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PREFACE

A unjor penblew o e tasvey of nuekel i to
fgaméaﬁ‘sz- o underaterding of the oaclesy forees opeeating
within sacled ug éiimimﬁ fean the Tonany patsenn LHo
frae nuolecns. Desplie the Jarge amosot of work by
graeckuny Al mahy others (Walch bas belped Yo olerify
andy to & lurge extent, Justily the consepiunl besis
of puclesr shell wvolel), seleulsticny of asuloss
proporties, sush ag enorgy levels staprting wits fron
nusleomaicinon dnterastions, progent songiderable
mathematioal ﬁﬁiﬁmﬁﬁi‘w sl aps bob 16 gerersl seasy o
sarey out without Lhe add of lapge conpubele, 48 8
rosulb, mosl shall model saloudatlons arve io pragtice
doue by sosuting o relatively siople eflantive fnters
setion. I thils dizserbution an attsupt is made to

abady 1o & syetematde way S anture of Lhis slloative

tnteraethion fn gevoral sluple saciel.

T work of Dedeckosr ant others ahows thab uhe
sifastive puolent foreop Bre HONMLO0LL OF womEtRe
depsndent ued slso confdgurntion-dopaniont, Howaver,
Lhey mro soomslnpalery Ledey WALL nob dave sn iofindte
ropuleive corg, e is generally sesused fo Dres auelegn
Forods. Wit these eonstcerations fu whinly e suggeat
in ensobar 1T & pethod by wideh teedoesy spaebes osg
eoloniated, sud whteh iy exhibih olowriy the asbdove

- opropertiog ol the olfsetdwe DTovous, She fden ix to



(84)

wupbens e pelvin elanonbs of e saelonr Hemiltondun
Ln torss of the mirds elowests of the intsraction in
twoepartiods plales of ddilerent epiny lactopiy spia

orbiial anguler wowsnbune  This precedure

wonld be gomewbist amplogous T Bhe danlyele of the surdeote
C rmelenn asettering f’%&s%ﬁv in teray of phewe anifts 2o
difrersot states of e muedetns. 15 49 peloted out

Thaty 38 ﬁmwzﬁ wxper fuoubal dnte on puorgy Sovels ie
pusdlailos 14 ahould b pogsidde o atady dieeotly ihe
paturs of Yhe effeebive intersotion in Atlleraut spin

ol dw-goldn ﬁ%;fémﬂ sy A0 partioular, & slaple tyoe of
somsdussdoponsiontey iy Sagelspemnbantuedgpenionss

of the foroesy oun be ansily brought out, She fopmelien
fev auoh salewlaiions ia deneribed In chaptor iy sud 4%
fe whnen snplisd Lo gowe gixple wioled susb ba ‘aﬁm; ﬁ:&g
and ¥ = 1 stetaz is @-ﬁ »  Bitaough the wuporimsotal dein
ta nob gulfielant ot preseut Lo pake mope Joflolte sanlyais,
iV ia podnted m:% That the oveomsinbe (siaglat) iufm‘w
setlong Appesd Lo be relatively conligerabiomeduivpordont,
wharany the oldegfote [Uipiet) fodows appoay Su vARy

from puvlel to mwlei. Moo dato wiil wob only eaide ue
to wake thoss statements nore prociss, but Wil slse
winsbie ag to oxbond the waliysis to oblbey atutes {guuh

ag L =D M&%&t}, and wlher beavier ousded, YWe would Wlhe
W atvege the Lwporiance of ougr pethod of suedysiag the
pifootive fotersetion 1o stitepr of Folative orbdisd siplny

mossentam wolol should be pore powerfud Gal useind o



fadEy

mmg&&% Tha g}iw.asaz:ém*‘-“ﬁﬂﬁ ol Ghe &a;:mﬁww ﬁa‘w&m%‘* ol
pather Lann the coovnnblssd methed of ewstessing the

tptarastion Su oves of werious m&m@ﬁma )

I shapler X :}i auas mmm mﬁﬁ’ :em;ﬂﬁmwmmm Bre

pregontad Jfor e apsoisl cape of fsobopas @iﬁ ssm’&i”&'% »

x.zzg Lan fmm M@Mﬁam Bhe rogulis of oo smlysie of
ehapter 11 ara comphiad with the rosulits of other subhors
whe mede onlenlationg of lﬁm ppowtraim, Rk, *ﬁ;m& 1B N
wetaps of Yhe sfPeetdve fateraction aes tosted by caloue
latiog the gsazz%g&r duvels of ?ﬁ,}mu It b fount dn
ghapbor X1 thnt geversdl differest gots of perswelors

genld give equally sabisfacbory results Fow i&wg Hore

we fivd thaty A0 sowee of the oxpited ststow of &m nave

thelr epioe suld pavities no
diabinguish batweon gowe of thape diffovent sels éﬁ"’

agaredy 4% may be poselble Yo

parsmebars, Flanlly, io asstion 3y the aveilable dute

on G suargy Jevels %ﬁ* @3& Bk %3% {adoht dovele) is

ponsmlysnd (by prtdal foversion of Lue oonpyy sabrioes)
to dstersine the matrix elewents of e i nboraotdon 1o
e

iutersablon pursweterg dlscussed in chapbor 15

atotos, Yhis srovides sa additionnl shook on the

&% the eud ol the thealuy reprints of our published
work are fookuded., Whose yoler bo the wodk foeiuded dn
the theste as wall ag some work {naclesy lnteraotions in
o Wﬁammam# abea) ot fooluded Lo bbe Shesis in the
frborest of Lomogoialily e

oo O ooo
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- %Yhe author 48 inlebhed o DEud,Peendys for
introlusing ndm o the pubjeet, Yor his guldance sl
setpind diseusuions durdng e progross of the vark
e wowid aleo like to roooed his fndebisdsess to his

gollonmoes Mo hankaponn, e Lo Haghurs #nd
b o Vel linpaiminm for their kind cosgporation sl

upadul digpussinige

s would 1dke W exprosu de gratitude Lo
professor B.Adammnnthen for beving axtesded %o hig
L hospitalldy of the Physioal Resesreh FTabaratonys
#is vheoly are also dus to Professer HsdePendys Sop
s entoursgeEont aud infessst durlug the course of

thie work.

Farmdliyy 3% de 8 plassurs Lo aohauwisdge the
sward of Heseanrsy Sehodapsaiy bF e Hebe *%mww&ﬁ%'
ol Sarodn, Jarods, durdog the work Dop the thesis.
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THERAICTTON

Theoretioal studiss of the shrusturs sud proporties

& raaled have boon mude Dov soveral youps vy Within

fhe Ceapework of the fndeperdent partiale wm o¥ the
. mmelese shedl modvle ‘the dden of the ghell wodel with
the Latroduotion of & sirong aploeorblt Levm wag rew
gurracted by Hayer sud by Jenwen et al, snd ;u hag el
drnense succens At futerpreting experimsatal rosults.
ghe basde postulate of the sboll model fa that the come
plex interacticoe betweun the mwlaons io 8 mieleus
(sbout which we have very Aittle precise Luformiion)
may be lsrgely replaged by sn oversll wifective potential
field ¥V acting on anch owoleon dndepeadectly. Vhere
are aivesdy aveilebleo sovabal exeellent voviews on the
Wbﬁw&ﬁ*m mod wo oy bedofly shebol soue of the
fuportant aspeots of the abell nolel WhaSoh will be
rolovant Lo our subseguerd dlzeusaliong.

