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EVIDENCE FOR SUBSHELL AT N = 152
A, Ghiorso, 8. G. Thompson, G. H. Higgins,
i B. G. Harvey, and G. T. Sesborg
' Rediation Laborstory and Department of Chemistry
University of Celifornis, Berkeley, California
May 6, 1954
large breeks in the plots of alpha pe.riicle energy ve. mass number
at constant Z give striking evmencel for the cic:sing of a mejor shell
at 126 neutrons (N = 126). We have applied this semsitive criterion to
look for the much smaller "subshell" effects which might be found in
the region N > 126 and find good evidence for & subsghell st N = 152,
The plot of alphs particle energieaa va., mass mupber for the
1aoto§es of californium (Z = 98) shown in Fig. 1 shows a definite bresk

250 2

in the region of C£°7° to C£°°% indicating & subshell at 152 neutrons.

| This break is of the order of e few percent as large as that corresponding
to the major shell st N = 126 in the anslogous curve for polo'nium.l

Since the postulated existence of a pubshell ét_: 152 neutrons depends
entirely on the mass assignments of the nucl.idas' involved, iﬁ ‘appeays
worthwhile to review and expand the evidence on which these mass
assignments are based:

cle‘h end Ci‘g%. These two isotopes of californium have been well

established and identified by their respective curium damghters, (:xn?')#0

and a2 .

0?8, g 1sotope has been produced by He'™ bombardment of curium
conteining CmZhs as ite heaviest constituent. The yield of this activity
was consistent with the reaction Cmahs(n,r)(;‘fzz“a. The half-life cbserved

agrees very well with that predicted for an even neutron isotope of
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californium with‘the aipha énergy cbeerved. Additionsl proof of its
even neutron nature ig afforded by the fact that this isotope hes been
found to undergo epontanecus fisgion with a haif«life comparable to
that of c£240,

_c__zfﬁ’; . Recent mmeuremants3 show the alpba gpectrum of this muclide
to consist of two prominent elpha groups: 6.00 Mev (10 percent) and 5.82
Mev (90 percent); this is characteristic of many éven proton-odd neutron
vnucli&es but not of even-even alphe emitters. This isotope of califomium‘
hes been obgerved to grow in carefully purified herkelium éémpl.es produced
by multiple neutron eapture on plutonium; the mass nunber of this isotope
bas been shgim to be 249 by mass spectrometer measureménts.& That the

250 (§ = 152)

point in Fig. 1 for (l'f@h9 (N = 151) 18 lower then thet for Cf
is not surprising since the 6.00 Mev energy may not represent the ground
state transiﬁion for this odd neutren nuelide and, in any event, in the
cage of the m.}br shell at N = 126 we bave an enalogous situation with
gsuch pairs as Po‘m9 (K = 125) 4.877 Mev, I’.oa‘w (¥ = 126) 5.298 Mev and
Bt (M = 125) 5.847 Mew - - Bu"? (N = 126) 6.262 Mev.’ ‘

e '

it

. Bhort neutron bembaxdments3 of Bkakg have produced & 3.13
hour bet«a»activity'vhieh can be assigned to Bkgﬁo. The decay of this
activity produces & 6.05 Mev alphs-emitter .‘vit;h a half-life of about 12
years which is thus assigned to Cf*’0, The relationship between alphs
half-life end energy for even .isctape's of californium is satigfied by
thege data. This isotope his been found 1o u'n‘dérgo spontanecus fission

at a sufficiently high rate to indicate an even number of neutrons.
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neéutrons fells chiefly on the comelusion that the 6.15 Mev californium

. The weight of the e;.rgument that there is & subshell at 152

is heavier than that emitting 6.05 Mev slpha particles and that both of

these activities are due to even neutron isotopes. The following

_ experiments ‘seem to bear this out quite conclusively. (1) Pure

californium (szag) which had been chemically separated after growing
into a carefully purified berkelivm (B!kzhg) vas su‘bjecm to the
peximum MIR neutron flux for one week., The resultant californium was

found to consist almost entirely of 6.05 Mev alphs activity; less then

2 percent of the activity had an esmergy of 6.15 Mev. (2) Lenger

neutron bombardments of Bk>'® have produced both the 6.15 Mev and the
6.05 Mev californium elpha activities. The ratio of the 6.15 to 6.0
Mev activities was found to increase as the bombardment time was .
lengthened, as would be the case if the 6.15 Mev activity were produced’
by a reaction rate of higher order than that for the 6.05 Mev californium.
{(3) Direct decay me&surmentsa madé over & period of several months on
relatively pure sapples of the 6.15 Mev activity indicste that the
half-life of this activity is sbout two years. This is shorter than
would be expected for an odd neu’ch;a californiunm isotope with th_is energy
and these é.ata coupled with ‘the information that this isotope exhidbits a
three percent branching for spc:;ntaneeus fission leads to the conclusion
that its mass number is probably 252 rather than 251. 8o far no

L. this is

radicactivity has been found thet might be associated with C‘l’2
not surprising since a combination of & high neutron espture oross section
and a long alpha half-life as expected for an odd nmass isdotope would make

it difficult to meke such an identification. Recent mass spectrometer
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measurementsk on californium isotopes ere in egreement with the above
agsigmments of the 6.15 end 6.05 Mev alphe activities to CF°7° and

250

€77, respectively.

The curve for californium in Fig. 1 is sketched in beyond ¥ = 15k
on the assumption that the behavior is analogous to that for polonium;
in the region of the major shell at N = 126. In the seme spirit,
anelogous curves bhased on & gubshell at N = 152 are sketched in for
elements 99 and 100 using the experimental data available.é Similar
curves for 2 < 98 might aléa be expected due to closed subshells at
2529, u?®, ete. |

8o definite a gubshell at this point does not seem to be predicte
eble from a simple consideration of the shell model of M&yer7 and Haxel,
Jengen, and Suesa.a The major shell of 126 neﬁirons is atieined upch

completion of the i level and the simple order Qf.levels‘following

13/2
thig, which of coursge is not necessarily the sctual er&er,g might be 111/2,

39/2’ g7/2, d5/3’ 63/2, 81/3’ E pogsible order of £illing to give a
break at N = 152 mi%ht be gg/a, Sl/E’ gT/Z’ 63/2 with the following
levels 111/2, d3/2’ and 315/2 at & definitely higher energy. Another
possibility is that the bresk comes after the filling of the 59/2 and
315/2 shells. However, an energy bresk of this sort interpreted simply
on the bagis of subshell completion in the prbcess of the filling of
levels in the simple single particle shell model may be an oversimplie
fication because this i just the region vhere the strong surface

coupllng caused by large sphercidal aiatcrtioﬁ 10-13

1ntera.cti0nlh -18

or configuration

of several nuclecns msy be importent. In this

connection one might expect on the basis of either the Bahrvmbttelsonlz
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strong surface coupling model or the deShalit-Goldhabert’ configuration

interaction arguments regarding trends of first excited state energies

that if the nucleon configuration at N = 152 involves only completely

filled levels, the first excited stete energies should approach & maximum

as is observed in the closing of other shells;

avidence so fexr indicates that this is not the case.

19-21 4pe experimental

4,22 Thus it seems

that the 152 neutron subshell may be of a fundamentally different nature

than the major closed shells.

This work was performed under the euspices of the U. 8. Atomic Energy

Cc:miasion.
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