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RESEME

La premiére partie de la thése porte sur l'interaction des pions

physigues aver le deuton étudié dans le cadre d'une théorie & trois corps. Nous
avong déduit la section efficace élastique dans le domaine d'énergie au voisinage
de la résonance (3-3), en tenant compte de 1'absorption virtuelle du pion.

L.a deuxiéme partie concerne les pions virtuels dans les noyaux. En
particulier nous avons €tudié le nuage de pions virtuels autour du novau et déduit
le constante de couplage effective pion noyau. Celle-ci est fortement réduite par
les effets de polarisation du milieu nucléaire (essentiellement par excitation vir-
tuelle de L'ischare N ) par rapport & sa valeur pour une c¢ollection de nucléons li-
bres. Nous avons dgalement étudié dans le cadre du méme modéle de polarisation le
champ pionigue & 1l'intérieur du noyau. A petit transfert de moment ce champ est
diminué, A grand moment il est augmenté. Ce dernier phénoméne correspond aux ef-
fets d'opalescence critigue liés & la transgition de phase de la condensation du
pion. Nous avong effectuéd une étude détaillée de ce phénoméne pour les facteurs de

forme magnétigques dans les isotopes du carbone.
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INTRODUCTION

Une avancée des plus remarguables de la physique nucléaire pendant
la décennie écouldes a été permise par le développement extraordinaire du domaine
dit des énergies intermédiaires. Ce succés est attribuable 3 la fois & 1'effort
expérimental dans la construction de machines et de systémes de détection de plus
en plus performants et & l'application intensive de méthodes et concepts empruntés
& la physique des particules par des théoriciens soucieux de maintenir un pont en-
tre les deux disciplines. Un domaine gui a été et est toujours particuliérement
fructueux est la physique du méson » qui apparalt sous un aspect dual. Soit le
pion est étudié en tant que particule réelle, sonde du noyau au travers de diver-
ses réactions, scit on s'intéresse & son role de particule virtuelle, vecteur pri-

vilégié de 1'interaction entre nucléons.

Ce sont ces deux faces de la physigue du méson » dans le noyau gue
notre travail abordera successivement. La premidre partie est consacrée A une &iu-
de du probléme & trois corps pogé par l'interaction NN, cependant que la deuxiéme
partie considére les renormalisations apportées & diverses observables de spin par

le nuage pionique virtuel présent dans le noyau.






lére PARTIE

ETUDE DE LA DIFFUSION PION-DEUTON.







T -~ [FORMALISME A TROILS CORPS POUR LE SYSTEME x - N - N :

1) Introduction :

Pour la physique des énergies intermédiaires, le pion constitue un
sujet de choix. On dispose en effet avec cette particule d'une sonde :

Qui interagit peu & basse énergie, ce qui facilite d'autant les calculs.

Oui se couple ensulte fortement au‘nucléon pour former la plus célébre des réson-
nances hadronigues la "delta-trois-trois", dont le caractére dominant permet une
modélisation simple de l'interaction.

-~ Qui en tant gue boson, peut &tre absorké par un nucléon, placant ainsi le novau

s

cible, mis hors couche de guelques 140 MeV, dans une situation tout a fait exotique.

Oui par sa faible masse, est jusiifiable d'un traitement en "pion mou" permettant

1'aide de méthodes inspirdes de l'électromagnétisme, de modéliser son interaction

Qs

A basse énergie d'une maniére satisfaisante.
- Qui est disponible en abondance auprés des “usines a pionsg", avec une moisson de

résultats expérimentaux.

Toultes ces raisons ont motivé un intérét exceptionnel pour l'étude
des systémes pion-noyau, malgeé la difficulté du sujet. On se trouve en effet placé
devant un probléme & N+l corps, parmi lesquels les N premiers posent d4éja de sérieu-

ses difficultés.

Parmi ces systémes pion-noyau, le systéme pilon-deuton tient une place
trés particuliére, Tout d'abord le petit nombre de nucléong mis en jeu permet de
se "débarasser” des difficultés lides & la structure d'un noyau plus complexe. En-
suite, avec une cible peu liée et une sonde ayant une faible interaction avec ses
constituants, on peut espérer que les effets d'ordre élevé seront modérés. Enfin,
partant d'une approximation d4d'ordre zéro ("1'impulse approximation" gue l'on pour-
rait traduire par 1'approximation d'additivieé) petite {nulle & la limite des
pions mous & cause du caractére isoscalaire du deuton), on est dans de bonnes con-
di

1'abserption étant un phénoméne essentiellement & deux nucléons, la compréhension

ions pour observer les corrections & v apporter. A cela, on peut ajouter gue
de la réaction @ - NN est une premiére étape nécessaire.

Les physiciens disposent ainsi d'un "laboratoire théorigue" ou tester

leur compréhension de l'interaction pion-noyau.

En effel, un systéme de lrois particules comme p-n-p obéit classigquement
4% un systéme d'équations intégrales couplées, dites "de Faddeev" i) gue )l'on sait

en principe résoudre, pourvu gue l'interaction deux 4 deux des particules soit
connue. A ce niveau, pour gue 1'étude puisse avoir le caractére extensif voulu, il
est nécessaire que ces interactions puissent 8tre approximées de maniére raisonnable
par des interactions non locales géparables, ou si lL'on préfére, que chaque voie

soit dominéde par la formation d'un ou plusieurs isobares. De c¢e point de vue, le



caractére dominant de la A g dang lawveie x ~N permet de travailler dans des condi-
tions guasi idéales, pulsque 1'approximation faite sur les autres voies ne sera fai-
te gue sur des termes en général correctifs. Il reste toutefois un probléme : un
pion a une masse de guelgues 140 MeV/CZ et vers la résonance une énergie cinétigue
drtenviron 180 MeV. Or, les équations de Faddeev supposent le sysitme invariant Sous
les transformations du groupe de Galilée, ce qui n'est certainement pas le cas ici.
Bn d'autres termes, il est nécessaire de disposer d'un éguivalent relativiste des
équations "a trols corps¥. Mais, le nonmbre de particules d'un systéme relativiste
dtant essentiellement variable, il v a 134 une contradiction gui va amener nécessai-
rement & des approximaticns, Le guide en ce domaine régide dans la relation d'uni-

taritdéd auguel doit obéir la matrice § représentant l'dvolution du sysiéme

(§78), =2~ (\do_ S 58 = b,
ki W Ak {n Ll \
ol

i et f sont des états initial et final

n les états intermédiaires & n particules sur lesguels ON somme.
on choisit donc de +tronguer cette sommation aux états de trois particules au plus.
Le prix de cette approximation est la perte de la symétrie de croisement gui, fai-

sant intervenir des étate d'anti-particules, est exclue du modéle choisi.

2) Eguations a4 3 corps :

Méme dans ces conditions, la construction d'dguations a trois corps
"relativistes" s'avére une tdche redoutable : de l'aveu de FreedmanlLovelace et
Namyslowskf), auvteurs de l'article de base en ce domaine 60 pages de Nueovo Cimento
san omettant toutes les étapes nécessitant moins d'une semaine de travail'... Le
point de départ réside dans 1l'équation de BethewSalpeter3), décrivant un systénme
de deux particules & l'aide d'une €quation intégrale guadri-dimensionnelle. La pre-
midre dtape consiste & éliminer l'intégration sur l'énergie relative des particules
de maniére & se ramener 4 des intégrales spatiales. Cette étape a pu &tre franchie
grice a la méthode de Blankenbecler et Sugaré)o Le principe congiste & trouver un
propagateur qui possede la méme singularité que la fonction de Green des deux par-
ticules & l'aide d'une relation de dispersion dans le plan s, la discontinuité du
propagateur étant exprimée 2 1'aide de la relation d'unitarité tronguée & deux par-
ticules, Ce travail a été repris sous une forme "intuitive" par Aaron, Amado et
Young?)@n supposant au départ, par analogie avec les éguations non relativistes,
gue les amplitudes de diffusion X(p,p':s) obéisseni a une éguation intégrale de la

forme

Xpopis) = Vipp) +he | A% Vip 10606 X (g o)

ou

Vip,p' ) est le potentiel

LG (kis) est la fonction de Green des deux particules
On obtient alors la discontinuité de G{k;s) sur la coupure d'unitarité dans le

plan s :

Glk,s)=G(k,s) = i-(2m)* 6+(k:—mf)- f)%kj—mj)



On construit alors par une relation de dispersion une fonction présentant la méme

singularité, et celle~ld seulement

ol € est 1'énergie de la particule i, ™. Ba masse et ki son impulsion. Il ne reste
plus gu'ad reporter dans 1t'éguation pour éliminer I'intégration sur l'énergie relative

des particules g © ¢

SN Y A4 Agk ‘ . E4r &,y B .
Xy, ?,5)_.\f(?,p ) +CEE73. ThE \f(?,k) A — )((k,v . 5)

On cbtient aingi une dquation trés similaire & 1'éguation de Lippman-Schwinger.
Freedman et al. ont eu le mérite d'étudier la séparabilité de 1l'équation de Bethe-
Salpeter en présence d'états 1ids ou de résonance entre les deux particules, Ce
travail fondamental a permisd'utiliser la méthode des potentiels non locaux sépa-
rables de la méme maniére que dans le cas non relativiste : on introduit un poten-

tiel de la forme

2

Vip,p') = g(pz)l glp'™}

N 2 , . ] _ ‘ . . . .
ol g{p”) représente une fonction de vertex gouvernant la dissoeociation de 1'iscbare en
; : + .
la paire et A = ~ ],

Alors 1'équation se résoud analytiguement pour donner i

X(p,p'is) = g(p?) pi(s) gip'?)
%
RICTE R S (SR
py (2n)® 26,6, (6,46, _ 5

ot Dmi(s) esl le propagageur "habillé" de 1'isobare.

Pour bien comprendre 1l'utilité de cette approximation dans les dquations a trois

corps, il est utile de s'appuyer sur la Torme qu'en ont donné Altg, Grassbarger et
SandhasG) dans le cas non relativiste :
U= -(0-6,06" 50 £ .G U
g s T gt T e Yy
avec i,j,k = n° des 3 particules
Uij = cpérateur de transition a 2 corps faisant passer de i(jk) a j(ik)
tk = amplitude de diffusion & deux cCorps

G0 = fonction de Green libre



Tl est commode de repreésenter ces dgquations par un graphigue

) 4 , .
iy A B — A &
— - - [T A Z mgbw;—————-— .

Sagr %

o un rectangle represente un opérateur de trangition U et un cercle une amplitude

Tusion G,

de diff
Lintégration sur les lignes “internes" Tait apparaitre wne intégration sur trois

moments qui se réduisent & deux avec la conservation de I'impulsion,

Le Fait gque l'amplitude de diffusion a deux corps soit séparable se traduit par :

iDmQ{ o g ($)D () g6

1

L
0

ob les % cercles représentent les fonctionsg de vertex et D; (s} le propagateur de
1'isobare .
Fn remplacant dans 1'édquation et en multipliant & gauche par < in| qj et a droite

ar GO ijm > pour faire apparaltre l'amplitude de diffusion

X, L= o<in G U, .G, 3m >
in, im f D ij blj
de la particule i sur la paire n menant % la particule j en présence de la paire

n oon obtient :

i T P A
e G
] o - + Z
[)ZﬁWL “:$<ik ‘ IV (R | ﬁ:‘“

i

.z o Phe X

A, Asen A .l‘-\'l.,‘%'l

ggq, ‘Ii’“'\'

A AT

Bi Lrvintégration? intermédiaire ne se fait plus gue sur un seul moment, ce gul, apres
utilisation de l'invariance par rotation, conduira & un systéme d'éguatioms intégra-
les unidinmen sionnelles /). En contrepartie, il faut noter gue le nombre d'éguations
augnente du nombre d'isobares introduits.

La dominance d'isobares et d'dtats lids ayant, comme 1'ont montré Freedman et al.,
les mémes conséguences pour l'éguation de Bethe-Sapeter que dans le cas non relati-
viste, il est légitime de penser gu'un systéme d'éguations intégrales guadri-dimen-

sionnelles similalires au cas non relativiste reste valable ici.

Xlg,q'+s) = Bld,g' 8} 4+ Tt d4k Blg,k:s) R(ak) X (k,qg';s)



[$

T-%
- — 4 (DMW_ o 'P = A-moment total
; _M%m.{ * _w{//)£w <j t) CE = (o) ?
% 4

ou on a supposé les particules identiques et interagissant par formation d'un seul
état 11é pour alléger les notations. On se trouve alors devant le méme probléme que
pour l'éguation A deux corps @ 1'élimination de 1l'intégration sur 1'énergie relative.
Bien gue les calculs solent nettement plus complexes ici, la méthode de Blanclkenbecler
et Sugar permel encore de construire des fonctlions % et D_l prégentant les mémes
singularités gue celles imposdes a B et R par l'unitarité 3 deux et trois corps. Il
est cependant & noter gu‘haron, Amado et Young deivent, dans leur méthode, supposer

& priori une relation reliant le propagateur de 1'isobare en présence de la 3éme

particule R, au propagateur de 1'iscbare : p~t

R=2n6" (k2~m2} ph

Finalement, on obtient deg équations intégrales tridimentionnelles
4 P APy 1
7 ) v ‘ 1 7 . : s
it

avVeo

z (c\,q’js): %(%{?wo\%ﬁ')"). Eq v Eqr tEquy - %(%(fﬁgq“f\/)*)

S5 - (E(‘+E(,‘f+gr\+qr)
£ = vk 2—’r m'2

s = 1lnvariant de P

Aprds aveoir exprimé les moments relatifs {arguments des fonciions de vertex g )de
maniére & ce gquiiis soient du genre espace dans le référentiel du centre de masse

a deux corps par l'utilisation de moments de Wightman-Garding, on peul utiliser
I'invariance par rotation. On obtient donc, apreés développement en ondes partielles,
une série convergente de systémes didguations intégrales ccuplées solubles par les

méthodes habituelles.

3) Le systéme w -d

Avant de décrire la forme particulieére des éqguations dans le cas du
systéme z ~d, il convient d'étudier tout d'aberd le type d'interaction des particu-
les en présence.

8)

En ce gul concerne nucléon-nucléon, des études préliminaires ont
montré gue seule la descripiion de la voie du deuton,3S1m3Dl présentait de 1*impor-
tance. Si l'on veut obtenir une description détailliée, la simple approximation de
la dominance de 1l'état 1lié ne saurait suffire ici dés que l'on s'éloigne du seuil.
On peut alors envisager l'utilisation de potentiels non locaux séparables plus com-
pliguéds, visant & une description plus précise des caractéristigues sur couche de
la voie. La solution retenue ici consiste en l'utilisation de développements en

fractions continues dans les facteurs de forme dont les bonnes caractéristiques vis



10.

3 vie de )'extrapolation doivent conduire & un comportement hors couche raisonnable.

On peut ainsi construire une série d'interactions visant & une reproduction de

plug en plus affinée des caractéristiques de la vole, isolant ainsi les effets sur

la diffusion x -4,

Dans 1'interaction pion-nucléon, la situation se présente d'une manié—
re plus simple. L'importance de la résonance della rend trés plausible l'utilisa-
tion dlinteractions séparables, les autres voies Jjouant alors un réle correctif,

une description simplifide doit sufiire. La principale difficulté réside en fait
dans le choix des caractéristiques que 1'on cherche & reproduire puisqu'id basse
énergie, la connaissance expérimentale de 1'interaction pion-nucléon ayant sensible-

ment évolué, les résuliats trois-corps des calculs suivent les mémes variations.

Quant au choix des voies introduites dans le calecul, on se limitera toujours aux
ondes § et P, ce qui semble justifié auw moins jusgue vers 250 Mev. Il reste enfin
4 signaler que la voie PlJ' en tant gue volie d'absorption, subiit un traltement

particulier sur leguel nous reviendrons plus loin,

Dans ces conditions, le sysitéme d'équations peut s'dcrire :

1

X 5 Z, Y Xy

ad
— . -4, NS -4,
Ryd = ipa + 20Dy Xsa w20 Ly D Xya

ot {ad désigne la voie du deuton

A désigne une des veies pion-nucléon (par exemple P33)

Un dessin étant sans doute plus”parlanty cela donne :

A

PN n e w e e e wm we menag t R T Mv{;-,\\ - —
- IOIESERNS O
Tw(}‘ - A

e = plon e ow nucléon  mmmmms= o= deuton anann, = 1sobare w ~N

Notons gue gl 1ton reporte la deuxieme éguation dans la premiére, on cobtient :
¢ N 1

-~ le premier graphe qui représente la simple diffusion du pion sur un des nucléons
du deuton.
- le deuxidéme gui initie la série de rediffusion des nucléons

- le troisiéme qgui initie la serie de rediffusion du pion.

on voit de la sorte en guel sens les éguations “trois-corps’ repré-
sentent une sommation des termes de la série de diffusion multiple a tous les
ordres. Il faut cependant se garder d'une identification terme & terme assimilant
le premier graphe a 1'"impulse approximation". En effet, le comportement hors



1L,

couche des propagateurs imposé par 1'unitarité rend vaine ce genre de comparaison
et le résultat Ffinal peut seul &tre confrontd a L'"impulse approximation®™ en vue

d'une estimation des effets de diffusion multiple.

Pour terminer, il convient de remardguer gue 8i aux énergies congidérées
le pion est nettement relativiste, ce n'est pas le cas des nuclidons. On peut donc
concevolir un moyen terme gui consiste a modifier les édqguations J-corps non relati-
vistes en adoptant simplement une cinématigue relativiste pour le pion. C'est ce gui
a étéd utilisé par Thomasg) en premier lieu sous le non dlapproximation R.P.K {Re-

lativistic Pion Kinematics) et sera utilisé idci dans les premiers calculs.

4) La prise en compte de 1'absorption et le systéme F-N-N @

10 ; . P . .
Afnan et Thomas ) ont les premiers essaye df'introduire l'effet de
1'absorption vraie du pion en imposant un pole é—HHI dans la vole ?li gui posséde

les nombres guantigues du nucléon. Ce faisant, on impose que l'interaction dans
cette vole soit dominéde par la formation d'un isobare N' ayant toutes les caracté-

ristigues du nucliéon, y compris la masse. Le terme de Born correspondant :

représente bien 1'absorpticn du pion et on dispose ainsi d'une maniére simple

d'étendre le modéle au processus T3+ NN,

Malheureusenment, cette approche se heurte a deux difficulids lides
au falt gue les deux nucléons N et N*' ne scnt pas identiques, 1'un étant un "vrai®
nucliéon, 1'autre un iscbare. Tout d'abord, n'étant pas identigues, ils n'obéissent
pas au principe de Pauli, ce gui leur permet @'&tre dans un état relatif avee 148

pair alors gue 1 isospin total du systeme est égal & 1. On se Lrouve ainsi avec

des nuclédons avant {m)j'“}ush'LP = ~1. Ce défaut, d'abord noté par Thomasll} sous le
nom de “blocage de Pauli" est facilement corrigé en interdisant la voie P]l guand

145 est pair. 11 est & noter gue cebte mesure n'est valable gque si le pole du nu-
cléon domine toute la voie Pll et est excessive dans le cas oU cette voie regoit
une autre contribution dont 1'isobare est différent du nucléon,

La deuxieme difficulté vient du fait gue 1'iscbare N' est "privilégié" par rapport
au "vrai" nucléen dans la mesure ol il est le seul a pouvoir réemettre un pion

dans un modéle trois corps. En d'autres termes, parmi les deux graphes :



’ ~ R - .

[P . - S DY SR o

On néglige le deuxiéme, ce gqui condult A un "sous-comnptage", Une solution simple

conBiste

alors a ajouter le second graphe partout ol il est nécessaire dans les

dguations. Pratiquement, cela revient A doubler le terme de Born ZAN'N',

Ne cette maniére, il resie encore une diss métrie au niveau des propagateurs. Une
; ) - C

cclution radicale, consiste a prendre le propagateur de 72 nucldéons libres, en suppo-
sant encore que le pdle du nucléon représente la seule contribution & la voie. Un
des calculs présentés ici (articie I.1) a été fait en utilisant simplement ces
remddes emplrigues aux éguations trois corps @ blocage de Pauli sur les états (N N'},

o) - Ly o g L s P
terme de Born zﬁ modifié et propagateurs de nucleons libres.

NN

.a solution rigoureuse de ces problémes a demandé un travail théorigue
o . .\ . A . " ) 12 - 13 ; :
considérable de plusieurs éguipes @ Mizutani et Koltun }, Rinat ), Mizutani €L

Avighai ié), Afnan et Blankleiders

en particulier, ce ¢ui a aboutit 3 une bien

meilleure compréhension du systéme @ ~N-N., Un point important réside ici dans la
compxéhgnsion de la structure complexe de la voie Plllb)v Dans un modéle lagrangien
gimpl@l!), on constate en effet que le péle de nucléon dans la vole 8 subit une
forte compensation de la part des pdles du p et du ¢ dans la vole t. Pour la lon-
gueur de diffusion par exemple, on aurait :

=018 m YV s = 0.0am "t a = 0.04 0 "

A a - a P
“pdle o s o T total

Ceci améne naturellement & séparer dansg la veie P une contribution venant du pola

igiLon ¢

de nucléon, et une contribution Ynon-pbdlet, avec, pour 1'amplitude de di

P, tpél@ T Yhon pale

Avec

. 2 b - " 2 B \\\ o
i'p(”).'l.e gle™) D 708} alp'™) = ecemeael.
fnon pote = O

g(pz) = vertex =N

D"l(s) « propagateur du nucléon.

En explicitant cette géparation, les eguations A.G.S. habituelles sont représentées

par
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ou liamplitude ®-N comprend les voies autres gue P el la partie non

11
péle de la PJ] . Sous celte forme, on peut imposer le blocage de Pauli au propaga-—

teur N-N puisgue dans la partie pdle, on a effectivement deux “vrais” nucléons.

Pe la méme manieére, on peut ajouter le terme

& e
2
+ . '.P_( T
Ll % &

gui rétablit la syméirie des deux nucléens. Tl reste alors a dériver les équations
auxguelles okéissent les propagateurs Dml(s} at vertex g(pz). Une fois de plus, on
utilise la réduction de Blankenbecler et Sugar de maniére & éliminer les intégra-
tions sur les énergies relatives tout en assurant le respect de l'unitarité, Papr-
tant de vertex nus go(pz) et du propagateur libre Dmé {s) , on trouve pour le vertex
renormal isé

2 2
gi(p”} = go(p?) G,(s) gﬂ{p

T o
non pole 0
et pour le propagateur renormalisé, 1'dquation

-1 ]

1. 2 -1
5 (8) + D75 (s) gyp?) Gy (s) gtp?) p7his)

ol GG(S) est le propagateur pion-nucléon libre. Ces éguations correspondent aux

graphes
~ hY ~
AN N N 2
\M’ N . Y (j Y pour g{p”}
/7 \é pour p L s)
= # .

De la derniére éguation, on tire 1'dquation & laguelle obéit le pro-

pagateur renormalisé pour deux nucléons Ris}

2, = 2
Ris} = RO(S) + 2 RG(S) go(p ) Go(s}g(p } Ris)

PN

/ A}

i &,

= 4 o

) %
A ’
\\ ,/

o Eb(s) eat le propagateuyr n -N-N libre.



Finalemenl, en supposant gue t est séparable et en multipliant

non pdle
comme précédemment par les propagateurs et les vertex appropriés, on aboutit au sys-
téme dléguations fournissant les amplitudes de diffusion. Aprés antisymétrisation

des deux nucléons on obtient

Py P

Rp = Zug 52 Loy T K

P i

[¢

Avec o= d A oul

H

rl[‘\! b " AI !

e
4

N i , . . ry . e
et les termes de Born anltigyimelrlaes g{a) aont relies aux zﬁmﬁ par
§

N R, 2 4

Ces coefficients peuvent d'ailleurs 8tre obtenus Tacilewent par un développement
perinrbatif  en "comptant® les graphes. Par exemple, les contributions de d et N au

premier ordre donnent

7, 8007,

4

A 1'ordre suivanl, on a 8 graphes @

R

2.
3 7 .r_- — ” T ."“" ,.......1. 'r“— _—-N. p "“7‘.‘“_' =R
Ry 2 o RyZgq = (27 Z ) ) (4l (5 (2 I, ete ...

8.2

AN

Le principal intérét de ce systeéme d'éguations réside dans le couplage ob-
tenu entre les processus apd-nd ;xd-~ NN et NN- NN. Alors gue les travaux de
Rinat par exemple se heurtaient 4 1'introduction de la force nucléon-nucléon dans
les équations, le probléme est résalu ici radicalement en générant cette force parx
1'échange de pions. Le pion ne constituant guiune partie de cette force, 1'étape
suivants est naturellement d'introduire les échanges de mésons plus lourds.On  peut
en effet ajouter au terme de Born gkN . gui représente L'échange d'un pion, les
processus &'échange des divers mésons introduits dans les potentiels OBEP. On
arrive ainsi & un modéle qui, aves comme données les couplages des divers mésons

3

. . : ; . . Ia - .
au nucléon et l'interaction N-N dans la vole 31m D1 du deuton, peut décrire d'une

maniére cohérente 1l'ensemble des trols processus - = f-d @ n-~d- NN ; NN- NN
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dans le domaine des énergies intermédiajres .

1T - RESULTATS @ DIFFUSION ELASTIQUE PILON-~-DEUTON :

Les résultats expérimentaux obtenus en diffusion pion-deuton se classent na-

turellement en trois catédories
les données au seull obienues avec les atomes mésigques

— les expériences a basse énergie jusqu'a une centaine de MeV. Ces expé-
riences sont rendues tres délicates par la faible duréde de vie du pion. Méme avec
une ligne de falsceau trés courte, il est difficilement envisageable de desgcendre
en dessous de 25 MeV. Les donnédes sont donc assez rares, et leur interprétation com-
pligquée par l'influence de la force coulombienne difficile & prendre en compte dans
leg calculs basés sur les édguations & trois corps. Nous nfaborderons donc pas ce
domaline ici.

- les expériences de 100 a 300 MeV qui encadrent la région de la résonance

. Clest dans cette zone d'énerdgie que les "usines & plons® (SIN, LAMBF, TRIUMP}

produisent leur meilleure intensité. On dispose donc de nombreux résultats, tant

pour les distributions angulaires gue pour les observables de polarisations.

1) Longueur de diffusion w-d

La partie réelle de cette quantité est relide au décalage du niveau d'éner-

gie des atomes mésigues par la relation de Treiman :

AR
ro ! 1ls
Re(a Hd) = (i} avec £y = rayon de l'orbite de Bohr (% 194 Im
Bis peour le deuton)
AR s
— = décalage relatif du niveau ls.
B
la

La partie imaginaire (non nulle & cause de 1'absorption u d- NN} est cobltenue & par-

tir de la section efficace de la réaction inverse au seuil, par la balance détaillée

3 ) . ‘
o - B é = ] 1 3
NN -y ok + Bk” + ... avec K impuision du pion
6r C o .
o = ¥m (a _} = "coefficient de production s"
n wdd
N
Ces qguantités sont connues avec une précision trés limitée et on retient actueile-
ment . 022 1
- oo [ — 1" o
Re(a TEd) 0.052(-.017 ) i
20)

@ =200 & 300 ub

Du peint de vue théorigue, le peint de départ pour le calcul de cetite guantité est
"lrapproximation d'impulsion' qui exprime la longueur de diffusion a-d en fonction

de la combinaison isoscalaire (a]+283)des longueurs de diffusion x~N =



‘(o)m A

e 3

it gue les estimations expérimentales

Une premiére difficulté apparalt dans le

de a, Za.A1 sont tirés dispersdes. Ainsi, les calcule présentés ici ont utilisé :

$Zay = ~0.12 m T = 200 008 w7t basé sur les anailyses de salomon’t et

b f] BT T v d ¥
B .