Tho sedetion of the Sehredinger eyustion for a
mokoon woving 4n the potentisl ¥V gives s couplotse
sot of orthooormel elgenfunstionsy characterised by &
sot of guanter nanberss and the sunorgy sigenvslvess
We now coosider the & ( = H» 4 ) meleons of the
miclons $o oooupy a set ol these slogle partiole elgene
statons Such n set of & geoupled eigenstates will be



L

ealled & wﬂﬁigw&ﬁ:@fm, The botel melewr vavefuuntion
in Yhe siumplest %ﬁ?ﬂﬁ?ﬁﬁix&mﬁmm L4 the properly sabie
symetrised produdt (Blater dotorinant) of ¢ cocupled
eiganatalon.

wpartios

From nu ewpiricel anslyels of the muslesr p
auch as Bhading snargies, mround atote apdus and pozities,
rolucsd W5AthE of tue low Aylog sxeray Jevels atosy We
ean obtads & rough ploturs of the siogls perticle erevgy
‘level sohoses W peguivs thob the petestinl Vo abouldy
to & reagonuble spprowtistion, reptoluce this srpirdeal
patterns 16 815 expliedt shell model caleulstione, deteiled
propertdes of ¥ de bet eober st alls To pueh oxplicdt
oaleuletlons; e single particle eoergy lovelsy op ratber
the relstive easrgles of the levels Anvolved, are chosen
tig glven by tiw ﬁf?&iﬁﬁ?%’ﬁ%s‘%ﬁg Blmilaxky the slagle perticle

snyefumetions are souerslly chosen Lo bo thoge of & almgle
hermonio onedliator with o Pangs peranetor sadtalkly ralated
o the mielevy Fadiug, This chofen of the wavetuneblon is
priwarily dletated by easy do subswguest shell nedel ook
gulotionny sl is ma%x Suatdfind by the apgument that

% harsoniv opeillator polsobisi with sa apsropriste gpine
orbit term provides & fairdy edequate explsastion of the
sheerved atngle partiole lewsl soheusse 1% should be
posslble %o éwﬁw mure detelled mwopeetios of ¥ Wy
empirienl acnlysis of mwlesy preperifnss slthough this,
appents not to bhave bwen doue systesuticsllyy wo oty

that the foelusion of the sploeorbit torm was dictated
by tha empirical patiorn of the wagle wunborsy or the
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@W@%ﬁ m ol Wg@: qu ‘wmm&@ mmmas a%sm wasmi ﬁmm
Por wany mwoled ﬁﬂima&mﬁ thnt at Joust for sove ousled
tie ﬂigm papticle potentisd st deviste fPon sphayiesd
syumaty™s Obher features of the potentisl ¥ bave
pacore olenry frow rogest Sheorationd sonliyals 4 of T
foundations of the shell sofol. 1L has beon sbovn Srow
the ooindity of the binding soergy (e aeeleab M Lhe
wwlous that khe potentind ¥ wust have s velselty
depsmdansy #o thet 41 heg s depthk of sboub 70 MeV fur
Phe most tightly bound mplecons and aboat 58 vV Povr i
gt mﬁ}“w sl ﬁ'ﬁf&&ﬁ}iﬁ- o why mma garedEe that the
ghane of the suolonp pobtestind shondd roughly follow the
melaay %@mﬁ Ly alstribation, whdeh gan be well @%emwi%ﬁ
4o tarng of & Wosdgeinxon &%mmm

—~1

[1 + e.xp(/‘;*“R)/b__

Fhue tho barmosie opeldlilator fs mﬁy an ﬁm%ﬁ%ﬁmﬁﬁ@ﬂg ngd
A% 4p woll huown thabt nhw ven of tie harmonsie M@:M&%w
vavelunntions gives rles %o lweorrest biuiiog omrgy vosulis,

ihe other foporiant comept mmwwimg the shell
poded e that of the eonlipuration oo, W have doflined
bhe coullperation ag 4 get of particle gtates cecupled by
Soddvidond meloonss L state of & pSven configaration dn
ohtained by suivebly esupliag the angmler sowenta, sping
aid dsetople apins of Inddvidun) oeoleows to obtalo the
botal angeler somentum otas  OF couyse, Vhe owersdl pucleny
waysfunetion wagt be wade fuldy akioyrematede in all the
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mioloons. Io yeoersl, 5 given miclear atato way tuen be

. obtsined by superposition of the suitable states of vne

o Wmers @‘ﬁﬁ}fﬁ;W@iﬁi@Mﬁ I the Jowest approsionticn the
gonfiguration apuos chopen is om diwensionsl Lewe only
R} mm*igwmﬁ; on ie asgumed o describe the melesr slate

| ﬁﬁsﬁﬁéﬁmﬁwﬁm Varices spasisiiged versioos of shell
Mﬁi wre vatadind &‘i@g&&@a&&;ﬁﬁg wpos toe cholew of the gope

- fhparstion spned. Por ﬁﬁ%&ﬁ;&%&%@ gome detailed propertios
@r #m« pielony atubes i1 Wy be neosssary Lo cxtent the
%aﬁ;ﬁim&rw&m BpEgs o wnoy dingnplongy St Soopidey
-&ﬁﬁ?ﬁﬁﬂﬁﬁi%ﬁ% o pixing of R0y em;zglﬁfigmmmﬁm n geteral
the eosoliguration sphoe c:zéam daperds upos the oabare of
the problemy the relative lmportnice of the by conlle
girntions, il Lhe suss of coupuiaidons IV bus bden
oustosary 1o shell sodel o loodvie ouly iw fow ensrgetis
pniiy Jowest oondfpueationg, sl diugonniise the HemilSomdan
- paterdx coagtructed in this Limited gpsee, b soslysie of

druecknesr apnd obk ﬂw fwmg providel an adepstendiog of the
validity of this protedura,

Wy mey pofat oul tiad in the sedel s Aeuoribod
itherte, there Lo souslivgeble degenvesey in smbgy of
miedeny ghotesy Lt Woare will sulel sewwenl glates with
Rftarent zplng J 5 Wb ail %mg;;;*m‘ A4 mmmu Por
oxnmpies 38 ve deseriie the moleuy ﬁm By the sinple
shodon, wm ponbiowrstdon (.%Wﬁ}ﬁ; £t wild luan thvoe
gtoben with tobel anguler mompobum & = Oy By aol 4.
Bopegatienlly, o1l the three gtotep sre dagealabe, aluce
they ardae from the sawme configursiicns Ouoh degonerscies
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obeerveds %o agcount

avey howevar, ot ikperiventsll
for the azm%wm ﬁgﬁﬁmm ol mm stateny the shell
model now iotroluces Loberaetione betvesn Lho roleonsy
in other words eorrelations awonget the wmucleons {¥hich
wore 4431 now eomsidersd fndepeniont), but only s

pusll perturbations. It should be rommrked thet soke
surrelationg are alresdy fupoond by the setion of tie
penli priopiple, and ehouldd be dletinguisbed from thoge
s4d4t4onl sorrolations which ave now fntroduced suplede
eallys The chelos of theas perturblog loberugtiong ieis
siso baon largely dlotated by the ouse of cowputations
Sotudtivelyy one oy ahvpasterise these dundersmicless
ﬁ‘f@?w# sy restdual effsetive Snteractiovs after the stugle
pariicle potentisl V is sxtragted frowm the exsch many
by problen, I abgerse of apriori kipwieslze of those
Aotorsetions, It hug been ousloBsry to thouse thel o
 the vardwbionsl spArdt with o ouubey of fres parameters
o bo deterzdned W ouspavigon with tow sxperiusabal
Yopulias :

These meldesr Loteprsctions whioh we shell eall
afeootive interaotions {they have slso boon Paforsed
o as psuodo potentials) are consldored rather woeak,

s thot the Hewdltouian sateix osn be W@éﬂ%%ﬁ 6 Bogn
#&;ﬁg‘mméﬁm%&mm (84ent ordor porturbetion theory) and mw
goniimraticon mixing inteoduosd (in ;m*ﬁmmm bBigh
%Wﬁiﬁ'ﬁ&i&ﬂﬁ&;ﬁwim} 48 sunlle They sre geoprally chosan bg
coutrald teowbody forees of the Dorm

Vig = Vo [Ag + AM + ALB ¢ AsMB$ (ki) (103)



"w:awa &i, B are t:m a;mm Bl ﬁgam aRgiRige @g‘w st@ss

(M joracs wid gmﬁsmm auh Ay aca Gonstantas The
mﬁmmm JC (fis) 8 the ddstauwe batwesn tin tm m&wsw

