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Forord

Det foreliggende arbeidet er et teoretisk studium av egenskaper ved atom-
kjerner i oksygenomrddet og i kalsiumomrddet. Arbeidet er bygget opp om-
kring fem tidsskriftartikler. Fire av disse er allerede publisert i
Nuclear Physics og Physics Letters, mens den femte skal publiseres.

De fgrste kapitlene utgjgr en innledning til tidsskriftartiklene, der vi
mer ngysktig definerer formllet med studiet og der vi gir endel bakgrunns-
stoff. Etter at ertiklene ¢. presentert, gir vi i siste kapittel en disku~

sjon der vi sgker & se resultatene fra de enkelte artiklene i sammenheng.

Hoveddelen av arbeidet ble utfgrt mens jeg v-.r knyttet til Fysisk institutt,
Universitetet i Oslo og Nordisk institut for teorstisk atomfysik (Nordite),
Kgbenhavn. De avsluttende deler av arbeidet er gjort paralielt med mitt

arbeid ved Trondheim lzrerskole og Sverreborg skole, Trondhein. Finansiell

stgtte er mottatt pd flere stadier av arbeidet fra Norges almunvitenskapelige
forskningsrad.

Det er en stor glede & takke fgrstelektor T. Engeland og de gvrige medlemmer
av kjernefysikkgruppen i Oslo for hjelp, rdd og enestlende imgtekommenhet
ogsé etter at min tilknytning til gruppen formelt var avsluttet. Videre

vil jeg tekke professor G.E. Brown ved Nordite for inspirasjon, for at hen
foreslo de arbeidsoppgavene som er behandlet i de to siste artikleme og for
at han samtidig f@rte meg til et nert samarbeide med Dr. T. Erikson olg

Dr. B.S. Nilsson, som er medforfattere til en av artiklene. Jeg skylder
ogsd skolestyrer K.B. Ekornes og skolemyndighetene i Trondheim takk for vel-
villig behendling av en permisjonssgknad i forbindelse med avslutningen av
dette arbeidet. Og endelig vil jeg rette en varm takk til min kone Kirsten, .
som i flere Ar har akseptert et tradisjonelt kjg!nnsrollmnster for at ar~
beidet skulle kunne gjennomfgres.
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1.. INNLEDNING

Utviklingen av skallmodellen for atomkjernen har gjennomlgpt to hovedfaser.
Vi snakker om skallmodell med og uten coreeksitssjoner.

1.1. Skallmodell uten edreeksitasjoner

Opprinnelig forsgkte men & beskrive de lavaste nivlene i kjerner nsr lukkede
skell med de strukturene et lite antall valensnukleoner {eller hull) med
gijensidig vekselvirkning, utenfor en lukket coze,zir opphav til (fig. la).

I mange tilfeller fant man god overensstemmeise mellom teori og eksperiment.
Dette gjaldt ikke bare posisjoner for energinivier, elier spinn og paritet
for disse. Det gjaldt omsd egenskaper som styrken for M 1 og B 2 v~decay,
ft-verdier for B-decay, virkningstverrsnitt for enpartikkeloverfgrings-
reaksjoner 0.1, Alt dette er tydelige indikusjoner pd at grunnidéene bak
modellen er sunne. o

Her skal vi feste oppmerksomheten ved to problemer som likevel ikke kan lgses
innen denne modellen, men som krever at en tar i betrsktning konfigurasjoner
der coren er brutt opp.

1) For & fA styrkene for E 2 v-decay til & stemme, nd en tillegge valens-
nukleonene (eller hullene) en poleriseasjonsledning € ol i tillegg til nukle-
onenes egentlige ladning. I oksygenomrddet er cem1 ® 0.5 e og i kalsiumomrd-
det noe stgrre. _Derne eksperimentelle kjensgjerning forkleres i prinsipp
ved et hvert valensnukleon vekselvirker med nukleonene i corenm (fig. 1 b),

og pd den mdten i:oié.riserer coren.

2) 1 mange av de aktuelle kjernene finnes lavtligsende nivier som ikke kan
forkl-res ut fra de konfigurasjoner den enkle modellen foran gir opphev til.
Disse konfigurasjonene mé& ngdvendigvis vmre slike der coren er brutt opp.
Videre ble det i 196k godtgjort eksperimentelt [1] at lavtliggende nivier
ken bestd av en sterk blanding av velens-konfigurasjoner og coreeksitasjons-
konfigurasjoner. For en tilfredsstillende beskrivelse av slike nivier kreves
det derfor at begge typer konfigurasjoner tas med i beregningene.
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Fig. 1
Ulike konfigurasjonstyper i den sferiske skallmodellen., Fylite sirkler
representerer partikler, ipne sirkler huller, i de respektive enpartikkel-

nivier,

I figs la har vi en lukket core med to valenspartikler utenfor. I ’ig. 1b

er det &n valenspartikkel som polariserer coren ved at den fordrsaker en
1 purtikkel-1 huil (Ipih) eksitasjon nv coren.
Endelig har vi i fig. lc et ckooempel pd en deformert tiistand av den

typen Engelond [2‘ og, Brown [3] inntgric som et tillegg Lil kontfigurasjo-

ner av typen vist i fig. la.
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1.2, Skallmodell med coréeksitas.joner

I 196k innfgrte Engeland [2] og Brown [3] pd noksd torskjellig mite en skall-
modell der man i tillegg til velens~konfigurasjonene tok hensyn til n partik-
kel ~ n hull eksitasjoner av coren 1 hovedskall opn ( fig. lc). P& den mi-
ten kunne de mgte utfordringen fra pkt. 2) foran. De nye coreeksitasjonene
gir opphav til tilstender som ofte kalles "deformerﬁe'", siden partiklene og
hullene pgjerne er sterkt korrelerte i rommet,

Av fig. 1 ser en at de coreeksitesjonene som gir deformerte tilstander og de
som gir opphev til polarisasjonseffekter, er av helt ulik karakter. Dette
manifesterer seg i at en ogsé fc— de deformerte tilstandene mi regne med
prolarisasjonsladninger av semme stgrrelse som nevnt i pkt, 1) forun.

I dag stir en s3 med ulike versjoner av en modell der én type eksitasjoner

av coren tas ekesp.isitt med (deformerte tilstander) og der virkningen av en
annen type tas impiicitt hensyn til, i de situasjoner der de kan bety noe,

ved at en innfgrer polarisasjonsladninger.

1.3. Nye problemer

For & finne modellens begrénsning og for & forbedre detaljene, er det vik-
tig at en konfronterer modellen med si mange forskjelligartede eksperimenter
som mulig. I det foreliggende arbeidet skel vi studere to reaksjonstyper,
nemlig elektronspredning, ng tongytronoverfgrings-reaksjonen (p,t). Fer
bepge disse reaksjonstypene har man i den senere tid funnet eksperimentelle
resultater som synes & std i klar motstrid til modellen.

e) Det har vert vanskelig ~ enkelte har pistdtt umulie [41 - innen den sfeer-
iske skallmodellen & redegjgre for den eksperimentelle styrken for elektron-
eksitasjonen av fgrste eksiterte nivi 0:(16.0'5 MeV) i %0,

b) Ladningsradiene for }%0, '70,0x '%0 mAlt ved hjelp av elastisk elektron-

spredning viser en systematikk [5] som ikke ken forstds ut fra enkle poleri-
sasjoner av typen vist i fig. 1b.

c) Eksitasjonsstyrkene for lavtligeende nivier i !*0 og *°Ca milt med (p,t)-
reaksjoner [6, 7,8] synes & vere uforenlige med coreeksitasjonsmodellen, slik
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den er utformet av Brown, Green og Gerace [9, 10]. Vi skal se at dette
oged er tilfelle, om enn ikke i like stor grad,hvis Ellis og Engelands
coreeksitasjonsmodell [11] brukes - under forutsetning av at tilsvarende
analysemetode anvendes.

I tillegg til & undersgke ngyere disse problemene, er det naturlig samtidig
& studere fglgende spgremil, som henger sammen med problem a):

d) Det er vel kjent, at gjgres uelast:isk elcktronsprednings-eksperimenter
ved meget lave impulsoverfgringer, fér en ikke andre opplysninger om skell-
modellfunks jonene enn dem en fir fra endre eksperimenter (y-decay og par-
decay). Problemet er da i hvilken grad eksperimenter ved hgyere impulsover-

fgringer kan gi flere opplysninger av verdi om skallmodellfunksjcnene (med
deformerte komponenter).

1.4, Deformasjons- og polarisasjonseffekter

Problemene a) til d) henger ngyc sammen med hvorledes en behandler deforma~
8jonene og polarisesjonene. I forbindelse med pkt. d), og delvis med pkt. a),
f&r en det problem at polarisesjonsladningene i prinsipp ken avhenge av im-
pulsoverfgringen. Denne avhengigheten har en visst lite om. Studiet av de-
formesjonseffektene ved hjelp av uclastisk elektronspredning forstyrres derfor
av usikkerhet angiende polarisasjonseffektene - og omvendt. En del av dette

arbeidet er et forsgk pd, innen et avgrenset omréde, & klare opp i disse pro-
blemene.

Vi skel videre vise et de tilsynelatende urimelige eksperimentelle resultatene
i pkt., b) ogsd kan forstés hvis vi tar i betrektning samspillet mellom defor-
mas jone- og polerisasjonseffektene.

I forbindelse med pkt. ¢) skal vi vise at problemene henger sammen med to
¥31hold som direkte her & gjgre med selve de deformerte tilstaendene. For
det fgrste er de teoretiske (p,t)-resultatene i enkelte tilfeller meget f£gl-
somme for hvorledes de deformerte tilstandene formuleres. Dessuten fgrer
gselve det faktum at deformerte tilstander er innblandet, til et den vanlige

reaksjonsmekanismen svikter, Det viser seg ngdvendig & behendle resksjonen
i en koblet kanal formalisme.
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Hovedstikkordene for dette arbeidet blir dermed: Samspillet mellom deforma~
sjoner og polerisasjoner, dvs. mellom de to typer coreeksitasjoner vist i
fig. 1. Og: Beskrivelsen av de deformerte tilstandene.

Tidsskriftertiklene i kapittel 5 utgjgr hoveddelen av arbeidet. I kapittel

5 har vi ogsd gitt den mer konkrete bakgrunn for hver av artiklens, Da noen
av grtiklene inneholder svert knappe formuleringer, har vi utarbeidet enkelte
sentrale poenger ev matematisk art mer i detalj i eppendiks A, B og C. Hoved-
honklusjonene er gitt i kapittel 6.

I kapittel 2, 3 og 4 gir vi en del bakgrunnsstoff for de siste kapitlene.
Dette har vi dels behov for & vise til i diskusjonepn av resultatene, cg dels
gnsker vi & understreke de poenger vi snser som sentrale for diskusjonen.

Vi tilstreber derfor ingen fullstendighet i fremstillingen.




2. BEHANDLING AV CORFEKSITASJONER

Hir en skal ta med deformerte tilstrnder i skalimodellen, mgter en den hin-
dring at antallet tilstander som prinsipielt kunne komme pi tale, er meget
stort [12, 13]. En sgrger derfor for fgrit & skille ut et lite antell kom-
ponenter som komser lavest i epergi. Disse diagonaliseres s& sammen med
eventuelle sferiske komponenter (av typen diskutert i kap. 1.1). P& den
miten bliy de endelige bglgefunksjonene en linesrkombinesjon av sferiske

og dsformerte komponenter. Et hovedproblem er hvordan de fysikalsk viktigste
deformerte komponentene gkal skilles ut, I hovedsek har to metoder vert
brukt: Brown, Green og Gerace [9, 10] utnytter Nilssonmodellen [14]), mens
Ellis og Engeland [11] benytter SUs-funksjoner. Vi skal i dette kapitlet
se pd disse to metodene og forsgke & sammenlikme dem.

2.1, Noeh presiseringer |

Det har i denne sammenheng utviklet seg en noe forvirrende terminologi. Som
allerede newnt kalles coreckesitasjons~tilstendene for deformerte tilstander
da korrelasjonene mellom partiklene fordrseker en ikkesferisk massefordeling.
I motsetning til disse, keller en de tilstandene der coren ikke er brutt opp
(fig. 1 a) for sferiske tilstander eller sferiske komponenter (selv om det
oged her kan vere ikke uvesentlige korrelasjoner mellom valenspartiklene).

De deformerte tilstandene kan bygges opp ev enpartikkelfunmksjoner fra et
sferisk eller fra et deformert enpartikkelpotensial. Vi kan dermed i enkelte
modeller ha deformerte tilstander formulert i en sferisk basis, mens vi i
andre modeller har deformerte tilstander formulert i ¢n deformert basis, I
fgrste tilfelle har vi & gigre med en variant av den sferiske skellmodellen.
Rir de deformerte tilstaendene er formulert i en deformert basis, sier vi at
tilstandene, evt. en;iartikkelfunksjonene har romlig deformesjon.

Da deformerte og sferiske komponenter, som har noks& ulik karakter, eksisterer
side om side i coreeksitasjonsmodellen, kalies den av og til for kocksistens-
modellen. Dette navnet har serlig vert brukt om der versjonen Brown, Green

og Gerace [9, 10} har utarbeidet.
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2.2, Deformert enpartikkelpotensisl

Erown, Green og Gerace [9, 10] regner med at de deformerte tilstandene av
interesse er de lavest liggende Hartree-Fock tilstandene som f2s nir en
foretar partikkel-hull eksitesjoner av coren. R& er det vel kjent at Hartree-
Fock potensialet i slike tilfeller er deformert. og at det forgvrig har en
komplrizert struktur. For & lette beregningene antar derfor Brovm, Green ¢
Gerace at en med gud nok tilnmrmelse kan bygge opp de deformerte tilstandene
av Nilsson-funksjoner med passende defois:asjon.

{ piisson-modellen lgser en egenverdiproblemet for én partikkel i et aksialt
deformert harmonisk oscilletorpotensial, med spinn-bane og 12 ledd inkludert.
Egenfunksjonene u:I 0> har av symmetrigrunner godt angulert moment k om z-sksen.
De kan derfor utvikles over settet a;m=k |.0> av egenfunksjoner for den tilsvar-
ende sferiske oscillator. Hvis deformasjonen ikke er for stor, ken settet

agk med god ngysktighet begrenses til ett hovedskell. Vi her da

o{: lo> = gx(jk) a,;k lo> . (1)

For enkelhets skyld har vi utelatt alle kvantetall som ikke er strengt ngdven-
dige i vAr semmenheng. Tilstandene q; 10> og a:k Jo> er tidsreverserte og
her semme energi. Nilsson-koeffisientene for disse tilstandene er nert be-

slektet:

X (5-k) = (=)9% x(jk) (k>0) . (2)
I tabeller angis derfor bare X(j k-o).

Hulltilstender relativt til et sett fyllte skell defineres ved

n

B, 10> = IX(5x) v}, |o> (3)
J
der

+ J+k
b.., = (= e e
i (-) &k

-27 - ‘

PA den annen side kan vi bruke sd-skall uttrykket (17), rekkeutvikle eksi)o-
nensialfunksjonen og sette imn x = (bq,’z)a. Vi fir da
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Fig, 2

Nilssonskjema [14] for hgyeste p-skallnivd og de laveste sd-skallnivier.
Partikler og huller er plassert slik at vi fir den mest lavtliggende in-
dre Up2h tilstand for 18O innen Brown-Green modellen,
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vanlig mAte i overgangsoperatoren TJ_O(Q) (ifr. uttrykk (15)), da ellers ogsi
knafficionten A ville nivirkea. 8iden molarisasionsladninger kan brukes for
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De deformerte tilstendenz £3s nd ved & plassere partikier i den laveste
Nilsson-benen i partikkelskallet og huller i den hgyeste Nilsson-banen i
skallet under. Fra disse indre tilstsudvne projiseres sd tilstander med
godt totalt angulert moment. Som et eksempel viser vi i fig. 2 hvordan de
deformerte 4 partikkel - 2 hull (Up2h) tilstendene i %0 konstrueres. Munk-
sjonen fra fig. 2 kan skrives (indeks p/n for proton/ndytron)

Jspen, indre> = a;n af; n u;p G:QP B;p 6:3? |2%0 core> (%)
|bpen, M> = ;3, P, |tp2h, indre> (5)

der PJM er en projeksjonsoperator og n"". er en normaliseringsfaktor for Lp2h
tilstandene. Hvordan P

' 08 n}’ i prakeis kan behendles, kommer vi tilbeke
til i appendiks B,

Newton [15] har generalisert Nilsson-modellen ved & tillate enpartikkelpotensi-
alet & bli trieksialt deformert. Utviklingene (1) og (3) generaliseres da til

ay Jo> = gk X_'_(jk)a;k Jo> (6)
og '
g lo> = L%, (3r)bg, o> (n

De tilhgrende tidsreverserte tilstandene u': }.0> og B: |.0>, som har samme energi
scm aI |0> og 8: f0> hhv., f&s ved ansloge utviklinger, der

x_(5-k) = (-33%g (5, (8)
og tilsverende for X_(j-k).

Deformerte tilstander konstrueres som i det aksialt deformerte tilfellet. Fn
mé nd imidlertid ogsd projisere ut god indre K (oftest K=0) f£gr J og M pro-
Jiseres ut. De tilfellene vi har bruk for er nermere behandlet i eppendiks B,
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Vi vender tilbake til de ekeialt deformerte funksjonene. MNir deformasjonen
blir stor, er ikke tilnermelsen (1), der u: ]0> utvikles bare innen ett hoved-

skall, god nok. Bedre tilnsrmelser er funnet pi to miter.

(A) AN = 2 kobling

Utviklingen (1) genereliseres:

“k jo> = Z X(an)a sk Jo>. (9)

En fir didrag frea ennethvert hovedskall, med stgrst bidrag fra det skallet
funks jonene hgrer til i den sfwriske grensen. Selv for ganske store deforme~
sjoner er det ofte god nok tilnwrmelse & inkludere bare det fgrste hovedskell
som gir bidrag, over og eventuelt under det dominerende. For ckstremt store
deformesjoner er ikke demne metoden prektisk brukbar, da meget hgye skell vil
img8 med betydelig vekt i utviklingen (9).

(B) Strekking av funksjonene

Alternativt ken en forete den koordinat-transformesjonen Nilsson angir i Appen-
diks A i ref. [14), dvs. en “"strekking" av enpartikkelfunksjonene i takt med
deformasjonen av potensialet. Med meget god tilnermelse vil da egenfunksjon-
ene kunne utvikles som i likning (1), Men nd er basisfunksjonene a;.'k }.o>
"strukkes", dvs. de er funksjoner ev de transformerte koordinatene, Dette
gielder for alle deformesjoner.

Metode (A) er praktisk i virkelige, mmeriske behandlinger der en har store de-
formasjoner. Metode (B) er szrlig nyttig for teoretiske overveielser i forbin-
delse med ekstreme deformasjoner.

For ekstremt store deformasjoner f&r spinn-bane og 1? leddene neglisjerbar vekt
sammenliknet med avviket fra sferisk potensisl. Bglgefunksjonene er derfor
nettopp dem en fir fra en ren deformert oscillator. De ken derfor skrives i

en oscillatorkvant representasjon a+ _ ol 0> for den romlig deformerte oscil-
By Yy

lator, eller mer p.sektisk i representasjonen a; a1l k.|.0>, siden funksjoner med

god 1z automatisk har god B, + ny N - n,. Her er N = n, + ny + n, det totele
antaell oscillatork-:anta, 1z baneimpulsmomentet om z-aksen og ¢ egenspinnet
langs z-skSen. I grensen med ekstrem deformasjon identifiseres derfor ofte
Nilsson-funksjonene med symbolene [N n, lz]k.

- 30 =
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Ble spinn-bane og 1? leddene slgyfet i Nilsson-modellen, ville enpartikiel-
funksjonene kunne skrives i representasjonen over, for alle deformasjoner. ’

2.3. SUg funksjoner

Ellis og Eugeland [11) bruker SUs; funksjoner i sin konstruksjon av deformerte
tilstender. Disse er mengepartikkel-funksjoner klassifisert etter irredusi-
ble representasjoner for en kjede undergrupper. Romdelene noteres slik

| T£) (A,u) K L M>, (10)

For sd-skeilet er det kjeden SUpSUpKReR: som gir opphav til symbolene [£],
(Au), L og M, De hver (A,u) kan inneholde samme L flere ganger, er tallet
K <att med for & skille mellom disse. De totale bglgefunksjonene fis av

de i uttrykk (10) ved at en tar med spinn og isospinn funksjomer slik at to-
telt antisymmetriske Pfunksjoner fremkommer.

Vi gkal her ikke g& nce inn pd hvorledes klassifikasjonen over gjgres i detalj.
Derimot vil vi gi en intuitiv tolkning ev de fysikelsk viktigste funksjonene.
I den forbindelse viser vi at disse er nmrt beslektet med mangepartikkelfunk-
sjonene konstruert i kap. 2.2. (For den videre diskusjon, se ref. {16, 17].)

Nr [£) og (A,u) er spesifisert, kan alle tilstander (10) med ulike K, L og M
genereres ved & projisere ut god K, L og M ved hjelp av et Hill-Wheeler inte-
grel fra én tilstend |[f) (A,u)>mv:

| 23 (Au) K> = %Pm e} (- (11)

Tilstanden |[f) (A,u)>mv er den sikslte maksimum vekt tilstand. Merk analo-

gien til uttrykk {5) og generaliseringen av dette til det triaksialt deformerte
tilfelle. Vi skal videre se at maksimum vekt tilstanden er bygget opp p& en
liknende mite som den indre tilstand i eksemplet i uttrykk (4). ‘

For |{£] (A,n) > 8ielder: antall oscillatorkventa N, , Ny og N, ix,yogz
retningene er gode kvantetall. Tar en med spinn og isospinn frihetsgradene er
det derfor naturlig & utvikle |{f] (A,u)>m i basisen av Slaterdeterminanter ;
byeget opp av enpartikkeltunksjoner i en oscillatorkvant-representasjon. I ’
menge viktige tilfeller blir meksimum vekt tilstanden €n enkelt 8laterdeter- :
minant. Dette gjelder alle de viktigste av de funksjonene vi £ir & gjgre med. ’
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n,n.n
pf - skallet 2oy

300

r 002
o1

sd-skallet < 020
< 101
110
" 200

001
p - skallet 010
100

Figo 3

Rekkefglgen for enpartikkelnivdene i en triaksialt deformert harmonisk
X oscillator med stgrst deformasjon i z-retningen og minst deformasjca i
\ _ y~retningen. Antall oscillatorkvanta i hver koordinatratning er kalt
nx’ny Og nz-
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Vi har dermed fullstendig enalogi til eksemplet i uttrykk (4), bortsett fra ‘
at enpertikkelfunksjonene er rene oscillatorkvant-funksjoner, dvs. de svarer
til Gem vi £Ar nér enpartikkelpotensielet er trisksialt deformert.

Videre gjelder for I[f](l,u)>mv at antall oscillatorkvanta N , Ny og N, er gitt
ved

Nz=a+u+7\

No=a+y (12)
N =

y a

der & er bestemt ved
= + =
N Nz Nx+Ny 3a + 2u + A,

Uttrykk (12) viser at ndr ()A,u) er gitt, fAr maksimum vekt tilstanden en masse-
fordeling som svarer til hva en ville Pfitt om escillatorpotensialst hadde vert
triaksialt deformert, med stgrst utstrekning i z-retningen og minst utstrekning
i y~retningen, Dette antyder det f¥lgende, som ken vises & gjelde: Nir Sla-
terdeterminenten over skal byzges opp, fAr vi lavest energi (med bruk av normale
vekselvirkninger) om vi fyller opp det enpartikkelspektret som er vist i fig, 3,
nedenfra. Sagt med endre ord: vi skal la z-retningen vere favorisert fremfor
x-retningen, som igjen skal vere favorisert fremfor y-retningen.

Siuttresultatet er da at SUs-funksjonene i mange prektisk forekommende tilfeller
er bygd opp som funksjonene fra uttrykk (4) og (5), bortsett fra at enpartikkel-
funksjonene er & oppfatte som om de var generert av en triaksislt deformert
oseilletor uten spinn-bane og 12 ledd (jfr. siste avenitt i kap. 2.2).

I tebell 1 og 2 sammenlikner vi forskjellige versjoner for de enpartikkelfunk-
3jonene som kommer hgyest i p-skallet, lavest i sd-skallet og hgyest 1 sd-skallel.
Disse fir vi bruk for som hull-bane og partikkelbene i cksygenomrddet, og hulle
bane i kelsiumomridet, hhv.

2.4, Sterk og svek kobling, Romlig deformasjon

I det foregdende har vi understreket likhetspunktene mellom SUs-funksjonene og
mengepartikkelfunksjoner konstruert ut fra Nilssonmodellen. W& vil vi plpeke
enkelte forskjeller mellom miten disse blir brukt pd av hhv. Ellis og Engeland
og av Brown, Green og Gerace.




Tabell 1

Deformerte empartikkelnivder av intereese i oksygenomrddet

Hull Partikler

i x [[01)-1/2 [101)3/2 iforos> || 5 k | [e20]1/2  jeo0t>

3/2 3/2 1,00 =0.T1 5/2 1/2 0-79 0063
3/2.1/2 [«0.41 -0.41 {{3/2 1/2 | -0.31 «0,52
1/2-1/2 | 0.91 0.58 [{1/2 1/2 | =0.53 =0,58

Nilssonbanene [101}-1/2 , [101]3/2 og [220]1/2 er tatt fra Chi's ta-
beller [16] . De svarer til deformasjonen 6 = 0.3 . Oscillatorfunksjo-

nene Inz n, ny 4> med spinn opp kan regnes ut slik Ripka gjgr [19] .

Vi noterer oss at funksjonen Iuz ny oy 4> for partiklene stemmer godt

overens med den tilsverende Nilsson-funksjon. For hull er den derimot en
50% blanding av de to angitte Nilssonefunksjoner.
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Tabell 2

Deformerte enpartikkelnivder av intercsse i kalsiumomrddet

Hull Partikler

i k [[202)-3/2 [e0d]1/2 [202]5/2 |0204> Newtom |{ § k |[330]1/2
5/2 5/2 oo 0,50 - 0,36 [}7/2 1/2| 0.86
5/2 =3/2 {=0.20 0.22 0.15 5/2 1/2{-0.13
3/2 -3/2 | 0.98 -0.45 -0.81 3/2 1/2|-0.47
5/2 1/2 ~0,21 -0.32 -0.14 |]1/2 1/2| 0.15
3/2 1/2 0.69 0,26 0.35

1/2 1/2 ~0.69 ~0.58 «0,L40

Nilssonbanene er scm i Tabell 1 tatt fra Chi's [16] tabeller. De svarer her

til § = 0,2 . Oscillatorfunksjonen

%1l deformasjonsparametrene & = 0,2 , ¥y = 30°,

2 X y
blanding av de angitte Nilsgonbanene for hullene. Funksjonen merket Newton

er tatt fra Newtons [15] arbeid der en beregning som Nilssons [14] er ut-
fgrt for et trieksialt deformert potemsial. Funksjonen i tebellen svarer
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ner av typen vist i fig. la.
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Brown, Green og Gerace konstruerer sine deformerte tilstander slik vi gjorde

i uttrykk (4) og (5): en enkel indre funksjon med partikler og hull konstrueres
ut fra enpertikkelfunksjonene. De endelige, fysikalsk viktige, tilstandene fis
s ved projeksjon fra denne. Dette kalles gjerne for en modell med sterk kob-

ling, siden partikler og hull her antas & vere sterkt korrelerte, slik at de md
behandles som en enhet. ‘

Fllis og Engeland regner derimot innen en modell med svak kobling, der partik-
kel- og hull-funksjoner dannes hver for seg, projeksjon av tilstender med godt
angulert moment medregnet. F¢rst dernest kombineres partikkel- og hull-delene.
Dette fgrer til ulikheter mellom de to modellene ut over de som skyldes for—-
skjellene i valg av enpartikkelfunksjoner (jfr. tabell 1 og 2).

Det at Ellis og Engeland bruker SU3-funkujoner, fgrer til at 4¢ har gode mulig-
heter til & ta med mange deformerte komponenter i sine bglgefunksjoner. Dette
henger sammen med at SU3-tek.nikken er vel utarbeidet. Brown, Green og Gerace
kan vanskelig ta med mer enn &n deformert komponent nir antall partikler og hull
er spesifisert. Forsgker en & ta med flere, finner en at en fr problemer med

oriogonaliteten mellom tilstandene.

