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EXPERIMENTAL OBSERVATION OF A NEW REGION
*
OF NUCLEAR DEFORMATION

Raymond K.~Shelinej Torbjorn~Sikkeland, and Richard N. Chanda

Lawrence Radiation Laboratory
" .University of California
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October -2k, 1961

_The nuclear periodic table has three or possibly four regiohs where
nucleivhave been experimentally shown to be deformed, namely A 2'19'£6 28‘andl'
150 to 190, A = 222, and possibl&,Aw.B° The work presented in this’peper gives
experimental eviaence for an additional,region of deformation. ‘

.Figufe 1 is a schematic representation.of>the.nuciear periedicvtable
in which previously ebserved’regions.of nuclear deﬁermationvare 1ébe1ed.2, b
5, and 6. .Up to A'Zeho, the line of beta stability of the nuclear periodic
table involves nuclei whose neutron and proton numbers are about the same.
Therefore, the first limited regions of deformation, labeled 5 and 6 in Fig. 1, -
have N = Z. AbovecA = L0, howeVer, the line of Eeta,stability’shifts toward
a higher neutron ratio. -Consequently the neutron and proton shells'are some -
what out of phase until one feaches the rare.eafths and actinides, where
extended regions of deformation are .observed because the 50 to 82-proton
region is approximately in phase with the‘82 to 126-neutron region and the
82 to 126-proton regioﬁ with the 126 to lgh—neutroh.region. On the other
hand, though highly neutron—deficieﬁt and correspoﬁdingly unstable the regions-
labeied.l and .3 in Fig. 1, where N,;;Z,,should}contain deformed nuclei. - We.

i

have concentrated our effort in region 1.
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In order to study the energy levels of nuclei in region 1, it was
neceSsary to discover a number of new La and Pr nuclides. ‘We will report here
only on those new nuclides whose‘méss.humbef,'ﬁalf life, and first excited
state are relatively certain.

The simplest available method of proving that nuclei are deformed
involves the production of 0dd-o0dd nuclei whose decay into daughter even-even
nuclei gives a characteristic low energy for the first excited state and,_if
possible, a rotational band built on the ground state with spins O+, 2+, L+,
6+ ... and,ratios of energies to the first excited state 1.0:3.33:7.00 ...

126 128 130

Accordingly, we have produced the nuciei La , La, and La .with half
lives of l.Oii Qmé, 6.5 £+ 1.0, and 9.0 * 1.0 min, respectivély. | |
o These Lé nuclei ha&é.been made in é vériety 5f ways (see Table I)«

Table I. Nuclear reactions showing cross bombérdments used to producé tﬂe

nuclidésirLa126, La128, and Lal3o.

New nuclide Nuclear reactions Heavy—ioh bombarding energy
' : (Mev)
La126 | In115(016’5n)La126 ol
SblZl(C12,7n)La126 . 117
| La128 Inll5(ol6,3n)La128 : ' 65
SblZl(Clz,Sn)La128 8L
sp123(c 2, m)1at® 117
sp123(¢t2, 5n) 130 8l

using the heavy-ion current of the Berkeley Hilac. A heavy-ion bombarding
energy was chosen which would give maximum yield of a desired isotope. This

energy (see Table I) was estimated by using Cameron's mass tablel and by
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assuming the average kinetic energy of each emitted neutron to.be 4 to 5 Mev.
The reaction products recoiling out of ~ 1 mg/cﬁz_self-supporting

targets of In and Sb were caught in a'l.8-mg/cm2:Pd foil which was then dis-

solved in hot aqua regia. With Bavés holdback carrier the La activites were

precipitated in LaF, and the precipitate washed once with dilute HF. The

3
procedure took about 1.7 min from the end of bombardment to the start of
cbunting.

‘When the same targets were bombarded by ions that produce elements
below La in atomic number, the chemical procedure separ@tedvonly a small
fraction.of the activity. This suggests that the radiochemical purity of the
saﬁple'was satisfactqry. The purity was also checked Dby seﬁarating some of
the La activities carrier-free by elution with ammonium O~hydroxy isobutyrate
from“a:column of Dowex-50 cation-exchange resgn.

