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PATTERNS IN ALPHA SPECTRA OF EVEN<EVEN NUCLEI®

' Frank Asaro and I, Perlman -
Radiation Laboratory and Department of Chemistry
University of California, Berkeley, California

May 13, 1953

‘The present co.mmunication aims to b_ring out some definite
regularltles in the spectra of even-even alpha emltters w1thout
elaboratmg partlcularly on the posslble 51gn1f1cance of these f1nd1ngs

r.egar-dlng alpha decay theory and spe-ctr-oscopm states of heavy nucler. 3

ERENS

Most of the data to be dlscussed were obtalned over the range of

elements from curium ((96) to radlum ((88) since it is 1nherent1y d1ff1cu1t

'

to make the necess.ary measurements for ‘elements below rad1umo

(RS

We shall f1rst suggest some means to 1dent1fy the energy states

which. ‘seem to recur generally and to de51gnate the alpha trans1t10ns

’
KEE

leading to the__se (s_ta_tes.. .The f1rst rule for even-even alpha em1tters 1s

that the most promment alpha group leads to the ground state of the
product nucleus as would be expected from prev1ous alpha decay theory
(Th1s 1s not the case for nuclear types havmg odd nucleons ) In
add1t1on, an alpha group 1s 1nvar1ably found wh1ch leads to a level W1th

St

spin 2 and even parity and the abundance of thlS group 11kew1se conforms

in first approx1mat1on w1th the expectatmns from unadorned alpha decay

theory. The energy level of. thls exc1ted state W1ll be termed the f1rst

even spin state and lies about 40 kev above the ground state at
plutomum, 1ncrea31ng with decreas1ng mass number as already

descrlbed,« ? 2) In low abundance are found alpha groups leadlng to other
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levels which we shall.term.second and third even spin states. In the

few cases for which gamma ray data are available it seems probable ‘
that these leveig hav?e even.périty as.'wéil.,as_ ‘even sp;i_p aﬁd may very
.‘Well be 4+ and 6+ states. There Vis some .fragrhentary evidence in our
work that an odd spin—od’d parity state is appearing in a limited region,
but thls ‘v’&;ill'iinoi:‘be diécussed further at present.

Boh; ;.hd Mbttelson'(B) have suggested that nuclides well béyon'd' .
a closed shell have states in which the nucleus acts as a rigid rotator.
Su(':l"ii 'r;o‘faif.iohal"le\feﬂls' éhc;uléi be proportional to 'J((J + 1) where J is the
total angular rhéme.ntuin quantum numBer.b If wé consider the 2+ and
4il- :él'ic‘a.{_'te‘s _to‘i;‘l;é rci):t.;ltkiorial states, the ratio of the enefgi_es should be 3. 3.
Fig. 1 shows ie};p’-e‘i?-i.fn;enté.ln rétibs for 10 nuclei in the heavy element
reglon plotted ﬁé#igst"néiﬁ‘rdn'numbef‘; It is fa'irly' cérta}n that correspond-

242, havé

(4)

ing states ;r:e: c‘:o',rrvip-are';d h:é’re:"' avlt'ho‘u_.gh in only one case, Cm
thenecessary ‘vr'ne'a;’urelmer.lt:s Been made to establish this state as 4+,
The heav1est 1’1uc1ei‘s.h‘ow remarkably close agreement with the
'e/;cpv;état;i;.n‘s(fér't'h‘e 'pvosv'tula_te»d 'roﬂ,tatibn’al states and there appears to
be a pro:grelss-:‘i'vﬂe aepartui‘e from the ratio 3.3 toward lightef nuclei.
((Tiiéré is no éon.\‘r'.ixylc‘ing‘jtistif}icat:’idth for plotting these data strictly with
'.re.s';‘)éc—i:»;to‘ neutron number as is done :he're; in fact, it is not to be
expé;eté&' that :th'e}r.mcl-eair cllefbfrha:t-ic,)ﬁf'whiéhf définés these levels iivs<
s_i’n'iply"a: function of tiiev neutron number. ) ’
Gamma ray data have been used to infer the existence of the third

even-spin state for three species. The ratios of thé third to the first
levels .‘a..re'i}i'.x&icaéed'ir:x Flé 1'in Iféliat‘ioﬂ:i:;o!t‘he theoretical -vél‘\.le 7 for

the third rotational state, J = 6.

a -
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In {chg study of‘:‘the a}pha spectra of most of the r_1:1_1qlid¢’s shown
in Fig, 1, it,b__gcame c'::lgar _t};at ghé é.lp_ha_ t?ansitipﬁ.s V;‘l.ead‘ing to the
seco_r}d even spir; 'st:ate,tsyv w_e‘re.‘_h_ighlvy_hj.nd”ered; That 1s, the measured
partial half -lives rwerel much longer tha-n 'exp_e,éted s1mply from the
ener.gy and nuclear charge, (It will be remembevr’ed that the ér.ound
state transitions and those leading to the first even spin states are in
first approximation unhindered.) The Cm242 alpha group leading to

the second even spin state, as an example, has a half-life almost

400 fold longer than expected from theory. On examining this relation-
ship for alpha emitters of lower elemeﬁts, it was found that as the
energy of the second even spin state increased, the hindrance factor
decreased. For the species examined so far, the logarithm of the
hindrance factor varies linearly with thﬂe'atomic number (Fig. 2). There
is no quantitative explanation yet known for the close agreement of this
function. (It will be noted that a few points lie off the curve.)

If we assume that the same spin change is involved in each of
these transitions, an explanation cannot lie in simple fashion in this
direction both because of the large hindrance factors in some cases and
because of the wide variation. A possible explanation lies in the assumption
of a progressive change in charge asymmétry on leaving the closed
shells in the vicinity of lead. The potential barrier will then be spherically
non-symmetrical and if the alpha rparticles of a type have a preferred
direction of emission, any progressive change in charge distribution will
be reflected in a progressive change in the ease with which the alpha

particle can leave,

lF. Asaro and I, Perlman, Phys. Rev. ﬂ,' 393 (1952).
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2S. Rosenblum and M. Valadares, Compt. rend. 235,711 (1952).

3

A. Bohr and B. Mottelson, Phys. Rev. 89, 316 (1953).

4As‘aro, Thompson, ‘and Perlman, '"The Alpha Spectra of

Crr'i2'42,' C’m243, ‘and Cm‘244,”'~" "Phys. Rev., submitted for piublication.
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