longue et moyenne portée est obtenue a partlr des dephasages plon-
nucleon et plon-pion (1) et dont 1la partle & courte portee est dé-
terminée de fagon phénoménologique en a]ustant les dephasages pro-
ton-proton jusqu'a 350 MeV et les parametres a basse énergie (lon-
gueur de diffusion et paramétre de portée effective). Le potentlel
trouvé comporte une composante non locale assez importante & peti-
tes distances.

*Laboratoire associé au C.N.R.S.
**adresse postale: 4, Place Jussieu - Tour 16 ler &t. 75230 Cedex 05

Division de Physique Théorique

PROTON-PROTON POTENTIAL WITH A THEORLTICAL INTERMEDIATE
RANGE PART DEDUCED FROM DISPERSION RELATIONS

. Lacembe, B. Loiseau, J.M. Richard, R. Vinh Mau
¥, Institut de Physique Nucldaire, Paris
and Laboratoire de Physique Théorique - Paris™*

P. Pires, R. de Tourreil

Division de Physique Théorique®™, Institut de Physique Nucléaire,

91406 Orsay

A proton proton potential is constructed which possesses the
long and intermediate range part obtained from pion-nucleon and
pion-pion (1) phase shifts, the short range part is determined phe-
nomenologically by fitting the proton-proton phase shifts up to
350 MeV and the low energy parameters (scattering lergth, effective
range parameter). The calculated potential have significant non lo-
cal components at small distances.

*Laboratoire associé au C.N.R.S.
T*Postal address : 4, Place Jussieu - Tour 16 ler &t. 75230 Cedex OS5

¥ X



NUCLEON-NUCLEON INTERACTICN WITH COULOMB MODIFICATIONS
L. Crepinsek, C. B. Lang, W. Plessas, and H. F. K. Zingl

Institut fUr Theoretische Physik, Universitdt Graz, Austraia

A non-local separable nucleon-nucleon interaction model for

S, P, and D partial waves is presented. The potential is
realistic in the sense that it was constructed to reproduce
all two-body nucleon-nucleon data. That applies especially to
the courpled 351 - 3Dl state where we reached an accurate
description of the deuteron properties E, and Q with a D-state
probability Pp * 2,64 % and an asymptotic D—/S-state wave
function ratio n = 0.034; at the same time we maintained a
good fit to the scattering data though we kept up a comparatively
low rank of the potential. For the proton-proton interaction
we took into account modificatiops of the short—-range nuclear
force which are due to the presence of the Coulomb potential.
The calculation of infinite nuclear matter exhibaits the
saturation properties of the proposed potential model.

MOMENTUM SPACE CALCULATION OF NEUTRON-PROTON BREMSSTRAHLUNG*

Richard H. Thompson and Lepn Heller
Los Alamos Scientific Laboratory, Los Alamos, New Mexico 87544

A calculation of the n-p bremsstrahlung process is carried out in momen-
tum space. This 1s motivated by the fact that the exchange current is of a simple form
in momentum space, hence no expansions of the operator in powers of the photon energy

are necded.

1"Wox:k supported in part by the U. S, Atomic Energy Commission.



~

PARITY-VIOLATING n-p PHOTOCAPTURE AND THE

SHORT RANGE TWO-NUCLEON INTLRACTION

G.N. Epstein
Department of Theoretical Physics,

12 pParks Road, Oxford, U.K.

We show that the photon polarization in parity-violating n-p
photocapture is a direct measure of the short-range low energy
two-nucleon (NN) wave function. The usual phenomenclogical local
NN potentials are shown to predict polarizations smaller than

experiment by two or three orders of magnitude P(expt) =

1-(1.30 + 0.45) x 1078 We argue that the only way to obtain

agreement with experiment is to insist that at low energies the

NN interaction does not possess a strong repulsive core. We
inditate that this 1s quite consistent with the NN scattering data,
but implies a non-local NN interaction.s

Precision Measurement of n-p Charge-Exchange Cross Section at 640 MeV.

L. C. NORTHCLIFFE, M. L. EVANS, G. GLASS, J. C. HIEBERT, MAHAVIR JAIN, Texas AEM U.*;

H. C. BRYANT, C. CASSAPAKIS, S. COHEN, B. D. DIETERLE, D. M. WOLFE, U. of New Mexico*;
B. E. BONJER, J. L. SIMMONS, LASL*; D. WERREN, SIN*; C. W. BJORK, P. J. RILEY, U. of

Texas*-~A measurement of the differential cross section for n-p elastic scattering in

the charge-exchange region (167° < 8em < 180°) at 640 MeV has been made at LAMPF. The

monoenergetic neutron beam produced by the D(p,n) reaction at 0° was incident upon a
liquid-hydrogen target and the recoil rrotons were momentum analyzed by a magnetic
spectrometer, utilizing eight multi-wire proportional counter planes to define the
proton trajectories. The time of flight through the spectrometer was used to distin-
guish between the recoil protons and deuterons from the reaction n+p + n°+d. The
deuteron yield provides an absolute normaiization of the n-p elastic cross section.

The data are of high statistical accuracy ( ~ * 2% in angular bins of width Aecm=0.5°).
The results will be compared with previous measurements and with a phase-shifu pre-
diction. Extensive data obtained at S00 MeV will also be presented.

*Supported in part by the U.S. Atomic Energy Commission.



On time reversal violating nucleon-nucleon potentials

M. Simonius, Lab. fiir Kernphysik
D. Wyler, Inst. f. theor. Physik

Eidgen®ssische Technische Hochschule,Zlirich
Switzerland

Time reversal violating parity conservir, nucleon-nucleon
potentials are reconsidered in order to obtain more insight

into their possible radial dependence.

No T-violation is possible from J = 0 - exchange. Natural parity
exchange, 7 = (—1)J ,» is allowed only if the exchanged particle
or system is charged. It contributes only to singlet-triplet transi-

tions. The explicit form of T-violating p!: and Al exchange is

given.
ANALYSIS OF RESULTS OF CALCULATIONS OF FEYNMAN
GCRAPHS FOR NUCLEON-NUCLEON SCATTERING
J. L. Gammel and M. T. Menzel
Los Alamos Scientific Laboratory, University of California

Los Alamos, New Mexico 87544

The convergence of the series for various parts of the

tangent matrix derived from tﬁe Lagrangian
£ 2 10mt2 gy e + amee8)?

is discussed. A very good tan 5(3P0) results from g2/4ﬂ = 15 and
A = 6 which are close to the values derived for these coupling
constants in other ways. It 1s pointed out that many graphs requiring
renormalizations do not contribute, and a number of calculations which
wou}d improve our understanding of the possibility cf getting good

results from such an L' “are suggested.
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PRECISION MEASUREMENT OF P-P ABSOLUTE
CROSS SECTION NEAR THE INTERFERENCE MINIMUM

J.E.Benn, W.Maag, S.Munch, Ch.Thomann
University of Zurich, Physlics Departement, Switzerland

In an experiment designed to achieve p-p elastic scattering angular
distributions below 6 MeV with an absolute acruracy better than .2 %
first results are obtained at energies near the interference minimum.
Although this energy region poses several problems to the measurement,
the knowledge of the energy of the cross section minimum is of special
importance because it may anfluence the value of the scattering

length app in the effective range expansion.

We obtained for the minimum energy Emln = 382.75 % .11 kev . This

value 1s about two standard deviations above the result of Brolley et al.
= +

(1), namely Emln = 382.43 I .20 kev .

We presently intend to reduce the uncertainty in enexrgy to about
.05 keV includang further measurements snd additional experimental
tests into the analysis.

Reference

(L) J.E.Brolley,Jx., J.D.Seagrave, and J.G.Beery
Phys.Rev. 135, B1119 (1964)



PROLONGEMENT HORS—-COUCHE DE L'AMPLITUDE DE TRANSITION PROTON-~PROTON

P. U. Sauer
Laboratory for Nuclear Science, M.I.T., Cambridge, Massachusetts, 02139, U.S.A.
H. Walliser

Fakultat fur Physik der Unaversatat, 78 Freiburg/Breisgau, Germany

La matrice T de transition nucléaire proton-proton est construite directement sans
ajustement du potentiel. Quoiqu'elle soit obtenue a partir d'une fonction symétrique
cc(kzkl) dont les éléments diagonaux sont donnés par les déphasages expérimentaux
proton-proton, la matrice T est purement nucléaire et ne contient aucun effet
coulombien. La partie non-diagonale de Oc(kzkl) ne peut étre déterminée par les
expériences de diffusion élastique et doit &tre paramétrisée. La courte portée des
forces nucléaires, ainsi que leur comportement asymptotique donné par 1'échange d'un

pion, donnent des contraintes sur cette paramétrisation qui sont discutées.

-

OFF~SHELL CONTINUATION OF THE PROTON-PROTON TRANSITION MATRIX

P, U, Sauer
Laboratory for Nuclear Science, M.I.T., Cambridge, Massachusetts, 02139, U.S.A.
H, Walliser

Fakultat fur Physik der Universitat, 78 Freiburg/Breisgau, Germany

Avoiding the usual potential fit, the nuclear porton-proton transition matrix T is
directly constructed. T is purely nuclear without any Coulomb effects, though it 1s
deraived in its entirety from a symmetric function cc(k2 kl) whose diagonal elements are
given by the experimental proton-proton phases. The off-diagonal part of cc(kzkl)
cannot be determined by elastic scattering experiments and has to be parametrized.
Constraints on its parametrization due to the short range and the one-pion exchange

tail of the nuclear force are discussed.
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Localy Energy Dependent Phase Shift Analysis of Proton-Proton
Scatterinj in the Energy Region 200 = 620 MeV.

J. BYSTRICKY, F, LEHAR

DPRPE CEN SACLAY FRANCE

We present preliminary results of our proton-proton phase shift analysis
carried out on 5 energy intervals of about 60 MeV large from 200 up to 620 MeV,
On each interval phase shifts are approximated by linear,quacratic or cubic
functians of energy. Almost all known experimental data were used to determine
polynomial coeffi.ients. We give the most interesting phase=shift energy depene

dences as well as some predictions of experamental quantities.

Analyse en déphasage de la diffusion proton-proton localement

dépendante en énergie entre 200 et 620 MeV,
J. BYSTRICKY, ", LEHAR

DPhPE CEN SACLAY  FRANCE

Nous présentons des résultats priéliminaires d'une analyse en déphasage
faite dans cing intervalles d'environ 80 MeV entre 200 et 620 MeV, Dans chaque
intervalle les déphasages sont représentés par des fonctions linfaires, quadra-
tiques ou cubiques de l'énergie. La quasietotalité des donnfes expérimentales
connues cnt été utilisées pour déterminer les coefficients des polynomes. Nous
montrons en fonction de l'énmrgie le=s déphasages les plus {ntéressants ainsi que

les prédictions de certaines quantités expérimentales,
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AVERAGE VALUE OF THE NEUTRON-NEUTRON SCATTERING LENGTH FROM A
CRITICAL COMPILATION OF PUBLISHED MEASUPREMENTS

Be hunn
Zentralinstitut fir Kernforschung der AdW der DDR Rossendorf,

Bereich 2, DDR 8051 Dresden, Postfach 19

A review is given of the experimental and theoretical methods,
used to determine the neutron-neutron scattering length, and the re-—
sults obtained up to now by these methods. From the existing experi-
mental data the weighted average value and the standard deviation

- — r

E.nn= - 16.61: 1.45 )fm

for the scattering length was extracted. The 95 %-confidence interval
was obtained to be

( = 16.61 = 0.54 ) fm < a < ( - 16,61 + 0454 ) fm.

. o . f
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INTERACTION  MESON-NUCLEON ET MESON MESON-NUCLEON  AND MESON-DEUTERON
DEUTON.  PROGRAMMES DES USINES A INTERACTIONS, MESON FACTORIES PRO-
MESON GRAMMES



LA DIFFUSION TT -DEUTERON
D.V. Bugg, Queen Mary College, London, E.l., Angleterre.

Que se passe-t-11 dans la diffusion T4 qu'on ne peut pas
conprendre légtérment de la connaissance de TUN? Le modéle de Glauber
est adopté comme théorie de référence, avec laquelle on confronte
les données expérimentales des sections totales, diffusion élas-
tique, et des réactions de fragmentation. Les données expérimentales
sont éxamindes, avec attention en particulier aux résultats summis
4 la conférence. On discute les corrections & la théorie de Glauber-
dds & 1l'élargissement des resonances par 1l'effet de Doppler et par
des chocs, et aussi les effets du principe de Pauli. Le choix des
cinématiques des collisions TN dans le deutéron est établi par appel
4 l'éxperience.

Le rapport entre la théorie de diffusion multiple & basse
énergie et la théorie de Glauber est résumé., Une mesure nouvelle de
la longeure de diffusion, déterminé par le changement en position de
1'état fondamental de 1'atome mésonigue, s'accorde avec les
longeurs de diffusions TN et la théorie de diffusion multiple.

L'état de symétrie de charge et les effets de la barrigre
Coulombienne sont examinés. Enfin, le pic élastique vers l'arridre

est discuté.
UW-DEUTERON SCATTERING
D.V. Bugg, Queen Mary College, Mile End Rd., London, E.l., England.

What happens in TWd scattering which cannot be understood
directly from our knowledge of WN? The Glauber epproximation 1s
adopted as a reference theory against which to compare experimental
data on total cross sections, elastic scattering, and break-up
reactions. The experimental data are reviewed, and particular
attention will be paid to new results submitted to the conference.
Corrections to Glauber theory due to Doppler and collision broadening

[of

ot - Fr . N + N *



of resonances, and Pauli principle effects are described. The choice
of ainca.tzes for TN collis:ions iz the deuateron 15 seitled Ty appenl
to experiment.

The connection between multiple scattering theory At low energy
and the Glauber approximation :s outlined briefly. A new neasure-
ment of the scattering length, from the strong interaction shift of
the ground state in the mesic atom, agrees with TN scattering lengths
and multiple scattering theory.

The status of charge independence and Coulowb barrier effects 1is
mentioned. Finally, the bacxward peak in elastic scattering ais

discussed.

THE INTERACTION OF 48 MeV xt WITH DEUTERONS

D. Axen, O. Deusdieker, L. Felawka, Q. Ingram, R. Johnson, G. Jones,
D. LePatourel, M. Salomon, and W. Westlund, University of British Columbia,
and L. Robertson, University of Victoria, British Columbia, Canada.

The interaction of 47.77 MeV 1T+ with deuterons was measured with a system
energy resolution of 2 MeV over an angular range of 22.5 to 157.5 degrees to a
statistical accuracy of about 6%Z. The pion scattering results are compared to

treatments based on impulse approximation.

11+P Elastic Scattering At 48 MeV

E.G. Auld, D. Axen, J. Beveridge, G. Duesdieker, L. Felawka, C.H.Q. Ingram,
R.R. Johnson, G. Jones, D. LePatourel, R. Orth, M. Salomon, W. Westlund,
University of British Columbia and L.P. Robertson, University of Victoria.

The differential cross-section for the elastic scattering of 47.9 MeV
positive pidns by protons has been measured over the angular range from 30° to
170°. The three igospin triplet phase shifts extracted from these data using
3= =4.65% = .45, Py = .53 % .19,

P., = 5.07° % .29 , are consistent with phase shift obtained from data at higher

33
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a relativistic coulomb amplitude, S
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""SOME THEORETICAL ASPECTS OF LOW

ENERGY % D SCATTERING"

A.W, Thomas
Department of Physics, University of British Columbia,
Vancouver, B.C., Canada V6T 1W5.

The fundamental importance of the 7 D system has been
realised for many years, Its significance for multiple scattering
theory is twofold. First, the m N interaction is relatively
weak at low energy, which means that '"the" multiple scattering
series should converge. Second, because this is a three~body
system, it is amenable to essentially exact solution (in spite
of the notorious donble counting problems). Thus, one should
be able to compare the various multiple scattering prescriptions
with the exact result. There is also considerable interest in
the =+ N interaction itself, both on— and off-energy shell.

Once again, the 7 D system is a very attractive testing ground
for our ideas. Filnally, one of the most important reasons for
building the "meson factories", is the hope that the pion may
serve as a new probe of nuclear structure. In this case, one
might hope to learn something about the short-range deuteron
wave function, or its D-state probability. This review will
outline the most recent results in this rapidly growing field.
Although the calculation of the m D scattering length will be
used as the main example, care will be taken to mention the

implications for more complicated nuclei, and higher energy.
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UNITARITY CORRECTIONS TQ PION-NUCLEUS
SCATTERING LENGTHS

F. "yhrer and R.R. Silbar®
SIN, 5234 Villigen, Switzerland

An important contribution to pion-nucleus scattering length
calculations comas from off-shell unitarity in the pion-bound-nucleon
amplitude. It has not been previpusly noticed and is in addition to
other binding energy corractions. How much this general result affects
the pion-deuteron scattering length is seen explicitly by calculating

the first term in the Faddeev multiple scattsring series.

*Aftsr September 1974, Los Alamos Scientific Laboratory, Los Alamos,
N.M. 87544, USA.

Work supported in part by the U.S. Atomic Energy Commission

CORRECTIONS UNITAIRES AUX LONGUEURS
DE DIFFUSIONS PION-NOYAUX

F. Myhrer and R.R. Silbar®
SIN, 5234 Villigen, Switzerland

Une contribution importante aux calculs de la longueur de dif-
fusion pion-noyaux provient de l'unitarité hors-couche de 1’amplitude
pion nucleonlié, Cette contribution qui s’'ajoute aux autres correctiaons
pour 1l'énergie de liaison n'a pas été considérée jusqu'ad présent. On
peut montrer explicitement comment la longueur de diffusion pion-deuteron
est affectée par ce résultat général en calculant le premier terme de la

série de diffusion multipls de Faddeev.

*Aprés septembre 1974, Los Alamos Scientific Laboratory, Los Alameos.
N.M. 87544, USA.

Travail partiellement subventionné par 1'U.S. Atomic Energy Commission
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LONGUEURS DE DIFFUSION n-d, 7-1t ET ﬂ-BHe CALCULEES A PARTIR
DES DEPLACEMENTS ET DES LARGEURS DES NIVEAUX DES ATOMES PIONIQUES.

Il-7ong ChEON

Institut de Physique, Université de Liége au Sart-Tilman, 4000 Liége 1,
Belgium.

T. von EGIDY

Physik-~-Department, Technische Universitdt Minchen, Munich, Germany.

Nous présentons d'abord une formule empirique pour les déplace-
ments et les largeurs des niveaux des atomeS pioniques, Qqui peut repro-
duire presque toutes les mesureS expérimentales 4 ce jour. Ensuite, avec
cette formule, nous prédisons les déplacements et les largeurs des états
des deutérium, tritium et hélium pioniques qui n'ont jamais &té mesurés
directement. A partir des valeurs trouvées, nous calculons les_longueurs
de diffusion #-d, n-t et nv-He3. Les résultats, en unités de 1y 1, sont
- 0.059 + 0.017 i, ~0.205 + 0.020i et 0.048 + 0.025i.

SCATTERING LENGTHS OF w-d, m-t1 AND n-SHe DERIVED FROY
ENERGY LEVEL SHIFTS AND WIDTHS OF PICNIC ATOMS

Il1-Tong CHEON"

Institut de Physique, Université de Liége au Sart-Tilman, 4000 Liége 1,
Belgium.

T. von EGIDY

Physik-Department, Technische Universitd3t Minchen, Munich, Germany.

We present first an empirical formula for energy level shifts
and widths of pionic atoms which can reproduce almost all experimental
data up to date, and then with this formula, we predict energy level
shifts and widths for pionic deuterium, tritium and helium which have
never been measured directly. With these predicted values, scattering
length of n-d, 7~1 and 7~3He were calculate®. The results are - 0.059 +
0.017 i, - 0.205 + 0.020i and 0.048 + 0.025 i in unit of u~l, respective-
ly.

.
lleasurement of the 0° leutron Spectrum from the Reaction bp + npT at Tp= 766 MeV.
B. BONNER, J. SIMMONS, K. WILLTAMSON, LASL¥; D. WERREN, SIN and U. Genevea® H. BRYANT,
C. CASSAPAXKIS, S. COHEN, B. DIETERLE, D. WOLFE, U. New Mex.#; M. EVANS, G. GLASS,

J. HIEBERT, M. JAIN, L. NORTHCLIFFE, Texss A&M U.¥; C. BJORK, P. RILEY, U. Tex -
1

Using our recently developed medium energy neutron spectrometer” at the Nucleon
Physics Laboratory at LAMPF, we have measured the 0° neutron spectrum sbove 80 MeV
from the reaction pp + np'rr+ at an incident’ proton energy of 766 !eV. The instrumentel
resclution of the neutron momentum determination was less than 15 MeV/e. The spectrum
exhibits a striking peek which preliminary examination reveals to be at a momentum of
970 MeV/c with a FWHM of 220 MeV/c, corresponding to an invariant mass in the (pﬁ+)
system of 1212 MeV and width of 84 MeV. Calculations are underway in an attempt to

explain the observed spectrum.

*Supported in part by the U.S. Atomic Energy Commission.
!D. WERREN et al., LASL Report LA-5396-MS (1973).



NON-ADDITIVITE Dis DEPHASAGZIS ET LA DIFFUSION

-~ » 5 eEAY TR .
PICI-CYAU A ROY IIWNT .. dlo

M.Bt szyniski et T.Jarosz-wicz
Institut de Physique Nueldaire,Radzikowskiego 152,31-34 Krakdw,Pologn-.

On étudie les corrections a lﬁapproximation eikonal-. ; moy-=nn -
én rgic, dues 5 non—additivité'des dénhasazes. In utilisent la théorie
de ia diffusion multiple avec le potentiel local et recposant sur
1’ approximation proposée dernierem=nt par les aut urs presants on cal-
cule 1’amplitude de la diffusion T -noyau vers 1 avant. Ce calcul est
comparé avec les prédictions du model de Glauber et avec 1 expansion
eikonale en premier ordre. Le prolongement hors-couche de 1’ amplitude
T -nucleon est uniquement detcrminé, etant en accord avec la théorie
de la diffusion potentielle.

NON-ADDITIVITY OF PHASE SHIFTS AND THE PION-NUCLEUS
SCATTURING AT MEDIUM ENLRGIES

M,Bteszynski and T.Jarosz.wicz
Institute of Nucledr Physics,Radzikowskiego 152.31-342 Krakéw.Polaad,

We analyse the corrections to the eikon=l appreximetion at medium
en'rgi s, coming from the non-additivity of phase shifts. In th: frame-
work of the multiplc scattering theory with the local potential,using
the approximation recently proposud by the present authors we calculate
the pion-nucleus forward scattering amplitude and compare it with the
predictions of the Glauber mcdel and with the first order eikonal exp-~
ansion ; Th: off-shell continuation of the W -nucleon amplitud:s is
uniqu:ly determined and consistent with the potuntial scattering theory.
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CORRELATIONS NUCLEON-NUCLEON ET L'INTERACTION PION-NOYAU
L.S. Calenza, L.C. Liu et C.M. Shakin

Institute of Nuclear Theory and Department of Physics
Brooklyn College of the City University of New York, Brooklyn, N.Y. 11210

Nous &étudions la diffusion des pions sur une paire de nucléons en corrélation
en utilisant une théorie covariante développée récemment pour la diffusion pion-
noyau. Dans cette théorie les effets hors-couche provenant des corrélations peut
étre traités sans ambiguité. Nous montrons que ces effets, absents dan~- 1'approxi-
mation 4 diffdseur fixe, exigent la connaissance de 1'amplitude de dif nsion
fondamentale pion-nucléon dans des régions ol cette amplitude ne peut pas étre
parametrisée facllement 3 partir des résultats expérimentaux. En conclusion, pour
obtenir une estimation valable des effets de corrélation dans l'interaction pion—
noyau, 1l'aspect hors-couche de la dynamique du probléme devra étre examiné avec
grande attention.