:!,@ %‘#ﬁw}% mf the Guussian o Yakave shapay althoagh 4 |
syuare=vell or a 8-pirntion ure alse m%ﬁgmﬁ&w ugads
powe ealeulstions bave ulso been mede with toolusion of
tonmor or tveshudy sploearbib forces. We should algo add
Bhaty gousrally, wore thug twoebody forces are nagleoled,
Bl 'mwam' O mx&%mﬁmfwm;zweﬁ gaduuiationg which

Cghow RLns Lhis svons to b 4 peasomally good &mmﬁs@%mﬁmﬁwﬁ
In geosrsly thouy we would bave & vory dasrge sy of

| unlass soough

apbitrary parmmtors in the loberactiong o
experizentel data is avellublay or & systerstic dovoatis
gukion eun be wade, ov uoless thers is sdditloml Jupliw

fhantion for choles of gome of the paravetors, At would
b JRETIeulY o sbiuch mach physien) slgoifivanse to such
eupiriond mclear luterscitiongs It Jdoes oot appent to

ué:a thet o pabisfagtoly fovestdgniion on the meture of Vg,
Ahe uolquensss 1o 8 partioular casey o Dop o group of
saeled, or o vardation of 1ts parametors 58 we go from
o awelouy So suothor hnp Been pepurted.  Perhops thare
hes oot Bean suough experimental datu

Fven withs the rather steingest lisdiniion of ounly
Tupebody eentrad lutersotionge we fiod thot ook of the
suthars have chosen Siifepent dabersetiods sioatly @ @
mation of eapediuvnay, Table I lists sows of the intere
notions ropartad 1 the literatwre) tho 13t though not
aghaustivey le vopresontative. Listed ave slyoogtin of
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‘ﬁm :&mwwmm in ?&?‘%ﬁuﬁl Bpdo B amﬁﬁwm apia ntubag
of two zmsmmmg for aammyia Pay éimwww Lo atrength
of the lrterectisn dn € = %y 8 = 0 slate immm&m mm*
These are relatsd to A of squation (3s3) by |
Pug ® Ayt hy shgvhg = & imm%mw%m |
s & & & T3 Sordtele *}

By B By w by w B A d o
L A {14R)

Fgy = &@ & ,5% - Siu,jg o é%@
by e by b hy buy

It hae beon gareredly fousd thot the sffoetive twosbedy
intersetion appesve Yo mx% % pathor Leng rangs » of Lhe
order of the mwelenr plas « compared Yo the yaugs of the
fres pucleommuuoleen Lutersetions. Uable 1 shows thay
thove seoks %o be Altile agresmRnt on the erohange aabure
of the Sotersations Whose affeotive fusersebiom de mpt
apprar Yo e of the derber fypes Io parbtlowlar, the
fovess in the odd atates seem So bo suoh loss wald GoSeyw
sdnady voupared to tho oven statea, fob Pgq Bpponos to
nave & pather well definod valus of ~ 0,088,

A major edm of the work mgw%m ﬁ,ﬁ tivdia ﬁz&wm ia
te attemst 2 gystometis study s fo0 we pozelbds of ths
pature of the sffeotive nuckewr foresss Juo Lnvestizatione
of Bracekoer et al provicusly venbiomd iave piven :s::m‘m@* ‘
devable Losdght 4a the goversl qualitotive mature of the
alfootive Mamxm%mm in the next seotion we gatilne
soua of the idoss of the brusolosr thoowyy ond thon ke
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adddtioml mmm on the problon of the effective rwiesy

4 aharaetionie

s

Yoo anolesy shwld 10
section L an oppiriesl wodel. 1% ia vassd o i asswupblon
thad e amuieuns Lo e ooolous wove Lodepoidintdy of endh

dal as desseibed Lo e previous

ulher i0 s compn 'mewl weddy 40 olhed worde, the
Sarteossiosh prensdure of AtoRit Bpeotostepy ol alEd
e spplied o stusy melser speotrs. The work fagviated.
by Greselser et 8l and carpded ony extendsd m sxpanded
by weay investigators beg uow enablod w e npderpland
why the shell wodel jreceiurs hes been 80 sueoepsiul sl
wag avtuslly peovided s wore Yigovous sl sowowist mﬁt&n
fhed *mwwﬁw% srpoedare Do gpplication Yo :mmg,,

Any thoersiienl atuly of the nuelosr piEnatuee
ahtutiog fron the firet prinedples necesporily nesds
6 gomplete hoowledge of the puoclecusmmeleca (orons,
& patisfectory proeedure woudd be to obtaln firstly
from o thesey of olomontory partioles the neture of
the Iucleonmcloon forany, il then Yo prosted W aodyve
ti Gehvbdinger equatdon for the seny-buly problem with
thege Inteenetlons. Howewery ot present, £t dp ok
even possiblis to derdve the puoloctenucliest Dovces rigore
gusly From Fogon @;aémw,. O imy propent hoowiedpe of macleas
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‘ i*w«:wéx w mm@a 0 8 soni-ghenopeiolosiond wamet from
T amaw‘ of twe mwieloon systohs sush 46 Hha douteron sl
the molepimiasleon ;amwmyﬁfmg aRpar i e Tuoseleon
potentinls chn be chopen to m*@ L expsrisentad deta
and sbatic as well é&-ﬁi voloottysdoperdond of notslogal
foross have 00N Gedds’ M%&wm@ simloonl potontinls
hnve boan explored by seversl sutihorg, tin sbtaide
sotantiale, perticularly those nssoeloted with the

mwos of Gampel=lholor and S4gueil-laestnl appeny to

e more popular, It S8 mow oown that the ﬁiﬁs%‘@@tiﬁ%m
sre stroug, short Panged, have & bavd Tepuieive core
{which pey be simalated by 8 npmeloesl, oooeainpuday
aptenbial) aol are sploe Bl isotopiu-aplosdepomient,
Tho poteatials bave eontealy teopor aud pplo-ophit

toroe sod taklog our cuw Don mopon Lhegtyy they sve
givan Sakawe phapasy LeSe |

V= oo %< e

YA [exb (—Mﬁc)] /’,u}; | ‘/% >k, ete.

Tha strengtih aul vange { Voomh M ) 4n various states
£U8) aan bp gpooliliedy slthough oot M%W&: B i
guouslis Tho forces $n T = 0 states ave nob precisely

o uoanbiguously detelnfasds Mo plve in toble 2 & sot

of parameters obtadned by Semmel sl %‘i‘z@mﬁmh Fhoas

garamatary have been uaed Dor muclesy spantroscopd

anlouilations by Sunuwrjes sod Datbt Hol A 3» {For othee

soty of poteubisle also used In aseloar ealoulatlong

183 L33

poe He Meghkov™ ~ sod Daweon, Pulel end Welooks o .



f

parameters of the (amelelhalor pobemtisls,

the potwitiels have the fakaws shapa \,[exp(pt)]/mbe
w&sﬁ«i«a s falisdite rapulelve core of miém: Dok £
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 gwp pofibs should be wale. Piestly, although the
pole of zmwlmm g@f:aﬁmﬁmm "34&% pot yut plewrly watubliahod,
thore seoms to bi oan ioerensing swaremmas of Shalr m:;:swmmﬁ;
m viav of the rw& Lhat they are nomegloguler A gaay to
mzﬁm in wﬂ;wmﬁ; "ma m;’&&umbmﬁa of vaeloar struelures
Hovondiyy o mwmm Wmmm& that mm soadyais af tkge
pmelecn systens only gives Kinowio Agm of L0 L0h
foreas “on the eoergy shellt, Matedx eleseots of the
Lrdarastion "off the eoergy swil® osn only be ﬁ%ﬂ&ﬁ@ﬁ
Larom %m@w@mamwwwﬁg arahons, puoh B ﬁi:gg xia o
pondbariug of mmeleons by dsuterons ote. Thers de furthor
L g;aa@mm of possible wslatons of Hwseshody of Pane
pody LorcostO9 ) a3 tie bost that can e sedd is that

st prasest thore aesss to be o definibe phenowenciogieal
avidenge in favour of thelr exlotonos.

