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~A.lt1ine 
J .o. Hu.'lnussem 
J1.me l.q, 1 o::;4 

Lev-Lying Nuolcar Lner;;y Levels in the Heavy Element Region ~nd. the 
Ar;:licnbi1ity of Certa.in. Nuelehr ~·iodels 

' 

l. Introduction. 

B. Tl1e dt.. velo:pment of s bgle ~·Hrtic 1 ~l mod€ lrt. 

1~ ESP, PF, ~. 

2. Strone cou.rling a}proxilll.!J-:.lon of m1. 

II. Application of ·•10dels t;;; heaV) rve;ion (ha ami e:.,ovE:i). 

A. Serious trouble for ESP. 

1. Lov-:-lyin.g El transl~ions. 

2. Too many levels (3 :in Fu239 w1der 400 kev}. 

J. ~·.gne:otlc ~·1oments of like sr·in rmclei of unlike sign. {u233 and u235) 

4 o v;r~~ r.Juadrupole :no:uent.:i. ( u-235 "'-'+B barns) 

5. "Rotetinoa} br:1.nus 11 ev.iienC~J of collectiTe ex•:!ite.:.ion. 

Bs Tr,uhle for PF. 

o.. Need protons within clo~Jed '3hells to r·r1 ,·Uoipc; te. 

C. UA brill;~S nucleons 1,1 closed sheJ ls J.nto rartioipatioll .<:~s well 
deformed by particle'3 ')Utside c1 os~zd ghells .. 

D. The large deformation o.pr;roximation of '!}·). 

1 .. 

a. Stlll ht·We p:1rticle excib':..lrjJ'l..<J ~J.S traa'v~d 'YS ?I'. 

b. Superimposed on eaoh v~:n·t..i.cle exci t&tir:n ~<:VE:-1. :ilx!l.!ld be rota.tional 
band structure nnri vibr•:tir·nal stracture, nnalot~ous to ·'loleoular 
'·lpectrao 

III. The rotCltional. bands. 
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III. P. Nucleus not a ri,:id solid rotator (t,y t:xalu~ion _rrinciple), so nnguh.r 
momentum carried ln surfnce wv.veEJ-the :nattcr in t.he tlde.J bulges. 

B. 1:.. vt:n-even nuc 1 e 1 f.H.r•d 1 • 

$lhlo 1 
(ex:cited ~tate) 

Slide 2 
(baud en. 
ee 

Slide 3 
(R and E for 
heavies) 

Slide 4 
(B. and t for 
rare earths) 

·-
'1 

c. 

1. Firgt e:::eited sttti:..e ulway~ 2+ and oonsidsed a rotut.ions.l level 
in heavy regiun. 

2. Slide ~ho•,rs strlkin? d~erf':et9(· H.nd refiU1urity •.1f ~-mergy a_g nucleon 
pairs u.rt. "ciut'Cl to Pb208 c·::m-:~. {f>1)200 I;oint incorrr:et-1:1 3-.) 

Higher t!l(~J!Jbera of' band:'! i; a1ren-even "rotat.1on-vibration11 

interaction. Smr}oth trend of 

3mo,th tjrenJ •;f H wi.th A !Wd of F' T.J.ith Z. E is a raea.9ure of 
perturb~tion by high st~_tea, perhaps r-article as well a:J vibrational •. 

Church arid Goldhaber hav-~ found ~ s:i.r.nil$.r smooth correlation of :g 
a:l' ~o~ell e3 R, but with neutron number. 

Odd mtVIS n•.iClei-rotationl!l bands o 

Slide 5 1. llands ::m &ny bG~e 3tn.t-t: uot. 5]-'in zero have bas~ srin and 
progresaion including I 0 + 1_, I 0 + 21 etc .. (Band en. formula 

for I0 I 0) Rot.s. t.ional GllertY' p.-o;.o.rtion.:-'11 to I (I + 1). 

Slid~ 6 2. 
(Odd band 
slide) 

SeTe.ra.l ~Jands of thrt~e mfH~lhers ha.•.re been found in heavy region by 
alj.;.ha spectrosc0py. All ! 0 • 5/2. H hi~her t.har. ee neighbm·s. 

IV. Test.ing the. e.;-rroxirJa · e 1'-HHttum numbers. 

Slide 7 
(CotliJlins 
diagre.a) 

Slide 8 
(Np<38 de-cay 
scheme} 

1. Quantum nul!tbers--J 1 K, ..n. , '1 ~,, tty 

2. Restriction to erhlrgic:s <-<1 M":-" 

allows 113 • ~ Y' • 0 and K • .11.., ~o havEt just. two numbers 

K and j to check rm. 

B. Te::~tg of K. 

1. One good test i"l provided by odd-odd beta emitters of 2- type. 
K selection rult: discussio•l. Kir.g a.nd Peaslee's observRt.i.on of 
gene.ra1 slown€1S ;)f' 2- to 2+ transitions (13 oe.ses) .. 