NUCLEON~NUCLEON CORRELATIONS AND THE PION-NUCLEUS INTERACTION
L.S. Celenza, L.C. Liu and C.M. Shakin

Institute of Nuclear Theory and Department of Physics ,
Brooklyn College of the City University of New York, Brooklyn, N.Y. 11210

The scattering of pilons from a correlated pair of nucleons is studied in a
recently proposed covariant theory for pion-nucleus scattering. In this theory the
of f-shell effects arising from the correlations can be treated unambiguously. It
is shown that these effects, absent in a fixed~-scatterer approximation, require
knowledge of the fundamental plon-nucleon scattering amplitude in regions which
are not readily parametrized using on-shell scattering data. We conclude that any
reliable estimate of correlation effects in pion-nucleus interaction requires that
serious consideration be given to the off-shell aspects of the dynamics.
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OPTICAL I'OD=L ANALYSIS OF PION ELASTIC SCATITRING BY -He
R. Mach +, F. Nichitiu ++, and Yu.A. Scherbahov
Joint Institute for Nuclear Research, Dubna, USSR

In the framework of the multipnle scatterin~ theory, the first
order ootical potential woes derived. The potentisl contains spin and
isospin dependent terms and terms arisins due to the inclusion of' the
Fermi motion &s well. Pion elastic cross sections were calculateé for
3He nucleus , using this ontical model , at energies 87 and 154 lMeV,
Especislly for x* mesons renctions, goof ourlitstive aprecment wes found
between experimental and theoretical cross sections. Different behaviour
of 1 and W~ elastic cross sections was expleined.

+ On leave of absence from the Inst.of Nucl.Physics, ﬁeé,
Czechoslovakia,

++0n leave of absence from the Inst. for Atomic Physics, Bucuresgti,
Romania.

I1'ANALYSE DZ LA DIFFUSION ELASTIQUE DES PIONS SUR 3He
EN UTILISANT LE MODELE OPTIQUE
R. Mach +, P, Wichitiu 77 et Yua.A. Scherbalov
Joint Institute for Nuclear Research, Dubna,USSR

Le potentiel optique en premier ordre & été déduit en utili-
sant la théorie de la diffusion multiple. Le potentiel contient des
termes dépendants du soin et de l'isospin et un autre terme quis
apparaft si 1l'on introduit 1le mouvement Fermi. Les sections efficaces
pour la diffusion élastigue des pions sur les noyaux e en utilisant
le moddle optique ont &té ealculdes pour les énergies de 97 et 154 NMeV.
Surtout pour les réactions des mésons xt i1 ¥ a un accord satisfaisant
entre les sections efficaces théorique et 1les données expérimentales,
On a expliqué le comportament différent des sections efficaces élas -
tique 7 et £7.



RELATIVISTIC THREE-BODY MODEL OF m~d SCATTERING

D. D. Brayshaw +
University of Maryland
Dept. of Physics & Astronomy
College Park, Maryland 20742 U.S.A.

A relativistic generalization of the author's three-body boundary-condition
formalism has been applied to w-d elastic scattering. The present calculation
considers the £ = 1, J = 2 state, ignoring the P31 r-N interaction and the d-state
of the deuteron. In the spin-independent approximation the result may be identified
as the np-d p-wave amplitude. The input is essentially the "exact' N-N and p-N
phase-shifts., The results indicate that the corresponding n-d phase-ghift is
quite small, the 'resonance" arising from a rapid increase in inelasticity below
the NA threshold., Although single scattering dominates, the couvergence of the

multiple~-scactering series is rather slow,

Alfred P, Sloan Foundation Fellow.
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RADIATION DE FREIMAGE NUCLEAIRE. NOCLEAR BREMSSTRAHLUNG, ON-SHELL AND
INTERACTIONS SUR COUCHE ET HORS OFF-SHELL  INTERACTIONS
COUCHE DENERGIE
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Nuclear Bremsstrahlurg fro= Tev 3ody Systews

A. M. Green
University of Helsinki

A review will be given of the experimental and theoretical situ-
ation for the bremsstrahlung emitted in the scatterings d + p , p + @,
He3 +a and & + a . The effect of resonances in the compound sys-
tem will be discussed. In particular for @ - a bremsstrahlung it is
shown how the bremsstrahlung cross section can be used to measure the
B(E2) between the low lying levels of ¥Be .

Two possible applications of nuclear bremsstrahlung as a tool for
studying nuclear react ons will be discussed. In one, the aim is to
measure the time of the reaction and so determine whether the reaction
is compound or direct. In the other, the aim is to distinguish between
different microscopic models for elastic scattering by studying the
corresponding bremsstrahlung processes.

DEUTERONS FROM THE ELECTRODISINTEGRATION OF 3He
J. J. Murphy, II, D. M. Skopik and Y. M. Shin
Accelerator Laboratory,
University of Saskatchewan, Saskatoon, Canada S7N 01O

The two body electrodisintegration process of 3He has been studied at incident
electron energies of 46, 73 and 103 MeV. Doubly differential cross secticns for
deuterons dzc/ds’szd at fixed angles and fixed energies have been measured. The results
have been compared with a theoretical calculation using the Irving-Gunn wave function
for the ground state and a plane wave for the final state. The comparison showed
reasonable agreement similar to the photodisintegration process.

DEUTERONS PROVENANT D' ELECTRODESINTEGRATION DE L' 3He
J. 3. Murphy, II, D. M. Skopik et Y. M. Shin
Laboratoire de' 1'Accélérateur Linéaire,
Université de Saskatchewan, Saskatoon, Canada S7N OWO
Le processus d' électrodésintégration en deux corps de 1' 3He a &té étudié

pour des énergies de 1'électron incident de 46, 73 et 103 MeV. La section efficace
différentielle do/dadE, pour deutérons 3 angles et @ énergies fixes a &té mesurée.
Les résultats ont été comparés avec’ je calcul théorique utilisant la fonction d'onde
Irving-Gunn pour 1'é&tat fondamental et une onde plane pour 1'état final. La comparaison
2 montré un accord raisonnable semblable ¥ celui du processus de photodésintégration.

’

"* Work supported in part by the Atomic Energy Control Board of Canada



RADIATION DE FREINAGE DANS L'INTERACTION p-p & b6.92 MeV

do
B. Fiois ', R. Roy +T, C.R., Lamontagne, U. von Moellendorff * et
R.J. Slabodrian, Universit@ Taval, D&partement de Physique, Labo-

ratoire de Physiquc Nucl@aire, Québec G1K 7P4, Canada.

La radiation de freinage nucléalre a Et& mesurée 3 6.92 MeV d'énergie dans
le systE€me du iaboratoire i BL = 3“0, dans la géomdtrie d'Harvard. Le résultat expéri-
mental est une section efficace d“c/dEdQ = 1.7 * 0.7 ub st_z, corrigée par non-coplana-
rité. Ce résultat se compare assez bien avec certains calculs de Dahlblom et Green
donnant une section efficace de 1.7 ub sr-z, et avec le résultat du calcul avec une

formule due 3 Signell et valide pour les basses energles.

+ A présent av Service de Physique Nucléaire i Haute Energie, CEN Saclay, B8.p. NOZ 91190
Gif-sur-Yvette, FRANCE.

t++ A présent au Lawrence Berkeley Laboratory, Berkeley, €a 94720, U.S.A.

* A présent au TASR, Kernforschungszentrum, 75 Karlsruhe , Postfach 3640, R.F. Allemande.

BREMSSTRAHLUNG IN THE p-p INTERACTION AT 6.92 MeV

B. Frois +, R. Roy ++, C.R. Lamontagne, U. von Moellendorff * et
R.J. Slobodrian, Université& Laval, Département de Physique, Labo-
ratoire de Physique Nucl8aire, Québec G1K 7P4, Canada.

The nuclear bremsstrahlung has been measured at 6.92 MeV Lab at BL = 38°
in the Harvard geometry. The experimental result is a cross sertion dZU/dEd° -1.7+
0.7 ubsr_z, corrected for non-coplanarity. This result compares reasonabtly well with
theoretical calculations by Dahlblom and Green, which gave 1.1 ubsr-z, and also with

an estimate using a formula due to Signell for low energies.

Present addresses

T Service de Physique Nucléaire & Haute Energie, CEN Saclay, B.p. ) 91190, Gif-sur-
Yvette, FRANCE.

tT Lawrence Berkeley Laboratory, Berkeley, Ca 94720, U.S.A.

* TASR, Kernforschungszentrum, 75 Karlsruhe, Postfach 3640, R.F. Allemande,



CONTRAINTES HORS-COUCHE PROVERANT DE LA SYMETRIE
DE CHARGE DES FORCES NUCLEAIRES

P. U, caucr

Laboratory for Nuclear Science, M.I.T., Cambridge, Massachusetts 02139, U.S.A.

Une famille de potentiels équivalents proton-proton est construite a partir du
potentiel de Feid 3 coeur mou. Ces potentiels sont obtenus par modification du
comportement hors-couche mails reproduisent les données expéraimentales proton-proton.
Cependant, la plupart d'entre eux ne rendent pas compte de la longueur de diffusion
neutron-neutron lso et doivent donc étre rejetés si la symétrie de charge est 1mposée.
Une regle simple est donnée permetant d'effectuer des modifications du corportement

hors~couche du potentiel compatible avec la symétrie de charge.

-

THE CHARGE SYMMETRY OF THE NUCLEAR FORCE AS OFF~SHELL CONSTRAINT

P, U. Sauer
Laboratory for Nuclear Science, M,I.T., Cambridge, Massachusetts 02139, U.S.A.

Equivalent proton—proton'potentlals are generated. They are obtained from the Read
soft-core potential by off-shell changes which preserve the fit to the proton-proton
data exactly. Most of the potentials are, however, unable to account for the
experamental lso neutron-neutron scattering lenygth, They therefore have to be dis-
carded, if charge symmetry is required to hold. A simple rule is given, how off-shell

changes consistent with charge symmetry can be performed,

BREMSSTRAHLUNG FROM LOW ENERGY PROTON-PROTON SCATTERING

W.W81f1i, M.Suter, G.Bonani and Ch.Stoller
Laboratorium fiix Kernphysik, Eidgendssische Technische Hochschule
6048 Zirich, Switzerland

The p-p Bremsstrahlung cross sections were measured at 11 and 13 MeV using the equal

angle Harvard geometry with elab = 309, Both values lie significantly below the

exact nonrelalivistic Hamada-~Johnston potential model calculations and the predictions
of the model independent Feshbach-Yennie approximation,



LA RADIATION DU NOYAU PROJECTILE
DANS LES ENERGIES RELATIVISTIQUES

George L. Strobel, Départment de Physique, University of Georgia,
Athens, Georgia 30602 USA

La radiation de {reinage de coupes transversales a été
calculée en utilisant un modéle optique potentiel dans la théorie de
Glauber a décrire la interaction nucléaire. La radiation de freinage
est faite 3 premier ordre en e, dans une calculation relativistique de
mesare nvariante. L'échange des mesons scalairs ou pseudoscalairs
dans 1'amplitude nucléaire aboutit & tres petites différences de la
vadiation de freinage de coupe transversale. La radiation ressemble
le patron du dipole classique changé relativistiquement pour 200 a
800 MeV protons sur le carbon. La plus grande coupe transversale
coplanar se trouve gquand l'angle gamma est égal a un demi-angle
éparpillé du proton.

PROJECTILE NUCLEUS BREMSSTRAHLUNG
AT RELATIVISTIC ENERGIES

George L. Strobel, Physics Department, University of Georgia,
Atnens, Georgia 30602 Uusa

Bremsstrahlung cross sections have been calculated using an
optical model potential in Glauber th~ .y to describe the nuclear
interaction. The bremsstrahlung is done to first order in e, in a
relativistic, gauge invariant calculation. Assuming exchange of scalar
or pseudo-scalar mesons in the nuclear amplitude results in very small
differences in the bremsstrahlung cross section. The radiation
resembles a relativistically shifted classical dipole pattern for 200
to 800 MeV protons on carbon. The maximum coplanar cross section found
is when the gamma angle is one half the proton scattering angle.
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INTERACTIONS A L’ETAT FINAL FINAL-STATE  INTERACTIONS



LA REACTION 9Be+3He + ata+e ET LE NIVEAU

D'ENERGIE DU 12C VERS 33.5 MeV D'EXCITATION.

R. Roy, G. Turcotte, R.J. Slobodrian, Université Laval, Département
de Physique, Laboratoire de Physique Nucl&aire, Québec G1lK 7P4,

Canada.

G. Goulard, C.M.R., Département de Physique, St-Jean JOJ 1RO, Québec.

Canada.

*
A l'aide de la réaction 9Be(JHe, a) 8Be , 11 est possible d'atteindre cette Energie
en supposant la formation d'un noyau composé de 120, quand des 3He d'énergile 9.44 MeV

et 9,94 MeV sont envoy&s sur du gﬂe, c'est-3-dire qu'on peut traverser un niveau de 12C

prévu 3 33,5 MeV. Deux alphas de 1l'8tat final sont détectés de manidre 3 déterminer
entifrement la cinématique de 1Z ré&action. En supposant un mécanisme s&quentiel pour les
calculs théoriques, une formule de section efficace a &té obtenue précédemment pour des
réactions analogues. En utilisant cette expression avec différentes valeurs de Jm pour

le spin et la parit@ du noyau composé de 120, 1l a &té possible de reproduire les spectres

expérimentaux pour certaines valeurs de .

THE “Be+3He + a+ata REACTION AND THE ENERGY
LEVELS OF ~2C AROUND 33.5 MeV EXCITATION

The reaction gBe(3He,a)BBe* at 9.44 and 9.94 MeV laboratcry energy of 3He pro-~
jectiles allows to cover the 33.5 MeV energy level. Two final state alphas are detected
and thus the kinematics is unique for the three alpha system. A theoretical formulation
for the cross-section was derived in previous work assuming a sequential process for ana-
logous reactions. Using the resulting expression with different values of Jﬂ, spin and
parity of the 120 compound nucleus, it was possible to reproduce the experimental spectra

with some values of J“, excluding definitely others.
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UNE EbREUVE TRE IMAN-YANG DE LA REACTION D+P+P+P+N A L'ENERGIE DE 1?7.7MaV

N. T. Okumusoglu*, N. Berovic, C. 0. Blyth, P. B. Dunscombe and
J. S. C. McKee. Department de Physique, L'Universite de Birmingham,
BIS 27T, Angleterre.

La reaction H(d,pmdp €tait examiné en case du point de |'exchange nucleaire de la
diffusion quasi-libre. Une‘ﬁpreuve Treiman-Yann avait fait a |'energie du deutzron de
12.2MeV. a basse vitesse du particle de |'exchange. Les resultats correspondants avec

les angles TY, € = 0°, 40°, 580, 1080, |32°, s'accordent avec la criterion Treiman-Yang.

A TREIMAN~YANG TEST FOR THE D+P+P+P+N REACTION AT (2.2MeV

N. T. Okumusoglu*, N. Berovic, C. 0. Blyth, P. B. Dunscombe
and J. S. C. McKee. Department of Physics, The University
of EBirmlngham, Bi5 2TT, England.

The 1H(d,pn)p reaction was examined for dominance of the nucleon exchange pole in
the vicinity of the kinematic region for quasi-free scattering.* A Treiman-Yang test
was carried out at an incident deuteron energy of 12.2MeV. and at low momentum transter.
The results, corresponding to TY-angles, € = 0°, 40°, 580, 850, 1080, I32°, were found

to satisfy the TY-criterion.

* Financially supported by the Ministry of Education of Turkey
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LA CAPTURE DE f‘-"' MESONS PAR LES
NOYAUS DE 4Hc

ReA.Eramzhyan, G.E.Dogotar, Yu.A.Salganie

Institut Unifie¢ de Recherches Nucléaire, Dubna,
TRSS

On etudie l'emission du neutrorn dans la capture de _/¢ - mesons
polarisés par les noyaux dans le reaotlon du type 4H (. 7Y )BH.
On reohexrche le speotre e'ne'rgetique des neutrons et l'asymmetrie des
distributions angulaires des neutrons. L'interaoctlon dans 1'etat
Pinal est deorite a l'aide du modele optique. Il est montré que
les résultats quantitatifs sont senslbles aux formes des fonctlons
d'ondes qui déorivent le mouvement du neutron et du noyau de reoul.

MUON CAPTURE IN “He

ReA.Eramzhyan, G.E.Dogotar, Yu.A.Salganic
Joint Institute for Nuclear Research, Dubna, USSR

The neutron emission in polarized muon capture by 4He is consl-=
dered, The capture rate, neutron energy speotrum and asymmetry of 5
angular distribution are caioulated for the reaotion He (/J, 77y ) H.
The final state interaction is desoribed by the optlcal potential
deduced from the analyses of data on scattering experiment. The
quantitative results are shown to be sensitive to the form of the
potentdal.
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CASSURE DU DEUTERON DANS LA REACTION n+ D——=n +p+n
F. Cogu, G. Ambrosino, D. Guerrcau’ , Service de Physique Nucléaire,

Centre d'Etudes de Bruyéres-le-Chsatel, B.P n® 61, 92120 Montrougza, France

Une étude du spectre des protons issus de la réachonn+D—»n +p+n a
été réalisée pour une énergie des neutrons incidents de 14,1 MeV et un angle moyen

de détection <e>= 3° .

+Adresse actuelle : Faculté des Sciences d'Orsay, Institut de Physique Nucléaire,
B.Pn° 1, 91406 Orsay, France

BREAK UP OF DEUTERON IN THE REACTIONn + D—_sn +p +n
F. Cogu, G. Ambrosino, D, Guerreau+, Service de Physique Nucléaire,

Centre d'Etudes de Bruyeres-le-Chitel, B.P n° 61, 92120 Montrouge, France

A study of the protons spectrum produced by the n 4 D—sn + p F n reaction
has been done with 14,10 MeV energy incident neutrons and a mean detection angle

of <B=3° .

+Present address : Faculté des Sciences d'Orsay, Institut de Physique Nucléaire,
B.Pn° 1, 91406 Orsay , France

PAULI REPULSIVE CORE IN oHx SCATTERING

Ronald E. Brown, W. S. ChienT, and Y. C. Tang
School of Physits, University of Minnesota, Minneapolis, Minnesota 55455, U.S.A.

A repulsive core is introduced into the o4 effective interaction potential.
This core represents reasonably well effects which would arise from antisymmetri-
zation between the two & clusters. The strength and shape of this core are deter-
mined from a requirement an the G4t relative motion at small distances. A folded,
attractive potential is combined with this repulsive core to yield a good fit to
the ot phase shifts from 2 to 15 MeV (c.m.). This type of c4 potential should
be quite useful in considering & cluster models of nuclei, and the general ideas
associated with the construction of the repulsive core should be applicable; to

other systems.

fPresent address: Michigan State University, East Lansing, Michigan 48823, U.S.A.
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s Gl Lavine , ald d.5. JTlcener

Physics Department, Indiana University, Bloomington, Indiana LT401.
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+H

Département de Physique, Université Laval, Québec, G1K TPL, Canada.

Physics Department, Trinity College, Hartford, Conn. 06106.

we examine the final-state interaction (FSI) effects in v +d +n +1n + v.
In the final state only the 1So state is corrected for the FSI, since we assume all hi-
gher partial waves are non-interacting. A set of ‘So n-n wvave-functions is derived
from four-parameter Bargmann potentials. The corresponding phase shifts change sign
between 200 MeV and 300 MeV. We take into account the D-state of the deuteron and re-
lativistic corrections. We found that the numerical integrations involved in computing
the capture rates are sensitive to the number and distribution of the sample points.
Our results show that the FSI effect increases the capture rates by roughly 12%. We
find fl/2 = 374.5 % 1,1 sec-l, f3/2 = 8.4k + 0.02 sec_l, and T = 130.6 £ 0.4 sec™ for
a pseudoscalar coupling constant g_ = -8.54. Here the uncertainty shows how the capture
rate varies over our set of 1So wave~function models. Similarly for gp = -10.27, we
find rl/2 = 361.5 + 1.0 sect, r3/2
We calculate the neutron spectrum dl

= 10.02 + 0.02 sec Y, and [ = 127.25 % 0.30 sec™ .

1/2 /dEn also. An investigation of the effects of
unitarily transformed wave-functions is underway. The lso contribution to F1/2 is
232 sec™ for the untransformed model and 156 sec™™ with a transformed model.

*
On sabbatical leave from Département de Physique, Université@ Laval, Québec.

AN APPLICATION OF THE CLUSTER MODEL REACTION THEORY TO THE d(«,u)n p BREAK UP PROCFSS
P. Heiss and H.H. Hackenbroich

Institut fuer Theoretische Physik der Universitaet Koeln, Germary

The sLi scattering system has been described in the framework of the cluster
model reaction theory. Under the assumption of sequential decay, cross sections for
the d(x,&)n p process have been calculated. The comparison of the theoretical results
with recent experimental data shows good agreement for those kinematical situations,

where the sequential decay mechanism is the dominant factor.
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The n-p FSI Angular Distribution in Deuteron Breakup at 23 MeV

E. L. Petersen, M. I, Haftel, R. G, Allas, I;. A. Beach,
R. 0, Brndelid, aad C. I, Die¢aer
Naval Rescarch Laboratory, Washington, D. C. <J03(>

and

P. A. Treado and J. M. Lambert
Georgetown University, Washington, D, C. 20007
and Naval Research Laboratory

The n-p final state interaction was studied as a function of angle. The results
are compared with calculations using potentials that differ in their on-shell behavior
only, or in their off-shell behavior only. It is concluded that further study of final

state angular distributions can lead to improved knowledge of nuclear off-shell effects.

*
National Research Council - Naval Research Laboratory Research Associate

INTERACTION DANS L'ETAT FINAL DANS LES REACTIONS
A TROIS NUCLEONS A 156 MeV

T. Yuasa

Institut de Physique Nucléaire, Université de Paris-Sud, 91406 Orsay, France.

L'étude simultanée des réactions D (p, 2p) n et D (p, pn)p effectuée 2
Orsay en utilisant le faisceau de protons de 156 MeV confirme l'existence
des interactions dans 1'état final p-n et p-p pour leur énergie relative presque
zéro, Les sections efficaces différentielles expérimentales de ces interactions
dans 1'état final p-n et p-p sont interprétées par certains calculs théoriques

dans le cadre de l'approximation des équations de Faddeev.

FINAL STATE INTERACTION IN THREE NUCLEON REACTIONS
T. Yuasa
Institut de Physique Nucléaire, Université Paris-Sud, 9! 406 Orsay, France.
\ L4
The simultaneous investigation of the D (p, 2p)= and D (p, pn) p reactions
effectedat Orsay using the 156 MeV proton beam and a liquid target confirms
the existence of p-n and p-p final state interaction for their relative energy
almost zero. The experimental differential cross-sections of such final state
interactions are compared with various theoretical predictions in the frame of

approximate solutions of Faddeev equations.
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Quasifree and Final State Processes in *He + % at Eige = 10 MeV

R. G. Allas, L. A, Beach, R. O. Bondelid, E. M, Diener® and E. L. Petersen
Naval Research Laboratory, Washington, D. C. 20375

and

PL A. Treado, J. M. Lambert, R. A. Moyle and L. T. Myers
Georgetown University, Washington, D. C. 20007 and Naval Research Labordatory

and

Ivo Slaus
Institute Ruder Botkovié, Zagreb, Yugoslavia and Naval Research Laboratory

and
P, Tomas
Institute Ruder BosSkovié, Zagreb, Yugoslavia and Georgetown University

A 70 MeV a-beam bombarded a °H-T1 self-supporting target, and kinematically com-
plete data were obtained for the “He + ®H reactions to final state systems with at
least two charged particles. The spectral data are frequently dominated by final
state i1nteraction structure, but some quasifree enhancements have been observed. The
reaction “H{a,od) n has a pronounced quasifree scattering emhancement. These data are
analyzed in the PWIA in the same manner as described previously, and the square of
the momentum form of the wave function is extracted for the quasifree reactions. FSI
spectral structure is observed from the reactions “H(a,ad)n, ZH(w,ep)2n, ZH(a,tt)p,

*H(o,ht)n, 2H(a,dd)t, 3H(¢,dt)d, and “H(w,pt)t.

% .
National Research Council - Naval Research Laboratory Research Associate

Overlapping FSI and QFS in N-d Break-up
R.T. Cahill

Physics, Flinders University, Bedford Park 5042, Australia

Consideration of N-d break~up kinematics shows that it is possible for one N-N
palr to be in their final-state interaction (f£si) region while another pair is in their
quasi-free scattering (qfs) reglon. This overlap of two dominant processes is unavoid-
able for example in the usual forward p spectra from d(n,p)2n. Clearly then to anelyse
the n-n £si we need to understand both fsi and qfs. Recently general theories for both
these processes were formulated. Combining these theories in the simplest way we
analyse the overlap and construct a simple wave function description. We also obtain a
corresponding simple expression for forward N-d elastic scattering. These results

explain significant features of both the observed n-n fsi peak and forward N-d elastic
scattering.