W hawn swow bo conslder the asclous ag b agesnbly
off & Jarge musber of naolepns (A)  Sukeractiog vin the
| gtrong, ssorteranged interattions degeribed sboves The
Lobal Hamditondan ig piven by

A A -
| H Z: T"L t y \/1} *

wiere Ty ® klostle emsrgy of the &ﬁf}?‘

the twoelody Lotersetion potantial, The ensrgy of the

naleon el ¥Ye4

syston can be onleuloted fren the dehrdliarer equation



- Ghe comveationel dartreeellpel provedurs eansob be
A.ﬁ“ggﬁimmﬁ b abtaie o eslubion of b above egiation,
when the Hepilteslan opatados etrony (and Hult adbe

in gtotie camn) foreop. The sohdevewsnt of the
Hrusblnae theory Le to provide s moddfled preseription
for the evelustion of the soergy of tiw glate, Uhis
pri bo doeseribod as ﬁfﬁm@w@g _ '

Introduse u slngle partdels potential Vg
oporating on ench nuckeon 1. Then & single particle
wawe egeation oan bp welitteny

(_‘TY‘.—{—V‘?-) ¢£: (—y_—*,;,‘i-vj,z"'v{,)ség, = Ej_¢£ , | (R}

With the aslutisong ¢£ and the single pevticle emovgies
Eq of the above eyuation, we sonstruet & “resvtion
mtpia® or & K - mipiy,

(ImIK|%£8) = (Am| Vg |4£8) |

3 (Ve ) = (P KI%S) e
Py P

whore the walrix wlateots Ls vhe epsae of She aingle
partiols atales @@)mm ayre dongtad by the vwelld Losun
bracksd wotation, and AE bg- 48 thy ameiiation emngy
of tho two poaptiole stete (po)

AEP‘W‘ EytEmEpEqn. (28



Y Wgamm wparator - takes eura of Bhe axclesion
 peineipie, and ia aswo Cor wll states fov videh AEPCV
or approximslely sobn - oy we dipouss latory acd Qw4
otnerwipe. Shis N omeledx ds obtadied Srow the goletion
-?E#f the wbove Intogral wpisllion. Jeaty & gedfesonalsteney
pegeivement g Iapoged by comiltion Liant the slogle
partiole potantial shouldd be glven by

(U\/W) =), f (AnlKmn) - (MIKIW)f (248)
m

thus the potential ¥ ebtalned from Log above ageetion
ghould be ddenticved with the poteailed wilth ‘%&%’i’;iﬂ%i We
stavted 1o the squation (2433 \/ = (RIVIL) « when
the seifegonaistoney roivensat fa sultlsliod, ous fay
obitain the sowualled eusrgy shift,

€ = (m|KJLm) = (tm K L) (rxz

aid the tolsl mﬁwg;? B ol the systos is ian

E Z"u +Z Evm

L<m

- 1
) Tt )M

n L

We do oot go into the detsils of the Seusoknm

{2.8)

thopty, sloce thoss ave sdequstely described in literas '
tuira, sl the presont work does oot des) with 1t. I

i enough to polnt oub that the detormliption of the
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| awwﬁmm' or the anergy of %;-;*;s_,zzs systen de very similay

to the ususd HartraowPouk mothod, exeapt thet here
tastend of the simple twoebody futeraction Vigy ome

gees Lhe rescbion wetvrix X,

ot us swmearise asome of the resulites of the

grasckoer Cormelisw which are of interost o we.

{42

(14

The single partiele potentisd V ocourding
in the above Dorpsliss s o nooeloval
potantialy anl therefore clearly the
question arigos as o hov fey §% is

propor to apprexitate Lt by the hersosde
oselllator potentisls W do ook koow
about thisy but wost of the csloulstions
on mslesr speotvossony thal have beon
Gad vogadly porormsd mmma@.; the
TP —— L L ayﬁﬂ@

to avold this problew asl use herwondie
ogeillator wavefumtions ¢f, o evaluste
Yhe resction matrixs Suoedjes and Dutin Loy
yorar thet this proosdurs will cob produoce
B Lnpgs orrovhe |

Akthough the twoelbody iotersotion Vi3 do
siugular gontelidng fofindie ropuluive
core olo.y It turng out thot the Hematerix
du bueh wanles, fiadte and anslytically
suootn and wall-bohaved. %hus 1% 4o
.pmms%ﬁ;m o Justdly the use of firet order
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{4v)

L

popturbation Lhewy Lov i fomtELk (or
its BpoFoRlietions 1.8, Lo sLreetive
gntaractions ), ¥heroas Cov Ghe Vematedx
this would load to faviutites. On the
sthor haod oven 45 the Vgg da Jooal, tiw
Gepatvin 4s nopelooed ek density dapenienty
ag wall as deponde:t ob the couliguration
of the shell poied etates thut 1 befng
sonpidered, Thus in o steiet sese the
Fwetintad g ig nob o twoebody operatory tel
for o given coodisuiodion Bpulday s oy
bo approwleately cousidoped ae & twoebndy
pobentiole

The sffeetive mslear Jctersstions Yimd
mave beon ueed 4o shell weiel compulations

should sob then be ssnporsd with the

roal sucleonsmauioon loberagtion Vige but

should bo regerded ne sppreximate wodels
of the Kematvize Shus oo ghondd net
axppot Thew to huve hardecopss op satupatiog

mpropertios ato.

nne of tis most Srportant rosulis that
ovprgas 48 o songoguenss of the Pruld
prlioiple opspeting i nucles, It i
Poratel that the foen of She Detnipds dn

ponfimration sprce Qidiers from Vg andy
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B¢ short dtetosves £% 1 Fm (oslled

the hesling ddstencnly e shall have
souasion Lo comvent on thls foature iater
in this thogls.

In thw shell wodel wimmam@m; 1% waay
Lavarinbly seeuted thet Cop the eonfiguratdon
gpace o ghounldd ﬁmimm only the (energeiie
oadly) lowsat fow conligurationg, anl then the
Hemsdbontan matrdx soustrustod Lo BOPR Bpreos
®imation in this spees ghould be disgonalised,
Tite approxivesion has reosived Justificstion
fron deusckosr Shoolys A 0y be seun rom
pysaticn (2«63 the Bigher twompurtiols
mwmm are all fosieded slresdy in the
Jafinition of the Nematrixe In practice ome
defines the ogorater § s thad in the sunm
over all oxeited states, all thowss alaies
which are spproxiemtely depenerate Mﬁm the
ground atate ave oxclwied, The “apnroulusteldy
amgssmx%m’* hus o b dellredy but porbaps

46 48 siright So defise this to mesn 4l
osulfigurationg within ahmt 3 Bav of She
ground stalto. This should e wdaguste Tor
consldering the Lew Mying statos of ouclel.

Wo shell sdept this mmm&mmm An oul Worice
It g aloar that the Jorsm of the Nemubtrix w‘
the alleetive fotersction will depend upan
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tise lmm of the " ssmxmgmﬁmﬁw By m

Wadeh miﬁmmwmn wateds 1o constrneteds
Albhough tids Was Lntultively racogoised,

1% dg woery well Wouzht oub from the Sraselior
Povsslisu, sl this fael has to be borne do
alud widis sompardng the Wilferant efleetive

Sutarnotions.

We have sumcarised the rosulbts that ave of futovest
to usy und hope to disouss the rogults of our oplewistions
wl effoctive fnternetions m vordous muclef 4o the Lignt
of the above vonpepbd.

:

e hove goon in the mevicus ssution that o
evalunte the energy of o mclesr statey omwy mast ovalnste
the eorrpaponiing Besalddxe. Tio practiced owvsduslion of
the Beuatrix Lor finite unaeled, ig bowswer quite AL80ioult,
parbiouniardy oy potontials whioch sre singelay miﬁ pandain
fudindte hard coress Ap ve mentionad abowoey tho soetunld
sell=gongd steney problow fa geneeally not stisuptedy aven
g the svalealion of he Remtrizx lovolves & considerable
wwount of sueerdesl cowmibation. Slooo the work in this
thesle Yoy &mwn, several mﬁwﬁ.&%mﬁm*w’w} have been
pablished whioh ovaluste the Femstriz for various poloane ‘
tiade and the anergy lovels of sope raolad. Although ',
Inxper and lurger aushsr of puch ealeulstions will be

mok Sornd dn the oesr Daturs, 16 woudd parbaps 84431 be
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. a@mm@ o | mm & wluple wodel @ﬁ%”ﬁi%?xf‘%&ﬁ?%ﬁﬁﬁg BE B
imation e the ket Wik fwmm*m ﬁsﬁ;ﬁﬂ ong aas wes in
ahall podel enlonlatiovs yndelly, sinply and offostively,
o saloulate the sueleny energy lovele.

