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Tutline
JJ. Rusnussen
June 17, 1954

Low=-Lying Nuclear Lunerzy Levels io the Nesvy Elemsnt Regicn und the
Arcliesbility of Gertain Nuclear Models_
I; Introduction.
4. Objectives of nuclesr spectroscory.
B. The development of siugle rarticle models.
1. 3P, PF, M,
2. Strong coupling spproximustion of M.
I1. Application of <odels vu heavy rugion (ta a2ud slove).
A. Sericus trouble for ESP. |
1. Low&lying El translicions.

2. Too many levels (3 in Fu239 under (00 kev).

1233 .pa y235)

3. Magnetic woments of like spin muclei of anlike sign. ( snd
Lo Luryge quadruncle momenta.
5. “Rotgtianal bands® eviaence of collective excitgiion.

Bs Trouble for FF,

1. Model capable 56 showing collective [ealures, but
2. Largs Q's the most serious Lroudle.

. Need protons within clozed shells to pacticipate.

C. Ui brings nueleons in closed shells into participation ans well
© deformed by particsles -ubside closed shells.

B. The large deformation spproximation of .
1, Consmeju.nuces to level s ructure.
a. Still have particle excitations gs trealed by 7.
b. Superimposed on each pacticle excitetion “evel ghonld be rotstional
band etructure anc vibruticnal structure, anaslogous to wolecular

apectra.

III. The rotationsl bands.
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11I1. &. Nucleus not a ri,cid solid rotator {Ly exclusion principle)}, so angular
womentum carried in surfuce woves——the matter in the tidal bulges.

B, Lven~even nueclel bands,

1. First excited state aulways 2+ and consid.red a rotationsl level
in heavy rezion.

Slide 1 2, Slide shows striking decreasc and regularity of energy as nucleon
(excited state) pairs ure sdded to PbAVS core. {(PbRUW Loint incorrect—-is 3-.)
Slide 2 3. Higher members of bands ir aven-even "rotation-vibrastion®

(vaud en. formula) intersction. Smooth trend of

ee i : k

Slide 3 3mooth trend »f i with & snd of F with Z. E is a neasure of

(R and £ for perturbation by high states; perhaps particle as well as vibretional.,
hesvies) '

Slide 4 Chureh and Gnldhaber have found z similar smooih correlation of E

(B and E for as well s R, but with neutron number.

rare sarthy)

C. Odd masg nuelei--rotational bands.

2

8lide 5 1. Bands on any bsze siale not spin zero have base spin and

(Band en. formula progression including I, + 1; Iy + 2, ete.

for I, ¥ 0) Rotstional energy projortional to I{I + 1).

Slide 6 2. Severagl bands of three members have heen found in heavy region by
(0da b?nd alyha spectroscopy. All I, = 5/2. R higher than ee neighbors.
slide '

IV. Testing the erproxins e pusntum numbers.
. 1

Slide 7 A. Discuasicn of eoupling in lsrge deforwetion case.
(Cocuplin
diagram; 1, Quantum numbers--j, K’-fzﬁ’lg"ly

2 Réatriction Lo aenergics <<1 Mev
allows g = Ny = 0 and K = 1, s0 heve Just two numbers
K and j to check nn.
B, Tests of K.

1. One good test 1s provided by odd~odd bets emitters of 2- type.
K selection rule discussion. King end Pesslee's observation of
general siowness of 2- to 2+ transitions (13 ceses).

Slide 8 2. Beta dscay of NpZBB. 2= to 2+ slower than any of 13 examples
(Np238 decay above, suggesting K purity restest in heavy reglon. '
scheme)



IV. B, 3. In general, relative inte:sities of either p or ¢ transitions to
two or more cembers of = rot.ticnal hand provide waluebli. tests
on K purity of states involved.

: 4. Theory says K improves with ineressing distortion.
G. T&‘Stﬂ of jw
1, Theory says | zels woras with incressing liatortlone-deforna-ion

mixes Statcﬂ of 1ike ezin ~nd parity but Qifferent j. For certein
states j may stay fairly roode-the opposite parity brbital; the high I.

Slide 9 2 TRobtatisns)l bands la the apecial cage Sr= K = 1/2.

K=1/2 IrregaleL patterns depending on j of odd particle.

rotational Pu29, I = 1/2, can be cosjared concluding 3§ not very good.
slide U2J5, I=5/2 may ve guch a caiv, hut very roor rireeasm! with

possible bands een be found. J not too good.

S1ide 10 3¢ Mapretic momenta,
odd Z
[TAN a« 0Odd proton nucled

am4l ni Am243 - speculetion.

&paj? 60 kev -~ calculatbion from {1-k2 rpdxiure of a rotational
band v trensifion,.
Concluuie I not too goed.

b, Odd weutror nucliel,

' Th 229
Conclude 1 not too good.

Decay =schens D. Dscay schewe of a4l 53 illustration of rrinciples.

previously
drawn on 1. Polntin: out Jwnieg nunbere.  Conelusiocu thss ground state must
board be busei an 113/2 protone Predict pu~+2.7.
. 2. The E1 lifetime problen (of 6 neasured=2 arc slow
L nre fast)
show how j forbldden snd how zmall partieipation of neutron gtructurs
. ar sroSon orbitals of another shell needed.

Y
a

Alrha decsuy hypothesis.

No-lLindrance grou;s may often correspend Lo no chenge of og h

aucleon wave function. ;hen QY augulsr errvelsiion in «nd
Am<4s3 nag be understood as due to L O, = 2 pixture i zipha
waves

. 3 - 1
Sey=ll end I telivve large quadrupole moments will wake 4
mixtures & ;renergl occurrence in heavy region,
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IV, E. &lrha decey rates sa roiwticnal handa,

1, The Till-Whedler directed aljha deesy concept.
. 2 TViue aracture gouprs a: Legendre enmyyonvnts »f Lhe correletion

fungtion Lehwesn alivhs snd symnstry axis.

Siide 11 3. Expsriasnbtally P+ stoes have nearly unh’odered alpha decay, twt
4L+ the A% go through unususl garia;ionc ittepre belng awmde Lo
hindrance integrete the coupled Schrodinger eguations for barrier penetration.

F. Whnt needs to e dose,
l. Theory.

2. Lxpsrinent.