INTERACTION FINALE DANS LA DECOMPOSITION DE BHe*(l.BO MeV)

R. Yclalis’lf R. Seltz et D. Magnac-Valette
Laboratoire des Basses Energies - C.R.N. - Cronenbourg
et U.L.P. 67037 Strasbourg = Cedex

Le mode de désintégration du premier niveau excité de SHe a été
&tudi¢ par la réacticn 7L:L(t,u.1)6He* (1.80 MeV) & Et = 2.4 MeV . Le spectre
ge coincidence entre les particules ul et celles provenant de lia décomposition
He -+ o + 2n a été& lissé par une somme de polynSmes d'ordre 4. L'‘intéraction
finale neutron - neutron avec une longueur de diffusion ann = ~16 fm ne permet

d'expliquer que-70% des événements, les autres étant attribués au passage par SHe .

¥ Stagiaire de 1'Université de Lenmingrad (U.R.S5.S)

FINAL STATE INTERACTION IN THE DECAY OF 6Be* (1.80 Mev)
R. Kolalis*, R. Seltz et D. Magnac-Valette
Laboratoclre des Basses Energies ~ C.R.N. - Cronenbourg

et U.L.P. 67037 Strasbourg - Cedex

The decay mode of the first excited state of sﬂe was studled with
the 7L1(t,01)68e*(1.80 MeV) reaction at Et = 2.4 MeV . The spectrum of ay particles
in coincidence with a particles from the GHe + a + 2n decay was fitted with a sum
of polynomials of order 4. .The neutron - neutron final state interaction with a
diffusion length a = —1‘6 fm accounts for 70% of the events, the rest being attri-

nn
buted to a sequential decay trough sﬂe .

%k On leave £from University of Ieningrad (U.R.S.S.)
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RESONANCE ANALYSIS OF THE 3

Hpp 3-BODY FINAL STATE
A.Jd. Terguson, G.C. Ball, w.G. Davies and J.5. rorster
AECL, Chalk River, Ontario, and R.E. Warner, Oberlin

College, Obterlir, Ohio.

Three-body final state interaction studies have been carried out using the Chalk
River MP tandem accelerator with the reaction ZH(3He,3Hp)p at Incident 3He enerpgies of
26 and 36 MeV. The experiments were kinematically complete and data have been obtained
at several geometries where the 3H - p FST could be observed at small relative energies.
Peaks wereobserved in the ylelds that corresponded to a resonance in the AHe compound
nucleus. The datahave been analyzed by a modification of the Watson-Migdal theory in
which the effective range approximation is replaced by an R-matrix S-wave resonant
scattering amplitude. The resonance energy and reduced width in the CM system, obtain-
ed from a least squares fit, are El =114 % 32 keV and le = 250 + 80 keV, correspon-
ding to an excitation energy of 19.93 MeV in He.

ANALYSE DE LA RESONANCE DE L'ETAT FINAL A 3 CORPS DE 3pr

A.J, Fexrguson, G.C. Ball, W.G. Davies and J.S. Forster
RECL, Chalk Raver, Ontario, and R.E. Warner, Oberlin
College, Oberlin, Ohio.

Nous avons étudié l'intéraction de 1'état final & 3 co.ps par la réaction
2H(3He,3ﬂp)p i des énergies de faisceau incident de 3He de 26 et 36 MeV délivré par
ltaccélérateur MP Tandem de Chalk River. Les expériences étaient cirdrati~uerment
complétes et les résultats ont été obtenus a différentes géométraes ol 1'intéraction
de 1'état fanal 3H—p pouvait tre observée a des énergies relatives petites. Des pics
apparaissent dans les courbes de rendement et correspondent 3 une résonance dansg le
noyau composé 4He. Les donneés ont été analysées dans le cadre de la théorie de Watson-
Maigdal dans laquelle l'approximation de portée effective est remplacée par une ampli-
tude de diffusion résonante de la matrice R (ondes-s). L'énergie de la résonance,

El = 114 + 30 keV et la largeur réduite (dans le systéme du centre de masse), le =
250 t+ 80 keV sont obtenues par un ajustement en chi-2 et correspondent 3 une énergie
dtexcitation dans 4He: de 19.93 MeV.
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gBe(T,a)aa ET 1OB(d,a)cm ¢ MECANISME DE REACTION
ET TLARGFUR DFS FTATS D7 8Bc.
.
R. Roy +, J. Birchall +, B. Frois '+, Y. von Moellendorff ++f, C.R. Lamontagne et/and
R.J. Slobodrian, Université Laval, Laboratoire de Physique Nucl&aire, Département de

Physique, Québec GlK 7P4, Canada.

Les spectres continus ont &t& mesurés 3 plusieurs &nergies au dessous de 10 MeV dans
le systéme du laboratoire. Son analyse a &€té faite avec un formalisme adéquat pour un
syst@me 3 trois corps dans l'état final. Les distributions angulaires trouvées pour
1'état fondamental et le premier &tat excitd du BBe ont €t@ analysés dans le cadre des
théories de transfert direct dans l'approximation de Born 3 1'aide des ondes distordues
(DWBA). L'accord entre la théorie et 1'expérience est satisfaisant du point de vue de
la forme des distributions angulaires, mais la normalisation est inadéquate. Dans le cas
du premier &tat excité du 8Be, les calculs pour les deux vBactions prédisent une varia-
tion observable de la largeur apparente de cet Etat non-11&, approximativement 6% 3a

o -
90" dans le systéme du centre de masse.

+ A présent au Lawrence Berkeley Laboratory, Berkeley, California 94720, U.S.A.

++ A pré@semt au Service de Physique Nucl@aire & Haute-Energie, CEN Saclay, B.p. N°2,
91190, Gif-sur-Yvette, France.

+++ A pré@sent au IASR Kernforschungszentrum, 75 Karlsruhe, Postfach 3640, West Germany.

9Be(T,a)uu AND loB(d,a)ua : REACTION MECHANISM

AND WIDTH OF BBe STATES.

The continuous spectra have been measured at several energies below 10 MeV iu the
Laboratory system. The analysis has been made with a formalism adequate for a three
body system in the final state. The angular distributions for the ground state and for
the first excited state of BBe have been analysed in the frame of direct reaction
thgoriea using distorded waves (DWBA).‘ The agreement between theory and experiment is
satisfactory frem the point of wview of the shape of the angular distributions, but the
normalization is inadequate. For the first excited state of aBe the calculations for
both reactions p;edict a measurable variation of the width: approximately 6% at 90o in

the centre-of-mass system.



UNE RECHERCHE SUR LA DESINTEGRATION BETA DU DIPROTON DANS 3He(T, 2He)bHe

R. Pigeon, U. von MoellendorffT, C.R. Lamontagne, M. Irshad et R.J. Slobodrian.
Université Laval, Département de Physique, Laboratoire de Physique Nucl@aire, Québec,

GlK 7P4 Canada.

La réaction p + p + EH 4+ e + va lieu dans les &toiles & des gnergies cinétiques
trés basses, et sa section efficace est t1@s faible. Dans cette recherche on a généré
un nombre considérable ée paires p - p en intéraction nucléaire ou 2He par la réaction
d'un faisceau d'3He++ & 12,56 MeV sur une cible gazeuse d'3He, et on a cherché les deu-
tons d'énergie 8levée produits par la désintégration b&ta du diproton. Deux groupes
de particules satisfaisant aux critéres d'identification des deutons ont &té obser-
vés & des énergies proches de”celles recherchées. Les sections efficaces sont trés
basses, dans l'ordre du nanobarn. N&anmoins la plupart des mesures semblent corres-

pondre 8 la cinématique d'un systéme de masse 1 + 5.

)
A SFARCH ON THE BETA-DECAY OF THE DIPROTON IN SHe(r, “He)'He

2

The rerctionp + p =~ 0 + e+ + v takes place in stars at very low kinetic energies,
and its cross section is very low. Here we have produced a considerable number of
P - p pairs or 2He systems in nuclear interaction through the reaction of a BHJ-%eam
at 12.56 MeV on a gaseous 3He target, and we have searched for deuterons at high
energies produced by the beta decay. Two groups of particles were fdund satisfying
the criteria of identification of deuterons at energies close to those searched for.
The cross sections are very low, in the order of nanobarns. WNevertheless the kinema-

ties s~ems to imply that in their majority they belong to a system of mess 1 + S.

+ IASR, Kernforschungszentrum, C.P. 3640, D~T5 Karlsruhe, Allemagne (RFA).



Calculations of Pion Deuteron Break-up at Low Energies

Frasmo Ferreira

Pontificia Universidade Catolica do Rio de Janeiro

and

L. Pinguelli Rosa* and Z. D. Thome*

International Centre for Theoretical Physics, Trieste

We have made calculations of differential cross sections
for the wd-mpn process at energies below the 3-3 resonance. The
calculations take into account the fermi motion dependence of the pion
nucleon amplitudes and the final state interaction ¢f the two nucleons,.

The resonant character of the P.33 amplitude is used to define its

off-energy-shell extension. We have also examined the effects of
-

kinematical ambiguities present in the definition of the relative

meson-nucleon energy.

Our results are compared to the experimental measurements

of pion deuteron cross scctions at 35 lleV and 142 MeV.

* On leave from COPPE and Instituto de Fisica, Universidade Federal

do Rio de Janeiro.

Calculs concernant la Dissociation Pion Deuteron é Energies

Faibles

Nous avons calculé les sections efficaces différentielles
pour le precessus Td+7pn a des energies en~dessous de le réesonance 3-3.
Les calculs prenent en considération le fait que les amplitudes pion
nucleon dépendent du mouvement de Fermi et 1l'interaction des deux
nucleons dans 1'@tat final. Le caractére resonant de l'amplitude P,.33
est utilisé pour définir son extension en dehors de la couche d'énergie,.
Nous avons aussi etudie les effets des ambiguités cinématiques présentes

dans 1a définition de l'énergie rélative meson-nucleon.

Nos results sont comparas avec les mesures expérimentales

concernant les sections efficaces pion deuterom a 85 MeV et 142 MeV,



LA REACTION 3He(T,a)2p ET LA DETERMINATION DE LA
LONGUEUR DE BIFFUSSTION p-p.

Maria L. V. Ligatto de Slobodrian, Université Laval, Labora-
toire de Physique Nucléaire, Département de Physique, Québec
G1K 7P4, Canada.

Les spectres des particules alpha dans 1la réaction 3He(T,u)Zp
a3 43.7 et 53 MeV ont &té calculés dans le contexte de la théorie des intérac-
tions & 1'état final. On a confirmé que les résultats expérimentaux sont
bien reproduits en utilisant la somme incoh&rente des intéractions p-p et
p—u(sLi). On montre que, par ailleurs les particules alpha provenant de
1'état fondamental du SLi sont présents dans les spectres des particules
alpha, méme dans la région du pic di A 1'int@raction p-p. L'omission de la
contribution du 5L:.(p—u.), introduit une erreur dans le calcul de la longueur

de diffussion de 1'intéraction p-p d'au moins .2fm.

THE REACTION 3He(’r,a)Zp AND THE DETERMINATION OF
THE PROTON~PROTON SCATTERING LENGTH.

Maria L.V. Ligatto de Slobodrian, Université Laval, Labo-
ratoire de Physique Nucl&aire, Département de Physique,
Québec GlK 7P4, Canada.

The spectra of alpha particles for the repction 3He(T,o.)Zp
at 43.7 and 53 MeV have been calculated in the framework of the theory
of the final state interactions . The results confirm that the
cxperimental data are well reproduced taking only into account the inco-
herent p-p and p~a(5Li) interactions. Moreover, the o particles from
the decay of the ground state of 5Li are shown to be present throughout
the a-particle spectra, even in the region of the p-p enrhancement peak.
The usual neglect of such fact introduces an error in the calculation

of the p-p scattering length of at least .2fm.



P-P Final State Interaction in the 2H(p,pn)p Reaction

D. Bonbright, J.W. Watson, D.J. Roberts
Cyclotron Laboratory, University of Manitoba

Winnipeg, R3T 2N2, Canada

The production of a p-p final state interaction from the
reaction *H(p,pn)p was measured at 22.1, 35.7, and 41,1 MeV. A coin-
cidence measurement at a single pair of angles was performed, where the
neutron counter was kept fixed at 70°, and the proton counter was
adjusted to allow the pyotons to interact at minimal energy. A compari-

son with similar data on the n-p final state interaction is presented.

L'Interaction p-p & L'Etat Final Suivant la Réaction 2H(p,pn)pp

D. Bonbright, J.W. Watson, DB.J. Roberts
Cyclotron Laboratory, University of Manitoba

Winnipeg, R3T 2N2, Canada

On a mesuré, aux énergies incidentes de 22.1, 35.7, et 41.1
MeV, les effets d'une interaction a 1'état final entre les deux protons
produits dans la réaction 2H(p,pn)p. On & détecté le neutron et un des
protons en se servant d'un détec;eur des neutrons fixé a 70° et d'un
détecteur des protons placé successivement a8 des angles choisis a fin
que les deux protons interaquissent & des petites energies relatives.
Les résultats obtenus sont comparéds aux resultats d'une expérience

analogue pour L'interaction p-n.



58

DOUBLE-FINAL STATE INTERACTIONS IN THE 2H(Zﬂ,pp)nn REACTION

R.E. Warnert and S.B. Di Cenzoit, Oberlin College, Oberlin, Ohio, 44074, U.S.A.
aid G.C. Dull, W.G. Davies, AJJ. Tatgusou and J.S. Tuister, ACCL, Chalk Rivear

YNuclear Laboratories, Chalk Raiver, Ontario, Canada KOJ 1JO

The 2p + 2n four-body final state of the 2H(ZH,pp)nn reaction has been studied
under conditions where the p-p and n-n pairs both emerge with low relative energies
Epp and Enn' A CDZ target was bombarded with 23.2 MeV deuterons from the upgraded
Chalk River MP tandem accelerator and p-p coincidences were recorded between two
independeit counter telescopes at geometries of (91 = +18°, 92 = +36°) and(25°, 430).
An enhancement relative to phase space at low €nn and a depressicn at low epp were
observed at both geometries. Theoretical calculations that included phase space times
Watson-Migdal factors, using accepted values of the effective range parameters for the
singlet p-p and n-n interaction, give reasonably good fits to the data for Enn < 4 MeV

and epp < 1.5 MeV. Calculations using an antisymmet.ized DWBA theory are in progress.

+ Research supported by the National Science Foundation

+t NSF Undergraduate Research Participant.

INTERACTIONS DOUBLES DANS L'ETAT FINAL DE LA REACTION ZH(ZH:PP) nn
R.E. Warnert and s.B. Di Cenzolt, Oberlin College, Oberlin Ohio, 44074, U.S.A.
and G.C. Ball, W.G. Davies, A.J. Ferguson and J.S. Forster, AECL, Chalk River

Nuclear Laboratories, Chalk River, Ontario, Canada KOJ 1JO

L'état final 4 quatre corps 2p + 2n de la réaction 2H(ZH,pp)nn a été &tudié sous
les conditions ol les paires p-p et n-n émergent avec des énergies relatives petites,
EPP et £ . Une cible de CD, a été bombardée par des deutérons de 23.2 MeV provenant
de l'accélerateur MP Tandem de Chalk River; les coincidence p-p ont été détectés par
deux ensembles indépendents de compteurs-télescopes correspondant d des géométries de
(91 = +18°, 92 = +36°) et (250, 43%). Nous avons observé dans le cas des deux géo~
métries, une augmentation relative a l'espace de phase pour Enn petit et une diminution
pour E;p petit. Des calculs théoriques renfermant le produit de l'espace de phase par
les facteurs de Watson~Migdal en utilisant les valeurs acceptées des paramétres de
portée effective pour 1'intéraction singlet p-p et n-n, donnent des ajustements raison-
nables des valeurs expérimentales pour enn < 4 MeV et EPP < 1.5 MeV. Des calculs

utilisant la théorie D.W.B.A. antisymmétrisée sont en cours.

+ Research supported by the National Science Foundation

+ NSF Undergraduate Research Participant.
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THREE ALPHA BREAKUP OF THF 11.83 MeV STATF N¥
THE 12C NUCLEUS
B. Antolkovi€
Institute "Rudjer Bo3kovié", Zagreb, Yugoslavia
The breakup of the 11.83-MeV state of the 12C nucleus into
three alpha varticles has been investigated bv means of the 12C(n,n)3ﬂ
reaction. The kinematical conditions were such as to avoid the overlap
of the competing reaction channels present in previous experiments.
From the alpha-alpha correlation spectra the spin and parity of the

11.83 MeV =tate of the 12C nucleus has been deduced.

LA DESINTLGRATION DU NIVFAU 11.83 MeV DU NOYAU 12C

FN TROIS PARTICULES ALPIHA
P. Antolkovié
Institut "Rudijer Bo&kovicé", Zagreb, Yougoslavie

La désintegration du novau 12C (niveau 11.83 MeV) en trois par-
ticules alcha a été étudide a 1l7aide de la réaction 12C(n,n)3a. Les con-
ditions cindmatinues permettent d“éviter les autres voies de sortie
présentes dans les expériences précédentes. Le spin et parité du niveau
11.83 MeV ont €té extraits des spectres de correlation a-a.



+
LA SECTION EFFICACE QUADRUPOCLAIRE DE LA REACTION 4He (.\,n)3He

F. Exdas, A. Pomper
Istatuto di Fisica dell'Universitd, Cagliari, Italie

P. Quarata
Istituto di Fisica dell'Universit3d, Cagliari, Italie
Istituto di Fisica del Politecnico, Turin, Italie

Nous présentons les résultats obtenus sur le calcul de la section efficace E2
de la réaction 9He(),n)3He. L'élément de la matrice est calculé en utilisant une métho-
de dispersive qui tient compte de 1l'interaction dans les &tats finaux. Fonctionnes d'on
de de Gauss sont utilisées pour 1'4He et 1'3He; nous supposont 1’existence d’un &tat
2%, T=0 3 une énergie d'excitation de 30 MeV, avec une largeur de 3.2 MeV. L'&lément
de matrice, qui est composé d'une partie isoscalaire et une partie isovectorielle a &té
calculé en corrégeant, avec une interaction dans les états finaux, la seule partie iso~
scalaire de l'amplitude. La section efficace obtenue montre une r&sonance caractérista-
que en camparaison de la section efficace de Born. Il n'y a pas au moment des résultats
expérimentaux.

+ Appuyé en partie par I.N.F.N.

+
THE ELECTRIC-QUADRUPOLE PART OF THE 4He(‘.,n) 3He REACTION

F. Erdas, A. Pompel
Istituto di Fisica dell'Universita, Cagliari, Italy

P. Quarati
Istituto di Fisica dell'Universita, Cagliari, Italy
Istituto di Fisica del Politecnico, Torino, Italy

We have estimated the E2 part of the 4He {x:m) 3He reaction. The exact matrix e
lement 1s calculated by using a dispersive approach. Gaussian wave functions are assum
ed for the *fie and the *He mucled. A 2%, T=0 state in *He at ~ 30 MeV of excitation
with a width of 3.2 MeV is supposed to exist. The exact matrix element which tzkes into
account the n-'He interaction, 1s composed of an 1soscalar and an isovector part, and
is corrected, for the final state interactions, the isoscalar amplitude. A characteri-
stic resonating behaviour of the corrected cross section with respect to the Born appro
ximation is cbtained. Experimental results are not available up to now with which to
campare Our curves.

* Supported in part by I.N.F.N.
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INTERACTIONS A L'ETAT FINAL DANS LA CAPTURE DES MUONS
PAR LES DEUTONS
Quaeng Ho—Kimfﬁ, J.P. LavinefT, et H.§. Pickerff+
+  Physics Department, Indiane University, Bloomington, Indiana L7k01.
++ Département de Physique, Université Laval, Québec, GIK TPk
+t1 Physics Department, Trinity College, Hartford, Conn. 06106.

Nous &tudions les effets de 1l'interaction & 1'€tat final dans la réaction

B +ada->n+n+v. Dans 1'8tat final, seul 1'état 1S° est corrigé pour ces effets,
puisque nous présumons une interaction nulle pour toutes le:s autres ondes partielles.
Un ensemble de fonctions d'onde du type n-n pour l'état 1S° est obtenu des potentiels
4 quatre paramétres du type Bargmann. Les déplacements de phase correspondente chen-
gent de signe entre 200 MeV et 300 MeV. Nous tenons compte de 1'@tat D du deuton
ainsi que des corrections relativistes. Nous trouvons que les intégrations numérigues
dans le calcul des taux de capture sont sensibles au nombre et & la distribution des
points de 1'&chantillonnage. Nos ré&sultats montrent que 1l'effet de 1l'interaction &
1'&tat final augmentent les taux de capture de 12%, approximativement. Nous cbtenons
Tyjp = 37h.5 £ 11 sec™T, Ty = 8:44 £ 0.02 sec™d, et T = 130.6 * 0.4 sec™T pour
une constante de couplage pseudoscalaire g, = -8.54, Les incertitutes indiquées
Jdoanent la variation du taux de capture en fonction de nos modéles 1So. De la méme
1e = 361.5 % 1.0 sec‘l, r3/2 = 10.02 £0.02

fagon, pour gp = ~10.27, nous trouvons I
sec ~, et T = 127.25 £ 0.30 sec—l. Nous calculons aussi le spectre de neutrons

drllaldEn' Nous poursuivons actuellement une étude des effets de transformations uni-
1/2 est de 232

taires sur les fonctions d'onde. La contribution de 1'8tat 1S° ar
sec ” pour le mod®le sans transformation et de 156 sec’l pour le modéle evec transfor-

mation.

¥ En congé sebbatique du Département de Physique, Universit@ Laval, Québec,



THE “He(d,pa)n REACTION AT LOW ENERGY

K. Sagara, M. Hara, T. Motobayashi, N. Takahashi,
F. Soga®, F. Takéutchi®* and Y. Nogami

Department of Physics, University of Tokyo,
Bunkyo, Tokyo, Japan.

Correlation cross section of the “He(d,pa)n reaction was meas-~
ured at Eq = 9.0 MeV, the lowest energy up to now. Strong peaks are
observed corresponding to the ground state of He. The data are ana-
lyzed with the spectator model, the plane wave impulse approximation and
the modified off-energy-shell impulse approximation. The N-a final
state interaction is shown to play more important a role at lower
energy, and the importance of the final n-p interaction or the spin

dependent force which are negligible at higher energies, is suggested.

#Present address; Institute for Nuclear Study, University of Tokyo,
Tanashi, Japan.

%#%Present address; Institute fiir LCxperimentelle Kernphysik
Kernforschungszentrum, Karlsruhe, Germany.

Neutron Spectra from Proton Bombardment of Deuterium at 647 and 800 MeV.

C. BJORK, P. RILEY, U, of Tex;; B. BONNER, J. SIMMONS, K. YILLIAMSON, IASL*; D, WERREN,
U. Geneva and SIN; H. BRYANT, C. CASSAPAKIS, S. COHEN, B. DIETERLE, C. LEAVITT,

D. WOLFE, U. of New Mex.*; M. EVANS, G. GLASS, J. HIEBERT, MAHAVIR JAIN, L. NORTHCLIFFE,

Tex. A&M U.*--Using our recently developed medium energy neutron single arm, dipole
magnet, multi-wire proportional chamber spectrometerl and liquid deuterium target at
the Nucleon Physics Laberatory al LAMPF, we have measured 0° neutron spectra from 647
and 800 MeV proton bombardment of deuterium. The charge exchange peaks in the neutron
spectra were measured to be approximately 13 MeV FWHM, which includes our experimental
resolution. The integrated peak to vanlley ratio for the "quasi-elastic" neutrons is
about 30:1. Information will be presented on data analysis, flux normalization and
theoretical predictions teking into account the final state p-p interaction.