Ugunlily, o She sbell wmoded ﬁﬁiﬁau&ﬁwma af

mpulent spoolvs, one Sssuiss sobe internction ng dipw
eusssd fu the previous section and calmalates tue
rogulting spootpus Cop Gpupardscn Wilh oxporfsond. In
Pocent yesys AR elltersate prosedurs s alee wmw woedy
ol fn to bake the ghasrved speotrum aod Seduce fran

8% some proportios of the effective ilotersetion, Tnis
provass ean by deseribed as followss  For 4 glven sacliens
wEperdeotte vy ,‘m‘wm sping aad purdting and suoe g,g,ﬁw
of & sumher @i* Jow iﬁﬁwwg Jthwp supsrinents Buch up
slrippiang, m‘* mx@; wp of & zmumm or slostrowmanetic
Wam%mzm m&gﬁ;‘% proviie sowe fulormobion regerding

L wavelanstion of tinge Mmﬁm i we have thug

gnouge information on they sfigsovaluse (onergies) and

the olgentunstions of dilferent sintes, 14 way be pogeible
i fonvert the i&émmm&mz patelx Coomploteldy o ﬁw-‘fzzim&w
to ﬂm&vﬁ»ﬂ axplicitely (all or somelthe mtrix olements o
the interactlons We shall discass 4t in dotadd kateiy
%m% onky mantion 1% here tuat thig ﬁ;&'&&i‘%} meoesdure

dopanie upon the oholow of & sulteble conlipuration spuoe
Yime frow o given wucleus or several pacisd of nelgnbouring
wkgs valuse Lnvelviog thw gsos vond ﬁ,g&izﬁ&*mmww, It umy ba
possiule Lo sxbract seversl zutri Hisments of the fatipe
sebione  These walblx elemonts uay thoen Do avslysed furthop
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TS mhwm GoNe éwupwww of L Mi‘ ’%ww %mwmm %
and Abs paranetdrg. ’Eéi’ﬁ-&a L mﬁm wiEl s A i
garta) dala, ens zay be Hwe abla to oblsin govs Sulope
Cmabion on the variation of Ww Ismatels with wags ox
canfigueations of pucled ete, Io ehapher I we dlseise
in Getail the pethodology adopbed bY Gue Yo would Iike
te conglier that the method of approsch and anelysis
progentad nere in an leportent sontibusion, sl & veey
useful one, Whether or not the pesults obtained du this
sed subsaquent chaplers arve complotely sstisfuotorys
Tnke technique Ma thon dpplisd to aimple auelsd such
B m{% %m m ata. The enevgy lovels ave analyged
m tae remulia on effentive iolersotiong ave w%mﬁm@;

in chapter I we px*@wxzﬁ gowe adiitionnl ealene
Jations o Bhe puelel z}m Brd f&wa Combindng the
avasieble foforeation on thaes o ouclely 4% 1 possible
axsdn to obbado sove ifeformstion wo the nature of the

effsetive intersoliinge

S 8d ai’%ﬁﬁ.ﬂ}%;}‘ Laveptization earrded oud during
the course of this vork is mresented in *i;‘m appailin.
This fooludes ap soalyels of eflective nuclesr Lolore
aobiog fn aaw«-awa gubghel i

e O Do
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Le

& ponliy Soteresiing problen fa zzus,am woited ds
to detorsdne the mburs of dhe elfoutive twoebsdy & *M,
Iy 4% Lo
pussible to ovaluate auclesr propsvtiss usluag o frow

sotdon Lo ouelel. 48 % meobiomsd in clmgier

sagleotsamelasn dnteraobion suoh oy Uenpelelheler pologe
g BWavar

Shad sad the Sroscknee-Satheegoldstomn Lormali
gach oulowlations sie rothor dowplicoted, Thus Lhere
axisbe & GOBG @s:* & aorious sliempt Te obtata & pelubively
ghople affestive mwlosy internstion for ube in shell
molel saloulntions Lo predict ouelenr proparties with #
Pudy degros of ascedpsnys This uuy be dons by o detalied

syatomntin stady of tho wmeitvix siomontes of the offvotive
doberaption 4o states of tio oupleoss 4n various sonlie
goarntionss I bhie chaptor wo oubiior & pothod whioh ve
briiews shoudd be very osefud foy push o sbady sl sppdy
24 %o pone aluple osleviationte

I de well known that the rensphsbls succenses of

L ﬁf@i%&‘iﬁﬁl ahell wotel in predietfng sany of Lhw
madoar propotides aod porddoularly the snorgy lewd
goehenag, bhave boso obtaloed for maeded nosy e olosed
#halisy Lewe fov pueled with oumy Bwg i Lirsd oudleons
{or holes? outslds & slosed shells Fov alnpidetlbyy and
Lo ongurs Lhot the repalbe are depariabley we conafdey
only micled with two miolsons outeide a closed phell,
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e forthey rasteiot ouranlyes Ty eoogtderstion of oy
Tm 3 of tHo mwlaong, *"% verk desoribed wpe gai be
axtonte] wlse % ¥ m O atatos 1n A SLOMAY Wy,  ovevely
exppriganial dolorvetdon on ¥ # 0 slotos e mob Lo an
oquully eavisfockory stute, 'he ouorgy levels of threse
mscloon systows (olopad suell + 3) esn susily be wittm;
down Ln terme ol the metrix elemsnty of the effsetive
éii:mtaﬁ'&mmm&, 40 twe nusleon states, with the uao of
frugtional purentags spefficlente, Ve dlScuss an Quanpls
in the next chaptor. A sdmdtammous &%&%m of velated
tupe Bl Lhreswiudleon aystons would provide Luformeidon
on the role of lhresebody forves of ohiangs of effestive
dutevactiony if anfy ith chadgs 1n the musber of extrae
BOYE INOIOOUS.

& stardard tevholque foy owaluabiss the meiris
elaments of & glven twsebody ‘:ﬁﬁifwmmg Am bo eppand 410

in Legardax m&;&'ﬁ%ﬁsm&am:*

-

k

tedg elowvent in terss of Slater

eV (—/é;_‘ ;?::_) :2 k (41, %) ‘ﬁ’((coé 6..) {3ad)

&l Bo Bxaress the B
Lotagrnley

(abed) : . A | |
. - e
xdi, dE, . ,
“he effect of the potentinl is then entirely given in torus
of the sluter dotegrals B« She splamangle lategretlions

provon

Py Eeh)

T %o constier ouly iooal potantialey V ( }f;—- 4 )
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P23 %

sve enelly oarried oub 4n 8 general %;ﬂw&;@; e tousors
sdpebrale tochniques @émﬁw@@ by Hooahy Thus the poar gy
dovals of suslel Ao pesholl san be eoxpressed 3o tevros of
ouly two radlel lutegeals Fy sud Pay 213 2o sed shedl
by seven m&sém& i%d%ﬁgﬁﬁ%&gﬁﬁ# Given an arbditeary locsld
potontial dutersction, one way svaluste all the ol ter

Sategeals reguired o the ealoulstions dowover,; for
poreloanl potentilel disls method Doecomes vapy cusberpone.,
Eheres is however an alternste mabbod watoh is muoh pove
floxibley wove slegaut mid eac reveel bash batter the
detuiled ncture of the meclosr foberactioun. Ve shall
gaow that 1 di aleo mach sesdsy Yo spply 1o sobund
sedevintions, |

It may be remarked that in the ansliyeis of the
msleonsmuolonn soatlering datay 4% is found ocnverdent
to sunlyee the deta fived Lo terws of the aouttaring |
phage shifts So states of ALCfovent spiny devtoplowspin