The masé.assignménts are.also .quite de%inite;- In the fifst place,
there is the evidence on the mass numbers from the cross bombardmenﬁs shown

in Table I. In the second place the La126 is shown to decay into a species

that has a spectrum id.entical2 with'that of Ba126° vFinaliy,\the La;39 emits
a very strong 356 * 4-kev gamma ray. A 359-kev gamma ray is‘observed3 in the
Coulomb excitation of Bal3o, To verify the above mass-assignments, we are
now determining the excitation functions. .
The energy léVelsvin the daughter nuclei Ba;26, Ba128, anthal3O are
used to determine whether or not these nuclei are deformed. The first ex-
ciﬁéd state of the even-even Ba nuclides incl-uding_Ba;lﬂ-2 5 BalQB, and.Bal3O
are plotted in Fig.2. The lowering of the first—éxcited-stateuenergy with
mass number is similar to that observed in the normal rare earths. A more

detailed analysis of these energies is therefore necessary. There are at

least three ways to use the first-excited-state energy as a criterion for
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deformation. These are (a) a direct comparison between the energy of the first

b
suggested by Alder et al., .{(b) a determination
5

excited state and an (Ez+)crit.

of an empirical deformation, ﬁempfkfrom-a,relationship-between-%/%rig and B,
¢ .

and.(c) a comparison of BMig.from the relationship .of Migdahl.  These three ..

methods are utilized in Table IIL, where comparisons are made with other nuclei

with similar deformations but from other regions of deformation. A compari-

126 128 1%

son of Ba , Ba , and Bal3o with other deformed nuclei indicates that Ba

186 186 22k

is 1ike W, Os , and Ra . Thus all of these nuclei have a first-excited-

state energy less than (E and have very similar Bempi(oal9 to.0.21)

;2+)crit°
and ﬁMig_(o,ls,to 0.18).

Similar st@tements,apply to a comparison of Ba128 to‘05188 and Razzz,
130 . 190 , . cas . ’
-On the other hand, both Ba and Os seem to be in a transition region.
Their first-excited-state energies are gach higher than the‘(E2+)cfit" and

each has gemp = 0.16 and 5Mig = 0,12. . Osmium-190 has -a rotational-band

which cannot be fitted well with the simple I(I+l) relationship but is fitted
T

by the nonaxially symmetric rotator model of Davydov ahd,Filliva‘ It seems

30

very‘probably that Bal - would be yery,similar-in.this regard.

In addition to gamma-ray singles spectra, gamma-gamma coincidences
were also taken, using standard fast-slow circuitry and; in some .cases, a
two—dimensional_cdincidence analyzer. -Coincidences were found in each of the
La nuclides. The ratio of the supposed second excited state varied. from

130 26. This agrees very well with the ratios wof

2.55 in Ba - to 3.13 in Bal
energies for the first to second and third excited states .of the rotational
band built on the ground state, which are given in Table II for similarly
deformed nuclei. .For an axially symmetric rotator, these ratios should be -
1.00 ¢ 3.33 : 7.00 : 12.00. However, it must be pointed out clearly that

none of the second-excited~state spins have been measured, and the decay-



Table IT. Comparisons between the nuclei Ba ,, Bao, and Ba’

> ' UCRL-9888

126 128 130

and nuclei

from other regions of deformation.

Nucleus E, * (E2+)crit}) %/%rig? 8 ¢ B . © *“51"f' ' Ratios of energies in
(kev) - (kev) emp ME TeXPe ghe rotational band

Ba126 256 279 | 0.251 0.20 0.16

pa 28 2719 212 0.225  0.18  0.15

a0 356 265 0.172 0:16° 0.12

Gdl5u ©123  200- | 0.462 0.29 0.25 0.30 " 1.0:3.02:5.84

% 18 196 0.333 0.23  0.19 1.0:2.93:5.59_

e 124 kv 0.273 0.20 0.17 0.2k 1.0:3.28

05186 137 147 ‘ o 0.247 0.19 0.15 0.20 1.0:3.19:6.33

078 155 1kk 0.215  0.18  0.1%  0.18 1.0:3.09

0t 188 ke o - 0.17h o.lé 0.12 | 1.0:2.93:5.60:8.89

Ra222 111 110 © 0.228 0.19 0.15 1.0:2.79:5.78

Ra22 " 8L4.5 108 0.295 0.21  0.18 1.0:2.98

™28 51 106 0.341 - 0.25  0.20 1.0:3.14:6.33

a. Throughout. the Table, energy values are taken from R8 K. Sheline, Revs..Modern
.and Bal30 (reported here-

Phys.