*Supported by the U.S. Atomic Energy Commission.
'D. WERREN et £l., LASL Report LA-5396-MS (1973).
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FINAL STATE INTERACTION IN THREE NUCLEON SYSTEM*
F. N. Rad
Lawrence Berkeley Laboratory, University of California, Berkeley, California 94720
D. P. Saylor
39 Otsego, Worcester, Massachusetts 01609
and
Mahavar Jain+

Texas A & M Unaversity, College Stataon, Texas 77843

Vector to vector spin-transfer parameters for slightly inelastic p~d scattering

are discussed in the context of recent theoretical and experimental developments.

*
Work supported by the U. S. Atomic Energy Commission.

Guest scientist, Los Alamos Scientific Laboratory, University of California, Los Alamos,
New Mexico 87544.

INTERACTION A L'ETAT FIMNAL DANS LE SYSTEME A TROIS NUCLEONS‘
F. N. Rad
Lawrence Berkeley Laboratory, University of California, Berkeley, Califorfhia 94720
b. P. Saylor
39 Otsego, Worcester, Massachusetts 01609
et
Mahavir Ja:m.r

Texas A & M University, College Station, Texas 77843

Les paramétres de transfert vectoriel de spin pour la diffusion p-d faiblement
inélastique seront discutés dans le contexte de récents développements théoriques et

expérimentaux.

*
Travail supporté par U. S. Atomic Energy Commission.

-Ecientifique invité, Los Alamos Scientific Laboratory, University of califormia,
Los Alamos, New Mexico B87544.



The Watson tactorization model and the exact three body
theory in the case of neutron-proton final state

interaction in the reaction pd *ppn .

W. Kluge, R. Schlifter
Institut fir Experimentelle Kernphysik der Universitit
und des Kernforschungszentrums Karlsruhe, Germany
and
¥. Ebenhdh
Institut fir Theoretische Physik der Universaitdt Headelberg,

Germany

A recently measured angular distribution attributed to the neutron-proton final state
lnteraction at zero relative energy in the reaction pd-+ p P n with an incident
beam of 52 MeV deuterons 1s analyzed with an exact three-body theory using spindependent
separable potentials for relative S-states of two nucleons. ThiS analysis is compared
with an earlier analysis by means of a Watson factorization, ansatz including singlet

and triplet neutron-proton final state interaction.

COMPLETE MEASUREMENTS OF THE DEUTERON BREAKUP BY PROTONS AT Ep=8.5 MeV
B. Kihn, H, Kumpf, J. Mdsner, W. Neubert and G, Schmidt
Zentralinstitut fiir Kernforschung der AdW der DDR, Rossendorf,
Bereich 2, DDR 8051 Dresden, Postfach 19

Double-differential cross-sections d°& /a0 1652 ,4E; for the reaction
D(p,2p)n were measured at Ep = 8,5 MeV and for different angular
settings. Good precision and resolution were aimed at. Generally ex-
perimental points are lying high in comparison with theoretical values
calculated by the Ebenhth three nucleon code with Yamaguchi interac-
tion.
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VI

ETATS LIES ET DE DIFFUSION, FORCES ~ BGUND AND SCATTERING STATES, FBy-
A PUKSIEURS CORPS BODY FORCES



CRITERION FOR THE VALIDITY OF ThRE UNITARY POLE APPROXIMATION
AND CALCULATICN OF CORRECTION TERMS

t t

B. L. G. Bakker and W. Sandhas

l

Natuurkundig Laboratorium, Vrije Universiteit, Amsterdam,
The Netherlancs

T+ Physikalisches Institut, Universit#t Bonn, GFR

A criterion for the validity of the unitary pole approximation (UPA) is
given. Applying it to the Malfliet-Tjon potentials I and III we show the
reason why the UPA is successful in this case. Our approach represents
also an efficient method for calculating correction terms. It yields
results which are in excellent agreement with calculations using the
unitary pole expansion.

INFLUENCE OF THE HIGHER PARTIAL WAVES OF LOCAL POTENTIALS
ON THREE-NUCLEON OBSERVABLES

t +

E.0. Alt and W. Sandhasf

* Institut fir Physik, Universitit Mainz, GFR

Tt Physikalisches Institut, Universit&t Bonn, GFR

The three-nucleon system for the soft-core potentials of Malfliet and
Tjon is investigated by means of the quasiparticle method. One of

the advantages of this method is that all the higher partial waves of
the two-body potentials are automatically included. The triton binding
energy and the scattering of neutrons off deuterons in the doublet
channel are calculated in first quasi-Born approximation and compared

to other calculations performed recently. It is found that for the above
mentioned soft-core potentials the contributions of the higher sub-
system partial waves is appreciable but much smaller than for purely
attractive Yukawa potentials.



LA FORCE A QUATRE CORPS DANS LA MATIERE NUCLEATRE

D. W. E. Blatt and R. G. L. Hewitt, Department of Theoretical Physics,
University of Sydney, N.S.W. 2006, Australia and B. H., J. McKellar,
Schoo? of Physics, University of Melbourne, Parkville. Victoria 3052,
Australia.

Nous avons calculé la contribution de la force 3 quitre corps 3 l'énergie de
liaison de 1a matidre nucléaire. La force en question a scn origine dans 1'échange
d'un pion du nucléon 1 avec le nucléon 2, le pion étant dispersé par les nucléons 3 et
4 pendant son trajet. Les corrélations 3 courte portée entre les quatre nucléons ont
été tenu compte en tronquant a courte portée. L'effet de 1'échange des nucléons 3 et 4
est aussi inclus. En tronquant a 0,8 fm la contribution a 1l'énergie est une

attraction de 0,06 MeV. Ce resultat est 3 comparer avec une contribution d'une

attraction de 1,3 .MeV pour la force A trois corps correspondante.

FOUR BODY FORCES IN NUCLEAR MATTER

D. W. E. Blatt and R. G. L. Hewitt, Department of Theoretical Physics,
University of Sydney, N.S.W. 2006, Australia and B. H. J. McKellar,
School of Physics, University of Melbourne, Parkville. Victoria 3052,
Australia.

We have calculated the contribution of four body forces to the binding energy of
nuclear matter. The particular four body force used arises from the exchange of a pion
from nucleon 1 to nucleon 2, the pion scattering off 3 and 4 on the way. Short range
correlations between all four nucleons were taken into account using a cutoff at short
distances. The effect of exchanging the spectator nucleons 3 and 4 is also included.
For a cutoff of 0.8 fm the contribution to the energy is 0.06 MeV attraction. Thig is
to be compared with a contribution of 1.3 MeV attraction from the corresponding three

body force.
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LA VOIL ELASTIQUE 3He 1 3“P ET LT MODCLE OPTIQUL

R, Pigeon et R.J. Slobodrian
Universite Laval, Departement de Physique, Laboratoire
de Physique Nucl@aire, Québec GIK 7P4, Canada.
On a abordé 1'étude expérimentale de la vole élastique 3He + 3He comme premiére étape
vers 1'interprétation adéquate des voies inilastiques de ce systéme, par exemple
3He(JHe,cx)Zp et son miroir 3H(jll.a)Zn. Une analyse au moyen d'un modéle optique habi-
tuel révile la nécessité de le modiffer pour tenir compte de la structure de l'espace de

spin partlculfer & ce systéme, et aussi de 1'identité du projectile et de la cible.

THE ELASTIC CHANNEL 3lle + 3Hc AND THE OPTICAL MODLCL

R. Pigeon and R.J. Slcobodrlan
Université Laval, Département de Physique, Laboratoire
dc Physique Nucl@aire, Québec G1K 7P4, Canada.

The study of the ~lastic channel of the 3He + 3Hc interaction has been undertaken as
a first step for a wore adequate interpretation of the Inelastic channels of this systzm,
for example Jue(gue,u)Zp and 3H(3H,a)2n. mirror of the former. An optical model
analysis along conventional lines has revealed the nced of modifying it in order to
account for the structure of the spin space proper to this system, and also the identity

of the projectile and the ta-get.

The %+ Three Nucleon state {or & Super Soft-core Potential.
M.A. Hennell
Department of Computational & Statistical Science, University of Liverpool, U.K.

A variational calculation of the J = %+ three nucleon state using the super soft-
core potential of Cogny, Pires end de Tourreil is reported, The results for the bind-
ing energy and charge form factor nminimum are in goo& agreement with those obtained by
Gignoux and Laverne. Whilst the binding energy is in good agreement with oxperiment,
there is a considerable discrepancy between the predictions and experiment fer the
N - d scattering length and the charge form-faotors,
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ANALYSE THEORIQUE EN DEPHASAGES DANS LA DIFFUSION CLASTIQUE (n-d)
C. fayard, G.-H., l.amot et UV, Ulhay

Institut de Physique Nucléaire, Université Claude Bernard Lyon-1 et IN2P3

[y

43, Bd du !l novembre 1918, 69621 Villeurbanne, France

Une analyse des déphasages (n-d) entre 3 et 15 MeV a été faite 2 1'aide
d'interactions non locales séparables dans le formalisme de Lovelace incluant un ter-
me tenseur ct les ondes P A deux corps. Comparaison est donnée avec les analyses,
sans couplage de Arvieux et celle de Schmelzbach qui inclut tous les degrés de liberté
du problénmie. Nos résultats sont généralement en bon accord avec l'expérience pour
les déphasages quartet, On retrouve la grande sensibilité des observables aux ondes

-
P 2 2 corps et on montre l'importance du couplage entre moments orbitaux impairs.

THEORETICAL PHASE-SHIFT ANALYSIS IN THE (n-d) ELASTIC SCATTRRING

C. Fayard, G.H. Lamot and E. Elbaz

Institut de Physique Nucléaire, Université Claude Bernard Lyon-I and IN2P3

43, Bd du 11 novemnbre 1918, 69621 Villeurbanne, France

A phase ghift analysis in the (n-d) elastic scattering between 3 and 15
MeV has been done in the Lovelace formalism with non local separable interactions
including a tensor term and the two-body P-waves. Comparison is given with other
analyses by Arvieux (neglecting the coupling) and by Schmelzbach in¢luding all degrees
of freedom. Our results are in general in good agreement with the experimental
quartet phase shifts. The strong sensitivity of observables to the 2-body P-waves

is refound while is shown of great importance the coupling between udd orbital mom-

enta.
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NUCLEON-DEUTERON BREAKUP CALCULATIONS WITH CHARGE DEFENDLNT POTENTIALS

J.M, Stuivenberg, J. Bruinsnma and R. van Wageningen
Natuurkundig Laboratorium der Vrije Universiteit,

Amsteprdam, the Netherlands

In several analyses of nuclecn-deuteron breakup reactions an approximate inclusion

of chargé dependence is used. A comparison has been made between these "hybrid"

calculations and exact charge dependent ones. It turns out that this approximation is

not in all cases valid; differences up to 20 percent may occur in specific kinematical

situations.

TRITON BINDING ENERGY AND THE DEUTERON WAVE FUNCTION
H. de Groot and H.J. Boersma

Natuurkundig Laboratorium, Vrije Universiteit

Amsterdam, The Netherlands

The triton binding energy has been calculated with separable tensor potentials
that have the same deuteron wave function as realistic phase-equivalent potentials,
given by Haftel and Tabakin. The variation of the binding energy is only 0.3 MeV,

comparable with the differences found with the phase-equivalent potentials.

THE MESONIC EXCHANGE CHARGE FORMFACTORS OF 3He AND 3H

W.M. Kloet, University of Maryland, Department of Physics and Astronomy,
College Park, Maryland 20742, U.S.A.
J.A. [jon, University of Utrecht, Institute for Theoretical Physics,
Utrecht, Netherlands
C
Exchange corrections to the charge formfactors of 3He and 3H are calculated

for the same diagrams which give the dominant exchange contributions to the
magnetic formfactors. Due to these effects, for 3He the dip in the one-body
formfactor is moved towards lower q2 considerably. In the region of the secundary
wmaximum the exchange effact is the dominant contribution and the result is
compatible with experiment, In the range of q2 =8 fm-z the corrected formfactor
is substantially lower than experiment,
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OPTICAL MODEL ANALYSIS OF 5-3Ha SCATTFRING®

B.S. Podmore and H.S. Sherif
Nuclear Research Centre, The University of Alberta, Edmonton, Alberta. Canada

Elastic scattering cross section and polarization data for p-¥He scattering
in the energy range 5.5 - 156 MeV are analysed using the optical model potential.
Reasonably good fits are obtained but the model fails to reproduce the large angle
cross sections. This discrepancy is partially removed upon the inclusion of Major-
ana exchange terms in the potential. Moreover, these exchange terms substantiatly

improve the agreement with the polarization data.

%
Work supported in part by the Atomic Energy Control Board of Canada.

DIFUSION ELASTIQUE p-3He ET LE MODELE OPTIQUE*

B.S. Podmore et H.S. Sherif
Nuclear Research Centre, The University of Alberta, Edmonton, Alberta, Canada

Les sections efficaces et polarisations dans la diffusion élastique p-3He a des
énergies de bombardement comprises entre 5.5 et 156 MeV sont analysée au moyens du -
potentiel optique. Nous avons obtenu des assez bon accords, mai le modele ne donne
pas les sections efficaces aux angies élevés. Cet’e problem est partiellement
resolvé si on inclue dans le potentiel les term- d'Gchange de Majorana. Du plus, ces

terms d'échange amelioré d'un facon substent: 5 . 'accord avec la polarization.

e -
Ce travail a €té appuyé en partie par la Commnission de Contrdle de 1'Energie

Atomique.
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Effective Tnree—-Nucleon Interaction
I. Lovas*

otatul fur Rernpuysih, herniorschungsanlage Julacn, BRD.

The Hilbert space of the three-baryon system is split up into two ortho-
gonal subspaces. One of the subspaces is spaned by the three-nucleon
states, while the other subspace contains excited baryon states (resonan-
ces). This later subspace 1s eliminated by the help of the usual projec-
tion operator technique. The elimination of the non-nucleonic degrees of
freedom gives rise to an additional term in the kernel of the Faddeev
cquations. This new term can be interpreted as an effective three-body
interaction. If one adopts a separable representation for the two-body
t-matrices then the effective three-nucleon interaction can be represen-
ted also by a separable expression.

k3
On leave of absence from the Central Research Institute for Physacs,

Budapest, Hungary.

’
L' interaction effective de trois nucleons
+
I. Lovas

Institut flir Kernphysik, Kernforschungsamnlage Jiilich, BRD.

L' espace de Hilbert de trois baryons est divise en deux sousespace ortho-
gonaux. Le premier sousespace contient les fonctions d’ état de trois nuc-
leons, 1'autre contient lgs états excite€s (resonances). Au moyen de la
technique de 1'operateurs de projection le deuxieme sousespace est €li-
mine. L' elimination des degréﬁ de liberte non-nucleonique produit un
terme additionnel dans le noyau de 1'eguation de Faddeev. On peut inter-
préter Ce terme nouveau comme une interaction de trois corps. En intro-
duisant une representatrion sébarable pour le matrice T de deux corps, on
peut représenter 1'interaction de trois nucleons aussi par une expression
séparable.

*
Adresse permanente: Institut Central de la Recherche de Physique, Buda-

pest, Hongrie.
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UNITARITY MODIFICATTONS OF THF COUPI®TM CUWMMNTL T AN™ X CTIRATOW LOUATLIUNS
FOR MANY-BODY SCATTERIRG

*
D.J. Kourl ,Max-Planck-Institut fUr Strmmgsforsciucip, 3400 Géttinpen, Federal
Republic of Germany , and F.S. Levin+,Physics Department, Brown University,Providence,
R.1. 02912 .

Modifications in the recently proposed coupled-channel T and X operator cquations
describing many-body scattering are discussed. The analysis is based on a carcful
examination of the discontinuity equation for the matrix of chanmnel resolvent opera-
tors Qa(z) and also on the use of Cauchy's theorem to relate real and imapinarv parts

(2). In the original equationms, 5311(7) = éij G,{(%), where 61 = (2 - H ) nd
}lj is the jth channel Hamiltonian. The chanpe involves the replacement 9 (Z)—* 9 7y,
with S)ij G)ij(Z)P[j), where P(}) projects only on to the bound internal states
in channel j. As a consecquence, only bound 1 _ernal states in each channel need be
used as an expansign basis for solving many-body scattering problems, except in the

free-particle channel (j = 0), where n-bhody plane wave states are required.

*
Present address: Depts. of Chemistry and Physics, University of Houston, Houston
Texas 77044

+Work supported in part by the U.S. Atomic Energy Commissinn

’
MODIFICATIONS UNITAIRES DES EQUATIONS CANALS COUPLES POUR LES OPERATEURS T ET K
POUR LA DIFFUSION A PLUSIEURS CORPS

D.J. Kouri, Max~Planck-Institut fir Strémunpsforschung, 3400 Gottingen, REpublique
Féderale d'Allémagne, et F.S. Levin, Département de Physique, Université Brown,
Providence, R.I. Q2912

Une discussion est présenté des modifications unitaires des equations canals
coup;és pour les dperateurs T et K descrirant la diffusion a plusieurs corps que nous
avons proposé récemment. L'analyse est fondé sur une inspection soigneuse de
1'equation de la discontinuité de la matrice (Z) des uperateurs resolvants pour
chague canal, et aussi par 1l'usage de la théordme de Cauchy de etablir une rélation
entre les parties réelles et imaginaires de ga (Z). En les équaﬁions originelles,
qa j(z) 8 jcj(z)’ ou Gj(Z) = (Z - H ) et ﬂj est 1'Hamiltonien pour le canal {. La
change est g (2)*9(2), avecg 91.,‘ (Z)P(§), ou P(}) projets seulement sur les
etats liés intérieures dans le canal j. En conséquence, seul les etats lidsg
intérieures sont réquéri comme une hase d'expansion dans chaque canal afin de résoudre

la probleme de la diffusion a plusieurs corps, sauf que le canal des particules libre
(3 = 0), ou les ondes planes sont uses.



bescription ot High-knergy dcattering on Composite Targets Without

Cikonal Approximations

S.A. Gurvitz and A.S. Rinat (Reiner)

Weizmann Institutc of Science, Rehovot, Israel

Starting from the multiple scattering series applied in the adiabatic approxima-
tion with non-overlapping potentials,expressions have been derived for amplitudes
for multiple scattering of cnergetic particles from nuclei. Glauber amplitudes are
in any order shown to be rclated to on-shell contributions of intermediate
propagators. Off-shell parts of opposite phase produce non-vanishing corrections
which are of importance in regions wherc amplitudes for scattering of different
multiplicity interfere and for increasing angles. Calculations and comparison of
results for proton scattering (EP = 0.6, 1.0 GeV) on 3He, 4He are presented.

How good 1s the adiabatic assumption for scattering on a composite

targel?

Y. Avishai, Ben-Gurion Umiversity of the Negev, Beer Sheva, Israel

A.S. Rinat (Reiner), Weizmann Institute of Science, Rehovot, Israel

The adiabatic, fixed scatterers approximation for scattering on a D target
in different kinematical situation is tested by comparison with an exact solution.
For forward angles the 'impulse' hincmatics is preferable above the 'fixed
scatterer' kinematics, whereas in the backward hemisphere bnth underestimate ihe
exact cross section. Part of the discrepancy is shown to be due to neglecg of

exchange which 1s possible if the projectile is a nucleon.

Application of Partial Wave Dispersion Relations to a Treatment of the
Coupled n+4Hc. d+3H Channels

M. Stingl, University of Minster, W. Germany
A.S5. Rinat (Reiner), Weizmann Instatute, Israel B

The N/D method for solving partial wave dispersion relations has been applied
to the nuclear 5-body problem. As input scrve experimentally derived vertex
parameters appearing in single and double cluster exchange driving terms.
Qualitative agrecment is found for the sllz, P3s2» Pys2 partial wave phases for
3IZI’phase 2:5
been reproduced. The theory reproduces qualitative agreement for the “H(d,n) He

N 4 .
elastic n- He scattering, whereas also the sharp resonance an the d

and 3ll(d,d)3H differential cross sections.
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Search for 3-Body Forces With 'H + “H at EP = 23 MeV

J. M. Lambert and P. A. Trende
Geolgetown University, Washington, D, C., 70007 and Naval Rescarch Labolatory

and
R. G. Allas, L. A, Beach, R, 0. Bondelid and L. M. Diener'
Naval Research Laboratory, Washington, P, C. 20375

The EH(lH,Ep)n reaction at E_ = 23 MeV 1s used to investigate a particular kin-
ematic condition to see if it indicates a sensitivity to possible three-body forces.
This condition is one in which the neutron is at rest in the CM system where a unique
colinear aligmment of the three nucleons exists. A kinematically complete experiment
was performed at two angle pairs 57.8%-57.8° and 50.0°-66.1°. 1In order to analyze
the results, we usel the predictions of the Faddeev equation obtained from the Ebenhoh
code using separable potentials. To achieve m-": «:'i. sensitivity, the experimental
results were divided by the theoretical calcul*i ion.. At Lioth angle pairs invest-
igated, a statistically significant deviaiion o“ the riils wes observed at the posi-
tion where En(CM) = 0. This may indicate evidernce fo' a ruarewo-body force, or it may

be that this is a particularly sensitive pluce to observe :7 ects of the separable

potentials used in the analysis.

fNational Research Council - Naval Research Laboratory Rescerch Associate

' ELECTROMAGNETIC FORM FAGTORS OF 3He*
R. A. Brandenburgf and Y, E. 1(im,‘r Los Alamos Scientific
Laboratory, Los Alamos, New Mexico 87544, and A, Tubis,
Purdue University, West Lafayette, Indiana 47907, U,S.A.

The charge and magnetic form factors of 3He are calculated in the impulse approxi-
mation using a wave function obtained from a complete solution of the Faddeev equations
with the full Reid soft-core potential, For the charge form factor of 3He, the rela-
tivistic corrections to the order (1/M2) in the impulse approximation are calculated and
found to be small even at large momesntum transfer squares 5 25 fm.z. The magnetic.form
factor of 3He is calculated using both the magnetic spin and convection currents, The
convection current contribution is found to be small, The S-D matrix elemenis contrib-

ute significantly,

*Research supported in part by the National Science Foundation and by the U, S, Atomic
Energy Commission,

on leave from Purdue University, West Lafayette, Indiana, U,S.A.
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TOTAL REACTION CROSS SECTIONS FOR p-?He AND p-“He

A. M. Sourkes, N. E. Davison, S. A. Elbakr, J. L. Horton*, A. Houdayer+ and
W.T.H. van Qers, Cyclotron Laboratory, Department of Physics, University of Manitoba,
Winnipeg, Manitoba R3T 2N2
and
R. F. Carlson, Department of Physics, University of Redlands, Redlands, California 92373

Total reaction cross sections (uR) for the p-?He and p-"He systems have been
measured at ten and sixteen energies respectively, 1n the energy range 15 to 50 MeV.
The data are compared with other experimental nucleon-induced reaction results. The
additional information provided by the p-®He data enables extension of the current
resgnating group calculations to include an imaqginary potential and makes an extension
of the phase shift analyses to include imaginary phases more feasible. Comparing the
p-“He results with resonating group calculationz, phase shift analysez,and optical
model gp predictions shows the accuracy of the phase shift results, but points to
improvement for the model dependent work.

* ;{gggnt address: Radiation Laboratory, Aberdeen Proving Grounds, Aberdeen, Maryland
T Present address: Foster Radiation Laboratory, McGill University, Montreal, Quebec.

LES SECTIONS EFFICACES DE REACTION TOTALES POUR LES SYSTEMES p-3He ET p-“He

A. M. Sourkes, N. E. Davison, S. A. Elbakr, J. L. Horton*, A, Houdayer* et
W.T.H. van Oers, Cyclotron Laboratory, Devartment of Phvsics, Univarsity of Manitoba,

Winnipeg, Manitoba R3T 2N2
et

R. F. Carlson, Department of Physics, University of Redlands, Redlands, California 92373

Les sections efficaces de reaction totales (UR) pour les systémes p-’He et
p-*He ont éte mesurées respectivement dix et seize fois 3 des énergies incidentes de 15
3 50 MeV. Ces valeurs de op sont comparées 3 d'autres informations expérimentales sur
des réactions produites par des nucléons. Les resultats obtenus pour le systime
p-He pourront nous permettre d'obtenir avec une plus grande précision le potential
imaginaire dans des calculs de groupes résonnants pour les systémes de quatre nucléons,
En plus, 1'extension des analyses des déphasages aux phases complexes sera plus
maniable. Les valeurs expérimentales de og pour Te systéme p-"He sont confrontées aux
valeurs calculées, 3 partir des théories des groupes résonnants, des déphasages, et du
modéle optique. Cette com;:raison met en relief la précision de 1'analyse des
déphasages et indique que les théories dependents des modéles specifiques ont besain
d'approfondissement.