De enpartikkelfunksjonene BErown, Green og Gerace bruker, har romlig deforms-~
sjon (jfr. kep. 2.1), dvs. de er generert i et deformert potensial. Det er
derfor strengt tatt ikke riktig & utvikle enpartikkelfunksjonene innen bare
ett hovedskall av den eferiske oscillator, slik som i uttrykk (1) og i tabell
1 og 2+ For utregning av matriseelementer der bare valenspartikler (evt.hull)
bidrer, pleier en likevel & gjigre denne tilnermelsen. I tilfeller der alle
corepartikiene gir bidrag, kan feilene adderes opp og bli s& store at en mid
foreta en ngysktigere beregning, f.eks. ndr det indre kvadrupoimoment regnes
ut i ref. [9] 0gsd nér en skal regne ut matriseelementer mellom tilstander
der den ene har romlig deformasjon og den andre ikke, mi en ta hensyn til at
overlappet mellom den sferiske og den deformerte core er mindre emn 1. I
kalsium-omrddet er overlappet anslitt & vere ce. 0.8, i oksygen-omridet noe
mindre [9,10].

Problemer av dette slag oppstdr ikke nér SU3-mnksjoner brukes. I kap. 2.3.
understreket vi analogien med en triaksialt deformert oscillator. Anslogien
gielder bare hvilke enpartikkelfunksjoner de fysikalsk viktigste mangepar~

tikkelfunksjonene er bygd opp av. Selve enpartikkelfunksjonene derimot, er

generert i et sfmrisk potensiel. Dermed: 803-hmksjonene har ikke romlig




defornasjon. *

Om deformerte tilstander med eller uten romlig deformasjon gir beat beskrivelse
av atomkjernene, er lite kjent. Vi vil bergre dette spsrsmflet gjentagne
ganger senere i det foreliggende arbeidet.

I forbindelse med problemene omkring romlig deformasjon md vi nevne et siste |
poeng. Nir Brown, Green og Gerace konstruerer sine indre tilstander som i
uttrykk (4), er disse & oppfatte som en tilnmrmelse til en Hartree-Fock til-
stand (kap. 2.2,), Det har da ikke mening & innfgre polarisasjonsledninger
for & korrigere for lplh eksitasjoner, da disse bidragene er null p.g.e.
Hartree-Fock betingelsen. Dette antyder at polarisasjonseffekter allerede
] er inneholdt i funksjonene. Vi kan se dette formelt ved & utvikle de defor-
‘ merte enpartikkelfunksjonene i en sferisk basis, som i uttrykk (9). I denne
basisen opptrer eksitasjoner som i fig. 1b, siden utviklirngen (9) inneholder
1eld utenfor det dominerende skallet. NAr en, som Brown, Green and Gerace,
tygger -opp en modell for deformerte: tilstander med romlipg deformasjon, har
| en dermed automatisk innfort en spesiell modell for polarisesjonseffektene. '

3. ELEKTRONSPREDNING

Fir en sammenlikner eksperiment og teori for elektronspredning, arbeider en
oftest ikke med selve virkningstverrsnittene, men med de beslektede formfak-
torene. For Coulombspredning, som er det eneste vi gkal studere, gjelder

2

2]
2 2 cos © 2
do e * Z ‘2
T e =) —r— - Fla)| . (13}
aa "€ * & sin e JZOIJqI
2

Denne oppdelingen har den fordelen at formfaktorene FJ(q) bare avhenger av
bombardementsenergien Eo og spredningsvinkelen © vie den ene stgrrelsen g,
gitt ved

Lol

2E_ sgin %

Be

L5

q= . (14)

Stgrrelsen q er impulsoverfgringen i enheter av B.
Formfaktorene er gitt ved

-~

m-;-J

Fla) = 53 }:‘Jr lizgta) o> . (25)
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Uttrykk for overgangsoperatoren TJ(‘!) er gitt i kep. 5.3 og 5.4. Der er
videre vdr definirjon for det reduserte matriseeloment gitt. Som vanlig
er 2 kjerneladningen, og Iz (27+ 1)1’.

3,1. Formfaktorene

Formfaktorene kan innen den sferiske skallmodellen skrives som en linemr.
kombinasjon av radialintegraler over sfariske Besselfunksjoner (jfr. likning
(4) 1 xap. 5.4.) :

F.(q) = c( ,n.1,) < j.(qr)in.1.> . (16)
J\q nflf)’:nili nflf % nf1f|JJ w ' i7i

I de situasjoner vi fir & gjgre med (positiv paritets overganger) inmeholder
summen bare ledd der radialfunksjonene ,lnfl f> og Inil { hgrer til samme
hovedskall,

de Forest og Walecka gir i likning L.97 i ref. [20'] en generell formel for
radialintegralene hvis harmonisk oscillatorfunksjoner brukes. Fre denne
finner vi, sammen med uttrykket over:

e ™ (A + Bx) i p-skallet

FJuo(Q) = e X (A+ Bx + cx?) i sd-skellet )

e X (A+ Bx +Cx° + Dxd) i pf-skallet
\osv.

for monopoloverganger (J = 0), og

4

e X (Bx) i p-skallet

Frepld) = ye ™ (Bx + cx2) i ed-skallet (18)
e® (Dx + Cx° + Dx°) i pe-skallet
Losv.,

for kvadrupoloverganger (J=2), Stgrrelsen x er gitt ved x = (bq/2)2 der
b er oscillatorparameteren. Konstantene A, B, C, D osv. avhenger av struk~
turen til de kjernetilstandene overgengen gér mellom. Konstanten A for
monopolovergangene er lik overlappet mellom de to tilstendene. Vi har de
A =1 for elastisk monopolapredning og A = 0 for uelastisk spredning. For
uelastisk spredning har derfor formfaktorene samme form som funksjoner av

x (eller q) for monopol og kvadrupolovergenger. Vi diskuterer videre bere
slike overganger.




|F(q)|?

q [fm™]
}
- .9 20 30

Figa ]'l'

Et typisk eksempel pd formen av IF(q_)I2 som funksjon av ¢ innen sd-

Y

skallet., Den opptegnede kurven svarer til C = -0.7TB , b= 1.7 fm

(alle stgrrelser er definert i teksten).




Innen sd~skallet har som oftest B og C motsett fortegn, slik at |F(q)l2
t&r en form som viet i fig. 4. Da B og C kan £8 ulike relative stgrrelser
for ulike modellbglgefunksjoner, har vi her en mulighet til & skille mellom
ulike alternativer pi grunnlag av kurveformen til |F(q)|2. Tilavarende
muligheter har en prinsipielt ogsd for hgyere skall. De blir etterhvert de
mulige kurveformer s& varierte (uttrykk (18)) at analysen av dem blir van-
skelig, Dessuten md en normalt opp i stadig stgrre x (eller q) for & f4
det totale bilde av formen av IF(q)‘a. Exsperimentene er oftest gjort bare
for smd impulsoverfgringer. En fir derfor i praksis stadig ddrligere infor-
mesjon om hele formfaktoren jo hgyere skaell en ghr til.

‘ I oksygenomrddet kanr en for en gitt overgang dessuten ££ bidrag bide fra
p-sksllet (hull) og fra sd~skellet (partikler). Disse bidragene har ulik
form som funksjon av x (uttrykk (18)). Alt etter hvilken vekt hullbidraget
har i forhold til partikkelbidraget, kan da den totale formfektor ante for-
skjellig form. Dette kan utnyttes for studium av partikkel-hull strukturen
hos b@lgefunksjonene. I nerheten av andre lukkede skall har en en lilmende
‘ forskjell mellom partikkel cg hullbidragene. Men pd samme mAte som foren, ' l
tilslgres forskjellene av at mengden av mulige kurveformer gker. |

Av det foreglende fglger: Oksygenomrfdet synes & gl de beste mulighetene
for klere resultater, nir en studerer skalimodellstruktur ved hjelp av
uelastisk elektronspredning.

3.2. Rekkeutvikling sv_formfaktorene

Enkelte interessante resulteter fir vi frem ved 4 rekkeutvikle formfaktorene
| etter q direkte fra uttrykk (15), og si sammenlikre med harmonisk oscillator-
uttrykkene (17) eller (18). Vi viser her et cksempel. '

For monopoloverganger er operatoren ’I‘J.o(q) i uttrykk (15) gitt ved

TJ.O(q) " ) e jo(qr) . (19)

/AT protoner
Vi setter uttrykk (19) inn i (15), og rekkeutvikler de sfariske Bessel-
funks jonene

Praol@®) =5 <Vel Te 3 (ar)lu,>

1. L ! -
S 6f,i - & <¢f| zer2|¢i>q2 +1%3-z——<¢f| Jer |¢i>q4.... . (20)
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P2 den annen side kan vi bruke sd-skall uttrykket (17), rekkeutvikle eksi;o-
nensislfunksjonen og sette inn x = (bq/2)2. Vi fir da

2 4
Fraol@) = A + (B-A)P -(8-c- %) -%gqh + ceeonns . (&)

Sexmenlikning av rekkeutviklingsne (20) og (21) gir

<v | TerPly> = -3 v22(B-A) (22)
<wf| Xer"lwi» -lg b"zln-c-%) .

For uelastisk spredning, der A0, f4r vi da for kvadratet av tramsisjons-
radien

L
def <¢,|Yer 9>
g2 o5 Seller oy 2aedy
m

= 5p ‘23)

<"f I Xera I *i,

der x = ~B/C er x-verdien i diffreksjoneminimumet for |F(q)|2.

P& denne méten fAr vi en serlig enkel formel for thzr’ som vi av og til har
behov for & regne ut.

Av likning (23) ser vi ogsé: diffraksjonsminimumet kommer normalt ved lavest
impulsoverfgringer for de sterkest deformerte tilstandene., Dette skyldes at
for de sterkest deformerte tilstandene, som rager lengst ut i rommet, vil
matriseelementet av r vmre relativt stgrre enn metriseeclementet av re, em.
hve tilfellet er for mindre sterkt deformerte tilstander. Dermed blir RZ,
stgrre, og x n mindre.

3:3. Polarisesjonsladninger

Polarisasjonsbidragene til formfektorene har en tradisjonelt tatt med ved &
gi ladningene i formfaktoruttrykkene et tillegg, den sdkalte polarisasjons-
ledning. Denne metoden fungerer godt for uelastisk spredning (jfr.kap. 5.4.).
For elastisk monopolspredning derimot, opptrer et problem.

I grensen for null impulsoverfgring er da formfaktoren eksekt 1 (likning
(20)). Dette skyldes normeringen av b@lgefunksjonen og kan ikke modifiseres
av noen polarisasjonsledd. Folarisasjonene kan derfor bare pdvirke koeffisi-
entene B og C i uttrykkene (17) og (21) (vi nolder oss til oksygenomrddet).
Dette betyr at en ikke uten videre ken innfgre polarisasjonsladninger pé

494 V. HORSFJORD
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vanlig mAte i overgangsoperatoren TM(Q) (jfr. uttrykk (15)), da ellers ogsi

koeffisienten A ville pévirkes. Siden porarisasjonsledninger kan brukes for
uelastigk spredning, der A = 0 ifgige uttrykk (20) og (21), md oged elastisk
spredning kunne behandles ved et ladnirger av samme stgrrelse innfgres i B
og C, mens A forblir uforsndret 1lik 1. Polarisasjonsladninger imnfgrt pd
denne mten kaller vi i det f@lgende for €

pol’

Av uttrykk (20) eller (22) ser vi at hvis polarisasjonmsladninger innfgres i
FJ_O(q), pivirkes ogsé

2_1 2
(rpps)” = 5 <¥; | Rer™lug> ( 24)
‘adningsradien i kvadrat. Det har vert gjort beregninger av polarisasjons-
bidragene til T s fre mer grunnleggende teori fﬂ]. De endringer man da
firner, uttrykkes ved hjelp av den polarisasjonsladning som md innfgres i
uttrykket for . for & gi de funne resultater. Disse ladningene kaller

vi her e pol’
Vi vil vise noe som er lite plaktet, nemlig at em1 ¥c

vel er en meget enkel sarmenheng mellom epol og epul'

pol’ men at det like~

Betrakt bidraget til (x'ﬂm;)2 fra én valenspartikkel (eller hull), sett 2= 1,
og forutsett forelgpig at ingen polarisasjonseffekter er med. Av likningene
(22) og (24) fAr vi et enkelt uttrykk for (r,_)° uttrykt ved A og B. De

vi bare betrekter én partikkel, mi A og B inneholde ladningen som multipli-
kativ faktor: A = e.A' = e*l og B = e+B'. Dermed fids

(r, )2 =317 (e - em') . (25)
Siden (rms)2 = eb2 (-g- + N) for &n partikkel i den harmoniske oscillator,

nédr N = 0,1,2, .... for s=, p-, 88~, «..... skellene, f8s av likming (25)
at B' s - —g- Nc

Vi innfgrer né polarisasjonsladninger i uttrykk (25). Hvis de innfgres som
®hol (se foran), skel e+ e + €0l i uttrykk (25)., Da fis

(r

2
rms’

= b2 (g- + N)e + b2 (gh'f N)epol . . (26)

Innfgres derimot polarisezjonseficktene ved hjelp ev cpol (se foran), skel
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ere+e i leddet som inneholder B' i likning (25), mens e sksl vere

uforandret i fgrste ledd da dette stammer fra A, som nd ikke skal korrigeres.
N& fir vi

(rpgg)® =0 G *WewdTe \ 0 (am)

Sammenliknes uttrykkene (26) og (27), fés

2N

“po1 " T+ B pol’ (28)
For p-skallet (N = 1) og for sd-skallet (N = 2) f&s

& =2, S8 LB € . (29)

pol 5 pol ? 1l T “pol

Disse relasjonene brukes i kep. 5.5.

4., TONPYTRONOVERFZRING

4,1. DWBA teorien

DWBA (Distorted Wave Born Approximation) teorien for topartikreloverfgring
er grundig behandlet av Towner og Hardy [22]. Her trekker vi frem emkelte
spesielle trekk av betydning for vire beregninger for (p,t)-resksjoner (kap.
5.6-0g 5.7.). Spesielt for (p,t)-reaksjoner gjelder [22]

ST 8L B 55, 2. (30)
M §, 25,

De spektroskopiske amplitudene B(jaj.bL) innecholder ell informasjon om kjerne-
strukturen. De kan skrives slik

B(jdpk) = <Jll te. a JE> (31)
der
-3
a.j a‘ib )LM' (hs‘ia‘ib) m{ <J meblup a.ﬁ n me'b (32)
a

Det reduserte matriseelement i likning (31) er definert som i kap. 5.3.
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80, “2¢q : al2py + blap2n)
I/ \II III/ \IV
' N/ \
'%0,%ca: Al0> + Bl2p2h)> + Cl4pahd

Fiso 5

Mulige méter & overfgre to ngytroner pd mellom de ulike bglgefunksjons-
komponentene i reaksjonene 180(p,t) 160 og tha(pEt) lm(.!a. Amplitudene
for de forskjellige komponentene er kalt a,b, A,B og C.
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Bkrivemiten i uttrykkene foran er noe forenklet idet vi ikke angir andre
kvantetall enn J og J for hhv. gpusntilstenden i targetkjernen og den til- ,
stenden vi kommer til i sluttkjernen. Videre angir wi bare de totale !
angulere momenter ja Og jb for hvert av de overfgrte ngytronene. Innen ett :
hovedskall i enpartikkelbasisen er n, og 1a ungdvendige & spesifisere i til-

legg til g Endelig er ja > jb i likning (30) symbolsk & forstd. Det som

menes er at hvert par av enpartikkeltilstander bare skal forekomme en gang

i summen.

Bglgefunksjonene for begynnelsus~ og slutt-tilstanden er i vire tilfeller en

linesrkombinasjon av 2p og Ypeh tilstander for 180 og l‘2(2&., og av vekuum-

tilstanden, 2p2h og bpbn tilstander for 160 og l“’Ca. De spektroskopiske
emplitudene (31) blir derfor en sum av tilsvarende bidrag mellom komponen=—
tene av bglgefunksjonene. Det er neturlig & dele disse bidragene i fire
klesser som vist i fig. 5. Bidrag I og III er partikkelbidrag, dvs. de
gvarer til overfgring av partikler utenfor coren, mens bidrag II og IV er

hullbidrag, der partikler fra coren overfgres.

Faktorene B(jaijM) i uttrykk (30) inneholder bl.a. integraler over produktet
av distorted waves fra inngengs— og utgangskanalen og bglgefunksjonen for det
overfgrte ngytronpar.

Det er to miter som normelt brukes for & behandle bglgefunksjonene for et
overfgrte ngytronpar. I Glendennings metode [23] forutsetter en at enpar—
tikkelfunksjonene for ngytronene er harmonisk oscillatorfunksjoner. Masse-
senter=- og relati\_r-'bevegelsen for ngytronparet finnes ved bruk av Moshinsky-
transformesjonen. Da det integralet i faktoren B(jajbm) som ble nevnt
foran, er fglsomt for det assymptotiske forlgp av massesenterfunksjonene,
utstyrer Glendenning disse oscillatorfunksjcnene med Hmkei—funkajons haler.

Nir Glendennings metode brukes er det praktisk & skrive om det generelle
uttrykket (30) noe, slik at det antar formen

Lo 7T 6. B2 . (33)
&+ Ila

Indeksene N og L er her radislkvantetallene for massesenterfunksjonene for
det overfgrte ngytronper. Koeffisientene GNL avhenger av kjernestrukturen
ved at de inneholder stg¢rrelgene B(jaij), se ref. [23]. Disse koeffisientene
kan trekkes sammen med radiaslfunksjonene “RL(R) for massesenterbevegelsen til
de sdkalte tongytronformfaktorer
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o, (R) = l)jv Gy e(R) ‘ (34)

Integralet over distorted waves og formfaktoren fir normalt hovedbidraget
fra omridet omkring kjerncoverflaten. Stgrrelsen ev virkningstverrsnittet

i uttrykk (33) avgjgres derfor i stor grad av stgrrelser av GL(R) ner kjerne-
overflaten, Defineres oscillatorfunksjonene um'(R) i lilfning (34) slik at
de er positive for smh R, fds konatruktiv interferens i uL(R) ner overflaten
hvis koeffisientene Oy, her alternerende fortegn som funksjon av N. En kan
dermed lett se fra stgrrelse og serlig fortegn av koeffisientene GNL’ om

kjernestrukturen vil gi en aterk eller svak overgang i et gitt tilfelle.

Den andre mAten & behandle tongytronfunksjonene pd er & bruke Bayman-Kallio's
metode [2!;]. Her behgver er ikke & forutsette harmonisk oseillatorfunksjoner
for hvert ngytron; det vanlige er & bruke Woods-Saxon funksjoner. Dette
ansep av mange & vere en forbedring i forhold til Glendenings teknikk. P&..
den annen, side er det uklart hvor sterkt hvert ngytron skal bindes i Woods-
Saxon potensialet £251. Det vanlige er & le hvert ngytron f& halve energi-
differensen mellom de sktuelle nivier i target og sluttkjernen. Dette fgrer
til at ulike enpartikkelfunksjoner md genereres i Woods-Saxon potensialer
med noksd forskjellig dybde. Det kan diskuteres hvor fysikalsk rimelig
dette er.

I begge metodene foran forutsetter en den sikalte null-rekkevidde tilnmrmelse
t22]. Videre regner ¢n med at det overfgrte ngytronpar er i en relativ s-

tilatand.

4.2. foblete kansler

I DWBA-teorien forutsetter en at overfgringen av ngytronene skjer direkte fra
grunntilstanden i targetkjernen til det sktuelle nivdet i sluttkjernen. Dess-
uten forutsetter en at det ikke skjer eksitasjoner av kjernene fgr eller
etter selve overfgringsprosessen. Andre, indirekte overfgringer antas &
vere tatt hensyn til gjennom de optiske potensialer. I enkelte tiifeller
ken likevel indirekte overfgringer vere sd sterke at de md inkluderes eks-
plisitt.

Ascuitto og Glendenning t26] her innfgrt en metode til 8 ta med indirekte
prosesser. Denne er en naturlig generalisering av DWBA-teorien. Her fér
en, ved & lgse to sett med koblete differensiallikninger, tatt hensyn til

alle uelastiske prosesser i target og i sluttkjernen til alle ordener, pluss
partikkeloverfgring i fgrste orden (som i DWBA-teoriem) fra hvert nivi i
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7

Target Sluttkjerne

Fig. 6

Illustrasjon av hvilke prosesser som tas hensyn til 1 en CCBA beregning hvis
3 nivéer i target og 3 nivder i sluttkjernen tas med, De krgllete pilene
mellom nivdene i hver av kjernene representerer uelastiske overganger
forérsaket av prosjektilet, evt. den utglende partikkel, Pilene mellom
kjernene representerer partikkeloverfgring mellom de angitte nivéene. Alle
9 partikkeloverfgringene pad figuren er prinsipielt likeverdige. De er bare
tegnet pa ulike vis for &4 forsgke & gjgre figuren mindre uoversiktlig,
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target til hvert nivd i sluttkjernen (fig., 6). En har sfledles ikke regnet
med tilbakekopling fra sluttkjernen til target. Denne teorien kaller vi i
dette arbeidet for CCBA (Coupled Channel Born Approximation) - teorien, selv
om denne betegnelsen ogsd brukes i andre betydninger.

I CCBA-teorien PAr en & regne ut pertikkeloverfyringsledd ngyaktig scm i
DWBA-teorien ved at spektroskopiske amplituder 8(j aij) mi beregnes. Men
nd md en regne ut slike stgrrelser mellom alle aktuelle nivder i target og
i sluttkjernen. Som foran ken en bruke Glendennings eller Bayman~Kallios
metode til behandling av de overfgrte ngytronene. Og hvis Glendennings
metode brukes, kan styrkeforholdet mellom ulike overfgringer kontrolleres
for den tidkrevende lgsningen av de koblete likningene, ved at koeffisien-
tene Gy, (se likming (33)) regnes ut.

Nettopp fordi bglgefunksjonene i oksygen og i kalsiumomrddet ofte inneholder
store deformerte komponenter, md en regne med at indirekte overfgringer, og
dermed CCBA-teori mi f3 betydning. Mellom sterkt deformerte komponenter er
det ofte store matriseelementer av enpartikkeloperatorer (f.eks. store E2-
overganger). Det kan da bli sterke uclastiske exsitasjoner, slik at in-
direkte overfgringer av ngytronperet kan f& betydning. I de tilfellene vi
studerer er grunntilstandsovergengen over 10 ganger sd sterk som direkte-
overgangene til mange endre nivder av interesse. N& er det en alminnelig
erfaring [27] at en 2.ordens prosess der partikkeloverfgring etterfglges

av uelastisk eksitasjon (eller omvendt) har en styrke pd ca. 10% av selve
overfgringsprosessen. Dette under forutsetning av relativt sterk uelastisk
eksitesjon, I vére tilfeller mf det bety at 2.ordens prosesser via grunn-
tilstanden i target ken bli av samme stgrrelsesorden som direkieovergengene.
Da de forskjellige bidrag sdderes koherent i denne teorien, mk en vente at
innfgring av indirekte prosesser kan gi vesentlige forandringer i virk-
ningstverrsnittene.

5. FEM TIDSSKRIFTARTIKLER

.1, Konkret b uynn for hver av ikle

I artiklene i kap. 5.3 5.4 08 5.5 studerer vi forskjellige aspekter ved
elektronspredning mot kjerner i oksygenomrddet; uelastisk spredning i de
to fgrate artiklene, og elastisk spredning i den tredje. Xap. 5.6. og 5.7.
inneholder studier av tongytronoverfgringsreaksjonene haCa(p,t) oCa og

18°(p’t )16 .
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Da det kan vare praktisk & ha dem som referanse, gir vi .i fig. 7 spektrene

for 160, 180, hocu og l'2('.?1..

Artikkelen i kap. 5.3. inneholder en smfattende anelyse av elektroneksitesjon
av positiv paritets nivder i 160 og 186. Bakgrunnen for arbeidet var pro-
blemene omkring 05(6.05 MeV) niviet i 165 (pkt.a) i kep. 1.3.). Kaalhus [28]
her allerede studert O'-nivlene i 185, Hans erbeid var imidlertid delvis
basert pd indirekte eksperimentelle resultater [29] som senere er omstgtt

av direkte mdlinger [30]. Nir det gjelder selve regneteknikken har vi sett
det vesentlig & behandle bglgefunksjonene s fullstendig som mulig, og ikke
bare ta med de dominerende komponentene. Vi skal se at dette ken hz en vik=-
tig innflytelse p& resultatene. Endelig her vi forbedret Ksalhus' bereg-
ninger ved & benytte Woods-Saxon funksjoner i stedet for harmonisk oscillator
funksjoner i radialintegralene i uttrykk (16), for monopolovergangene. VArt
arbeid mi derfor sees som en naturlig fortsettelse av det arbeidet Kealbhus
begynte. Vi forsgker ogsi i kep. 5.3. & finne ut hvor stabile de utregnede
formfaktorene er overfor smd endringer i bgigefunksjonene, slik at vi kan

f4 opplysninger av betydning for pkt. d) i kap. 1.3. I

I artikkelen i kep. 5,3. forutsatte vi at polarisasjonseffektene kunne in-
kluderes ved hjelp av polerisasjonsladninger. Disse ble antatt & vare
uevhengige av impulsoverfgringen q¢. At dette siste skulle vare tilfelle

er imidlertid p4 ingen mite selvfglgelig. Fra uttrykk (18) flger at form—
fektorene i oksygenomrddet har formen e “(Bx + sz), x® (bq/2)2, ndr vi
bruker hermonisk oscillatorfunksjoner. I bidraget fra €n partikkel eller
ett hull er B og C proporsjonele med ledningene. Forutsettes at polarisae-~
sjonsladningene er uavhengige av q (eller x), forutsettes ogsi at forboldet
C/B i korreksjonsbidragene er det samme som i de ukorrigerte formfaktorene.
Dette er det i prinsipp ingen grunn for. Snerere ville en vente en endring,
serlig for hullovergangene. Av uttrykk (18) ser vi at C = 0 for hullbi-
dregene (p-skall bidragene). P4 den amnen side finner en pA samme mite

som i kap. 3.1., at korreksjonsledd som vist i fig. 1b normalt vil kunne

gi C ¥ 0. Dette ville i s fall gi en sterkt gq~avhengig polarisesjonslad-
ning. I artikkelen i kap. 5.4. ekstrapolerer vi kjembe polarisasjonskorrek-
sjoner for q = O til hgyere q. P4 den miten f£ér vi en oversikt over hvor
god antakelsen om en konstant polarisesjonsladning egentlig er. tte gir
innsikt i problemet reist i pkt. d) i kap. 1.3., ut over den som er funnet
i kap. 5.3.

For & mgte utfordringen fra pkt. b) i kap. 1.3. har vi i kap. 5.5. studert




generert i et sfarisk potensial.

- 36 -
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12.05 o*
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Utvalgte nivéer i kjernene 160,180, l!0:(:13. og

180 og tha er spektrene komplette s& hgyt opp de er tegnet. Spektret for

16

niviene med T=0. For

energien har vi bare tegnet positiv paritets nivier,

+ 4+ +
0 er komplett til 10 MeV, Over 10 MeV har vi bare tatt med 0 ,2 og U
hOCa. er spektret komplett til 5.7 MeV.

Over denne
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ledningsradiene for kjerner i oksygenomrddet. Det problemet som er antydet
i kap. 1.3. er egentlig ganske alvorlig. Hvis ladningsradiene ikke kan
forstds ut fra vanlige, edditive polarisasjoner fre hver valenspartikkel,
mi en gtille seg skeptisk til slike beregninger vi har gjort i kap. 5.3.
og 5.4., der additive polarisasjoner er forutsatt. Dessuten ville det bli
problematisk hvilke data en skulle sammenlikne teorien med i slike bereg-
ninger som f.eks. i ref. fEl], der en sgker & beregne monopol polarisa-
sjonseffekter fra realistiske vekselvirkninger. I kap. 5.5. forsgker vi
& lgse problemet omkring radieme i oksygenomrddet ved, som fgr, & forut-
sette additive polarisasjonseffekter. Men i tillegg tar vi eksplisitt
hensyn til innvirkningen fra de deformerte komponentene. Den sentrale
formel (3) i kap. 5.5. er utledet i appendiks A. Den kortfattede, men
viktige diskusjonen frem til uttrykkene (5) i kap. 5.5. er presentert mer
eksplisitt i kap. 3.3.