21

-1 P ’ . . . Y,
-~ 018 m haseé sur les analyses de Salomon at

Z. a1+233 H & E X

Saclay
. ] RS 5 S SR o tana etarinent
3. Tt a g o= 021 m basé sur 1'analyse de Koch-Pietarinen

dl+2a3 X 1 Fit

parmi leaguelles la troisiéme valeur semble &tre la mieux établie actuellement. Les

deux calculs présentés ici différent sur trols peints ¢ 1) le premier fait appel

au formalisme R,P.K. alors gue le second (article 1.2} utilise des éguations rela-

Livisles. 2} I, absorption est traitée dans le premicr d'une maniére simplifide

tel gue déorit page B avec une Pll comportant simplement une partie “"pdie”. 3} Les
.o e e . 4 s e =L ;

potentiels utilisés sont différents, avec en partliculier a1+2a3 = -~ 025m pour le

: - -1 :
premier, et ~.0LZ m N pour le second.
ll

. . . ’ . . R+A ) -1
La correction apportée par le calcul complet donne © a wd(\ = - 024 m
~1 ; - . . .
dans le second., Cette correction se repartit

S 5 - -
iffusion a(h) = - (18 m -L(mnogg m l)

dang le premier cas et -.023

en une correction de red

. A . - . -1 . A

tion a( - - (306 m |(~h003 m ). On constate gque les corrections de rediffu-
W 3

sion sont comparables tandis que l'effet de 1l'absorption est trés différent. Ceci

s'expligue par La présence de la partie "non pdle” de la P dans le deuxiéme cal-
! k ) !

e

-, 006 m -1 {gui représente la véritable contri-

| e . { .
cul., En effet, on constate dans le deuxieme calcul gue a se deécompose en

s o 003w T et a

%hon pole % pdle x ]

bution de 1'absorption) alors gue dans le premier, on a simplement apajemM“006 mo

Fin ce gui concerne les corrections de rediffusion, on peut, dans le deu-
xiéme calceul, les décomposer en @ une contribution deminante des ondes 5
T VS m]?“l, une contribution de la voLe P33 :.a(R°Q)= +.004 m 1 ey
une contribution de“”p@tites"ondes P a(R”P)m -, 001 qt‘l, D'ou, en utilisant

. - w1, ; (0} -
Qb da., = Oal r le calcul S b1 La poux H
@l /zj 021 m“ pour le calcul de a . a un bilan f 2 q

all = -, (2] m_fl sgpproximation d'impulsion®
+ a(R“S) - 073 m“ml rediffusion s
y A .
4 a{R‘\) =, 004 m 1 rediffusion Pg3
(P (A . 1 _ . : . e
4 a 4 N g Z X fusi atites &) - partie le de P
+ 1(1} R M, péle 00z mﬂw1 fusion petites ondes p 4 partie non pdle de 11

+ a = -, 008 Mmoo absorption

R (a ) w044 m
Ce résultal est bien sOr compatible avec la valeur expérimentale mais de ce point
de vue, la balle est dans le camp des expérimentateurs car seules des mesures plusg

précises de al+2a% d'une part et de %Td d'autre part permettraient de conclure.

et une d'absorp-

4)



Les résuliats concernant le coefficient de production & : o« = 768 R}
(140 ub) sont trés différents entre les deux calculs. La encore, la décomposition
de la volie Pll en une partie "pdle" et une "non pdle" est sans doute responsable
de la différence constatée. Cette quantité présente en effet une grande sensibilité
envers les données du caicul comme on pPeut le constater a la lecture du tableau
(I, article IT.2) ol lion voit en particulier gue la description retenue pour le
deuton (PD = 4 ou 6.7 %) n'est pas sans effet sur le résultat, contrairement aun
cas de la partie réeile de a cd- Dltautre part, cette gquantité dtant directement
liée & l'absorption de pion, il est probable que la rediffusion N-N doit v jouer
un rdle important. Un Lraitement avec ZNN contenant les échanges de mésons lourds
modifiereait donc sans doute la valeur ohtenue. Il reste gue le résultat final
o =140 pb est assez faible au vu des astimations expérimentales ot 15 encore des

mesures plus précises seraient leg bienvenues,

2} Région de la résonance 4

On dispose dans cette gamme d'énergie, en plus de nombreux résultats sur
les distributions angulaires de section efficace (T ﬁ:38, 116, 142, 180, 217, 230,
256, et 292 Mev),de gquelgues résultats concernant les polarisations {voir la réfé-
rence 18 pour une revue). Deux ohservables ontl été étudides 1la polarisation vec-
torielle itil et une polarisation tensorielle t20' la seule non nulle & 180°. La
polarisation vectgrielle, ou plutdt le pouvoir dfanalyse vectoriel i'I‘ll eal mesuré
dans la réaction d(n+, n+)d sur une cible contenant des deutons polarisés vectoriel-
lement, & partir de l'assywméirie des sections efficaces suivant la direction de po--

larisation.

L iz‘d &'{934:~J%L) avec P = polarisation des deutons
11 2 P oyt gy

Pour la pelarisation tensorielle t? , On mesure la polarisation du deu-
ton de recul a4 1l'aide d'un réaction (3Me(§,p)'ﬁe en générall dont le pouvoir d'ana-
lyse T?O est connu. On obtient alors t?G a partir du rapport r des sections effica-

ces polarisées et non polarisées dans cette réaction

Foelw by Ty

{dans la pratigue, ceci est quelgue peu compliqué par des problémes de changement
de référen tiel).

Une premiere étudezs) faite dans le cadre de 1'approximation R.P.K nous
avail permis de melire en évidence ia sensibilité de la section efficace envers
les "petites” ondes pion-nucléon d'une part, et & la description de la fonction
d'onde du deuton ¢'autre part. Nous avons donc &ié amenés & utiliser différents
types dfinteraction

- Pour les voies pion-nucidon, 3 L'exception de la P nous avong utilisé les
A ! ]1!

potentiels construits par Rinat et al°26){notés R par la suite) d'une part
et Schwarz et al.27) (notés 8 par la suite)d'autre part. Dans les deux cas, les

paramétres sont obtenus en ajustant les longueurs {ou volumes) de diffusion et les
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drences résident essen-—

déphasages fjusque vers gueldues centaines de MeV, les diff
tiellement dans le choix du jeu de déphasages choisi (plus récent dans le cas de

Rinat et al.).

FPour la vole ¥ on impose dans la pavtie pdle, le pdle du nucléon, avec comme
’I]J ; i . 1

H

résidu la constante de couplage r-N-N. On contraint alors I'amplitude totale a re

sroduire le volume de diffusion et les déphasages.
- Pour la voie du deuton, nous avons construit 3 types de potentlels, notés YL, S
et SP visant & reproduire de mieux en mieux les caractéristigues de la vaie. Pour

YL, on utilise des facteurs de forme de Yamaguchi et seules les caractéristigques

statigues du deuton (énergie de liaison, longueur de diffusion, moment guadi Lpo-

laire, pourcentage drétat D et rapport asvaptotique des fonctiong d'ondes dansg

&

I'éiat D et $) sont contraintes. Pour S, on utilise des rapports de polynomes plu

) . \ . . . : \ . 3.
complexe et on ajoute en plus des caractéristiques statiques, le déphasage bq

jusque vel 200 MeV. Eafin, pour $°, on ajoute comme contrainte le facteur de for-
e monopolaire {(fig.l article T¥.5) du deuton. Dans les trois cas, nous avons cons-
truit deux jeux de paraméires donnant respectivement une probabilité d'état D de

4 ou 6.7 %. Nous avons &'autre part utilisé les potentiels de Hammel et al 28), noté
g7, gui sont ajustés pour reproduire le déphasage 3S}, le facteur de forme du deuton
avec différentes possibilités, mais qui repreduisent mal certaines données stalti-
gues du deuton {veir la table 1 -article I.5-). Il est a noter que tous ces poten-
tiels sont de rang L et donnent de ce fait un déphasage EDl aveg le mauvals signe
(attractif), mais des calculs en approximation RPK ont montré gue cecl nta gque

pen d'influence Lci.

Au vua des résultats obtenus pour la section efficace {articles I-4,5,6}
on constate tout dtabord (article 1.4) gue les "peltites ondes” pion-nucléon jouent

sauf & 180 MeV, un rdile assez important dans tout le dowmaine angulaire, et en

sarticulier & Jl'avant. La seconde remargue concerne le peu dleffet de 1'absorption
E

H o142 et 180 MeV (fig.2.3, article [.6). Par contre, & 256 MeV, on a un effet trés

important & 1larriére. on sa prise en compte remonte la section efficace d'un fac-
- . -

teur 2.6 environ. Enfin, on peut constater fig.2Z, article 1.5, le rdle important

.
joud au-~dela de 90° par la description du deuton pulsgue entre les potentiels YL4

et OT4-1, on obtienty une variation d'un facteur 2,5, Pour trouver la caractéristigue
3

de la vole P, & Jlaguelle la section efficace u-d est sensible, on peut se
guider sur 1'approximation d'impulsion dans laguelle {do/d 2) devrait élre propor-
tionnelle au facteur de Fforme monopolaire du deuton au transfert considéré. La

figure 3, article I-5, montre que cette propriédie est conservée dans le calcul

7

43 corpst puisgue avec les divers potentiels YL, §, 8F et QT, la seule caractéris-
tigue importante pour {d ¢/d 0){180°) est la valeur du Tacteur de forme, indépen~
demment de PD {YL et YL 6.7 par exemple), des autres caractéristigues statiques

(0T 6.7 et SF 6. 7 par exemple) ou du déphasage 331 {YL.6.7 et 8 6.7 par exemple).

8i llon compare maintenant le résultat®final’ aux mesures expérimentales

(fig.2-3, article 1.6) deux conclusions s'imposent :

- Dans 1'hémisphére avant {(0° & 90°} 1L'accord est tout & fait satisfai-



.
}
i

sant, sauf a 230 MeV ou la seule explication raisonnable est un probléme de norma-
lisation expérimentale.

~ Dans 1'hémisphére arriere (80° a 180°), on reproduit bien les valeurs
expérimentales jusqu'd 142 MeV puis, a partir de 180 MeV, liaccord se dégrade pour
devenir vraiment mauvais a 256 MeV. A cette énergis, il est & remarquer gue 1l'in-
clusion de l'absorption améliore la forme de la distribution angulaire, mais avec
une valeur absclue surestimdée d'un facteur 2 4 3. Tl est actuellement difficile
de trouver une explication & ce désaccord, mais il est & noter que, dans le cadre
Arun meddle wnifié pour le systéme I-N-N, il est nécessaire, pour reproduire la

. 0 . g . ; . . ;18
voie a1-d4 ~NN, d'introduire une modification “hors-couche", des voies pion-nucleon ),

Cetlte modification a des conséguences sur la diffusion pion-deuton et )l'accord est

blen meilleur A& 180 MeV mais reste mauvais au~-deld,

Fig.)l : Section efficace différentielle

rd : sans absorption | ) avec
absorption, avec { Vet sans (e
<410 modification hors-couche,

Tiré de la référence 18

do sdfl {mb/sr

1
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8i 1'on passe & 1'étude des observables

de polarisation, on peut s'atten-
-

dre & des effels plus marqués, puisgue les interférences y jouent en général un

réle plus important. En commencant par la polarisation vectorielle it une pre-

11
mid¢re étude en approximation R.P.K (article I.3) dégage immédiatement le trait mar-
guant de cette observable, 3 saveoir 1 'importance qu'y jouent les "petites ondeg®
pion-nucléon . Leur inclusion dans le caleul modifie profondément la distribution
angulaire pour donner un pic & peu prés syméirigue, centrd vers 80°. La forme gée
nérale ne varie pas avee 1l'énergie, seule la hauteur augmente légérement pour at-
teindre un maximum vers 1'énergie de la résonnance delta. Par contre, les autres
données du calcul influent peu sur celte observable et en particulier, le résultat
est pratiguement inddpendant de la description du deuton utilisd. L*absorption

se limite & augmenter ldégérement la hau-

teur du pic, ce gui aboutit a une ¢roissance monotone de ce pic avec l'éhergie.

Des résultats expérimentaux dtant disponibles depuis ces calculs, on peut tenter

une comparailson avec l'expérience. A 142 MeV tout d'abord, l'agrément est satis-

faisant et confivme en particulier le réle joué par les petites ondes ¥ -N, A
256 MeV par contre, il apparalt une structure complexe sans rapport avec la forme

simple prévue par le calcul. Au vu de la faible sensibilité de cette observable par

il ¢

i

Fig.2 : Polarisation vectorielle

it]] dans la diffusion z-gd, avec

{ } et sans ( ——-) absorption.
Le point expérimental ndgatif A
130° et 256 MeV n'a pas été con-
firmé par de nouvelles mesures

Tiréd de la référence 18.

]
§] &) 120 kisle]
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rappert aux donndes du calcul, il semble difficile d'expliquer cette structure dans

. . . N ) . . 29 S PN
1e cadre du modéle trolis corps et plusieurs auteurs ) ont eté amenés a coupler

) - . . . . . 1 3 1.
les amplitudes "trols corps” obtenues a des résonances dibaryonigues ( D?, F3, 62)

paraméirisées par des formes de Breit et Wigner, Locher et Sainic par exemple arvivent

aingi a reproduire l'observable J’_t].l sur tout le domaine 4d'énergie couvertg. Malheu-

reusemnent ce genre d'ajout au modéle trois corps n'est pas inoffensif pour les au-

Pig.3 : Polarisation vectorielle
itll dans la diffusion n-d, obtenue
en ajoutant aux amplitudes "trols
corps” (courbes--~--) des résonnances
dans les volies lG;i at iD2 {courbes )

Dfaprés Locher et Sainio, réf.l18

tres obsesrvables et la section efficace en particulier présente alors une structure

X l'arriere non obhservée expérimentalement. Pour terminer, il est a noter gue 1 ob-
. 5 . . : . J ;
servable lt]1 est trés sensible a des amplitudes TII' non dominantes {celles pour
11 s
lesgquelles L = L' = J+1) et gue l'on est ainsi sensible & de petits effets {par

exemple les petites ondes n-N). Il reste donc a déecouvrir celui gui déclenche

ces oscillations dans itll"

Pour la polarisation tensorielle t?O' on wpeut résumer en disant que les
effets sont & 1'opposé de ity Ainsi 1'étude préliminaire faite en approximation

RPK (article I.3) montre peu d'effet aux petites ondes n-N mais un effet treés

important de la description du deuton, avec en particulier, comme 1'avait déja
30)

1

noté Gibbs une variation importante & 180° suivant la valeur du pourcentage
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drétat D retenue. S5i cette dépendance a pu étre envisagée comme moyen de mesurer
P la différence obtenue entre les potentiels Pieper rang 2(PDm 6.7 %) et
Yamaguchi (PD = 7 %) (Fig.2 article 1.3) laisse suppoeser un effet plus comnplexe
Comme dans le cas de la section efficace, on est amené a étudier une dépendance
ent fonction du facteur de Forme du deuton et la figure 4 (article 1.5} montre

clairement celt effet @ pour une valeur de PD dennéde, on a une dépendance linéaire
entre Lo, (180°) et A{qMaxz) . indépendamment des autres donnédes. La situation est
de plus compligude par le rdle joué par 1'absorption . En effet, son introduction

modifie peu L., gauf & l'arriére ou l'on noite une diminution {en valeur absolue)

trds importante {article T.6) passant, & 142 Mev (180 Mev, 256 MeV) de ~ 0.73

£.1.08 ¢ 1.27F & ~.08 {55 : -.44)., On peut alors tenter de comparer le résultat

sfipal’ aveo les données expérimentales disponibles depuis et on se heurte a deux
problénes ¥ ¥
tag
4
P —— \ Fig.4 : Polarisation tensorielle t20
5 dans la diffusion ~-d avec | )
2 et sans {--~) absgsorption. Les tirets
> reliant les points expérimentaux a
- 142 MeV sont décoratifs.
el Tiréd de la référence 18.

-4 L

H L H E ]
[#] e} 150 80

& e (o)

- toul dlabord un probléme expérimental puisdque les résultats obtenus par
deux équipegl%e sont pas compatibles.

- puis un probléme théorigue puisgue de toute facon le résultat du calcul
ne reproduit aucune des expériences, avec toutefois un désaccord moins flagrant
dans le cas de Holt et al.

Il est dans ces conditions difficile drapporter une conclusion. On peut

simplement notex, que d'une part L'importance de l'effel de 1L'absorption sur cette
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[
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obhservable et les progrés possibles dans son traitement peuvent faire espérer une

amélicration, et gue d'autre partla variation des petits termes d'interférence
| ! . ) - . . .

T} I‘(L # L) (fig.2?a article I-3} peut ici encore induire des effets importants.
L, L

Pour conclure sur la deseriplion du systéme pion-deuten a 1'aide d'déqua-

rions B trois corps, on dispose : -pour la longueur de diffusion d'une prégdiction
asser bhien établie guil attend une mesure plus précise,

~pour ies distributions angulaires d'un bon ac-
cord général avec les nombreuses donndes expérimentales, sur un domaine dténergie
important.
11 reste cependant trois problémes sérieux :

- Le comportement de (de¢/d0) & l'arriére au-dessus de 180 MeV

au dela de 180 MeV

en général.

~ Le comportement de itl]

« L@ comportement de t20

Dans les Lrois cas, on a pu montrer gue ces observables sont ¢rés sensibles aux détails
des donndes du caleul et de petites causes peuvent nodifier sérieusement les résultats
obtenus. De ce point de vue, on peut attendre des progres du cdté d'un traitement
unifié du systéme v ~N-N ol le nombre d'cbservables(en particulier la diffusion

N-N pour laguelle les mesures sont nombreuses et précises) contraint considérable-~
ment les données du calcul. L'exemple des modifications hors-couche apportées aux
potentiels n~N est ici significatif, mais on touche peut-&tre ici certaines limi-
tations des équations trois corps utiliséesg, A savoir 1l'approximation des interac-

tions séparables, et 1'absence des iteymes de croisement.
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Article I-1

PRACTICAL SCHEME FOR LOW w-~d SCATTERING +

Y. Avishai*, N.Giraud, C.Payard and G.H.Lamot
Institut de Physigue Nucléaire de Lyon and INZP3
Université Claude Bernard Lyon-I

A%, Bd du 11 Novembre 1918, 63621 villeurbanne, TFrance

Recently, it became clear that the soclution of the w-d scattering
problem in the presence of pion absorption rests outside the Faddeev theory. The
most one can expect from this theory is the N-N' model of Afnan~Tthasl, in which
the Pauli principle is violated. In the present work, we impese the exclusion prin-
ciple on the Afnan-Thomas medel as an ad-hoc assumption, and get a modified sel of
eqguations in which the two nucleons are identical through all intermediate states,
and non-Faddeev terms with two successive pion emissions are included (but states

of more than one pion are eliminated).

We also make the approximation (tested and justified to within 2%2)
that the #N-N interaction in three-body states is allowed strictly in the 3Slw3D}
quantum numbers. At the expense of imposing "external" agssumption on a self consis~
tent model we arrive at a compact set of equations, which couples the amplitudes

for the reactions #+ deew+ &, N +A —s w+ & and N + N e v+ d.

The fact that the two nucleon amplitudes in T = 1 states are ge-
nerated (as by-products) do not lead to bootstrap since these states are not used
in advance, and there is no input-output overlap, In addition, these amplitudes
are not used as input for the production process, since all the unknown amplitudes
are generated by multiple scattering. Therefore, our equations are free of over-

counting.

From a numerical point of view, our eguations are relatively simple
and no extra work is needed beyond the use of three-body codes. Exact solution has
recently been reportedB, Here we give the following results : 1) Singlet scatte-

ring length I and triplet scattering volume Awd' 2} The effect on the real
part of the singlet = d scattering amplitude {(at thresheld) of including the cou-
pling to the N-N channel, denoted by A aq- 3) Production coeffi%ients at thre-
shold, « f defined by o (N + Naww w4+ d)k e O m}.a k+ 8 i3 ([q = mwml) (B
has contribution from the partial wave amplitudes Tl‘l J = 0,1,2.)

H

+ "Proceedings Int. Conf. on the Few Body Systems and Nuclear Forces", Grax (Autyrichel,

1978, p.214.
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Article YI-2°

STUDY OF THE REACTION N+ N e ~+d &7 THRESHOLD

N, GIRAUD, C.FAYARD, and G. H. LAMOT
Institut de Physique Nucléaire (and IN2P3), Université Claude Bernard Liyon-i
43, Bd du 1l Novembre 1918, 69622 Villeurbanne Cedex, France

and

T. MIZUTANI
Division de Physique Théorigue, Institut de Physique Nucléaire,
91406 Orsay Cedex , France

The N+ N = 1+ d reaction at threshold can give some information on the va-
lidity of the theory of pion absorption. We present here some preliminary results
obtained with the Avishai-Mizutani (AM) equations U with fully relativistic kine-
matics, In our model the absorption phenomena occur via the Py "N channel
which contains » non-pole part in addition to the pole part. The parameters of the
Py; channel are adjusted in order to give the - N coupling constant, the Ppj
scattering velume and the phase shift up to 250 MeV, We have thus calculated the
+d elastic scattering observables up to the resonance regi0n2)° Here, we pre-
sent only sorne results at threshold, namely the scattering length {volume) and
the production coefficients o and B in the L=0 and L =1 partial waves. In table
I, we give the L.=0 results, with and without absorption. Ip order to test the
effect of P.. (D - state percentage value), two 381w ?’Dl NN parametrizations
are uSEdB) (denoted SF4 and ST 6. 7). It is well-known that the main part of
the scattering length is given by the S31 and S 7 N channels and also by the
Py channel , but also the " small "' ««N partial waves (P13, P31} give noti-
ceable contribution,

Without absorption Absaorption
5 L P o + LN
bH 831 133 all = -N S“ 831 +P33 all woN
5F4 -, 0310 -, 0266 -, 0278 - . 0334 -, 0296 - . 0307
“ - - ti6. 133, 142,
ST 6,1 - .0316 - . 0266 -, 0279 -, 0340 - 0296 - 0310
- - - 20. 112, 127.

Table ] : J=1", L =0, The first number is the gcattering length (mﬁw ),
and the second the Swave production coefficient {ub). '
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One can note that o decreases with increasing Pp. We have also observed
that o is very sensitive to the Pj] parametrization and depends mainly on the
range of the pole part. If we compare to experimental data 4)

B, 007 -1 -1
a**r(z;{p o, 057 ( .. GZZ) my o, our value (-0.031 m, ) seems too large. One
can write the real part of the calculated a4 28
. (o) M8 A
=S o a8 ' A & 4 i
Re a N dﬁd o %rrd FOA awd

MS A , . , .
where &a??d and i\aﬁd are refaper:tlgely the corrections due to multiple scat-
tering (MS) and absorption (A) ., B, ig obtained in the impulse approxima -
tion and is proportional to {al + Z’.ag} » where ay and a5 are the §,, and Sq4
gcattering lengtha, Here, we use the parametrizations of Schwarz et al, 5) which
give a, + 2ay % - 0. 0116 m ',ﬂ while the recent analysis of Koch and Pietarinen
leads to a|+ Zay = ~0.029 my, ., Using this last value, we obtain the corrected
value Rea ~ - 0,043 mw’”l » in good agreement with experiment. The produc-
tion coefficient o ~ 135 b {mean value of the resulis obtained with all « N
channelg} hasg the correct ovder of magnitude compared with the analysis of
Spuller and Measday 1) (200 < o < 300 ,b).

“3
A Table 11 : L. = 1 scattering volumes (mwT )
a a’ i ) \ A .
wd o a 4 {without absorption), a d (abasorption
o e
720" -.042 | - .241 ] .98 included) and production coefficient B (mb).
" I negor force is 8F4, all Sand P N
P 059 27 6. The tens rce ig SE g N
channelg are taken into acgount,
y=2t z55 253 | .69

In the L.=1 cage, the effect of absorption on the scattering volume is large for
J=0and 1, but negligible for J=2 (Table II}. For the present, none experimen-
tal data are available for the scattering volumes, For the total production coeffi-
cient B, we obtain 1,67 mb, in agreement with the value of Spuller and Measday
(~ 1mb) . In fact, we have 1,4 <8 <« 2mb, according to the choosen P | and
BSlw 3D1 parametrizations,

L} Y. Avighai and T, Mizutani, Nucl, Phys, A326(1979) 352 ; A338 {1980) 377, and
this conference, 2) C, Fayard et al., to be published, and this conference, 3) N,
Giraud et al., to appear in Phys. Rev. C. 4) J. Bailey et al., Phys. Lett. B50
(1974) 403 . 5) K. Schwarz et al., Phys. Lett. 83B (1979) 297. 6) R. Koch and
E. Pietarinen, Nucl. Phys. A336 (1980) 331, 7) J. Spuller and D, ¥, Measday,
Phys, Rev, D12 (1975) 3550,
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FOLARIZATION GBSERVABLES IN n—d SCATTERING

N, GIRAUD, Y. AVISHALY, C. FAYARD and GJ. LAMOT
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e
Exact caleulations of vector and tensor polarizations are presented for the reaction # + d - w + d at Ty = 142 MeV.
They are aimed at meeting the apparent demand raised by wpcoming pertinent experiments. The effects of (i) deuteron b
state, Gi) participating «--N partial waves and (if) coupling of different #—d orbital angular momenta are found to be very

imyportant.

The purpose of the present work is o present theo-
retical calculations of deuteron polarization observ-
ables induced by elastic n—d scattering. It is our belief
that with the advent of meson factories, the simplest
experiment in this category namely

ﬂr+d-~>7r+?1y, ()

is imminent [1]. Therefore, the presentation of some
reliable theoretical data is indispensable.

Naturatly, experiments that involve polarizations
are much harder to perform than those who do not.
Yet, the information that they can give on the nature
of the forces among the particles involved, especially
their spin dependence, encourage people to perform
them. For the %—d system, the importance of which
has been reiterated elsewhere [2], some additional in-
feresting points arise in connection with polarization
observables. The properties of the pion—-deuteron opti-
cal potential, which is the central result of such apaly-
sis, will shed some light on the interaction between
pion and more complex nuclei.

it will be helpful to point toward a few directions
of investigation that relate the n~d optical potential
to podarization observables. Those which are given be-
low are by no means complete. One might start by
studying either the hemmificity of the optical potential

¥ On leave of absence from Ben Gurion University, Beer-
Sheva, Israel,

or the adequacy of the Bomn approximation. Accord-
ing to a well-known theorem {3} the Born approxima-
tion gives zero polarization for interactions which are
hermitian, and therefore the amount of polarization
will check these properties.

Anothey point in connection with the 7—d interac-
tion is its ability to couple different orbital angulay
momenta. In recent calculations of the elastic cross
section f4] this coupling has been neglected due main-
Iy to computational difficulties. Yet, in a more recent
calculation {5], some of us have shown that even in
cross-section calculations this coupling cannot be dis-
carded. However, as we shall see later on, the effect of
the coupling on the polarization is so dramatic that
one cannot even think about its omission.

The spin dependence of the pion--deuteron interac-
tion arises from botil spin--orbit and tensor forces. If
the main contribution fo the tensor polarization is as-
signed to the tensor part of the optical potential [6],
the amount of tensor polarization is a direct indication
of this kind of interaction. In general, however, the
tensor polarization arises also from higher order spin-
orbit interaction.

Polasization observables in w--d reaction can be
used to test the validity of the frequently used folding
model! interaction defined by

(Vlyﬁw d("‘)ll)r} = ((I)prﬁ(r “"% P) + Vp(r + '% p)"‘t’y’)? (2)

where @ () is the deuteron wave function with spin

141
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i’
tials. In this model, the central and spin--orbit parts of

V... qare related to those components in Vp and ¥,
while the tensor pari of ¥ arises bocause the deu-
teron is not spherically synimetric. 1f one now per-
forms an “exact” thyee-body calculation and sets the
D-state probability (#},) of the deuteron equal o zero,
ihe ammount of tensor polarization indicates whether
the assumption {2} is gorrect. For example, in three-
body caleulations of ¢ +a - d -+, it is found that set-
ting £)y = 0 has very little effect on the tensor polariza-
tion |7} and therefore, the folding potential cannot ke
aceepied there.

Beside these and other interesiing poinis, there are
the vsual pecalisiiies of the pi-nucleus interaction
which are related to the pion--nucleon force namely,
the existence of the P4y resonance and the possibility
of pion absorption. Concerning the Fqq resonance, the
obvious guestion is whether other #--N partial waves
are also important, and at what energy. Our present
caleufations have been performed at pion lab energy
1, = 142 MeV. The answer we give 10 ihis question is
identical to that given regarding the coupling of differ-
ent orbital angular momenta, namely: the inclusion of
all § and P 7N partial waves has an important effect
in cross-section calculations {5] and a dramaiic effect
on the polarization. The ever popular assumption of
P33 dominance should be taken with care even at ener-
pies which are “covered” by this resonance.