* A présent au Radiation Laboratory, Aberdeen Proving Grounds, Aberdeen, Maryland 21005
1 A présent au Foster Radiation Laboratory, McGill University, Montreal, Quebec.
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DIFFERENTIAL CROSS SECTION MEASUREMENTS AND PHASE SHIFT ANALYSIS FOR p-"He ELASTIC
SCATTERING BFTWEEN 20 Aw) 55 *oV

N. E. Davison, S. A. Elbakr, A. Houdayer*, A. M. Sourkes and W.T.H. van Ders
Cyclotron Laboratory, Department of Physics, University of Manitoba,
Winnipeg, Manitoba R3T 2N2
and
A. D. Bacher, Department of Physics, Indiana University, Bloomington, Indiana 47401

Differential cross section angular distributions have been measured for p-“He
elastic scattering in 2.5% or 5.0° steps in the angular range 10% to 170° cm at proton
energies of 21.85, 23.90, 25.75, 28.10, 30.35, 32.15, 34.25, 36.90, 39.75, 42.45,
44,05, 44.95 and 47.65 MeV. The relative error on the data points is typically #2%,
and the error in the absolute scale is less than #3%. A phase shift analysis has
been carried out in the energy range 20-55 MeV using the data of the present work,
selected polarization and differential cross section angular distributions from the
titerature, total reaction cross sections and a single angular distribution of the
spin-rotation parameter.

+ Present address: Foster Radiation Laboratory, McGill University, Montréal, Québec.

MESURES DE LA SECTION EFFICACE DIFFERENTIELLE ET ANALYSE DES DEPHASAGES PQUR LA
DIFFUSION ELASTIQUE p-“He ENTRE 20 ET 55 MeV

N. E. Davison, S. A. Elbakr, A. Houdayer+, A. M. Sourkes et W.T.H. van Oers
Cyclotron Laboratory, Department of Physics, University of Manitoba
Winnipeg, Manitoba R3T 2NZ
et
A. D. Bacher, Department of Physics, Indiana University, Bloominaton, Indiana 47401

On a mesuré des distributions angulaires de la section efficace differen-
tielle tout les 2.5° (ou 5.0°) entre 10 et 170 degrés c.m. aux energies incidentes de
21.85, 23.90, 25.75, 28.10, 30.35, 32.15, 34.25, 36.90, 39.75, 42.45, 44.05, 44.95 et
47.65 MeV. Les erreurs relatives sur les sections efficaces sont typiquement de #2% et
1'erreur sur la normalisation absolue est moins de 3%. On a fait Egalement une
analyse des dfphasages pour la gamme d'énergie de 20 a 55 MeV en joignant, aux
mesures du présent travail, des distributions angulaires de la section efficace et de
1a poiarisation choisies de la litérature, des sections efficaces de réaction totales
et une distribution angulaire du paramitre de rotationm.

1t A présent au: Foster Radiation Laboratory, McGill University, Montréal, Québec.
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SUPPRESSION DE V... DANS UN POTENTIEL AN 3s,-%0, SEPARABLE
L. H. Schick, Département de Physique et d'Astronomie, Université de Wyoming,
Laramie, Wyo. 82070 USA

Un modéle potentiel & 2 chaines de 1'interaction (AN, IN) + (AN, IN) avec une
forme simple de tenseur potentiel a &té employé pour calculer la longueur de la
diffusion, a, et la distance effective, o de la diffusion AN 351-30‘, comme
fonctions du paramétre suppression € de la chaine L et du parametre suppression v du
potentiel L. Les paramétres modéles ont été determinés pour que a et'ro de
(e=1, y=1) et (e=0, y=1) &galent les valeurs du plus récent potentiel Ap meson-
théorétique de Brown, Downs, et lddings. 11 a &€t€ alors démontré que indépendement des
formes de chacun des modeles potentiels, pour chaque v ¥ 1 fixe, il n'‘a pas pu &tre
possible de faire eégaler avec les valeurs correspondantes de ce meme potentiel

meson-théorétique.

SUPPRESSION OF V.. IN A SEPARABLE %5,~30, AN POTENTIAL
L. H. Schick, Department of Physics and Astronomy, University of Wyoming, Laramie
Wyo, 82070 USA.

A two-channel potential model of the (AN,IN)++(AN,EIN) interaction with a simple
form of tensor potential was used to calculate the AN 3S‘—’Dl scattering length, a, and
effective range, rgs @S functions of the L-channel suppression parameter € and the
I-potential suppression parameter Y. The model parameters were determined so that a
and ry at (e=1, y=1) and (e=0, y=1) matched the values from the most recent meson-
theoretic Ap potential of Brown, Downs, and lddings. !t was then shown that,
independent of the shapes of any of the model potentials, for any fixed v#¥ 1, a and
ro at (e=1, v) could not be made to match the corresponding values of thls same
meson-theoretic-potential.



T=3/2 PHOTODISINTEGRATION OF JHe'

B. F. Gibson

Los Alamos Scientific Laboratory, Los Alamos, New Mexico 87544

and
D. R. Lehman

The George Washington University, Washingron, D.C. 20006

The photodisintegration of 3He leading to the T=3/2 component of the final state
has been recalculared within the context of an exact three-body theory using separa'le,
s-wave potentials. Comparison with other calculations is presented.

TWOrk supported in part by the U. S. Atomic Energy Commission

T=3/2 PHOTO-DESINTEGRATION DU Jhe

B, F. Gibson

Los Alamos Scientific Laboratory, Los Alamos, New Mexico 87544
and
D. R. Lehman

The George Washington University, Washington, D, C. 20006

La photo-désintégration du e au component T=3/2 de 1'état final est calculé de
nouveau, utilisant une théorie & trois corps avec des potentiels s, séparable. Nous

comparons nos résulats avec d'autres calculs,

L
+Ce travail appuyé en partie par la Commission & L'Energie Atomique Etats-Unis.



THE PHILLIPS PLOT FOR PHASE EQUIVALENT SEPARABLE POTENTIALS
N.J. McGurk and H. Fiedeldey
Physics Department, University of South Africa
F.0. Box 392, Pretorin, South Africa

The n—-d doublet scattering length 2a ond triton binding energy ET have been calcu-
lated for phase equivalent separable potentigls, constructed by inversion of the 150 and
381 - 3D1 experimental nucleon-nucleon scattering data. It is shown that the calculated
voints lie, within our numerical accuracy, on the Phillips line. Ve obtain off-shell

effects of the order of 1.5 MeV in E_ and 1.2 fm in Za by varying the singlet potential

with a fixed triplet interaction. Afthough the lines representing the linear relations
between ET and ;‘a and PD are shifted by these off-shell variations, the corresponding
proints all lie on the same Phillips line as the other points (fixed singlet potential).
For a PD of 4.5% the experimental values of 2a ena E, are reproduced.

LE GRAPHIQUE DE PHILLIPS PCUR DES POTENTIELS EQUIVALENTS EN PHASE ET SEPARABLES
N.J. McGurk et H. Fiedeldey
Physics Department, University of South Africa
P.0. Box 392, Pretoria, South Africa

Hous avon: calculd la longueur de diffusion n-d doublet 2a, et l'énergie de liaison
du traiton ET pour des potentiels &quivalents en phase et séparables, construits par une
inversion des donne@s nucl&on-nucléon expérimentales 180 et 35, - 3D1. On montre que
les points calculés se situent sur la ligne de Phillips dans les limites de notre
précision numérique. On obtient des effets "off-shell” de 1.5 MeV pour E’I‘ et 1.2 fm
pour za, par des variations du potential singulet avec une interaction triplet fixe.

Quoique les lignes qui représentent les rélations linéaires entre ET et 2a et P soient

D
déplaceés par ces variations "off-shell", les points qui correspondent avec ces poten-—
tiels sont tous situés sur lo méme ligne de Phillips que les autres points (potentiel
singulet fixe). Les valeurs expérimentales de Za et En sont réproduites pour un P_ de

D
L.sg.
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SCATTERING-EQUIVALENT MULTICHANNEL SYSTEMS AND MANY-BODY FORCES
A. W. Sdenz and W. W, Zachary™
Naval Research Laboratory, Washimgton, D. C. 2C375 and

Department of Physics, Princeton Universitv, Princeton, N. 7, 0ashn

We have rigorously derived necessary and sufficient conditions for nonrelativistic
multichannel scattering systems corresponding to unitarily equivalent Hamiltonians to
have the same scattering amplitudes. Thus, beginning with a scattering system with
local short-range two-body interactions and total Hamiltonian H one cam construct a
scattering system equivalent to the first in this sense and with (in general) nonlocal
many-body interactions and total Hamiltonian unitarily equivalent to H. The theory
provides one with a general practical procedure for determining the effects of many-
body forces on few-nucleon electromagnetic form factors while keeping strictly conmstant

all elastic scattering and breakup amplitudes.

*0On leave from the Naval Research Laboratory.

UPA AT POSITIVE EIERGIES FCR HARD CORL POTENTIALS

4 .V.Lagu, C.liaheshwari and V.S.rathur
Department of Physics, Banaras Hindu University,
Varanasi-221005,India

We examine the accuracy of the UPA to the t-matrix at
Positive energies for. a potential coantaining hard core and squarewell
shape outside. we find that the UPA is not particularly successful at
positive energies. Surprisingly, however, at highexr postive energies

the agreement between UPA t-matrix ana exact t-matrix is comparatively
better.
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LES SECTIONS EFFICACES DIFFERENTIELLES DE DIFFUSION ELASTIQUE ET
INELASTIQUE DES NEUTRONS DE 14.1 MEV PAR TRITONS

Shoji Shirato, Yasuhiko Suda and Shizuo Tsuruta* (Department of Physics, St. Paul's
(Rikkyo) University, Nishi-Tkebukuro, Tokyo, Japan) and Shinsho Oryu (Department of
Physics, Sclence University of Tohyo, Noda, Chibaken, Japan)

Des mesures de les n~t sections efficaces différentielles de diffusion
élastique et in€lastique 3 14.1 MeV ont &té faites 3 5 angles entre 0° et 40° en
euployant un téléscope compteur. Les résultats obtenus pour la diffusion &lastique ont
ét€ blen reproduits par le mod2le optique. Les spectres mesurées et la distribution
angulaire des deuteroms émergeant alors la réaction 3H(n,d)Zn sont comparés avec le
calcul basé sur la forme de Faddeev en utilisant un mod2le des trois corps (nin+d) et
des potentiels séparables. La forme des spectres observées est expliquée en bon accord
avec le calcul en présence de la interaction des n-n dans 1'é€tat final.

* A présent au Japan Atomic Power Company, Otemachi, Chiyodaku, Tokyo, Japan.

DIFFERENTIAL CROSS SECTIONS FOR ELASTIC AND INELASTIC SCATTERING OF
14,1 MEV NEUTRONS BY TRITONS

Shoji Shirato, Yasuhiko Suda and Shizuo Teuruta* (Department of Physics, St. Paul's
(Rikkyo) University, Nishi-Ikebukuro, Tokyo, Japan) and Shinsho Oryu (Department of
Physics, Science University of Tokyo, Noda, Chibaken, Japan)

The n-t elastic and inelastic differential cross sections at 14.1 MeV were
measured at five angles up to 40° with a counter telescope. The elastic data obtained
were well reproduced by the optical model. The measured spectra and angular distri-
bution of deuterons from the 3H(n,d)zn reaction were compared with the calculation
based on the Faddeev approach using the separable potentials and the three-body (nin+d)
model, The shape of the observed spectra was fairly well explained by this calculation
taking into account the n-n final-state interaction.

* Pregent address: Japan Atomic Power Company, Otemachi, Chiyodaku, Tokyo, Japan.
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FORMULA DE LA DIFFUSION n-d@d DE BASSE éHERGIE
T.Sasakava

Université Tohoku, Départment de Physique, 980-3&ndai, Japon

La fonction de Jost utilise & la theorie de la diffusion potentielle
est donné de l'extension au probleme & trois corps. On a trouvé que 1'
amplitude de la diffusion n-d de basse @énergie est exprimé par une
fonction F comme T=Im F/F. La fonction F est parametrisé approximatifment
comme F={1 -({g/z)[tan™13z/2 - tan~1lz/2 + (i/2)1n ({14 922/h)/(1+ z2/74)) 1+
az2 + i {bz + cz3) Y .la + irf2E2(1n E - i) /r]. Cette fonction satisfait
la unitarité & trois corps. Cette fonction est le fonction enticre d'en
haute moitié du complexe k-plan. (k;la numero de la onde du neutron
découlant.) En supposant gque f est petit, les valeurs des a,b,c et g qui

donnons 1'énergie de liaison du triton et le comportment expérimentel

du k cotd soni donné.

LOW ENERGY FORMULA OF n-d SCATTERING

f.Sasakava

Tohoku University, Department. of Physics, 980-Sendai, Japan

The Jost function of the potential scattering theory is extended to
the treatment of the three-body system. It is found that the n-d scat-
tering amplitude at low anergy is expressed by a function F as T= Im F/F.
The function F is approximately paranretrized as
F =41 - (g/z) [tan~132/2 = tan"lz/2 + (1/2)1n(( 1 + 922/h)/(l + 227N 1]

+ az° + i(vz + cz3)}r [ a + isz2 (1nE - imt)Ac]. This function satisfies
the three-body unitarity. This is an entire function on the upper-half
of the complex k-plane (k; the wave number of the incident neutron).

With the assumption that f is small, & set of values of a,b,c and g which
yield the correect trition binding energy and the experimental behavior of
k cot § are given,
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Unitary Three-Body Transformations and Three~Body Forces
Michael I. Haftel

Yaval Research Laboratory, Washington, D. C. 2C375

A three-bodv unitarv transformation method for the study of three-body forces is
presented. The proposad methud generates from an "unaltered" Hamiltonian of the three-
body system with only two-body forces alternate three-body Hamiltonians. These alter-
nate Hamiltonians have two~body forces, which may differ off-shell from the original
two-body forces, and three-body forces. The resulting Hamiltonians preserve the
three~body spectrum and scattering predictions, but alter the three-body wave func-
tions. A special case - a szparable rank-two hyperspherical transformation - is
applied to the calculatjon of the trinucleon charge form factor. The influence of
this unitary transformation on the form factor at various q° is illustrated. Starting
with a potential that gives nearly the correct binding energy of 3He, three-body
forces whose expectation values are at least 2 MeV (attraction) seem to be required

to achieve reasonable fits to experiment with this transformation.

THE DEPENDENCE OF THE TRITON BINDING ENERGY ON THE ASSUMLCD TWO-NUCLEON CORE

I.,R. Afnan and J.M. Read, School of Physical Sciences, The Flinders University
of South Australia, Bedford Park. S5042. Australia.

The dependence of the triton binding energy on the type of core assumed for
the two-nucleon interaction is investigated for potentials of the Reid and Hamada-
Johnston form, It is shown that such local potentials, constrained to have the
one-pion-exchange tail, and to give a correct value of the deuteron quadrupole
moment, underbind the triton by some 1,5 MeV, irrespective of the type of core
assumed, Thus, unless one is prepared to postulate a very large contribution from
three-body forces, it is not possible to reconcile the calculated values of E_ with

T
experiment, using this type of potential.



NON-COPLANAR p~D BREAKUP CROSS SECTIONS*

J.M. Cameron, J.G. Rogers and J. Soukup
Universtty of Alberta, Edmonton, Alberta, Canada

D.l. Bonbright, A.M. McDonald, W.T.H. van Oers, and J.W. Watson

University of Manitoba, Winnipeg, Manitoba, Canada
W.M. Kloet

University of Marylana, College Park, Maryland, U.S.A.

J.A. Tjon
Untversity of Utiecht, Utrecht, The Netherlands

Calculations and preliminary measurements of proton-deuteron breakup cross

sections have been made at 39.5 MeV along constant relative energy 10oci such as those

described by Jain, Rogers and Saylor. Calculations using s-wave local and separable

NN potential models are found to be quite sensitive to the model parameters in regions

of destructive interference minima. Preliminary data along one of the constant rela-

tive energy loci do not agree with any of the s-wave model calculations. Additional

measurements are currently in progress.

-

TRINUCLEON RESYJLTS FOR SEVERAL ONE-BOSON EXCHANGE POTENTIALS

I.R. Afnan and J.M. Read, School of Physical Sciences, The Flinders

University of South Australia, Bedford Park, 5042, Australia.

Several one-boson exchange potentials (OBEP) were used in the Faddeev equations

to determine the triton binding energy ET anc the n-d doublet scattering length 2a.

it was found that both ET and 2a for these potentials are signifieantly cleoser te

the experimental results than the corresponding values obtained using phenomenological
interactions. This improvement in the calculated binding energy and scattering

length is attributed to the explicit non-locality inherent in the OBE form, The

results also suggest that it is not necessary to introduce contributions from three-

body forces in order to obtain agreement between theory and experiment,

o~
Work supported in

part by the Atomic Energy Control Board of Canada.
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FOR'ULA DE LA DIFFUSIOR n-d DE BASSE ENERGIE

-t

T.Sasakawa

Université Tohoku. Départment de Physique, 980-Séndai, Javon

La {onstion de Jost utilisé a la théorie de la diffusion potentielle ‘est donné
de 1l'extension au protléme a trois corps. On a trouvé gue 1' azmplitude
de le diftfusion n-d de bacse énergie est exprimé par une fonctien F comme T=Im F/F.
Lo fonction F est parametrisé approximatifment comme F = {l —(g/z)[tan—132/2 -
tanul:/Z + (1/2)1n ((1 + 922/h)/(1 +:E/h))] + a22 + i (bz + czs) } . o fa+ 1sz2
(ln E - 1% )/n ]. Cette fonction satisfait la unitarité & trois corps. Cette
fonction est la fonction entiére d'en hauls moitié du complexe k - plan. (k ; la
nurdro de la onde du neutron découlant.) En suppnosant que f est petit, les valeurs
des a.b,c et 3 qui doanons l'énergle de lizison du triton et le comportment

. - .
experaimental cu K cot o sont donne.

LOW ENERGY FORMULA OF n - 4 SCATTERING

T.Sasakawa

Tohoku University, Department of Physics, 980~Sendai, Japan

The Jost function of the potential scattering theory is extended to the
treatment of the three-body system. It is found that the n-d scattering amplitude
at low energy is expressed by a function F as T = Im F/F, The function F is
approximately parametrized as
F=§1- (g/z)[tan”™ 3z/2 - tan™> 2/2 + (1/2)In(( 1 + 922/8)/(1 + 22/ )] + az

+ i(bz + cz3) } . [a+ if2E° (1nE - i )/ ]. This function satisfies the

2

three-body unitarity. This is an entire function on the upper-half of the complex
k-plane (X; the wave number of the incident neutron). With the assumption that £ is
small, a set of values of a,b,c and g which yield the correct trition binding

energy and the experimental behavior of k cot ¥ are glven.



8/

Bounds States for a Three Body Systen

wiasd o ferredira and verta L. v, saltan

Pontificia Universidade Catolica do 210 de Janeiro

and

Antonio Carlos Antunes

Universidade Federal do Rio de Janeiro

We study the binding energies and the wavefunctions of the
J=0 bound states for a system of three identical particles interacting
in pairs through potentials of the form A§(r—-a), where r is tne distance
between two particles. Efimov bound states are found, and described as

functions of"the coupling intensicy.

Etats Li@s d'un Syst&me 3 Trois Corps

Nous eétudions les anergies de liaison et les fonctions
d'onde des états liés avec J=0 pion pour un systéme de trois particules
jdentiques intéragissant par paires avec des potentiels de la forme
A§(r~a) ou r est la distance entre deux particules. Etats liés d'Efimov

sont trouvds et dé@scrits en fonction de l'intensité@ du couplage.
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MESURE PRECISE DE LA SECTION EFFICACE DIFFERENTIELLE N-D X ENERGIES BASSES
L Amtén, L Gonezi, A Johansson, L Nilsson et B Sundqvist

Tandem Accelerator Laboratory, University of Uppsala, Suéde

Uzme tochnlgue Ju tecul powl wesuwrer le guolicll entre les sections eificaces
différentielles n-d/n-p est discutBe. La mBthode a &t& utilisée pour obtenir ume
section efficace & 180° et En Tap = 8,10 Mev de 26,9 * 2,1 mb/sr. Cette valeur
expérimentale, qui dépend & u; degré faible de la forme angulaire suppcsde pour la
section efficace n-d, est 13 % plus grande gue la valeur calculfe avec potentiels
sépererles & deux nucléons,meis sslcn les résultats de Kloet et Tjon elle parait

d'€tre d'accord avec une valeur obtenue avec leurs potentiels locales.

PRECISE MEASUREMENT OF THE ELASTIC N-D DIFFERENTIAL CROSS SECTION AT LOW ENERGIES
L Amtdn, L Gdnczi, A Johansson, L Nilsson and B Sundgvist

Tandem Accelerator Laboratory, University of Uppsals, Sweden

A recoil technique to measure the n-d/n-p differentiel cross section ratig is
discussed. The method has been used to obtein an n-d cross section at 180° and
En,lab = 8.10 MeV of 2L6.7 * 2.1 mb/sr. This experimentel value, which depends slightly
on the anguler form essumed for the n—~d backward ecross section, is 13 % larger than the
value calculated with two-nucleon separable pote.tials, but according to the results

of Kloet and Tjon it seems to be in agreement with e value obtained with their local
potentials.
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DIFFUSION A HAUTE ET MOYEWNE ENERGIE

J.J. BENAYOUN, Institut des Sciences Nucléaires, BP N° 257 33044 Grenoble, France
’ ’ r

La diffusion &lastique d'hadrons par une cible 2 deux corps est
étudiée en appliquant la relation de fermeture sur les &tatg propres de la cible
par comparaison avec les équations de Faddeev. Les interactions sont supposées
séparables. Nous examinons le domaine d'application de cette approximation en
faisant varier 1'énergie 1ncidente, le rapport de masse du projectile, sur la
masse dé 1a cible ainsi que 12 fonttion d'onde de la €ible. Nous insistons sur
le Pait que Cette approximation ne Conduit pas i ltapproximation des diffuseurs

fixes s1 1'on utilise des potentiels séparables.

SCATTERING EROM A TWO.BODY BOUND STATE AT HIGH AND INTERMEDIATE ENERGY
J.J. BENAYOUN, Institut des Sciences Nucléaires, BP n® 257 38044 Grenoble, France

We study the elastic scattering of hadrons from a two-body target
within the framework of target Closure by comparison with the Faddeev equations
using separable potentials. We investigate the region of applicability cf thas
approximation by varying the incident enarqy, the ratio of the drojectile mass
to the target mass and the target density. We emphasize that the target closure
approximation does not lead to the fixed scatterer approximation with separable
potentials.
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LA DETERMINATION DL LA CONSTALTE LE COuPLAGE DU VERIL/
(tdn) A L'AIDE DE LA SOLUTION DES EQUATIONS DE FADDEEV

V.B.Belyaev, B.F.Irgasiev>, Yu.V.Orlov#:

La constante de couplage G2 €T le facteur de forme pour le vertex
t ,~ dtn sont calculés a .'aide de la fopction a'onde obtenue de la solu-
tion des équati-ns de Faddeev avec un potentiel de Bressel-Kerman-Rouben
modifié, Le résultat pour la constante de couplage G2z 1.fm coincide
pratiquement avec les données expérimentales. Four estimer précisenent

G2 il est nécessaire de calculer avec soin la fonctioa d'onde a trois

nucléons surtont pour la région non physique des moments.

Phys.Department Taschkent State University.
4’ Nuclear Research Institute of Moscow State University.

DETERMINATION OF THE COUPLING CONSTANT FOR THE VERTEX
(tdn) FROM THE SOLUTION OF THE FADDEEV EQUATIONS

V.B8.Belyaev, B.F.Igasiev®:, Yu.V.Crlov'*

The coupling constant G2 and the form factor for the vertex t.» d+n
are calculated using the wave function found by solving the Faddeev
equations with the modified Bressel-Kerman-Rouben potential. The result

for the coupling constant Gz: 1.fm actually coincides with the experaimen-

tal data. For accurate G2 evsluation one should carefully calculate the

three-nucleon wave function especially for the momentum unphysical region.