Artiklene i kap. 5.6 og 5.7. om (p,t)-reaksjoner hgrer ngye sammen. Bak-
grunnen for dem var problemet reist i pkt. c¢) i kep. 1.3. Pr:.nceton-
gruppen sammenlilnet eksperimenter for reaksjonene 2 Ca(p,t) Ca og

0(p,t) 60 med Brown-Green-Gerace versjonen av coreeksitasjonsmodellen.
Her var det sd alvorlige uoverensstemmelser at man fant & mitte forkaste
modellen. P4 grunn av det sterkeslektskep mellom denne modellen og Ellis-
Engelands modell (kap. 2.), som vi har brukt i de tre foregdende artiklene,
er det grunn til & tro at ogsid Ellis-Engelands modell vil komme opp i
problemer. Dette er de ogsd eksplisitt vist i kep. 5.7. Vi finner den
negative konklusjonen Princeton-gruppen trekker, utilfredsstillende pd
grunnleg ev den store mengde av andre dsta modellene ken forklare. Vi
sgker derfor i kap. 5.6. og 5.T7. & inkludere viktige effekter som ble
utelatt fre beregningene i ref. tS, Ts 8].

For kalsiumresksjonen bygger vi pd Gerace og Greens modell [10], men inn-
fgrer de triakesialt deformerte hullbanene fra tabell 2. Dette synes mer
i pekt med Gerace og Greens prinsipielle synspunkter, slik de er uttrykt
i ref, [32] » enn deres fgrste beregninger i ref. [10]. Formler av betyd-
ning for utregningene er angitt i appendiks B. For oksygenresksjonen har
vi igjen anledning til & bruke Ellis og Engzlands modell [11]. P4 basis
av overveielsene fra kap. 4.2. finner vi det her ngdvendig & behandle
reakgjonen i CCBA-formalismen. I kap. 5.7. studerer vi videre hvilken
innflytelse romlig deformesjon av enpartikkelbasisen (jfr. kap. 2) har
pé (p,t)-resultatene. Enkelte overveielser i denne forbindelse er pre-

sentert mer eksplisitt i eppendiks C enn hva vi hadde anledning til i
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artikkelen i ka.p. 5.70

5.2. Rettelser
Kep. 5.k, Jj i formel (2) skel vere I,

Kap. 5.5. 3.linje i hovedteksten pd side 456:
no identical skal vere not identical

Kep. 5.6. Table 3, under rubrikken merket SU
0.5000 skal ve=re -0,5000

3;

11l.linje, side 176: pik-up skal vere pick-up

nest siste linje i fotnoten, side 176:

0+ skel vere 0;

Kep. 5.7. 7T.linje i annen spalte pd side 9:
Specially skel vere spatielly

1lh.linje nedenfra, annen spalte pd side 11: |
specially skal vere spatially

1ll.linje, fgrste spalte pd side 12:
spacial skal vere gpatial.
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Abstract: Form factors and related quantities for a number of even parity transitions in 'O are cal-
culated using wave functions from the weak coupling model introduced by Ellis and Engeland.
The theoretical results are compared with existing data. However, in the more interesting cases
sufficient data are unfortunately still lacking. Form factors for the two lowest monopole
transitions in 80 have also been calculated, and it is pointed out that the corresponding
experiments would give valuable data that could shed light on the still unsettled problem of how
to describe the structures of the two lowest excited 0* levels in '20.

1. Introduction

In a series of papers ! ~3) it has been shown that the weak coupling model intro-
duced by Ellis and Engeland accounts very well in general for such experimental data
as positions of energy levels, y-decay rates and spectroscopic factors for the nuclei in
the oxygen region. In order to confront the model with more data we calculate in the
present paper form factors for inelastic electron scattering on the nuclei 0 and #0.

The lowest monopole transition in ! °O has been extensively studied: experimentally
by Stroetzel ) and Bergstrom e al. *), and theoretically by Boeker %), Gerace and
Sparrow ’) and Erikson 8) using several versions of the Brown-Green model °),
Kaathus !°) using the weak coupling model '), and Noble !!) and Bertsch and Ber-
tozzi '?) using different a-particle models. Apart from the a-particle works, all cal-
culations predict a form factor that is too low compared with data, although the de-
viations are not large when the Brown-Green wave functions are correctly treated ®).
In the present paper we present calculations on this monopole transition, and also on
other even parity transitions in 1°0 based on the weak coupling wave functions.

Kaalhus '®) has already performed similar calculations for the monopole transi-
tions. In that work, however, the wave functions were drastically simplified so that
. analytical techniques could be applied in a straightforward manner. In the present
work we try to avoid modifying the wave functions, This is shown to have important
consequences. Furthermore an attempt is made to take into account Woods-Saxon
corrections.

For quite a long time there has been some confusion in the literature as to whether
the second or the third 07 level, at 3.63 and 5.33 MeV respectively, in 'O contains
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the largest component of core-excited (4p-2h)-states, cf. table 1. The reason for this
is very simple: before the particle-hole interaction is included, the second spherical
and the first deformed 0™ levels are nearly degenerate. Because of uncertainties in the
exact unperturbed positions (which are calculated as near cancellations between large
terms) and in the particle-hole interaction, it is difficult to predict unambiguously
which level is pushed up and down when the interaction is taken into account. In
ref. ') 0; comes out as the most deformed level. The E2 y-decay rates seem to support
this type of structure 2). However, by doing inelasiic electron scattering experiments
one can obtain independent, and more direct information on the present problem
since the structures of the two excited 0% levels now are related directly to the ground
state, the structure of which is fairly well understood.

TABLE |

The percentage of deformed states in the levels 0,7 and 03* in 80 according to several theoretical
works

Ref. ') Ref.'%) Ref.'%) Ref.’%) Ref.!'®) Ref.!7) Ref.!8) Ref. 1)

case | case 2 table 3(a)
0.+ 10 41 6 81 90 27 14 80
0,* 76 47 84 2 1 36 80 15

Another motivation for the present work is the following. As is well known, the 1
form factors for inelastic electron excitations for very small momentum transfers are
proportional to the strengths of the corresponding y-decays, except in the monopole
case, where there are no y-decays. The interesting problem then arises whether the
electron scattering data for higher momentum transfers can provide additional in-
formation about relevant shell model problems, such as the particle-hole structures
of the wave functions. The negative possibility exists, that the structures of the form
factors are in general not very dependent on shell model characteristics. It is hoped
that the present calculations can also shed some light on this problem.

_ 2, Formalism
2.1, THE MODEL

Here we only discuss the features of the model necessary for the present work. For
further details consult ref. *). We are dealing with a spherical shell model where the
filled 1s and Ip shells constitute the vacuum state and where one can have particles
in the 2s1d shell and holes in the Ip shell. The model Hamiltonian is written in the
form

H=Hy+H,+V, (1) |

wheie H,,(,, is the Hamiltonian for the sd-(p-)shell particles and ¥, ;4 the particle-hole |
interaction. Details on the various terms in formula (1) are given in ref. *).
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The eigenvalue problems for H 4 and H,, are first solved separately:
Hgyl(sd)"ay I, Ty) = E::.IlnMTIKSd)"l“l Ji Ty,

Hlp "0y J, Ty) = Ea—,ﬁnMerP—nzaz Ja Ty). (2)

Here ny (n,) is the number of particles (holes) and J, T and M the spin and isospin
quantum numbers. The symbols &, and «, represent all other necessary quantum
numbers. The M dependence of the eigenvalues is due to the Coulomb interaction.
The eigenstates of H, are expressed as linear combinations of SU(3) states

I(sd)"ay Jy Ty) = Z CI(sd)"[f1J(As sty )y Ly 81T Ty, (3)
and similarly for the p-shell. The coefficients C depend on all symbols in expression
(3), and the sum runs over [f,], (A,4,), ¥y, L, and S;. The symbols in the SU(3)
functions have their conventional meaning !). The relevant eigenstates are listed in
table 2, together with the numbers by which they are referred to in subsequent tables.

TABLE 2
The basic particle and hole states

State number Number of Jr T Eigenvalue
particles (MeV)
| 0 o+ 0 0.00
2 2 1* 0 0.00
3 2 3+ 0 0.92
4 2 5t 0 1.42
5 2 1,* 0 4.13
6 2 15* 0 6.08
7 2 0+ | 0.00
8 2 2+ | 1.74
9 2 4+ | 3.38
10 2 2,* 1 3.99
11 2 0,* 1 403
12 2 4,* 1 7.79
13 4 ot 0 0.00
14 4 2+ 0 1.65
15 4 4+ 0 4.17
16 4 0,* 0 5.98
17 4 2,* 0 8.34
18 4 0+ 0 10.51
19 4 2+ | 0.00
20 —0 0+ 0 0.00
21 -2 1t 0 0.00
22 -2 12* 0 3.92
23 -2 2+ 0 7.05
24 -2 0+ 1 0.00
25 -2 2+ I 714"
26 —4 0+ 0 0.00
27 —4 2* 0 4.66
28 -4 0.+ 0 12.53

For further details about the wave functions, see ref. !).

Db B
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The total Hamiltonian (1) is now diagonalized in the basis

(835 Fu> = [1(sd)ay Iy TP ™ 0a I3 Todliraes s 4

where the particle and hole functions are those from expressions (2) with the lowest
eigenvalues. It is observed in ref. !) that in this basis the off-diagonal matrix elements
of H (or V,, ) are in general small so that the expansions of the final wave functions
in the basis (4) normally contain few terms of appreciable strength. This means that
the main correlations are between the particles within the same major shell, whereas
the correlations between particles and holes are relatively weak, thus justifying the
name “weak coupling model”.

The strength of the model lies in that it gives a systematic procedure for picking out
the most important components in the wave functions, and in its ability to give a
simple unified view of the structure of a series of nuclei. On the other hand, because
of some uncertainties '), mainly in the interaction term ¥, .4, one should not claim
to account very accurately for all properties of each energy level. The model can be
said to be inconsistent with data only if the data systematically cannot be reproduced
even after slight adjustments of the wave functions, keeping the main structure un-
changed.

2.2. ELECTRON SCATTERING

In the first Born approximation the Coulomb form factor F;(g) for a transition of
multipolarity J is proportional to the reduced matrix element of the transition opera-
tor T,(q): .
\/47[ j[
2

We adopt the notation 4 = (24 +1)* and define the reduced matrix elements accord-
ing to the relation

K5 Je M| Typ(@)lis T M) = I M IMIJ M XSS 5 T Ty(@)lis J3)-

Fy(q) = <E5 INT(Q)Ii; J3)- )

In formula (5) ¢ is the momentum transfer (in units of #) and Z the proton number
of the nucleus.
The shell model expression for the transition operator is

1

A
Tim(q) = Z TJMTMT=0(V; q)
T 1

=0 v=

=X

33 erilar) Ynd® 00200, ©

where j,(gr,) and Y ;,,(3,0,) are a spherical Bessel function and a spherical har-
monic, respectively, Further r,3,¢, denote the spherical polar coordinates for the
vth nucleon; ey = 4(e,+(—)"e, ), where e, (e,) is the proton (neutron) charge, and
Xr(v) = 1for T = 0and X;(v) = t3(v) for T = L.




»

16:180 INELASTIC ELECTRON SCATTERING 497

We now express the single-particle operator Ty, (g) in the second quantization
formalism. After some coupling and recoupling one obtains
Tinlg) = Z O{\ (Au)LSJ T}[a&'o) a(l’O)]().y)xLSJTMM‘rs (M

A(ARKLST
where

I, I, L
O{X(MKLSIT} = ¥ (—)¥*0;3235, 2087 'T~! {{ 1 s}

thaj12 jl jz J
x {(A'0)01; (OAYKLN(AkLY(A O j I Tyr(@)I(A0)L; j2>- ®

The single-particle wave functions employed here are harmonic oscillator functions
coupled to definite j, that in SU(3) notation are written |(A'0)fjm;4m,>, where 2’ = 1
for the p-shell and A’ = 2 for the sd shell. The [f] and x are not necessary in the single-
particle case and are omitted. The {(A'0)0/; (04")kl,||(Ap)x L) is a reduced SU(3)
coupling coefficient defined in ref. 1), where £ = O when A’ = 2 and k = 1 when
2" = 1. In obtaining the above formulae one has taken into account the fact that we
are later going to deal with only transitions that conserve parity so that the expression
splits up into a p-shell contribution (4’ = 1) and an sd shell contribution (A’ = 2).
The operator T;7(q) ineq. (8) is the same as T yprpr=0(7; 4) fromeq. (6), and the
triple-barred matrix elements are reduced both in J and T.

The form factors for transitions between the basis states (4) can now be written

Jar J.

Fi@)="=% Y  OX(AukLSITKT; My, TMy = 0|T; My, = My,>
Z J, vaiwLst

x Lt rlacvoy oyl aummesstilldnzinys  (9)

and those for transitions between the actual initial (ground) and final states are then
simple linear combinations of such expressions. Formula (9) is similar to eq. (13) in
ref. 2), and the reduced matrix elements in expression (9) are calculated using the same
computer program as was employed in that paper. The coefficients O{1"(Ap)x LSJT}
depend however on our particular transition operators and are computed from eq. (8)
using SU(3) coupling coefficients from ref. 1?) and expressions for the reduced matrix
elements of the Coulomb transition operators ! from ref. 2°). In appendix A we give
a simplified version of eq. (9) in the case of monopole excitations.

In expression (9) for the form factor the dependence on g enters only through the
radial integrals in the @-coefficients. When these are computed one finds that the form
factors in-our model have the structure

F{q) = e™*(4 + Ax + Bx?), (10)

where x = (3bg)?, and b = (h/mw )* is the oscillator length parameter. For the E2
transitions (J = 2) 4 = 0 and for the E4 transitions (J/ =4) 4 = 4 = 0. When

t One should observe that the convention for the reduced matrix elements in ref. 2°) is dif-
ferent from ours.
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introducing the series expansion of the spherical Bessel function in eqs. (5) and (6)
‘ one sees that in the limit ¢ = 0 the monopole (J = 0) form factor, in other words 4,
| is equal to the overlap of the initial and final states. Hence 4 # 0 only for elastic
monopole scattering.
For the p-shell contribution the quantity B in eq. (10) always vanishes. From this
we see that the graphs of the form factors have very different shapes for the sd shell
) and p-shell contributions, a fact that gives some prospects for drawing interesting
conclusions on the shell model structure in special cases.
In cases of small momentum transfers ¢ it is usually more convenient to work with
the reduced transition probability Bf(J; ¢) defined by

mem=f%@nnwumw. (11)

The B{(J; q) defined in this way is finite for ¢ = 0 and is normalized in such a way
that

mwm=§mm, 12)

where B|(J) is the reduced transition probability for the EJ y-decay J; — J;.

In the special case of inelastic monopole transitions (B1(J; 0))¥ ~ 4 = 0. In this
case one therefore considers the quantity (B1(J; ¢))*/g? when dealing with small
momentum transfers.

Another quantity of interest for small g is the transition radius R,,, which is defined
by RZ = {fIY protons “liD/<FI protons? > 1ip for inelastic monopole and quadrupole
transitions.

3. Calculations
3.1. PARAMETERS AND CORRECTIONS

The oscillator parameter b is usually determined by comparison with elastic elec-
tron scattering data. When performing the calculation: we have found that the pos-
sible changes in the form factors originating from uncertainties in the structures of the
wave functions are of such a magnitude that it is sufficient to use the approximate

) value b = 1.70 fm. .

It is important to take into account effects of configurations left out from the model.
Estimates ') of the effects of short-range correlations in the nucleon-nucleon poten-
tial for %0 show that inclusion of such effects may drastically modify the shape of

1 ' the elastic monopole form factor when ¢ 2 3 fm™*.

The long-range correlations not included in the model wave functions can, as an
approximation, be divided into Woods-Saxon corrections and core polarization (ef-
fective charge) corrections #%). A very simple method for including Woods-Saxon
corrections in the monopole case is given in appendix C.
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For the Woods-Saxon potential we have used the same radius and diffuseness
parameter as in ref. 2%), namely ro = 1.25 fm and o = 0.50 fm. When the binding
energies of the sd shell orbitals are taken from the !’O spectrum one finds that the
1d; orbital is unbound. We therefore neglect the spin-orbit term. This has the conse-
quence that the radial wave functions are independent of the total single-particle angu-
Jar momentum, a fact that considerably simplifies the inclusion of Woods-Saxon
corrections in our formulae. When adopting this approach the binding energies are
fref. 24)] &(2s) = —3.27 MeV and g(1d) = —2.11 MeV. The radial function of the
Ip orbital is highly insensitive to the exact value of &(1p) because the orbital is so
strongly bound, and so we have rather arbitrarily taken e(1p) = —19.00 MeV.

It is extremely difficult to give an accurate calculation of the polarization terms;
but in the case of E2 y-decays it is generally accepted that the sum of the polarization
and the Woods-Saxon corrections is adequately taken into account by adding a con-
stant (state independent) polarization charge ¢, = 0.5 (in units of the elementary
charge) to the free nucleon charges in the expression for the tramsition operator.
Since the E2 electron excitation expressions are proportional to the corresponding
ones for p-decays, in the limit g = 0, we make here the assumption that all correc-
tions, also for the other values of g in the interval under consideration, can be taken
into account in the same way to a reasonable degree of accuracy. For the E4 exci-
tations there exists to our knowledge no information on this problem, and so also
here we use the constant polarization charge e, = 0.5.

For the EO transitions, however, the situation is somewhat different, in that one
here to some extent is able to distinguish experimentally between the two types of
corrections.

Compare for instance 190 and '20. As a first approximation the model proton
structures are the same, even when Woods-Saxon corrections are included. Hence the
experimentally found difference in rms charge radius 2°) (the isotope shift) must be
due to the polarization corrections, which are different in the two nuclei. We there-
fore simulate the polarization corrections by using a constant polarization charge, the
magnitude of which is determined in appendix B, according to the ideas above, to
be e, = 0.3.

Considering the uncertainties in the estimate of e, we take e,, = 0.5 also for the
monopole transitions in 190 (where the calculated form factors have a tendency of
lying below the experimental ones) in order not to be unjust to the model. However,
this must be kept in mind in the discussions.

3.2. WAVE FUNCTIONS FOR !0

Since the ground state in 1°0 is mainly a Op-Oh state whereas the 05 level at 6.05
MeV is predominantly a 4p-4h state, it is evident that the small components of the
wave functions will play a crucial role for the lowest monopole excitation. In order to
investigate the effect of the small components we consider several relatively similar
versions of the wave functions displayed in table 3. Cases (a), (c) and (d) are obtained




Wave functions for the 0, + and 0, ¥ Ievels in 190

TaBLE 3

Basis Basis Particle- 0t 0,*

state state hole

no.  structure®) structure  (a) (b) © (d) ©) ©) () @ ®) ©) (d) ©) ® (2)
i 1,20 0p-Oh 0.816 0.876 0.802 0.802 03819 0.819 0.819 —0.176 —0.262 —0.175 —0.175 —0.140 —0.140 —0.140
2 2,21 2p-2h 0.013 0.037
3 2,22 —0.354 —0.348 —0.348 —0.330 —0.330 —0.330 —0.030 —0.053 —0.053
4 5,21 —0.042 0.018
] 5,22 0.211 0.207 0.207 0211 0211 0.211 —0.053 —0.050 —0.050
6 6,21 0.020 —0.058
7 7,24 0.325 0469 0320 0320 02983 0.298 0.298 0.137 0.229 0.102 0.102 0.133 0.133 0.133
8 8,25 —0.055 0.099
9 10, 25 0.177 0.030

10 11,24 —0.186 —0.183 —0.183 —0.179 —0.179 —0.179 0.072 0.084 0.084
11 13,26 4p-4h 0.157 0.130 0.154 0.154 0090 0.09 0.090 0.887 0.937 0.882 0.882 0.8339 0.839 0.839
12 13,28 —0.004 ~0.045

13 14,27 —0.001 0.049 0.049 0.350 0.349 0349 0446 0.446 0.446
14 16,26 —0.076 —0.077 —0.077 0.202 0201 0.201 0.147 0.147 0.147
15 17,27 0.018 —0.088

16 18,26 0.026 —0.000

The different cases (@)-(g) are discussed in the text.
") The particle and hole parts of each basis state are specified by giving the state numbers of table 1.

00¢
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180 (p, % )16 ]
TABLE 4
Wave functions for the 0, and 0,* levels in 160
Basis Basis Particle- 0,* 0,*
state state hole
no. structure structure (a) (e) (a) b) (e)
1 1,20 Op-Oh 0.387 0.257 —0.062 —0.410 —0.213
2 2,21 2p-2h ~0.002 0.188
3 2,22 ~0.044 —0.007
4 5, 21 0.010 0.021
5 5,22 —0.199 —0.184 —0.016
6 6, 21 —0.036 —0.137
7 7, 24 —0.574 —0.315 0.725 0.853 0.781
8 8,25 —0.000 0.255
9 10, 25 0.114 0.138
10 11,24 0.341 0.299 0.504 0.213
11 13, 26 4p-4h —0.080 —~—0.211 —0.323 —0.181
12 13,28 0.014 0.136
13 14,27 0.024 —~0.180 —0.119
i4 16, 26 0.605 0.779 0.378 0.173
15 17,27 0.234 0.130
16 18, 26 0.161 0.218
Only cases (a), (b) and (¢) are considered.
TABLE 5
Wave functions for the lowest 2+ levels in 90
Basis Basis Particle- 2,* 2.* 2;* 2%
state state hole e
no. structure structure (a) (b) (a) (a) (b) (a)
1 8,24 2p-2h 0.295 0.377 —0.152 0.725 0.923 —0,521
2 10, 24 0.100 0.163 —0.161
3 2,21 —0.333 0.418 0.731
4 7,25 0.276 ~0.164 —0.257
5 13,27 4p-4h 0.209 0.742 0.104 0.169
6 14, 26 0.886 0.923 —0.197 —0.377 0.143
7 14, 27 —0.218 0.513 0.427 0.169
8 15,27 0.153
Only cases (a) and (b) are considered.
TABLE 6
Wave functions for the two lowest 4* levels in 10
Basis Basis Particle- 4, 4,*
state state hole
no. structure structure (a) (b) (a)
1 3,21 2p-2h 0,095 —~0.671
2 4,21 —0.078
3 12,24 0.300 —0.166
4 9,24 0.101 0.204
5 14, 27 4p-4h 0.236 0.639
6 15, 26 0.849 0.579 0.087
7 15,27 —-0.338 0.315

Only cases (a) and (b) are considered.
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from diagonalizing the Hamiltonian in the basis consisting of states no. 1, 3, 5, 7, 8,
9, 10, 11, 13 and 14 (see table 3), and afterwards truncating and renormalizing in dif-
| ferent ways. Case (a) is the one used in ref. '). Wave function cases (e), (f) and (g)
are obtained in a similar way when we diagonalize the Hamiltonian in an extended
basis. The case (b) will shortly be discussed.
The structures of the third and fourth theoretical 0* levels are given in table 4.
! Only cases (), (b) and (¢) are considered. The four lowest 2* levels and the two low-
est 4" levels that come out from the theory have structures as shown in tables 5 and 6.
It is sufficient only to discuss cases (a) and (b), which are defined in a similar way as
the corresponding cases for the 0* levels.
The Brown-Green model ®) has shown a striking ability of reproducing experi-
mental data for monopole and quadrupole transitions  ®). Since this model is a
strong coupling model, it is conceptually very different from the one used in the pres-
ent work. In order to find some connection between them we first note that when the
basic particle or hole states in table 1 are expanded in pure SU(3) functions (see eq.
(3)), one SU(3) state is by far the most dominating (70-90 %;) in all cases of interest
for the present estimates. For the moment we therefore retain only these leading terms
so that the basis states (4) now have the form

LA Ly S T TiOWAz pa)e2 Ly S5 T2 o1 (13)

| where we for simplicity keep only the symbols necessary in the present context. We
then construct the most deformed strong coupling wave functions as those where the ‘
maximum SU(3) representations (4, u,) and (2,u,) are coupled to maximum total
(Ap) x = 0 using the expansion

() x = OLSIT) = L Z; ; JD[I(AI )k LS Jy T2 M)k Ly S5 J, T:>1ir»
Ki1lyKaL3J1J2
(14)

with

L, L, L
D = {(Ag )1 Lys (A po)ica Loll(A) 6 = O LYJ, J, LS {Sl S, S} . (15)
Jy I, J

In the cases of interest one term in eq. (14) dominates (D? from 54 to 78 %, with the

) lowest values for the 4" states), We therefore can, as a reasonable approximation,
identify the strong coupling wave functions with certain weak coupling ones, namely

the leading terms in eq. (14). The “Brown-Green-like’” wave functions obtained in this

way are called case (b)in tables 36, The amplitudes are taken from ref. ®), The actual

1 ' Brown-Green wave functions are of course somewhat different from our case (b)
because they employ deformed single-particle wells. The case (b) wave functions,

however, are as far in the direction of the real Brown-Green functions as we can come

within the weak coupling spherical shell model, using simple approximations. We

note that the basis states in wave functions (b) in most cases are the same as the

a2 =




TABLE 7
Theoretical results for the three lowest monopole excitations in 90 compared with data *-3¢)

Wave A B G lim (1/¢2V B}) - 102 Ry
func- (1072) (1072) (fm~?) q—0
tion case HO®) WS9 exp. HO® WS99  exp.
0,* -0, (@ —5.4 3. 1.6 87 205 193 48 64 52413
) —5.8 32 1.6 95 215 47 6.4
€ —5.1 29 1.5 82 193 48 6.4
) —4.3 21 1.7 70 149 4.6 63
e) —3.3 1.5 1.8 54 110 4.6 62
) =32 1.7 1.6 52 1L6 47 63
@® 34 14 1.8 55 11.8 45 6.1
(h) —38 26 14 62 160 49 6.6
0,* > 05t (@) 4y  —14 22 79 132 23.0% 43 57 634099
(e) 45 —18 1.9 713 141 45 60
0,* >0," (a) —1.3 023 2.8 2.1 29  15.5%) 41 51 6.5%)
(b) —5.3 24 18 86 1717 4.6 62
© =25 074 21 4.0 6.8 43 57

The quantitics considered are defined in subsect. 2.2.
%) Data for the 12.05 MeV level 4),

) Data for the 14.00 MeV level 3¢),

¢) Results when using harmonic oscillator functions.
4) Results when using Woods-Saxon func “~ns,

TaBLE 8
Theoretical and cxperimental 4) results for some quadrupole excitations in 0

Wave A B G R,(theory) R,(exp) v B4 (theory) v Bt (exp)
function (10-2) (1072) (fm~!") (fm) (fm) (e fm?) (¢ * fm?)
case
0,* = 2,* (a) 12.7 —49 191 3.73 3.54+04 3.1 6.2 +£0.3
(b) 14.0 —57 1.85 3717 3.54+04 3.4 6.2 +0.3
0,v —>2,* (@) 4.9 0.5 3.02 1.2 0.84-+0.20
0,* -»2,% (a) 2.5 —1.5 L.51 4.03 3.740.5 0.6 4.2 0.2
(b) 11.5 —4.2  1.94 3.72 3.740.5 2.8 4.2 402
0t »>2,7 (a) —-7.0 1.1 3.00 3.42 1.7
TABLE 9

Theoretical and experimental results for some E2 yp-decays in 60

Wave A B‘L I theory I' exp
function case  (1072) (e? - fm*) V) (eV)
21t >0, @) 12.7 1.98 2.54x10"2 9.341.0)x10-23)
(b 14.0 2.33 2.98x10-2
2" > 0,7 (a) 71.0 60,7 2.44 x10~% (1.54+0.5)x10-%°%)
(b) 60.0 43.2 1.74 %10~ %
2;* —>0,* (@) 4.9 0.29 2.17x10"2 6.14£0.5)x1073 %)
2" > 0,* (a) 25.0 7.65 4.89%103 (1.940.4) x 1072 9)
23t =0, (a) 2.5 0.07 1.19 x10~2 (5.540.7)x10"* %)
(b) 11.5 1.58 2.59x 101
23t > 0,7 (a) —8.4 0.85 3.34 %1073 (3.0+0.7) x10729)
(b) —16.0 3.11 1.23x10-2
2t >0, (a) —7.0 0.58 9.55x 102
247~ 0,7 (a) 12.0 1.60 6.33x10°3

) Ref. #).  ®) Mean value of results in ref. 32). ) “Best” value of ref. 32). %) Ref. *2).
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Fig. 1a. Computed form factors for the 6,05 MeV monopole excitation in 'O using harmonic 1
oscillator wave functions. Only results for wave function cases (a), (b), (¢) and (h) discussed in the
text are shown. The experimental results are mean values from ref, 5).
Fig. 1b. Same as fig. 1a, using Woods-Saxon wave functions.

VBH(q)/q? 10

Fig. 2. The quantity (B}(g))%/4* for the 6.05 MeV monopole excitation in 0. Woods-Saxon
corrections are included. The experimental points X are taken from ref. 4) whereas the points ®
arethe same asin fig. 1.