As for the property of pion abgorption, it will not
be discussed here mainly because of the lack of a iract
able theory ai medium energies [8]. It hasg been ne-
plected in almost ali the caleulations performed up tili
now, and is expected to be important mainly near
threshold.

Finally, the comparison of theory with experiment
can give information about the N--N force, especially
the value of Pyy and the importance of NN scattering
states.

We shall now briefly discuss the calculaticns. They
are based on Faddeev three-body theory for the w—d
system with refativistic pion kinematics (RPK). The
7N and N-N interactions are assumed {o be separable
and are chosen in the usual way to 1it the two-body
scattering data. The resulting set of one dimensicnal
coupled integral equations has a rather complicated
structure [9] and its precise form will be published
elsewhere [10]. The solution is obiained by the Padé

projection v and V. ¥V are the w-n and 7-p poten-

142
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approximant method and its reliability has been guar-
anteed by comparing it to Thomas calculations using
Iiis parameters and his zero coupling (between differ-
ent orbifal angular momenta) approximation.

By far, the present calculations seem 1o be the most
complete ones with regard to the following three funda-
mential poinis, nanely (i) the inclusion in an exact way
of all § and P 7N channels, (ii) the use of either
Yamag,ucin or Pieper-Reid {11] parametrizations foy

the ?%1 Dy NN channel and (iif} the retaining of
coupling between different orbital angular momentia.
The resutiing partial wave elastic 7—d amphludes

Ty d, {L) (J = total angular momentum, L, L' = initial
cmd Tinal orbital angular momenta and & = total three-
body cam. energy) are used to construct the A7 matrix
through

- Ly

LmL'm’
JA

CE " | IMO M L | 1)

v e

(3}
X Y.L ’”?"(}% ’) Y}, J27] (R?) II'}“{'L ([1"),\

where v and v’ are the initial and final spin projections
of the deuteron whereas & and &' refer 1o the initial
and final momenta of the pion. From the M matrix the
final denstiy mairix py is constructed by

pp = MMY, {4)

from which polarization observables are compuied ac-
cording to the Madison convention {12].

We shall now describe the NN and #—N forces
which have been used as an input to the three-body
equations. These are summarized in table 1, Since these
forces are extensively used elsewhere we just give their
fitle and the reference in which the actual form as well
a8 the vatlue of the parameters could be found. We note
that the Pieper parametrization gives a better descrip-
tion of the 38; ~~3D1 channel than the simple
Yamaguchi, namely it has the same deuteron wiave
function as the Reid soft-core potential. The reason
that we have used also Yamaguchi tensor force rests in
ouy intention to check the sensitivity of the results to
Py, since the Pieper interaction is restricted to Fry
= 6.5%,

Let us now present our results. The pion kinetic en-
ergy in the laboratory frame is 142 MeV. We have
chosen this energy because it is not too far from the
P45 resonance on the one hand, but it is still far
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Table 1

Details of the two-body forces used throughout. The following

PHYSICS LETTERS

combinations bave been applied: P2-8P, Y7-8P in fig. 1, P2-50,
P2-P33% in figs. 2a, b, ang Y -5, Y4-8P, Y 7-8P in fig. 2c.

NN forces

Title Py Ref. Notation
Yamaguchi (% 15 Y0
Yamaguchi 4% 16 Y4
Yamaguchi 1 i6 Y7
Pieper rank-2 6.5% 1] 12
N {orces
Partial waves Ref. Notation
all § and P 9 5P

g

Pz alone

P33

enough lo demonstrate the importance of other partial
waves on the other hand. Besides, this energy is low
enough so that refativistic effects of the nucleons

could be neglecied.

First, we show the advantage of the Pieper tensor
force over Yamaguchi in #-d crosssection caleula-
tions, In fig. 1, we give the differential cross sections
obiained with the P2-5P and Y7-8P interactions. Clear-
ly the P2 tensor force leads to & better agreement with
experimental data at backward angles than Y7. 1t is
worth mentioning that the effect of Pyy was found to

1
f T ¥ i ¥
'D
&
ol
€ \\
o 10| e =
b \
e
2 +\
i :
| L 1 ! |
e 30 60 80 720 1H0
o (deg.)

80

Fig. 1. Elastic differential eross section. Solid line, P2-8P.
Dashed line, ¥ 7-8P. Experimental data are from ref. [17].
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be very smail when using Yamaguchi tensor forces {5] .

In order 1o avoid piling of data we present here the
vector polarization 17y and one tensor polarization,
namely 154, the only tensor observable which is non
zero at 180°, The first experiments will apparently
start at this anpular region. Yet, we point out that any
other observables at energies below T, = 200 MeV
could be calculated upon request.

The angular distributions of ify; and £, are shown
in fig. 2. As a rule, the most reliable results are those in
which Pieper rank 2 interaction has been assumed for
the two nucleon system, while all 5§ and P #--N partial
waves are retained. These resulis are drawn in solid
lines.

The message of our resuits is self contained and can
be stated briefly as follows: (1) In the quantity irqy,
fig. 2a, the effect of using ali S and P N partial
waves and nof the Pg3 alone is so profound that any
thought about retaining only Pqq in this context
should be discouraged. This result is universal in the
sense that it is persistent also if Yamaguchi type forces
are assumed among the nucleons. (2) In the quantity
fog, fig. 2b, the effect of coupling different angular
momenta has a dramatic effect oa ihe angular distribu-
tion at large angles. On the other hand, in contrast
with ity ¢, the assumption of P34 dominance affects
slightly 74 as shown in fig. 2b. (3) The quantity g is
sensitive af large angles to the value of Py, asis seen
from fig. 2¢. For a Yamaguchi tensor force, (1807
decreases with increasing PPy, , its values for Py = 0%,
4% and 7% being respectively 0.04, -0.56 and —-0.67.
The fact that 4 is quite large for Py = O indicates
that the use of the folding potential should be done
with some care, From the comparison between P2-5P
and Y7-SP resulis, one can see that £,y is rather model
dependent, mainly in the backward region: for the P2
and Y7 interaction which have similar Py, , #95(180%)
takes respectively the values --0.73 and ~0.67. These
differences must be attribufed fo the fact that the P2
and Y7 potentials give different description of the 381
—--3D1 channel.

Our results for £4 are in close agreement with
those of Gibbs {137, namely the dependence of
[2(}(] 8()0) as a function of Pi) is similar. However, as
can be seens from fig. La, and contrary to his statement,
ityy is by no means small. We also point out that our
results for i) assuming the P35 dominance resemble
in shape to those of Hindel et al. [14] who used a D’

143
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Fig, 2 (a) Vector polarization. Solid line, all § and P w—N pas-
tial waves (P2-8). Dashed ine, only Pgy (P2-P33). (b) Tensor
polarization witlt P2, Solid line (P2-5P) and dashed line P2
£33), coupling between different #—d angular momenta is re-
tained. Dash--dot Hne (P2-8P), coupling is neglected. (c) Sen-
sitivity of 190 to Py, Dot fine, Py = 0% (Y 0-5P). Dashed line,
Py = 4% (Y4-8P). Dash—dot line, Py = 7% (Y'1-8P).
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Sand P a--N partial waves this model seems to be inade-
gquate with regard to vecior polarizations.

In conclusion, we have presenied here a reliable cal-
culation of deuteron polarization observables induced
by elastic n-—d scatiering. These calcuiations seem 1o
be quite compiete since they are based on a thiee-body
formulation of the problem which is then solved exaci-
ly. The results cbtained thereby might serve as a bona-
{ide comparison test for near futwre experiments.

We would like to thank Professor B, Elbaz for very
helpful discussions during the course of the present
work.
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The wd elastic scattering observables are calcuiated in the 142 to 256 MeV epergy range within a
relativistic three-body theory without = absorption. The nonresonant N pariial waves are included
perturbatively 1o an excellent degree of aceuracy, Varions NN tengor forces are elaborated at different levels
of quality. The sensitivity of elastic differential cross sections and polarization parameters io the deseription
of the NN and «N channels is investigated. The imporiance of using a realistic deuteron wave function is

demonstrated.

EINTRODUCTION

Recently,® we have performed detailed calcula-
tions of wd elastic scattering at 142 and 180 MeV,
hased on the nonretativistic three-body theory of
Thomas,” with relativistic kinematics for the pion
only (RIK theory). Various NN tensor forces
were used, and we have considered either the &,
scheme, where only the P,, #N channel was re-
tained, oy the case where the "small” § and P »N
pariial waves were included in an exact manner,
denoted as the SP scheme. The main conclusions
we have drawn are the following:

(i) The SP scheme lowers the differential cross
section do/dS at backward angles, thus improving
the agreement with experimental data, and changes
completely the structure of the vector polarization
if,,, while the tensor polarization [, is only
slighily affected,

1) The use of a °5,-*D, parametrization giving
a “realistic” deuteron wave function leads to a
better agreement of do/dS with experimental data
at backward angles. On the other hand, changing
the value of P, (D-state probabitity of the deuter-
on) has little influence on do/d$ and i, but pro-
duces an appreciable decrease of the backward
part of f,,.

At the same time, Rinat ¢/l al.® have reported on
caleulations of #d elastic scattering in the energy
rapge 142 to 256 MeV, based on a fully relativistic
{FR) three-body theory including the effects of
genuine pion absorption and emission. These
caiculations, where the interference effects from
the small #N waves are treated perturbatively,
constitute an extension of the ¥R approach of Rinal
and Thomag! mited to the P4, scheme. The chan-
ges in the observables due te the small 7V waves

21

NUCLEAR REACTIONS d elastic scattering, 7.+ 140~260 MeV, do/dS, total

¥

cross section, vector and tensor polarizations, Faddeev caleulation, relativistic
NN tensor force.

are similar to those we have observed in the RPK
approach, and the absorptive corrections are
found to be important both in the backward part of
do /etf and in the polarization parameters,

The following aspects provided the motivation
for the present work, At first, we extend our RPK
calculations on the basis of the FR theory, in order
to ensure a corrvect treatment of the relativistic
effects when energy increases. Next, we want {o
produce #d calculations which can serve as refer-
ence for further calculations including the genuine
effects of 7 absorption, Indeed, we think it is
more reasonable to investigate such effects inso-
far as the gituation without » absorption is com-~
pletely clear, namely with regard to the sensitivity
of the wd observables to the description of the NV
and 7N channelg. To thig end, the ;7N channel
being completely omitted, two sets of parametri-
zations for the § and /* #N channels are used, and
various sets of NN tensor forces are elaborated in
order to improve the usual Yamaguchi-type inter-
aetions.

Of course, the various experiments which are in
progress are also strongly motivating. At SIN,
Gabathuler ¢f 2L.° are analyzing the elastic differ-
ential cross-section data at seven energies from
80 to 300 MeV in the angular range 0° to 1407, and
Griiebler ¢f ¢l.® plan Lo measure £,,{1807) at 140
MeV; the LAMPT group” has recently observed
do /4 (1807 and 7, (1809 at 140 MeV and has
proposed measuring f,, as a function of angle, and
the CERN group® has given preliminary results
for the cross section at backward angles between
1307 and 1757 in the energy range 140 to 260 MeV.

The paper is organized as follows, In Sec, II,
we describe the practical calculation, namely the
numerieal procedure and the perturbation scheme

1959 ® 980 The Asmerican Physical Society
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uged to inciude the small o N channels. Section I
is devoted to the description of the s N and NN in-
teractions used as input. Our resulls are pre-
sented and discussed in Sec, IV, and we conciude
the paper in Sec, V.

[T, PRACTICAL CALCULATION

AL Rasic equations

We use the three-body equations described by
Hinal and Thomas” which satisfy two and three-
Body usitarity and covariance. In operator form,
the eguations read, with the notation of Ref, 1:

T

X S A X

Do T ddt R0 Xy

43 {j)
- y oy % . - .
A‘(‘x (’-h {i‘\lim * :}M Jan”’n)gnm H

”

%

o .

}‘(‘uu - ’{o:m L
]

where the o, fand i,m labels refler respectively
to N(gNY and 7 {(¥N) three-body channels. In our
case, the ¢, 7 labels do not contain the N-72,, chan-
ael. The driving terms Z and the propagators R
are defined in terms of the form factors of the
separable interactions, and for the relative mo-
menta of the interacting pairs, we take the choice
{(a) of Ref. 4 corresponding to the exchanged par-
ticie on its mass shell.

The scattering ampiitudes 2%, are obtained by
solving the sysitem of coupled one-dimensional in-
tegral equations which resull from angular momen-
tum reduction of ¥g. (1). The singularities of the
kernel are treated by contour rotation and the sys-
tem is solved by the Padé approximant technigue.
The couplivg of wd channels with [, [’=J« 1 orbital
angular momentuin is included exactly.

Compared with the RPK case, the FR calculation
ig much more time consuming because of the in-
tricate coefficients which appear in the relative
momenta [see Rgs, (2.20) and (2.21a} in Ref, 4],

In order to save computing time, we bave () re-
duced the number of megh points in the [0, +90]
domain, and (ii) treated perturbatively the small
# N chamnels,

B, Nuwmerical hitegration

in order to preserve the numerical accuracy
when energy goes up o 300 MeV, without increas-
ing too much the number of mesh poinis, we spiit
the {0, + | domain of integration for the integral
eguation into two intervals [0, k], [k, + ). The
energy-dependent parameter k, is chosen fo be in
the middie of the interval delimited by the pole of
the propagator and the extreme position of the
fogarithmic singularity in the driving term. In
each interval, we use Gaussian gquadratures
mapped onto {0, k] and [k, + o] with, regpectively,
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N, and N, maesh points. Becauge of the structure
of the kernel, the convergence in Lhe fk,, +=] do-
main is faster than in the |0, k.| region, and we
taie usually N, = N, /2. The two main advaniages of
the method arve (i) the number of mesh points is
farge in the region around b, where the kernel is
rapidly varying, and (i) we have observed that the
convergence of the scattering amplitudes is mono-
tonic when N, and N, increases. Therefore, the
stability of the resulis can be obiained with a total
munber of mesh points appreciably lower than in
the case where the Gaussian quadrature mapped
directly onto [0, +«|is used. We estimate the
accuracy to be within 2% with &, =10 and N, =8 at
206 MeV, while 32 poinis are necessary i the in-
ierval is nol split,

C. Perturbation scheme

in order to freat the small #N channgls, we
choosge the first order All-Grassberger-Sandhas
(AGS) approsimation which was applied success-~
fully in the n-d elastic gcattering problem some
vears ago.” In this method, the kernel ig split into
a dominant part which is treated exacfly and a
weak part treated approximately. In Ref, 9, it is
shown that the convergence condition for the AGS
perturbation theory can be formulated entirely in
terms of the weak part of the kernel, From a
practical point of view, the first order AGS ap-
proximation is obtained when the wealk part of the
kernel is taken to be zero.

in our case, the dominant part corresponds to
the w~d4 and N-A channels, and the weak part in-
volves all the N-(wN) channels with the o N pair in
the § or P states (except P),) other than A, We
therefore set equal to zerc all the overlapping
terms between these weak channels in the three-
bady kernel, i.e,, we set Z,,=0 for o and g not
equal to d or A. So, a large amount of computing
timee (~30%) is saved compared with the exact
caleunlation.

Of course, the full advantage of this melthod can
be exploited only in the case where the system of
equations ig solved by means of the Padé approx-
imant technigue, We give in Table I the compari-
son between the exact and AGS results for two
dominant scattering amplitudes 7Y, calculated at
142, 180, and 250 MeV with the §F(6.7)-5P(8) in-
teractions described hereafter in Sec, 111, Clearly
the AGS approximalion is very good, the accuracy
being of about 2%,

A different approximation is used in Ref. 3
where the small 7N channels are introduced cne
at a time after the dominant part has been solved
exactly. The choice of this methed is imposed by
the fact that the system of equations is solved by
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TARLE I Comparison of the first ovdor AGS ap-
proximation with the exuct caleulation (in hrackets) fovv
two dominant seattering amplitudes, The T are di-
mensionless.

7, (e V) TE

2.976 ~ 28,190

L 12 wBB5.30 — 1136.4
- (12,996 « {28.172)  (~B56.72 - i1142,7)
" 66,047 27636 —i1421.0
: I38) (=268.42 - 1420.4)
- 56,951 {52, 266 459,17 — {869.80
s (56.246 - £52.261) (450,55 868, 32)

matyiz fuversion, so thal the storage probiems are
crucial. The accuracy was delermined to be at
the 5% level for the dominant scattering ampli-
tudes,

In what follows, all the calculations inciuding
the small 7N channels (SP scheme) are done with
the AGS approzimation,

FE. TWO-BODY INTERACTIONS

We describe in this section the relalivistic wN
and NN separable interactions used as inpud in
ouy calculations.

A, Pion-nucleon interactions

For the 8,,, Sy, Pyas P, and Py, vN channels,
we use two sets of parametrizations constructied
by Rinat ef «l.® (denoted hereafier ) and by
Sohware ef «l® (denoted 8).

In the R case, the parameters arve fitted in each
chammel to the experimental phase shifts taken
from the recent anglysis of Rowe e/ «l.'* which
provides a smooth “best” fif to all modern aN
phase shifts determined by various groups for en-
ergies below 400 MeV.

In the S case, the parameters are fitted to the
“axperimentz]l” phase shifts and scattering lengths,
These values are rather old and correspond to the
data chosen by Thomas® for fitting the #N inter-

TABLE 1. N scabtering lengths (inm 1 for § waves) and scattering volumes (in m .~

3

D

GF
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actiong in the RIPK caleulations. We note that in
the P, channel, the position of the resonance is
impesed as an additional constraint in the fitting
procedure.

The fits to the dala are excellent as one ¢an see
in Fig. 3 of Ref, 3, and in Figs. T and 2 and Tables
I=311 of Ref, 10, We have recaleunlated the phase
shifts and the scattering lengths for each set. The
results are guite similar, the most apparent differ-
enees oceurving in the Py, channel, This is iilus-
trated in Table I where we give the scattering
lepgths for the two sets compared with the exper-
imental values.,

3. Nucleon-pucleon tensor forees

The simplest °5,-*D, parametrizations are the
relativigtic generalizations of Yamaguchi-type in-
teractions described in Ref. 3, with J°,, values 4
and 6.7% {(denoted hereafter V4 and ¥6.7). The
paramoeters arve fitted to the °S, phase shift only,
without any constraint on the low energy parame-
ters «, (scattering lengih) and ¢ {quadrupoie mo-
ment)., We have calealated these guantities, which
are found to be {ar {from the correct values. For
¥4 and YT we get, respectively, 4,=5.63 and
5,79 fm {nccepted value 5.40 fma), and @ = 0,37 and
0,40 fin® (aceepted value 0,280 to 0.2806 fm?),

In order (o improve {he situation, we have con-
structed three sets of rank-1 interactions {denoted
YL, S, and §F), using more claborate form {ac-
tors, and introducing in the fitting procedure more
and more constraints.

For the Y L potentials, we take the usual Ya-
maguchi form {actors:

oy (.'f’) = CL P L/([)?. " [’)Lz) (hezy f2 . (2)
For the § and 87 potentials we define the form
factors as a ratio of polynomials:

) 5w .

g py=CoptLey p )/H (348,07 {3)

i=0

The parameters are adjusted to fit the following

k]

for 7 waves) for the Rinat (Ref. 4) and Schwarz {Ref. 10) parametrizations. The “new” ox-
perimental data are from Ref, 11, andthe “old” ave giveninNefs, 9-11 of the Schware paper.

Scatterving length or volume

Purametrizations Sty Sy 2y Py Loy
B 4.172 ~0.092 —.,013 =339 0.170
S 0.070 ~{.001 ~40. 010 «~{.038 0.211
Exp. (old} 0.174 —~0.,092 —0 016 ~-0.03%7 0.220
. 0.185 ~{.098 =013 —0.029 0.205
Lxp. {new
xp (Bew) 0. 008 10,003 10,002 10,002 £0.050
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guantities

{1) For the ¥ L potentials, we impose only the
static parameters, mamely the deuleron hinding
energy F,=2.2245 MeV, the triplet scattering
length @, = 5,40 fm, the quadrupole moment ¢
=0.285 fm®, the D-state probability P, and the
ratio of the 1o § asymplotic deuteron wave func-
tiong 7 =0.026,

{ii) For the 5 parametrizations, the °S, phase
shift up £o 200 MeV is added to the {oregoing con-
straints,

{11} For the S interactions, we impose one
more constraint, namely the monopole form factor
of the deuteron P g™ upto ¢ ~6 fm ™', We choose
to fit the Reid soft-core (RSC) form factor which
has a minimuwn at ¢~ 4.5 fm

in each set, two parametrizations are con-
structed with Py=4 and 6.7%. The parameters for
the § and S interactions are given in Table I,
For the ¥ L potentials, the values of (Cy, By Cu B
are (124,707, 1.328; 220,785, 1.559) for ¥ L4, and
{98,943 1.261; 446.940, 1.970) for Y LT {the C are
in fm™ and A in fm").

We show in Fig. 1 the °S, phase shift for the var-
jous interactions with P, =6.7%, and in Table IV
we give the monepole form factors compared with
the Reid soft-core values. The phase shift for the
SIinteraction is not as geod as for the S inderac-
tion above 100 MeV, but the form factor is much
better for g > 2 fo~', We think that the SF inter-
actions are therefore more “realisiic” in the sense
that the fitting procedure to P (g} ensures the cor-
rect behavier of the deuteron wave function. Let
ug poiut out that the SFA.7 potential is the relativ-
istic equivalent to the Pleper rank-1 potential
used in our RPY caleulations.?

P, RESULTS AND DISCUSSIONS

We have performed detajled caleulations at 142,
180, 230, and 258 MeV in order to investigate the

TARLE I, Parameters for the § and 5F tensor
forces. The C; arve in fin" and the 8 are in fm®,

54 S6.7 SE 4 SE 6.7
e 76.83% 84,530 66.508  58.659
o ~0.0404  ~0.038L  ~D.231  —0.240
Bog 0.227 0.351 0.121 6.0464
B 0.252 0.190 0.118 0.241
o, 37.038 31.362 33.057  27.562
Yy 1.289 0.340 0.813 0.688
By 0.364 0.0217 0.216 0.0268
By 0.503 0.428 0.414 0.580
Bos 0.468 0.384 0.301 0.254
By 0.27% 0.0794 0.424 0.262
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Theoretical *5; phase shifts given by the ¥
-}, & (dentical to YL, and SF {(—}
The experimentz] data

¥HGL T,
(cmv Y, VI (oo
parametrizations for Py =6.7%.
are from Bef, 12,

sensitivity of nd observables to the NN and #Nin-
put. There are three subsections deveted, respec-
tively, to the differential cross sections (A), the
total cross sections (B), and the polarization pa-
rameters (C).

In what follows, each calculafion is specified by
two labels: The first one denctes the NN tensor
force, and the second one refers to the s N chan-
nels which are retained (P,, or SP) and to the pa-
rametrization.

A. Differential cross secifons

1. Effect of the small aN partial waves

The 5P scheme consists in introducing with the
AGS perturbation method the small #N channels
Sits Sas Py and Py, in addition to P, As stated

TABRLE IV. Monopole charge form factor of the
deuteren £ {y) for the new tenser forces 8K, 8§, and
YL with Py = 6.7%, compared with the Reid soft~core

values,

g gm™) RBC sF S YL
0.2 0.97% 0.975 0.975 0.975
1. 0.518 0.614 0.618 0.623
2 0.257 0.254 0.269 0.283
3 0.087: 0.0877 0,112 0.129
4 0.0151 0.01.90 0.0453  0.0614
5 —0.0120  -0.060¢ 8.0177  0.0308
6 ~0,0188  ~0.0127 0.0064  ¢.0163
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2] HELATIVISTIC DESCRIPTION
in the Introduction, we omit completely the Py,
channel., The reason is that the formalism we use
here does not include the effect of pion absorption,
g0 that the nucleon pole part which is the domi-
nant part cannot be introduced, On the other band,
the ), phase shift is very small up to 150 MeV,
and it seems reasonable to neglect its background
contribution. The Iatter assumption was chacked
at 142 and 256 MeV. Using a separable parawiet-
rization adjusted only to the 2|, phase ghift, the
wd obgervables caleulated i the 8P gcheme with
and without the nongole P, coatribution were found
t0o be almost identical,

We compare in Fig. 2 the differential cross
sections caleulated at 142, 180, 230, and 256 MeV
in the SP and Py, sc h(ﬂmo" \mth the SFB.T fensor
{force and the 5 pa ;“ameixmaimmj of the N chan-
npels, The forward part of do/d$ is lowered by
the SP scheme at energies below the resonance,
and ig enhanced above the resonance, while the
backward part is gystematically lowered, The
effect is very small at 180 MeV which is close
to the resonance, At all energies the SP scheme
improves significantly the agreement with experi-
mental data***¢ throughout the angular range, ex-
cept at forward angles for 7 =230 MeV. Never-
theless, the situation at 230 and 2506 MeV is not
satisfactory, especially for 8, | > 80°, where the
broad minimum observed in the experiments is
not reprodaced by the theory, which remains too
high. However, we do not understand the dis-
crepancy at forward angles with the experiment
of Cole ef al.™® at 280 MeV, since owr theory de-
seribes corvectly, in this angular range, the “old”
data at 142, 180, and 256 MeV as well zs the pre-
Jminary datsx of Gabathuler ¢f @l.” for T, =140 to
300 MeV, We can thus consider the DOb.’nlbl lity of
anincorrect normalization, In fact, if we enhance
Cole’s results by & factor of 1.4, the theory he~
comes quite good. On the other hand, the recent
experiments of Ref. b seem to indicate that the
mipimum at 250 MeV is not so deep, but the the-
ory still remains bigher than experiment,

Let us briefly compare these regults with the
RPX calenlations using the Plcpu tensoyr for (‘0
at 142 and 180 MeV [see Figs. 3() and 4(b) o
Ref, 11, The FR and RPK difi‘erential Cross sec-
tions look quite similar, demonstrating that rela-
stic effects arve moderate at these encrgies.
We also note that the interference effects from
the gmall wN channels are smaller in the FR the-
ory than in RPK,

tivi
]

o

2. Sensitivity fo the aN parametrizarions

We compare in Table V the values of do/d$ ob-
tained in the SP scheme with the S and R para-
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FIG. 2. wd elastic differential cross section at T,

142 (Ref. 13), 180 (Ref. 14), 230 (Ref. 15), and 2506
(Ref. 16) MeV caloulated with the SF 6.7 tensor force
and the § parametrizations of the N channels.
only Pgg, -~ Pye i small N waves, except Py,

metrizations of the s N channels and the SF6.7 ten-
sor foree, at 7', =180 and 256 MeV. The R values
are slightly higher than the S results throughout
the angwday range. However, the maximum varia-
tion does not exceed 13% at backward angles, re-
{lecting that the two sets are nearly equivalent as
shown in Sec. JIT A,

3. Sensitivity ro the NN rensor foree

calculations are done in the SP scheme
S parametrizations of the #N channhels.

Now, the
with tim



1064 NOGIRAUD, O FAYARD, AND G, I, LAMOT 21

TABLE V. Sensitivity of the differential cross
section fo the N parametrizations. The numbors in
each ease arve the values of do/df) in mb/sr, at e m,
=% 80° and 180°.

T, (MEV) B R
33.6 53,9
180 0.74 0.77
0.3 0.77
41.9 44,7
256 G.15 0.17
0.16 0.18

First, we consider the influence of D-state prob-
ability. In order to study & genuine effect of P2,
we use our parametrizations which, in a given set
(L, 8, or SF}, differ only by their ) values as
explained in Sec. I3, The differential cross sac-
tions calculated at 180 and 256 MeV with the $/4
and SF6.T interactions are given in Table VI,
When P, goes from 4 to 6.7%, the forward part of
do/d§t decreases by about 3%, and the backward
part increasas by 4% at 180 MeV and by 14% at
256 MeV. Similar conclugions hold with the $4
and §6,7 interactions, and also with the ¥ 1.4 and
Y LG.T potentialg, These results show thal the
overall effect of P, is rather small, while the
targe variation at backward angles found in Ref. 4
is not a genmuine effect, but ig due to the fact that
the ¥4 and Y6.7 interactions give different values
for the low energy parameters as mentioned in
Sec. I B,

Nest, we investigate the sensitivity to the de-
seription of the deuferon wave function for & fixzed
Pyvalue. We use the YL, S, and SF interactions
with P, =0.7%. The variation of do/d§ at forward
angles is very small (~2%), but the backward part
exhibits large variations {up to 25%). For exam-
ple, the valves of do/d9 (180 at 180 MeV are
0.9%, 0,86, and 0,73 mwh/sr for the YL, §, and S$F
tensor forees, respectively. Similar effects are
ohserved at the other energies. If we remember

TABLE VI, Sensitivily of the differential eross sec-
tion o the L-state probability. The mumbers are
ordered as in Table V.