Phys.Department Taschkent State University.
Nuclear Research Institute of Moscow State University.
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POLARIZATION OF NEUTRONS FROM THE D{«,n) REACTION*
H. D. Knox, R. G. Graves, and L. C. Northcliffe, Cyclotron Institute, Texas
A & M University, College Station, TéXas 77843

H. Nakamura and H. Noya, Department of Physics, Hocei University, Tokyo, Japan

The polarization of neutrons £rxom the D{(a,n) reaction has been measured at
Eu = 39.4 MeV. Predictions of the polarization and the differential cross section
for this reaction have been obtained using the modified impulse approximation and
these predictions are compared to the data from the present polarization experiment
and to earlier differential cross section data. Generally good fits were obtained

although the theory predicts smaller polarizations than were measured.

*Work supported in part by the National Science Foundation

ASYMMETRY N THE *H(d,2p)n REACTION STUDIED WITH 1Z.2MeV POLAR{SED DEUTERONS
C. 0. Blyth, N. T. Okumusoglu, N. Berovic and J. S. C. McKee. Department
of Physics, The University of Birmingham, BI5 ZTT. England.

Asymmetry measurements from the reaction 14(d,2pIn at 12.2MeV polarised
deuteron energy are compared with those of Arvieux et al (1970) at higher energy.

P Ve _ Ve
L'ASYMMETRIE DE LA REACTION 'H(d,2p)n EST ETUDIEE A MOYEN DES DEUTERONS POLARISES
C. 0. Blyth, N. T. Okumusoglu, N. Berovic and J. S. C. McKee. Department de
Physique , L'Universite de Birmingham, BIS 2TT, Angleterre.

Les asymmetries de la reaction !H(d,2p)n sont presenfées a l'energie de [2.2MeV.

des deuterons polarisés. Les resultats ont comparés de ceux d'Arvieux et al (1970).



PRELIMINARY MEASUREMENT OF THE PROJECTILE SPIN LEPENDEHCE 1N
THE REACTIONS d + SHe —~p + t + p AUD & + SHe -+ p + JHe + n REACTIONS

H. 0. Mever, Gerald G, Dhlsen, R, A, Herdalanl ®, YV, Parsre, o=

Los Alamos Scientiric Laboratory, Los Alamos, Hew lexico 875hk*

The deuteron spin dependence for the kinematically complete experiments

3
He +p +t + pandd + 3He +p + 3He + n has been measured. Coplanar symmetric

d +
angles of 30° and a deuteron boxbarding energy of 15 MeV were used. Tairly large

tensor polarization effects and small vector polarization effects are observed.

*Supported by the U.S. Atomic Energy Commission.

POLARIZATION TRANSFER IN PROTON~DEUTERON ELASTIC SCATTERING*
- F. N. Rad, J. Birchall, H. E. Conzett, and R. Roy
Lawrence Berkeley Laboratory, University of California, Berkeley, California 94720
The polarization transfer coefficient K¥'(6) in N-d scattering has been
measured at Eg = 45.4 MeV, Opab = 389, 41°, and 44°. Our results are 1in good agreement

with the recent three-body calculations using a perturbation technique with rank-l
separable potentials.

*Work supported by the U. S. Atomic Energy Commission.

TRANSFERT DE POLARISATION DANS LA DIFFUSION PROTON-DEUTON*
F. N. Rad, J. Birchall, H. E. Conzett and R. Roy
Lawrence Berkeley Laboratory, University of California, Berkeley, California 94720
La mesure du coefflclent de transfert de polarisation K{'(e) dans la
diffusion N-d a été effectude 3 Eg = 45.4 MeV pour Opgp = 380, 41° et 44°. Les

résultats sont en accord avec des calculations récentes utilisant, pour le systéme a
trois corps, des potentiels séparables de rang un dans un contexte de perturbation.

*Travail supporté par U. S. Atomic Energy Commission.




POLARIZAT;ON TRANSFER IN THE D(p,")pp REACTION AT 8= 0°
FOR PROTON BOMBARDING ENERGIES FROM 10.5 TO 15 MeV

R. L. Walter, P. W. Lisowski, R. C. Byrd, Duke University and Triangle Universities
Nuclear Loboratorytand T. B. Cleqq, University of North Carolina and TUNL*

The polarization of neutrons produced in the D{p,N) pp reaction initioted with
transversely polorized proton beams from 10. 5 to 15 MeV wos investigoted ot 8 0°. The polariza~-
tion wos measured as a function of neutron energy over the continuous distribution of energies. For
all proton energies, the polarization transfer coefficient KY had obout the same mognitude for similar
regions of the neutron spectrum, i.e. KY ==-0.2 for the highest energy group (f.s.i.)aond K;: =40.5
for the central peak in the continuum distribution.

SCATTERING OF POLARIZED NEUTRONS FROM 3He AT 8 AND 12 MeV

P. W. Lisowski, R. L. Walter, Duke University and Triongle Universities Nuclear "
Leboratorytand C. E. Busch, and T. B. Clegg, University of North Corolina and TUNL

Using the high polarization transfer capability of the D(E,'ﬁ):;He reaction to
provide a source of mongenergetic polarized neutrons, the asymmetry in scottering 8 and 12 MeV
polarized neutrons from YHe was obtained over the engular range from 60° to 160° c.m. The 8 MeV
data show lorger asymmetry values than had been reported previously by Behof et al. However both
sets of the newer data are in close agreement to the asymmetry results for the mirror reaction T(p,p) T.
Phase shifts near to those for T(p,p)T obtained by Hardekopf et al. were determined by searching
available cross-section and polorization data for the region from 3 to 24 MeV. These phase shifts
provide a convenient parameterization of the availoble 9He + ndata but the solution is known nat to
be unique.

POLARIZATION TRANSFER [N THE D(d,7)°He REACTION AT 6 =0°

P. W. Lisowski, G. Mack, and R. L. Walter, Duke University and Triangle Universities
Nuclear Laboratory"and C. E. Busch and T. B. Clegg, University of North Carolina and
TUNL*

The vector polarization transfer coefficient KY' and the tensor analyzing power
A, have been measured for the D(d, 7i)3He reaction at 8 = 0° oveT an incident deuteron energy
range from 1 ta 15 MeV in 0.5 MeV steps. “The results agree with the preyious D(H,'E)3He measyre~
ments af Simmons et al. and are nearly identical to the DA, P)T measurements of Clegg et dl. in the
regicn of overlap. 1he present results provide an accurate and complete set of the observables
necassary to use the D(d, ) He reoction as a source of polarized neutrans, Above 3 MeV the data
may be parameterized as follows:

A,,(0°) = -0,462

K}'(0°,Eq) = 0. 662 - 0.003Eg.

+ Work supported in part by the U, S. Atamic Energy Commission
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STUDY OF He WITH THE POLARIZED PROTON CAPTURE REACTION

H. F. Glavaish, J. R. Calarco, G. ¥ang, D. G. Mavas, V. K. C. Cheng,
E. Kuhlmann and S- S. Hanna, Department of Physics, Stanford Univer-

A
sity, Stanford, califormia 24305 USA

Angular distributions have been measured for the capture react:ion
3H(p,Y) 4He with polarized and unpolarized protons at energies Ep = 6.0, 9.8, 14.0 and
16.0 MeV. Unique S-matrix elements for P and D wave capture, corresponding to El and
E2 radration, respectively, have been determined from the data. These results, in con-
junction with the phase shifts from 31-1 + p elastic scattering, should help to resolve
the open question of the distribution of singlet strength in the two postulated T = 1, 1"
levels of 4He at 27.4 and 30.5 MeV, and provide further information on the E2 strength

in 4He N

* Supported in.part by the National Science Foundation.

N

POLARIZATION TRANSFER IN THE (J,.:) BREAKUP REACTION ON 2H, 4He ond Ta

R. L. Walter, P. W. Lisowski, Duke University and Triangle Universities Nuclear
Laboratoryt and T. B. Clegg, University of North Carolina and TUNL*

The amount of polarization fransferred to f?e neutrons produced when purely
vector~polarized deuterons undergo breakup on targets of H, He and Ta hos been measured at 0°
reaction angle, Torgets of “H ond 4He were used for deuteron energies of 8,7, 11.4 ond 14.4 MeV.
Tantolum was used near Ey = 14 MeV. The transverse polarization transfer coefficient KY' was
obtained as a function of continuum neutron energy. For “He, KY approached a value of about
0. 6 for neutrons with energies _near that of a brood peok in the continuum and decreased on the low
energy side of the peak. For 2H, KY'was slightly lower than for 4He. For Ta, a large polarization
transfer was observed over much of the heutron energy range, however no breakup peck was
discernible.

* Work supported in port by the U. S. Atomic Energy Commission



POLARIZATION IN n-d ELASTIC SCATTERING FOR 50.0 MeV NEUTRONS+

A.L. Sagle, M.W. McNaughton, N.S.P. King, F.P. Brady, Crocker Nuclear
La%Yoratory, University of Californlz, Davis, and Z.I. Toaner, P-DOR

Los Alamos Scientific Laboratory.

Preliminary results are presented for the polarization of 50.0 MeV
neutrons scattered from deuterons at- three angles in the fegion of the polarization

minimum, The results are in good agreement with p-d results at the same energy.

+Supported by the National Science Foundation

LA POLARIZATION DES NFUTRONS DE 50 MeV DIFFUSE PAR DEUTONS+

A.L. Sagle, M.W. McNaughton, N.S.P. King, F.P. Brady, Crocker Nuclear
Laboratory, University of California, Davis, and B.E. Bonner, P-DOR
Los Alamos Scientific Laboratory.

On donne les resultats preliminaires pour la polarization des neutrons
de 50 MeV diffuses par deutons a trois angles vers la region du minimum de la

polarization., Ces resultats sont de bonne accord avec ceux de p~d a la meme
energie.

+ Ce travail a été appuy€ par la "National Science Foundation"

POSSIBLE TESTS OF TIMEREVERSAL INVARIANCE IN POLARIZED
p-aH DR D‘3He SCATTERING

M. Simonius
Laboratorium fur Kernphysik, Eidg. Techn. Hochschule
Zirich, Switzerland

The possibility of time reversal tests in (low energy) polarized p-3H and p-3He
scattering, so called P=A tests, to an accuracy of the order of 10_3 are pointed out
and discussed. The sensitivity of the test to the two time reversal violating (TV)
scattering amplitudes important at low energy, <351|STVI3D1> and <3P1|STV|1P1> , is
calculated and found to be reasonable for p—3He scattering where their phase is deter-
mined by unitarity. The types of T-violating nucleon-nucleon interactions enterang

these matrix elements and the expected sensitivity to them are mentioned briefly.
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UWE ETUDE THEORIQUE DU POUVOIR D'ANALYSE A(D) DES RAYONS y VENANT DE LA REACTION (P,y)
SUR LES NOYAUX LEGERS
K. Ramavataram, C.L. Rao and S. Ramavataram
Université Laval, Laboratoire de Physigue Nucléaire,

Dépertement de Physique, Québec G1K TPk, Canada.

"
o

Le pouvoir d'analyse A(©) des rayons y venant de la réaction (p,y) sur les noyaux

comme une fonel

s ion d'Znergic dc protons a L€ calculf par la méthode de voies cou-
plées de particle-trou. Il s'avére que le calcul réussi & reproduire les aspects princi-
paux des résultats expérimentaux dans une maniére satisfaisante surtout au cas d'oxygéne-
15. Pour les cas de carbone-12 la théorie indique qu'il est nécesseire d'inclure des con-

fagurations autre que celle de 1p-lh pour cb*enir la meilleure accord avec l'expérience.

A THEORETICAL STUDY OF THE ANALYSING POWER A(0) IN (p,y) REACTIONS IN LIGHT NUCLEI
K. Ramavataram, C.L. Raeo and S. Remavataram
Université Laval, Laeboratoire de Physique Nucléaire,
Départem?nt de Physique, Québec G1K TPL, Canada.

The energy dependence of the analysing power A(G) in the region of the giant dipo-
le resonance is studied using the lp-lh coupled-channels model of the photo-nuclear reac-
tions. It is shown that the theory can reproduce the observed trends quite satisfacto-
rily including the striking minimum observed in A{US®) in 180 at Ep(la'b) of 7-8 MeV.
Comparison between theory and exveriment in 12C indicates the direction in which the theo-

retical model can be improved.

POLARISATION MEASUREMENTS IN NEUTRON-DEUTERON ELASTIC SCATTERING

R.C. Brown, J.A. Edgington, M.P. May and Y. Onel, Queen Mary College, London, England.
I.M. Blair, AERE, Harwell, Oxfordshire, England.
N.M. Stewart, Bedford College, London, England.

By scattering a beam of polarised neutrons, having a continuous energy spectrum,
from a liquid deuterium target we have measured the polarisation asymmetry 1n n-d
scattering between 50 and 120 MeV, and in the angular range 70° < ecm<l70°.
Preliminary results at 70, 80 and 90 MeV are compared with p-d asymmetries at 50 MeV
and 140 MeV; no gross discrepancies between the two systems are apparent.
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LINCAR RELATIONS BETWEEN THE RANK-1 POLARIZATIONS OF A NUCLEAR REACTION

. -+
F. Seiler

Physics Dept., University of Basel, CH-4056 Basel, Switzerland

Linear relations between the rank-l polarizations of a two-body nuclear
reaction between lignt nuclel are discussed. Simple relations are obtai-
ned for observables in the same channel if only two reaction matrix ele-
ments are assumed to be nonzero. For polarizations in the incoming and
outgoing channcl the relations depend on the spin configurations of the
two elements and are thus more coniplex. In both cases information on do-
minant elements may be obtained by applying these craiter:ia in a prelimi-
nary evaluation of experimental data.

+
Present address: Lawrcnce Berkeley Laboratory, Berkeley, CA 94720, USA.

RELATIONS LINEAIRES ENTRLC LES POLARISATIONS VECTORIELLES D'UNE REACTION
NUCLEAIRE

F. Seller+
Dép. de physigque, Université de Bale, CH-4056 Bdle, Suisse

Des relations linéaires entre les differentes polarisations vectorielles
d'une réaction entre des noyaux légers sont discutées. Si 1l'influence de
seulement deux é&léments de la matrice de collision est considéré&e, des

relations simples ontre les observables dans le méme canal sont obtenues.

~

En comparant une polarisation du canal d'entrée & une du canal de sortie,
les relations dépendent de la configuration des spins des deux &léments
et, par conséquence, sont plus complexes. Des informations sur les &1é-
ments dominants peuvent é&tre obtenues en appliquant ces critéres dans une

évaluation qualitative des données expérimentales.

*a présent au Lawrence Berkeley Laboratory, Berkeley, CA 94720, USA.
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TRANSPARENCY TO VECTOR POLARIZATION TRANSFER 1M
DEUTERON STRIPPING REACTIONS
F.D. Santos

- - . . ~
Laboratorio dc Filsica e Engenharia Nuclcares, Sacavem, Portugal

Tor certain deuteren polarizations, wvhen the spin transfer 1s pure s = %.
it is shown that deuteron stripping reactions are transparent to vector polarization
transfer and the outgoing nucleon polarization independent of scattering angle and deute
ron incident energy. DWBA calculations including contributions from s = %-through spin-~
-orbit distortion and deuteron D-state effects show that polarization transfer, in such
deuteron polarizations, is still considerably transparent in the angular region of the
stripping cross section main peak. This is potentially a useful method of producing fast

polarized neutrons(or protons) with known polarization.

TRANSPARENCE AU TRANSFERT DL
POLARIZATION VECTORIELLE DANS LES
REACTIONS (d,p) FET {(d,n)
F.D. Santos

Laboratorio de Fisica e Engenharia Nucleares, Sacavem, Portugal

On prouve que dans certainnes polarizations des deuterons, quand le trans
fert de spin est exclusivewent s = % , les reactions (d,p) et (d,n) sont transparen
tes au transfert de polarization vectorielle et la polarization du nucleon emergent est
independante de 1'angle de diffusion et de l'energie du deuteron incident. Des calculs
DWBA, avec des contributions de s = % resultantes de distortion spin-orbite et de
1l'etat D du deuteron, ont montré que le transfert de polarization dans ces &tats 13
est encore considérablement transparente dans la région angulaire du maximum principal
de la section efficace. Cesi peut etre utile comme methode pour la production de  mneu-

trons (ou protons) rapides polarisés avec polarization connue.




100

-] <
POLARIZATION AT 50 MeV NEUTRONS FROM THE T(d,ﬁ)aﬂe REACTION'

A.L. Sagle, M.W. McNaughton, N.S.P. King, F.P. Brady, Crocker Nuclear
Laboratory, University of California, Davis, and B.E. Bonner, P-DOR, Los

Alamos Scientific Laboratory.

An absolute measurement of the neutron polarization in the T(d,;)hﬂe
reaction was made for En = 50 MeV. The technique used was first proposed by
Barschall and the measured value is 0.49+ 0.03 which is in agreement with the

deuteron analyzing power in the charge symmetric reciprocal reaction AHe(;,d)3He.

+ Supported by the National Science Foundation.

LA POLARIZATION DE 50 MeV NEUTRONS DE LA T(d,;)AHe REACTION+

A.L. Sagle, M.W. McNaughton, N.S.P. King, F.P. Brady, Crocker Nuclear
Laboratory, University of California, Davis, and B.E. Bonner, P-DOR, Los
Alamos Scientific Laboratory.

On deonne la mésure absolue de la polarization des neutrons de la reaction
T(d,;)bﬁe a En = 50 MeV. On employe la technique de Barschall. La résultat
est 0.49 + 0,03 que agrée avec la deuton "analysing power" de la charge-
symmetric reciprocal reaction AHe(;,d)3He.

t Cé travail a é&té appuyé par la National Science Foundation.
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MESURES DES PARAMETRES DE POLARISATION ET DE ROTATION DE SPIN DANS LA
DIFFUSION ELACTIQUE PROTON-PROTON A 3,83 GeV/c,

J. DEREGEL, C. BRUNETON, J. BYSTRICKY, G. CDZZIKA, Y. DUCROS, A, GAIDOT,
F. LEHAR, A. de LESQUEN, J.P. MERLO, S. MIYASHITA, J. MOVCHET, J.C. RAOUL,
L. VAN RUsSUM,

DPhPE -~ CEN SACLAY, FRANCE.

Résumé

Le paramdtre de polarisation P dans la diffusion élastique proton-proton
a &té mesuré & 3,83 GeV/c dans l'intervalle 0,35<|t{<3.0 (GeV/l:)2 c’est a
dire 29"_4.9c"4_ 95° , La polarisation & faible quadrimoment transfére est é&gale
a4 P 2 +0,18. La variation en fonction de t montre un minimum & «to21,0 (Ge\l/c)2
suivi par un maximum a-t¥ 1,5 (GeV/c)z. Une variation semblable en fonction de
t avec minimum et maximum aux environs des mBmes valeurs a &té observée & des

i1mpulsions_plus é&levées jusqu'd 45 GeV/c.

A la mBme énerxgie la combinaison C=0,999 R + 0,07 A des param2tres de xota-
tion de spin R et A a 6té& mesurée dans l'intervalle 0,18< {tis 0,57 (GaV/c)Z.
La valeur moy=nne de £ (=2R) est C = -0,275 ¥ 0.0s8. La comparaison avec les
expériences & 6 at 15,75 GeV/c, réanalysées par la m2me méthode,montre une dée-
pendance en t et une valeur moyenne semblables aux trois énergies. [es résultats
sont proches des prédictions correspondantes & l'échange prédominant du Poméron

sans retournement d'h&licité dans la voie s.
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MEASUREMENTS OF POLARJIZATION AND SPIN ROTATION IN PROTON~PROTON
ELASTIC SCATTERING AT 3,.B3 GeV/c.

J. DEREGEL,C,BRUNETDNY, J. DYSTRICKY, G. CCI”IYA, Y, DUCRDS, A. GAIDDT,
F. LEHAR, A, de LESQUEN, J.P. MERLG, 5. MIYASHITA, J. MOVCHET, J.C, RADUL,
L. VAN ROSSUM.

DPhPE - CEN SACLAY, FRANCE.
Abstract

The polarization P in proton-proton elastic scattering has been
measured at 3.B3 GeV/c, in the region of 0.35< {ti¥ 3.0 (GeV/c)Z, 1.e.

29t < 8 _.,S 93°. The polarization at small t is equal to F~ + 0.18, The t—depen-

c™M
dence shows a minimum at =-t&1.0 (EeV/c)2 followed by a maximum at -t ¥ 1.5
(EeV/:)Z. A similar t-dependence with minima and maxima at about the same t-

valuyes has been observed at all higher momenta up to 45 GeV/c.

At the same energy the combination C = 0.999 R + 0.07 A of the spin
rotation parameters R and A has bteen measured in the interval 0.18< {t| < 0.57
(EeV/c)z. The average value of C (2 R) is C = -0.275 & 0.056. Comparison with
the results at 6 and 15.75 GeV/c, reanalized by the same method,shows consistency
with a8 similar t- dependence, and the same average value, at all three energ:es.
These values are not far fram the predicticns for predominant Pomeran exchange

without helacaty flip an the s-channel.
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~ VIII

CORRELATIONS A COURTE PORTEE. DIF-  SHORT RANGE CORRELATIONS. QUASI-FREE
FUSION  QUAST-LIBRE SCATTERING
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HOW ACCURATELY CAN Tin BE DETERMINED FRCM QUASIFREE SCATTERING?

D. Vranié, I. 3laus, G. Paié&, P. TomaZ
Institute "Rudjer Boskovié", Zagreb, Yugoslavia

The sensitivity of the n+d breakup cross-section calculaticn

to the value of the scattering parameters Ton and a is presented. From

nn
the results a possibility of measuring Ton with considerable precision

is suggested.

A QUELLE PRECISION PEUT ron ETRE DETERMINEE A PARTIR DE LA DIFFUSION
QUASILIBRE

D. Vrani&, I. Slaus, G. Paié&, P. Tomas
Institut "Rudjer Bo3kovié", Zagreb, Yougoslavie

La sensibiljté de la section efficace de cassure n+d théorique

aux variations des parametres de diffusion rnn et an est examinée. Les

résultats de cette étude permettent de proposer une possibilité de dé-
termination du paramétre I n avec une précision considérable.

ATTENUATION AND p-p AND p-n QUASI-FREE SCATTERING IN DEUTERON BREAKUP

T. K. Lim and R. D. Haracz

Department of Physics and Atmospheric Science
Drexel University, Philadelphia, Pa 19104

A new attenuation model is used to explain the difference in QFS cross
sections for the two kinematicaliy-equivalent modes of deuteron breakup under proton

bombardment.
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EFFECT OF SHORT RANGE CORRELLTIOIS IN PION PHOTOPRODUCTION
FROM NUCLEI

K.Srinivasa Rao, MuTSCIEN.E, The Institute of llathematical Sciences,
Madras-600020, India and V.Devanathan, Department of Nuclear Physic:,
University of Madras, Madras-300025, India.

A formelism for taking the effect of short range correlztions
in pion photoproduction from nuclei has been developed. A preliminary
study of positive pion photoproduction from oxygen at 260 leV incident
photon energy (maximun mor<ntum transfer involved is 1.9 fm-l) reveals
that there are no significant correlation corrections.

MULTIPLICITY SCALING AND COMFCUKD FOISSON DISTRITUTIONS

T.S.Sgnthanam and R.Sridhar
MATSCIENCE, Madras.Indla

SUMMARY

It 1s jolnted out thst the assumption of the Compound
Polsson Distribution for the multiplicity distribution is
identical in content to the assumption of the K.N.O

Scaling independent of the nature of the scaling weight
function.
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Quasi-Free Contributions in the p, d, and 160 Induced Reactions on st
P, Miljanié*, T. Zabel and G. C. Phillips

T. W. Bonner Nuclear Laboratories**, Rice University, Houston, Texas 77001, USA

Three bodv reactions induced by p, d, and 160 on OLi were measured at low
energies. The contributions from different quasi-free reactions were observed in
coincidence spectra. These results were compared with predictions of plane wave

impulse approximation calculations.