» Bad relative orbital asgeler wowsntum { . Thoss phage

shifts son thoen be distussad 1o torms of A3Lferent potens
t3al bodels. Suoh #n dpproseh say well b veseful do
tusdenr spootroseopys In thds cusey one oan soslyse the
awndiable date on ouclear suergy Jovel gpeetts to obtadn
the metrix elowants of the m&ﬁmmﬁmﬂx &Eﬁ#ﬁé&ﬁ%& ol Lo
taaleons with dillersut apluy lsotopleespin anl rolative

Prbltal soguler wououbum.  Ohe DBy then sialyse these

matrix olenvots of The potentiad dn dflerent stotes of
o muoleong, and the posplble cordiguration depeniaiee



LI T 1

of the potential, leeality or veloolty depsniouce
(4a0e doponiecce on L ) of the ioteraction o, In
Chw pext geotion wa duseride in detsil the mocedurs

e foklowed Tor such an analyoiss

Yo sheld copsider poly sinple light maoled ;mm e
Mﬁg ﬁw Hixl ’fifim ﬁ"i‘@mh Tho single partilels poteatind
due to the cove consisting of olowwd ghells im folon to

- | 2.9 > - : ) |
V=V ta(lg)=gmwZ+alls) (2.1}
. a — >
= fwra® + a(L-48)
sud the walue of the paraseter & i8 sultably fixed,
Uhe ptogle purticle smergy levels appropedats for the
miclous under coessideration ape taien fron experiimnial
date on olosed shell plve oo aoleon s¥olons %Yiw slogde
particle wavelunetions are chosen *m e baroonie oseillsior

‘wavelunotions™?,

_ R () WL m
T (4a0,8) = Sl T 5 i smang| oy Yshoe® (242)
%L}m ‘e .
MMy
whsre (LS mymlim> v a the ugusl Clebshmsordan
- gealliolant snd DC,_g ™ 45 the spin weveluhstion. The
roddal purt - R, U0 d8 glven ss
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® Ageouinted Leguerre polyuoiisnl.

Ghe empiriesl paramster A = = appearing 46 the waves
 Panetion 1e so sdlusted that the Pebess &m&iu# salouiated
with thess wavelfunoliong,

_ . i
<}L3_> - .‘!z@l_-l—%)&k | B £

is the gane as that given by olovtion gebttering wupepiw
- Bantey o in absenee of thdg date, by the sieple cupregw

sion /»35—_ 2 Lm,

The iowent fow levals of & nucloeus way bo dogw
ardbed io torss of bn sopropriste ﬁmﬂ%m&m&m BPOLa,
o whichy acoordiog to the ussal prastive, Justified
By the regults of the lruschudr theoryy ouly the Jowssd
Sow apergetivelly “aluogh degenarate’ qonlfgurations
BEe jaslndeds R oan wedio Uhe twosnuoleon vavelusetion



3

agt

|J“M> = [(n,ﬁ,s,)at, (n, Q.sl)}‘i:’IM> |

ML My lafs™y

=) s |75 (08) Y 00.65)
mm

and the enargy 49

E:r = GC%'I'"J‘I) I 6 Cﬂigi;}.‘z), . ‘ ia*?}

fho degorsvanios in the sbhove speetrum aro mmﬁféﬁ by the
introdaciion of the oLt factive twoebsdy interaction %rm
The Hewditonien matvix in o aspwend. sonfipuration spoee
is vonsteucted fop el volus of Oy

3D 510,80 422 TM |V, | 481 )4 (L85 s :rM> (3,83

and in diagonalised explicitely to obtain the sigenvalues
and sfgenfunetiong of the lowest Dew stotns ol intorost.
in the above equation (2.8) She tvownutloon Wives
fwetions are writion i JeF coupling sorpaliom. Shs Dirst
gtop is then to oconvert thwe o Led foupling; by & suitable

LG

T e do rﬁm write down the dsotopioespin part sxplieitely
sfoee 3 w X ie sgouked do oll sbmen. Againy slbhough
axriiedt antieypusteantion of the above wvsfunetion
is wot 3iaplayed, 3% s tehon ascousst of $0 all onlouw
lutions, Sow final aguntion (R12).
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Grbnubossation,

}C%,R,a,)g,', (34 85) 4 J‘M>

ﬂ. .y 3’1 ‘ o
"Z ﬂz 52 gtl I(ncn,_zz)L,(ui)s J’}/[> (a9}

853
where 4 - reproseits Lield trangforosiion soslfficiont

Ta the pext gltep the sproe part of thy wivefunetion
2 expanded in ‘&wm of venire of nagy and Palative m%%ﬁ&
BERUILY notentR atates of the two partieless Tihds frouge
Torwation hag vecestly boon widely used in pucless speotroge

eopy ceioulabiong or STy BBy »

4 %ﬂﬂli
’C‘nﬂny_f )L.> Z (L) (N/\?LR)L> {2410
NAnL
AT K'n£nﬂ

whare the eoeffislents K () are tabulated by
agg NANL ' ,
Sredy and Hoshdoshy

Pinaldlyy we pocouplo i angulsy mewenbsy zo Thad
tan twosaneleon gpia sbote and the Palative orditel
anguler vomentun state sre coupled togethey to sive
fotad sngular momenlam X o | |
|, 07, 4.)1, 3 8)8 J’M>

: '7[, £ 'n‘gﬁz ) |
:‘2 B (L) /CN/\%Q)L (8,8,)8 : :I‘M>
1T NARL
NANY, (e 302
- ﬂjitmnlh
ZJ NA%%) U(/\SH.S',LJL)IN/\ (nlljs)x,JM>.

NAnL
w
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mrm U {&m&g ol is mw mmaaiﬁ.am Raeal soofiiefonts

“fw wonblning above opantiongy 1 *#,, 1 possible to
write the waterix selewont of tma Haudltoondan in eguation
w,&&;, in tevws of the watrix alevents of Vi b two
mieloon atabes of tobal apin 8, and relotive spbitel
sognlar momsntun L ,

{nd, 8% N, | Wk, 8y
Sheig

<(fn,._£, 3,)}, aly82)ga: TM |V, JOuL, 83 ity s )(}1 JM>

:}d aa [ii(i)s a] [1 C—i) ]x

&

LS8’
NAR LW L%
L 4 ﬂ"v '1‘7"/ & 3'/ MM,y ] nfﬂfn;_(; -
AL sa ALY W B o x
L s7J I8 T NANL NATY { e A

X JAr850)UNVTss L) x
%ty 8% | Vi | gD
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the exparimentel vesulis. On the pther hand Tor m ;

the sgressent betwess theory and wxpirdment is guite poor.
IT the first exclted state is correstly fitted ( at

V, @ e85 Mo¥y A w05 or V, wed0 MoV, A® 087
 the stetes 4y § ocvour sbout 1 MoV oo low (ab 1.75 HeV).

¥ next note Shat for Vg » «23 Hey the mm% af A
ohtsined above A m (a5 {ﬂm}f and 088 m ) ghve fov
the range of the potentiel /é » 1.7 sod *s?,s; fm oo
paatively, wolies mmaz sre in Falr sgroomend with the
pange obbalaed Pop 2?;;&&,, gge erpiabioy (4.3}, Thos out of
many possibles seds of paraseters shileh give slmost sindlar
rasulis for adoglet s-sdute datorastions we chouse fop

farsher Laves Ligation puranetars coprespoding So f’ﬁ?ﬁ#w—% Loy A

, 1t is aow of dnterest to inventigaste the effawct of
sripdet peatsto inbtorsebtionss We give in btables 7 and 8
the matrix elowentz in triplet pestate in mi.m aoff ’9’3’;
the strangth of the patensial, for 0*% and MY respectively.
he resllie of Yhe geleulabions show et the exeltabion
sanegy of the sbabex J = B ad o for tﬁm ayl the stale
d =g Loy ’33&.% ara nob a&g%ﬁ'm@mw wltoated by the
petpte Tovoes . zgmwww, fop ﬂm ha shatesr ¥ » 4 g O°
ave ;:&m?m up by abbrastive intersabions sad ava depressed
by remisive Interachions. This olesrly srgues Lo Tavour ‘
of shtrastive pesbabe foress, ast show theb hy inelwslion | \ ‘

of aultable interactions one can ohtaln sgreemant with the
axporinentse In flgure Gy ve also show the energy lovels
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obbinin the boet Pl g@;aﬁm 1% Le Pound bhet bheoe poroe
mebare aaviph by unigaely Cixed with the .%ﬁ%ﬁ%éﬂ_ﬁi%ﬁ&; wegd |
savoral ai{lerent wuluse o ¥y ol &y aﬁ*& postibie