Ty (MeV) SE 4 SEG.Y
54.9 53.60
180 0.78 0.74
.70 0.13

43.3 41.9
256 0.10 0.15
0.14 ¢.16

how we have constructed the ¥ £, S, and 55 inter-
actions in Sec. I 13, we see that the agreement of
theory with experimental data at backward angles
beeomes better as we improve the description of
the %6~ channel, namely with regard to the deu-
teron wave function, These considerations justify
the systematic use throughout this paper of the S
interactions, even if they fail to reproduce the
migimwmn for ¥ =230 and 256 MeV,

B Elastic, reaction, and total cross sections

We have caleulated the elastic (o), reaction
{0 ), and total (v, =0, +0,) cross sections in the
energy range 70 to 320 MeV with the SF6,7-517(8)
interactions. In Fig. 3 we show cur resulis ang
we compare the total cross section with the recent
experimental data of Pedroni ef al,'” The agree-
ment is fairly good, especially in the resonance
region 140 MeV < T, < 260 MeV where the theoreti-
cal curve goeg through experiment. Outside this
domain, the theoretical values are lower than ex-
perimental data, and the deviation increases when
energy decreases from 7, =120 MeV or increases
from 7, =260 MeV.

Compared with the RPK results (Fig, 5 or Ref.
1}, the ¥R values of o, arc better in a wider en-
ergy range. We also note a very good agreement
with the caleulations of Rinat ¢f «l.” without ab-
sorption. OQur values for g, with the SFG6,7-8P(S)
interactions at 142, 180, and 256 MeV are re-
spectively 174, 230, and 135 xmb, while the values
of Rinat for 72, =6,7% are 176, 239, and 146 mb,
In fact, we have observed that the total cross sec-
tion is rather insensitive to the two-body input,

o fnbf
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¥IG. 3. Xlastic {—- —=), reaction {~ ~~}, and total
(-} cross sections caloulated with the SF 6.7-$72(8)
interactions. The experimental results are {rom De-
droni ef al. (Bef. 17).



1 RELATIVISTIC DESCRIPTION

¢, Polarization parameters

The vector potarization i, and the fensor po-
lavizations f, £, and L, for v +d =+ d elastic
scaltering are easily ealcwlated from the scaiter-
ing ampliodes. The qualitative effects noted in
the RPK approach ave alsoe observed in the FI3
calculations, only the nwnbers change more ox
less. We Limit thas the present discussion to the
most important aspects.

The compleie change in structure of #,, due o
the inclusion of the small AN partial waves in
addition fo P, is observed at all energies, The
FR curves look similar o the RPK curves shown
in Pig, 6 of Ref. 1. The vector polarizations cal-
culated in the SP scheme have a pronounced rmmx-
imwn wlhich has the following characieristics:

(i} the position is nearly independeni of energy
and of the two-i ody inpuf and corvresponds to

9, ,.= 807 and (ii) the wagnitude is practically in.
dependent of the #N and NN inputl, but varies with
energy; bamely, it is maxinzwn avound T = 180
MeV. ¥or example, the values of #/, (807 ob-
tained with the SF6,7.5P() interactions af 142,
180, 230, and 250 MeV are respectively 0.43,
0.45, 0.40, and 0.36.

In contrast with #f,,, the tensor polarizations are
only slightly affected when we incinde the small
Wl channels {the difference belween the SP and P,
resulis is Iess than 5%) or when we change the wiN
parametrizations from 8 to B ( the effech is ~2%).
Of course, the most imporiant variations i the
tensoy polarizations arve due to the AN lensor
foree. We discuss ouly the quantity /,, which pre-
sents an bumediate inferest. The angular disiri-
mitions of [, have the same aspect as in the RPK
theory (see Wig. 7 of Ikef. 1), and the values of
ho (180%) calevlated with the $F6.7.5P (8) interace
thons at 142, 180, 230, and 256 MeV are respec-
tively 0,74, 1,08, ~1.206, and ~1.27. The po-
larization £, (180°) hehaves as follows. (i) It de-
creases with inereasing Dostale probability; we
give in Table Vil the values obtained with the SIi4
angd SFG.T tensor forces ai 142, 180, and 256
MeV, (i) 1 depends on the deseription of the deu-
teron wave funciion; for instance, the resulis at
To= 180 MeV corvesponding fo the SF, 5, and YL
interactions with the sawme Py, value {6.7%) are

TABLE VII. Sensifivity of 1, (180°) to the D-state
probability.

7, (MeV) S 4 SF6.T
142 0,63 ~0.74
180 ~0.92 -1,08
256 LT —~1.27

39.

OF

wd BWLASTIC SCATTERING. 1965
respectively 1,08, -0.96, and -0.80. These
variations are therefore of the same order as the
variations coming from different P, values. He-
cently, £,, (1809 was observed for the first time
at 7', =140 MoV by Holt el ¢l.,” the value being
«0.244 0,15, The theorefical values oblained with
the most elaborate tensor forees, namely the SI°
interactions, still remain far from this result
since we find ~0.74 for P,=6.7% and -0.61 for

L AW
P s 4%,

YV, CONCLUDING REMARKS

We have presented an extensive analysis of nd
elastic scattering observabies in the resonance
region within a fully relativistic three-body theory.
The small #N channels have been included to an
excellent degree of accuracy through the AGS
perturbation methoed, and the numerical intepra-
tton has been refined in order to save computing
thme without losing accuracy. Since the theory we
used did net include the effects of pion absorption,
the I\, N channel was completely omitted,

The great sensitivity of wd observables {namely
the differential cross section and the {,, polariza-
tion at large angles) to the details of the fwo-body
input that was demonstrated in previous RPK cal-
eulations’ is still chserved in the FI? approach.
The agreement between the theoretical and ex-
perimental differeatizl cross sections is signifi-
cantly improved when the small 74 channels are
included and when a tensor force giving a realistic
denteron wave function is used,

Let us aote here that the differences between the
present caleulations and those of Rinat et al,?
without absorption, are moderate. Secing that
the two sels of aN interactions used in each cal.
culation are nearly equivaleni, it is clear that the
differences must be atiributed to the tensor
forees. Figure 6 of Ref. 8 gives a spectacular
illustration of the model dependence of do/d$t at
backward angles relative to the deuteron wave
function, The variations corresponding to differ-
ent tensor forces arve found to be as important as
the variations due to the inclusicn of absorption
eifects, Our main effort in the present work was
to produce pure thres-body calculations based on
a tensor foree having the maxinun degree of
guality. So, we bave now a sound reference for
further theoretical investipations. We think that
the &F parametirizations that we have constructed
represent a real improvement compared with the
tensor forces used up to now. Of course, they
have some delects deriving from their structure:
The SF interactions are of rank 1, and therefore
the S, phase shift remains positive and the *D,
phase shift has the wrong sign. These difficulties
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- should be removed by considering rank 2 parame.-
trizations. However, from our experience in the
RPK approach with the Pleper rank-1 and rank-2
interactions (they have the same denteron wave
function but differ by their 30, phase shifts, and
they give nearly the same 7d observables), we

think that this step is not essential,

None of our caleulations do reproduce the mini-
mum i the differential eross sections which is
observed in the experiments at 230 and 256 MeV,
and it seems now clear that the two-hody input is
not responsible for this digerepancy. Besides the
apparent need te reconlirm the experimental data,
we have now (o consider further theoretical inves.
tigations, AL first, we must include the effects of
ahgerption. Detailed calculations have been re-
cently performed in this direction by Rinat ef «l.?
within a field. theoretical formulation including
genuine pion absorplion and p-meson exchange.
The effects of absorplion induce significant changes
in the large angle diffevential eross section, but
they do not produce the deep minimum at 256
MeV. On the other band, absorption has a tre-
mendous influence on ali polarization parameters,
for exmmple, [, (180%) becomes small positive at
142 MeV. An independent ecaleulation of #d elastic
seattering including » absorption is now in prog-
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ress in our group, based on the approach o the
theory of coupled wA¥N-NN gystems recently de-
veloped by Avishal and Mizutani.®® Also the ef-
fects of inclastieity in the w¥ partial waves may
be important' (mainly ia the P, channel) in ac-
counting for the minimum in the cross seclion at
256 MeV, Ancther direction concerns the inclusion
of dibaryon resonances, bul here the gituation is
not ciear. For some people,® the resonant am.-
piitude (the *F, NN for instance) must be added to
the wd elaglic scattering amplitude, while for
others™ the nAN system itself ig resonant ang ihe
inciusion of the NN 8P, ) and oN (P, and P,.)
teads o & resonant °F, wave,

Finaliy, we think that the new experimental data
which ought fo appear in the rear future will be
decisive for further theoretical work,
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Correlation between Backward nd Llastic Seattering

&
and Dewteron Form Factor.
& Damonr, W Geavn and C Favarp
Institud de Plysique Nucldoive (et TN2P3), Université Cloude Bernard Lyon-1

48, Rd. du 1% Novembre 1918, 69622 Villewrbanne Ceden, Franee

(ricovabo i & Maggio 1880)

Swrimary, - We show the great sensitivity of the wd elastic-scattoring
obscrvables to the detalls of the deuberon wave funetion. At 142 MeV
and. 256 MeV we find thab the differential cross-scetion at 0, = 180°
depends linearly upon the quantity A(g%), which is the most lmporéant
part of the deuteron eleciromaguetic form factor. A similar behaviour
appears for the tensor polarization f,(180°) at 142 MeV. Our resulls
aro compared with existing experimental data at backward angles.

1. — Iutroduction,

in the past few years the three-body equations appear to be a very useful
tool in the understanding of the experimental data relative to nd clastic seab-
tering, Vaxious caleulations hiave been pexformed at different levels of so-
phistieation with regpect to the treatment of relativistic effects and fo the two-
body inpub. We will restriet there the diseussion to the resonance region (4.,
from 146 o 260 MeV). The first fully relativistic (FR) calenlations (*} included
onty the Py (A) wl channel and the 38-3D, NN channel, the parametrization
of the Iabier being of simple Yamaguehi type. Wext, the model has been refined
in many aspoohs.

M) A8 Rawar and A WL Tnostas: Nucl Phys, A, 282, 365 (1977).

445
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i) The sopall 8 and P =) channels were introduced in addition to the
dominant Py, exactly or within a pertarbation scheme. This was done at
fivet in the semi-relativistic approach (%) using relativistic kinematies for fhe
pion only (BIPI0), and next in the TR approseh (39},

i) The Yamaguehi tensor forces being very poor, more elaborated para-
metrizations giving a reatistic denteron wave function were used; both i the
BIK (8 and EL (34 ealenlations.

ity Fhe genuine effects of w absorption and emission were recently taken
info accound in the ¥R approsch (%) by introducing only the nucleon pole part
of the 7, channel,

The corregponding theoreiical results have been eompared with the available
experimental duta, namely the clastio differential ecross-sections defdf2 at
142 Me¥V (), 180 MeV (%), 230 MeV () and 256 MoV {8). Morvcover, the polar-
ization paramebors were prediefed.

The general conclunsion is thai the wd observables are sirongly dependent
on the defails of the two-body input, namely ihe effect of the small w° channels
s noticesble throughout the angular vange, and the backward part of defdf2
iy very sensitive o the deseription of the dewtevon wave function. The best
agreoment with experiments is obtained when conditions i) and i) above are
fulfilled.  Flowever, significant differences bebween theory and experiments
at backward angles appear beyond 180 MeV, and the diserepancy inereases
with inereasing energy, The most sbriking fact is that the mintmum in do/df2
(near 0, == 100°) at 256 MeV is not reproduced by the theory, even if a real-
igbie tensor foree is used ox if absorption is ineluded,

In ihis paper, we wanb to investigate the strong dependence of the bacl-
ward parts of de/df2 and &, on the detadls of the tensor force. If we consider
tho wd elastio scattering at 1, == 142 MeV, the incident pion fransfers to the
dewteron & momenbum with maximum value ¢~ 2 fm=. Thag the pion
san probe the deuferon wave fanetion ad rather Iarge momenta, e ab short
digbanees. Ihis thus clear that the wd observables must depend on the bahaviour

() N, Greaun, Y. dvispay, © Favaro and G H. Lasor: Phys, Rev, G, 19, 465 (1979).
4y AL 8 Bawan, V. Svarwann, X Hamwsn and A W Toonmas: Nuel, Phys, A, 329,
286 (1879).

(% N. Giwsup, ¢ Pavaxn and G 1. Lamor: Phys, Rew. O {fo appcear).

&%y K. G Pewarn, T Firrns, G B Yobro, J. Gi, Forxovicn and M. Durricx:
Phys. fev.,, 131, 1826 (1963).

M J. B, Nowew: Nuel Phys, B, 33, 512 {1971).

("} R, . Corw, 3. 8. MacCareny, R, C. Maxepanos and K. A, Wanuinaer: Phys.
Rev, ¢, ¥, 681 (1878).

() K. Gasarpunes, ¢ R, Cox, 3. J. Domxeo, J. Ronuiw, N. W. Tanner and
G, Winkrw: Nuelo Phys, 13, 85, 397 (1873},
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of the dewteron wave fanetion. In order to study this dependence, we consider
various types of tensor forees. As the information on the denteron wave Tunce-
tion is ool divectly traciable, we vefer o the denteron electromagnetic form
factor Ay, and we demonstrate she existence of a shrong correlation between
this guandity and the wd observables at backward angles.

In sech, & we deseribe the relativistie NN parametrizations we have used.
HSome of them are extrncted from the liferatare (%), while we bave constructed
the others in ovder fo improve the deseripbion of the *8.-*f) channel. The
main characherisgtios of these interactions ave given, namely the static properiies,
phage shifts and cleetromagnetic fovm factors. Seefion 3 is dovoted 1o the
wd observables ealenlated i ihe ¥R approach at 142 and 2566 MeV with the
varions tensor forees, We take inte account only the Py nl ehannel and we
negleet the «smalls & and P o pavsial waves. We have shown recently (%)
that the backward part of defd$? is Jowered up o 20 % when these ehannels
(exeopt ) are introduced in addition to Py, We ean thus consider that the
resulis obtained with P, alene should be purely translated if the other wl
ghannels are introduced. The problem of including the P, channel is more
complicated, since it eontains the process of pion absorption and emission, and
we devole 1% for a furfher investigation. Finally, we give our conclusions in
secl, 4.

2. — Payameivization of the teusor fovee.

We use rank-one separable 38,-#D, interactions which sabisfy the rel-
stivistic Blankenbecler-Sugar integral equation. These interactions cannot
reproduee the change of sign in the 8{48,) phase shift al ~ 300 MoV, and they
give a 6(°1),) phase shift with the wrong sign. However, these defects are not
veally fmportant in the case of wd seattering ab energios around the (3, 3) res-
onance. indeed, the corresponding maximum relative energy of the two nu-
eleons {on shell) is less than 100 MeV and §(28,) » 6(30,) in this domain. Lt
s note that these considerations are supporbed by namerical vesulis: we have
shown in the BPE approach (7)) that the Pieper vank-1 and rvank-2 fengor
forees () (they have the same static properties and the same deuteron wave
fanetions, but the rank-2 interaciion gives a correct S(*I)) lead to nearly
equivalent wd obgervables at 142 and 180 MeV, the differences being at most 3 %,

We have used four sebs of parametvizations denoted respeetively YL,
Sa, QT2 and S¥2. Here @ shands for the Py value, and the order corresponds
to an improved deseription of the %830, channel. The QT parametrizations

() 8. Hanmen, 1. Baoew and A8 Rovar: Phys. Letd, B3, 85, 193 (1979); B, Hammey
and H. Barsm: Nwove Cimento 4, 5E, 3458 (1879).
(% 8. ¢ Propwzn: Phys. Rev. ¢, 9, 883 (1973).
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are from FLaMMEL ef al. {*), while we construeted the Y1, 8 and 8F potentials (4).
Fet us briefly deseribe their main characteristics.

1) For Y1 interactions, wo use Yamaguehi form factors:

(1) gulp) = Cupf(p? |- pryovore.

The parameters are adjusbted fo i the stabic properties, namely the denteron
binding encrgy Iy, the triplel seatiering lengéh e, the guadrupole moment ¢,
the H-gtate probability P, and the ratic g, of the D to § asympiotic deateron
wave Tuneticns.

i) For the B infteraciions, we take form. factors which ave ratio of poly-

nomials:
Fragt

{2) gilp) == Crp*{(1 Y,,;ﬂ/ﬁ (14 frap®.

The parameters ave {ivbed to the 38, phase shift up to 200 MeV in addifion
to Hhe stadic properties.

i} Por the SF potentials, we also use fthe above form fackors given in
eq. (2). Fow, the parameters are adjusted as in the 8 ease with one more con-
straind, namely the monopole {charge) form factors of the denteron & (g%
up bo g~ 6 it We choose to fit the Reid soft-core (1050 form factor which
a8 @ yninimoum at g~ 4.8 fm-?,

iv) Hamusisn et al. (?) choose form factors of Wabakin fype (desoted
Q). For L= 0 and 2, they read, respectively,

{3) go(p) = (p*— pH/{w* -+ £)*,
(4) gl m) == p*|(p* -+ f3)

Thege interactions were constructed fo investigate the relativistic corree-
fions on ihree-nucicen observables. The values of p, were varied in order to
change the position of the minimum in @, (g%), bub il appears that the other
charaeteristics were nob kept constant (see table I).

The parameters of the @ interactions are given in vef. (!) and those of
Vi B3 and SE con be found in vef. (%), In each case, different parametrizations
are available corresponding to £, values avound 4 and 6.59,.

We pwnmarize in table I their properties. The upper part of the table gives
the values of the sfatic pavameters, and the lower parb shows the 6(*8,) phase
shifts at 16, 50, 100 and 200 MeV laboratory encrgy. 1t is clear that the Y,
8 and 88 potentisls are cquivalent with regpect to the quantities «, Q@ and
oo, while this is not the ease for the QF interactions. Moreover, our § and 8K
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parasnetrizations give bhetier S038,) than QT, cspecially at energies above
50 MeV. The Dbest it $o experimental data {'7) is given by the 8 polentials
which are nob constrained fo reproduee & (%),

et ag now comument on the eharacteristics linked to the clectron-deuieron
alagtic seatfering. As usual, the eross-seciion is written as (%)

do do ] G
(ﬂ.!.?)m (6 Q}.\M ‘ (9%) -+ BlgP) by 5]

where ¢ is the seatiering angle, and

P Fa T gel ‘Q’ P @ 3 e 0
{6) AP = G A gt GRle™) gl ) OsleT)

The #-varizble is expressed in terms of the pomenfum transfer g and the dew-
teron mass B, as g == ¢°fd B2 and the bunetions @7, G and &5 are, respec-
tively, the eharge, quadrupole and magnebic form factors of the deuteron. In
the range of momenium fransfer we are inferested in, we have & > G‘g Al
Howover, we kesp the three terms in eq. (6) for evalaating A(g*). The quantity
A(g?) has beon measurved in various expeviments (*%) in the ¢ range (0 6) fm—.
The theoretical restlts for the various interactions are found to be widely dis-
persed. As an oxample, we give in table 1T #he values of A{g?) ab g == 2 fmy
which is the region of interess for ony further investigations., We note that the
digpersion within a given set of interaction is smaller than the dispersion he-
tween bhe varions sots. We alzo note that the QT resulis do not overlap with
the others and arve systematically lower (fhis hehaviour is observed at any ¢
value). Comparing with the experimental data (6.033) and with the RSC
valiie (0.038), we conclande that the § and 8I inferactions are reliable in this
rogion,

Another interesting guantiby s the monopole form factor of the deuterons
(g, which s linked to the eharge form factor &, (¢%) through

(8) Gn(qg) s {0 Qs

whero pelg® is $he nueleon form factor, We known that [Fy(g*)| has a min-
i at an aceepbed value g, ~ (425} fm~1, vefleeting the fact that the *8, NN

09y WL MacGrzeon, R A Annoy and R, M, Waicny: Phys. Rev., 182, 1714 (1969).
(Y M. Goumnin: Diffusion des électrons de haule énergie (Paris, 1866).

7y 8. Gaseen, H. Bueo, J. Moryes, K. 1L Scooworme, D, Wearzeg and J. BLECKWBERN:
Nuel, Phys. 13, 33, 221 (1971}, and references therein.
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phase shifs has a zeve ol laboratory energy ~ 300 MeV. This is a fundamental
eonstraint, if one wants o congbruel a « realistic » interaction. In that sense,
aeven if they give reasonable vatues for the other characterisiies, the YL and S
parametrizations ave incovrest, since there Is no zerc in Fy(g*) for Y1, and
the zevo is ab ¢ = § fm' for the 8 interaelions. We give in table 11 bhe values

10 ® oo s
N
W
w0
167
- 4
; 4
1
'% }
- !
!
o | ) 1 Ll
9 2 4 5

otm

Mg, 1. — Monopole charge form factor of the deuberon |Fy{g)] for the YL (+-+),
B vy, B —y and QT (- -} interaetions with Py = 6.7%. The points
corsespend to the Ieid sofb-core local inferaction.

of ¢, where F,(g% changes sign for The variows paramebrizations. In fig. 1
T - - B

we shew some typleal earves obfained with the Vi, 8, 88 and QT paramo-

trizaiions for £y, = 6.79%, using the nuecleon form factor of Galster ef al. (3%):

We also compare with the valaues given by the BSC interaction,

S — wd observables gt 142 MoV and 256 MeV.

In thig section we investigate the conneetion bebtween the wd observables
and A(g%. We coneceniivate on quantifies whieh ave known fo be very sensitive
to the description of the JON tensor force, namely the backward parts of
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dofdsd and of the fensor polarizabion fy. As explained in the introduction,
all these ealaulations ave performed within the fully reladivistie approach,
and we fake into seeount only the 38,-D, NN channel and the Py wb
channel, For the latier, wo use the parametrization of Behwars ef al. (), which
is fitted Lo the phase shifts and to the seattering volume a, = — 0.21m®.

The differential cross-sections obtained ab 142 MeV with the various inter-
actions lie within the dashed arves shown in fig. 2. The values of dofdfs at

o 10

i

7 2 imbfar

B
188 mb/er .

N

i ! . | 074 mk:r]/sr\...‘.,h:?
0 30 50 40 120 150 160
a_ . {degrees)

¢.n,

Pig. 2.~ nd clastic differential cross-section ab 142 MeV. All the angular distribulions
oblisined with $he intceractions deseribed in the text lie within the shaded area.

0, = 0° and 180° are specified in table £ We nofice the stability of the
forward part of de/d and the fremendous varistions of the backward part.
From table II, the vasiations of dojdfd (0°) do not exceed 6%, while the

masxivam and the minimum valnes of do/dQ2 (180°) corresponding, respectively,

baeclward part of the hensor polarization by is also strongly dependent on the
tengor fores, and the variations of 4,(180°) given in table II are of the same
order as for dojdf) (180°). On the other hand, the elastic and total cross-
section ave vather model independent, as shown in the lagt two rows of table 11
(the variations are within 3% for o, and 10 % for o).

Tf we refer to seet. 2, we see that the varvious sets of interactions differ
mainly in the deseription of the deuteron form factor. It appears algo from
table TT that the change in do/d (180°) due fo Py in o given seb is much
smaller than the variations observed when ene uses different sefs ab fixed Py,

(4 K. Sopwanz, H. Ziwer, and L. MATHEIXRSCH Phys. Lett, B, 83, 2687 (1973).
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Therefore, it is cleay that the vaviations of dofd and 1, st backward angles
are connected with the hehaviour of the deuteron form facter. The quantify
which s divectly available from experiment is A{gY). Thus we have plotted
dofde (180°%) at X', == 142 MeV as o function of A(g%, ) for ¢, = 2 fm~1, which
is the maximum value of the momentam transfer as explained hefore.

We see tin fig. 3 that dofdfd (180°) increases linearly with A(g® ). The
straight line results from least-square 05, and we note that the points are dis-
tribufied o palrs along this line with a small dispersion. Hach pair corresponds
to o type of interaction (for the QY potential with p_ == 0.306 we have only
one parasnetrization with £, = 439%) The small dispersion shows thai

2(} e

1 | 1 1
o5 607 b 0.04

4lgh

TWig. &, -~ The backward differential cross-scction dof/dQ (180°) ak 142 MeV az a fune-
tion of A{g?) {g== 2 im~*).

0 i ¥ ¥
5 Pl o)
@ o5 vig 0 o_
R U] /,af
& Si, S Py =67%
Q'E’A,/G{—/ < YLe7
N 1N
Wale"" 45pg7"
y = QTG4
016 oy OO
o .
=10 // ]
$ L !
001 0.02 003 0.04

Atg")
Fig. 4. — The polarization &, {180°) at 142 MeV as s funclion of A} (¢ = 2 fm).
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Pig. 5.~ The hackward differential eross-soetion dofd0 {180%) at 256 MeV ag a funetion
of A{g?) {g= 2.8 hn).

dofdg (180°) is slightly sensitive to the D-state probability. Notieing that
the value of A(¢%.) induces the posibion of the minimum g, in the deuteron
form factor (table IX), we can also conchude that dofdf2 (180°) increases Go-
gether with ¢, bab the relation is not so simple as the above linear relation.

Likewise, the quantity i,{180°) at 142 MeV is a lincar function of Al )
as shown in fig. 4. The points ave distributed along $wo nearly parallel lines,
each one corresponding to a given value of Py, The fiwo straight lines in fig. 4
represent least-square fits fo the points corresponding, respectively, to Ppe~ 4%,
and Py~ 6.7%. Their relative distance measures the sensitivity of 15,{180°)
o Py

using the Yi, QF and SF interactions with £,~6.7%. Now the value g,
i ~ 2.8 o2, and we show in fig. § dofd€? {180°) as a function of A(g),,.) for
the chosen parametrization. The corresponding values are given in table 111
As was the case ab 142 MeV, do/df} (180°) increases linearly fogether with

TasLs iYL, - Differential eross-seetion and polarization by at 0,,, = 180° caleulaled ab

Y1 8.7 81 6.7 QT 6.4 QT 6.1
A (g == 2.8 Tm1) 7.01 (--3) 4.55 {—3) 3.7 (-—3) 2,78 (—3)
dofdf (180°) 0.30 0.19 0.12 0.09

o (1807 —307 - -1.35 —1.36 ~— 1.32
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Alql, ) bat the slope is smadler (~ 4% mb per wnib of A{g) ab 256 MeV com-
parved with ~ 57 mb ab 142 MeV}Y, The sitnation iz not so clear for ,{180°).
From table 11 we see that the three interactions which have a minimum in
their douteron form factor lead o identical values for #,(180°), while the
Vi 6.7 interaction gives o rvather diffevent resulf, Thug the linear variation
noted af 142 MeV doos nol exist ab 286 MeV. This may be understood by
eonsidering that at this energy There is a saboration effeed in 6,(180°), all inter-
setions leading to valoes of #,(L280°) close o the maximum value of this para-
meter, navely i, max| = /2.

Kow, a comparison of our resulls with experimoent is in order. Lt us con-
sidor at firsh the differential cross-section at 142 MeV. Aecording foe fime or-
dering, there are four experiments by Prwrrr ef al. (°) (40° <06 << 170°),
BPARGVNIK e al. (M) (180° <0, < 180%), Howr etal. (%) {0 == 180°) and
Ganargones eb ol (%) (0° <8, < 140°%). AL forward angles (0° <0, <
<2 118°), the agreement between the data of Pewitt and Gabathuler is pood,
but the various data do nob overlap at backward angles. The resulis of
Btanovnik do not mateh those of Gabathuler (at 0 == (1303 185)° S1ANOVNIK
gives (1.244-0.16) mb, while GaABATHULER gives (1.44-:0.07) mb at 0 == 135°),
and they are apprecigbly higher than the old values of Pewitt. On the other
hand, the resulls of Holb al 1807 agree with the values of Stanovnik, provided

the trend of data ab smaller angles. The situation ati 0, == 180° is summa-
rized in table IV, where we have extrapolated « by hand» the daia of Ga-
hathuler. 14 seems reasonable fo eoncinde that the experimental value of
de/df? (180°) iz somewhere in the range 1.4 to 1.7 mb/fsr. It we now refer to
table 1T and fig. 8, it appears that the resuits obfained with the 8 and 8T para-
medeizabion lie within $his experimental range. In fact, one must remember
that ouy ecalenlations do not inelude the interference offects from the ymall

Tanik IV, - Differential aross-section af beckwerd engles predicied by variows emperiments
at 142 MeV.