16,180 INELASTIC ELECTRON SCATTERING 505

IFi

(a)
{b)

107+

Fig. 3. Computed form factors for the 0, * — 4,* excitation (solid lines) and 0,* — 4, excitation
(dashed line) in '90 for wave function cases (a) and (b).

dominating 2p-2h and 4p-4h states in the weak coupling wave functions. For the
2p-2h parts we can have (i) $; = S, =0, Ty =T, =1lor (i) $;, =S, =1, T, =
T, = 0 when we suppose S = T = 0. The wave functions (b) correspond to using
only coupling scheme (i), which is the Zamick prescription 2¢). In some treatments
of the positive parity states in '°0 the Zamick rule is either assumed 27) or comes
approximately out as a calculated result 28).

Other works either assume °) or obtain approximately 2°) the supermultiplet pre-
scription, which amounts to taking 50 % of each of (i) and (if} above (with opposite
signs, when using our phase conventions).

If therefore the basis states corresponding to coupling scheme (ii) are also con-
sidered, we find that for the O* states this turns out to be the basis state no. 3, whereas
they do not correspond to any of the basis states in tables 5 a..d 6 for the 2* and 4%
wave functions. Hence we see that for the ground state the weak coupling wave func-
tions correspond to using the supermultiplet prescription, whereas the Zamick pre-
scription is best for the other states. The Ellis-Engeland model should be expected
to give rather definite information on this point because the positions of the unper-
turbed energy levels are fitted to experimental binding energies for relevant nuclei
during the calculation !). It is also important to note that the basis state no. 3 for the
2% states does not appear with any appreciable weight in the expansions (14). The
fact that this state is so strongly mixed into the higher 2* wave functions is therefore
a feature of the weak coupling model that is foreign to the Brown-Green model.
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TABLE 10
The structures of the three lowest 0 states in 180 for three values of the energy shift parameter E
Basis Basis Particle 0,7 0,* 0,7
state state hole -
no. structure ) structure E=-09 E=0 E=09 E=-09 E=0 E=09 E=-09 E=0 E =09 <
1 7,20 2p-0h 0.922 0.955 0.970 0.366 0.261 0.142 0.067 0.099 0.172 g
2 11,20 0.020 0.013 0.010 —0.195 —0.364 —0.772 0.964 0.919 0.622 ?;’
3 13,24 4p-2h —0.386 —0.295 —0.239 0.862 0.848 0.579 0.192 0.349 0.733 g
4 16,24 0.029 0.036 0.039 0.165 0.174 0.179 —0.146  —0.092 0015 =
5 14, 25 —0.024 —0.003 0.009 0.241 0.223 0.133 0.090 0.127 0.217 ©
6 19,25 —0.005 —0.004 —0.004 0.009 0.0t 1 0.013 —0.011 —0.009 —0.002
7 19,23 —0.010 —0.010 —0.009 —0.004 —0.003 —0.004 0.005 0.004 0.003

3) The structure of each basis state is of the type (4) and is specified by giving the state numbers from table 2.
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3.3. RESULTS FOR 'O

Results for the various quantities mentioned in subsect. 2.2, characterizing the form

{ factors, are given in tables 7 and 8 for the monopole and quadrupole excitations,

respectively. The transition rates for E2 y-decays to the two lowest 07 states have also

been calculated, and are given in table 9. Figs. 1-3 contain some of the results for the
lowest monopole transition and the results for the hexadecapole transitions.

) In addition to the case where the basis functions are treated completely we have
included a case (h) for the lowest monopole excitation. Here we expand the wave
functions (¢) in a basis of pure SU(3) functions for particles and for holes, retaining
only the states with amplitudes of magnitude greater than 0.05. This calculational
procedure, which is the one used in refs. % ) when calculating y-decay probabilities,
and also rather similar to what was used in ref. '°), is very much faster than the com-

‘; plete treatment and gives normally rather accurate results. For the0; — 05 transition,

however, where the small amplitudes are of importance, this procedure is too crude

as can be seen from a comparison of the results from cases (e¢) and (h) in table 7 and
fig. la.

3.4. WAVE FUNCTIONS FOR '80

In order to investigate more closely the consequences of the different possible struc-
tures of the 0; and 07 levels in 'O, as discussed in the introduction, we have shifted
the unperturbed positions of the 4p-2h levels £ MeV up or down relatively to the
2p-Oh levels and then diagonalized the interaction (1). The energy E has been varied 4
from —1.5to + 1.5 in steps of 0.3. In this way we obtain sets of alternative wave func-
tions exhibiting different degrees of deformations, parametrizing the problematic
point in the model. As E increases, the 05 level changes character from being pre-
dominantly deformed (4p-2h) to being predominantly spherical (2p-Oh), whereas 03
shows the opposite change. For £ = 0 we have the case considered in ref. *2). The
structures of the three lowest lying 0* levels are displayed in table 10 for £ = —0.9,
G, and 0.9.

3.5. RESULTS FOR '80

In ref. 2) it is found that the branching ratios of the 03 — 2] and the 05 — 2; E2
f 7-decays are in conflict with experiment, but it is argued that because of strong can-
cellations the predictions are uncertain. We have computed the widths for these E2 |
transitions, and from them the branching ratios, assuming the sum of the ratios to be |
73 %, which is the experimental value ?), for the different values of E. The result ¥ |
] for the 0y — 27 transition is shown in fig. 4. !

T Because of the time saving computational procedure adopted in refs. 2-3), which was !
discussed in subsect. 3.3, there is a disagreement between our results for £ = 0, and those reported
in ref. 2). The discrepancy is, however, not so large as it may seem, as a result of the extreme
sensitivity of the ratios to variations in the structure near £ = 0.
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Fiz. 4. Computed branching ratio for the E2 p-decay 03+ — 2,* in 120 as a function of the energy
shift E. The experimental valuc 2) is 10-£5.
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Fig. 5a. Computed form factors for the 0,* — 0,* excitation in *#0 for three values of the encrgy
shift E. Woods-Saxon corrections are included.
Fig. 5b. Thesame as fig. 5a, for the 0, *+ — 0,* excitation in 180,
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Fig. 6. The quantity lim (B}(g))¥/q* for the Fig. 7. Computed transition radii for the
-

excitations 0,% — 0% (solid lines) and

0,* —» 03+ (dashed lines) in **0 when using

harmonic oscillator (H.0.) or Woods-Saxon
(W.S.) radial wave functions.

q-0
transitions 0,%* — 0,* (curve (a)) and
0% - 03* (curve (b)) in 280 for various val-
ues of the energy shift E.

In fig. 5 we give the results for the squared form factors for the excitations to the
levels 0 and 0F for E = —0.9, 0 and +0.9. The low g data lim(B{(g))*/g? and R,
q-0

are presented in figs. 6 and 7. It is found that when the coefficients 4 and B in formula
(10) have the same signs, <f|} +*li> and <{f|Y.r|i) may have opposite signs so that
RZ may become negative. For E = — 1.5 we have encountered such a situation for the
Woods-Saxon case. We then define R, = sign(RZ2) - (|RZ|)*.

4, Discussion

We find that it is very important to include Woods-Saxon corrections for the mono-
pole transitions, particularly for low values of the momentum transfer g. This is what
might be expected from the fact that the form factor is essentially the Fourier trans-
form of the transition charge density, and this density is mainly modified in the tail
region when we replace harmonic oscillator functions with Woods-Saxon functions.
For normal positions of the diffraction minimum (i.e. from 1 to 2 fm~*) we also find
that this position is only very slightly changed when Woods-Saxon corrections are
taken into account.

It has been verified that the Woods-Saxon wave functions employed here (with the
lowest s-shell at — 35 MeV) give an elastic scattering form factor for ' °0 that is very
close to the harmonic oscillator one out to g &~ 1.9 fm™, i.e. to beyond the first
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diffraction minimum. However, such a comparison has only a limited value as a justi-
fication for the Woods-Saxon parameters that have been used. The elastic scattering
is a volume effect that depends mainly on the s and 1p wave functions, whereas the
inelastic scattering, which is a surface effect, depends crucially on the sd shell wave
functions. We have therefore checked the calculations by evaluating inelastic scatter-
ing form factors for other sets of Woods-Saxon parameters in order to explicitly see
what then happens.

We find that if we increase the diffuseness parameter the form factors are practically
unchanged, except for small ¢, where they are slightly increased. As an example we
mention that when the diffuseness is increased from 0.5 to 0.6 the squared form factor
for the 0} — 07 transition in *°O is increased by 12 % at the first maximum. This is
certainly a small effect compared to the uncertainties investigated in subsect. 4.1.

Reasonable changes in the radius parameter produce much smaller effects (except
in the extreme tail region of the form factors).

It is then obvious that even if the rather sizable differences in the results when using
Woods-Saxon wave functions instead ot narmonic oscillator functions come about
because of cancellations in the expressions in brackets in eq. (C.3), there are no real
ambiguities concerning the typical magnitudes of these effects.

4.1, THE TRANSITION 0;+ — 0;* IN 'O

There is a strong dependence of the results on the various versions of the wave
functions (table 7). This is a manifestation of the crucial role the very small com po-
nents in the wave funciions play in the lowest monopole excitation in 0. One can-
not expect that the model should be able to predict very accurately amplitudes of
order of magnitude of a few percent. Hence one has to realize that there exist con-
siderable uncertainties in the theoretical predictions. These problems:will not be so
pronounced for the other transitions, since they do not, in most cases, depend so
crucially on the small components of the wave functions.

When all corrections are taken into account the form factors for cases (aj anc .4
are in close agreement with data (table 7 and figs. 1b and 2). The value of the fit is
somewhat reduced because of the following: (i) The wave functions (a) and (b) are
severely truncated. (ii) The magnitude of the polarization charge may be exaggerated.
(iii) The Woods-Saxon functions may be too large in the tail region thus enhancing
the form factor too much for small g.

Support for (jii) can be found in the values for the transition radii R, in table 7.
When the calculated values are compared with the experimental one, it is seen that
even if the theoretical values are all within the experimental rrors (except for case (h))
the Woods-Saxon results are probably somewhat high, indicating that tail effects
may be exaggerated. Nevertheless the results show that when reasonable corrections
are introduced, the predictions from the weak coupling model are in relatively good
agreement with data, the considerable theoretical uncertainty investigated above
taken into account. On the other hand, it is striking that the form factors in nearly all
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cases are on the low side compared with the experiments, indicating a slight discrep-

ancy. On the basis of the present work it is difficult to give amy prescription

| of how the wave functions then should be changed. But from eq. (A.4)

(appendix A) one can see that if the admixture of 4p-4h components in the

ground state is increased from the 2.5 % for case (a) to, say 4 %, we will have excel-

lent agreement with existing data, even when reducing the polarization and Woods-

| Saxon effects somewhat. This should be compared with the 6 7, 4p-4h admixture pro-

posed by Celenza et al. 28) and the 9 % admixture found by Latorre and Irvine 3°). ;

In the paper by Zucker et al. *') a good result for the monopole matrix element for

the 0] — 03 transition is obtained, and this seems also here to be due to a very large

4p-4h admixure in the ground state, although it is impossible to see from that paper
exactly how large it is.

As mentioned the actual Brown-Green wave functions employed in ref. 8) are
similar to our case (b), except that they are formulated in a deformed basis. In ref. ®) J
it is found that the deformations affect the form factors in two ways: (i) The core is
deformed, thus increasing the form factors. (ii) Since the core is deformed the particles
and holes added to it will move in orbits that extend farther out than in the spherical
case. These two effects are both conceptually and numerically very similar to the
polarization and Woods-Saxon effects, respectively, introduced in the present work* 11,

When our corrections are taken into account the only essential difference between |
the Brown-Green and the weak coupling wave functicss is therefore that the former |
roughly consist of the most deformed components of the latter, and this seems to be !
responsible for the fact that the minimum of the squared form factor is located at a {

{
!
1

A e I AL

lower value of g for the Brown-Green model 8).

In fact, if we use wave function case (b) but retain, in the spirit of the first approxi-
mation in subsect. 3.2, only the dominant SU(3) components in each of the basis
functions, we obtain a result that can hardly be distinguished from the findings in
ref. ®). Therefore, it would be important to extend the measurements to higher values
of the momentum transfer in order to determine this position.

4.2, HIGHER MONQPOLE EXCITATIONS IN !%0

Experimentally 32) 0% levels are found at 11.26, 12.05 and 14.00 MeV, but only the

latter two have been seen in electron scattering works. Recent considerations **) in- ;

! dicate that if the 11.26 MeV level should exist at all, it would probably have a kind of
structure that is not included in the model considered here. We therefore neglect this {

level and assign the theoretical 05 structure to the 12.05 MeV level and the 0; struc- ,;

1 ture to the 14,00 MeV level. % {

T The author is indebted to Dr. T. Erikson for clarifying discussions on this point, ‘
Tt One should therefore not attempt to include Woods-Saxon type corrections in the calculations }

in ref. 8) in order to improve the results. The effects of such corrections seem fo be already taken

into account through the extremely large deformations ®) used by Brown and Green.
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Table 7 shows that the calculated strengths for both transitions are too low com-
pared with data. (The large difference for 0] between case (b) and the two others is
mainly due to the fact that the 0] wave function (b) contains an especially large Op-Oh
component.) However, it was found in subsect. 4.1 that the 4p-4h part of the ground
state should be slightly increased. If we in addition make reasonable changes of the
07 and 07 wave functions, retaining the main characteristics, the results can be
brought into accord with existing data.

The weak coupling model wave functions for the third and fourth 0* states are
therefore not in definite disagreement with data, although one ought to make a more
careful study of the structures of these levels before more certain conclusions can be
drawn.

4.3, QUADRUPOLE TRANSITIONS IN !¢0

We first discuss the electron scattering and y-decay results quoted in table 9. The
experimental data correspond to the 2* levels at 6.92 MeV, 9.85 MeV and 11.52 MeV.
We immediately observe that the theory gives too weak transitions in all cases except
for the 2{ — 05 transition, which comes out somewhat too strong. We have not been
able to obtain satisfactory agreement with data, neither by changing the model wave
functions (retaining the main characteristics) nor by employing the upper limits for
the polarization charges given in ref. 22).

Since the results for g = 0 show so many problems one should not at present at-
tempt to make a detailed comparison with data for higher momentum transfers.
Nevertheless some general statements concerning the form of the graph of |F|?
versus g can be made,

The excitation 0; — 25 is dominated by the transition from the 0* basis state no. 11
(shorter: (0*; 11)) to (2*; 5). We then see that the transition goes mainly between
hole parts of the wave functions, and hence the coefficient B is small (see subsect. 2.2).
The squared form factor for the excitation to the 9.85 MeV level should therefore have
no minimum within the experimentally available range of g-values. Unfortunately
the transition is very weak so that till now only one point on the graph has been re-
ported %),

The theoretical structures for 2; and 2; are rather similar and the energies lie close.
It is therefore not clear which of these structures should be assigned to the 11.52 MeV
level. One can draw no definite conclusions from the y-decays, but the shapes of the
form factors are indeed very different (table 8). This is mainly due to different inter-
ference effects between the transition (0*; 7) - (2*; 1) and (0*; 3) - (2*; 3) (which
is a hole part transition so that the coefficient B vanishes) for the two states.

For the Brown-Green-like case (b) one does not have this effect because the basis
states (0"; 3) and (2*; 3) are absent. This effect is therefore crucially dependent on a
breakdown of the Zamick isospin rule for the ground state, and of the presence of the
(2*; 3), which was seen in subsect. 3.2 to be a feature foreing to the Brown-Green
model. We have found this shape effect to be relatively insensitive to the other contri-
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butions which build up cancellations and therefore reduce the total strength of the
transitions. Therefore, even if the y-decay widths are not in accord with experiments,
the shapes of the form factors contain valuable information. The only experimental
data for the excitation to the 11.52 MeV level are the old ones of ref. *4). They are
consistent with the assignment of the 23 structure (table 8) to the 11.52 MeV level,
but new measurements carried to higher momentum transfers are necessary in order to
definitely prove this. One should also try to make the corresponding measurements
for the next 2* levels around 13 MeV to see if one of them gives the results consistent
with the 27 structure.

4.4. HEXADECAPOLE TRANSITIONS IN 160

The two lowest 4™ levels that have been observed in 'O are those at 10.34 MeV
and 11.10 MeV. The results for 0 — 4; in fig. 3 are comparable to the findings in
ref. 8) except that the maximum in our case is situated at a higher value of the mo-
mentum transfer. The 0] — 4; transition comes out so weak that it may be difficult
to detect it, The reason for this is that the largest components of the 4; wave function
are only connected, through the hexadecapole operator, with relatively unimportant
components of the ground state. No experimental data are available at present. If it
turns out that the 0f — 4 transition is stronger than predicted here, it may be taken
as an indication that the 4p-4h part of the ground state has a structure very different

- . from that employed in the present paper.

TaABLE 11
Synopsis of theoretical results for 120

If predominantly 0,* 05*

spherical Medium transition Weak transition
strength No minimum within
gm &~ 1.5fm™?! reasonable range of g.
Ry normal R, small

deformed Strong transition Medium transition strength
gm & 1.5fm™? n & 1.5fm~?
R, normal R normal

The meaning of the words medium, normal etc. is made clear by comparison with figs. 3 and 4.

4.5. MONOPOLE TRANSITIONS IN !80

We note that the branching ratio in fig. 4 is very sensitive to the structure of the
wave functions. This is a result of cancellations between the 2p-Oh and 4p-2h contri-
butions. Agreement with experiment can be obtained for E in the region near 0 and
for E < —0.9. These data seem to rule out the possibility of 03 being the most de-
formed level. This comparison has, however, the disadvantage that it is somewhat
indirect, because it involves the structures of the 0, 2; and 2 levels simultaneously.

TS
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We now proceed to the more direct case of electron scattering. In particular we must
consider the alternatives £ < —0.9 and E ~ 0 rather closely.

Some general results are summarized in table 11. It turns out, when a close inspec-
tion of the calculations is performed, that the results in table 11 only depend on gen-

eral characteristics of the wave functions (relative phases of the main components and

normal magnitudes of the amplitudes). The results, therefore, have a more general
validity than might be thought from a mere inspection of figs. 5 and 6.

The results discussed till now should give good opportunities of distinguishing

between the various possible structures of 05 and 03, if these levels can be resolved
from neighbouring levels over a wide range of g-values. However, the levels 05 and 05
are separated by only 80 keV from the 4; and the 27 levels, respectively. With the

present day experimental technique it should be possible to resolve the 07 levels, at |

least for low ¢. Calculations %) show that the form factor for excitation to 4; is of |

i

the same order of magnitude as the lowest monopole excitation, but that it has its -

maximum nearq = 1.5fm™ !, Evenif the 0] and 4; levels are not resolved, one should

then be able to extract information on the low ¢ part of the monopole form factor.

For 0F the situation is worse. The squared form factor for excitation to 27 is about
one order of magnitude larger than the 07 — 0F squared form factor and has the
same general shape 3°). One can, therefore, not expect to obtain information on the
0f — 0F form factor unless the 07 level is resolved. From such considerations it is
clear that it would be valuable if defirite conclusions about the structures of the 05
and 07 levels can be drawn from the low ¢ data. From fig. 6 it is evident that measure-
ments of the reduced transition probabilities for the two excitations will distinguish
very well between the two cases when 05 or 05 is the most deformed level, even when
uncertainties in the polarization charge and the Woods-Saxon parameters are recog-
nized. It should also probably be possible to distinguish unambiguously between the
E ~ 0and E < —0.9 cases.

If we adopt the modest view that the R, should at least have a value between the
harmonic oscillator and the Woods-Saxon predictions, and probably nearest to the

latter, we see from fig. 7 that it is certainly also possible to judge from measurements

of R,, whether E~ 0 or E < —0.9. It is particularly interesting to have measure- |,

ments of the transition radius for the 0f — 07 excitation.

5. Conclusions

The calculations in the present paper show that it is possible to extract information
on shell-model wave functions that is not duplicated in other experiments. However,
in most cases one then has to make accurate measurements for momentum transfers
up to at least 2 fm™*, and this is certainly possible. Such a low g quantity as the tran-
sition radius does not seem to contain valuable structure information. (A somewhat
singular case, where this general conclusion does not hold true, was however en-
countered for '®0.) When comparing theory and experiment one should excercise
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some care, because the form factors seem to be relatively strongly dependent on de-

* tails of the wave functions that can at present not be accurately calculated. For in-

stance: one can certainly not draw any conclusions from deviations of the minima for
the form factors as small as 0.1 fm ™%, nor can one draw conclusions from discrepan-
cies near the maxima of the form factors as small as, say, 10 or 20 %. It is, therefore,
comforting that cases nevertheless do exist where theoretical alternatives are signifi-
cantly different.

The most important specific results are:

(i) The form factor for the lowest monopole excitation in *90 is strongly dependent
on details in the structures of the 0 and 0; levels. When this is recognized one can-
not see any actual discrepancy between experiment and theory, although the data
seem to require a 4p-4h admixture in the ground state that is somewhat larger than
the 2.5 9 obtained by Ellis and Engeland. An admixture of 4 % is found to be reason-
able, and this seems not unrealistic when we compare with other works.

(ii) In spite of difficulties for low momentum transfers it is found that one can ob-
tain some information on the quadrupole transitions to the 9.85 MeV and 11.52 MeV
levels in 1%0 by extending the measurements to higher g. The existing data for the
11.52 MeV level give vague evidence for the weak coupling wave functions being
reasonable, although new data for this level as well as for the next 2* levels are neces-
sary in order to zllow for drawing more definite conclusions.

(iii) One should obtain a good picture of the structures of the 0; and 05 levels in
80 by comparing the results found in the present paper with experiments, Even if it
is not possible to resolve the excited 0* levels from nearby levels over a wide range of
momentum transfers, one can get valuable information from the low g data. It is,
therefore, suggested that such experiments be done.

In the appendices formulae have been derived that are also suitable for analysis of
data in other cases than considered in the present paper.

The weakest point in the present calculations is probably the assumption that the
polarization charges are constants, i.e. the same for neutrons and protons, state in-
dependent and independent of the momentum transfer. Investigations of such prob-
lems are in progress.

The author would like to thank Dr. T. Engeland for suggesting the problem on 180
and for advice during the preparation of the manuscript. Numerous discussions with
Dr. T. Erikson during the latter part of the work are also gratefully acknowledged.

Appendix A
THE MONOPOLE FORM FAQTOR
In the monopole case the expression (9) for the form factor can be considerably

. simplified. The possible coefficients @{A'(Au)x LSJT} in that expression for J = 0,

which are in the following referred to as @{v, T}n %, v = 1, 2, 3, are, when using




516 V. HORSFJORD
harmonic oscillator functions:
0{1, T} = 0{1(00)0000T}n* = ere *(\/3—%/3x),
042, T} = 0{2(00)0000T }n? = eye™*(/6—%./6x+3,/6x%),
0{3, T} = 0{2(22)0000T}n* = epe™*(—1+/30x). (A1)

Eq. (9) expresses the fact that the form factor is a linear combination of the coeffi-
cients O{v, T}:
Van

1

i
!

!
4

Fy=oa) = == L au(v, IO, T}. (A2) |

On the other hand one obtains from eq. (6) for g = 0

Tj-0(g = 0) = :;T [eoN +e,2T5], (A3)

where N is the operator for the total number of particles (in the p and sd shells) and
T, the third component of the isospin operator. Further ey = ¥(e,+(—)"e,) with

the polarization charges included.
Suppose first that the initial and final states are states with n particles (in the p and

sd shells) with 7,4 of them in the sd shell. The isospin structure for the initial state is |

supposed to be |7} Tq; TM7 > and simitarly for the final state, The basis states (4) are

of this type. If ¢ is put equal to zero in formula (A.2) and the resulting expression for !
F,_o(q = 0) is compared with the corresponding one obtained from formula (A.3),

one gets expressions for oy (v, T) when v = 1, 2 using the results (A.1). The expres-
sions are substituted in formula (A.2) and one then has for all g

Froo@) = 12 e {leon+e, 20011 33)
+leong+e My f(T,, Ty, T)(—3x+34x%)} +terms from 0{3, T}, (A4)

- Tsd(Tld+ 1)"Tp(Tp+ 1)
S > T T) = [ T(T+1) +l] '

Because of {f|i) we have put T; = T; = T, etc. Note that the terms from 0{3, T}
will have the form fx”e~*, The expression f(T},, Tu, T) should be considered as finite
forT =0,

The actual initial and final states are linear combinations of states with different
ny, T, and T,y but with n, T and M; fixed. For inelastic scattering, where the initial
and final states are orthogonal, all contributions from the term with the first square

with

bracket in expression (A.4) will therefore cancel. The actual calculations have been |
performed using a computer directly from eq. (9). Because of slight non-orthogonali- :

ties between the initial and final states that in some cases occur as a result of trunca-
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tions, it then has proven exceedingly important explicitlv to put the aforementioned
term equal to zero in order to get an acceptable numerical accuracy.

Appendix B
POLARIZATION CHARGES

\ Since the expression for the form factors in our cases splits up into an sd shell and
a p-shell contribution, we can write eq. (5), retaining only the symbols important for
the present considerations, as

F = < T(sd)li> +<1T(p)li>
= LI T(sd)li> + <F1id<OITI0> —<FIT(h)li. (B.1)

Here T'(sd) and T(p) are the sd- and p-shell parts of the transition operator. The
latter part is further split up into a core contribution {f|i><0|7’|0> and a hole contri-
bution {f|7'(h)]i). Since the polarizations are caused by the sd shell particles and the ;
p-shell holes, one should include the polarization charge in T'(sd) and 7'(h) and not ;
in the core term *. But now the weak coupling model p-shell functions are formulated
as p-shell particle functions !) so that we are in practice using T'(p) in eq. (B.1). This
has the consequence that when we include the polarization charge in 7T'(p) we are
actually also attributing it to the core term. This does no harm for inelastic scattering :
where the core term vanishes due to the overlap {f|i). 1
For elastic scattering, however, one must correct the core term and also include the
contribution from the 1s shell part of the core. Further, the coefficient 4 in eq. (10),
which is the overlap of the initial and final states, is equal to unity whether corrections
are made or not. With all this in mind we get from eq. (10) for elastic monopole scat-
tering on the oxygen isotopes

| F559(q) = e~ [1+(A-+eo—)x+Bx?]. (82)

We now expand the exponential and compare with the general formula 7
; ) F.e’l:s(l)ic(q) = 1—%(rrms)2q2+ LS4

I obtained from eqs. (5) and (6) when expanding the spherical Bessel function. We
A * then find

i (rrms)z = %bz(l "epol_'A-)- (B.3)

Here r,, is the rms charge radius. From formula (A.4) we get an analytical ex-
1 pression for the quantity in parantheses in eq, (B.3). If we approximate the structure :
of the !°0 ground state with the vacuum state, which has n = 12, n; = 0, My = 0, g
and the '®0 ground state with the simple state with n = 14, n, = 2, My = —1, 3
T=T4y=1and T, =0, we find from expressions (A.4) and (B.3) for the ratio g ’( )
B!
)

Y Actually only to first order in the two-body coupling operator called v, in ref. 22).
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between the rms charge radii for 180 and %0

g = 1+%epol .

Comparison with refs. 2°) then gives e,; & 0.3. ‘

One should realize that there are large uncertainties associated with this number. |

For instance, in order to simplify the estimate we have employed harmonic oscillator

functions supposing that the ratio g above is adequately determined that way. Fur- :

thermore the estimate gives no information on the polarization charges for holes and :

for proton particles in the case that these should be different from the neutron par- |
ticle charges. f

Appendix C ;
- !
INCLUSION OF WOODS-SAXON EFFECTS ?

The form factors are dependent on the radial wave functions only via the coeffi-
cients O{A'(Au)xLSJT} which are relatively easy to evaluate compared to the last
term in eq. (9), that is independent of the radial functions. Hence it is in principle
straightforward to include the Woods-Saxon corrections. For the monopole transi-
tions we have found it more convenient to proceed in a formally different way.

Using a similar notation for the @-coefficients as in appendix A, but suppressing
the isospin index 7, eq. (A.2) can be written

Fs-0(9) =v§1y(v)@{v}. (C.1) ﬂ

In what follows we include for convenience the charges e, in the numbers y(v),
which of course depend on the initial and final states, and are independent of the :
radial functions. From formula (8) one finds that

0{1} = vpljo(ar)iip,
0{2} = 4825\ jo (ar)l2s) +$v/E1dlo (a1, ;
0{3} = —4/30<2sljo (a7)125> ++v/30<1d1jo (ar)I 1. (€2

When the harmonic oscillator expressions for the radial integrals are substituted
in these expressions we get expressions (A.1) but with e; removed.