'"'38 B$ta d0C.<Jy of .Np""'· e 2- to 2+ slower than any of 13 mro.rnp1es 
abo~, '1U3~estin.:. K rur1ty ~n;etest in ht-.wy l'E;1gion. 

'r 
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IV. B. J. In general, relatlve int~·:·~ities 'Jf' t::ither 1" l'lr J' t~·En.'iitions t.o \ 
t\oi'O or more rte:':bcrs of r-t r-::~.,ti0n.~1 ·b~1nd rrovide val'l<J.bL test3 

Slidf~ 9 
K • 1/2 
rot:1.tionr:>..l 
slide 

Sllde 10· 
odr1Z 
fl.' 3 

Decay soheru'l:l 
previously 
Jra>,;·1 on 
boa!'d 

on K purity of' st&~es involvt:d. 

4. Theory :~ays K i 'npr0Yes with i ncrea-Ji ng dis tort ion. 

1. '!'henry say'> J ~et<.~ wor3<a 'Ji th incrcn:d.ng :lit'lt,ortion--J(;fonat:l ··,ion 
<nix•~:-1 state~ 0f like '";~in ;-crd. p-:..ri t,y L·•Jt :Uf'fsn:nt j. For ct~rta.in 
states j m..<-ty !lta)l f'nirJ.y ;~•.)od-thE:> opJ:osite pa..rJty brbital; the high I. 

:bt11ti :1')~;; l ht-tnt.b 1'1 the ~1p~c ia.l 
Irre~tJ...ler putt;srns depending nn 
Pu2J9, I "' 1/2, can bt: co.'; are<d 

ce~se< P- • K "' 1/2. 
j of odd partie] e. 
CDtJCl1.ld1ng j not very 

•')"5 ' 
:t.o) I "" •;1'? '"" 'Y .... ,., "'l'"h c• C" : ·· '·,ut V1·' 1'V' •·oo"' V I _, .,. •rh-.~ ~ J!V _-., A"-.~) ... '"l\ ,.,., .. , .. -· • J 1 .. ,.. 

po~sihhJ h~,;:,nds cc.n be found.. j :•ot too good. 

n. Odd rroton nu.ch:i 

Am:·'41 !,t.d Am243 - speeule.tion. 

good, 

rtp237 60 k~v - C!'J.lC•llt~ti:m fro':1 ~a-Jt;2 rdxture 0f r'. ::-·otr<ti,,r,al 
banci y tr9ns iti:::n. 

ConcludtJ 5 nnt too GOOd. 

b. O,.ld l!eutrur. nucl.ei. 
u235 ( 023 3) 

'l'h229 
ConeJude j not too r.;ood. 

1 .. }'·j.intin.-:: <:J1lL ·{'tani,u_~3 nw.1~fl!'"'. C•:>nc)w;i,~·l th .:. i;rounr.i state mu.st 
be ba~Ed on il)/2 j:;roton. Predict 1-L"'+2.7. 

2. Th~ El ur;·etime p·oblem (of 6 r.t(.:asurr:Ji-2 ~.rt slow 
4 nre fast) 

show ho\<.t 5 forbUdon :•nd how ~·:1r'lll rJartioipl'?.tion of nt1utron structure 
or protem or-bitnls of H.rwtiler ~1h~ll nearied. 

No-btndr.':l.nC~ ;:;rou: ,g m..·...;y ofton CO!T<>.3 f'Onil 
nucleon '.tave function. Then a 1 y tcu .. guls.r 
Am::· .. o ~IE~J be un:ierstood a.> du(' t(• Jl * 0 1 
wave;:;~ 

l 
Se.r,8.ll <:dHi I te1i:·ve l .. arge quwiru~ole r.tuluonts will 111r.1ke ""'-
m.ixtL,res tt ;:-f:neral occurrence ill heRvy reg ion ... 



SliJe 11 
4+ 
hindrance 

:::. l,tHe .. _~· .... J~ttct.urt· fFUf.·g a~ IJegcn,~rf:: ~:1:.:\l flrtt-~nts ~r ·the correlD.tin11 
l'unotlon !;et,,.reP.n al y..hl:l snd <~ymm·=try ax."is. 

3. t:xp;:,ri.n~-:m t.all:• ?+ :; t ... ·.;:'S''l \E~ •re !tt·t.".r1y unh .; ccier·ed oJ.pha ·].•:ce:; • h1:t 
~;,c 4+ cs-o l.hrf.'ugh wm . .;uel V'.?..ric. .. icn~ .~_tt.t·:p'.s belnr; :1<.>.de to 
integre.te thE cc)uplt:d .Scbrgd.; nger e:iuet ions for barr1sr ptmet.retion .. 