Sxperiment dofd £ (mb/sr) 0, {degrees)
Pawrr (%) 1.2 .- 0.2 165180
Brawovnig {(48) 1.63 -~ 0.8 1852170
1.37 4 0.34 170175
Horr (9) 1.58 4 0.1 180 7
GasarmULER (M) 1.6 to 1.8 axtrapolated

(%) AL Braxovang: private communication; K. Bos ¢ al.: in Proceedings of the 11 Con-
ference on Meson Nuclear Physics {(HHouston, Tex., 1979).

() R. J. Hour e al.: LAMPR Report {1979),

() K. Gasargurez: private communication.
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a0 partial waves. Weo know from other works () that the small parbial
waves decrease the backward differential cross-section. of about 109, ab
142 MeV, so that the vesults in fig. 3 should be fransiated in this amount in tho
downward direction. With this correction, the & and BE results siill remain
within the experimental rangs. We know in addition the oxperimental value

1)
TN

parametrization does reproduce the experimental informationa bout 4(g
dofdsr (188°),

At lash, we congider the differential cress-section at 256 MeV. There ave
three experiments Dby Guamasuvinw el ol () (0°<<0, < 160°%), SrANOVRIX
et al. (%) (130° < 0, << 180°) and again by Ganarpuren of ol M) (07 <0, <
<2 140°) to conflem the firsh experiment. The vesuits obtained by Gana-
pHULER 0 Ghe second experiment differ from the fivst ones only at backward
angles (0, ,, = 90°), where they are higher by neariy a factor 1.5, and the data

) and

== {135 140)° is (0.099 40,012} mb, while GAnarsoLin gives {0.105-0.006) mh
at the lagh point 0 == 138°, However, the data of Gabathuler exhibit a broad
minimuom around § = 110° and it would be hazardous fo exitrapolate them
ot 180° (bhis was nob the ease at 142 MeV, where the minimum was not so well
marked). Therefore, wo will take as experimental datum for do/df2 (180°) the
value of Stanovnik ab § = (370 2178)°%, which bears a large error, namely
0.178-1-0.059. The experimental value of A(gl )} ab g~ 2.8 fm* is 0.0035
and it appears from fig. 5 that no interaction does reproduce simultancously
the experimental information. The B 6.7 interaction has w too large A(¢%)
and o correch dofdfd (180°), while the situation iy opposite for the QT 6.4 po-
tentianl. Moreover, the small =N parviial waves lead to a deerease of abouf
169, in the backward differential eross-section ab 256 MeV as showsn in ref. (%),
50 that the ¥ 6.7 resulls still remain within experimentd, while the QT 6.4
rosulis heeome too small. In fact, it is not very significant to restriet the dig-
cussion io the value of de/did at 186° The main problen at 256 MeV concerns
the brosd minimam observed in the angulay range 80° to 140°, which is so far
net reproduced by any theovy.

4, - Conclusion.

We have demonstrated the existenee of a strong correlation between the
devteron form factor and the nd observables do/df2 and i, ab baclward angles.
The sensitivity of these guantities to the deseription of the JCN tensor force
wag pointed oub in ref. () in a gualifative manner, but now we have quan-
Hiabive features relative to various inferactions.

The moedel used here is very simple, sinee the effeets of absorption are not
included, and we omit the small w7 pavtial waves. In oxder to compare with
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experiment, we have esiimated the conlribution of the small =l channels
from our previouws work (Y. However, the experimental situation for the d&if-
ferential eross-section af backward angles is not completely cloar, especially
at 256 MeV, where other oxperiments would be highly appreeciated in addition
to those of Stanovaik ef al. 'The interesting fael is that the best agreement
hetween theory and experiment at 142 MeV and 256 MeV is oblained by using
the S8F potentials, which gives a betier overall deseription of the NN channel
than the other interactions. We point out that ihis eonclusion is valid for the
whole angular digtributions, even if the experimental minimum ab 256 MeV
is not reproduced by the theory, which remains oo high with respeet to ex-
periment (eoneerning this point, it appears that a hetfer fensor foree does not
nprove the sibuation).

The polarization parvameter iy, has recently been measured for the first
tHime at 142 MeV by Howur e al, (%), bal no theorefical prediction does re-
produee the valne — 0.24-400.13 ab 0, = 180" Of course, this quaniity is
strongly dependent on the tensor force, and farther experimental investigations

are swalted.

From the theoretical point of view, the effects of absorption are missing
in our model. However, we think that absorpiion will affect in the same
amount every resnll, so thai the general features presented here will siill re-
main valid.

To eonclude, we think thab one must be aware of the importance of choosing
a «rvealighic » parametrization for the NN tensor force, before considering more
refined effects in the calenlation of =d elaslic-seattering observables.

We would like to thank Drs. A, Srawovaix and . GAsATHULER for com-
mundeating their experimental data prior o publication.

@ RIASBUNTO (M)

81 mostra la prande sensibilita delle osservabili dello seattering clastico =d ai particolari
della funzione d’enda del devterone, A 142 MeV ¢ a 256 MoV sl trova ehe la sezione
drurbe differensiale per 8, = 180° dipende lincarmente dalla quantitd A(g®), che & la
parfe pit importante del fattore di forma elottromagnetice del deuferone. Un com-
portamento simile si osserva per la polavizzazione del $owsore &y (180°) a 142 MeV.
Hi confrontanc i risultati con i dati sperbnentali osservatl per gli angoli all’indictro.

(") Treduzione 6 ewre dello Bedazione.

Pemome pe [oNyHeno.
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RELATIVISTIC APPROACH OF 7d ELASTIC SCATTERING ®

FAYARD €., LAMOT G . H., and GIRAUD N.
Institut de Physigue Nucléaire (et IN2P3), Université Claude Berrnard Liyon-1
43, Bd du 1} Novembre 1918 -~ 69622 Villeurbanne Cedex, France

. INTRODUCTION

The vecent progress in the understanding of d scattering within the 3~
body approasch are noteworthy 1,2}, In the resonance region, the latest impro-
vements concern
i} the use of the fully relativistic {FR) treatment,

ii) the choice of a "relativistic" NN tensor force,

iti) the inclusion of the small ~N channels in addition to Py, and

iv) the effects of genuine pion absorption and emission.

Up to now, theory was compared with three old sets of experimental data for the
differential cross section éc,*/d’i: at 142, 180 and 256 MeV, but in the course of the
nast few months, the analysis of various +1td elastic scattering experiments was
achieved, providing "fresh' data for doy /do in a wide energy range. The situa-
tion is summarized in Table I,

Angul Ay
Group Fnergy range Observables 1155{1;a;&1 )ngp@

Gabathuler et i . o o Table 1
at.3) (g 82-292 MeV de /A 0° to 130

Status of the

Stanowvnik et . ! S L s ot |
al.%) (CERN) 141-260 MeV der /dn 130° to 175 recent =t d

data
Frascaria et
-7 eV A % o
al. 5 (sIn) 130-280 Me'l ~/an 180
Holt et al, ©) do /d0
40 MeV o
(LAMPF) 140 Men tr0 180

We present here a short review of the most refined 3-body calculations
that we have done within the FR approach compared,with these recent data.

11, SENSITIVITY OF ¢ OBSERVARBLES TO THE TWO-BODY INPUT

, ; . 2
1/ NN tensor force : We have recently investigated ) the strong dependen-
ce of the backward parts of de/dy and ¢ on the description of the deuteron wave

function. Various tensor forces were used which differ in the constraints imposed
in the fitting procedure of the parameters as shown in Table II

We have found that do/d0 (180°) increases linearly with A(q?“

), where
. aXx
A(g%) is the deuteron electric form factor and qmay the maximum value of the

* wproceedings of the Ninth International Conference on the few Body Problem,

Eugene, Oregon, (USA), 1980, p.v.10".



" Table 11, Constraints
I . lL.ow energy 5 (35 Jup to I'O(q) up to '{';;;"W“M"“lmm fit ol o
Tnteraction ; - nposed to fit the para-
parameters 200 MeV 6 fm 1t F ne
g meters for various sets
. of tensor force, F{g is
YL yes no o _ o)
g o o the deuteroncharge form
f NSRS A 3 T .
g y(_c; ¥ s factor, In sach set, dif-
y __{ ‘..}l 'e("‘ T .
i yes v ferent values of the D-
a7l 0o 0o ves s
state probability are con-

siderved.

, ; PRt e o At e
sob. o Vo momentum transferved to the deuteron by
? jﬁ?_j_j_’fi”j{‘] e V;;WW the incident pilon., This is illustrated in Fig.
N Sé?{i:i? Lat T, = 142 MeV (qupay ~ 2fm-1).  Let
2 ; us mention that gy, the position of the mini-
g RE|L iF 4 . — .
g o 6 67 murmn in [Fu{g)l, increases when we go along
Eé s the straight line in Fig. 1 in the upward di-
g rection.
w aré.s s G4l
Lo 3 B
’ 2/ "N interaction : The effect of introducing
G”y/ the "small" 7N channels in addition to Fyq
is noticeable : the forward part of do/df is
[eX: \ | b .
Py ooe oot oot lowered at energies below the resonance,

Ala?) g 2ol - and is enhanced above the resonance, while
the backward part (0-pag>90°) is lowered at
Fig, 1 - ao/d% (180°) at 142 MeV as all energies (the variation is up to 20%).
a function of A(q%) at q=2fm-}, for The smallest effect is observed at 180 MeV,
various tensor forces (the numberis and the general trend is to improve the
the Pp value), agreement with experimental data,

11, SYSTEMATICS IN THE ENERGY RANGE 80 TO 300 MeV

We show in Fig, 2-3 do/dl calculated at eight energies with the SF tensor
force (Pyy = 6.7%),all "N channels {(except Pyy) being taken into account.

The agreement between theory and experiment is excellent at 82, 116 and
142 MeV, throughout the angular range. At 180 MeV and beyond, the agreement is
good only at forward angles, but the backward part is not reproduced, neither in
shape nor in magnitude,

IV, THE EFFECTS OF ABSORPTION

We have used the set of equations for the coupled wINN-NN systems recently
derived by Avishal and Mizutani 8 The full Py t-matrix is splitted into a pole
and a non-pole part, and the parameters ave fitted to the =N coupling constant,
the Py gcattering velume and the phase shift up to 250 MeV,

The effect of absorption on do/d0 is very small throughout the angular range
at 142 MeV and 180 MeV (fig. 2-3). The only noticeable variation appears at
backward angles where absorption increases do/d0 of about 10% at 142 MeV, in
agreement with the experimental trend . At 256 MeV, absorption lowers slightly
the forward part of de/d0 and enhances strongly the backward part, Compared
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with expeviment, the shape of the curve is better with absorption than without ab-
sorption, namely a broad minimum appears aft @CM -~ 1007, but the magnitude
still remains incorrect,

The polarization parameters are not affected in shape by absorption, but
only in magnitude, The most important variations concern the backward part of
too ¢ the values of tp{(180°) at 142, 180 and 256 MeV are respectively ~0.08,
~0.55% and ~{.44 with absorption, and -0.73, -1.®and -1.27 without absorption,

V. FURTHER INVESTIGA TIONS

1/ Theory - The 2 meson exchange is incorporated in the absorption mo-
del of Avishal and Mizutanl , and its inclusion in the practical calculation is under

examination, The problem of dibaryonic resonances is also under investigation.

2/ Experiment - The matching of the various sets of data is not obvious,

Now further experiments are avaited in the backward angle vegion which is very
sensitive {¢ the theoretical description,

References

1) A.S. Rinat and W, Thomas, Nucl, Phys., A 282, (1977), 365
Z) N. Giraud et al., Phys. Rev,, (to appear)
G. H. Lamot et al., to be published

) K. Gabathuler et al., SIN-Report, 1980
4) A, Stanovnik et al,, Prof, of the Houston Conference, (1979)
5) R. Frascaria et al,, Private communication
6) R.J. Holt et al,, Phys. Rev., Lett,, 43, (1979), 1229
7) R.H. Cale et al., Phys, Rev., C 17, (1978), 681
)

Y. Avishal and T. Mizutan i, Nucl., Phys, . A 326, (1979}, 352,
A 338, (1980), 377 and this conference



BIEHS

2éme PARTIE

QUELQUES ASPECTS DU ROLE DES PIONS VIRTUELS DANS LES NOYAUX







6.

La description du noyau comme une colleciion de nucidéonyg, prolons

25 phénonénologiques dont on renonce au moins

et neutrons, interagisgsant par des foro
provisoirement & expliciter l'origine a longlemps été la philosophie dominante des
physiciens nucléaires. Il est certain gu'elle a permis d'expliguer un grand nombre

dclatants comme le modéle des couches

de phénoménes et gu'elle a connu des succe
pour ne citer gu'un exemple. Cette philosophie a cependant ses limites car on sait
depuis Yukawa gu'une théorie plus microscopique peut expliquer les interactions

au moyven diéchanges mésonigues et gue tout particuliérement les forces dues a 1'é-
change d'un pion doivent jouer un rdle important. La théorie du noyau comme une
collection de nucléons n'est donc valable gue jusqu'd un certain point et en se-
lectionnant judicieusement les observables on doit pouvoir melire en évidence le

rdle des degrés de liberté mésonigues éludés dans 1'approche classigue. Inévita -

blement associés 3 ces degrés de liber:té, les excitations nucléonigues (surteout

1lt'ischare 4 ) gue le pion peut engendrer doivent se manifester également.

Un exemple céldébre de manifestation du pion est l'électrodésintcé-
. . Lol 2 . .
gration du deuton au seuil L, % 4 grand transfert de moment la section efficace

2}

correspondante dévie considdérablement de celle calculée a partir des seuls

nucidons mais est trés bien décrite au contraire lorsque 1'on tient compte égale-

1)

ment du pion échangé entre le proton et le neutron™ .

Plus généralement, il est naturel de penser que le pion se manifes-

te plus volontiers dans les observables qui dépendent du spin et de ltigospin des

nucléons. En effet il est bien connu gue le pion lui-méme se couple au spin et &
1fisospin nucléonigue. Le canal de gpin-isospin est donc un canal de choix pour
1rétude des degrés de liberté pioniques et des excitations de l'isobare 4 . Ce

domaine a connu un développement considérable dans les derniéres années (on peut
en trouver une revue en ref.3 et on peut consulter la réf .4 pour des développe-

ments plus récents!).

Le groups de Lyon a développé une approche originale de ces pro-
blémes 5,6) basée sur la notion de polarisabilité axiale. Dans cette optique les
excitations nucléonigues comme le A ne sont pas introduites explicitement mais
elles sont naturellement contenues dans le coefficient de polarisabilité axiale
du nucléon gui définit la réponse pucléonigue & 1'excitation de spin-isospin
Le milicu nuclidéaire devient donc analogue & un milieu diélectrigque et 1'on peut
alors définir un vecteur densité de polarisation. Cette approche a permis de pré-

voir dés 1873 1L'existence d'une renormalisation de la constante de couplage axial



)

9y de la désintégration B . Celle-ci est réduite par les ef

5

s de polarization :
ltorigine physigue de cette réduction est semblable & celle de 1'effel Lorentz-Lo-
renz dang les dié¢lectrigues. Un vide se crée autour d'un nucléon par suite des corré-
lations répulsives de courte portée. Le spin nucléonigue polarisant le milieu nuclé-
aire, des charges{axiales) apparaissent & la surface du trou de corrélation provo-

guant la renormaligation en guestion.

Dang un langage plus familier en physigue nucléaire, ce phéncméne de
polarisation apparalt comme une excitation de configurations isobare-trou (4 ~h)
trés semblable si ce n'est 1'énergie d'excitation a la polarisation ordinaire

nucléon-trou (N-h) (fig.l). Le rdle des correlations a courte portde se traduit

\

-1

e

@} Wi
Fig.l : Pelarisation a) nucléon-trou

b} delta-trou

dans l'interaction entre ces différentes excitations. Elle esl genéralementl sché-

mati

sée A l'aide d'un paramdtre de Landau-Migdal faiblement dépendant du moment.

, i - - e
Dans le canal de spin-isospin, cette interaction est dénotée grd, . Oy 7y Ty
des formes analogues pour Nh- Ah et aAh- Ah avece les matrices de Pauli remplacées

et

par les matrices approprid¢es & la transition 1/2-3/2 ou 3/2-3/2 {(voir par eXemple
ta réf.7). Flle introduit donc (par exemple dans une description RPA) des compo-
santes A ~trou dans la fonciion d'onde nucléaire a ¢bté¢ des composantes plus fa-
miliéres nucléon—trou et ces composantes interférent destructivement avec les con-
figurations principales impliguées dans la transition 8’8)6 Il est cependant
difficile de mettre en évidence cette suppression dans les transitions B de Gamow-
Teller. Celles-ai sont en général périphérigques ; il apparait alors des charges

. . ) N . . 5 \ . . 6)
axiales a la surface du novau lui mé&me gul tendent & masguer l'effet de réduction .

Une nouvelle vole s'est ouverte avec 1'utilisation des réactions (p,n)pour }'étude
de la force Gamow-Teller, ce qui a permis 1°'importante découverte de la résonance Gamow- Teller
géante iO)v Avec de telles réactions tous les états finals sont énergétiquement
accessibles alors gue seuls ceux de plus basse énergie sont excités dans la désin-

tégration B . Cette nouvelle technique fournit la force totale

Z .
S _=gyr, [<0] =

5 2hnol?
B iTid

gue l'on peut comparer & la régle de somme Gamow Teller

8 =8 -8 = 3~{N-Z}‘Q?‘A (1)

B fz
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¢

is de liberté

celte derniére valeur impligquant que 1'on #'est restreint aux degr

. ‘ C o 12} .
au nucléon. Les résultats des mesures de SB font apparaitre un déficit important

(35 & 50 %) par rapport & la limite inférieure domnnée par la régle de somme.

Dans notre méthode, l'effet de la polarisation du milieu par excita-

tions virtuslle de lL'isobare p revient a remplacer g, par
’ g I . :
9, = gA/(i P owix)) (2)

ol la polarisabilité nucléaire o est proportionnelle & la densité nucléaire et a

la polarisabilité du nucléon. De maniére simplifiée, la nouvelle régle de sonme
. 5 L7 ; . I C .

revient a moyenner (qﬁ) sur la densité isovectorielle {neutrons moins protons)

du noyau ce gui pernet de définir un (gA) < g,. Cette méihode est résumée dans

el
(i1.1). La figure L de cet article montre gque pour des valeurs de g
11,12}

Ptartvicle

- v §- " .
comprises dans la gamme présentement en faveur 0,7 20,1 on obltient des

atténuations de la régle de somme entre 3% et 50 ¥ en accord avec ltexpérience.

el Lorentz-Lorenz classigue donne gf=1/3 ; d'autres mécanis-

On notera gue 1'eff

mes que 1l'échange du plon sont dong necessalres mais c'est un sujet encore contro-

4}

. . 4 . c .
verse . On ne doilt cependant pas dissimuler que les données expérimentales peu-

vent &tre réviedes en hausse spécialement dans la partie de haute excitation et

- . . . ‘ ; . 15
gqu'il existe des mecanismes de reduction concurrents )..

Nous n'avons jusgu'a présent considéré que les effets de la polarisation
pucléaire & moment de transfert g pratiguement nul. On aura remarqué gue l'interac-
tion statigue d*échange du pion :

I

VOPE

ne joue de rble A g=0 gu'd cause de l'existence du trou de corrélation qui lui per-
met de contribuer a g', Nous distinguerons successivement deux cas pour ]éﬁ% 0 :

i !a [réel, ¥V est attractif et peut conirebalancer g' si ce derniex
nest pas trop grand, conduisant ainsi & des renormalisations dans le sens de

‘ e . . - 16
Lranplification {opalescence critigue) ) .

tion du type Loreniz-Lorenz. On n'a de contact avec L'expérience qu'a la limite

3 ‘ . . . ;. . e
%q im im,  gui correspond au pole du chanmp du pion : le résidu qui est par defi-
nition ia constante de couplage pilon-noyau f détermine la valeur du champ asymp-

N

totigue du méson 1 ou £y est différent de la constante fr pion-nucléon (fﬁ/élTE =0, 08)

N

Py

Cas ou |3 | est réel :

Dang la version la plus simple de notre modéle, le champ de pion créé

i s P . - . 6
par une source 0t dans la matiére nucléaire infinie devient : )

wZe o G.qc sVaf o g (4)

{(l+g' o) [Il— -ﬁw] q?-nmnz (f 321 +mz ) 1+ o (g m——g—;—g))

leg' e gt + my

o (g} =
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Dans cebte expression | 'effet Lorentz-Lorenz a ¢té explicité dans la premiére égali-

té, la seconde laissant apparaltre 1'interaction particule-trou au dénominateur.

2z

Déiks avec ila seule polarisabilité due au A éu ©0,9) le champ de pion est proche
\ X . . i < 2 m'x
d'une singularité gui serait obtenue a ¢ = —

- pour o > 1/{1l-g'). Mais une
1
l+gro
partie de la polarisabilité provient des simples excitations nucléons-trous gui a
g=0 donnent par exemple trois fois la contribution du A et sembleraient conduire a
une situation critigue {transition de phase de condensation des pions) a la densité
o N w A . 17 i i o .
de la matiere nucléaire pour les valeurs habituelles de g )‘ Bn fait il faul tenir
ceinpte de la taille des sources nucléonigues (facteurs de forme) gui coupent la po-
. . e . - 2 - o ) . . .
lLarisabilité guand fq| croit pour déterminer le moment et la densité critigue
g, et ﬁcw La transition de phase est alors rejetée au deld de la matiére nucléaire
ordinaire. Cependant pour g=qg _, Le champ de pion présente un maximuam qui est un

: o - ;

. . . . . N . . S 16
précurseunr de la condensation @ ¢'est le phénomene d'opalescence critigue ),

Dans un langage plus habituel de la physique nucléaire, plus précisé-
ment celui de la R.P.A.,cela signifie gue l'interaction particule-trou est assez
forte pour produire des effets collectifs de type attractif caractéristiques de
1 iéchange du pion (& g=0 on a un effet collectif répulsif du a g',c'esl & dire la
résonance Gamow-Teller géante)., Si g' n'est pas trop grand, des états de parité
non naturelle portant les nombres gquantigues du pion {T=1, It = 0, l+, .oy des-
cendent vers le Ffondamental et leurs champs pioniques, ¢'est a dire leurs facteurs
de forme de type "spin longitudinal", i.e. < S,Q T > présentent de fortes augmen-

tations dans la région ¢ = 2 - 3 m du moment critigque ll)o 5i g' est dans la

" ; G s i c e -
zone 0,7 = 0,1, L'amplification restera modérée {(un facteur deux par exemple} et
les niveaux pionigques bougeront peu. La dénomination de phénoménes critiques peut
alors se discuter et 1'on parlera tout aussi bien de polarisation de coeur pour

l'effet de la polarisabilité nucléon-trou et de mélange de configurations d'iscba-

res ou de courant diéchange pour la partie A -trou.

Dans le cas dtun systéme fini le formalisme est beauccup plus complexe,.
Le moment g n'est pas conservé le long de la chaine des particules-trous : la pola-
risabilité devient non locale en ¢, o G?f?) {fig.l) . Il est décrit dans les
articles TI.2 et 3) comment la renormalisation des éléments de matrice de gpin
longitudinal < gﬁ?> et transverse < 3xﬁ> peut &tre calculée & 1'aide d'un systéme

drtéguations intégrales couplées (voir aussi la réf.18).

Au point de vue expérimental, on disposait au début de cette éitude de

. I e . ﬁ* N v + . b ~ >
données précises sur <o ¥a> (& une contribution de moment orbital prés) grice &

la diffusion magnétigque d'électronsg sur les noyauxlg), En particulier la célébre

S

transition ML(T=1l) & 15,11 MeV dans le carbone 12 montrait précisément dans la

. s - ) . N ‘. f. 0 .
région 2 a 3 Wm_oun gsecond maximua trés supérieur aux calculs theoriqgues ) uti-
Y . ! . - 2]
lisant les fonctions d'onde classigues de Cohen et Kirath l), Nousg avons donc

appligué nos techrnigues & ce cas précis et en variant le paramétre phénoménologigue
g' nous avons pu rendre compte de l'augmentation observée du facteur de forme
nagnétigue, Toutefols la valeur de g trouvée était & une proximité surprenante

de la criticité {gui aurait été atteinte dans la matiére nucléaire) et impliguait
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g . : A ) . P ; )
une amplification de <¢.qg > et donc du champ plonigue nucleéaire par un facteur 10 dans

la reéegion critique (article Ir.2).

- s - i .
Nous remarquions cependant que <0x6\> n'est gue modérément couple a
s o - . - - . r . . .
< ¢.8 > et donc peu sensible & 1'échange du pion. Au contraire on attend une plus
grande influence du méson p , autre particule bien établie se couplant au spin et

& l'isospin du nucléon, mals ce couplage est trangverse et non longitudinal suivant

1 AP T 7 -
Ll'interaction \ORE :
. ty loyxg). 0 a,xq) (59
orE 77 ] 2 >
m g7 o4 om
I p

Fn incluant ce deynier dans notre interaction, nous avons constaté que l'essentiel
de l'amplification du facteur de Fforme du carbone 12 pouvait éire attribuée au p
ie pion jouvant un rdle secondaire (voir également la réf.22). Nos résultats impli-~
gquaient cependant une valeur basge ¢g' {0,4) et encore une amplification du champ

pionique par un facteur 4 {article II.3}).

o X A p ‘ p .
Nes mesures directes de < ¢ .q > ont plus récemment ecarté cette possi-
st e . . . - 23
hilité, montrant gue l'amplification est au plus d'un facteur 2, soit ¢g' > 0,6. )
Méme si Lieffet est plus Tfaible gquion ne l'avait initialement espéré, il demeure
trés intéressant de le mettre en évidence en exploitant le contraste entre les
. L - : : : : AN A
comportements des fonctions réponses des novaux aux excitations 0.9 et oXg dans

Le domaine guasi-élastigue 24),

Cag ol lgl est imaginaire pur et dgal a im_

Cette valeur du moment n'est pas physigue. Elle permet cependant de
définir la ou lee constantes de couplage pion-novau qui sont relides & une quanti-
té physique, 1'amplitude du champ pionigue loin du noyau (champ asymptotigue avec
une forme a la Yukawa). La rencrmalisation de ces constantes de couplage est cal-
culée a partir de la source pionigue, il.e.< gﬁa> obtenue comme précédemment par
solution des éguations couplées décrites en (I1.2 et 3). On a simplement a effec-
tuer un prolongement analyvtique pour la valeur {alm imTI gui correspond au pole

du pion.

Les applications ont été réalisées pour des transitions de noyaux
légers, A=3,6,12 pour lesguelles existent des déterminations extrapolées au pdle
de pionZS) 4 partir de donnédes expérimentales de rdéactions d'échange de charge,
par exemple des réacticns (p,n) . Nous trouvons essentiellement une réduction
par effet Lorentz-Lorenz, L'influence de 1'échange du pion dtant masguée par des
effets de surface comme dans le cas de la désintédgration B (article II.4,lére
partie), Les chiffres calculés d'aprés notre modéle sont toujours trés supérieurs
aux résultats des extrapolations, Il ne semble pas gu'il faille incriminer la
validité de nos méthodes mais plutdt la Fiabilité des déterminations "expérimen-

tales'".