32, 1
in) and Dyl5

.

135, 564 (1960) 1.

60) except the values for Bal26,
see E. P. Gregorev and B. S. Dzhelepov, Doklady- Akad, Nauk. SSSR

b. Values of (Eoy)erit. = 15%?/“3r1g are given (see Ref. 5) This (Eoy)erit, 1S the
criterion by which nuclei may be assumed to be spherical-[for Eo, > (E2+>cr1t ]
or deformed [for E2+<(Eal11t] Often the transition is not as abrupt as indicated

~ by the single value. _

3

Ratio of & = 3K /Es, to 2MAR 2 /5(140.318+. .) where R =1.282/2x10™3en ana
2+ erg o

B = 1.08/aL/3.
See Ref. 5.
See Ref. 6.

Experimental deformations calculated from the availabie values of the transi-
tion probabilities for Coulomb excitation.
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scheme work is inc0mpletea>.The.coiuciaence.data‘thus fer available.strongiy
favor a[rotatiOnaléband interpretation and seEmuinconSistent uithfa,vibrational
_interpretati-enu Nenetheless, a more complete proof ofvthevexistencevof'a
rotationai band must await_couplete:corncidence analysis.

.A‘trend similar to Fig. 2 for the first excited states of even-even .
Ce nuclei has also been observed, . However, in this case mass assignments and
half-lives of the Pr nuclides are notnearly as certain. This evidence .does
tend to conflrm the existence of an extended reglon of deformation, however.
The ex1stence of the.reglon of deformation labeled.l in Fig. 1 suggests that
(a) it should be possible to observe deformed even-even Nd nuclei and possibly
also Sm nuclei with presently available heavy-ion beams, and (bj it»is;v
certainly.feasible to observe a large number of deformed odd-A Ba, La, Ce, Pr,r
Nd, and Pm uuelidesu The,observatien of odd-A nuclei in this region would be
particularly interesting,because it would .allow assignments .of Nilsson orbits
in this new region of deformation..

Recent calculations on the equilibrium deformations for nuclei-in
regions 1 and 3.on>Fign,l indicate a considerable deformation in each region.
These calculations and this experiment shouldrproVidejimpetus'to the observa-
.tien offdeformatrons in uhe neutron-deficient acﬁinides, region 3vin Fig,'i._
Such experiments.might be undertaken by the observation-ef the [o fine structure
resulting from deeay of even-even nuclei produced.from.the follow1ng types of

zou( 16 8 )Th and Hg (Ne )8n)Th 8..

nuelear reactions: .Pb
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FIGURE LEGENDS

1. Schematic representation of the puclear periodic table showing
the neutron (vertical solid lines) and proton (ho_rizc')ntal,'l-solid lines)
closed shells. The dottéd vertical and horizontal lines ‘represent
semiclosed shell-s, WhiCh. have an effect on régions of deformation.
The thin banéna—shapéd cﬁ.rve approxifnately enclio'ses nuclei that
have been experirﬁe_ﬁtally studied. Regions where n.uclei‘have been
experimentally observed to be deformed are indicated with cross
hatching. Additiohal regions where it is reasonable to expect to
find deformed nuclei are labeled 1 and 3. This research is con-
cerned with fegion- 1. This figure is pattern>ed after one suggested
by E. K. Hyde. ” |

2. First excited states of even-even Ba nuclides. The levels in

126 128
a 5

Ba , B and . Bal30 are the results of this research.  The

dotted lines shows. (E, ) , the dividing point between spherical

2+ 'crit.

- and deformed nuclei.

&
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