When introducing the harmonic oscillator expressions (A.1) in eq. (C.1) and com-
paring with the general result in eq. (10) we get simple expressions for the numbers -
7(v) in terms of 4, A and B. When again these together with eqs. (C.2) are substituted -
in formula (C.1) we find for inelastic scattering, where 4 = 0, that

Fy=0(g) = [¥1pljo (ar)I1p> +<2sljo (gr)|2s> — $<1dljo (gr)I1d>]14 4
+ [#2sljo (9r)I2s> —#<1d]jo (qr)I1dD]B. (C3) |

This expression gives the form factor for inelastic monopole scattering for general
radial wave functions in terms of the harmonic oscillator quantities 4 and B, When

I e | -
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the Woods-Saxon parameters are fixed the quantities in square brackets in eq. (C.3)
are computed once and for all for a range of g-values. Once the harmonic oscillator
case is treated, which is usually the starting point, Woods-Saxon corrections are then
very easily included.

When evaluating transition radii we need expressions for <f[Y.r?[i) and <f|} r*}i>.
Very simple expressions for these quantities in terms of 4 and B are derived from eq.
(C.3) when expanding the spherical Bessel functions and comparing with egs. (5)
and (6).
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5.4, Momentum dence of Polsrization Chaprge ectron

Excitation of Nueclei in the Oxygen Region
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Abstract: We have considered the polarization effects for monogole

and quadrupole electron zxcitations of nuclei in the oxygen
region. A phenomenological method has been used in order to extrapolate
empirical velues for the polarization cherges, from the reel photon limit,
to higher romentum transfers, We find in most cases polarization charges
thet are nearly constent, for momentum transfers up to 2 or 3 fm-l.
Hence we have provided & justification in the oxygen region, for the
assumption most frequently made, when experiments and theory are compared,
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large differences between the proton and neutron charges), Then the results
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1. Introduction

1)

As recently discussed by Brussaerd ', it is desirable that the depen~

dence on momentum transfer should be investigated for the effective charges

in electron scattering. This hes in paerticuler relevance to our earlier

)

work2 where we calculated form factors for inelastic electron scattering

on the nuclei 160 and 180, based on wave functions from the week coupling

mode13)

. There it was assumed that the polerization charges were consteants,
independent of the momentum trensfer q. However, the informetion on

nuclear structure, that may be obtained from & comparison between experiment
snd theory, crucielly depeands on how good this approximetion actually is.

As en example, consider the lowest monopole excitetiom in 160. The position

4)

of the first diffraction minimum is predicted
5)

to come at q, = 1.b ept

for the Brown-Green model

2)

» end at qu, % 1.5 fn~! for the weak coupling I

model”’, Therefore we have an opportunity to distinguish between the two

models, vhen careful measurements of form factors ere carried out in the

1

renge 1 fn ¢ q¢ 2 fm'l. However, the estimete of e relies on the

use of constant polerization charges. If this condition is not fulfilled,
qQye mey well be shifted to lower momentum transfers, and the ebove possibie
lity may be spoilt.

The purpose of the present paper is to investigate how relistle the

essumption of & constant polarizetion charge is, for mcuopole and guadrupole

16O and 180. For this purpose we adopt e phenomenological

approach, close to the one introduced by Harvey and Khannné)

excitations in
« The
polarizetion terms are calculated from the first order contribution in

fig. 1. The interaction is of the standard form

_ S

Ve ) o X A B, (1)
Tud 1 .
§=0,1
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16

3.3. Monopole transitions in "0




where PTS projects onto the two-particle space with isospin T and spin
S. The strength A end exchange parameters ATS are chosen so that the
polarization charges are reproduced in the real photon limit. These are
reasonably well known, since they are rviated to the isotope shift in the
monopole case and the ¥Yedecay in the quadrupole case, Once the parameters
are fixed, the polarization effects can be caleuleted for all q. The present
approach therefore provides a method for extrapolating empirical polarization
effects from q = 0 to higher g. However, due to uncerteainties assosiated
vith the low q charges, we may obtain various, equally reasoneble, para-
metrizations of the interaction (1). Different sets of parameters give rise
to polarization charges with different q-~dependences. In this way we can
obtain an idea of the uncertainty associated with the extrapolation to
higher q.
The present method goes beyond first order perturbetion theory since the
interaction paremetrized in eq. (1) represents the "exact” coupling between
the model and excluded spacess). The main assumptions that have been made are
(i): The coupling operator V can adequately be approximeted by the
simple form (1).

(ii): The second order terms in V (no higher order terms exciats)) can
be neglected,

(iii): Ve include 2 Rwintermediate excitations only.

In the next section we present some details of the mathematical foemaw
lism, and determine the parameters to be used. Results of the calculations on
polerization effects are presented in sect. 3, first for configurations with

a single particle or hole in addition to the 16O core, and then for actual

16 8

trensitions in 1°0 ang ! 0, Finelly we relate our results to some other works

in the field. The main conclusions are summsrized in the concludizug section,
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Fig. 1 Polarization contributions included in the present work. The
shaded area represents the coupling operator V. Exchange

terms as well as terms with opposite "time" order are implied.

2. Caleulational Methods

2.1 Formalism
In the 1. Born approximation the Coulomdb form factor FJ(q) for a
transition of multipolarity J is

Js
Byt = b el 4 (2)
i

vhere A= (24 + 1);, 2 is the proton number, q the momentum transfer
(in units of %), end where the reduced matrix elements are defined according
to the relaetion

<31y |Tapyldgmp> = <impMliqmy><iyll Tyl 3>
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The transition operator 'I‘JM(q) is

1 A

7 )= £ DT (via)
(e Tap yuy IGO0 Fd

1 A
» 5 Loy dglar Yo (0 6 )n(v) , (3)
,r_omw J**¥ v vvxr
T
where X (v} =1 and X,(v) = ts(v), and ey = i(ep + () en)' ep(en)
being the proton (neutron) charge. We use the convention that o, = +} for
protons. The explicit expression for the doubly reduced matrix element

(voth in J and T) of T is 7))

JMIM, =0

<ndpigtl Tppllinghsdsd>

oy, Syt L. (10,0 12.11.) )
= (bn) i(-) i 1,1,J7 {5115.J to 001 <nf1f|JJ(qr)lni1i>. (%)

The correction from fig, 1 to the matrix element «f|T|i> is denoted
es polerization correction and is given by <f|&T|i>, where

1
6T & — = T :|¢><¢lv . (5)

Here V is the coupling operstor and [¢> the intermediate states of

AE = 2hw excitation energy. The correction operator 6T has the same

general tensor properfies es T, since both V and z|¢><¢| are scalars.
We obtain for the reduced matrix element of 6T, when exchange terms

end terms with opposite "time" order are included,

-89 -
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<ad 335 30 6T, ng1 ds5. 8>

Mt L[] (0T |
® L 2= 1.1.5.5 , :
b 27 5, PR 5] \o oo ;
JT RS Jr
x [<BV]EP - (1) <anlVep] a1, lifer)ind >, (6)
5 e

The cross-coupled matrix elements are defined by

JT +J4TH1 ., . ’ .
i = (70T T s el figy] [1 i) f '
JT Jep pa.J i J ,f
x mfl.raf,nhl ,J'T"vl P p p "il‘ji Jprs (1)

The matrix elements of V in formula (7) are antisymmetrized but not

normelized,

The expressions of eqs. (6) and (7) give the polarization corrections
in the simple cases with one particle (hole) outside the core. In more

3) is assumed. Then the corrections

complicated cases the weak coupling model
are calculated from the one particle (hole) results, following the procedure
outlined in sect. 2.2. of rer.al, with the operator T replaced by &T.

When the matrix elements of the correction operator are eva.luateq., one
can calculate corrected form fectors from eq. (2), (with Ty + 'I'J+6'1'J). In
the single~particle (hole) cases one may alternatively evaluate the polarize-

tion charges .
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. <f|"6TJ,T-0m i> .1 <fl“ 6TJ,$51 s> ’ (8)
. 3 s
2<f|"TJ’T_0|||1> 2»’3<1’|"TJ’T=°|" i>

vhere T3 = +1 for protons and Ty =} for neutrons. The monopole polari-
zation charges deserve some attention. When the matrix elements in the
dencminators in eq. (8) are evaluated with harmonic oseillator wave functions,
they teke the form e *(f + gx + hx®). Here f, g and h are constauts,

and x = (bq/2)2, b is the oscillator parsmeter. A simple analysis shows
that £ should always be put equal to zero, in order to mske the polarization
charges consistent with those found in refa). vhich serve as a basis for the
extrapolation to higher gq.

When V is a central (spece-scalar) interaction, the polarization ' I
charge depends on 1. and 1,, but vhen tlese are specified it is independent S 1
of j:i. and jf, as was proved by Federman and Zamic 9) . In the appendix |
we further prove that

ahyy * SBAm + BAm + 3«:115.11 for neutrons

e . = (9) ,
rol 28R, + 6«A" for protons . :

These reletions can be used as & means to simplify the calculstions, since
only two quentities o and B have to be calculated for each nili’ nrlf. : ‘
The expressions (9) further imply special relations between the exchange f ‘

parameters A;g, as discussed in the next subsection. " ‘

2.2, Parameters

We have used two different choices for W in eq. (1), namely the ?'

quedrupole-quadrupole (QQ) interaction and the Yukawa (Y) interaction. For




the monopole transitions only the latter can be used. The QQ-interaction is
normalized as in ref.6) . The generel strength A = §x introduced in that
paper is included in the exchange perameters Apg- The five parameters

Amg and A a.z"e not independent. For tﬁe Y interaction we therefore fix
A = - 100 MeV. The range of the Y interaction is taken equal to 1.7 fm.
This choice has given good results for the particle—~hole interaction between

the p and =sd ahella3)

» which probebly is the case that comes closest to
ours. For the single particle wave functions we use harmonic oscillator
functions with length peremeter b = 1.7 fm. As usual in the oxygen region
we take 2hw = 28 MeV, .

The two-perticle matrix elements of V in eq. (7) are evaluated using
standard Moshinsky transformation methods, in the Y interaction case.
The celculations stow that the Y interaction acts much like a delta-force
for E2 transitions in the following respect: it gives very smell contri-
butions from the P°° and P” parts. These parts are accordingly neglected
in the subsequent calculations. We thus have only the two exchange para-
meters AO1 and A,, for E2 transitions when the Y force is used. For
the monopole transitions, however, there are substential contributions from
all four exchenge terms.

We now use the formulee given in the preceding subsection and f£ind the

exchange mixtures needed to reproduce empirical polarization charges in the
real photon limit. Results are given in table 1.+ As mentioned in the
introduction various sets of parsmeters may be used. The sets displayed in
table 1 are the ones adopted for calculations discussed in the following
section. We would like to make the following comments to table 1. In the
case of the Y interaction, it was impossible to obtaia good results for
both the quadrupole and the monopole charges, using the same parameters.

As is well known, serious cencellations occur in the matrix elements of

fig. 1 for monopole excitations. One should probably introduce & density

N
3
;
'
3
i
H
I
i
i
i
h
t
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Table 1

Connection between polarization charges at q = 0

and exchange parameters in the coupling operator V.

Pol.charge at q=0 ;
for neutrons/protons Exchange paremeters )
Force (£2)
1la+*2a(E2
1d+14 1p*lp A A
25+28(E0) 00 o M| fu
0050 0.50 0’50
0.098| 0.032 0.098 0.032]
0.50 0050 0'50
Q :
0.40| 0.37 0.60 ‘:
. -0,207] 0.0T1 0.059 0.066
0.60 0.63 0.ko ;
E2
| | 0.50| 0.37 0.7 ‘
-0.32 -0.96
0.50 0.37 0.71
Y
o.kbo| o0.30 0.57 -0.13 | -1.16
0.60 0.45 0.85
0.30 0.31 0.30
1. 19 -0c 11 -0 3h 00 hO
0.30 0.31 0.30
EO Y
0.30 0.30 0.27
1-61 "0016 '0025 0027
0.20 0.20 0.18

Empirical, approximate values for polarization charges at q = 0 are

teken from refs. 6'8).
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dependence in eq. (1) in order to push the interaction strength more té the
nuclear surface. In our case this effect is a.baorﬁed in the choice of”
exchange parameters. It is therefore reasonable to admit different sets
of parameters for monopole and quadrupole excitations. Note algso that the )
parameters A’I‘S from table 1 in most cases are considersbly different from |

those of the Rosenfeld or Gillet'®)

interactions. This is not accidental.
If one for instance assumes equal E2 polarization charges for protons and
neutrons, it follows from eq. (9) that A1O = 3A01’ for the Y interaction,
in striking contrast to what is the case for the two mentioned torces..

However, one has to bear in mind the conceptusl dirrerenceG) between these

forces and the one considered in the present paper,

3. Results and discussion

When the redial integrels in eqs. (4) end (6) are evaluated, it is
found that all form factors, both corrected and uncorrected, in tbe ceses of

interest, take the form

Pq) = e *(Ax + Bx°)
(10)
x= (bq/2)2 .

The shape of the form factor is therefore uniquely determined by the ratio

A/B, which more conveniently can be expressed by giving

q = sien(-a/B)-2.(}a/B))3, | (11)

Fig. 2 Squared form factors of the form (10) corresponding to various
Qe Since only the shapes of the form factors are of interest

in this connection, we have used A = 1.0 (cf. eq.(10)) for all

curves.




Qm=1.40 \

9,=1.60
I
= 1.80 \°
m'-'- 2.00 q['n= 3'00
A= 2.20
Q,,=1250
| 1 1 1 |
1.0 2.0 3.0
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When A/B < O, which is the normel situation, q is the position of the

diffraction minimum of |F(q)|2. In fig. 2 we display the shapes of
|F(q)|2 for some q . In the following we will characterize the form"
factors by the quantity Gy (the actual shapes can then be inferred from
tig. 2). If the correction in the single particle and hole cases does not z

change the shape of the form factor, we have a constant polerization charge.

The present treatment of the polarization corrections is expected to be
valid only in the region fromq =0 toq =2 or 3 fmrl. For higher momentum
transfers terms from the neglected 2nfw (ny 1) excitations may ve important,
since they give rise to higher powers of x than expression (10) contains.
This limitation, however, is of little practicel importance. Our object

2)

in ref, and in the present work is to check wave functions from the
l spherical shell model against electron scattering date. Such & tesk is in 5 I
eny case somewhat doubtful for q 2, 3 fm'l, beceuse of uncertainties from

11) 12)

short range correlations and the neutron intrinsic form factor™ °,

; 3.1. The single particle end hole ceses

Results for configurations with a aingle particle (hole) outside the
core are given in table 2. We note that the results for 9 (and hence the
shapes of the form factcrs) are in most cases fairly stable for a given
interaction. There excist, however, noticeable Rifferences between the
QR and Y results for E2 transitions. The same differences have been
found for other sets of exchenge parameters. An inspection of the calculations
reveals that & major source of the differences is a different weighting of
the 1p + 2p virtual excitetion in the QQ and Y cases. This is what
might be expected: Since there is & node in the radial integrals of the
interaction (direet contribution) in the 1p + 2p term, this virtual

excitation is very sensitive to the radial distribution of the interaction
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Table 2

Calculated resultes for {cf. eq.{11)) for single particle (hole) transitionms.
£

Trensition| Force
const.pol.charge ineutron| proton }isoscaeler | isovector
2,04 2,14 2.11 2.20
R
2.21 2.09 2.11 2.06
1=+ 1a 2.20 2,58 | 2,30 2.35 2.20
Y
2.5k 2,31 2.35 2.25
2,04 1.76 1.82 1.66
QQ
2.13 1.77 1.82 1.70
B2 28 + 14 1.66
1.85 1.7l 1.7 1.66
Y
1.85 1.72 1.7% 1.69
2001‘ 30 53 2088 -227
QQ
2007 3072 2-88 ‘h-ss
1p + 1p ®
-8-75 -13-6 "11-’" lnla
Y
-8-75 -12-9 -1101‘ ‘1807
2.18 2.50 2.43 2.63
ld + 14 Y 2.63
2,18 2.54 2.5 2.70
1.62 1.65 1.65 1.66
B0 |[2s + 28 ¥ 1.66
1.60 1.65 1.64 1.67
.
y 3.41 T.12 5.58 -102
1lp + 1p ©
3-87 9077 6089 -1201‘

The parameters used for the QQ and Y forces are those

from teble 1.

et bt et e
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strength. The extreme increase of the strength of the QQ interaction for
large radii is probably not physical. We therefore believe that the Y
results are the more reliable ones.

The uncorrected form factors for the hole trensitions have a shape
eorresponding to Q== i.e. the coefficients B in expression (10}
elways venish. On the other hand, the corrections might well, in principle,
give rise to & B # 0, so that the shape of the form :ictor might be drasti-
cally chsnged (i.e. the polerization charge might be strongly q-dependent}).
However, the calculations show (teble 2) that in nearly all cases Iqml
is feirly lerge. Note in this connection that the shape difference between
for instance the q, = 3m‘1 endq = form factors is very smell, for
momentum transfers 0 S q X% 2 fm” ! (fig. 2). Therefore: in the case of
hole trensitions, where the prospects for having & constant polarizetion

l charge were, as we have seen, indeed doubtful, the calculations nevertheless l
indicate that this is a reeasonsble approximation. (The QQ-results seem to
give exceptions, but e- sta.;ted sbove, they appear to be slightly unphysical.)
We next turn to the particle transitions. Table 2 shcws that the

change in q, vhen using various interactions is of ithe order 0.2 m"

for neutrons and less than 0.1 m"

for protons, wher g 2 tm ',

That the chenges are smallest for protons is reasonable, cince the polari-
zations there give rise to only a part of the total form factor, in contrast
to what is the case for neutrons. When Q, is much larger then 2 m"

the changes are larger then stated ebove. Note, however, that a change as
lerge as 0.3 fu | 1

from q = 2.20 fm | to q, = 2.50 fm !, for instance,

produces & change in the shape of the form factor that is fairly small
within the interval 0 8 g & 2 ™ (see figs 2). We can therefore, also
for the particle transitions, conclude that the hypothesis of a constent
polarizetion charge, is a reasoneble first approximatior. This is in fact
non-trivial, We have performed similar calculations for unphysicel sets

of parameters (corresponding e,.,g. to negative pclarization charges or
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large differences between the proton and neutron charges). Then the results

are, in most cases, unstable against minor changes in the perameters, or
strongly momentum-dependent,
The single particle (hole) results discussed till now, do not give

ccmplete informaticm on how accurate the constant charge approximetion is

in cases of prertical interest. In other nuclei trensitions may take place
pertly between neutrons and partly between protons. Then it is not obvious
only from the above vhai-,. is the g-dependence due to the polarizations.
Furthermore there are not only uncertainties associated with the polarization
charges used, but also with the wave functions. In the following we discuss
to what extent ome can distinguish between these two sources of uncertainty.

In the subsequent subsections we discuss various transitions of special

interest in this regard.

18

3.2. Monopoie transitions in 0

18

For the tramsition o'; -+ o; in "“0 the Y force gives results

practically identical to those obtained using a constant polerization charge,

nemely q = 1.48 fu” !, For the higher monopole transition o: + o;, however,
there is some change. A constant polerizetion charge e pol
g, = 2.33 ﬁn-l. The two parametrizations of the Y force in teble 1
1 1

= 0.3 gives

instead give 9, = 2.05 fu_ , respectively. This means

and q = 2.16 fm
that the transition radiuaz) is increased from 4.25 fm to L.35 fm or

4,38 fm. In ref.2 ) it was found, using a constant polarization charge, that

it should be possible to see from measurements of transition redii whether

o; or o; has the largest admixture of deformcd components. An inepection
of fig. T of ref.a) shoss that this conclusion is not invalidated by the 0.1 fm

increese in transition redius due to polerizstion effecta. :
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16,

3.3, Monopole transitions in
Celculations using seversl parametrizations of the Y foree have been

performed, for excitations to the oF levels at 6.05 MeV, 12.05 MeV and

14,00 MeV. In all cases the velues of q, ere very close to those obtained
with constant o1 = 0.3. The changes are at most & few hundreths of a
tun', Compared to the variations resulting from the use of severel equally
reasonable choices for the wave functionaz). the uncertainties due to
polerizations are negligible, For a comparison with date, see fig, 1b end
fig,2 in ref, 2). There Woods-Saxon effects have also been included.
Returning to the example mentioned in the introduction, we now see that

the possibility to distinguish between the Brown-Green and the week coupling

+ _+ . . . .
models from the 01-002 excitation, 1s not at ell crippled by polarization

effects,

18

3.k. Quadrupole tremsitioms in 0

180 are

Some results for the three lowest quadrupole excitations in
given in table 3. We note that the diffraction minimum for the 1.98 MeV
excitation is shifted to a higher momentum transfer, compared to the constant
polérizaxion result. This is what might be expected. The trensition takes
place mainly between two-neutron states, and from table 2 we see that the
single neutron form factors show the same tendency. Comparison with fig. 2
shows that the shift is probably large enough to be detectable. Since the
structures of the ground and exéited state are well esteblished, we have
here & rather clean opportunity to study the small, but significant, outward
shifting of the minima for the single neutron form factors. The experiments
of ref, 13) were unfortunately done éf too lov momentum trensfers to shed
light on the present problem.

Teble 3 further shows that the position of the diffraction minimum is

very unstable for the 3.92 MeV excitation. One important reason for +his

is & near cancelletion between the parts of the total form factor originsting




Table 3

18

The quantity a, (position of diffraction minimum) for some E2 exc;itat.ions in =0
+ + + + + +
0, + 2,(1.98 Mev) foO; 2,(3.92 MeV) 0, + 2,(5.25 MeV)
®po1 ® 0.5 1.87 1.37 1.85
’ : 2.00 1.9 1.87
Q
2.08 1.83 1.87
2.11 1.27 1.92
Y
2.16 1.38 1.92

The parameters used for the QQ and Y forces are those from table 1.

Table L

16

The quantity %, (position of diffraction minimum) for some E2 excitations in ~ 0

+ + + +
epol 0.5 1.51 3.00
2 1.71 2.38
1.7 2.%0
1.45 3.33

Y
1.b5 3.33

The parameters used for the QR and Y forces are those from teble 1.
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from the spherical and deformed parts of the wave functions, introducing a

strong sensitivity to details in the problem. If we neglect the QQ results
(cf. subsection 3.1.) there is evidence for e fairly constent polarizetion
effect. However, the large difference between the QQ and Y results,
together with the mentioned cancellation effect, suggests that the question
should be left open.

The 9, values presented in tsble 3 for the third (5.25 MeV) E2
excitation ere characterized by & remerkable stability. Ome therefore hes

a clean test of model wave functions when doing experiments on this excita-

tion., This is fortunate, since & competing model requires l_h) thet

q, = 1.4 fo~L in contrast to our ® 2 L,

16

3.5. Quadrupole transitions in O

&+

The calculated results for o, -+ 2+ are also fairly stable when both

1 1

the QQ and the Y forces are used. The q is shifted less then 0.1 o

outwards from the position 1.91 ! obtained using the constant polarizs-

)

tion charge 0.5. Table 8 in ref.2 shows that there excists an uncertainty
of the same order of magnitude due to incomplete knowledge of details of the
wave functions,

The higher E2 excitations are, however, the more interesting ones, as
discussed in ref.z) , since we have there possibilities to test the model from
the shepes of the form factors. For the o'; -+ 2; transition the various
interactions that have been tried, all confirm the result from ref.e) ’
namely that the form factor is predicted to have no minimum within the

renge of g-velues considered.

)

+
It was found in ref‘.2 that the shapes of the 2; end 2h form factors are

8o different that it should be eesy to test if the 11.52 MeV level has the

+ +
2; or the 2';; structure. Representetive results for the 0y * 23 and
o'; -+ 2: transitions are presented in table 4. We note thet the Y force

gives form factors feirly close to those obtained using the constant polari-
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zation charge. The QQ force reduces the difference between the two form
factors. In all cases, however, the difference is large enough to make
+ 2)

the 23 and 2: results very different. Hence, the conclusion from ref. g

is not modified by uncertainties concerning the polerization effects.

3.6, Comparison with related works

Progress has been made in the attempts to understand polarizetions,
sterting from realistie interactions, Nevertheless a phenomenologiceal
approach has been adopted in the present paper. The reason for this is
that the realistic approsches are still not able to eccount satisfactorily

for the magnitudes of the polarization cherges at ¢ = 0 (see for instance

ref, 15)).
Suzuki 16), using the vibrational model for the 2hw excitetions, and
| Erikson h), using the Brown-Green model, have found effective (bare plus ; ' I

polarization) charges that sre said to be very strongly dependent on momentum
transfer, This seems to be in clear contrediction to our findings, However,
grephs of the effective charges as functions of q mey be misleading. For
instance, the effective charge corresponding to a shift of Q, from 1.7 fm-l

1

to 1.8 fm ~, normelized to unity for g = 0 (as in ref. 16)) is in our model

given by (cf. eg. (10)) e(g) = [l - (q/l.B)E] /[l - (q/l.7)2] . This
expression differs from unity by more then 25% in the intervel from 1.45 fm~t
to 2.2 fm—l, and may thus be said to be strongly q-dependent. However, the
change in the 'Fla is fairly smell (fig. 2). When we in the present paper
state that the polarization charges are nearly g-independent, we just mean
that they produce changes in the shape of the form factors that are small
compared to the uncertainties associated with the model wave functions

(ref. 2)). When this is appreciated, one can see thut the effective charges
in ref., 4) are close to be constant for monopoles, and not too far from
consiant for quadrupoles, for q up to 2 fm.l. Fﬁrther, one should note that
L)

the deformations of the core in ref. both give rise to polarization ’ w#




tion charges
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effects, and modify the valence particle form.factors. The q=dependence of
the quadrupole effective charge is to e large extent compenseted in ref.h)

by & corresponding chenge in the velence particle form factors. If the 3

L)

findings in ref. were to be enterpreted as a calculetion of effective

charges to be used in & spherical shell model, the effective charges should

probably be associated with this combined effect, at least for quadrupole

%)

transitions, Therefore the results of ref, are actually in good eccord

with ours,
16)

On the other hend, polerizetion charges calculeted from the vibretional
model ere certainly strongly g-dependent, There the pclarization terms for
e given multipole alweys have the seme g-dependence, independent of the

gq-dependence of the form fector being corrected, This is obviously due to

the restrictive assumption ihat every form factor is corrected by the '

coupling to e unique state of 2fiwexcitation energy. : l I
The experimental work of Peterson et al, 17) on oLy has been inter=-

pretedle) as an experimental basis for the introduction of g=-dependent

polerizetion charges. However, the discrepancies between experiment end

7)

theory in ref. 1 may well have other explanations, as pointed out in

thet paper.

4, Conclueion

The calculetions show that the use of constant (cf, subsect., 3.6,)

polarization cherges is usually well justified for normel momenti. transfers,

i.,e, fromgq = 0 to qmu 2 fmfl. It is worth noting thet this conclusion is !
feirly good also for the hole parts, where the prospects for finding such a i

result vere doubtful. Hence the predictions end comparisons with date in
18)

ref, 2) have been put on a firmer basis, The more recent dete of ref,
do not shed much more light on the problems discussed in our earlier work

2 .
(ref, )). Nev measurements carried out for momentum transfers up to

e 2fmt would, however, be of great impdance,




quadrupole-quadrupole (QQ) interaction and the Yukawa (Y) interaction. For
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If only configurations with & single neutron outside the core are
considered, we find uncertainties in the positions of the diffraction minima
of the order Aq, = 0.2 m". However, when more coaplicated wave functions
are used, corresponding to actuul levels in oxygen nuclei, the uncertainties
are often strongly reduced. This is, at least partly, due to the stebilizing
effect fram protons, discussed in subsection 3.1. 1In fact, we Zind in
realistic cases thet the calculated positions of the diffraction minima are
often determined (uncerteinties due to polarizations taken into account),
to within some hundreths of & fu |, This is much less then the uncertainties
orizinating from simplified treatments of the model wave functions., We
therefore conclude that mossible discrepancies between experiment and theory
of more then 0.1 I‘m-1 are certainly due to the explieit nuclear structure,
and not to polerizations. An exception from this rule occurs when the wave
| | functions are dominated by neutrons. The uncerteinties are then of the same | I
order of magnitude as for the single neutron form factors.

16

Details for each one of the Jowest EO and E2 excitations in 0

180 are given in subsections 3.2. to 3.5.

and
Finally the calcuiations indicate that there is some coupling between

the constant polarization cherge result, and the magnitude of the charges

at g=0. We only obtein the conelusion above when we start with what is

felt as reaaonable vg;l.ues for the low q charges. This seems to be

especially importent for the monopole polarization charges.