Heureugement, comme dans la situation a g=0, l'étude de régles de

somme est plus fructueuse que celle des transitions particuliéres. A lgj= imw
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- ) \ - A ) . . .
il existe une régle de somme § (1m“) - 8 (lm“) dite du "pole effectif" analogue &
ia régle de somme de Gamow-Teller, 8i on se limite aux degrés de liberté des nu-
. s 26}
cléeons, on trouve :
ST(iw ) - 8% (im ) = 2.(N-%) £ (6)
)3 e r

analogue a 1'ég.(1l). Le facteur Z provient de ce gue la constante de couplage des
pions chargés est frw& et on n'a pas le facteur 3 de (1) parce gue le couplage ne
falt intervenir gue la seule direction g.@l Pour tenir compte des degrés de liberté
des A, nous avons utilisé la méthode de polarisation de la réf.(6) a laquelle nous
avens déja fait appel lors de la discussion sur l'effet Lorentz-Lorenz {article II.
4, 2&me partie). Cette méthode est une approximation de la méthode des égualions

. . ' \ . f s 2
intégrales. Le calcul de la régle de somme permet de @éfinir (F }foﬁ On trouve

r
une réduction gui suit la loi exponentielle
2 2. ~BR .
(£7 ) pe/ T (7)
1/3

oll R est le rayon du noyau rOA' . L'effet Lorente-Lorenz joue un rdle secondaire.
Bn effet pour g* ®= 0,7, il ne donne gqu'une atténuation d'un facteur 2 alors gque
1Lréchange du pion est responsable de la plus grande partie de la réduction dras-

tigque de la régle de somme, Ceci apparait clairement sur la figure (2) tirée de

iO% . .
I S Fig .Z: Renormalisation des
- /i ) constantes de couplage axiale
- (9a), /qz oty .
eff ' YA et plon-noyau en fonciion du
i nombre de masse
’ (92) /g2
Mot/ Oy
"é-wu_‘_““-%
O i
- I ;
0 100 200 A

la réf.27 ou sont comparées les variations avec A de (ng)eff/gi ot1l'atténuation
T ., N . ) A (2 -2 " 4
Lorentz-~Lorenz est dominante et de (I r)eff/ir

eif renforce considérablement la décroissance de la courbe avec A.

ol l'échange du pion devenu répul-

. . . ;o ; 2 . .
Lba determination expérimentale de (tr)eff se fait au moyen de relations
. refd

de dispersion pour l'amplitude de diffusion = -novau au seull 26). Les ingrédients

sont les différences pour les xt et les x7 des sections efficaces et longueurs de
diffusion pion-noyau. Ces données n'existent que pour de rares noyaux légers 28)
{probléme de lfextraction de 1'effet coulombien) ol les renormalisations sont
peu prononcées. Pour notre part, nous avons &valué les guantités "expérimentales”

nécessaires par des calculs de potentiel optique qui reproduisent bien les données

29) BR

plon-noyau . Nous avons retrouvé la loi exponentielle en e~ confirmant ainsi



la cohérence de nos modéles de polarisation avec 1'"expérience".

Ainsi nous espérons avoir montré sur des probklémes physiques appropriés :
1'importance de degrés de liberté ignorés par la physique nucléaire traditionnelle.
Nous n'avons pas caché toutefolis que leurs manifestations ne sont pas toujours sans
ambiguités et gue diautres mécanismes peuvent étre & l'oeuvre. Ceci montre la néceg-
sitd drune étude unifide prenant en compte aussi bien 1'"ancienne"” gue la '"nouvelle"

physique nuciéaire.
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Article 11-1

*
LORENTZ-LORENZ QUENCHING FOR THE GAMOW-TELLER SUM RULES

J.Delorme, M.Ericson, A.Figureau and N.Giraud

Institut de Physigue Nucléaire
Université Claude Bernard, Lyon I, 43 Bvd du 11 Novembre
69622 Villeurbanne Cedex, France.

Orie of the most striking aspechs Gf the recent detailed explora-
tion of the Gamow-Teller resonances ) the systematic observation
that the summed axial vector strength is appreciably lower than that
expected from the Gamow-Teller sum rule. The latter is obtalned un-
der the assumption of additivity of the free nucleon coupling gé?ﬁ?
{with g, = 1.25) to the axial current : indeed simple Pauli matrix
algebra gives then :

{H% };“c%, @f""t" 0> <MZ@¥AWT%@> §(N’Z%¥ (1)

In prlnclpie, both the positively and negatively charged branches
have to be measured ; in a nucleus with positive neutron excess how-
ever, equation (1) gives already a lower limit for Lhecrt atrength
which is the quantity accessible through (p,n) reactions and Pauli
blocking rapidly suppresses the T branch as (N-Z) increases. Thus ,if
one assumes that no part of the strength has escaped detection,a re-
duction such as that observed in a wide range of nuclei is strongly
suggestive of the intervention of new degrees of freedom.

An attractive mechanism iz the now popular Lorentz-Lorenz effect
which was once proposed to explain the reduction of ax13i.§decay fof: T
tes (For a survey, see refs. (2) and (3)). It arises from the cou-
pling between nucleon and A iscbar degrees of freedom through a short
range spin-isospin dependent force. We present here some results of
a calculation in which the ccupling is described in a A-hole pola-
rizability plg E ; the model we use is the same as that introduced
some years ago Lo treat the modifications of the pion field in the
nucieayr medium,. This is in principle practically equivalent to cur-
rently developped R.P.A. treatments of A -hole propagation, the only
difference .being the use of the static limit and of closure approxi-

* 3 paraftre dans " Proceedings of the Int. Conf. on Spin Excitation™, Telluride {USA),

1982, F. Petrovich, eds, (Plenum Press, New York),
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mation on the A states (the A ~hole polarizability becomes then local
in configuration spacel. In our previous works it was shown that the
coupling to A -hole excitations through a contact spin-isospin inte~
raction characterized by the Landau-Mipgdal parameter g' induces a
local renormalization of the axial {or pien) vertex (Lorentz-Lorenz
effect)

-

ﬁﬁ&ﬁ:}z%ﬁﬁ% &"i -g;f 563{“«3@’;& w%ﬂi‘* ogm{%ﬁ Z; (“;;T;

e, )
ey (2)
The axia% polarizability o{x) is proportionnal to the nuclear density
oot = 88 g e pled  ,w, and f* being the excitation energy of
the A resonance and the ©wWNA coupling constant. The sum rule (1)is
then simply medified to the following ground state expectation va-
lue, deffining an effective axial coupling constant

g:{imm:f%miwfmiwm;s%w&w}ﬁ} - W@H%ﬂ/m%mgg]z i)
- s:ygi' Eém g%é‘%‘?w %éﬁ%}(@% 0};19%{%3}2 e (-2 (aéei@ }2

Actually the spin-iscspin interaction is somewhat more complicated
that the simple Landau-Migdal ansatz : in particular it comprises a
one pion exchange part which, however, can be expected a priori to
play little role here because it vanishes at zero momentum transfer
{strictly speaking, it can have some influence for finite nuclear
size, specially in the lightest nuclei). In this more general case,
the derivation of the sum rule requires the knowledge of the full
rencrmaliization of the pion propagator. From P.C.A.C., one gets at
fixed g

2 . 2 2 2 Zm 2 N »
T nt AL tqor! -I<ul A ()1 03 } = m'ﬁ@f*:m@}@(@[(?(q?,@@ﬂl@ )

(3)

w - ‘Z%ﬁ'
One checks easily that ipﬁg descriptiog limited to nucleon degrees
of freedom Qlai= &V zl@;q/(ﬁfEM§?-?{ , and the right hand

side of equ.(d) becomes (N-Z)g , independent of q, sc that one
recovers the primitive sum ruleée (1}).
S

Using methods developped elsewhere(,)we have computed the right
hand side of (%) at ¢=0, which differs from the simplified sum rule
{3} by the inclusion of pion propagation effects. As for the case
of equ.{3}), we need the neutron and proton densities, which are cho-
sen with a Fermi profile for a series of nuclei covering the whole
range of atomic numbers {a modified Gauss%?n shgpe is preferred for
the lightest case, Az14). The ratioc (g ¢ fe )T is repreiented in
fig. (1), for values of g' in the now fa&oured range 0.7 - 0.1. The
caleculated quenching increases slowly with the mass number, follo-
wing the average nuclear density (characteristic of a contact inte-
raction). We have found, ag expected, that the Lorentz-Lorenz quen-
ching (equ.(3)) is only siightly altered by the consideratiocn of pion
propagation effects {(these produce only a reduction of the effect
ranging from 2.6 to 5.6 % as the atomic number decreases). The smal-
1ness of the pilon contribution is typical of the zero momentum limit ;
it greatly contrasts with the situation which prevails e.g. at the



7i.

i

S
3.0 L. ] 1 t §
o 50 106 150 200 A
Fig. 1 : The reduction factor of the (sgquared) effective axial

vector coupling constant with respect to the G-T sum rule value (1).
The shaded area corresponds to values of g' between 0.6 (upper curve)
and 0.8 (lower curve). The experimental points are taken from ref.(6).

pion pole (g—i m_} where the sum rule (4) defines an effective on-
shell pion-nucleus coupling constant, a gquantity of i?ter?st for
wenucleus dispersion relations : our previous works “7%7 show that
besides the universal Lorentz-lLorenz quenching, a considerable de-
¢rease of the we-nucleus coupling constant is to be attributed to the
pion propagation.

Here the guenching is less dramatic, being essentially due to
the Lorentz-Lorenz effect : Though the reduction is moderate in very
light nuclei, %t)attains a factor 2 in the heaviest ones ; the expe-
rimental data "°’follow approximately the same trend (see fig.(1)}.It
is then very satisfying that a simple mechanism like the Lorentz-Lo-
renz effect can explain the existing results. The value g' = 0.8
seems to be favoured ; cne should add however two remarks concerning
the validity of such an interpretation. First the relevant parameter
is the product of g' by the polarizability. Our curves Eavg been ob-
talned with a ratic of wNA to wiN coupling constants /7 = 4.5
taken from the Chew-Low model with recoil terms. Fufﬁ?ermore, the
axial polarizability is not saturated by the Nalone’’, which means
that other N¥ isobars can contribute, but we do nct know whether
their short-range interaction with the nucleons can be described by
a universal value of g'. There is in fact no compelling proof (see
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rels.{3,9)) +that the same g' applies even Lo the (N-hole)-(A-hole)
and the (A~hole)-(A-hole) interactions as was implicitely assumed

in equ.( 2) ; the vertex renormalization ﬁhould read more precisely
(&“%ua‘x/(&**%Agod) instead of (1 + g'®) ', The second remark is that
the interprevation of all the missing G.T.strength by a Lorentz-Lo-
renz quenching relies on the hypothesis that no strength can have
been pushed at high excitation without appealing to the A isobar, as
for instance in the sccond order core polarization(@?chanism throukgh
a tensor force once sugpested by the Arima sroup .
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CRITICAL OPALESCENCE OF THE NUCLEAR PION FIELD:
A POSSIBLE EVIDENCE IN THE M1 (15,11 MeV) FORM FACTOR OF 12¢
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69621 Villenrbanne, France
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We have computed the nuclear pion field for the transition to the 15.11 MeV (I"L, T'= 1) state of 120, evaluating the nu-
clear polarization with a large basis of aucleon- and isobar-hole excitations. The field shows an enhancement (or critical
opalescence) in the momentum region beyond 1.5 m,, which leads to a substantial increase of the second maximum of the
M1 form factor. Agreement with experiment can be obtaised if the 12¢ nucleus is much closer to the pion condensation
threshold than currently expected.

We have recently suggested that the proximity of pion condensation, a phase transition generally accepted to oc-
cur at nuclear densities higher than the normal ones, should produce critical opalescence effects in ordinary nuclei
11} *'. These manifest themselves as an enhancement of the (quasi)static pion field near the critical momentum
which reflects a short-range ordering of the nucleonic spins, precussor of the long-range one.

Thus alihough pion condensation is not realized in the usual conditions, there are critical phenomena which in-
fluence the propagation of static pions in the nuclear medivm. As static plons exist only as virtual particles they
have to be produced by some external source. The ideal choice is a weak or electromagnetic source which does not
suffer from the distortion problems which could nask the critical phenomena, As weak probes do not yet cover
the interesting momentum range, one has to resort to an electromagnetic one, i.e. the photon as obtained from
{e, ') reactions exciting states of unnatural parity. However, the variety of nuclei that could reveal critical opales-
cence {3 fimited to the light ones for reasons to be explained below. Strongly interacting probes which do not pre-
sent this drawback have also been suggested as the (p, p'} or {y, #) reactions [3,4]. As the photon is nevertheless
the cleanest sousce of static virtual pions we have investigated in this work the problem of {e, ¢') isovector magnetic
scattering (i.e. transitions which have the pion quantum numbers) with special emphasis on the M1 transition to the
15.11 MeV state of 12€,

In the nucleus a photon converts into a pion via the polarization of the medium, the creation of nucleon- and A-
holes (fig. 1; this is a particular case of core polarization). The same transformation occurs for the wealk axial cur-
rent and there we showed that its inclusion amounts 1o the replacement of the spin—isospin transition density
@(x) ¥? by the quantity £(x) = (x) ~ P(x)/f,+/2, where P(x} is the axial polarization vector density for the inves-

rent. I a simple local approximation the vector £ can be written:

P(x) = ;02 g8 (x)a(x) + (%) Violx), (1}

L Alse at CERN, Geneva, Switzerfand.

1 cvitical effects were also preposed by Gyulassi and Greiner in the context of heavy-ion colfisions {2].
#2 Isospin indices wiil be omiited and formulae will refer to the charged case.
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Fig. 1. The two contributions to the polarization {eq. (1)).
- The square box represents the effeciive polarizability.

where @{x) is the pion field for the transition and a{x) the effective polarizability per unit volume. The first term
represents a vertex renoymalization governed by the Lorentz-Lorenz parameter ¢’ More important for our pur-
pose is the term in Yy through which critical opalescence influences the spin density. However, the magnetization
current is proportional to ¥ X ¥ (x) so that, in an infinite homogeneous system where « is a constant, ¥ X (¢V)
vanishes. Translated in momentum space, this result reflects the fact that, in infinite matter, the particle--hole
pairs transmit the external morentum unchanged to the pion and then transversality prohibits any coniribution
to the magnetic transition. This is noi frue in a small system where 2 momentumn transfer of the order of the in-
verse nuclear size is alfowed. For that reason we have focused our attention on light auclei and especially the M1
transition in 12C which has been subject 1o extensive experimental investigation,

It is known that caleulations in the impulse approximation fail to reproduce the second maximum of the form
factor by an order of magnitude (a recent study can be found in ref. {6]). The inclusion of standard one-pion ex-
change currents does not improve appreciably the situation since their contribution passes through zero at practi-
cally the position of thai maximum [7]. Our consideration of the polarization term amounts first to enlarging the
model space up to very high excitations whereas most calculations use 12C wave functions restricted to the Ip
shell, and second to incorporating the effects of the A excitation of the nucleon. These two aspects are treated
nonperfurbatively in a cooperative way. Thus this method is not in principle reducible to a traditional nuclear
physics treatment supplemented with meson exchange even in an extended basis. The other components of the
pion exchange current, i.e. the pair term and the pionic current, have to be added separately.

The polarizability « is in general a nonlocal quantity a(x, x), i.¢., in momentum space it is a function a(g, ¢")
of the incoming and ouigeing momenta g and ¢'. As pointed out in ref. [5] it is actually a tensor in spin space
with the muitipole expansion:

a,{q.¢)= Z‘ (--k}”&}{f_'(a,G')C(Ll-f:M'" wOCL LM+ Y, ADY S d). @)
e IL LM Lou—M et M

Its contraction wiih the momenta ¢ and ¢ gives the pion self-energy, the expression of which has been given by
Toki and Weise in the harmonic osciflator basis |3}, We have performed the calculation in the static case (i.e. zero
pion frequency) up to 25 ficw particle exc;idtions though saturation in the interesting momentum range is practical-
ly attained at 15 hco. The multipoles a” contain at cach vertex pion--baryon form factors v{g) = (1 + g2 /A2)~!
with A = 1.2 GeV, The (repulsive) short-range interaction between the baryons modifies the polarizabilities oy, -,
into effective ones oz}f which are solutions of the integral equations:

”(q gy= a,(fw)*g fdk“ sz (a5 &y Y, (3

whcru we thC used a schcmatm mterachon in fhc spin- »180%})111 Lhdﬁﬂ(’:l éosuébed by a momemum—independem

ks,s plonounccd critical effects,
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The pion field for a transition of multipolarity J can be obtained as the solution of the integral equation (in the
static Hmit):

7 i TR 2 R e ' ‘ '
(g° + mf{)gﬁ‘]{q} = nin/2 1.a %j CLLL, 00) {G([”J){(]} +g qu (i{w)i ;, oz‘;],(q, gyt "r)(q }]
. 2wy LT -

(4}

¢ [ag (2 )? (*(; Ly 00)CU 1L 00, (e, ¢ Yo ().
The first term displays the Lorentz-Lorenz renormalization of the source multipoles o) which are defined as:
oDy = ot A @Y, e ol ). (5)

They have been compuied with the Cohen-v-v-Km'ath 8--16 2 BME interaction 113} and an oscillator parameter b

= 1.65 fin, which reproduces well the elastic form factor of Y2C {14,15]. They are known to give a good deserip-
tion of spinflip processes at low momentum transfer such as  decay, u capture and M1 excitation. The polariza-
bilities have been evaluated with the same size parameter and it is clear that they should involve nucleon excitations
ealy outside the 1p shell. Instead of solving eqs. (3) and (4}, we have found it more convenient to derive and solve
the equivalent coupled equations which are obeyed by the multipoles 4059 of the axial current (g, =1.25)

(2 Ny ] . 1 - ] ! ’2 5 r ! +
A%y + 2o oyir; 00) ?[:, CUIL; 004 Dig)= g, o Digy g’ [dg (.,;1’,,,,,)3 ;,, o (a.9)49 g
3y L

e L
(6)

"

1-g) [ag' L 2auis one), (a.q") 2y 1L 0004 %" g,
}117{2?03 L L. Lt

The pion field is obtained through PCAC from the longitudinal compenent of the current whereas the spin part of

the magnetic form factor is given by the transverse component up (o a form factor ratio.

Varying'g' with alt other parameters kept fixed we have looked at the evolution of the solutions. The strength
of the pion field is shown on fig. 2. The decrease in the low-momentum region is due to the Lorentz--Lorenz renor-
malization. A moye striking feature is the critical opalescence which is manifest in the large-momentum range ¢
> L5 m,. The effects are particularly spectacular close to criticality (which is attained at g’ = 0.335). Even in ess
favourable situations the enhancement remains appreciable (e.g. a factor 2 for g’ = 0.6). The persistence in light sys-
tems of the critical effects that we had first predicted for infinitely large nuclei was expecied from several works
showing that the pion condensation threshold is not very diffesent in small and infinite systems {16—18].

In the M1 form factor Fyp the critical phenomena appear somewhat differently (fig. 3), refiecting the different
behaviour of transverse and longitudinal components. The second maximum is also enhanced but in addition it is
sizeably shifted towards small ¢ vahues. Furthermore, at large ¢ the squared form factor decreases sharply below
the one-body value towards a second zero in contrast with the still large enhancement of the field: this behaviour
arises from the vertex renormalization which at large momenia is the only surviving contribution to the transvesse
part of P(x). The theoretical curves include also the effects of pair and pion currents that we have borrowed from
the authors of refs. {7} and [19]. Their role is not crucial and amounts essentially to cancelling the Lorentz--
Lorenz decrease in the region of the first maximum, As concerns experimental work, there exist a large amount of
data concerning this iransition. On fig. 3 we have plotted only the most recent ones according to the compilation
of refs. |7] and [20]. One sees that the data are rather well reproduced in the region ¢ < 3m, if we take g’
= 0.375. In particular we get the right size and position of the second maximum together with the position of the
minimum (at least as given by the recent Bates experiment [21]). At larger ¢ instead, there is no sign {or the exis-
tence of a second minimurm. This discrepancy may indicate that an ingredient is still lacking in our model although
it should perhaps not be taken too seriously, as a rather smalf contribution can easily fill the gap.

More intriguing is the fact that our favoured value of g’ is definitely lower than the current ones. If we accept
blindly the agreement obtained with experiment it would mean that one is very close to ¢riticality. Indeed ihe cor-
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Iig, 2. The strengih of the pion field for the {ransition to the Grmy)
I ¢15.31 MeV) state in 2¢. The curve labelled C.X. corre-
sponds to the one-body cateulation with Cohen—Kurath wave Fig. 3. The squared magnetic form factor (curves are fabelied
functions. ag in fig, 2).

responding pion field is enhanced by a factor 10 in the large-momentum region. It is then clear that the critical
phenomena would be essential for reproducing the second maximum. The nuclear polarizability alone without the
cooperative effects represented by the enhancement of the pion field would not produce a sufficient increase: using
the unrenormalized field and maximizing the polarizability by taking ¢’ = 0 we find only 50% enhancement of the
one- hody F% at the secomi maximum (ihis procedure is equivalent toa classical first-order core polariyation caleula-

ES dnd IOfim excitations would reduce the effects by 10 and 30%, 1es;)cci‘;vdy. We have also dmcke{i thc impaor-
tance of trcating the isobars in a cooperative way with the nucieons. Suppression of the A contribution leads to a
decrease of f* by a factor 4 as (,()mpdled to our best fit (again at the second maximumy}.

We have seiected the quantity g’ as the parameter to be varied bat it is not the only one which governs the im-
portance of critical phenomena. These depend fn‘;t of all on the bare polarizability and in addition on the range of
the pion~nuclecn intevaction. The multipoles ol YL . have been calculated in the haunomc oscillator model, If their
magnitude i3 underestimated the experiment would be accounted for with larger g This possibility cannot be ex-
cluded. As for the range of the 7N interaction, we get agreement with a larger g” when it is decreased (e 2.8
= 0.43 for A= 2 GeV). We can conclude that it changes the results moderately. Finally there remains the problem
of the ¢ dependence of the parameter g, A priori the usual values which have been derived at low ¢ do not neces-
sarily apply in the opalescence region. Some decrease with the momentum is expected from microscopic caleula-
tions {22]. As remarked above this effect is partly simulated by a decrease of the repulsion at the rate of the
squared 7—N form factor. We have tried a more rapid variation of g’ by imposing a momentum dependence gov-
erned by the mass of the p meson. A good fit to experiment is then obtained with the sensibly larger value g
= (0,475, This number is marpinally consistent with current expectations. One would need a more drastic depen-
dence to get reconciled with the average value, We consider that the problem is open.

To conelude this study, we have proposed an interpretation of the observed anomaly in the MI form factor of
Y2¢ 1t Yies in the strong nuclear axial polarizability which makes possible the conversion of the photon into a vir-
tual pion and produces an opalescence phenomenon in the propagation of this pion. If the proposed interpretation
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is correct, it shows that nuclei are close to criticality, much closer than suspected. This is a surprising result. We

are aware 1liat one can question the validity of owr simple linear model so near the phase transition where the fluc-
tuations of the pion field become huge {recall that our result means enhancement by a factor 10). We consider any-
way that one has to entertain seriously the idea that critical effects are displayed in the large-momentum behaviour
of the M1 form factor, though it Jooks plausible that they could be less proncunced than in our simple description.
We have still to explore possible extensions of ouy model like the conversion of a photon into a rho meson via the
nuckear polarization which may heip 1o {ill the undesizable second maximun and enhance the form factor around
the second mininum. One would need then less criticality to explain the data. We also have to exert some caution
before concluding definitively in favour of apalescence effects. We canmol exclude that the anomaly in 12C has
another explanation in the traditional framework of nuclear physics, for instance by the deformation of this nu-
cleus. After the preseni study had been completed, a new theoretical attempi hag been published by Sagawa et al.
{231 based essentially on an evaluation of first-order core polarization. The experimental data are not very well re-
produced (in particular the positions of the minimum and second maximum, especially with the new data of ref.
[21] 3 but a very inieresting feature is the significant enhagcement over ihe one-body form factor obtained at large
transfers. This result is at variance with our estimate of first-order effects and the origin of the difference is not yet
clear to us. A possible explanation might be the use of an effective interaction more atiractive than our schematic
one. it avoids in particular the occurrence of a second minimum but could cause problems with criticality. Clearing
up this question might be the clue fo a complete undeystanding of the data in the light of critical plenomena, We
believe that these stand already as very good candidates fo the final explanation. On the experimental side, preci-
sion measurements would be clearly helpful in the whole momentum range beyond the first maximum,

This first investigation of critical opalescence in nuclei is thus very encouraging. Due to the importance of the
issue, namely the exisience of & shortrange order of the nucleon spins, it should be settled in a more definite fash-
ion from additional cases; a single piece of evidence is not enough to be fully conclusive, The following develop-
ments are possible on the theoretical as well as on the experimental side. First, it would be interesting to explore
the same transition with inelastic proton scattering, Such a study would serve as a test for the control of the distor-
tion effects. It will detect divectly the opalescence of the pion field in contrast with (e, e'} reactions which have sen-
sitivity only through conversion of transverse photons inio pions, The field might thus be open to the heavy nuclei
[31. In addition we are presently investigating other spin-flip transitions in light systems and also the possibility of
detecting the short-range order with another spin-sensitive electromagnetic probe, the photopion reactions, Critical
opalescence is not a property of one particuiar nueleus. If the anomaly in 12 indeed has its origin in critical phe-
nomesna we expect similar effects to occur in spin-flip transitions in other nuclei and to be detectable in a variety of
ways.

We express our thanks to Drs, J. Dubacli and W. Haxton for the kind communication of their detailed resulis on
exchange currents. We are very grateful to Dr. P, Guichon who computed for us the one-body and pair current
form factors with his 1p sheil code.
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CRITICAL OPALESCENCE OF THE PION FIELD AND THE M1 FORM FACTOR OF 12¢:
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It is shown that the inelasGe M1 form factor of ¢ can be interpreted by nuclear polarization plicnomena with inclusion
of the rho meson in the polarizing interaction playing an cssential role al larpe momenta. Whereas much of the observed
anomaly can be attvibuted (o standard core polarization effects, a large opalescence of the pion {leld (4 factor 4.5 enhance-
men{) would be needed to get full agrecment with experiment.

Wo have recently proposed {11 an interpretation of the large momentum anomaly in the M1 form factor of
20 i rerms of the eritical opalescence (or precondensation enbancement) of the nuclear pion field. We showed that
such collective phenomens were able fo explain most of ihe anomaly provided the L2¢ nucteus is relatively close to
condensation, in any case closer than currently expected. The experimental data were well reproduced except at
targe momenta where the caleulated form factor had a too rapid drop. The aim of this letter is to show that the in-
clusion of the rho meson which was not considered in ouy previous study is able to cure most of this disease. The
large influence of the rho meson on channels with pion quantum numbers has been emphasized by Baym and
Brown [2]. Their calenlation refers 1o nuelear matter where the conversion of the rho into a pion in the nuclear
madium occurs only through correlations and is responsible for the major part of the Lorentz-Lorenz effect. In
our previous work this effect was incorporated in the empirical Mipdal parameter g'. In a finite system this is not
the whole story since the conversion rho-pion is possible through the nuclear surface even in the absence of correla-
tions. More important, we consider also the conversion of 2 photon into a vho meson via the polarization of the
mediwm {fig. 1). In other words our improved {reatment consists in allowing the replacement of any pion line by a
vho meson lne in the standard particle -hole (and A--hole) chain.