*0n leave from Institute: "Ruder Bo¥kovié," Zagreb, Yugoslavia

**york supported in part by the U. S. Atomic Energy Commission.

(UASI-FREE SCATTERING IN THF OLi(e,ed)?H AND OLi(e,ed)?ltc REACTIONS

M. Toyama
Department of Physics, Kyoto Sangyo University, Kyoto, Japan

Y. Sakamoto
Institut fiir Kernphy~ik der Universitat Frankfurt am Main

Frai.«furt am Main, Germany

The cross srctions for the e-i and e-d8 quasi-free scat-
tering (QFS) on 6Li are calculated with the microscopic
model. The plane wave QFS mcdel predicts the ratio of nd/nd
= 1.0, in contrast with that of 0.53 extracted from the
obsexrved cross sections for the e-d and e-d QFS on 6Li, where

n, and n, are the so callqd the effective numbers of'd and

d clustegs in the nucleus. The final-state interaction
effects cannot explain the ratio different from unity, since
the effects are largely cancelled by the oscillatory structure
of the ¥-d intercluster wave function in 6Li. In order to
explain this ratio, it should be assumed that the of and d
intracluster wave functions in 6Li are considerably different
from corresponding free particle wave functions and also that
the structure of the o intracluster wave function differs
completely from that of the d cluster.
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QUASI FREE pp AND pd SCATTERING ON 4Hc AT 155 MeV

4
R.Frascaria, P.G. Roos+. M. Morlet, N.Marty, V Comparat, N.TI'unwara +
and A Willis

Institut de Physique Nucléaire, Orsay, France

The energy sharing spectra for the three body IHc(p. 2p) and ’Hc(p. pd) reactions
have been obtained at 8} = 40.29 6, = 40.4° for the QFS,, and at & = 40%, 85 = 60°
for the QFSpcl A DWIA calculation using an Fckart form wave function to describe the
proton in tHe has been performed for the 4He(p.Zp) reaction The distorted density
probability for zero recoil momentum extracted from different ¢energy experiments
(between 65 and 590 MeV) 15 compazed to the calculation Reasonable agreementas
obtained if the calculation 15 multaiplicd by 0.5 There seems to be a discrepancy betw-

een the 480 MeV and 590 MeV data.

+ Permanent.address : Umiversity of Maryland (USA)
++ Permanent address - Tokio Inst. of Tech. (JAPAN)

4
REACTIONS QUASI ELASTIQUES p-p ET p-d SUR "He A 155 MeV

R.Frascaria, P.G. Roos+, M, Mox:let, N. Marty, V,Comparat, N.Fujxwara++
et A, Willis

Institut de Physique Nucléaire, Orsay, France.

Les spectres cn énergie des sections efficaces triplement différentielles des
réactions 4He(p. 2p) et 4He(p, pd) ont €té mesurés i 8, = 40.2%t 8, = 40. 49 pour
le QFSPP et 91 = 40°, 92 = 60° pour le QFSPd. Un traitement DWIA 34 l'aide d'une
fonction d'Eckart pour décrire le proton dans 4He est proposé pour la premitre
réaction. La densité de probabilité (distordue) d'avoir un proton d'énergie nulle dans
1'4He est extraite de différentes expériences entre 65 et 590 MeV. La comparaison
aux calculs DWIA donne un excell;:nt accord si les calculs DWIA sont multipliés par

un facteur 0 5. Un désaccord apparaft entre les résultats expérimentaux 2 480 MeV

et 590 MeV.

+ Adresse permanente : Uaiversity of Maryland (USA)
++ Adresse permanente : Tokio Inst. of Tech. (JAPAN)
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THE (p,2p) AND (p,pd) REACTIONS ON *H AND He AT 45 Mev

D. I. Bonbright, S. A. Elbakr, A. Houdayer®, C. A. Miller'™, D. J. Roberts,
E.S.Y. Tin+++, W.T.H. van Oers and J. W. Watson
Cyclotron Laboratory, Department of Physics, University of Manitoba,
Winnipeg, Manitoba R3T 2N2

The (p,2p) and (p,pd) reactions on °H and ‘He have been studied at 45 MeV
in a symmetric and asymmetric coplanar geometry at many pairs of angles favoring
quasi-free p~p and p-d scattering. Momentum distributions of the d and [nn] systems
in ?H and d and d* systems in 2He have been extracted within the framework of the plane
wave impulse approximation. A comparison of the continua of the *H(p,2p)nn reaction
vith four-body differential phase space distributions indicates the presence of pseudo
two-body processes, namely the p-d* quasi-free scattering process and the
p + t - d* + d* reaction.

+ Present address: Foster Radiation Laboratory, McGill University, Montréal, Québec
++ Present address: Nuclear Research Center, University of Alberta, Edmonton, Alberta
T6G 2J1
t+t+ Present address: Power Projects, Atomic Energy of Canada Limited, Mississauga,
Ontario L5K 1B2

LES REACTIONS {p,2p) ET (p,pd) SUR *H ET *He A 45 MeV

D. I. Bonbright, S. A. Elbakr, A. Houdayer*, C. A. Mi]ler**, D. J. Roberts,
E.S.Y. Tinfff, W.T.H. van Oers et J. W. Watson
Cyclotron Laboratory, Department of Physics, University of Manitoba
Winnipeg, Manitoba R3T 2N2

On a étudié les réactions {p,2p) et (p,pd) sur °H et 3He & 45 MeV et &
un grand nombre de paires d'angles symétriques ainsi qu'asymétriques. La géométrie
coplanaire et le choix de paires d'angles ont permis de favouriser les diffusions
quasi-libres (p,p) et (p,d). On a déduit, sur la base du formalisme de 1'approxi-
mation d'impulsion en ondes planes, les distributions de la quantité de mouvement
du d et du systeme [nn] dans *H et du d et du d* dans *He. On a comparé &galement
le continuum de 1a réaction *H(p,2p)nn et les distributions correspondantes calculées
3 partir de 1'espace de phase differentiel 23 quatre corps. Cette étude démontre que
sont présents des processus 3 deux corps. ol 1'une des deux particules est quasi-liée:
la diffusicn quasi-libre p-d* et 1a réaction p + t ~ d* + d*,

+ A présent au: Foster Radiation Laboratory, McGill University, Montréal, Québec.

++ A présent au: Nuclear Research Centre, University of Alberta, Edmonton, Alberta
T6G 2J1

ttt A présent au: Power Projects, Atomic Energy of Canada Ltd., Mississauga, Ontario
L5K 1B2
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MESURE DE LA COINCIDENCE NEUTRON-PROTON DANS LA
REACTION p + D—»p + p + n A BASSE ENERGIE ET SA RELATION
A LA DIFFUSION QUASI-LIBRE
F. Cogu, G. Ambrosino, D. Guerreau+ , Service de Physique Nucléarre,

Centre d'Ftudes de Bruyetres-le-Chatel, B,P n® 61, 92120 Montrouge. France

La mesure de la section efficace de la réaction p (D, p n )} p pour ep =19°5 et
9n= - 30° dans la gamme d'énergie 6,8 - 11,8 MeV a été effectuée . Les résuitats
expérimentaux sont comparés aux calculs théoriques fondés sur l'approximation de
Born en ondes planes, compte étant tenu de 1'antisymétrie des fonctions d'ondes, de
la distinction entre les potentiels nucléon-nucléon triplet et singulet et de la conser-
vation de l'isospin . Par un facteur de correction voisin de 1'unité, la courbe théori-
que reproduit d'une fagon satisfaisante la courbe expérimentale, surtout au voisinage
du maximum . Nous en concluons que la diffusicn quasi-libre de deux nucléonsg joue
un role prépondérant . La comparaison des mesures de colncidence p, n et p,p met
en évidence le réle nécessaire des deux potentiels triplets et singulets et fournit une

évaluation du rapport de leur intensité .,

+ Adresse actuelle : Faculté des Sciences d'Orsay, lnstitut de Physique Nucléaire,
B.Pn® 1, 91406 Orsay, France

NEUTRON-PROTON COINCIDENCE MEASUREMENTS IN THE
pt D—~»p +p+n REACTIONS AT LOW ENERGY AND ITS RELATION
TO THE QUASI-FREE SCATTERING
F. Cogu, G, Ambrosino, D, Guerreau+, Service de Physique Nucléaire
Centre d'Etudes de Bruytres-le-Chitel, B.P n® 61, 92120 Montrouge, France

Measurement of the cross-section for the p (D, p n) p reaction at angles 9P=l 9°5
and en =-30° has been carried out with incident proton energies comprised between
6.8 to 11,8 MeV , These results are analysed in terms of the plane wave Born appro-
ximation using asymmetrical waves fonctions, nucleon-nucleon triplet and singlet po-
tentials and isospin conservation). With a normalization factor of ab. .t unity, theore
tical and experimental results are in good agreement near the maximum of the peak.
We conclude that the mass of the process can be explained by the quasi-free scatte-
ring of two nucleons . Comparison of measurements p,n and p, p cofncidence gives

the ratio of the triplet singlet potentials .

+ Present address : Faculté des Sciences d'Orsay, Institut de Physique Nucléaire,
B.Pn® 1, 91406 Orsay, France
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REACTION DE CASSURE DE 3He PROVOQUEE PAR
LES PROTONS DE 156 MeV

- + +
J. P. Didelez, R. Frascaria, N. Fujiwara, I.D. Goldman , E. Hourany +,
H. Nakamura-\’okota+++, F. Reide and T. Yuasa.

institut de Physique Nucleaire, Université de Paris-dud, 91400 Orsay, F rance.

3 PP TN . .
Le "break-up'" de "He a été €tudié & Orsay en utilisant un faisceau de
. 3 .
protons de 156 MeV et une cible liquide de "He. Les formes des spectres des sections

efficaces différentielles e /dnldQ 2dE , en fonction de El pour les réactions (p, 2p)

1

ct (p, pn) obtenues i 8. = 10° et 92 = - 44° sont presque identiques dans la région des

1
pics yuasi-élastiques (jusqu'd une énergie cinétique de la particule (ou quasi-particule)

de recul d'environ YMeV. Le rapport des sections efficaces expérimentales divisées
par les sections efficaces de diffusion de deux nucléons libres pour ces deux réactions,

+
(d3cr {p 2p)/f.ltrpp) /(d3a'(p, pn)/ dtrpn) sest 2,0 -0,1. Le spectre de dso‘/dﬂld.ﬂszl

pour la réaction 3He (p, dp) 2 01 = 400, o, = - 70° présente un pic autour de la région

2
olt 1'énerge relative p-d est minimum, indiquant une interaction possible dans 1'état

final p-d,

+ Adresse permanente : Institut de Physique, Université de Sio Paulo, Brésil.

++ Adresse permanente : Université du Liban, Faculté des Sciences, Haddat-Beyrouth
Liban,

+++ Adresse permanente : Institut de Technologie de Tokyo, Tokyo, Japon.

PROTON INDUCTD 3He BREAK-UP AT 156 MeV
++
J. P. Didelez, R. Frascaria, N. Fujiwara, I.D, Goldman+, E. Hourany ,
H. Nakamura-Yokota +++, F. Reide and T. Yuasa.

institul de Physique Nucléaire, Université de Paris-Sud, 91 106 Orsay, France.

The 3He break-up was studied at Orsay using the 156 MeV proton beam
and a liquid e target, The shape of the (p, 2p) and (p, pn) quasi-free scattering
(QFS) spectra at Ol = 40° and 0, =- 44° are found to be almost coincide with each
other for the kinematic energy of the spectator particle (or quasi-particle) less than
I0 MeV. The ratio of the QFS peak cross sections divided by the free two~nucleon
scattering cross section (d3o" (p, 2p)/d o-Pp) / (dsr(p, pn)/ d o n) is 2.0 Yo.1.

d
around the minimum p-d relative energy indicating a possible p-d final state inter-

The 3I—Ie (p, dp) energy-sharing spectrum at 0, = 40° and Op = - 70 shows a peak

action.

+ Permanent address : Institute of Physics, University of S¥o Paulo, Brazil.

++ Permanent address : University of Lebanon, Faculty of Sciences, Haddat-Beyrouth.
+++ Permanent address : Tokyo Institute of Technology, Meguro-Tokyo, Japan.
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CASSURE DU DFUTFPOYN DANT LA PTACTION d+D - n+p=d

. + . . P
™. Cogu, G. Ambrosino, D. Guerreau , Service de Thysique “'ucliaire,

Centre ¢'T'tudes de Truvdres—le~Chidtel, 5.7 n® 61, 92120 “fontroure, Trarce

Dans le but d'ctudier la quasi diftusion Libre dans la roaction d+b = ntpre o Las
se Cénerfie nous avons ¢ffectué une série de resures pour des énerries du deuteron inci-—
dent allant de 6,7 I 11,7 lleV par pas de ! “feV et un couple d'anple de détection

0 =0, = 19%,5 ¢t 0 = =30°,
P d n

+ A présent 3 la Taculté des Sciences d'Nrsay, Institut de Physique MNucléaire,

5.m. n® 1, 91406 Nrsay, Trance

LIPLAK=1IT AT TYE DFITFPOY IN TEE PCLACTION d+D - nép<+d

: + : . P
T. 6ogu, G. Ambrosino, D. Guerreau , fervice de Physique Nucléaire,
. Centre d'Ctudes de Bruydres-le-Chitel, B.T n° 61, 92120 “Montroupe, Trance
In order to study the quasi-free Secatterine rechanism in the d+D + nip+d reaction
at low enerpies we have performed a series of reasurcrents for incident deuterons in the
enerpy range 6,7 to 11,7 leV Ly steps of | eV and a couple of detection ansrles

0 =0, =19°,5 and 0_ = -30°.
p d n

+ Present address : Taculté des Sciences d'Orsay, Institut de Physique Nucléaire,

B.P n® 1, 91406 Orsay, Trance
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Quasifree Processes in the Reactions “H + “He for
Eay, = 50, 65, and 78 MeV

3
R. G. Allas, L. A. Beach, R. C. Bondelid, E. M. Diener and E. L. Petersen
Iiaval Research Latoratory, Washington, D. C. 20375

and

r. A. Jyeauc, J. . Lambert ana Be A. loyle
Naval Research Laboratory and
Georgetovn University, Washington, D. C. 20007

and
. Ivo Slaus
Institute Puder Boskovic, Zagreb, Yugoslavia and
llaval Research Laboratory
In the interaction between 3H and ®He, there are a number of three-particle
treakup combinations possible. Ve have performed a series of kinematically complete
experiments at %He bombarding energies of 50, 65 and 78 MeV 1in which charged particle
pairs are detected and conditions are chosen favoring the observation of quasifree
processes. The data are analyzed in terms of the Plane-Wave-Impulse-Approximation
and the ratio of experimental and theoretical cross sections is extracced. The lack
of change of this ratio as a functiun of bombardirg energy for quasifree scattering
processes and a decrease in this ratio for the quasifree reaction processes suggest
the possibility of new outgoing channels available to the final state particles as

the beam energy increases.

*
National Research Council - Naval Research Laboratory Research Associate
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A KHURI TREIMAN MODEL OF « = 31 AND K -~ 37 DECAYS II
A.G, Angus, Dover Grammar School, Dover, England and
P.R. Graves-Morrais t Brookhaven National Lab., N.Y, 11973, U.S.A.
The long standing hypotnesis that the gross features

of m + 37 and K » 37 decays can be explained guantitatively in
terms of a point production vertex and n - v final state inter-
actions is further investigated. We present some new calcula-
tions which take better account of relativistic corrections and
Coulomb corrections. The improved models of @ ~ m interactions

currently available are also used.

* On leave of absence from University of Kent, Canterbury, England.

UN MODELE DE KHURI TREIMAN POUR LES DESINTEGRATIONS n -+ 3% et K+ 37

Nous poussons 1l'&tude de 1'hypoth@se longtemps acceptée que les
caractéristiques générales des désintégrations n -+ 3w et K - 3w, peuvent étre
décrites quantitativement 3 partir d'un vertex de production local - en un point -
et de 1'interaction des particules dans 1'@tat final. Nos nouveaux calculs amé-
liorent le traitement des effets relativistes et de Coulomb. Nous utilisons &-
galement des modéles améliorés de 1l'interaction W - 7 qui sont maintenant dispo-
nibles.

* En congé de 1'Université du Kent, Canterbury, Angleterre.
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CALCULATION OF THE w IN A RELATIVISTIC 3= MODEL

D. D. Brayshaw *
University of Maryland
Dept. Ol knysics & Astronomy

College Park, Maryland 20742 U.S.A.

A relativistic generalization of the author's boundary-condition formalism has
been applied to the 37 system. Numerical results have been obtained for the 0~ and
1~ states with I1=0,1,2. The only resonance indicated is found in the 17, I=0 channel
with a mass of 700 — 800 MeV, depending on the off-shell input. This is identified
with the w (784). The nature of the calculation then implies that the w is an
immediate consequence of the p. The success of this model as compared to earlier
dynamical formulations poses some interesting theoretical questions concerning

the applicability of a local hamiltonian framework in such systems.

CALCUL SUR LA RESONANCE w DANS UN MODELE RELATIVISTE
DE SYSTEMES A 3w

L'auteur applique une généralisation relativiste de sa propre mé-
thode aux conditions limites, 3 un syst@me de 37m. Des résultats numériques existent
pour les &tats O~ et 1~ avec I = 0, 1, 2. Lla seule ré&sonance que l'on y trouve
est dans le canal 17, I = 0, correspondant & une masse variant de 700 3 800 MeV,
sulvant les effets hors couche utilisés. Nous 1l'identifions & la résonance w, a
784 MeV, qui devient, dans ces calculs, une conséquence directe de la résonance p.

Le succés de ce modéle, comparé aux formalismes dynamiques antérieurs, pose certaines
questions int@ressantes sur le plan théorique concernant l'usage d'une interaction lo-

cale pour décrire un tel systéme.

*Alfred P, Sloan Foundation Fellow.
Boursier de la Fondation Alfred P. Sloan.



16

MEDIUM ENERGY PHENOMENOLOGY OF COMPOSITE HADRONS
D. D. Brayshaw*
University of Maryland
Dept. of Physics & Astronomy
College Park, Maryland 20742 U.S.A.

It is argued that the composite structure of hadrons should be reflected in
oscillatory behavior of their relarive wave functions at short distance, rather than
extinction as assumed in conventional -odels, Application of this idea to the N-N
system leads to the prediction T, = 372 Rc’ where T, and Rc are the boundary-
condition and hard core radiij this is verified empirically to within a few percent.
Extension of this reasoning to p~-p Sscattering enables one to deduce a simple unified
picture of s~ and p- wave scattering for Mmz; 1.4 GeV, Other observable consequences

of this picture will be discussed,

DESCRIPTION PHENOMENOLOGIQUE D'HADRONS COMPOSE DANS LE DOMAINE DES ENERGIES
MOYENNES.

Nous soutenons que la structure composée des hadrons devrait &tre
la réflexion d'un comportement oscillatoire de leurs fonctions d'ondes relatives &
courtes distances et non pas de 1'extinction de ces derniéres, tel que supposé dans
les modéles conventionnels. Une application de cette notion au probléme N-N permet
de prédire que ry = 3/2 R,, oli r, et Ry sont les rayons respectivement assignés 3 la
condition limite et au coeur dur; un résultat vérifiable empiriquement & quelques
pour-cents prés. Une extension de ce raisonnement nous permet d'établir une descrip-
tion simple et unifiée de la diffusion dans les &tats s- et p- d'un systéme 1W-T
d des Energies M n—n’)" 1.4 GeV. Nous discutons &galement de certaines conséquences

additionnelles du modéle.

YAlfred P, Sloan Foundation Fellow.
Boursier de la Fondation Alfred P. Sloan.
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PROCESSUS DE PRODUCTION COHERENTE MULTIPARTICLE AND COHERENT PRODUCTION
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ELECTRODESINTEGRATION
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H(p,pn) Knochout Reaction at 45.4 MeV

D.J. Roberts, D. Bonbright, S.A. Elbakr, W.T.H. van Oers,
and J.W. Watson

Cyclotron Laboratory, University of Manitoba,
Winnipeg, R3T 2N2, Canada

The reactions H(p,pn)d and H(p,pn)d* have been studied at
45.4 MeV under conditions where quasi-free scattering may be observed.
Protons and neutrons were measured in coincidence at 35 degrees on oppo-
site sides of the beam. A comparison with ‘He(p,pp)d and *He(p,2p)d*

is given.

La Réaction de Knockout ’H(p,pn) & 45.4 MeV

D.J. Roberts, D. Bonbright, S.A. Elbakr, W.T.H. van Oers,
et J.W. Watson

Cyclotron Laboratory, Yniversity of Manitoba,
Winnipeg, R3T 2N2, Canada

On a étudié les réactions 3H(p,pn)d et *H(p,pn)d* & une energie
incidente de 45.4 MeV. On a détecté les neutrons et les protons en
coincidence rapide et & des angles respecivesde 35° a droite et 2 gauche
de la direction du faiseau:géométrie qui permet d'observer la diffusion
quasi-libre. Les resultats obtenus sont comparés aux resultats cor-

respondants pour les réactions He(p,pp)d et *He(p,pp)d*.
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Separable Potential Models for Use in Deuteron Breakup Calculataions
M. I. Haftel and E, L. Petersen
Naval Rescarch Laboratory, Wdshingtom, D. C. 20375

In this paper. we introduce four S-wave separable potentials for ure 1in deuteron

breakup calculations. Two different off-shell momentum dependences are obtained by

using different form factors. An energy dependent modification of the two-nucleon T
matrix is used so that we can assure phase shift equivalence or match experiment ' two-
nucleon cross sections. This feature also allows the adjustment of the triton binding

energy.

Sensitivity of Deuteron Breakup Amplituies for Several Potentials
M. I. Haftel and E. L. Petersen
Naval Research Laboratery, Vashington, D. £. 20375

The sensitivity of deuteron breakup amplitudes in various spin and angular mo-
mentum states to various wotentials is investigatea. If potentiais differ only off-
shell, only thn =0, S = MD amplitude is sensitive tc changes in the potential.
On-shell chanbes between potentials affect the amplitudes in all spin and angular
momentum states. The reasons for the cbserved sensitivities are discusced in terms

of spin, statistics and angular momentum.

Potential-Dependence of Quasifree Scattering in Deuteron Breakup

E. L. Petersen and M. I. Haftel
Naval Research Laboratory, Washington, D. C. 20375

and
*
J. M. Lambert
Goorgetown University, Washington, D. C. 20007
and Naval Research Laboratory
Quasifree scattering is examined in light of the four potentials discusscd in
the previous two papers. The predictions are independent of off-shell changes, but
stiongly dependent on on-shell changes. Ncone of the four potentials do a completely

satisfactory job of describing experimental data.

*
Partially supported by NSF.
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' xR
D{p,n} AND H(d,n) CROSS SECTIONS AT 21.9, 42.8 AND 45.8 lleV

*
K. G. Graves, M. Jain, L. C. Northcliffe and F. N. Rad
Cyrlntron Tnstisnte, Texas AR Wniversissr, Collego Stataom,

Texas 77801,

Absolute neutron production cross sections for the D(p,n) and H{d,n) reactions

d
oratory. The O degree cross section for the D(p,n) reaction at Ep = 45,8 MeV has

at Ep = 21,9 MeV and E., = 42.8 MeV have been measured at 0 and 18 degrees in the lab-

also been measured. Spectra were obtained for neutron energies from about 7 MeV to

the maxima. The spectra have significant structure which can be attributed to well
known processes as quasi~free scattering and final state interactions. Theoretical
curves based on a solution to the Faddeev equations using a separable S-wave spin-
dependent nucleon-nucleon potential but without Coulomb force fit the data reasonably
well. A calculation by Oryu based on the Faddeev formalism with Coulomb force compares
favorably with the 45.8 MeV D(p,n) data. The data at 21.9 and 42.8 MeV are related

to our previous breakup neutron peolarization measurements taken at the same angle ard

nearly the sime energies.

* Present address: Los Alamos Scientific Laboratory, Los Alamos, New Mexico.