-imm%x o %}’& o w37 MaV, %,_w' Gu Pt aad ¥y e wlly? My

B % ghve the best m: t m:s thwe & w 3wyl O ababus vhich
a are nob wllsoted sk by Whe pestetn forasy Wy = «E5 HOV,
%o w Loft Py mad the gﬁaﬁﬁw peanptars e 2o chogen s

fo keep § o8 OF stabe slwars ol G098 HeV

in gene of ‘33&% vk R &zzm with wﬁ.‘%;am# ) ok T g L

ive peatabe forossy one Gan relse tha ¥ - dy 8 sbaten and
plag inovesse thelr separsbtlon. In this ense we sdso Tind
thed I She ronge ol %‘ﬁf:-x sriplat pelndsrsetion 48 lavge
(eorrasponiing to A Ga3) fa}m ¥ e @ sbate ls deprosused
balayw the §F o 4 stabe. %.m vesult lmadas us to offeatively
&% @%m' rang® for pestobe foveess In figure 8 we %Mﬁf ik
s6b o peramateva {f) ® <183 Me¥, Aw DeS) v pemboten
whiah give n goud TAE Bo the ecperimentel detne

W aon nov summarize the results. It is possible to
ﬁiM@ # singlet sentabs Lateresbion whieh bas Ghe sabe parew
mobors in m@, ﬁz‘ﬁ v ?&M molei. It paramsbers sowm So
be ressouasbles Os She obher had M%&&‘%ﬁ intereolion porie
netars appesy iw ohasge ayetesatieally s we 5o from A » 8
B0 & = B0, ff’m@ mm the Intarasblion appears bo be guibve

Cstyong With b rethey short range (Vy = <365 HaV, %= d8 fu).
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o ﬁsﬁ“‘a@ H*m ;fwmmmw ape nab m’iﬁ; el fizody hub L7 we
Lol ho anme Tange Vhre, 4o L2 fu the strenghh LN
definttely sppenrs 8o be vesker, yerhups by a foobor of
8«  For aonparison, the netds elemsnt  {op V)2 [op D |
Cdn f:zm Would have 2 velue 3 U «047 HoV, whmreas fo %"i%
6 hoa the velue A =22 Be¥e 16 Was ooneduded that in

mf‘ s fifhough the peababos are ast yeb obierved,
(op[Vizlop) §0°5 Hets

Honky wo consider She resulbs of the olievastive
gy Antersetion 4s

gnaumptlon sscorddiag Yo ws*iah e
@mmﬁﬁw in both Sue oven shates [ =0 at ﬁw B

CIn thb gone woy we ebove, Yhe Mealltonlen mabrices wers
-tz;i.@sgmmmmﬁ for Ty = «08, oy 35 ond «40 Me¥ ang A
ronging from 0.5 to 1.8, In teble & w0 give the mabrix
lpmasts 1a wnits of 7, for 0°° gud these for T 4y
Buble 10« Here slse wo pive the sxaed esloulstions far
euly tus veluss of V, vise, <25 wil 40 He¥. The snergy
1svels enioulated on his Heals for sven stets interatbiong
only sre showa by dotted lines inm the figurss € = De It |
will be aobioed the chunges dn bhe exelbetion anergies are
wWonS markad for Gha atates with F = 0¥, 8 and 8%, whioh
ar now derrasdode 48 Ve huwe praviously remarked, the
peatate intevaebion do neob affest the J = 2 state much,

snd henoe wo Shooss the ovan state perumetors Yo obtain a
good £iy for this stete. (Hore olse, 4% may be noted that
in i@m 4¢ ] ;@msﬁam paramebars sre go chosma as bo glve

¥ mO* pbate ab 3.5% MeV). This Jends us to ehonse Vg »i( HaV,
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A = Qn’?ﬁ f\)ﬁ" Pi’i &‘"ﬁ g;k " wlhd} @gg'g, ';L@ 0 o568 fw Q}Bo
(e romark thet for Vo ..,aﬁ HaV and 1) Gt in 0 3—% the

wavalunobion of the T = % slate gz& vos g dosinant somponent
of m;‘mag o eonfiguration)s The aorres porgling ranges in
Ethe Sun neled vould be a5 fmoand 1.8 fme 1Y mey be
| mmm%awm Ehat for m"’?‘ vt had very similar parssstors
equation {442 The shove ammﬁ of the ﬂ&%ﬁ‘%&%&ﬁf&%’& ghvon
rethur low walues Por the exollation amﬁmmﬁ of tha hlohey
staten e This san be remedisd o & Lrge welend as An Lhe
provious sane by laclusion of pestabe Covoms. Piouvey 7
" a9 alss five the rasalis obistowd for the Jevel spweira
with ﬁﬁw inglusion of the pesbote Foraes. Spwin & raptangbly
gmé agreguent batweon Yheory sad exvarinest is shifadand «
Pop il’%m the I = &% ghate is 'g&?a&m%ﬁ B mﬁw@ Tover then
1% ohserved position. Por %5@ Bhae pestatiy Sntersetion
ropaired bue agela o shord range Aow 1.2 fuosd depth
i Ml w}mmm for 0 o 2 wen PLE She dats with mqrw
ALLrerent gmﬁsz;w Anbereatlons, one of which would be
¥y o owdl Ha¥y Tom 1.8 f’m Thas sgeln the pestobe Pores
BRPRETS Lo grow sbronger &5 %8 o Lo hmsvisy é:mmm

L% whondd be kand i"‘x mind Bhat thore g yeob sone
uaperbainby ahonk the enwrgy lavel sohens g,r' ’i‘iﬁ@‘ the €
lavel in yot to he ideatified, nlthough we have azgumed 1%
0 ba &t 3.0 MoV, The idontiflosbion of this love) as woll
a8 of the splng e paelbien of ofher weeited stebes would
Caartainly enable us %o refing and lmuprove the prosont
analysig,.



¢ B4 3

Jow %o sdd one yemark on yet unobsorved I u 5 state
whinh i prediotud Prom fﬂl },@ﬁﬁ fﬁ} \mmﬁgw&%m m éﬁm*
This sbate iz solaly dus %o Lripiet pesbele interaabicas
ed Che aabrin slesants €9 axibs of % are gives n teble 7.
Binen LY hes aoh been posaible to choose n unigue seb of
| paromelers for triplet pestete intersetivas, we give the'
prodieted position of this level for mll sebs of pEPLTE bUTS
whloh pive squaliy good £i% For thw vemsininyg knows ea0rgy
levels of 0°0s The pogition of this level sorresponding bo
parasotors given in Figure 6 48 At ~ 4.7 MoV wyl sorpesw
pording to Ghope Ln Pieare 7 48 8 ~ 443 MeV. The IRLODE -
mentul evidense for the existence of thin stebe will be
able bo Lhvow sose Light o0 the nabuee of tedoiod oddesiate
fatersetions. 1U mey e aobed thek I = 3" Lovel has bean
dotacted at ~ 448 HeV. The oxisbenocs of Shiz level showld
be & polat of intorest.