Fhe baryon-baryon interaction G(g) in the spin-flip isospin-flip channel 15 now modified so as to include rho
meson exchange in addition (o our previous consideration of one-pion exchange plus 4 short range Migdal interac-
tion:

- @G 64 gy X ) (g, X
Gla) =, e, {f-z( £ Gy ¢ ....?......f)vﬁ((,) -2 (& X a) (@2 X 4) 2 (q)], 0

(;2 + m% (;2 + m%

&
7
N A 4+ el
-
e

//,; -~
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Fig. 1. Converston of the ploton into a rho meson through
the nuelear polarization,
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mc ]’({ yand v, (U ) are pion {rtho)--nucleon coupling constants and form factors. The value of the ratio C
=1 /;f 2 is taken as 2. ]8 which corresponds to the sucm,g, coupling deduced in the work of Hohler and P 1ctcnmcn {31
(Hm vector dominance model would give instead C ) = 0.8). We have chosen the form factors as v(g) = (1 + g2/
ATy L with A= 1.2 and 2.0 GeV for 7 and p, respec llvely. Our coupled intepral equations for the multipoles A7)
of the axial current now become:

ALy + L cont; o0y 7‘((% L0034 ()
JII?T
PR

2
gy ATy B SR ) E Ly
g0}y v | dg (5, C, e lg,q' 34 4"
A [ (2my? P2 m7 2 L

2

f?TT
e - 4! r(i -8~ C, - )E((i L' 00)ai ) (@, ') L(‘(m,” 00)4 U gy |
- {"rr)3m ;2 +ay 72r

(2}

where the polarizability (or sell-energy) coefficients af‘;i." are defined as in ref. | 1] and the source multipoles
o) are veduced matrix elements of the spin-Mlip isospin-flip operator.
i is instructive to convert the A7) multipoles into transverse and longitudinal componems/lg” and /ig‘”:

AD gy = /3 ?;3 COL 1, - AN, AYNG) = 22CE1L; 00044 (g) 3)
., I

With convenient proportionality factors, these quantities yield, respectively, the intvinsic spin part of the magnetic
form factor dnd the nuciear pion field (through PCAC) for the multipolarity J. Contracting in the same way the £
indices of oa” with Clebsch-Gordan coefficients we can define the polarizabifities 0{{1, g, oci[ and ozlq We get then

anew version of eq. (2%

2
. g7
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2 7?)31717
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{1+ 577—/7‘11%)/18“({;) = --~~gA0';(3“r)(q)+fd([ (?) 2 S g'@? vm ) 4 2|05(Q(fl q MU)(’? )
I
2
"2 ‘2 v
14 1 “ J
+ f{iq (;)3 (g ----- c, q 2q+ ,3,}%1(([ q )A( }{q }.
27 v

It is apparent that the rho and pion parts of the interaction are associated under the integrals with the transverse
and longitudinal multipoles. Concentrating on the equation for the transverse foym factor one can sec that the rho
meson induces an effective suppression of ¢’ at large momenta {at ¢ = - 3m,, the reduction amounts already to 0.58).
Such a quenching of the Lorentz—Lorenz effect is precisely the in;,iecllent that was needed in our previous work
to suppress the rapid drop of the M1 form factor at large transfers. As for the longitudinal part, i.e. the pion field,
it is not affected directly by the rho meson bui only through its coupling to 4, There is no simple way to predict
how it will be modified. However in the auclear matter fimit a',{Lr ~ 8, p:8(q - g'), the nondiagonal polasizabili-
ties cryq and ey, vanish and the two equations decouple. The rho meson does not influence any longer the pion
propagation (except for the effects incorporated into g'). Conversely the pion field disappears from the equation
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of the transverse form factor which does not thereflere offer a detecior for eritical opalescence in the limit of larpe
nuclei.

We have solved eqgs. (2) in tie particular case of the M1 transition to the 15.11 MeV (T = 1) state of 12€. The
solutions for the pion field are practically unchanged compared {o our previous study. In particular the critical
value of " stays at 0.265 *! (for the same oscillator lenggh & = 1.65 fin). On the other hand the transverse form
factor is more strongly affected as is apparent in fig. 2 where the curves with (solid curve) and without (long
dashed curve) rho meson are presented for g’ = (.39, the value which reproduces best the recent precision data ob-
tained at Mainz [4] and MIT {5] (the pair and pion exchange cwrrents have been added as in refl. [1]). The two
curves differ appreciably in the whole region of the second maximum, Especially siriking is the difference in the
behaviour al large momenia. The agreement of our new description with experiment is quite good in the entire
range of momentum transfer excep! for some underestimation at large momenta (nofe also that oa the low momen-
tumn side we find a width of 32.6 ¢V to be compared with the measured 37 % 1.1 [6]). Gur number for g’ is not far
from ouy previcus best fit but the difference in the pion field enhanceiment is significant {a factor 4.5 compared to
Win vefl [1]} One necds now less pronounced critical effects to explain experiments but nevertheless our favoured
value of g' vemains outside the accepted range (et us recall for instance thas microscopic caleulations {7.8] in nu-
clear matier show thai a “strong” tho coupling leads to values of g7 in the range 0.6 to 0.8). For comparison we
have also plotted in fig. 3 the curve for g" = 0.5, a value marginally consistent with expectations. It certainly fails
to fit the dara though it represents a sivong improvement over the Cohen- Kurath description.

In order o give a feeling for the need of the field enhancement we have suppressed the opalescence phenomens
in the solution of the system (1) by imposing a bare pion propagator. This procedure amounts practically to 4 cal-

2 Die to a change in the A coupling constant, one should not compare directly the present numbers with the values of ¢ given in
reft [1] {for Instance the eritical g was .335).

L5 i 1 ¥ ¥
1067 L
iy
=
w6l
2’5"‘-_]
058
o 2
G (v | e
g 2. The square of the M1 Form fagtor of the 15,1 MeV

(= 1) state of "2, The varicus curves have been defined in
the text except the short dashed one which represenis a one-
body caleulation with the 816 2 BME Cohen—Kurath intet-

action. Note thai the Mainz dala are preliminary and corre- Fig. 3. The sguare of the M] form factor for g° = 0.39 (solid
spond 1o a gofy plot so that distortion cffects may explain the curve) and g = (L350 (dot--dashed). The same one-body cal-
slight diserepancy at low momentum with the MIT data (older culations as in fig. 2 (short dashed) are also shown for refer-
data are shown inref, [1]) ence.
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culation of core polarization on a large particle--hole and A--hole basis. The resulis are plotted in fig, 2 again for ¢/
={.39 (dot—dashed curve). The large cffect obtained at high momenta, in contrast with our previous work, ox-
hibits the crucial role of the y--rhao conversion (fig. 1). The curve is very sinvilur to that obtained in the recent work
of Sagawa et al. [9] who used a mixture of Rosenfeld and Hamada - Johnston interactions as the polarizing poten-
tial. It shows considerable improvement over the Cohen--Kurath one but cannot it the experiments, especially in
the region of the form factor minimum. The coliective opalescence phenomena appear clearly as a bump over the
core polarization and displace the diffraction minimum to lower momenta. They ase needed to reproduce both the
size of the second maximum and the position of the minimum. As g” increases the field enhancement becomes less
pronounced, the opalescence effects are less and less marked: at g" = 0.5 they cause only slight deviations from the
core polarization curve.

The present investigation shows that the polarization of the nuclear medium is a good candidate to explain the
atomaly observed in 12C. ¥ order 1o reproduce the detailed behaviour of the measured form factor, in particular
near the diffraction minimum and the secondary maximum, a large opalescence of the pion fieid would be needed
i.c.a factor 4.5 enhancerment, We insist however that we do not consider that tlie M1 form [actor shows firm and
definite evidence for critical phenomena. The low value of the Migdsl parmmneter ¢ remains very intrigueing and it is
important io cheek thai the resulling effective interaction is ot in conflict with the observed position of pion-like
fevels, We also have to prove the validity of our simple madel for other transitions. Such investigations are in pro-
gress. Moreover it is not excluded vhat the finaf explanation of the 1€ anomaly resides in less exotic nuclear phys-
ics refinements.

Finally we would like to comment on an important result of our study which survives even if one renounces (o
mterpret the M1 data in terms of critical opalescence. We have shown thai the eritical behaviour of the pion field
has an observable influence on the transverse fomy Tactor of 2C only if ¢ 15 smaller than 0.5, However the tongitu-
dinal multipoles, L.e. those of the field irself stilt present large enhancements at ¢ = 8.5 or 0.6 (factors 3 or 2, res-
pectively, in the critical region) which should be detectable with other spin-sensitive probes.

It is a pleasure to acknowledge numerous stimulating discussions with Professor M. Fricson. We are very grateful
to Professor R. Neuhausen for providing us with the high quality Mainz data prior to publication and to Professor
LE. Deutsch for communication of the MIT resulis.
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Abstract: We discuss the relevance of the on-shell pion-nucleus coupling constanis to modern theories
of pion and isobar deprees of freedom in nuelel. The excitation of specific transitions is first
considered and the on-sheli coupling constant is shown to carry other information than the familiar
Gamaw-Teller constant measured in S-decay; we present a eritical discussion of the scarce existing
determinations which are at considerable variance with owr theoretical expectations. Next, the
sum rule for the “effective” pion-nucleus coupling constant s caleulated and predicted to be
drastically reduced by A-hole renormalization of the pion propagator besides the Lorentz-Lorenz
effect. Dispersion relations strongly favour the validity of the model.

1. Introduction

The study of spin degrees of freedom is one of the most exciting problems of
modern day nuclear physics. Among the prominent resulis of the last few years is
the discovery of giant Gamow-Teller resonances in medium to heavy nuclei D), the
long-searched-for collective manifestation of the nueclear force in the spin-isospin
channel ) (48 =1, AT = 1). The experiments point to a strong repulsive com-
ponent of the interaction at low momenta g'er) - &% - 72 (g"~0.6-0.7) which would
moreover explain the non-observation of a large fraction of the spin strength
through a coupling to the A-resonance * ") (Lorentz-Lorenz effect), In contradis-
finction a careful examination of the properties of unnatural-parity transitions
revealed no track of collectivity at larger momenta {g > m, } where the one-pion
exchange attraction overbalances the g' repulsion "™ ®). The overall force remains
indeed too weak fo produce those collective features characteristic of attraciion
which would be the precursors to pion condensation. As a consequence the pion
component manifests iiself only indirectly by the suppression of the repulsive
component of the force,

The purpose of this paper is to point out the relevance of the on-shell pion-nucleus
coupling congtant to direct manifestations of plon exchange. It is an extension of
an already published work ”'7) on the role of the axial polarizability of the nuclear
medinm (more precisely g A-isobar part) where it was signaled that besides the
farniliar Loreniz-iorenz guenching, the effective pion-nucleus coupling constant
undergoes an exira reduction from the plon propagation itself. There is moreover
a great need for clarification due to a number of misleading or even inexact
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statermenis which have been published on this relatively unexplored subject. As
the pion pole does not lie in the physical region, the on-shell coupling constants
are accessibie through exirapolation of measured quantities or dispersion rela-
tions he first possibility has recently been exploited with conformal mapping
techniques ™) which have allowed the extraction of values relevant to several
transitions in light nuclei from precise charge exchange experiments. As for disper-
sion relations they have been limited up to now to a couple of very light nuclei
[see e.g. ref.*"); a complete review is given in ref, ] due to the difficulty of
subtracting Coulomb effecis from the measured - nucleus total cross sections and
scatiering lengths, One can however reasonably hope that progress in the under-
standing of =-nucleus interaction will permit soon the exploitation of the measure-
ments which are available in a number of nuclel.

The paper is organized as follows. Pion-nucleus vertices are introduced in sect.
7 and define the coupling constants. Bixpressions are given under the hypothesis
of additivity of the nucleon contributions (impulse approximation}, Sect. 3 is devoted
to the estimation of the modifications brought in by the nuclear polarizability for
specific transitions in *C and °Li with particular emphasis on the A-isobar com-
ponent which can be viewed as a part of the meson exchange renormalization. The
resulis are compared 1o the numbers recently obtained by extrapolation. A eritical
discussion follows. The sum rule for the effective pion pole which is needed in
dispersion relations is derived in sect. 4 and predicted to be strongly reduced in
heavy nuclei. A comparison with available information is then presented,

]8,19)‘ T

2. The piop-aucleon vertices

The plon-nucleus vertex function (fig. 1) (g, w=P P, E-E), (g w}=
PPy = (g* — w0  + mE NP, |P) is usually defined on a cartesian basis in the
“clementary particle’ description 2 where the nuclear states are simply charac-
terized by their spins and momenta in analogy with the expression appropriate to
nucleons:

Julg, )=~ P (g7 @i (P yy,ysm ulP)q, . (1

Here ff/4fr:0.08; v(qz-m-wz) s a form factor normalized at the pion pole
(v(wmf;}: 1) and the factor V% is relevani to the case of charged pions. Such a

Fig. 1. The m~nucleus veriex.
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basis has however s non-unigue character except for the simplesi cases G~3;
0" —17;...). We prefer the use of an universal muitipole expansion which is more
transparent for comparison to nuclear models. [t takes the following form for a
transition between nuclear states with spins f, j' and z-axis projections m, m":

Aoy ) .
furlge @) = 5 (- VCGH m, ! -“m)\/- -------- 7Y s (§)ig) [Lm{q, w)i-
Zj -

(2)

The kinematic factor {.fq)" 1as been extracied so that the coupling constants fWNN
remain finite at g = 0 and obey the ugual reality conditions under time reversal,
The walues of J are limited to unnatural parity (Le. magnetic) multipoles
(07,17,27,...) corresponding to pion-like transifions. T this formalism it is quite
casy to compute the coupding constants in the impulse approximation, t.e. under
the assumption that the vertex is composed with the addition of nucleon contribu-
tiong, Taking for the non-relativistic Hmit of eq. (1) "y, vsuq, = o+ g which is
gencraliy valid for transitions of low excifation (this approgimation can bireak near

=} for the special case J = (), see below), one finds:

Ve

. N ' {11 .
where the reduced matrix elements of the spin operator o are as usual:

I @

Note that at g = 0, ihe J =0 form factor is no longer determined by eq. (3) but
rather by the muliipoles of o p/2m, which are characteristic of the time component
of the axial current (m, p = nucicon mass and momeatum). From the axial vector
masrix elements we define further Gamow-"Teller multipoles f4ry which in the
impulse approximation reduce to gao'™"'/g". Using PCAC and neglecting the
small (except for J = 0) time c:om;)onc:nt, one gets a Goldberger-Treiman relation:

0 g ha =i 20(q,0)

-

f/\]\ (({ = {)) J#0 N (‘3}

Lol = 0) =2

with f,, (pion decay constant) = 0.944m.,. Therefore 8-decay measurements when
available are infor mauvc on w-nucieus vertices at zero momentum, The on-shell
coupling constants [ = e (@7~ w” = ~m?2) which are our present concern
correspond to the pion pole ¢°—w ’2 - m%, t.e. t0 a non-physical imaginary value
of the momentum transfer g =iVt —w = im, for low-lying transitions (static
lmig), The ¢ ueetion then arises: which sort of variation should one expect between

J ; . . 2
f.‘,,fw and jT,NN {g =0)? In the case of nucieons an extrapolation distance of m,
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is rather small compared to the usual hadronic scales and there is not much differernce
between the two poinis. This is not true for nuclei due to theis larger size. To
illustrate this point, let us consider the transition 0" —17(AT =1} between the
ground states of *C and "B (or *N) that we assume for this specific purpose to
have a simple (ps2) P s particle—hole structure. In the impulse approximation
and with harmonic oscillator wave functions, one gets:

FlEd (g, 0 = 0.3m,) = 5V 20 (g, )5 —~3g b™) e ™" (6)

(corrections for centre~of-mass motion have been neglected). The ratio between
the pole and B-decay points is thus in this model,

. s PR

Furiem @)~ Gy ¢
which 18 ~1.21 for b= 1.65m and a cut-off mass of 1.2 GeV in a monopole
form-factor at the pion-nucleon vertex.

The origin of this rather large factor is casily understood. Foy imaginary argu-
ments, the Bessel functions in egs. (3) and (4) tura from circular to hyperbolic
functions which grow monotenically, thus producing the sensible increase of the
on-shell constant over the Goldberger-Treiman value, Equivalently, one can con-
sider that for a pion source located at a point x, the decrease of the field is governed
by the Yukawa function Y{x, x;) =e '*"'*“""*"!/[x — 1. Only the asymptotic behaviour
is needed to compute the residue at the pole since the rest of the function
drops more rapidly than ™" and does not give rise to a singularity at
q2 =t Yix 00, 8) = (e /x) e™ % Hence after suitable angular average,
the standard factor ¢ 7"*/x peis multiplied by an exponentially rising function of
x; which integrated over the spin-isospin transition density gives the searched-for
residue, The resulting enhancement of ff,fﬁml is thus a trivial size (or nuclear form
factor) effect. It is especially dramatic in heavy nuclel where the spin density peaks
at large distances from the centre [this phenomenon is the analog of the size
enhanceraent discussed in ref. *®) for potential scattering).

in view of this exponential weighting of the transition density, one can a priori
wonder whether the tail of the wave functions plays a more important role than
at real momentum transfer and question the use of the harmonic oscillator for
the present purpose [of. eq. (6)]. This problem is connected to the deeper criticism
that gaussian form factors do not possess the correct analytic structure, in particufar
the logarithmic sifgularity of the triangle graph. Indeed, according to general
arguments, the nearest singularity {anomalous threshold) of the pion-nucleus form
factor is a branching point at ga = —~2male FPpe Y g and & being the binding
energies of the last nucleon in the initial and final states. It turns out that a right
asymptotic behaviour of the nuclear wave functions which is essential to produce
the logarithmic singularity at g5 is not yet crucial at the transfer g” = — m~. Coming
back to our previous example of the transition “C-’B, we have replaced the
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single-particle wave functions of the harmonic oscillator by those of a square well
reproducing the binding energies ¢ = 1596 MeV and &'=3.37 MeV. The size
parameter has been adjusted so as to yield the same rms radius. We have found
that the variation between ¢ =0 and —m’, is slighily more pronounced (by 2%)
for the more realistic wave functions. This calculation shows that the anomalous
threshold ¢ = —3.28m5 lics 100 far from the pole for its singularity structure to
influence appreciably the on-shell coupling constant (remember that the variation
is only logarithmic near the singudarity). More appreciable deviations can however
oceur for more loosely bound nuclear states which have a branching point closer
to —nin This is indeed the case for the analog transition between *C and "N
where the threshold is located at ~2.73m>: the coupling constant becomes 8%
larger for the square-well wave functions.

3. Muclear polarization effects

Only a limited nueber of on-shell pion-nuciens coupling constants is presently
available '), They have been determined by extrapolation to the pion pole of
angular distributions of charge exchange reactions for some 3 3" {r H'He) ang
0 e 1 {7 Li%Be, » CN, o "IN O) transitions, Indeed, measurements of nuclear
reactions which can proceed through pion exchange do not probe the time-ike
region. They can be informative on pion-nucleus vertices at various space-like
transfers but it is necessary {o perform an exfrapolaiion to get the relevant residue
or on-shell coupling constant, As an example, the ¢” =0 point can be extracted
through PCAC frons forward-angle charge exchange but it lies too far from the
pole to pive alone a precise idea of the magnitude of the residue for reasons
connected with the large size effect discussed in sect. 2. This warning applics a
fortiorf 1o the ¢” = +m . point aitained by pion photoproduction at threshold ™).

We will not give consideration here to the results of the A = 14 nuclei because
of the difficuity for reproducing the practically complete cancellation of the multi-
pole ¢V at g = 0. We treat mainly the A = 12 system and give some comments
refative 16 A =3 and 6. In order to facilitate the comparison with the most recent
works which use a cartesian basis with different normalizations, it is useful to make
the correspondence with our multipole coupling constanis {only the multipolarity
J =1 ig relevant for the spin values considered here):

. ]
’ 2 !.fwal'ic}il ]Priﬂ"akoﬂ';"s) - . 3 2 ;
o ?Jﬁ' . = ‘4’§f at i"‘lc }"I}Dumhrﬂism)

3t i+
i‘(}if 5 n 47]_
ol w12
Pt g Lf o ] - 12 )
f(}{ G — 1 “'""""/"j"";;'v"m"‘ R e 4|.f1rNN'.|Dumhraislm)

(8)

A
d Monke eral.
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where in the last expression M and A7 stand for the nuclear masses, It is rather
trivial to note that the magnitude of these constants has no direct relation to the

standard arsenal of nuclear physics so that even in the simplest models, nuclear
structure effects and size enhancement render meaningless any comparison to the
nucleon valne, This is no longer true in the case of sum rules as will be discussed
in sect. 4.

one-body approximation through eq. {3) where the spin matrix elements have been
evaluated with Cohen-Kurath wave functions (8-16 2BME} and harmonic oscillator
Tawaz i

The squared on-shel pion coupling constants for A =12, 6, 3

Conformai

1A JA -+ polarization ER .
mapping
[Side P fda 0.182 (1.176 0,300 530 0.0164 0,004
L R b 1.30 1.27 0.2800.024
[l 2 da 0.516 (.413::0.042 (3.22:+0.08

The columns labelled A, TA+polarization, EP refer vespectively to calculations in the impulse
approximation without and with polarization corrections (present work) and in the efementary particle
treatment 3 [the superseript *) indicates that the quoted number applies to the analog R Gas ]
transitions]. The ast column presents the results obtained by extrapolation of measured cross sections y,

orbitals. The results are given in table 1 (lst column} and compared to the
extrapolated numbers of Dumbrajs (4th column) converted into our notations via
the relations (8), We have added an estimate for A =3 using only space-symmetric
S-state wave functions with a gaussian form. In all the three cases there is a striking
disagreement which attains an order of magnitude for A =12, The difference 18 so
farge that a change of wave functions would not much improve the situation. In
any case one should realize that our present description already does fairly well at
zero transfer: the B-decay rates are overestimated by only 8.5, 8.1 and 5.7% for
A =126 (in the case of the analog “Me-»°Li transition) and 3 respectively.
Variation of the length parameters would not cure the discrepancy either. To take
the example of C, we have tried two different length parameters adjusted from
Hartree-Fock calculations in order to simulate the different radial behaviour of
the 3y and py g, orbitals 1, The result is ap increase of at most 10% of the squared
constani! We can also recall that as shown in the preceding section, orbitals with
a correct asymptotic behaviour are expected to modify only slightly the catculated
numbers and again in the upward direction.

Remarking that the discrepancy factor increases (linearly) with A, one couid
tentatively invoke nuclear medium cffects breaking the impulse approximation. It
is however unlikely that factors as huge as those needed to reconcile the first and
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last colunns of table 1 can be produced by phenomena such as meson exchange or
core polarization. For instance in the case of B-decay the modifications to the one
body estimates for the considered nuclei are at the tevel of 10% or less 28) and no
spectacular increase is 1o be expected at ¢~ = —m,. since the one-body form factors
for these fransitions have no zero in the time-like region. FThis guess is borne out by
the calculations presented below.

We treat here the medivm effects generated by the nudlear polarizability in a
particle-hole approximation. One accounts in this way for core polarization and
A-isobar components in the nucleus by a RPA-like iferated procedure, a formalism
which hias been developed for the study of precursors (o pion condensation {critical
opalescence) and thal we recall briefly *). Standard first-order calculations would
however be good approximations under the normal density conditions which are
now believed to be far from eritical. {1 was shown that the high-lying (and A-isobar)
components admixed into the nuclear wave functions by the spin-isospin forces
could be taken into account vis a renormalization of the spin matrix elements (4).
The two renormalized spin multipoles for a given J were obtained in the static

expression (4} as source terms and kernels construcied from the polarizability and
the interaction in the o, o7 72 channel, It is convenient to introduce the
following orthogonal combinations of L indices which are appropriate to the matrix
elements of spin projections on axes which are Jongitudinal (e - 4} or fransverse
{or ) with regpect to the momentum:

& }J(C] ) e \/?i"(i ot
T Py L

Ome has similar expressions for the renormalized multipoles that we denote 2y
and ¥ {

Eolarization (particle-hole as well as A-hole} ingertions «,,,.{g, ¢’} with spin
operators o, and o, at the vertices (fig. 2) define multipoles atlg, a’):

(J+1.0

g, g )= 2 (Y CWAT s o py )OI b’y )

LL'Fm

X YL,;.L--m (4} i/:i';.:.’, S TAR T (!Ef)a' ;J,' {({a 5{’) . (I 0)

¢ ) . Y

Fip. 2. The polarization insertions (nucleon--hole and 4-hole).
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Playing the same game as before with each of the two I, indices, one obtains the
fongitudinal polarizability ave(q, ¢’ ) =Y, CUTL 0OCT 1L, 00at (g, ¢") and
the transverse one (xﬂ(q, ghy=2%, CULL+1, - 1CUFIL, 41, -V, {g, g as
well as mixed multipoles ay and o, Finally the particle~hole interactiosn in the
spin-isospin channel is decomposed into jongitudinal and transverse paris:

Valg) ={Vel@)ory - dora - § -+ Vidgeind) - (aand)ivy - m, (1

s that a schematic form comprising a short-range Landau-Migdal interaction in
addition to the prominent o and p-meson exchanges gives:

2
) o'lgy,  Vilg)= f (ﬁ, = Colg) )iﬁ) v (q),
g h

q Ty i1 3, o o
(12}

o : 222 "2 2.2
where C, is the ratio frme ™ (g)/fomoog) between the p- and - nucleon vertex
factors.
The fundamental equations are then put into the form:

Fug)=or(g)+ (2m) I dq'q [atelg, g )Velqg) ET g+ ahg, ¢)Vig 2l gh],

Sy = o gy 2m) j dq’q”?[a-ﬂ (g, aYWVigha!iq +aiig, gV, (q')éﬁf‘(q’)]
{13)

- . oy . . 24 .
[note a slight difierence with respect to our previous works >7): for convenience
v(g ) form faciors have been taken out from the - and - multipoles]. The renormal-
ized pion-nucleus muttipoles jf,,;imn(q} are readily obtained from the analog of the
one-body expression (3):

R lg) =20 @EMa) g, T 20, (14)

As for the transverse pariners 37, they are associated with e.g, the multipoles
FS%e of the rho-nuecleus vertex. The coupling between the longitudinal and trans-
verse spin modes is however generally weak because the mixed polarizabilities o
and e ¢ are typicatly one order of magnitude smaller than «r and a,. The equations
(13) practically reduce to separate equations for the pion- and rho-nucleus vertices.
This approximation will be used in the next section for an application 1o the effective
pole sum rule.

For the present purpose, the eguations (13) are first solved for any space-like
value of the momentum g. The residues f5n are then obtained by analytical
continnuaizon of the first eé]uation in the complex g-plane till g = im,. The caleula-
tions have been performed with the values g'= 0.6 and (.7 which are in the range
favoured nowadays 1), We have excluded the three-body system which is too light
to justify the use of the present methods and deserves a more accurate treatment.
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Tanie 2
The squared on-shell pion coupling constants for A =12
and 6 as a function of the parameter g° characteristic of
the short-range repuision

"= mmi) A

g'=0.0 g =01
A=12 0.176 (0.134) (.164 (0.129)
A= 16 1.27(1.37) 1.24{1.16)

The numibers inside parentheses correspond (o the case
where polarizadion effects are limited 10 the Lorentz-
Lorenz guenching,

Among the 1p shell nuclel A =6 and 12, the last case is the most significant in
view of the difficulties in a pure shell-model description of A = 6. The resulis are
given in table 2 and repeated in the second column of table 1 for g'=0.6. The
renormalization appears to be weak in agreement with our previous expectations.
We observe a cancellation between the nucleon and A-components of the polariz-
ation corrections. In order (o give an idea of their individual size, we have kepi
oaly the A-contribution with an interaction reduced to the repulsive g' term. One
isolates in this way the famous Loreniz—-Lorenz quenching **%) which has recently
Been pushed forward as an atiractive candidate 1o explain the observed reduction
of both the magnetic '") and Gamow-Teller " strengths in medium to heavy nuclei.
The numbers are given instde parentheses in table 2 for each value of g', The effect
is rather sizealble for A =12 where the quenching attaing 26% (29%) for g' = 0.6
(0.7). The moderate 10% reduction for A = 6 is to be attributed to the diffuseness
of ihis nucleus, the Lorentz—Lorenz phenomena producing a local, density-
dependent renormalization,

For comparison we display in table 3 the percentages of renermalization calcu-
lated at the pole and af zero transfer, One remarks that the overall quenching is
much more pronounced in the second case though the Lorentz-Lorenz effect (given

Tanrn 3

Comparison between the relative renormalization of the squared coupling constants on the mass-shell
2 » 2
{(,‘) ----mzr) and af zero transfer {g° =0}

YT I AN 0
g'={.06 g =07 g =06 g =07
A= 12 ~3.3% (—~26%) = 0% (-29%) =22 (-3 T1%) -25% (~34%)
A =B =2.3% (—10%) - 6% (-11%) 1P (- 13%) = 12% (-14%)

The parentheses refer as before to the Lorentz-Lorenz clfect,
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as before inside parentheses) has not changed much. This is due to the disappearance
of the nucleon contribution or in other words the trivial vanishing of the core
polarization al g” = 0. Hence there is a new information carried by the pion coupling
consiant at the pole: most of the Lorentz-Lorenz quenching is cancelled between
the B-decay point and ¢° = ~m Z due to core potarization effects. An experimenial
observation of this predicted behaviour would be of importance for the validity of
modern medels for pion propagation in the suclear medium.