**present address: Lawrence Berkeley Laboratory, University of California at
Berkeley, Berkeley, Califormia.

***Work supported by the National Science Foundation.

Examination of Off Energy Shell Effects in Deuteron Breakup
E. L, Petersen and M. I, Haftel
Naval Research Laboratory, Washington, D, C. 20375

Various regions of phase space are examined in which deuteron breakup should be
sensitive to off-shell effects. It is shown that regions of very high sensitivity in
general have very low cross sections. The exception to this is the final state region
in which observable effects occur with measurable cross sections. The size of the
effect varies with energy, being low at low energies (14 Mev) but increasing as the

energy is raised.



ELECTRODISINTEGRATION OF ‘He

T.T. Kan, G.A. Peterson, Z.M, Szalata, D.V. Webb and [.J. Kline
Unlversity of Massachusetts®, Amherst, Massachusetts 0l002, U.S.A.

and
S.P. Fivozinsky, J.W. Lightbody, Jr. and S. Penner
Center for Radiation Research, National Bureau of Standards
Washington, D.C. 20234, U.S.A.

Electron beams of incident energies from 65 MeV to 110 MeV were scattered from
gaseous He in a 10-atmosphere target, and from an identical empty target. The spectra
of electrons scattered through 02.5° were measured by a magnetic spectrometer up to an
excitation energy of 40 MeV. The radiation unfolded data show a change of slope near

the break-up thresholds.

*Work supported in part by the Office of Naval Research under Contract NO00l4-67-A-0230-
0009.

ELECTRODESINTEGRATION DE °He

P,.T. Kan, G.A, Peterson, Z.M. Szalata, D.V. Webb and F.J. Kline
University of Massachusetts*, Amherst, Massachusetts 01002, U.S.A.

and
§.P. Fivozinsky, J.W. Lightbody, Jr. and S. Pemner
Center for Radiation Research, National Bureau of Standards
Washington, D,C., 20234, U.S.A.
La diffusion d'électrons par ‘He a été etudife pour des énergies incidentes de
65 MeV jusqu'd 110 MeV, utilisant une cible de 'He gazeux & une pression de dix
atmosphéres. Le spectre en énergie ‘des &lectrons diffusés & un angle de 92,5° a &té
obtenu, jusqu'a une énergie d'excitation de 40 MeV. Tenant compte des déconvolutions
radiatives nécessaires, les resultats présentent un décroissement de dérivée dans la

région des énergies critiques.

#Ce travail & été subventioné partiellement par 1'ONR sous le contrat numéro
N00014~67-A~0230-0009.




THE TWO-BODY ELECTRO- AND PHOTO-DISINTEGRATION OF 3HE

J.L. Matthewst, R.O. Owens and G. Ticcaoni
Department of Natural Philosophy, Glasgow University, Scotland

The differential and total cross sections for the 3He(‘Y,d)p and 3He (e,d)e'p
reactions have been measured over the photon (real or virtual) energy range 1l1-66 MeV.

The results for the two processes will be compared and discussed in terms of recent

theoretical calculations.

tPresent address: Depariment of Physics, Massachusetts Institute of Technology,

Cambridge, Massachusetts.

6

PHOTODISINTEGRATION CROSS SECTIONS OF "Li

M.A.K. Lodhi, Department of Physics, Texas Tech University

Lubbock, Texas 79409, and M. L. Rustgi, Department of Physics,
SUNY at Buffalo, Buffalo, New York 14214.

The role of the valence nucleous in the independent particle shell model is
assumed to be important. A long-range dynamical correlation has been invoked in the
harmonic oscillator type single particle wave function of these nucleons. The
calculated charge root mean square radius 1s found in good agreement with the
experimental value as obtained from high energy electron scattering from 6Li.1
The integrated cross section and integrated bremsstrahlung weighted cross section

have been calculated and are found consistent with observed dat:a.2

1. L. R, Suelzle, et.al., Phys. Rev, 162, 992 (1967)

2. Costa et.al,, Nuovo Cim. 42B, 382 (1966)



DESINTAGRATION DES DEUTONS PAR PAFTICULES a & B, 1ap © 35.0 eV

L Glantz, A Johansson, I Koersner et 8 Sundgvist

Tander Accelerator Latoratory, University of Urpsala, Sufde

Les calculs-Faddeev sur le systSme & trois nucl@on ont eu du succes d”expliquer
les probabilités differentes de diffusion. Il serait tr@s intéressant d”étendre ce
genre de comparaisons & des sutres systéres de trois corps. Avec cette intention, une
exploration de la réaction d(e,pa)n & une @nergie a de 15 MeV a ét& commencfe. Cette
énergie devait Btre suffisamment grande que le systéme A = 6 peut étre décrit comme
trois part.cules, une o particule et deux nucléons. Résultats de mesures

cinématiquement complets ont &t€ obtenus.

DEUTERON BREAKUP BY a~PARTICLES AT Ea leb - 15.0 MeV
’

"L Glantz, A Johansson, I Koersner and B Sundgvist
Tandem Accelerator Laboratory, University of Uppsalae, Sweden

Faddeev celculations on the three-nucleon system have been very successful in
explaining various scattering probabilities. It should be of great interest to extend
this type of comparisons to other three-body systems. In this spirit, an investigation
of the d(a,pa)n reaction at an o particle energy of 15 MeV has been started. This
energy should be sufficiently low that the A = 6 system can be well described as three
particles, i e en a particle and two nucleons. Results from kinematically complete

measurements have been obtained.
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THRECHOLD ELECTRODISINTEGRATION CF THE LEUTERON CAUSED BY BACKWARD
SCATTEEING OF ELECTLONS

£.4.5pirnov ana 5.V.%Trubnikov
Department of Quantum Field Theory, Steklov llathematical Institute
USSR Academy of Sciences, Vavilov str. 42, loscow 117333
USSR

Using a new relativistic integral representation for the matrix
element of electromagnetic current in terms of experimental phase
shifts alone (representation of Shirokov) the cross section of the
threshold electrodisintegration of the deuteron caused by backward
scattered electrons is calculated for the S-wave deuteron in the
interval of the four-momentum transfers squared 0.716=< qgs 5 w2,
Nucleon~nucleon interaction in the deuteron and the final state
interaction are taken into account in the unified manner and exactly.
The effects of the meson exchange currents and the inelastic n-p
channels are neglected.-The calculated cross section coinsides with

the experimental one.
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RELATIVISTIC CORRECTIONS TO THE DEUTERON MAGNETIC MOMENT

franz Gress, Department of Physics, Cellege of William end llary, Williamsburg,
Virginia 23185.

We have evaluated the corrections to the deuteron magnetic moment coming from
the small relativistic components of the deuteron wave function, and find that they alone
are sufficient to bring the observed magnetic moment into agreement with a 6%% D state.
The corrections are found to be very sensitive to the short range nuclear force because

the longer range part (wnich depends on one pion exchange) cancells exactly.

CORRECTIONS RELATIVISTES AU MOMENT MAGNETIQUE DU DEUTERIUM
Franz Gross, Department of Physics, College of Williem and Mary, Williamsburg,
Virginia 23185.

Nous avons évalué les corrections au moment magnétique du Deuterium provenant des
vetites comvosantes relativistes de la fonction d'onde. Nous observous qu'a elles
seulles elles sout suffisantes pour amener le moment magnétique observé en agréement
avec une probebilité de 6 1/2% d'etar D. Les corrections apvaraissent trés sensibles
aux forces nucléaires & courte portée. Ceci est du au fait que les forces a longue

portée (qui dépendent de 1'échange d'un Pion) sont exactement suporimées,
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'F\ADIATIVE KREUTRCI CAFTURE HEAR THRESEGLD
Edward Dressler,T Devartment of Physics, American University, Washington, D. C.
and
Franz Gross, Devartment of Phvsies, Collerse of Willierm and Marv,

Wolliansbarg, Virginia

The surprisingly lerge "pair" term corrections to threshold radiative neutrcn cap-
ture, previously cslculated by Riska and Brown, and Gari and Huffman, are calculated in
a nevw way in which they avveer as relativistie corrections to the impulse anoroximation
arrising from the small negative energy components of the weve functions of the two
nucleon system, Looking at these corrections from this voint of view suggests not only
that these small negative energy comuonents are observable in noa-relativistic pro-
cesses, but also that the sice of these corrections may ultimately devmend on, or give
information ebout, & consistent relativistic treatment of the nuclear force problem.

TSupnorted in part by AEC Laboratory Gradunte Fellowshiv Grant AT-(lIO—l)-3807, Present
address, Department of Physics, University of Saskatchewan, Saskatoon, Saskatchewan,

‘

Canada.

CAPTURE RADIATIVE DE NEUTRONS A PROXIMITE DU SEUIL
Edward Dressler, Department of Physics, Ameriean University, Washington, D. C.
and
Franz Gross, Devartment of Physics, College of William and Marw,

Williamsburg, Virginia

Les termes de corrections dites de "vaire" a le canture radiative des neutrons a
1'&nergie de Seufl, 2alculdsz pécedenmont =mar Riska et Brown ainsi auc var Gari et
Huffman et dont 1'importence survrend, sont calstlés 1ci d'une maniBre nouvelle dans
la quelle ils apnarsissent en tant que corrections relativistes a 1'approximation
d'impulsion provenant des metites comnosantes d'energie négative de la fonction d'onde
du systéme des deux nucléons. L'examen de ces corrections selon ce noint de vue
suggére non seulement que ces vetites composantes d'energle negatives sont observables
dans les processus non relativiste mais aussi que 1‘'inportance de ces corrections peut
dependre, d'un traitement relativiste consistent du orobléme des forces nucléaires ou

du moins fournir des informations a son sujet.

*Supporté vartiellement par le fond AT-(40-1)-3807 de bourses de doctorat de 1'AEC.

Présente adresse: Department of Physics, University of Saskatchewan, Saskatoon,

Saskatchewvan, Canedn.
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DES CORRECTIONS RELATIVISTES A BASSE ENERGIE DANS UN MODELE QUASI~POTENTIEL
M. Bawin® and J.P. Lavine''
+ Physique Hucléaire Théorique, Institut de Physique, Université de Liége, Sart Til-
nan, L000 Lidge 1, 3elgium.

++ Départerent de Physique, Université Laval, Québec, G1K TPk, Canada.

Nous étudions les corrections relativistes & basse &nergie dans la diffusion
nucléon-nucléon. HNous utilisons & cet effet l'équation quasi-potentielle de Todorov,
qui est une &quation d'ondes relativiste & deux corps dans une espace & 3 dimensions.
Lorsque 1l'on passe & la limite ol une des masses des 2 particules devient beaucoup plus
grande que l'sutre {limite statigue), ou lorsque l'énergie devient trés grande (limite
"eikonale"), les résultats obtenus montrent que 1'&quation de Todorov inclut, dens une
certaine mesure, l'effet de diagrammes croisés (crossed graphs). Nous utilisons comme
potentiel le terme habituel de premier ordre et un terme du second ordre qui inclut des
effets de retard. Nous donnons les résultats prédits par 1'éjuation de Todorov pour
les angles de déphasage dans la diffusion neutron-proton, ol nous utilisons le poten-
tiel de Kermode. Ce potentiel &gal O & L'origine des coordonnfes et devient répulsif
jusqu'& une distance de 0.57 fm. Le potentiel de Kermode & un minimum plus proford
qQue le potentiel de Reid & coeur mou, meis devient rapidement moins attractif & des
distances intermédiaires. Nous &tudions dans quelle mesure ces différences de forme
effectuent la valeur des corrections relativistes & basse @nergie. Nous trouvons que
les déphasages engulaires & basse €nergie différent de ceux prédits par 1'Egquation de
Lippmann-Schwinger dans une proportion de 25% au moins. Ces résultats sont semblables
d ceux obtenus avec le potentiel de Reid. Nous tentons égelement de définir 1'impor-
tance des corrections relativistes en ajustant les constsnies de couplage ou la portée

du potentiel.
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LOW ENERGY RELATIVISTIC CORRECTIONS IN A QUASI-POTENTIAL MODEL
M. Bawin® and J.P. Lavine’ "
+ Physique Hucl&aire Théorique, Institut de Physique, Université de Lidge, Sart Tilman,
4000 lLaége 1, Belgium.

++ Département de Physique, Université Laval, Québec, G1K TP4, Cansda.

We continue our investigation of & quasi-potential epproach to low energy releti-
vistic corrections in nucleon-nucleon scattering. Our approach is based on the Tedorov
equation which is a three-dimensienal, two-body, relativistic wave equation. The static
limit and the eikonal limit of the Todorov equation indicate that the equation includes
some of the effects of crossed graphs. Our potential term has the normal first-order
potential and a second-order term which includes retardstion effects. We present phase-
shift results for the 1So neutron-proton potential of Kermode. This potential is zero
st the origin and then repulsive until 0.57 fn. The Kermode potentisal has a deeper mi-
nimum but it guickly becomes less attractive at intermediate distances than the lSo
Reid soft-core potentisl. We investigate how these shape differences sffect conclusions
on low-energy relativaistic corrections that are based on the ISO Fe! potential. Ve
find that our low energy phase-shifts differ by 25% or less from those obtained with the
Lippmann-Schwinger equation. These results are quite similar to those for the 1So Reid
potential. We attempt to characterize the relativistic corrections by modifying the
coupling constants or the renges of the potentiel.
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SECTION I

NN POTENTIALS FROM ONE - BOSON EXCHANGES WITH HARD CORES.

-+
M.M. Nagels: T.A. Rijkent and J.J3. de swart,

Institute for Theoretical Physics, University of Nijmegen, The Netherlands.

A precision fit to 1128 pp and np data up to 330 MeV laboratory kinetic energy and
the lov energy parancters is presented. The phaseshifts are calculated with Jocal OBE
potentials and hard cores st short distances in the Schrddinger equation. A very
satisfactory value of x2/datu = 2.33 and good low energy parameters sre obtained

vith realistic values of the coupling constants.

+ F.0.M. research assiociste

OBE -~ Models and Regge Poles
. +
T.A. Rijken

Institute for Theoretcial Physics, University of Nijmegen, The Netherlands.

OBE - Models mre discussed in the framework of the Analytie S-matrix Theory using
the "Hew Strip Approximation". Explicit formulae for the Nucleon-Hucleon potential

due to Pomeron-exchange are given.

+ F.0.M. rescarch associate

*
Two~Pion-Exchange Nucleon~Nucleon Potential

A. D. Jackson, D. O. Riska and B. J. VerWest
Departmment of Physies, State Unlversity of
New York, Stony Brook, N. Y. 11794, USA

A nucleon-nuclcon (NN) potential is coastructed from the one~pion, two-pion
and one-omega~meson exchange contributions to the field theoretical amplitude. The
potential is regularized by using the relativistic eilkonal approximation. The NN
scattering phase parameters and the deuteron wave functiouns arc calculated using
this potential. The predictions of this potential are compared with the results of

phase shift analyses and the predictions of other phenomenological potentials.

%
Rescarch supported by U.S.A.E.C. contract #AT(11-1)-3001.






CROSS SECTION OF SLOW NEUTRONS ON PARAIYDROGEN

J. callerame, D. J. Larson, S. J. Lipson, and R. Wilson

Department of Physics, Harvard University, Cawmbridge, Mass. 02138

The coherent scattering cross section of slow neutrons on
gaseous parahydrogen has been measurcd at several temperatures
near 20 deyrees Kelvin and at pressures ranging from one third of
an atmosphere to one atmcsphere. Previous experiments had sugges-
ted that the cross section would exhibit a significant pressure de-
pendence. However, no pressure dependence was observed in data
taken at temperatures above 19.5 degrees Kelvin. The data gives
a scattering length of-3.746%.005 x lo'l3cm., vhich is in excel-

lent agreement with the latest liquid mirror measurements.

SECTION EFFICACE DES NEUTRONS LENTS SUR LE PARAHYDROGEN

J. Callerame, D. J. Larson, S, J, Lipson, et R. Wilson

Départment de Physique, Harvard University, Cambridge, Mass. 02138

on a mesur€ la section efficace de diffusion cohérente des

neutrons lents dans le pérahydrogene gazeux, a plusieurs tempEra—
tures aux environs de 20° Kelvin et pour des pressions variant
d'une tiers d'atmosphdre a une atmosphdre. Des expériences préa-
lables avaient suggéré gue la section efficace montrerait une
forte dependance en fonction de la pression. Cependant, aucune
dépendance en pression n'a &t€ observée a des tempdratures au des-
sus de 19.5° Kelvin. Nous obtenons une longueur de diffusion de
-3 .746%,005 x 10’13cm, en excellent accord avec les plus recentes

mesures utilisant la methode du maroir liquide,
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SECTION 111

RELATIONS DE BASSE ENERGILE SUR LA BRISURE DE
LA SYMETRI1L CIHRALE ET LL'ALGEBRE DES COURANTS,

Jean-Yves Harnois
University of Toronto, Physics Department,
Toronto, Ontario, Canada M5S 1A7,

Des thdoreémes de basse énergie du systdme kaon nucléon sont obtenus

en restreignant le champ du kaon A 1'hyperboloide physique. Parmi ces
relations, l'amplitude A(+), paire sous la symétric le croisement, est

contrainte par le terme sigma o Evaluée au scuil, elle dépend

NN 7
fortement de la constante de couplage BN permettant une évaluation sfire

KK
de GN; . De plus, les amplitudes impaires sont contraintes par l'algtbre

des courants. En particulicr, nous obtenons les relations d'Adler-Weisberger
}:0

A

n'apparaissent, ceci étant dd au fait que le kaon n'est pas extrapolé hors de

généralisées mais sans que les constantes de couplage faible g[A\ et g

1'hyperboloide physique.

LOW ENERGY RELATIONS ON CHIRAL SYMMETRY
BREAKING AND CURRENT ALGEBRA.

Jean-Yves Harnois
University of Toronto, Physics Department,
Toronto, Ontario, Canada M5S A7,

By keeping the kaon on the mass shell, we derive low-energy thecorems
for the kaon-nucleon systemi. Among these relations, a threshold calculation
of the synunetric amptitude A (*)under crossing, constrained by the sigma

KK
term ©

NN
thus allowing a reliable estimate of ¢

shows that 1t depends strongly on the coupling constant gKNE '

;; . On the other hand, the odd
amplitudes are constrained by current algebra, 1Inparticular, we obtain
the gencralized Adler-Weisberger relations which do not involve the weak

°
coupling constants gg and gi owing to the fact that the kaon is always

kept on the mass shell,
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SECTION 1V

CONTRIBUTION SANS RESUME
CONTRIBUTED PAPER WITHOUT ABSTRACT

OFF-SHELL, OPTICAL POTENTIAL ANMBICUITIFS: A THREE-BODY MODELﬁ
F. F. Redish, Umiversity of Surrcy and U. of Md., and S, K. Young, U.C.L.A.

Grassberger and Sandhas (2 £.Ph. 270 29 (69)) have shown how the AGS three-body
©qualicas nay be separated nte an L-S (quation and an AGS - type cquation for the
cffoectave anteractyion (Ppracal potentayl) Ly scparation of the polc part from the 2-
particle 1 matrices. 1The AGS equations and the optical potential separation may be
gencraliced to the N-holy prohlen (Gy. Bereze, Nucl. Phys. A210 568 (1973) and 1. F.
Redith, Saclay preprinte b Ph T. 78/3 and 74/34) This separation is ambigucus cor-
respondity, 1o the fuct that one may perform phase cquavalent traasformations of the
optical potential wathout affecting the clastic scattering amplatades. Explicitly,
in cither the 3- or the H-body case, the equations for the scatlering operators may be
wTitten symhiolically as matraces (on the ?-cluster channel indices) of operators on
the Hilbert space as

U=B+4 KU, (1)

The kernel of these equatjons, has a cut corrcsponding to the 2-cluster states of the
avajlable subsystems. {(This cut is Usually relerrcd to as the “pole' part.) The kernel
may be written in pemeral

K = porn + k' (2)

where 0 und 8 are enerfy-dependent matrix-diagonal operators cqual to the identity on

the enerpy shell and T is the prepagator for 2 bound non-interacting clusters. This

leads to the cquations
u = u(” + u(]')l'u (3)

T I T LY Cu)

v

Eq. (3) is an L-5 equation with optical potential uu) and eq. (u) is a many-bedy

eguzticn fon *he ~peiac] potemtial. The :talic cpemators isdicate transforms by O

and i, thus u = QUO, etc.

Iteration of (u) leads to a multiple scattering series for the optical potentaal.
The convergpence rate of this series depends on the hernpel of (4) and hencc on the
operators O and f. Otherwise said, the convergence rate of the ceries for Lhe optical
potential depends on the off-shell continuation choaen.

A particularly striking exernple of this can pe obtained by a consideration of a
3-body modcl with separable forces. The model considercd has 2 identical protons and
an inert triton with s-wave forces choren to fit 2-nucleon and nucleon-3te data (sce
Young and hedish, td. preprint 74-014 for details). We find that when the pole sepa-
ratjon is made follo.jng Gressberger and Sandhas, an itetation of cq. (u) diverges
whenever the 1terated #G5 ean. does and does so pore rapidly, However the full kernel
of (1) his the form K = BOIR for a particular chojce of 0 and R so an off-shell trans-
formution can be twde which mates the kernel of (u4) identically rero. The exact optical
potential is therefore obtaincd after one jteration (climination of the pickup channel).

A stuny of the trajectorics of the cipenvalues ot the kernel of (4) for the diver—
ging caze supments a physacal explanatien of the divergence. 1lhere is a single eigen-
value outside the unjt carcle which appearr to he the analytic continuation of the
bound state pole to the comple» coupling constant ptane (Padé vorjable). We know that
(1) nust diverge a1 the 3-hody hound gtate pole. When the equation is scparated into
€3) and (4) the pole may cither arise from iteratjon of (3) (the hound state is a hound
state in the optical potential) or from an iteration of (4) (the hound state is not a
bound state of the optical potential but lhe optical potential itsedf has a polc at the
bound ftate cnerpy). In order te get convargence of the scries f{or the optical poten~
tial this warns u~ that it is necessary to calculate that optical petential whose
analytic continuation to nugutave cnerpy binds the bound state. This will be perticu-
larly true at low cnerfics when the bound state trajectory will not have had time to
return to inside the unit eircle,

@
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SECTION VI

-’ ’
LES NIVEAUX "CLUSTER" COMME LES ETATS EXCITES DE TRITON

- T.Sasakawa

Université Tohoku, Départment de Physique, 980-Séndai, Japon

Par la continuation analytigue du déphasage n-d, nous avons trouvé
un étot de®s antilié i Eqy = ~0.49 Mev, et une ré&sonance de bp 3 Egy =
-0.336-0.27701i Mev sur le deuxiéme gnergie-plan. Parce que ces pdles
de 1a amplitude de la diffusion sont produit par la singularitée de
l'échange de una particule, ces tats doit Btre appeler les niveaux

"eluster”", qui sont composé de un deuteron et un nentron.

CLUSTER LEVELS APPEARED AS EXCITED STATES OF TRITON

T.Sacakawa

Tohoku University, Department of Physics, 980-Sendai, Japan

By the manalytic continuation of the experimental n-d phase shift,

we found the anti~bound state for the es—state at Egy = ~ 0.49 Mev and

a8 resonance for hP-state at Egy = - 0.336 -~ 0.2771 Mev on the second
energy sheet. {The encrgy is measured from the n-d elastic threshold.)
Since these poles of the scattering amplitude are caused by the
exchange singularity, these states should be called the cluster states,
wvhich is composed of deuteron and neutron.
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SECTION X

SUPPRESSION OF ISOBAR EXCITATION IN LIGHT NUCLEI*

Clemens A. Heusch, Robert V. KlineT Kirk T. HcDonald++

University of California at Santa Cruz, California

-

Isobar excitation is a prominent s-channel effect in deuteron
phgtodiiintegration. In the two-body photo disintegration of
He e”’, no such structure is observed. From a recent_series
of erperiments on the reactions yHe”? -+ pd, and pd + yHe™, we
conclude that the Ml-photoexcitation of nucleons appears to be
suppressed in these channels to a remarkable extent, while some
E-2 excitation may persist. We compare with other evidence

and discuss implications.

*Supported in part by the United States Atomic Energy Commission
under Contract AT(04-3)-34, P.A. 197,

+'Now at: Department of Physics, Harvard University, Cambridge, Mass.

+*Now at: Nuclear Physics Division, CERN, Geneva, Switzerland.