In the previces seSions we . ove mede an sblenpt bo
sty systenatiosily She parameters of the effechive Twnwhind
suslews lantevastlon for s fow sontigurstions Ln borms of B
simple sodelss I i herdly poveible with the available dots
%oy ﬁwm@ in Lawour of a und é;:m model for thig af%*wm;af@ |
"resldual” latersoblons We have considered oaly sentrsl forens,
w aeglooted thelr contpibublen to the ensrpy Prow wbetss of -
valabive orbltel sagnler momsata £ 8. This geoms o ue 4
gGoG ssawapbion. Ve find thab the aveiluble QUErRY 1@%3@
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date 41 She oo mﬁ”&gmmzmﬁs mm@mx a?sw s atlyr %mwg oo
ba sxteined in tersg of ollher

{1y 2 nonslonal svaen interseting vhieh osperabos
prly dn £ w0 stute with ¥, = «B5 He? and
Yot o % 147 = Ba0 f8 ol gy oddestate

interuation in [ = 1 state whieh sppsers bo

ahongs af wi go to heavier nooled or higher
genfiguretionsy grovisg strongsy wwt mmagx&
shorter rangedy op | |

{11) an even sbate intersotion with ¥, ® 40 HaV,
Ro® ke w Lod T pporating ia both gw o
deatabony ad an inbersaliion in peatabe
which %ﬁm ﬁwﬁm o ﬂ;zfm%@%&ﬁ in B trangkh
8BS Ong @mﬁs B hizher shell model lavels.
He olmo nobe bhab the inberasction in e
pegbnte 48 definitely found So Ha abbtraotive.

Hueh sdditional work resalns o he dewe ;i*m affenk
of fueluding bengor Covedn in $he sddestates hag to be
Cdawvestigated . It i of fnderost %o owwider contlpureblioas
with thres fdenties) sueleons ontslde a olosad shell and
gonpars the af festive Latersations in sush %f&:wesf*&gmmmaam
with our rosulbs abovey Befe 10 She palrs -of weled 'ﬁmg
¢ w Bk mm ‘9"%’. Of those peirsy we woke atudy of ﬁm,

3,‘53 sk Lo She shapter 1ils Sinilar oslendalions may
#lse be gerrded out for heaviér neoled sush e zim.m, %’@Wg

FA o oR aud avan Wﬁm



a“i;m ey wﬁg;mw thnd M mmmﬁw mmm:z sngul e
mosentum states with £ > .i,, the affest of hard oorss or
adngudaritles L the Panlinsie i aonennaloon Anbore
sationg would not be of say erdbissl Lepertases for ghell
aodel wavefonebliong, wad 4% pash atetes the Peaebion
malrix aad the potentlel wafriz should sivs pabhwr sisiiar
rasuligs. Thug S0 o pessosable aprrovimeblon e eoobyie
bubioa So The saerzy of a otabe from sush shabes with

L2 3 in squetion (2.12), uny %o coloulsted by using &
aimple poteatial whleh £4%n wall thi Yow WETRY Auelaone

nualeos debae  Thon Ghe matrix slonanty dn the sesbols

may slone be soelideral as eaniries) pevisaters % be
doterningd so a3 by glve o gond 748 %o %3:3@ otmarved lovel
| spectrums Those metrix elewenbe would thes be the rosetion
mubrdn sloneads &0 singlet g~abatos for finlte wmﬁﬁ% oyl
may ba eompared with sisilar mehrdr olassabe esleslaoted
frow resiistie potentisls (Joasl or sonelotsl} that have
been Popcsed by many subhors. I4 would nob be too
giarfionls to evilusbe the renction matrix Por singled

fwg buhay even for Pioite nuoled e

W vish Uo ewphetise the aprrossh end mubhodolegy
of this ehapbery whieh we hops will easbls o more ugeful
syt fleeible avelysds to be made of the afTocllive inters
sation when aavugh expericental deba is avellsble on both
Ted and T w0 gbabtes of Swo nodleon gonllipurabiond « |

aon 3 ooo
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AU ANRLIGLG OF THE BERGY LEVELE W
o8 s o7,

Lo

In thile cihapter wo cousider spwewhat nove sarefulld,
nid akee With & alightly dAffarent apueusol She enoyRy
lavels of ﬂw Bk i:éw‘ Bk Shedr relaldongiine It 4
obvious that i the game eounliguention spuwes iz sasumd
to desoribe the lowelviag evevgy lovels of ﬁm and i%*%g |
the melrix slovsuta of the dawdltonisn for differsut statoes
of ﬁw wra be ddevegtly expressed i tevms of the mirix
alostnts of o8, fuek Bn Andyels « dosurited In e00tion 4 =

i@ Sidepoundant of any dgenmpiivns on the miuee of the

Swoebody dnberzettons, We use suet en soalvsis to obitatn
gome gort of o oheok on thy pesulis obbalond i the
meovious chaptore. In soetion 3y 6 pord dineet appPondh

g vwnody Lo nseusing the Hendlbonden mirds olewente

for -@m ghven by 4i -_".i‘*éz?@m Lapeg of Sobevseblions conaidered
L $he provious chapter. o eveluats the aokpsapomiing
oy Javel gpeelrus of {aw; aod oompaae wIth scuperirent
0 aes AU A% is possible Yo diserinlinte betweon the
soveral dutoraotions wvideh sil give <he suue rosulte for
e‘:&m Lownl ;sﬁmu;m in soviion Sy wo mmit’w dinousy our
pogulis Do @m s gpien aud waveluimtions cotpuriog $hew
with the rasuldte obtolmmd by othuy mﬁm&:‘@a g have e Ly

viously mode sinilar sslouioddonse



in view of @my mmmms of axmamw*@, ﬁw @l

ﬁ& " huve atiracted consideralile wbtestion froB saversl

AULRORE GVOY BRSOy mas;m, W peobion the oardy werk of

#iifett and “'mmwgw% nld Hediloh M}m e vocantly
. nawgons Telvd and ‘immm’w“’ have uoed Ble Bruselmre
Slathged M’i&wm@%} Porsalisn to caleulate the enor By

ms uglog & resction retelx esleulsted frem

revela of O
e fres muelesmwiacioon pobtaadianl o BRI E G e
‘E%Mw‘%ﬂ Sowe fefoveation oo the waveuoohions of
bl vericus stalen Lovelved S alen derdeed Orow ao
samiysde of the devteron atvdinpdng resshiong by Molmarlane

sd Pra mﬁm;

In the smlyeie of Gilioht eal Ylovers, axd fediiol,
Hi cenliguration speet Lnoluded 1o adultion to the %ﬁg
#nd %10 erdltele, nlen Liha Sygpn abbItals Au dlscussed
Ao ehsplor I8y W fend thed Lo the spiedd of the Braseboey
*‘&:gmzwfg 1% appents wndustifiod Lo dnelude the 4 ara atate,
phuee 40 1des godie well sbove the ﬁ&fﬁ stabs { ~ 8 MoVl
ihe ealenlsbions of Dowsoun y Bajei sl Wadeoka adeo Lo the
Livat spprosimbion peglaot the &Wﬁ whate, ad tholr
soundhe g weld sy bhose of Lhe espifer suthors on the
wavaiuneticns of Sbe o™ w oM states suow udbe vlenely
Bt awia m Gl *&Wﬁ atube Lp doeiuded in the conlie
Cparanlon spaady U eobponenls of the vaveluietiong Soime
Padalug tule evale sie palbey &xmm; sk duady elfent on
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the auatgy of the glabe would be evou smallsr,. Therelore
We A eoEpsre ouwr rosults with thope of the otbers
mrglootiog the %f% shatey without Lotroducing any

iopoptant Laconsistonti.

oup ealoulated cuergy levels sgres mueh hetiew
those of the olher sathors

with ezpordwental resulis thmn
ag siown 4o figure Je  Unde im dvevitable sirme our
potentisl dg consbenoted Lo such o way s Yo give the
pest £E% With the eaperdvental results. & ohook of wur
galoewlations would be mw&ﬁ% by the prediotioan of the
3w 3 devel gi#gm&ﬁfﬁj in &%@ ?ﬁms we pradiot atb 4
o 447 MoV (sow Diguves § anl 7 of ctaptor Tl Duvsoen,
Jalsd aul Walecks's ealevlation slan prodiots 3 laved in
this ronge. Tt Re very desireble Shat thic be ohouled
axperivantaliys Losntion of tide state 12 very lnpovtant

for deterndolng the pegtete forcosy sinew 3% depouds ouly
an the g;awaﬁ&m juternetion, 39 the eusrgy of Shde gbute
i By P 448 0V, the matriz slowent of the instersetion
Cayatasat 2[Vaaloy /gy 3 w813 be < 0y vnerwas 4%
By > %e8 FaV, tue mtrix elesant is > O Thue Io fuewer
wape the pestate lotersetios would be abirsetive, waorons
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