The author is indebted to Dr. T. Engeland for help with some of the
numericael caleulations. He is very grateful to Drs. T, Engeland and E. Osnes
for carefully reading the menuseript and for pointing out improvements.

Part of the work was carried out at NORDITA, Copenhagen.
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As is well known, serious cancellations occur in the matrix elements of

fig. 1 for monopole excitations., One should probably introduce a density
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Appendix
Proof of eq. (9)

We introduce the following notations
l¢.> = o e.m>] dm >|dm > = |is|m >|m >
1 111 83 ti L) ti
V = W(z':L r2) proS
o

T

mt o XTIMTISO

We thus work in a basis where the angular momenta heve not been coupled to

definite Jj. Further we consider only one of the four exchange components

1
eq. (8) obviously gives a Jpr ji independent polarization charge, since
S
b4

of V at a time. The Xp My is defined in eq. (3). When PT’s is absent l
: l

there is no dependence on the spins. When PT is included, we obtain the

following expression for the term from fig. 1

2
<y |6Tl¥.> == § &(m_ ,m IF(T,,m )8(m_,m )<h|t|p>
£ S N N N R

S+T<fplwihi>] x ) <im_im_|S'M'>
smis™ " r %p

T'MA'II"MT"

x[<fplW]in> -(~)

x<dm, dm_ |S"MI><im, }mt |7'Mp><dm, dm, | T"MD>6(TIT)S(T'T)6 (Mp, M)
i “h r 'p i h
with
1 when 7, = 0 "
"F(T,,m ) =
1 th 2n when T. =1

th 1l

-~

When the sums over spins and isospins are explicitly cerried out, we have
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2.1 8 ¢
<v |oT|y.> = 2= );G(msr.msi)c(mtf,mti) 8 G(Tl.'r.mti)
. S+7 .
x ] <njt|p> [etpWlin> - ()" "<tp|W|ni>] (A1)
psh
s 2 :
j T vhen '1'1 = 0

G(TlsT,mti) =
(- )T+1'2mt when Tl =1 , -
i

We observe that the dependence on m and n in eq. (A1) is the same as
4 i
we have when PT’S is absent. Therefore the polerization charges in the present

case too, do not depend on spins and hence on the total angular momenta. This

is the result of Federman and’ Zamic 9). From l ‘

<Y lTl¥,> = <flt|i>6(msf,mai)6(mt ,mti) . F(Tl’mti)

f

and eqs. (8) end (A1) we further deduce the expressions (9) with

a = a(-) and B = a(+)
where

I <t|t|p>[<tp|W|in> ¢ <fp|w|ni>]
1. b
alt) =z -

2 <f|t]i>




1)

2)
3)
L)
5)
6)
7)
8)
9)
10)

11)

12)

13)
1b)
15)
16)

17)

18)

Qe olnce only the shapes O the 10rm r1actors are ol interest
in this connection, we have used A = 1.0 (cf. eq.(10)) for all

curves.
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dapliv e chpectied.

olnee there 18 a node in the radial integrals of the -

interaction (direct contribution) in the 1p + 2p term, this virtual

excitation is very semsitive to the radial distribution of the interaction
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When using reasonable monopole polarization chasges, it is possible to fit the systematics of charge rauii in the
oxygen region, if core-cxcited components are taken into account,

It has been suggested (see for instance refs. [1, 2}
that the isotope shift of nuclear charge radii may be
due to simple, additive polarizations of the proton
core when neutrons are added to it. This is a very
tempting hy pothesis since the corresponding one works
so well for the quadrupole operator, and since also
single-particle polarization charges have been includ-
ed, with good results, in several calculations of mo-
nopole electron excitati sns, In its simplest version
this explanation fails, however, for the oxygen iso-
tope shifts. It'would necessarily produce a linear in-
crease of the radius when neutrons are added to 160,
whereas experiments {3} show that 7, s(170) <
rond(150) and 7, (180) = 1.02 1, ( 1'35).

Bertozzi et a!l. [4] have recently shown that taking
into account the neutron electric form factor and the
spin-orbit term in the electron-nucleus interaction,
they can explain certain anomalies in the calcium ra-
dii, when these are measured by elastic electron scat-
tering. But since these effects are again roughly nro-
portional to the number of particles added to tte
core [4], they can obviously not explain the oxygen
data.

in this paper we demonstrate that if we, in addi-
tion to the effects above, also include the core-ex-
cited components that emerge from structure calcu-
lations, we can reproduce the oxygen data - and also
existing data on other neighbouring nuclei. The main
idea is: Since 180 is known to have a larger admix-
ture of core-excited components than its neighbours,
its radius is larger than one would expect from the
arguments discussed, Together with the linear in-
crease from the polarizations, this produces just the
effect that the data require.

The mean r2 operator is

2.1 2
eme)? =5 200 +2y73)r )
where the isoscalar and isovector charges

ér= i(eproton +(-) Teneuu'on) @
are effective charges, i.e. they contain the free particle
charges as well as polarization parts (we use the con-
vention with m, = +} for protons). The ground state
wave function is [} = Zalanyn, Ty T, ; TMy) where
a denote labels additional to the nunibers of particles,
ngy, and holes, ny,, and the isospin quantum numbers.
Following the ideas in the appendix in ref. {5] we
find for the contribution to (r,ms)2 from each compo-
nent of the wave function

2212 2 h h
(rrms) =a zlyls+6r12p—nhrlpe0+M7'(2_f)’i2pel

tnyAra kel + My +ii)ed  (3)
+§02,—r)B].

1
Here we have neglected {5] the spin-orbit single par-
ticle potential 5o that the radial integrals 2, =
SR (r)rAdr etc. depend only on the single-particle
quantum numbers 7 and L Ineq.(3) f= 1 + [T4(T4*1)
= Ty, (T, + DY/{T(T+1)]. The effective charges may
be different for particles and holes, and have accord-
ingly been provided with superscripts, The terms B
are comvlicated and may be evaluated by computer
as was explained in ref. [5]. In addition to the terms
above there are some non-diagonal contributions con-
taining the terms B. All contributions from the B’s
are small, but for completeness they have been re-
tained in the following calculations.
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The perameters used for the QQ and Y forces ere those from table 1.
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Table 1
Recent experimental results for charge rms radii in the oxygen region. For the nitrogen isotopes we have used the resuits from
ref. {7] which do not take into account the Ml scattering, since we feel that the magnetic contributions have been much exagger-

ated in the final analysis in that paper

Charge 1adins (in fm) e/ TemsC 602

Born approx.and HO. DWA and H.O, From From Ref.

distribution distribution column 2 column 3
e 2.52%) 0.892) 161
14y 256 0.89 n
SN 2.64 2.60 0.95 0.94 7
169 2712 2.674 1 1 {3
() 2700 2.662 0.99 099 {31
139 2.766 2927 1.04 1.04 (3]
g 2.871 115 18]

a) This number should probably be somewhat reduced since Fermi distributions seem to produce slightly larger radii than H.O.

ones in this region.

Before proceeding to the calculations we must in-
sert a comment on the polarization charges defined
above, They are in fact no identical to those employed
in inelastic electron scattering works, For monopole
electron scattering the transition operator is
T = Z(ey +e, 73 )olqr)/z where g is the momentum
transfer, so that the form factor becomes

Ra) = WyiThp
= LW ey ey T @

- é(wflE(eo +£.’l T3)r2|wi)q2 +0ee]

when expanding the spherical Bessel functions. Hence
the (r,s)? operator (1) is proportionai to the term
multiplying ¢ in F(g). From theoretical reasons the
first term in the expression (4) must be equal to unity
for elastic scattering, and so we cannot have polariza-
tion charges there. This shows that the concept of
polarization charge for the full elastic F(q) is by no
means clear. However, if we use harmonic oscillator
functions, we can circumvent this obstacle, because
of the special analytical form Fq) then has, as was
indicated in the appendix of ref. [5]. Let the polari-
zation charges in this latter case be denoted by €. A
simple analysis now shows
=3¢

h _ sd sd :
epo]—iehpol, €pol pol (5)

for both protons and neutrons. Inelastic scattering

456

works (see ref. {51) indicate that €pot =~ 0.3 may be a
reasonable number. Therefore

oy~ 0.17 (6

should be reasonable for protons and for neutrons. We
work with the €’s and not the €’s in the present paper
because the former are the natural ones when the
(rl.ms)2 operator is studied separately, and because

the definition of the latter loses its meaning when we
do not stick to harmonic oscillator functions.

The experimental values of »2 for each nucleus dif-
fer by rather large amounts, according to which meth-
od is used to extract information from the raw data.
But we see from table 1 that the ratios between the
radii for different nuclei seem to be well determined.
These ratios are plotted in fig. 1 and 2 together with
theoretical results.

For the calculations we have employed the wave
functions from the weak coupling model [9], where
spurious center-of-mass excitations have been removed
to a high degree of accuracy. Corrections due to the
neutron charge distribution and the electron-nucleus
spin-orbit interaction are included in the approxima-
tion of eq. (5) in ref, [4]. Since these corrections
prove to be small they have only been calculated for
the dominating component in each wave function.

Some results for the nuclei where data exist, and
also for a few others that are thought to be impor-
tant in this connection, are given in fig. 1. Here we
have used the Woods-Saxon potential that was as-

ehyy = 0.12  and

N
i
)
i
Al
1
"1
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A :No coreex, no pol.charge
B : No coreex.,pol.charges

e%0e %81 0,17, ehueh=0.12
C: With coreex,no pol.charge »B
D : With coreex, pot.charges as in B. e
E

120 - Same as D, but with H.0.funct. 4

18
110

105

£ /I

11 18 19
w00 // F F °F

095

0.0

Fig. 1. Mean square charge radius for several nuclei relative
to that of '%0. The experimental values age those from table
1. Experimental errors for 70 and 180 are taken from ref.
[3]. For the other nuciei it is difficuit to estimate the exper-

.nental errors, and so we have arbitrarily used twice the

lue quoted for 170 and '80. The theoretical points have
been connected by solid or dotted Lines. Incases Ato D a
W.S. potential withr = 1.25 fm and 2 = 0.5 fm is used. In
case E we use a H.O. potential with b = 1.70 fm.

sumed in ref. [5]. For the calculations where polari-
zation charges have been included we have used the
values from egs. (6). With the parameters introduced
(and others, reasonably close to them) the (’rms)z
for 160 comes out near to 7.30 fm?2 (depending a
little on the precise values of the parameters), which
is consistent with experiments [3]. We immediately
observe that wiien core-excited components plus
polarization effects are included, the computed radii
agree very well with the data. This agreement can not
be achieved if only one of the effects is included.
The calculations agree even better with data, notably
for 170, if we increase the diffuseness of the Woods-
Saxon potential a little and increase the 4 particle-

4 hole component of 160 somewhat (which was

PHYSICS LETTERS
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A:With pol.charges: e3= 792017, eh=el =012

B With pol.charges: e%=-002,¢%=0.16,e}=0.09,e}=0.27

C:With pol.charges: % = 0.07, £3950.17,¢}2007,e5=0.17
1.20

1.15
110

1.05

LIS B L R N B A e It B B B

H.C H.N ISN 150 No )

1

095

0.90

T T T T T

Fig. 2. Same as fig. 1 but with different polarization charges.

The W.S. potential used here has r = 1.25 fm and g = 0.60 fm.

Furthezrmore the amount of 4p4h components in 160 nas
been raised to 4%.

found in ref. [5] to be a desirable change). For com-
parison a calculation using harmonic oscillator func-
tions (with b = 1.70 fm) has been included.

The matters may be more involved, however. In a
recent article [10] it has been suggested that roughly
1 of the socalled Nolen-Schiffer effect should be ex-
plained by a simple coupling of the valence particle
(or hole) to the isovector monopole mode of the
core. If the polarization charges introduced in the
present paper also can be given such a simple inter-
pretation, we find an approximate connection be-
tween the isovector polarization charge and the mag-
nitude of the Nolen-Schiffer effect, using eq. (8) in
ref. [10], formula (3) in the present paper, and data

compiled in ref. [11]. Assuming harmonic oscilfator '

functions, and neglecting core-excitations for the
one particle (hole) nuclei (which are good approxi-
mations for this crude comparison) we find

> ben bl W A A e

i =

4
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& ot~ 009 for dg -
0o o -1

€1, pol 0.06 for Pyz-

These numbers show that the neutron and proton
monopole polarization charges may be very different,
and that the neutron polarizes more than the proton,
in contrast to what .; the case for quadrupoles. When
we introduce differences between the neutron and
proton polarization charges, we must also chapge the
isoscalar charges in order to obtain reasonable fits to
the data. In fig. 2 we have plotted results for a few
choices of the charges. Here we have used a diffuse-
ness g = 0.6 in the Woods-Saxon potential and in-
creased the 4 particle-4 hole component of the 160
wave function to four per cent, which, when using
the same charges, gives a slightly better fit compared
to what was obtained in fig. 1.

Now 160 appears to become a little smaller than
170, contrary to experiment (remember that the
parameters now are more favourable than in fig. 1),
even if the discrepancy is not so lazge. The reason
for this is that the core-excited components in 160
are not so efficient in increasing the radius when the
proton charges are reduced, since they contain a
great deal of proton-excitations. Apart from this we
still have a good fit to the data. Many other calcula-
tions have been performed, with the same general re-
sults.

In conclusion we can say that the idea of simple
additive monopole polarizations prove to work well,
provided that the core-excited states used in struc-
ture calculations are included. Further the polariza-
tion charges necessary to produce agreement with
data have values that seem reasonable when compared
with inelastic electron scattering works. The calcula-
tions suggest that not as much as 4 of the Nolen-
Schiffer effect can be explained by a simple polariza-
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tion mechanism - even if the data used in the present
work are scarcely of the quality that they permit us
to draw definte conclusions on this point. It might,
however, be illuminating to have precise measure-
ments of the ratios between the radii of 17G and 17F
and of 150 and !5N. Finally: Since the core-excited
components seem to be important, they ought certainly
to be included in cases where one tries to obtain very
detailed information on the single particle potential
from elastic electron scattering.

The present calculations are of course crude, especi-
ally because they neglect the spin-orbit term iu the
single particle potential. However, many more calcula-
tions than reported here, with different parameters,
have convinced us that the general pattern obtained
is well determined.
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The coexistence model as formulated by Gerace and Green for 4Ca has been shown to predict cross sections for
the reaction 42Ca(p,t) *°Ca in strong disagreement with experiment. In the present letter we demonstrate how a much
impioved agreement can be obtained by introducing additional kinds of basis states. Especially important are triaxially
deformed components, which contain admixtures of the 1s,,, state.

Apart from the unperturbed energies and pure ge-
ometiy, virtually one single matrix element
M, =(0]V|(2p—2h)”/=0) determines the coefficients
in the mixtures (see fig. 1), comprising a spherical
state and deformed multiparticle-multihole states, that
describe all the low even-parity states in the coexisten-
ce model [1--3] for nuclei in the region of a doubly
closed shell. Yet the model presents a consistent de-
scription o a series of energy leveis for nuclei around
160 and 40Ca and accounts successfully [4] for a large
body of data, mainly B(E2)-values. Serious doubt has
however been thrown upon its validity by the disagree-
ment between experiments on (p, t)} reactions and the
predictions of the model, reported recently |5, 6,9].
Since the (p,t) reactions test important properties of
the coexistence model, to which the B(E2) values are
insensitive, we have started a comprehensive study of
these reactions within the framework of the coexis-
tence model. In this note we report only on a couple
of points pertinent to the reaction 42Ca(p,t) 4°Ca at
41.7 MeV, for which the Princeton group {6, 9] finds
the following discrepancies between theory and ex-
periment:

1° Experimentally the integrated cross sections of
the 0; (3.35 ¥MeV) and 2}‘ (3.90 MeV) levels are
roughly 20% and 10% of the ground state cross sec-
tion, whereas the theory is said to predict values of
the order of 1% in both cases (cf. table 2).

2° In the experiments the shape of the cross sec-
tions are characteristic for the L-value transferred.
This structure is absent in some of the theoretical
cross sections (cf. fig. 2).

3° The theory is found to predict fairly large cross

aj2p> + blép2h> + cl6psh>

| X‘ lm&A =

Al0> +  Bl2p2h> + Cl4pshd

wmsp Farticle pick -up
=> Hole pick-up

Fig 1. States and transitions in the coexistence model de-
seription of 42Ca (p,t)'wCa.

sections for the 0% (7.30 MeV) and 25 (7.11 MeV)
levels (cf. table 2). Experimentally no appreciable 0*
or 2* strength is found in these levels, nor in their
vicinity.

4° The experirentally found ratios between the
excitation strengths of the 0* levels of 7=0, 7=1 and
T=2 at 7.30 MeV, 9.39 MeV and 11.97 MeV are at
variance with a theory that describes these levels
mainly 2p—2h states.

This latter discrepancy is obviously chained to the
question of the 07 state at 5.21 MeV, which is not
seen in (p,t) reactions and whose main component
has been suggested to be 8p—8h {3] or {(4p)r,=2
X (4h)7y,=2] 70 (7]. Whatever the nature of this
third core-excited state, it is likely to mix in strongly
in the 7.30 MeV level and invalidate the predictions
of any model that neglects it.

The calculations presented in this note were per-
formed in the distorted wave Born approximation
using the code DWUCK {10] which calculates a zero
range form factor with the Bayman-Kallio method
{t1]. The single particle wave functions were generat-
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Table 1
Parameters used for optical and bound state potentials. ALl
radial functions were of Woods-Saxon fenn.

Potential parameters
14 r a W Wprn o c

Protons 454 1.16 ¢.78 9.8 1.9 1.32 0.54 1.2
Tritons (A) 173.0 1.16 0.70 148 — 1.65 0.806 1.16
Tritons (B) 146.0 1.24 0.678 25.1 - 145 0.841 1.24
Neutrons * 1.25 0.65

* The well depth was searched for to give bound state at one-
half the two nucleon scparation energy. A Thoinas form
spin-orbit potential of 25 MeV strength was included.

ed from a Woods-Saxon well with parameters listed
in table 1 and were bound at half the two-particle
separation energy.

The optical potentials are also listed in table 1. The
proton parameters were derived from the work by
Mani et al. {12]. The real well depth was given a rea-
sonable energy dependence of 0.22 F, which gives the
value 45.4 MeV for 41.7 MeV bombarding energy.
The outgoing tritons have energies of the order of
30 MeV. In the calculations presented here we have
used two sets of triton parameters: (A) A potential
derived fromi experiments at 20 MeV by Flynn et al.
[13} and (B) a set derived from information given by
Hafele et al. [14]. No extrapolation to the energy re-
gion of 30 MeV lhas been attempted. The angular dis-
tributions of figs. 2 and 3 are calculated with the set
(A).

Table 2
The summed cross sections (Zzg'; a(0;), the sum being in
steps of 2.5°) in percent of he one for the ground state tran-
sition as reported from experiments {9] and as cbtamed for
various modifications of the coexistence model.

PHYSICS LETTERS

Transi- Ex- Gerace- Gerace- SU, Newton
tior: peri- Green Green
ment 6p~-4h

0;~05 100 100 10 100 100

(A) (B) (A) (B) (A) (B) (A) (B)

0j-03 206 0.7 3.5 1.6 29 112 11.3 58 6.6

05—2% 103 08 1.8 04 18 9.6.12.2 2.8 49

0103 <10 14 67 16 73 28 6.7 18 6.2

0}-2% 3.5 38 77 35 7.1 08 4.3 1.3 49
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“ca(n,t1Ca
E =417 MeV
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o 0* 3.35
s a 2*360x10"
102
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Fig. 2. Experimental results compared with the predictions

of the model of ref. {2}, ¢ >rresponding to column 3(A) of
table 2 for the transitions to the ground state (solid line and
circles in upper part), 0* at 3,35 MeV (dashed lire and squares)
and 2*at 3.60 MeV (solid linc and triangles in lower part). The
2* cross sections have been multiplied by 107! for the rcason
of clarity- All thecretical cross sections are normalized such
that the ground state transition agrees with the axperimental
one. The extra normalization N required for the excited states
is indicated in the figure.

In table 2 the second column gives the results of a
calculation starting from the state vectors of Gerace
and Green (2] with appropriate Nilsson functions [8]
for the single-particle functions. The results certainly
have more in common with the calculations by Debevec
(9] than with his experimental results.

It has been suggested [5] that inclusion of a 6p—4h
component in the 42Ca ground state might remove
some of the discrepancies. We have determined a
ground state comprising a 6p—4h component in the
spirit of Gerace and Green and find
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Fig. 3. Same as fig. 2 but for the model including 6p—4h
states and using SUj states for the hole levels (cf. column 5(A)
of table 2).

142Ca, ground) M
=0.87212p) + 0.475 | 4p—2h) + 0.188|6p—4h) .

Using state (1) we obtain the results shown in table 2
column 4, No significant improvement is obtained. We
retain however in the following the ground state (1)
for 42Ca, since we feel that such a description is more
consistent with the states used for 40Ca.

Several calculations indicate that deformations
lacking axial symmetry are eaergetically favorable in
the Ca region. This was in fact realized by Gerace aud
Green [18], who considered Nilsson functions for com-
putational reasons only.

The iowest levels in the unfilled shell (*particle
states”) are those with all quanta in the direction of
weakest potential, whereas the highest levels in the
last filled shell (“hole states™) are those having as

17 September 1973

Table 3
The single-particle states for particles and holes.
Particles Holes
Newton
# 14 #8 8 =0.2

i ko L3010 k 3(202) SU;  4=30°

7/2 1/2 08611 5/2 5/2 0.5000 0.1553
5/2 1/2 -0.1305 5/2 -3/2 -0.2027-0.2236 -0.1489
3/2 1/2 04673 3/2 -3/2 09792 04472 0.8102
1/2 1/2 0.1522 5/2 1/2 03162 0.1363
- ~ 3 1n -0.2582 -0.3477
- - - 1/2 172 0.5774 0.3973

many quanta as possible in the direction of strongest
potential. Therefore we conclude that changing from
axial sy:ametry to a small deviation from such a sym-
metry, which essentially means a redistribution of
potential strength among the two minor axes, does not
affect the particle state significantly but may produce
important modifications of the hole states. This claim
is substantiated by actual calculations [16]. In our in-
vestigation of effects from deviations from axial sym-
metry in the core-excited components we are there-
fore concerned with modifications of the hole states
only. The first estimate we obtain by choosing as hole
states those with all quanta in the x-direction, which
amounts to introducing the single-particle orbits of
mixed k-values given in table 3 under the heading SU;.
The neglect of the spin-orbit potential introduces an
over-estimate of the dg;5 state in this description.

A complete Nilsson-like calculation including the
spin-orbit term has been carried out by Newtor [16].
His single-particle state for 8= 0.2 and = 30° is also
given in table 3.

The results for the (p,t) calculation using these
states are found in table 2 and fig. 3. We see that the
introduction of triaxial single-particle states for the
holes removes to a large extent the disagreement. In
particular the rross sections for reaciions leading to
the 55 and 2} leveis in 40Ca are enhanced and the
angular distributions are more reasonable. The shape
of the ground state cross section is in all cases satis-
factory. The shift of the maximum around 25° is prob-
ably a manifestation of finite range effects, This has
been checked using the finite range correction in
DWUCK, and is also apnarent in the exact finite range
calculations by Bayman [15].
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Via coefficients in |40Ca) and {42Ca) of fig. 1, the
magnitudes and the interplay of the transition ampli-
tudes I-V, the total transition amplitude is determined
by the value of M, and by the unperturbed energies.
Accepting the order €, < €445 < €209y, We have es-
tablished that the sign of M, is such as to produce the
following pattern, inherent in the model:

40¢,

0; All contributions add coherently

42Ca 0% -1 0? Particle pick-up (mainly [) and hole
1 2

pik-up (mainly IV) compete

The presence of {6p—4h) weakens

particle pick-up

0; Cancellations occur between particle
pick-up and hole pick-up but also with-
\ in these categories.

The introduction of | 6p—4h) produces an enhance-
ment of the 05 cross section, since a weakening of the
particle pick-up makes the hole pick-up more prepon-
derant. The improvement of agreement upon intro-
ducing triaxial hole wave functions is also because of
a stronger hole pick-up, this time due to the appear-
ance of the Isy /5 state, which is strongly favoured in
two-nucleon pick-up.

If a strong cancellation occurs, the formt factor is
suppressed in the surface region, where normally the
main contribution to the transition amplitude is ob-
tained, Therefore the shape of cross sections charac-
teristic of the transferred L-value is replaced by the
rather structureless shape that is a consequence of
comparable contributions from a wide range of r-values.
In such a situation the results become extremely sen-
sitive to the choice of parameters in the optical poten-
tial — as can «¢ seen in table 2 — and to the way in
which the correct asymptotic behaviour of the form
factor is achieved.

¥ Broglia st al. [17] have succecded in producing a pattern
with coherence in 0] — 03. Their description is however
crippled by the easity established fact that their 2p—2h
state must lie below the 4p—4h state and places 0" disas-
trously closc to the ground state.

PHYSICS LETTERS
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We therefore feel that the absence of structure in
some cases is more of a warning that the angular dis-
tribution may lack physical significance, than an addi-
tional sign of failure of the model. In fig. 3 we also
see that the characteristic shape is restored once the
cancellation is made less complete.

The general improvement obtained by introducing
wriaxial deformation does not take us as far as to com-
plete agreement, but is provides a case for a thorough
reexamination before assigning a death certificate to
the coexistence model.

The authors are greatly indebted to Professor G.E.

_Brown fer suggesting their joint effort in this study

and to Professor G.T. Garvey for his alacrity in com-
nrapicating results, Thanks are also due to Dr. RA.

’{!ruglia for his interest in our work, intimated at

several occasions.
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A coupled channels analysis of the reaction *80(p, t)160 has been performed, using the weak coupling wave
functions of Ellis and Engeland. 1t is found that these wave functions are consistent with the data. The rather size-
able contributions from transitions via the 160 ground state play an essential role in producing this result. The data
scem not to support the use of a strongly deformed single partiele basis for the multiparticle-multihole components

of the wave functions.

In works by the Princeton group [1] o ' the reac-
tion 180(p, t)}60, it has been shown that the gredic-
tions from the Brown-Green model {2] seem to be in-
consistent with experimental results. The weak cou-
pling model developed by Eilis and Engeland [3]
gives wave functions fairly similar {4] to those from
the Brown-Green model. it is therefore expected that
this model will also fail to account for the data. This
is indeed the case, as can be seen from fig. 1. There
we present results for the lowest-lying positive parity
states in 160 from a standard DWBA calculation. The
optical potential parameters and triton size parameter
are the same as those employed in refs. [1]. The form
factors have been calculated using the Glendenning
method [5], with the harmonic oscillator parameter
b=1.8fm.

Fig. 1 shows the following severe shortcomings of
the theory: (A) The cross section for the 2+(6.92
MeV) level is 60 times too small. (B) The cross section
to the 0*(12.05 MeV) level is one order of magnitude
too large. We have tried to escape from these prob-
fems by using other versions of the wave functions
[4], but in vain. This is obviously due to the fact that
the transition to the former level proceeds via wave
function components with relatively small amplitudes,
whereas the situation is the opposite one for the lat-
ter level. We also note that the second peak of the
ground state angular distribution is much too low.
But if the finite range correction in the code DWUCK
[6] is used, the fit to data is much improved.

* Present address: Sverresborg Ungdomsskole, 7000 Trond-
heim, Norway.

In this note we give a very brief account of caicu-
lations done in order to investigate the consequences
of two possible ways to improve the agreement be-
tween theory and experiment. (1) We perform a cou-
pled channels calculation in order to give an improved
treatment of the reaction process. (2) We study the
cffects from using a specially deformed single particle
basis, in the spirit of Brown and Green [2].

We start with the coupled channels calculation.
Preliminary calculations have shown us that the by
far most important indirect route to an excited posi-
tive parity level in 160, is the one going via the 160
ground state. Excitations in the target nucleus seem
to be of less importance. Still we have, for complete-
ness, included the 2% (1.98 MeV) and 0*(3.63 MeV)
levels in 180. Other levels are either weakly con-
nected to the ground state in (p, p') experiments (7],
or have small overlaps with levels in 160 (+ 2 neu-
trons). In order to exploit the computer codes availa-
ble at the nuclear physics group in Oslo, we have
made the following simplification: In those source
terms in the coupled equations that describe inelastic
scattering, we have used formulae from the vibration-
al model. For the levels in 180 just mentioned, this
means that we take 07 as the zero phonon state, 2]
as the one phonon state and 07 as a two phonon
state, Expressions for the source terms are given by
Tamura [8). The vibrational strength §, for 072
is determined by fitting the theory to the (p, p’) data
of ref, {7]. The result is 5 = 0.37, which is the same
as found in ref. [7] using a rotational model. Values
for the vibrational strengths (8,)? for 07 - 03 and

I
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Fig. 1. DWBA results from the weak coupling wave functions
compared with data. All theoretical cross sections are normal-
ized such that the ground state transition agrees with the ex-
perimental one, The extra normalization N required for the
excited states is indicated in the figure.