However, 85 can be seen in tables 1 and 2, the size of any part of the polarization
modifications is by far insufficient to explain the disagreemest with the extrapolated
coupling constants. One can argue that we have considered only a specific part
among the possible mesonic corrections and wave function admixivres, Cur belief
is that none of the usually considered meson contributions can produce the needed
tremnendous decrease. It i important to realize that one would need a physical
effect rapidly varying with the transfer, since if should be small at zero momentum
o retain agreement with §-decay. Even more so, comparison with the latier reveals
that the extrapolation methods assign to the squared #-nucleus form factors values
which are lower on-shell than at ¢ =0 in the cases A =12 (by a factor 31) and
A =73, the two numbers staying about equal for A = 6, This behaviour is in complete
opposition to all standard computations which predict 2 monotonic increase in the
time-like region. This increase which should stop at the anomalous thresheld
singularity is the natural continuation of the decrease calculated and observed in
the space-like or physical segion (with however one zero in the tp sheli case).
Actually one should note that comparison to experiment is not so ecasy cven at
g” >0, because the longitudinal spin form factors % | are only occasionally accessibie
i contrast with the transverse ones which are commonly explored by electron
scattering, The information available from {p, n) %) or the analog (p, p'} *") reactions
shows thaf they follow the predicted shape with rather moderate deviations at
wansfers ¢ > 21 2. The transverse partners are also reasonably well reproduced
at g¢” = m > with more sensible discrepancies at larger transfers 1, In our opinion,
one can therefore be confident that the same theory should be rather successful
till qz = - gince 8 major accident is practically excluded on such a small momen-
tur range. We can also mention that our results are roughly in agreement with
semiphenomenological estimates ) following the “elementary particle approach™
(see 3rd column of table 1).

It should be clear however that we do not claim that a - nucleus form factor
Fornelg) cannot decrease in the time-like region. Actually, there exist nuclear
transittons which have this property. Again in the 1p shell, & pure pia-pin
transition has a form factor which in the one body approximation varies as
v{g)(1+35g°67 e Y s be compared 1o o(g)(l- ;i'qzb?')_e At which s
appropriate t0 pasz - Piyse, a structure which is dominant for A =12, In the first case,
the form factor decreases {at c;2<0) till & zero which is in the region of the pion
pole. Omne can thus expect a very small on-shell coupling constant for e.g. YO
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N (s (however meson corrections are likely to be relatively more important than
in our present estimations). It is evident however that this sort of behaviour is
characieristic of a particular structure which is certainly not relevani to the nuclei
considersd in the present paper,

All we can conclude is that within cur present knowledge of nuclear structure
one cannoi undersiand the findings of extrapolation methods, especially the hupe
discrepancy for A =6 and 12, If the numbers are to be taken seriously, the
explanation should fie in a completely unespecied mechanism with strange momen-
tum transfes properties, a possibility which we find unlikely. Though we do not
feel fully competent o criticize ihe techaiques of ref. " we suggest that the
precision on the detennined coupling consiants might have been considerably
overestimated. Indecd the nuclear {p, n) cross sections used there have generally
a rapid variation with momentum transfer so that an exirapolation distance of e
wiight lead to important errors especially when one realizes that the one-pion
exchange contribution never dominates in the physical region and even vanishes
at g’ =0T,

It is likely that an improvement of the experimental precision and maybe the
extension of the covered angular range may be required o keep the unceriainty

inside reasonable limits, We believe that efforts beyond the first attempts are still
to be made before useful information on the on-shell pion coupling constants can
beé obtained with extrapolation technigues.

In view of these difficuities, one could think of direct determinations using
peripheral reactions which are sensitive fo the asymptotic nuclear plon field, This
yet unexplored approach might be the most promising scurce of information about
this elusive guantity,

4, The effective plon-undens coupling constant

As emphasized previously, dispersion refations provide a most powerful tool for
the determination of the 7~ nuclens coupling constants in a region which is not
directly attainable experimenially. Relatively few cases have been treated, however,
due to the difficuliies in extracting correctly Couloml effects. The general method
is well understood, and its developmenis for the plon-nucleus elastic scatiering
amplitude have been described with great details in the literature "y, We will
therefore skip all general considerations and attach our attention fo the particular

T oActually, we have computed the {p, n} eross section on P from an eflective nucleon-—nucleon
interaciion *?) with good agreement with experiment 269 1t turns out that due 1o a much more rapid
variation in the tme-like region a quadratic extrapolation of the quantity ((;""4' mi)zid(r/dﬂ) similay
fo that practised by Dumbrajs leads to considerable underestimation of the residue al the pole {with
practically the same value as that found in his work), This model strongly supgests that a realistic
extrapolation nceessitates a higher polynomial expansion which was rejected in ref, M i view of its
tow confidence level
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relation obiained for the spin-isospin antisymmetric «-nucleus scattering length,

i (e = maY [ e fa e ]
2

darm 27 4+ 1) W Wi

(15}

where a,« and o, « are respectively the »”-nucleus scattering lengths and total
cross sectiong, The sum over N runs over the pole terms (fig. 3) which correspond
to the nuclear excited states lying below the pioa threshold; these poles are {ocated
at wie = (e~ m o/ 2M), en being the excitation energy of the state W' counted
from the ground state N. It is especially important {0 note that the remaining
sum over the possible multipolarities J is alternate (w5 m, ), according to the
parity of the transition (since pionic transifions have uvanatural parity, odd
and even multipolarities occur with respectively positive and negative sigas in
eqs. {15) and {16)).

e /“ i
+ . it . v 42

Fig. 3. The pole terms in the dispersion relation {15},

The individual contributions of the various poles would be difficuli to resolve
and it is customary to absorb them 1n an effective pole:

. 2 2ad g 2 £ 2
2wy —m 'n')’ llf{w: NN E.n.”z\'N’.lEchﬂ » (16)
T

where fur defines the effective pion-nucleus coupling constant, The dispersion
relation writes then:

AU 1 Yde _
(N ~Z)a = A e p [ oy ) o ()], (17)

M, dar

The quantity fay is of great interest as was shown long ago since one finds in a
simple approximation that it is directly connected to the pion-nucleon constant 1,
independent of the nuclear structure N5). This universal result, obtained through
a sum rufe, is valid as long as many-body contribuiions to the pion source function
are not considered (impulse approximation).
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Let us sketeh briefly the derivation of the sum rule, following the treatment of
I 18y rgn . 2
Bricson and Locher *7), The exact expression for fog is:

faa=%Y, I 111‘1 JUGKVEERY N INENE N+l N, (18)

NN T

: 2 2 2 . ' . “ f
witl g = wie . In the impulse approximation, the matrix elements of the pion
sOUTCe are

N>v (q?‘ —w?) .

e .\
NN =22 (NS 6y g e
1y il
if one assuines that the nuclear excitations which contribute most are sufficiently
low compared o the plon mass, we can approximate gw = /n,, and apply closure

on the intermediate states. Hence we obtain the sum rule:

i (M) Lﬁ, qr,,Lw, qr;‘]lN)

FH o g imy

fHANES rTIN) = fEN = 2) (19)

In this form, this expression can easily be scen as the equivalent at g = im,, of
the Gamow-Teller sum rule ') which involves the spin-isospin matrix elements
at zero momentum transfer: (g5 V' = (N~ Z)gh. Actually, this similarity stems from
our neglect of the nuciear excitation energy in gwn. A prior, this scems amply
justified in Light nuclei where low multipoles are expected to give the bulk of the
coniributions. In heavier nuclei however, this approximation can be questioned.
S0 we have egtimated the sum in eq. (18) for harmonic oscillator states, keeping
the energy dependence. We have found that the difference with eq. (19} is sur-
prisingly small (less than (.5%), even for nuclei with the highest masses.

Thersfore, with a very good accuracy, the effective pole term is simply given by
the coherent pole sum. In contradistinciion with the case of individual transitions
studied in sects. 2 and 3, the w-nucleon coupling constant pives then a scale for
the effective nuclear coupling constant, apart from the factor N — 2, The universality
of this result, which is independent in particular of the nuclear size, is to be atiributed
to the fact that the source operators and their commutator in (18) are local quantities
in the impulse approximation: the nuclear size is washed out by the sum rule. On
the contrary, when many-body eflects are considered, the effcctive coupling constant
will depend on the particular nudieus, reflecting the non-iocality of this commutator,
The detection of a deviation from the universal value (19} would then constituie
a direct evidence for non-nucleonic degrees of freedom in nucler,

Here the many-body contributions wili be ireated in the same spirit as in sect.
3, i.e. within the polarizability picture. In analogy with our previous eq. {13) one
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can write integral equations for the matrix elements of the commutator of the pion
sources | fo(g), -{g)] needed in the estimations of the effective constant [eq. (18)].
The expressions become very cumbersome, essentially because the solutions have
io be found in the two variables ¢ and ¢, which necessitates a huge numerical
work that we have not undertaken. We prefer (o use here an approximation scheme
described in the appendix which leads to a Klein-Gordon equation in x-space
obeyed by the nuclear matrix elements @ (x) of the static pion field in the nuclear
miedivm:

) _
(V" tmo o) = J """""" Vo[ glale Do)+ Vale) Volx),  (20)
This equation has been already obtained and extensively studied in previous
works "'y, In this expression ofx) is the matrix element of the spin-isospin
operator in the imapulse approximation:

o {x) = (N 2: o) 8 (x —x ) IND @

(its space integral is simply the Gamow-Teller matrix element). The many-body
effects are introduced via the effective axial polarizability « (x ) which leads to vertex
{Lorentz-Lorenz) and propagaior renormalizations [respectively 1st and 2nd terms
in the right-hand side of eq. (20)1.

As shown in the appendix, this quantity is related to the 4-hole part ay of the
static polarizability:

2 fi
oy = 7___,.“..(.{9;._..... witht C{()(x) = 3_ '__l;_'___ P {X) * (22)
f—g'ay 9 miuws

wa and p(x} being respectively the 4 excitation energy and the nuclear density. As
for the nucleon-hole part of & considered in the previous section, it is not amenable
to a jocal approximation. However, we need not take explicitly its role inio account:
indeed it represenis a core polarization phenomenon and could be described
equivalently by a modification of the wave functions. Since a sum rule over all
transitions is our present concern, only & ground-state expectation value where the
nucleon-hole polarizability is implicitly contained has to be considered. It will even
turn out that no detailed description of the ground-state properties is required for
the sum rule.

The solution of the inhomogeneous equation (20} is most easily constructed from
the Green functions ¢ “(x, x;):

@ () = (N X (1 +g'a (e (v, x)IN) . (23)

¥ This expression is obiained under the assumption that the «N4 and «wNN coupling constants are
in the ratio given by the Chew-Low model f#%/f7 = 4,
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where ¢ (x, x;) obeys

P

, ‘ o N2
V(3 e (@) - Vb e " (x, x) = A o V(e ). {24)
oy,
This equaiion describes the propagation of the pionic field @ (x, ;) generated by
a single point source located ai x. A compuiational form i then derived by
developing the Green funciion inte a muliipole expansiont (this is strictly valid for
the case of a spherical symmetric density):

2
@ (e, x) = >,J SFrarle ) Y YR OLY E) Qe (25)
This formula allows the link with the multipole coupling constants f;’;NN defined
in sect, 3, once a Fourier transform is made [compare with egs. {3) and (4)]:
fLe)

Frosl@) =12 % o {egata) | dxx‘zf.,(qx)fl.;(x,x.-)}
4]

® \/4}[ Y& w,-:i"iEN)f'r;tW(qz +mayq’ (26)
We are then left with the differential equation in the x-variable:

J(fm 1 L el e'x)  a'(x)’ Y
] Ti-cx(x)(m T 4(1+a(x}))J

®a{T+e N falx). (27

el +a )P

So the general sohation for fi, is
FroC, x) = G Ga) Y06 (= x) + Dy () Y (00 - x) {28)

where we have separated the field into an external and an internal part, since it
presents a discontinuity at the location x; of the source; Y7 and Y7 are two
independent solutions of eq. {27}, subject to the boundary conditions:
L*(((\') e e \/, if}(_-@m,
Yt ey~ x? if x>0
Finally, the coefficients (y; and {2 are determined by the discontinuity of the
sonrce, whose sirength is that of a free nucleon. We remark that ¢, fixes the
ampiitude of the asymptotic pion field.
L.et us note here that an analytic solution is known when the polarizability effects
are turned off;
0 f ~mdxex |
FNE e
e, x) = gy (29

L EK Y E

¥ From now on, we omit for simplicity the isospin indices,
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and there exists a multipole expansion of the type (25) in terms of spherical Bessel
and Hankel functions; in particular the coefiicient for the asymptotic field is:

20 ) = COT 00)(-0) ", (i) (30)

The summation of this rather complicated series gives the simple Yukawa field
(29} because of the spherical symmetry of the vacuum around the nucleon. When
the source is embedded in a nucleus (o #0), this symmetry no longer exists in
general and all multipoles are renormalized differently, according to eq. (27). In
particular the pion coupling constants fi e will not present a universal renormaliz-
ation for all transitions. They are obtained from eq. (26) at the limit qz =

, e [2L1 ,
fanne = 2 >{' ;%_%i (N L (L glale)
X (wu(kx)\/!g’;l YI,(«‘?.‘)@W:‘]J“NMM i] ' {31)

However in this section we are interested in the search of general properties
displayed by the sum rule over all accessible states, and we expect that the fluctuating
behaviour of particular transitions will be averaged out.

According 1o eqs. (16) and (26), the expression for the sum rule is (asswming
again w o<y

G,

fon =17 lim (q"+my P(NIE 77 (1 g'a(x)Y Y 2L +1)
i gL

o ). ) )
X{J dxx h{qx)ﬁ.,;(x,xs)] [N}, (32}
0

where use has been made of the commutation relations for the or operators, as in
eq. (19). The relation beiween the residue of the pole and the asymptotic behaviouy
of the pion field is clearly revealed in this formula because of the exponential
increase of the Bessel function with imaginary argument, In fact, only the singular
pari of the integrals will contribute to the effective pole, which is then determined
by the asymptotic fields.

] LI P
fual 1) > - Gl e ™
The effective coupling constant is then:
fou =1 { der’(x)(1 "‘g'a’(x)f’{ ¥ (1) (2L + }}C?.J(x)] , (33)
| 1

an expression in which we have introduced the isospin density

()= (N Y, 718 (6 = x)IN) = pole) =, (x)
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{Mote that J and I, must differ by one unit only.) One checks easily, using expression
(30) and summing the Bessel functions },, (21, + D7 (zy= 1, that we get back 1o
the sum rule (19} when the polarizability effects are suppressed, Henece the lastter
will show up as a deviation of the sum [+ g’ (x)F Y, (- DL+ DT (x) from
uniiy,

We have caleulated the sum (33) for a wide range of nuclei, the dependence on
the nucleon number being impliciily introduced through the axial polarizability .
The density p{x) has been chosen to be of Fermi type, so as to pive a sufficiently
realistic description of nuclel while particular features are not considered:

play=ppf(l+e"
[y = 0.16 fim’ 3 , {q4)
a = 0,566 fin,

and the size parameter ¢ is related to the atomic number A by the normalization
condition. For the smallesi nuclei, this description becomes less accurate and we
have preferred a modified paussian density: the renormalizations found in these
cases arg compatible with the general trend obtained from the Fermi profile. Finally,
the isospin density ra{x) = p,{x) —p.lx) was given the same radial dependence as
p(x) in (34), reflecting the great similarity between proton and neutron densities.
It can be argued that only valence nucieons shouid be taken into account in order
to climinate interference with Coulomb isospin-breaking efiects, but we have
checked that the results of our calculations are only moderately sensitive (o the
shape of 73(x), as long as its gross features are sufficiently realistic. So we do not
need to complicate our scheme, avoiding at the same time a spoiling of the
transparency of our caleulations.

The renormalization factor ff:n-/ ff‘ computed for a neutron excess of 1 is plotted
in fig, 4 (full curve) as a function of A for g'=0,6, The individual points
correspond to nucdel with atomic numbers 9, 13 and 17 {with gaussian density).
This resuli exhibits a surprisingly simple behaviour of the renormalizations: it shows
that the effective coupling consgtant {(squared) is quenched, the more the heavier the
nucleus, The law of variation is exp (~kA 3 (ke ~0.41, depending relatively little
on the exact value of g') fo a very high accuracy, which means that huge effecis
would be observed in heavy nuclet. Even for medium weight nuclel, such as caleium,
the quenching already attaing a factor of 3. Such an exponential decrease is not
unexpecied since in a simplified picture ) one can find that the asympiotic field
behaves as exp {(—-m oK) where R is the nuclear radius and ml, = m (1 +a) g
the effective mass characierizing the pion propagation in the medium,

A part only of this ¢fiect can be attributed to the vertex renormalization (1+g'a)’
(Lorentz—Lorenz efiect), which is slowly varying over the whole range of atomic
number (see the dotted line in fig. 4). Most of the reduction arises in fact from
pion propagation. This feature is at considerable variance with the situation at
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Fig. 4. The renormalization of the effective pion-nucleus coupling constant as a function of the atomic

namber. Full curve refers to ous caleulation in the 4-hole polarization model (the dotied curve presents

the Lorentz-Lorenz quenching alone). The dot-dashed curve represents our estimation by dispersion
relations.

space-like momentum, where the pion produces an enhancement opposed to the
Lorentz—Lorenz effect. Loosely speaking, this can be seen as a manifestation of
the change of sign of the one-pion exchange potential which becomes repulsive in
the time-like region, acting then constructively with the momentum-independent
interaction g'.

The general reduction of the effective coupling constant is to be contrasted with
our findings for an individual transition (sect. 3); there is no reason a priori, however,
{o cxpect a relation between the two results: the aliernation of the series for the
effective pole precludes any attenipi in this direction to succeed. We have checked
in the particular case of oxygen that no single multipolarity can be attributed the
essential part of the renormalization. As expected, the most important contributions
to the sum rule have lower multipolarity for lighter nuclei, but many of them (up
to L =3 in oxygen), with different signs, were necessary to saturate the sum. It is
remarkable also that a vast majority among them were enhanced rather than
guenched by the many-body effects induced by pion propagation. So the physical
effect which leads to the quenching of the effective coupling constant cannot be
reduced easily to those governing each of its contributions.

The confrontation of our model with experiment can be attempted through the
dispersion relation {17) since f2y is the sum of the scattering length (N — Z)a.. and
of an integral over the difference o, —o,« = Ao, It is clear that at [east the second
quantity wili show an A-dependent quenching with respect to the case of free
nucleons, due to shadow effects. In fact it is well known that the pion-nucleus total
cross sections exhibit a strong dependence on atomic number since they scale with
the mass number as A% in the energy range covering the 3-3 resonance **Y, This
black-sphere behaviour is understood as the consequence of shadowing of the
interaction by the surrounding nucleons, due to the large imaginary part of the
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pion-nucicon amplitude in the 4s; region. [t is then interesting to check through
ilie dispersion relation thai a consequesnce is the quenching of the efiective pole
as predicied by our model,

Experimental data cannot be entered directly in the dispersion integral {17) since
the Coulomb effects are important in the 7"« difference and render the
extraction of the purely nuclear cross sections difficult and uncertain. Only light
nuclet have been considered up 1o now 1 which do not provide the most favourable
test for our model since the Loventz-Lorenz effect constituies the fargest part of
the renormalization. The various determinations of the effective coupling consgtant
for "Li and “Be have been discussed in a recent review't ). a reduction is observed
for both nuclei, which seems less important for the first, lighter, one. Iis absolute
value (0.75-0.87 for "1i, 0.50-0.75 for “Be} is also consistent with ous seneral
prediction, and with our more exact result 0.63 obtained for "Be by considering
density distributions with 2 modified gaussian profile. This concordance is encourag-
ing, but we must emphasize that the propagation effects are very small in these
nuclei, the Lorentz-Lorenz effect providing already a quenching factor 4.69: a
‘more significant fest can only come from heavier nuclet. Analyses of the existing
data ncluding Coulomb subtractions are then eagerly awaited. This task does not
seeint 1o be insuperable up {0 A = 40,

In the absence of such resulis, we have made a simulation which should, at least
gualitatively, confirm our prediction. This calculation was made with an optical
potential similar to that developed by Stricker, McManus and Carr*"). Our para-
meiers are slightly different since our input for «#N phase shifts consists in the
analytic best fit *) to all modern data. This fis provides a smooth interpolation in
energy up to 400 MeV. Our results are practicaily identical to those presented in
ref.””), and are in a fair apgreement with published total cross-sections for nuclei
ranging from C o “**Pb, and energies up to 400 MeV. We feel then reasonably
confident that the same model shouid not be 100 uarealistic to predict the 7"
differences.

The #™ total cross sections in the absence of a Coulomb potential were then
caleulated for a whole series of fictitious nuclei with unit neutron excess, the energy
varylng between threshold and 450 MeV, and this difference was integrated over
this rangef as in eq. (17). Indeed, we have assumed that the integrand for Ao is
dominated by the 3-3 resonance region as was found experimentally in the lightest
nuctei **). Remarkably enough, we obtain for the dispersion integral essentially an
exponential behaviour very similar to that found for the effective pole, the exponent
being now ~0.494A4"". This contrasts strongly with the more direct efiect of

T Fhe case of "He bas also been considered ), and the coupling constant has been found fo be
strongly enhanced {50%) though with very large uncertaintics, Such a light nucleus is quite out of the
scope of our model.

f The integral over the unphysical pion absorption cut contributes Hide ') its contribution o the
coupling constant should not exceed 109%.
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shadowing. For each charge state of the pion, the cross seciions behave ag a power
of the atomic number; o +o,-~A"" practically equal to the experimental
variation and to the expectation for scattering on a black sphere. The exponential
beliaviour can then be reasonably viewed as reflecting the attepuation of
the pion wave inside the medium. Let us remark here that this quenching is
in agreemeni with the experimental data on i and “Be [ref. *")] {(however a
distinction between power and exponential variations is clearly impossible in
these cases).

The second ingredient needed in the dispersion relation, i.e. the isospin antisym-
metric scattering length, can also be computed with the optical potential. We recall
that here also a reduction is expecied, which is interpreted as due 1o the distortion
of the pion wave function by the repulsive s-wave nuclear potential. We find that
this prediction is fulfilled, the dependence with A being again exponential:
a..~exp (—0.5 884, As with the integrals, this behaviour is at variance with the
individuat variations of a(= ") and a(w "), which grow as A" (implying a scaling
faw A Y when normalized to 1 nucleon). We have checked these results with an
optical potential more appropriate to such a caleulation, ie. fitted entirely on
semesic atom data ), and found no qualitative difference. Combining then the
numbers found for the dispersion tntegrals and the scatiering fengths which turn out
to make about equally important contributions, we obtain for the renormalization
of the effective pole fis/f7 the dot-dashed curve of fig. 4. One finds a perfectly
straight line in the logarithmic plot with a slope equal to —0.535, to be compared
with —0.41 previously obtained with the polarization model (full curve},

The agreement is good at the qualitative level, since the variation laws are very
similar; at the quaniitative level, the difference between the two curves attains at
most 35%, for the heaviest nuclei. Furthermore, even this ratiier small deviation
cannot be considered significant, since we have not paid much attention to the
consistency between the p-wave parameters of the optical potential ai physical
energles and their extrapolation at zero energy which enters the polarizability ao:
actually increasing this polarizability by 27% as found in the extrapolation model
of Adler *%), one finds a nearly perfect agreement between the two curves. A further
source of uncertainty lics in the fact alrcady mentioned that we have integrated
the cross-sections only from the threshold (o the taif of the 3-3 resonance, neglecting
both the high energy region and the absorption below threshold. The validity of
this assumption remains to be explored. Work is in progress in this direction.

So the very strong quenching of the effective coupling appears io be associated
through the dispersion refation with shadow eifects, on the one hand, and with the
reduction of the antisymmetric scattering length due to s-wave distortion effects,
on the other hand. These two different many-body phenomena combine coherently,
and with approximately the same strengths, to produce a suppression of the effective
coupling constant in agreemesnt with the conclusion of the polarization model. We
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find thus a gratifying consistency between the descriptions used for the interactions
of real and virtual pions with nuclei.

To conclude, we have shown in this paper thai the pion-nucleus coupling constants
present, besides the Lorentz-Lorenz quenching, renormalization effects generated
by pion-induced polarizaiion of the nuclear medinm. A spectacular suppression
should be observed especially in heavy nuclei for the effective pion-nucleus constant,
the largest part of which arises from 4-hole modifications of the pion propagator.
An cxperimental confirmation would be taken as new evidence for pionic degrees
of freedom in nuclei. Already our optical mode} calculations strongly support the
existence of this effect,

Our work has natural implications for the problem of the renormalization of the
Camow-Teller strenpth, As we already mentioned, the sum rule (19) obtained for
faw ins the one-body approximation is the translation at ¢ = —m % of the Gamow-
Teller swim rule for gh. The same equivalence persists for the exact sum rules,
which include the many-body effects. Indeed, extrapolation of the dispersion
refation (15), (17) from real to soft pions {.e. ¢” = 0) leads (o the Adley-Weisberger
relation in nuclei *%). As compared o the sifuation that we have just studied, it can
be expected that the shadowing of the cross sections persists for soft pions in the
3-3 resonance region. On the other hand, the scatiering lengths no longer suffer
a reduction since s~-wave distortion disappears for zero mass pions. As a con-
sequence, the AW relation predicts that in large nuclet the quenching of o tends
to a limit {gf‘{")’z/gi;\ = (.60, in contrast with the cflective pole which follows an
exponential decrease. This feature is borne out by the polarization model, which
predicts that | g% 1 is essentiaily reduced by the Lorentz-Lorenz quenching (=0.50).
However the exact connection between the shadow and the short-range repulsion

H

af the origin of the Lorentz-FLorenz efiect is yet to be established.

We are prateful to Professor M. Ericson for many #Hluminating discussions. We
have prefited from several discussions and correspondence with Dirs, O, Dumbrajs
and T. Mizutani on various aspects of the extrapolation techniques.

Appendix

We pive here a sketch of the successive approximations which lead from the
integral equations (13) for the spin multipoles to the Klein—-Gordon equation (20)
in x-space obeyed by the pion field matrix clements. We first drop for simplicity
the coupling terms between trangverse and longitndinal degrees of freedom which
become anyway negligible in targe suclei (without this approximation, one would
obtain coupled equations describing the propagation of o~ and p-mesons). We
remark that if one separates the longitudinal interaction V. (eq, 12) info its contact
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{(g") and pion exchange components, (13} can be replaced by

2

Eigy=oallg) g’ ,27 2m)" I dq'q"” @ relq, g’ (qVera’)

W

12

2
; . g
L o ﬂdq 7@ lela, ') s 0 g2 ) (AL
[ 1. [
with the effective polarizabilities & b{g, ¢") defined by
2
@helg, q') = atlg, q") + g’ '{m-(?:r) [dc}”q”)fw(q, 4" q"dreq", q") .
(A.2)
Introducing pion fieid multipoles according to the definition
aq¥ (()
¢’ () = f} v(g) ’_f : (A.3)

one finds the equation

”

72
(@ +m2)p’ (q)= ij quv(q) {0’((%’)

T

2
+g*nf}? 2a) " J' dq’q'?'()?‘jw{q, q')uz(q*)(f}'-(q’)}

rd
;i" plg)q(2m) j. dq'q"dlclg, qVolaNg'd (g, (A4)

H one now drops the form factors v(g), which should be rather innecuous when
the involved momenta are small compared to A =12 GeV, one gets a simple
equation in x-space;

(= i) ()= — 5 %zv ‘ {w(x)f{fg’ I f d'deely, x )w(x')}
1, Iﬂ

T

"rlz r et ! f
=¥ J dx'apelx, Ve (x') . (A.5)
ms,
The last step leading to eq. (20) is accomplished if one assumes that the polarizabil-

ity is local in x-space:

f , 1 @
el ) = aedlx —x'), nz (X, x') = ';:‘g‘“‘“a{ x'). (A.0)
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Gne can show easily that such an approximation is legitimate for the A-hole part
of the static polarizability. Indeed the latier is defined as:

1 , A7 (O], T8 ('~ #)|ADXAD|E, T8 (x — )0
T g (x, x7) = — g L {
o Mo Ah Ean
+et (w = - r,u)} , (AT
oy ()

where # is the integration coordinate and X, T spin and isospin operators making
the transition between ¥ and 3 states. Assuming an average 4-hole energy £4n ™~ w4,
one can perform closure on the A-states, the remaining sum on the hole states
simiply giving the nuclear density:

[: 32
et g (0, 1) 5 e e 5 ()8 (3 ) (4.8)
oy 9 ey
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