B4 for 2] > 03 are found from electron scattering re-
sults on transition radii and E2 y-decay results, respec-
tively, by exploiting formulae from ref. [9] and data
quoted in refs. {3, 4]. The signs of the parameters are

10
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Table 1
Coupling parameters used in the calculations.

Nucleus Levels coupled Coupling parameters
B2 6% )
189 of 2t 0% 037 0.40 0.12
160 of = 0 o020 -0.38 025
of 2 0.04
725 0% 014 0.44 010
T 25 05 0.4 -0.30 0O*

* No data available.

determined so as to give the coupling matrix ele-
ments the same signs as the corresponding electromag-
netic matrix elements, calculated from the weak cou-
pling wave functions. The parameters are given in ta-
ble 1. Excitations in 160 are treated in a similar way.
Couplings between 0] 27 0%, G} 23,07 23 03 and

07 24 Og have been treated in separate runs, again
using the vibrational model expressions for the cou-
pling terms only. Our simplified method therefore
does not include indirect processes between, say, 05
and 0;. However, this is of minor importance in a
rough first calculation, since the only indirect route
that really can cope with the direct one, is the route
via the 160 ground state. It has been checked that

no significant ambiguity arises, when comparing

cross sections relative to the ground state, for excited
levels treated in separate runs. Since no relevant (t,t")
experiments are available, we instead extract informa-
tion on the §’s from electromagnetic data compiled in
refs. [3, 4], as for 180, and from (p, p') and (g, &')
experiments |10, 11]. In a few cases the §’s obtained
from the (p, p') and (a, &) results deviate from the
electromagnetic ones. Then the former are selected
from physical reasons. For results, see table 1.

In this way the inelastic excitations have been pro-
vided with the right signs and overall strengths. The
radial dependence, however, may not be excellently
treated. Therefore we do not expect to be able to ac-
count very well for the angular distributions in cases
where ihe indirect transitions dominate,

Results are given in fig. 2. It is striking that the
magnitudes of all cross sections now agree well with
the experiments. The result for 21 (6.92 MeV) is es-
pecially pleasing. The contributions from the indirect
transitions completely dominate the cross section and
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Fig. 2. Same as fig. 1 except that the theoretical results now
have been obtained fror: coupled channels calculations. For
the 0%(12.05 MeV) level two theoretical alternatives have
been given, corresponding to wave function (a) (dashed
curve) and wave function (e) (dotted curve) from ref. {4].

raise it to the experimental magnitude. And further:
the cross section to G} (12.05 MeV), which before
was far too large, is reduced to an acceptable level.
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The overall magnitudes of the cross sections to the
0; (6.05MeV) and 23( 11.52 MeV) levels agree well
with the experiments, as before, even if the angular
distributions are a bit peculiar. A closer inspection of
the calculations reveals that for both levels the indi-
rect contributions are roughly twice the direct ones.
The relative signs are such as to produce destructive
interference. On the background of the remark on an-
gular distributions, made above, we find the results
quite acceptable.

The weak coupling model predicts a fourth 2*
level not much above the 25 level. From electron
scattering results it seems unprobable [4] that the
2'5 structure (instead of 2'5) should be associated
with the experimental 11.52 MeV level. This conclu-
sion is strongly supported by the present (p, t) results.
The direct transition to 2§is weak. If the 11.52 MeV
level had this structure, the total cross section would
be dominated by the indirect terins, which are much
too strong.

The model also predicts a fourth 0* level that has
been identified [4] with the 14.00 MeV level seen in
electron scattering works. This level is not seen in the
(p, t) experiments [1]. It is found that the theoretical
(p, t) results are very unstable against minor adjust-
ments of the wave functions. If a version, called case
(e) in ref. [4], is used for OZ, the predicted cross sec-
tion is very small,

We thus find that when multi-step processes are
included, the weak coupling wave functions are con-
sistent with (p, t) experiments for all the levels in
160 that have been considereu. However, according
to the ideas underlying the Brown-Green model, the
multiparticle-multihole components of the wave func-
tions shonld be formulated in a specially deformed
single particle basis. Such a deformation is expected
to strongly affect the predictions for transfer reac-
tions [12]. It is therefore important alsc tc check
what are the consequences for the weak coupling
model, if the basis is allowed to deform.

Deformations affect the overlaps (180|474%/160)
in two ways: (i) The overlap between the core-parti-
cles in 160 and 180 is reduced to roughly 0.7 (see
ref. {2]) for transitions between wave function com-
ponents where only one of them is deformed. (ii) The
valence particle (hole) functions are deformed. The
effect of (ii) can be included in the following crude,
but simple way. (The méthod is in principle very close

11

den beste, (p,t)- og elektronspredninzs-datm tatt i betraktning.
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to the one used in ref. [13}). The lowest lying Nils-
son-function in the sd-shell with & = 0.6 is expanded
in a spherical basis, with AN = 2 couplings included¥.

We have found that this function can be well siru-
lated using the expansion without AN = 2 coupling,
provided the oscillator parameter is changed from
b= 1.80 fm to 2.29 fm. A similar calculation for the
highest Nilsson function in the p-shell gives no signifi-
cant changes, as might be expected, since it has most
of its oscillator quanta orthogonal to the stretching
direction. The effects from spacial deformatioas there-
fore can, in a first approximation, be treated using
the computer codes written for a spherical basis. We
only have to introduce the overlap factors 0.7, and
change the oscillator parameter for particle pick-up.
(We have found it reasonable not to make this change
in the factor 2, of ref. [5]).

The coupled channels calculations have now been
redone with these modifications. The results can be
summarized in the following way: The cross sections
to the 0*(6.05 MeV) and 2*(6.92 MeV) levels are
not seriously affected. For the latter level this is rea-
sonable, since the cross section is dominated by the
indirect terms, the magnitudes of which are fixed
from inelastic scattering experiments, The cross sec-
tions to higher levels are strongly increased. The
2%(11.52 MeV) and 0%5(12.05 MeV) cross sections
are now one order of magnitude too large.

We conclude that the indirect transitions are in
some cases remarkably strong. The calculations .adi-
cate thai such processes should certainly be included
in any treatment of the reaction '30(p, t)160, irre-
spective of which model is used. In particular it is
shown that the weak coupling model proves to be
consistent with the data, when multi-step processes
are included. For all levels studied, the indirect con-

* The author is indebted to Dr. 1. Ragnarsson at NORDITA,
Copenhagen, for giving him the AN =2 expansions.

PHYSICS LETTERS

31 March 1975

tributions have preciscly such magnitudes and signs
*hat: (a) Cross sections that in DWBA are much too
small or large, are considerably improved. (b) Cross
sections that in DWBA are consistent with data, are
not much changed (in magnitude), even if the total
transition amplitudes are sometimes built up in an en-
tirely different manner. Further: if deformations of
the order of magnitude empioyed by Brown and
Green are introduced, the agreement is destroyed for
levels above 10 MeV in 160. This may represent a
warning against a literal interpretation of the Brown-
Green model, so far as.the magnitude of the deforma-
tions is concerned

The author is greatly indebted to Drs. T. Engeland,
I. Espe, T. Pedersen and T. Sannes for discussions, help,
and for allowing him to make use of their computer
programs. The coupled channels calculations were per-
formed using the code TOR, written by Dr. . Espe.
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6. KONKLUSJORER. DISKUSJON

Konklusjoner ungdende deteljene i arbeidet er allerede gitt i de enkelte
ertiklene. I dette kapitlet understreker vi bare de resultatene vi
enser & vare de vesentligste. Vi sammenlikner ogs& vlre beregninger med
enkeite arbeider som er kommet til etter at de respektive artiklene i
forrige kapittel var ferdig utarbeidet.

Hovedpoenget med dette kapitlet er likevel & prgve & sette resultatene
fra de ulike artiklene i sammenheng.

6.1. Generelle trekk

Det er tilfredsstillende & kunne konkludere at vi har f£8tt akseptabel
overensstemmelse mellom teori og eksperiment pd alle d¢ omrddene vi har
tatt opp, der man tidligere har ment & se alvorlige uwoverensstemmelser.
Dette gjelder styrken for den laveste monopoleksitasjonen i 1'60, syste-
matikken for ladningsradiene i oksygenomrddet og de relative eksita- |
l ‘ sjonsstyrker for lavtliggende nivder i i 0 og lm(!a., mdlt med (p,t)- l ]
reaksjoner. Vi har oppnidd denne overensstemmelsen ved & ta med i
beregningene viktige fysikaiske effekter som tidligere har vart utelatt.

Disse diskuteres mer i detelj i de fglgende assnittene.

Beregningene oppfordrer til en viss versomhet mir en skal trekke opplys-

ninger om sfariskeskallmodellfunksjoner fra data for uelastisk elektron-
spredning. Pormfaktorene er vist & vmre fglsomme for komponenter i
bflgefunksjonene som er sd smd af: de neppe kan beregnes med noen stor

gred av gikkerhet. I tillegg har vi usikkerheter Zorbundet med polari-
sesjonseffektene. Dette gjgr at en normalt venskelig kan trekke kon-

klusjoner om bglgefunksjonene hvis det er avvik mellom teori og ekspe-

riment, eller mellom ulike teoretiske alternativer, pd noe serlig mindre !
enn 0.1 fm-l for posisjonen av diffraksjonsminimmet. Heller ikke kan :
en legge vekt pd smd uoverensstemmelser for hgyden av kurven for den

kvadrerte formfektor omkring fgrste maksimum, Denne kan vere svert

féleom for smd komponenter i bglgefunksjonene, og, for monopolovergan-

gene, for usikkerheter i forbindelse med enpartikkelpotensialet (Woods=

Saxon parametre, o.1.) I forbindelse med den sfuriske skallmodellen

ser det derfor ut til at uelastisk elektronspredning normalt bare gir
interessante resultater i to situasjoner. Disse er: (1) Monopolover—

genger for smd impulsoverfgringer. For monopolovergangene fAr en ikke
opplysninger fra Y-decay. Usikkerheter englende kurveformen for den
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kvedrerte formfaktor fir ingen swerlig innflytelse pd lav—-q resultetene.
0g , (2) situasjoner for monopoloverganger eller kvadrupoloverganger
der formfaktorene har kenkurrerende hovedbidrag hvor det ene er en
hullovergang og det andre en partikkelovergang. De disse bidragene
har hel;"t ulik kerakter (kap. 3.1.), vil ulike teoretiske mlternativer
Inmne gi formfektorer sf forskjellige at usikkerhetene over blir ev
liten bel.ydning. Det ikketrivielle i denne sammenheng er at slike
situasjoner virkelig finnes (de hgyere 2* niviene i 16O). Merk videre
at bglgefunksjoner med svak kopling (kap. 2.4.) er smrlig nyttige for
en slik anslyse. Yver komponent i b@lgefunkejonen er et produkt
§r>|h>av en partikkel- og en hull- tilstand (angulert moment koplingen
neglisjeres her da den er uten prinsipiell betydning). Overgangsope-
ratoren T {kap. 3.) ken skrives som en sum T = Tp + T, der 'l‘p virker
pé peartikkd-frihetsgradene og T P& hull~friheisgradene., Matrise-
elementet ev T mellom Jp>Ihvog Ip'>In'3 og dermed formfaktoren, blir da

<h'l<p'| T ] pin> = Gp.p"h'lTb|h, * sh,h"p' |Tp|p> . (35)

PA grumn av Kronecker-deltapne ¢y dei her ssrlig enkelt & se om vi fir
rene partikkel- eller hullbidrag mellom de tilstandene som inngér med
stpret vekt i bplgefunksjonene.

6.2. Romlig deformasjon

Lar vi de deformerte tilstandene f£8 romlig deformasjon (kap. 2.1.),
f&r dette innvirkning bide p& elektronsprednings- ¢. (p,t)-resultatenc.

Vére elektronsprednings-beregninger er alle gjort i en sferisk basis.
Tilsvarende beregninger for enkelte av niviene { 160 er gjort av
Torbjgrn Erikson [33] ut fra Brown-Green modellen. I disse beregningene
er det tatt med meget sterke romlige deformasjoner. N& er det noksd
stor llkh!t mellgm Brovn-Greens og Ellis-Engelands bgflgefunksjoner -
bortsett fra romlig deformasjon (kep. 2, og subsect. 3.2. i artikkelen
i kap. 5.3.). Ved & sammenlikne Eriksons og vire resultater vil en
derfor f4 opplysninger om virkningen av den romlige defcrmasjon.

Erikson [33] viger at den romlige deformasjon pAvirker hans resultater
pd 2 mAter: 1) Coren deformeres. Dette er ifglge kap. 2.l4. begreps-
messig samme effekt som vire polarisasjonsladninger tsr hensyn til.

2) Partikler og hull utenom coren beveger seg i enpartikkelbaner som
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strekker seg lenger ut i rommet. Intuitivt vil en vente at denne

effexten hos Erikson skulle tilsvere vir bruk ev Woods~Saxon funk~
sjoner. Det er ni av interesse & undexrasgke om disse to effektene

ogsd numerisk stemmer overens i Eriksons og i vire beregninger.

NAr det gjelder effekt (1) angir Erikson stgrrelsen av demne ved &
angi effektive ladninger. Disse er i ref. [33] multiplikative leda

i formfaktoruttrykkene, som gir mot 1 i gremsen med null polerisasjon.
Vire formfaktoruttrykk ken for 1°0, som har isospinn T = 0, skrives pd
en tilsvarende mAte. Det som svarer til Eriksons effektive ladninger
€oppr Dlir bos oss den dobbelte isoskalarladning:

e +e

ee‘f-av-—%—-—g =1+2¢ (36)

pol ’
idet ep ] + epol oge, = cpol i cpo
For monopolovergengene viser Erikson at e.re « 1,3, noe som svarer

til cpol * 0.15, altsd halvparten av hva vi bruker. For kvadrupol-
overgangene finner Erikson eare™ 2, noe som er i overensstemmelse med
vir €l * 0.5. BNér det s 'gjelder effekt (2) foran, kan vi & opp-
lysninger om denne ved 4 sammenlikne Eriksons formfektorkurver for

den sfrriske grensen, dvs. med bfde effekt (1) og (2) utelatt, og for
de endelige uttrykiene, der begge effektene altsi er med., Nir vi foran
har sett stgrrelsen av effekt (1), gir demne semmenlikningen straks
stgrrelsen av effekt (2). P4 denne mdton finner vi fra ref. [33] at
strekkingen av velensbanene (effekt (2)) forirsaker en gkning omkring
frrete makgimum med en faktor ca. 3 for den kvedrerte formfaktor i
monopoltilfellet. I kvadrupoltilfellet fdr vi bare en moderat gkning.
Disse tallene er noe stgrre enn de vi har regnet med i artikkelen i
kap. 5.3. For monopolovergangene finner vi at Woods-Sexon funksjonene
fordrsaker en gkning i den kvadrerte formfektor omkring fgrste maksimum
pd en faktor 2, mens vi ikke har innfgrt Woods~Baxon korreksjoner i
kvadrupoltilfellet. Arssken til dette siste er at beregninger av kva~
drupol formfaktorene mellom de aktuelle enpartikielfunksjonene viser

at disse ikke endres nevneverdig om Woods~Saxon funksjoner innfgres,
bortsett fra for lave impulsoverfgringer.

1 polarisasjonsladningen.

At i alt ser vi da at grovt regnet stemmer Eriksons og vér beskrivelse
av effekt (1) og (2) foran overens. For monopolovergangene er det
likevel den forskiell - hvis vi betrakter detaljene - at corepolarisa-
sjonen er mindre hos Erikson, mens effekten av strekkingen av valens-
banene er stgrre. Vi vil i denne forbindelse peke pd at vAr beskrivelse
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har det fortrinn at den corepolarisasjon som brukes for uelastisk

spredning (¢ pol # 0.3), nettopp stemmer overens med hva en trenger

for & forklare radiusveriasjonene mellom kjerner i oksygenomrddet !
(kap. 5.5.). Dessuten tyder vAre beregninger for resksjonen 1 0(p,t)160

(kap: 5.7.) p& at effekten av romlig deformasjon for valensnukleonene

er ov%erdrevet i Brown-Green modellen. Det - stemmer med at effekt (2)

hos érikson, som vi nettopp har sett, synes & vare for sterk. Innfgring

av rémlig deformasjon gir derfor sd lengt vi har unders¢kt det til nd,

ingen effekter som vi ikke pA vel sd god mite kan forstd innen vire

beregninger.

For kvadrupolovergengene stemmer Eriksons [33] Beregninger vesentlig
bedre overens med date enn vdre resultater, Dette skyldes etter det
foreglende ikke deformasjonseffekter. Selv ndr Erikson ser bort fra
effekt (1) og (2) foren (den sferiske grensen, ref. [33']), f4r hen ad-
skillig stgrre formfaktorer enn det vi fAr under samme forhold. Dette
md bety at brlgefunksjoner med sterk kopling (kap. 2.k.) gir stgrre
kvadrupolmatriseelementer enn de tilsvarende funksjoner med svek
kopling - selv nér vi regner i en sferigk basis. Det ville derfor
vere interessant & kopiere Ellis og Engelands [11] beregninger for
160, men bruke basisfunksjoner med sterk SU3-kopling mellom partik-
kel~ og hull-delene av bglgefunksjonene,

For laveste monopoleksitesjon i 160 finner vi en liten, men viktig,
forskjell mellom Eriksons og vire resulteter. Diffraksjonsminimumet
kommer ved lavere impulsoverfgring i Eriksons beregning. Dette
skyldes ikke forskjeller i behendling av romlig deformasjon, men er
en konsekvens av forholdene diskutert i siste avsnitt av kap. 3.2.
Ellis og Engelands bglgefunksjoner, som vi truker, inneholder mange
fler komponenter enn de Erikson har benyttet. De sterkest defcrmerte
komponentene er felles for de to sett av bglgefunksjoner. De mindre
sterkt deformerte komponentene i Ellis og Engelands bglgefunksjoner
vil da, ifglge kap. 3.2., bevirke at diffraksjonsminimumet skyves mot
hgyere impulsoverfgringer. Da forskjellen er stor nok til & vere
signifikent (jfr. kep. 6,1.), og da den har sin &rsak i en prinsipiell
forskjell mellom Brown-Green's og Fllis-Engeland's modell, anser vi
det vesentlig at ngyektige cksperimenter gjdres. Eksperimentene i
ref., [30] s som er de nyeste vi kjenner til, er ikke gjort ved hdy nok
impulsoverfgring til & belyse dette punktet.

I forbindelse med (p,t)-resksjonene er det interessent & merke seg at

P
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romlige deformasjorer ikke uten videre er tatt med i sin helhet, selv om en
bruker Brown-Green-Gerace's bglgefunksjoner, slik vi har gjort i kap. 5.6.
Der her vi tatt hensyn til deformasjonene ved & innfgre overlappfaktoren
0.8 for overgang IT i fig. 5, jfr. kap. 2.4, De enkelte partikkel- og
hullfunksjonene er behandlet i den vanlige tilnzrmelse der de utvikles i
sferisk basis innen bare ett hovedskall. Strengt tatt burde valensfunksjo-
nene ogsd gis romlig deformasjon. Beregninger [3!4] viser at denne siste -
effekten ikke betyr s mye i kalsiumomrddet., I okéygenomr&det derimot, der
deformasjonene er langt stgrre, hvis vi skal tro Brown og Green [9], gir
nettopp denne effekten et markert utslag. Dette har vi vist i siste del av
artikkelen i kap. 5.7. At de store forandringene i tverrsnittene
nettopp skyldes romlig deformesjon av valensbanene, og ikke er en core-effekt,
vises ogsd av foreldpige DWBA beregninger [314] for reaksjonen leo(p,t )160 ut
fra Brown-Green modellen. Corve-overlappet er der med. i alle beregningene.
Ter vi hensyn til romlig deformasjon av valensbanene eller ikke, fir vi i
begge tilfeller kvalitativt samme resultater som i kep. 5.7.

Areeken til den sterke innflytelse fra romlig deformesjon er kler. Deforma-
sjonen fgrer til at bglgefunksjonen for det overfgrte ngytronpar strekker seg
lenger ut i rommet der spredningsbglgefunksjonene ikke er s neddempet av
ebsorpsjonsleddet i det optiske potensiel, Fra teorien i kap. 4.1l. fglger da
et virimingstverrsnittet gkes, Som forklart i kap. 5.7. pdvirkes vesentlig
partikkel-overfgringog bare i uvesentlig grad hull-overfgring. Det er derfor
eksitasjoner der overganger av type III i fig. 5 dominerer, at denne effekten
blir merkbar. I 15 gjelder dette serlig eksitasjoner til tilstandene
0;(12.05 MeV), 0, (14.00 MeV), 2;(11.26 MeV), 2) og i noen grad 2;(6.92 Mev).
Dette ses fra amplitudene i fig. 8. Nettopp disse tverrsnittene ble ogsd
sterkt pévirket i beregningene i kep. 5.7.

Vi trekker den konklusjon (kap. 5.7.) at s& store romiige deformasjoner som

Brown og Green bruker i 1 0, ikke synes & vere i overensstemmelse med (p,t)-
data.

6.3. Polarisagjonseffekter

Vi finner det tilfredsstillende at polarisasjonsledninger av samme stgrrelse
kan brukes bide i elastisk og i uelastisk elektronspredning.

Nir vi i artikkelen i kep. 5.k. bersgner polarisasjonseffekter for ulike
impuisoverfgringer, er det vesentlig & bruke en fenomenologisk vekselvirkning
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18 .
0 gr.'bl.lst. 00955 "'0.29
’ 17,20> fi§:§%;

. [\

(] |1,20> l2,22> |7,24> ji1,2k> [13,26> |16,26>

o] 0.816 <0,35k 0.325 -0.186 0.157
0 -0.176 0,137 - 0.887 0.202
o; 0.387 ~0,574 0.341 0,605
o, -0.062 0.725 0.50h -0.211 0,378
Fig. 8a
18

0 til 0 nivder i
J'60 « Piler angir hvilke bglgefunksjonskomponenter overfgringene
kan skje mellom (jfr. uttrykk (35)). Komponentene er spesifisert
med to tall ngyasktig som i kap. 5.3. Bare de viktigste komponente-
ne er tatt med. Amplitudene er tatt fra kap. 5.3.

Tongytronoverfgring fra grunntilstanden i
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7,205
% .
[7,25%  l2,21> |8,24> 13,27 [|14,26>
+
2] 0.295 0.209
a; 0.276  =0.333 ~0.152 0.742
2;’ <0164 0.118 0.725 0,104
2; -0.257 0.131 -0.521 0.169
Pig. 8b

. o . N . +
Som i fig. 8a, bare at overfgringene skjer til 2
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Justert s den gir rimelige resultater for null impulsoverfgring. En kunne
forsgke & beregne polarisesjonsladningene fra realistiske vekselvirkninger.
VA.:e beregninger viser imidlertid at q-avhengigheten for polarisasjonslad-
ningene er korrelert med stgrrelsen av ladningene for q = 0, og det p& en
slik mdte at vi fAr on relativt q-uavhengig polarisasjonsledning ndr de
empiriske verdier for q = 0 reproduseres. Da fundamental teori ennd ikke er
god nok for ¢ = 0 (se f.eks. ref. [21]), kan den heller ikke gi p&iitelige
resultater for g-aviengigheten. Et eksempel pd hvilke problemer som kan opp-
std: Vi har kopiert beregningene fra kap. 5.4. ved & bruke Kuo-Brown veksel-
virkningen [35] , Vi fir da ut det kjente resultat at enpertikkel-polarisa-
sjonene i monopoltilfellet stort sett dlir negative for q = 0, i strid med
data (jfr. kap.5.5.). Dette fgrer til at vi for de fleste eksitasjomer fir
sterkt g-avhengige polarisasjonseffekter. I slike tilfeller er det nermest
mnuli& ut fra enpartikkelpolarisasjonene & slutte seg til hva g-avhengighe-

ten vil bli 4 sammensatte tilfeller, uten en detaljert gjennomregning. For
cksitasjonen til 0;(6.05 MeV) i 160, f.eks., viser det seg & vere konsella-
sjon mellom enkelte bidrag pd en slik miAte et nettoresultatet eiendommelig
nok blir meget n®r det en fir for en nmr g-uashengig polarisasjonsladning
av rimelig stgrrelse (epol = 0.3). Dette spesielle resultat ble funnet

av Kmelhus [28] for nange &r siden.

Et helt annet poeng er videre at uten relativt koustante polarisesjonslad-

ninger ville argumentene i siste halvdel av kap. 6.1. ikke vere cyliice,

Det her vert vanlig & fremskaffe enpartikkelpotensialer for forskjellige
kjerner ut fra fglgende metode: Grunntilstands-bglgefunksjonen forutsettes
& vere en Slaterdeterminent. Enpartikkelpotensimlet varieres si, imnen
gitte rammer, til en fir overensstemmelse med elastisk elektronsprednings
data. Det er noe vanskelig & interpretere de enpartikkelpotensislene som
de fremkommer. En vet at bplgefunksjonene ogsi skal inneholde komponenter
med pertikkel-hull eksitasjoner. Inklusjon av slike vil innvirke pd resul-
tatene av 'analyaen (dette ser en meget klart ogsd i ref. [36]). Med mindre
man tillater enpartikkelbasisen & deformeres, m® man i tillegg ta med pole-
risasjonseffekter. Dette vil ogsd innvirke pd resultatene.

Hvis en likevel fglger denne vrnlige analysemiten for elastisk elektron-
sprednings data, tvinges en til & konkludere at enpartikkelpotensialet
trekker seg noe sammen fra 160 til 170, men at det s& utvider seg igjen nér
vi g&rttil 180, ref. [5]. En slik ikke-additiv effekt nir nfiytroner plesseres
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utenfor 160 er vanskelig & forklare, og er dessuten ikke i overensastemmelse
med de antakelser som ligger til grunn for skallmodellen.

Det er pA demne bakgrunn resultatet i artikkelen i kap. 5.5. md ses. Bereg-
ningene viser at vi for ladningsradiene f&r en enhetlig, enkel tolkning ved
& holde potensialet fast, men ta hensyn til1 additive polarisasjoner samt
deformerte komponenter., Vire resultater tyder pé et polarizasjors-og defor-
masjonseffektene kan tenkes & vere vementlige oged for stgrre impulsover-
foringer. I sd fall vil det fA konsekvenser for de enpartikkelpotensialene
som ken finnes fra elektronspredningsdate. Ogsi i et sd stort anlagt arbeid
som Negeles £37] , er det neppe noe rimelig samsvar mellom raffinementene i
forbindelse med beregningen av enpartikkel-bglgefunksjoner, og den enkle
metoden til sammenlikning med elektronspredningsdata. Det -+ imidlertid
ikke klart hvorvidt vire beregninger i kap. 5.5. uten videre kan generalise-
res til hgyere impulsoverfgringer, med tilstrekkelig ngyaktighet.

6.4. Monopoloverganger i 180

I kap. 5.3. har vi vist hvorden en kan fremskaffe noksd direkte opplysninger
om hvor store defomerbe komponenter det er i bglgefunksjonene for nivdene

0 (3 63 MeV) og 05 T(5.33 MeV) i t'(J, ut fra uelastisk elektronspredning. Par—
decay av disse n:wé.ene gir de gamme opplysninger som elektronspredning for

q = 0. Souw, Adloff, Disdier og Chevallier [38] har utfgrt slike par-decay
cksperimenter og seammenliknet med vlre beregninger. Resultatet er at pera-
meteren E i kap. 5.3. ser ut til heller & skulle vere ner ~0.9 enn ner 9,
som Ellis~Engelends beregninger forutsetter. Det er interessant & merke seg
at Pedersens [39] {p,p')-beregninger synes & tyde p& det samme. Dette viser
noksd tydelig at det er 3.63 MeV nivdet i 80 som skel vere sterkt deformert,
mens 5.33 MeV nivdet har smd deformerte komponenter. Dessuten tyder det pd
at innblandingen av deformerte komponenter i grunntilstanden i J'80 er stgrre
enn de 9% Ellis og Engeland fAr. Hvis vi antar at parameteren E er ngyaktig
~0.9, f&r vi av table 10 i artikkelen i kap. 5.3. et innblandingen er p& 15%.

6.5. Indj i -

Bakgrunnen for vére (p,t)-beregninger var de p&st&tte uoverenutemelsene
[6.7 8] mﬁnom teori og eksperiment for reaks:jonene 0(p,t)1 0 og
Ca(p,t) Oce. Serlig betones i ref, [8] problemene meC fgrste eksiterte

o¥ niva i 60 og hoCa. I en ny artikkel av Fleming, Arima, Fulbright og
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Blann [ho] pivises at overgangen til fgrate eksiterte of nivé i 160 utmerket :

kan forstis ut fra Brown-Green modellen innen en DWRBA-anelyse. Derimot

viser disse forfattere at det er laveste 2 nivd i 160 som skeper de virkelige
problemene. Disse konklusjonene stemmer helt overens med vlre. Vi fAr dette
resultatet blde i kap. 5.7. nér Ellis-Fngelands bglgefunksjoner brukes, og i .
fore1¢p1ge beregninger [Bh] ut fra Brown-Green modellen. Fleming et a.l. 1

[ho] mener at uoverstemmelsen mellom deres resultater og resultatene i ref. .

[8] skyldes at Ge bruker trisksialt deformerte SU~funksjoner i stedet for

aksialt deformerte Nilsson-funksjoner. De referer i den forbindelse til

virt erbeid, presentert i kap. 5.6., for kalsiumreaksjonen, der innfgring

av trieksisle deformasjoner er av betydning. Resonnementet er likevel neppe

riktig. Arsaken til at innfgring av trisksdele deformasjoner fungerer i
kalsiumresksjonen, er at vi da f&r innblandet 8 /0" niviet, som fgr var

utelatt, og som her stor betydning i (p,t)-reaksjonen (se kap. 5.6.). I
oksygen-omrddet har vi ikke noen tilsvarende effekt. Videre viser vire

beregninger [3|l] ut fra Brown-Green modellen, som nevat foran, overensstem-

melse med resultatene til Fleming et al. og ikke med resultatene i ref. [8] .

Arsaken til uoverensstemmelsen synes heller & bero p& at man i ref. [8] ‘ ' l
bruker Browns opprinnelige 180-b¢15eﬁmksjoner [3] der det er hele 36%

innblending av 4pZh komponenter i grunntilstanden. Man fAr de nesten full-

stendig kansellasjon mellom partikkel- og hull-bidragene til overgangen til

0;(6.05 MeV) i 0. 1 beregningene til Fleming et al., og i vire, brukes

en vesentlig mindre innblanding av Up2h komponenter (< 10%), nce som svekker
hull-bidregene og hever kemsellasjonen.

At overgangen til niviet 2;(6.92 MeV) i 16 0 md skepe problemer, ses lett av
fag. 81;;. Ingen bglgefunksjons—komponenter med store amplituder er imvolvert.
Dessuten er det kensellasjon mellom partikkel- og hull-bidragene. (Brukes
Brown-Green modellen f&s et ekstra hullbidrag av type II i fig. 5, uten at
dette endrer situasjonen noe vesentlig, ref . [31&] +) Den teoretiske over~
gengsstyrken til dette nivlet md derfor bli meget svak, i motsetning til
hva eksperimentelle data krever t?] . Selv om vi gker bp2h inn'plandingen
i grumntilstenden i J'60 til 15%, som svarer til E = =0.9 (se kep. 6.4.),
gir dette ingen bedring av betydning.

Vi anser det derfor helt ngdvendiz & forsgke & te hensyn til indirekte
overfgringer, som vi e& i kap. U.2, kunne tenkes & gi store bidrag, for &
forklare oksygenreaksjonen. De modifikesjoner av bglgefunksjonene som ble

brukt for kelsiunresksjonen, fungerer ikke i oksygenomrddet. Eksperimentene
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[7] viser dessuten et overganger til nivéer i 160 med unaturlis paritet kan
vere ganske sterke. BSlike overganger er forbudt innen de vanlige versjoner
av DWBA-teorien. Ogsé dette viser at indirekte overfgringer md vere av
betydning i oksygenreaksjonen.

Wér vi sé glr til beregningene i kap. 5.7. for indirekte overzenger ser vi at
det mest karaskteristiske trekk ved disse nettogp er stgrrelgen. Dette gjel-
der ssrlig overgangene via grunntilstanden i 1 0. N=r hele styrken til
2;(6.92 MeV) skyldes indirekte overgenger. For 0;(6.05 MeV) og 2;(11.52 MeV)
gir indirekte overganger dobbelt s& store bidrag som direkte-overgengene.
Fortegnene er imidlertid motsatte, slik at disse to siste overgangene grovt
regnet er uforendret. BStyrken av de indirekte overgengene er bestemt via
parametrene i table 1 i artikkelen i kap. 5.T., 02 vil vare de samme uansett
hvilken versjon som brukes for bglgefunksjonene. Brukes derfor bglgefunksjo-
ner som gir vesentlig anderledes direkte-overganger, samuenliknet med dem
Ellis-Engelands modell gir, vil de direkte overgangere gdelegge overensstem=
melsen med eksperimentelle date. Bruker vi de 180 - bglgefunksjonene som '
svarer til E = ~0,9 (se kap. 6.k.), gir ikke dette vesentlige forandringer

i resultatene i forhold til hve vi fant i artikkelen i kap. 5.T.

V&r konklusjon i denne sammenheng er da at det for det fgrste er ngdvendig &
ta med indirekte overgenger for oksygenreaksjonen. For det andre har disse
nettopp slike styrker at bglgefunksjonene fra Ellis~Engelands modell [ll]
gir god overensstemmelse med eksperimentene.

To protlemer er likevel ubesvart s& langt. Hvilken innflytelse har indirekte
overganger for kalsiumreaksjonen? Og, er “rown~Green funksjonene i oksygen-
omrédet ogsd i overensstemmelse med date ndr indirekte overganger innfgres?
Disse problemene fgrer ezentlig ut over rammen for dette erbeidet. Vi kan
likevel nevne cnkelte momenter av betydning. Forelgpige beregninger [hl]
viser at indirekte overganger gkir styrken for bdde 0;(3.35 MeV) og

2;:(3.90 MeV) i l+0045 - dette i sarlig gred for 2 -niviet - slik at overens-
stemmelsen med data forbedres i forhold til resultatene i kap. 5.6. Og
videre, siden Brown-Green modellen som newnt foran gir direkte-'«o«ugm
som stemmer bre med Ellis~Engelends modell, for oksygenreaksjonen, i alle
fall for de lavere nivdene, mi en vente at indirekte prosesser vil bringe
ogsd den i god overensstemmelse med deta. Dette resonnementet kan likevel
vare noe tvilsomt for tilstandene over 10 MeV i 160, de Ellis-Enge....s 08
Brown-Greens bglgefunksjoner der begynner & utvise vesentlige forskjeller

T A A s Yo E———
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(jfr. artikkelen i kap. 5.3.). Dessuten forutsetter demne sarmenliknmingen

mellom de to modellene at romlige deformasjoner ikke er s& store som Brown
og Green hevder (kap. 6.2.).

6.6. Hdyvere eksiterte tilstander i 1'SO

Bide elektronsprednings-resultatene (kap. 5.3. og S.h.) og (p,t)-resultatene
(kap. 5.7.) viser at 11.52 MeV nivdet i 265 kel ha 2; strukturen, og ikke
2:; strukturen. Disse bglgefunksjonene har ingen fullstendig analogi i Brown-
Green modellen, alik den vanligvis formuleres. Etter at beregningene i kap.
5.3. ble gjort, er det publisert nye data the] for 11.52 MeV nivéet. Disse
gir en noe mindre formfaktor enn de eldre resultater (ref. [lcSJ), som vi
bygget pd i artikkelen i kap., 5.3. NAr det gjelder avhengigheten av impuls-
overlgringen, er imidlertid de to datasett svert like. Konklusjonen om

strukturen av 11.52 MeV nivlet endres derfor ikke av de nye data.

Niviet 2;(9.-85 MeV) i 160 kommer naturlig frem i Ellig~Engelands modell. I
Brown-Green modellen kan en ikke beskrive dette nivdet innen den vanlige
versjonen av modellen, Det har likevel vert gjort forsgk pd & inkludere

9.85 MeV nivdet ved & innfgre K = 2 komponenter (ref. [ho] og [hb]). Semmen-
likning mellom vire resultater for (p,t)-reaksjonen til dette nivdet (kep.
5.7.) og de tilsvarende beregninger i ref. [ho], viger at Ellis og Engelands
beskrivelse av 2;(9.85 MeV) nivlet gir bedre resultat emn Brown-Green mo=
dellen med K ®» 2 komponenter. Etter at beregningene i kap. 5.3. ble gjort

er det publisert eksperimentelle elektronsprzdningsdate [hlc] for dette niviet.
Slike deta er av spesiell betydning da vdre Beregninger ut fre Ellis-Engelands
modell (kap. 5.3. og 5.4.) viser et formPaktoren til 9.85 MeV nivlet ikke skal
ha noe:diffrakajonsminimum mellem 1 fm og 2 fm, noe de andre kvadrupolover-
gengene har., MAlingene i ref. [hb; er dessverre ikke fgrt ut til hgye nok
impulsoverfgringer, men resultatene tyder pi aminimumet mi komme lenger ut

enn normelt. Milingene viser at fgrste meksimum kommer ved q > 1.1 mﬂl,

noe som ut fra fig. 2 i artikkelen i kap. 5.lU. viser at diffraksjonsminimumet
kommer ved q > 2.2 fm %, Bér det gjelder styrken pd overgangen til 2;(9-85
MeV) niviet finner vi fra beregningene i kap. 5.3. at vAr teoretiske
kvadrerte formfektor er en fakior 3 stgrre enn eksperimentene i ref. [Mlj.
Beregningene [hh] ut fra Brown-Green modellen med K = 2 komponenter, gir

et misforhold p& en faktor 3 den endre vegen. N& skal det bare en Litt
sterkere dlanding til mellom de komponentene i 2; blgefunksjonen som vi

har brukt, for & redusere overgangsstyrken med det ngdvendige belgp. Alt

i alt synes da Ellis og Engelands beskrivelse ev 2;(9.85 MeV) nivdet & vere

N
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den beste, (p,t)- og elektronsprednings-data tatt i betraktning.

I res. [1&2] og [hh] er det ogsd preseatert nye data for nivéene 0; (12.05 MeV)
og ‘q (10.34 MeV). De nye data for o* niviet bringer ikke inn nye momenter
utover de som er diskutert i kap. 5.3., bortsett fra at diffrskszjonsminimumet
trolig kommer ved en noe lavere impulsoverfgring enn beregningzene viser. Den
teoretiske formfaktoren (kap. 5.3.) til 4* niviet er 1itt for lav sammenlik-
net med de nye deta (ref. [hh] ). Eksperimentene er heller ikke her Zprt til
hgye nok impulsoverfgringer slik at det er mulig & se om maksimumet for form-
faktoren kommer for sf hdy impulsoverfgring som teorien (kap. 5.3.) gir.

6.7. Avsluttende bemerkninger.

Dette arbeidet er et imnlegg i den pdglende diskusjon om polarisasjons- og
deformasjonseffekter i skallmodellen. Arbeidet kan derfor ngdvendigvis ikke
danne en helt avsluttet enhet. En del nye ideer er kastet frem og adiskutert,
men ikke alle implikasjoner av disse kan forfglges pd det ndvercnde tidspunkt.

Likevel er arbeidet avsluttet i den forstand at vi her fatt tilfredsstillende
sver pd de nmrt beslektede hovedspgrsmdl vi satte oss som mil & undersgke.

o™ o o eaa s - -—— - s s o 72 meak &
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Amendiks A
Utledning av formel (3) i kepittel 5.5.

Vi kopierer utledningen i appendix A i artikkelen i kep. 5.3., men tillater

ladningene i p-skallet og i sd-skallet & vere forskjellige. Bidraget til

p-skall og sd-skall ¢elene av den elastiske formfaktoren fra grunntilatands-
komponenten 'Tstd 3} TM> er, 1 grensen q = 0 :

F(o) --—"g-? I fo(1,T)el/T+ a(2,'1')e,;d/5"} , (a.1)

T=0,1

ndr likning (A.2) i kep. 5.3. brukes.
Alternetivt brukes liiming (A.3) £ kap. 5.3.:

ﬂ, P sd D s.,.8d . '
Flo) = < ,d,'mTl (e N, +eg N4 e12‘1‘§+e1 213") 'Tsta'T“w’

" —z—' {eonpd-e° 1MT(2 f)+eld!4,rf} ' (A.2)

der f er definert som i kap. 5.3.

Sexmenliknes formlene (A.1) og (A.2) £4s uttrykk for a(1,T) og «(Z,T).
Disge settes sd inn i likning (A.2)i kap. 5.3. og vi fér

Flq) = e * (A + Bx + Cxe) (A.3)

der

—

a L looD_.D sd 8

A 7 f12e° en, + e Bea + eer (2-2) + eldH,l,f]
el gD 4 2P, -4 .8 -k

By [0+ Sl 3 efny, - § ey (20) - 3 o3y (a.4)

1 d
—32 sd dMTf+c'] ¢

Vi har her satt np-:.a -0y, der n, er entall hull i p-skallet. Videre
er C' bidraget fra 0{3,T} (se kap. 5.3.).
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Formfaktoruttrykket (A.3) generaliseres si til & gjelde for Woods-Saxon
funksjoner. Fglges metoden i Appendix C i kap. 5.3., fhs for elastisk
spredning

o) = [ot) + &as) - S@)] + 2+ [Jp) + (2o - )] - 3

(a.5)
+ [%(23) - %(d)] ¢ C

der A, Bog C er gitt i uttrykkene (A.4). Radialintegralet <p|jo(q§-)lp>
er for enkelthets skyld notert som (p), osv. Ser vi bort fra mindre
forandringer i skrivemdten, er formel (A.5) en generalisering av formel
(C.3) fra kap. 5.3., til elastisk spredning.

Rekkeutvikles alle sferiske Besselfunksjoner, f&r en pd samme mite som i
kap. 3.2. dette uttrykket for ladningsradien i kvadrat:

(rpga)® = (2000 + Beo) - 30)] - &+ [Bo) + (o) - )] - 3
(A.6)
+4[§(2;) --g(d)] s €+ 200) .

Her betyr nd (p) radialintegralet av ra, osv., Videre har vi tatt med bidra-
get fra de %o ls-protonene, som ikke har vert med i uttrykkene foran.

Uttrykkene (A.4) for A, B og C innfgres s& i likning (A.6), Vi sgrger sem-

tidig for & sette inn verdien e; = % i leddene 12 °§ og -8 eg i uttrykkene
1

(A.L). Dette gjgres da de nevnte leddene representerer bidraget fra p-coren,
der partikiene ifglge bl.a. appendix B i kap. 5.3. ikke skel tillegges noen
polarisasjonsladning. Vi fir

(tpma)? = {2018 + 6(5) - n,eR(2) + Hy2-21eBp)

+ 0,62 (H20) + 3a)) + mge,® Blas) + HA)) (AT
+ 2((26) - (a))c']

som, med enkel endring av skrivemiten gir formel (3) i artikkelen i kap.5.5.
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Merk at alle leddene, bortsett fra det siste, stammer fra 0{1,T} og 0{2,T}
i appendix A i kap. 5.3. Leddet som inneholder C' stammer fra 0{3,T}. P&
grunn av SU3 tensorkarakteren for disse leddene, er det bare siste ledd som
kan gi ikkediagonale bidrag mellom bglgefunksjonskomponenteme. Det er disse
bidragene det siktes til i diskusjonen etter likning (3) i kap. 5.5.




banene er stgrre. Vi vil i denne forbindelse peke pR at vAr beskrivelse
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Appendiks B

Beregning av stgrrelsene 8(j g’:'i_hl;) for

Brown - Green - Gerace modellen,

B.1l, Indre bglgefunksjoner
Indre bylgefunksjoner formuleres som i likning (4):

+ 4+ +
sk'x 8

» M
kx2 3 kxu

|2p2h, indre> = a;x a
1

+ +

o Bﬂ +
ul-.'p ~kp k

p Bxrp 19 (B.1)

. + +
|4p2h, indre> = % mien

. + + o+ ¢ ¢+ + ot
‘ | upbh, indre> = %n %kn %kp %xp Bk'p B-k'p Bern Bogrn |o>

Operatorene o og A er definert i likningene (1) og (3). Indeks k og k'
representerer positiv k-verdi for Nilsson-banene for hhv. partikler og hull.
De tidsreverserte tilstander med negativ k eller k' finnes ved & bruke
faserelasjonen (2). Vi har brukt indeks p og n for proton og ngytron.
For 2p2h tilstanden fAr vi egentlig en sum av ledd av den typen som er angitt,
med ulik fordeling av protoner og ngytroner. I vire beregninger for kalsium~
omrddet har vi forutsatt (jfr.ref. [10]) st partikkelgruppen og hullgruppen
begge har isospinn 1l og at disse er koplet slik at total T = 0 fremkommer.
I 88 fall vil komponentene med xllxalp,lexu-n og komponenten med x,*x,=n,
x3=xy=p begge forekomme med amplitude + == , Bare disse komponentene kan gi
bidrag til overgangene II og III i fig. 5.

B.2. Utprojeksion av god J og M

Vi studerer Lp2h tilstanden som et eksempel. Ved & utnytte likningene (B.1),
(1), (2), (3) samt symmetrier i de uttrykkene som fremkommer, fds




|up2h, indre > = § 2° . ) (1+s ) z’(1«5 . )‘3 (148, . )2
J

. 3% I5%6
§2dp 32, *’546

x X(3 X5 m1)R05 )X Gy ~kIR(G k! V7 Gk )< & kg, 0 >

x <jgk Jykla00 <,jsk'56-k'|J3o> <50 JBOthO> <J,03),0[g0> (8.2)
+ + + + +
. s . N >

. [%ln 335 [155 5, B Vil ]Jh];,o o>

Hekeparantesene angir kopling av angulere momenter. Topartikkeluttrykkene
er normeliserte slik som i likning (32).

Utprojeksjon av god Jog M fis nd ved & plukke ut den komponenten i
likning (B.2) som har den grgkede J, samt & skrive JM i den siste vektor-
koplingen i stedet for J O (jfr. ref.[Us]).

Dermed:
23 - . .
|Jupeh, K= 0,0M > = 13 . e Z . U(JlJaJl)U(J3JhJ2)V(J5J6J3)
Ry d13dp IRy, Igdg
Jl J2 J3 Jl&
x < J,0 J30|Jh0> <J,0 Jh0|J0> (B.3)
Her er

Csoey = " . .

U(jyd d) = (1+65152) X(§ )Xk )<i k §-k]I0> |
(B.4)

V(i i T) = (1+6.jlja)‘3x(,j1 ")X(5,-k J<5 K Jy=k'|30> .

Normeligeringstaktorene n}a >

ved & kreve <lp2h, K=0, JM | bp2h, K=0, JM> = 1 , Vi finner

0 , for Lp2hetilstandene med ulike J , s
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b2 2 6 - o 1 RN ‘
(By7) =27 1 Uiy, 3| fUlid, T IWligie 39
51252 33251‘_ J5_?_56 5.5) i
3y3p 340,
x <3,05.6]3,05%<7 0 3,0|305°
27371 1 %Y ¢

Tilstandene |2p2h, K=0, JM> , |iphh, Ke0O, JM> og de tilhgrende normali-
seringsfaktorenc kan skrives ut p& tilsvarende mdte. For ordens skyld
noterer vi ogsd at

J + +
d s s s N > : .
Iap'w;ig.i:*’r’a [a-’l“ *ip Ta o> (.6)

l De spektroskopiske amplitudene B(ja.jb L) er definmert i likning (31).
Dette uttrykket kan skrives

. . +  + =
B(Jaab L) = <aM| [ajnn “jbn]L | >, (B.T)
Separate koeffisienter B(jajb L) for hver overgangstype I til IV i

fig. 5 ken nd regues ut ved & bruke likning (B.7) og uttrykkene av typen
(B.3) og (B.5) samt (B.6). Etter noe regning fis de enkle uttrykkene

. . J
BI(Jan L)=aA djajb GIJ
a2 2
Bryld dp 1) ='a B (<P 32 owo)sos v 5,1
a2 22 &
¥ * /3
3
x I a‘; 5., OGy3,7)
52, N2
Brrp{igpl) = v B -m < Jo1o|J0> U(j,3,L)
a2
. w8 '2'“:;2 - .
Bryligdyl) = b € (=) ———=< JOLO|JO> V(JGJbL)

7L




- 132 -

Faktorene 7]!1- i BII og BIII skyldes isospinn-koblingen i 2p2h.tilstan-
den, jfr. appendiks B,1.

Hormaliseringsfektorene n§2 . ngz og n:u regnes lettest ut fra dis-
ge formlene
20,2 2 - 2
(n3)" = 2 ; EN )

J12d,

(022 2?2 1 [W(5,i3]°
J 5y2ip v

(a22)2 = 1 <5,00,01305%(n20)3(n32)2 (B.9)
3,3, r T2

( h2)2

2, 20,2, 22,2
n;°)" = I <J 00,0505 (n37) (nJa)

172
JlJa 1l
(nuu)z

2, 22,2, 22,2
)%= & <J10.J’20|J0> (nJl) (nJ. )

J1J2 2
Fasene for de deformerte tilstandene slik de er definert foran, stemmer
ikke overens med Gerace og Green's konvensjon idet 2p2h~ og Lp2h-tilstan-
dene har motsatte fortegn. Dette skyldes den tilsynelatende umotiverte
endring av fortegnet for matriseelementet “1 Gerace og Creen foretar

ndr e setter inn verdiene fre Table 2 i eq. (2) i ref. [10]. Disse fa-
seforskjellene har vi tatt hensyn til ved & bruke Gerace og Green's ver-
dier for amplitudene a,b, A,B og C (jfr. fig. 5), men endre fortegnet
pd By 8 Byyy Over.

I beregningene har vi ogsi multiplisert uttrykket for BII med 0.8 ,
Jjfr, diskusjonen i kap. 2.3.

B.l. Trisksialt deformerte hulltilstander

For hulltilstendene brukes nd utviklingen (7) istedet for utviklingen (3).
Indre bglgefunksjoner formuleres som i appendiks B.l., men med de triake
sialt deformerte hullbanene. Utprojeksjon av god J og M gjgres som foran,
Men nd md vi ogsd projisere ut god total K = O, Da vi i uttrykket (7)

har en sum over k , md vi da i de indre tilstandene bare ta med de dele-

ne der alle ke-ere adderes opp til null,




Uttrykkene (B.8) generaliseres nd, etter en god del regning, til:

B.(J gJpl) er uforandret

a2
)L+1 J3°*2

Brplidpl) = a B (- = s <Joro|zo>
J e /3'-215
3§ -L
x [V(3,3,000-(=)" P ¥(5,3,10)]
J
3 L& 5 U59) (B.20)
51232 1v2
BIII(ja'ibL) er uforandret
3 -1y
* 2 2
Bryligh ) =~vC z(1+a o) ¥
v J9e%b Fegb2. F 2'“3 K 20 J KO0
. ja.'.jb-L .
x < 1K 3K [Jo>[V(5_j 1K )=(-) V(3,3 1K )] .

Her er

ey = -3 . . -
V(§,J 9K) = (14-65152) "f“a x+(alkl)x_(32k2)<,]1k132k2|w, (B.11)

der koeffisientene X er definert i kap., 2.2.

Faktoren N: KO ©8 normeliseringsfaktorene - ogsd de som skal brukes
i uttrykkene for BI og BIII = regnes ut fra formlene

20 2

N =2

3 s [63,5,7)°

9124

- I (l‘l'tS ).v(. - JK)‘ v(. - JI.) -(-)51+52—JV(' J- JK')
JKK' 5p3 1tz 4192 Jady
Jyds ,

2
“gxx"' 2 <J0Jx|.m><Joax'lax>n2°

992 2 (B.12)
ha 2
Ny = B <300 KIT0><r, 09,5 |Jx'>n§‘l’ nﬁam,

92

(Forts.)
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(B.12) fortsatt):

LY 02 g2

N, = s sz . <3 K 3 ,-K, |0><3, K 3, ~K, | JO>K; 3K, Ny K,
1"2"1%2

(naa) - ggo , (nha) - N.roo , (nhk’ - Ngh

Disse formlene representerer generaliseringen av formlene (B.9) $il tri-
akeialt deformerte hullfunksjoner,

I alle summene foran forutsettes at J 1 .J2 og J er partell.
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Appendiks C

Behandling av romlig deformasjon for
velenspartiklene i kapittel 5.7.

I kap. 5.T. har vi hatt behov for & innfgre romlig deformerte velensfunk-
sjoner. Fglgende grove, men enkle metode til et overslag over stgrrelsen
av effektene, er brukt.

Laveste Nilsson-funksjon i sd-skallet regnes ut med og uten AN = 2 kob=-
ling (se kap. 2.2.) for den ektuelle, store deformasjon. For & kunne ute
nytte tilgjengelige, utregnede Nilsson-funksjoner her vi brukt € = 0.7
nr AN = 2 kobling er utelatt, og & = 0.6 nér den er med. Deforma=
sjonsparametrene § og € er definert slik:

»
>4
[ |

2 2
W] (1 + 3 §) : (c.1)

2 2 L
W, No(l--s-a)

og W oy (14 -;— €) (c.2)

1=
[ |

3 (00(1-%5)'

der oscillatorfrekvensene w; er definert som hos Chi [26] . movil

kunne se at € = 0.7 og 6 = 0,6 uttrykker omtrent samme deformasjon.
Laveste Nilgson-funksjon i sd-gkallet blir da:
Uten AN = 2 kobling:

jy> = ~0.56]2s 1/2 1/2> -0.40]1a 3/2 1/2> +0.79{1d 5/2 1/2>  (C.3)

der de sfariske funksjonene er spesifisert ved & gi kvantetallene
nl j k .

Med AN = 2 kobling:
[y*> = (~0.26{1s 1/2 1/2> ~0.51|28 1/2 1/2> + 0.,15|3s 1/2 1/2>)

+ (-0.35[1a 3/2 1/2> +0.17|24 3/2 1/2>) -
+ (+0.61]1a 5/2 1/2> -0,25|24d 5/2 1/2>) '

+ (=0.13]1g 7/2 1/2> +0.22|1g 9/2 1/2>) .




Fig. 9

De modifiserte radielfunksjonene R2 1/2(r) og Rld 3/2(r) fra uttrykk

(Ce5) med b=1.80fm (hel strek), samenliknet med de t:.lsvarende umodi-
fiserte funksjoner med b=2,29fm (brutte linjer). Funksjonen R

1a 572(F)
avviker ikke mye fra Rld 3/2(r) og er derfor ikke tegnet opp.



Tilleter vi oss & slgyfe siste parantes i uttrykket (C.h), ser vi at
funksjonen |¢'> kan skrives pd same form som |¢> , hvis radielfunk-
sjonene i uttrykk (C.3) modifiserea slik:

Rog 1/2(r) * g 1/0(r) = _o—';*g-(-o.aﬁRla(r)-O.51R28(r)+0.15R3'(r))
Riq 3/0(r) > §1d 3/2(7) = :3%56"°'3531a(r’*°°1732a(’)) (c.5)
Byg 5/0(F) * ﬁld 5/247) --(0.;9 0.61R  ,(r)=0.25R,(r)) «

For de umodifiserte radialfunksjonene gjelder som vanlig at Ra' 1 /2(1-) =
Boa(r) 08 Rig 3/o(F) = Ryy 5 p(r) = Byy(r) .

Punksjonene (C.5) er tegnet opp i fig. 9 for b = 1,80 fm . En ser at
en med rimelig ngysktighet, ungyaktighetene i metoden for gvrig tatt i
betraktning, kan erstatte dem med hayrmonisk oscillator funksjoner med
b= 2,29 fm .

P4 grunn av den sterke AN = 2 koblingen har vi gjort analoge overslag
der ogsd sdgi-skallet tas med. Sluttresultatet blir ner det samme som
foran.

Semme metode er ogsd brukt for hgyeste p-skall bane. Forandringene som
skyldes AN = 2 kobling blir der sd smd at de helt kan overses,

Sluttresultatet er dermed: For et overslag over effekten av ramlig dee

. formasjon av valensbanene i oksygencmrddet, kan en regne som vanlig, men
gke oscillatorparameteren til b = 2,29 fm nir partikler overfgres mel-
lom deformerte komponenter i bglgefunksjonene, dvs. i overgang III i
fig. 5. Overgang I i fig. 5 skjer mellom sferiske tilstander slik at den
venlige b = 1,80 fm skal brukes. For overgangene II og IV i fig. 5 er
det p-skall partikler som overfgres, slik at vi ogséd der skal la oscil-
letorparemeteren vere b = 1,80 fm .
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