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Unusual features of 8 transition rates in heavy deformed nuclei
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A detailed examination of all the available Iégvalues forg transitions in heavyA> 228 nuclei reveals

a very similar distribution of these values for the allowed and the first-forbidden decays in this region, in sharp
contrast with the observed trends over the whole periodic table. Data for over 500 transitions belonging to both
the allowed and forbidden categories are presented in the form of histograms. Physical basis for this unusual
behavior is sought by examining the interrelationships between the Nilsson model asymptotic quantum num-
bers of theB connected states. Explicit selection rules specific to this region, in terms of these quantum
numbers, are proposed and their applicability is demonstrated by citing illustrative examples from the allowed
decays of oddA actinides.
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Following the spin-parity ™ selection rules fo3 decay, (ii) For deformed nuclei, if logt<5.0, transition is au;
the transitions withAl=0 or 1 andAw=no are classified as observation of au transition is definitive evidence for the
allowed, and those witiAl=0 or 1 andAw=yes as nonu- presence of the particular pair of Nilsson orbitals.
nique first forbidden* 1f”) transitions. For well-deformed A recent global review of logt values by Singtet al. [9]
nuclei, whose wave functions are described in terms of théhcludes a listing of all the 1997 ENSDF based kigalues
Nilsson model asymptotic quantum numbe®s[Nn;AS], (3900 cases out of about 20 000 knoyrtransitions,; this
additional selection rules involvingNn;A] were enunciated €View also includes categorywise analysis of the listed val-
by Alagaet al. [1,2] for odd-mass nuclei whereif™=17, ues and points out several systematic features.

Application of these selection rules ftransitions in nuclei A detailed examination of allowe@ transitions in de-
pp ) X ormed nuclei of the rare-earth regiddi52<A=<190) by
of the rare-earth region was examined by Mottelson an

: i o . ood and Sheling5] identified 122 au transitions in this
Nilsson [3]; they te_rmed the allowed transitions, which region. However, their similar survey of heavyA
obeyed Alaga selection rule

=228 nuclei [10] did not find unambiguous evidence for
any au transitions therein; detailed analysis of all knggvn
branches suggested just two possible au candidates. This
study[10] also proposed extended selection ruleq fom;A |

to describe fastlog ft<6.0) B transitions in heavy nuclei.
Our recent study11] covering very heavy(A=250+5 nu-

clei revealed that the dominant mode gBfdecay in this

AN=0,An;=0,AA =0, (1)

as allowed-unhindered “au.” On examination of available
data, they concluded that the au transitions haveflaglues
between 4.5 and 5.0. Noting that tBgprocess is basically a

single-particle transformation, Gallagt{dj extended the ap- “frontier” region is through parity-changingfltransitions;

plicability of Alaga rules to even-mass deformed nuclei un-e had also compared the operatin,A] selection rules
der the assumption that the nontransforming nucleon acts 35r the fast allowed andfitransitions. These studi¢s0,17]

a spectator. For deformed nuclei, the intrinsic state is defineg) o, together with the global revief9], indicated cérta,in

by the band numbers™. Selection rules for allowed decays featyres unique to heavy mass region and pointed to the need
requireAK <Al For the cases whereiK > Al, Alagaetal.  for 3 side-by-side exhaustive study of allowed arigBitran-

[1] defined aK-forbiddenness number=AK-Al to explain  sjtions in heavy nuclei. A few significant results of such a
larger logft values for largev. It is customary to correlate study are being reported herein.

the various categorie@llowed/forbidden and their subcat- Another motivation of this study is an early remark of
egories(superallowed, au, isospin forbidden’<8 1*, etc) Mottelson and Nilssori3] that “a selection rule associated
with the observed range of lofg values in each cag8,5—-7.  with N should be somewhat stronger than the rules connected
In turn, these correlations are frequently used to assign spwith other asymptotic quantum numbers.” This question has
parities, and Nilsson orbitals in the case of deformed nucleiremained unexplored sofar. The heavy mass region, with sev-
for B-connected nuclear levelf5—9]. For instance, the eral neutron-proton orbitals around Fermi surface hawng
Nuclear Data Sheet®DS) evaluatorg6] use, among others, differing by 2 units, provides an excellent, and possibly the
the following “strong” rules as bases for spin-parity assign-only, field for examination of this question. A preliminary

ments. report onN-forbiddennesg12] has been recently presented
(i) If log ft<5.9, the transition is allowedAl=0 or 1, by us.

A7r=no. Only at, or very near to, closed shalipecifically Our database is taken from the 1999 update of the table of

aroundZ=82), the upper limit of 5.9 could be 5.1. isotopes[13] supplemented by more recent Nuclear Data
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TABLE |. Central logft values(with standard deviation indicated in parenthgdes all the known allowedAl=0 or 1; A7=no) and
the first-forbidden/Al=0 or 1;A7=ye9 B transitions inA>228 nuclei are listed categorywise in comparison with the corresponding global
values from Singtet al. [9].

Am=no Am=yes
Category A>228 Global A>228 Global
Number logft Number logft
Odd mass 89 72.1) 6.01.0 123 7.Q1.0) 7.21.0
Even mass 163 7(6.2 6.21.2) 141 7.91.2 7.61.2
All A 252 7.51.2 6.1(1.1) 264 7.51.2 7411
Ote1* 27 6.90.8 5.32.7)

Sheets forA=248 nuclei[14,15. For configurations of in- 1.4 units higher in comparison with the global results for this
dividual levels, we have used the relevant reviews and otherategory.d) As seen in the bottom row of Table I, the central
databasefl3,16,17. Our compilation includes 252 cases for log ft=6.9 for the 0+ 1* GT transitions in heavy nuclei is
allowed and 264 cases fof fransitions inA>228 nuclei. In . much higher than the corresponding global value of 5.3.
contrast, the recent global reviel@], based on the NDS The questions to be addressed now are: “What are the
adopted sets, included only 36 allowed and 32ransitions factors that make these allowed transitions to have compara-
for this region. tive lifetimes (ft) very similar to those for the forbidden
For a side-by-side comparison of the allowed and the 1transitions and what are the operative selection rules to de-
transitions of this region, we undertook the categorywisescribe such occurrences?” In the following, we attempt to
analysis of the lodt data following the procedure adopted in briefly answer these questions. For this purpose, we pres-
the recent global reviewW9] and likewise prepared histo- ently consider as illustrations only the odd mass nuclei, since
grams for each category and subcategory. As an illustratiorihese nuclei admit of relatively unmixed Nilsson single-
we list in Table | the central lodit values, along with the particle orbitals as wave functions of ti#econnected states.
standard deviation in each case, for all the data for Firstwe look for the physical characteristics unique to the
A>228 nuclei, in comparison with the corresponding resultheavy region. It is seen that the average difference between
from the global review9], for the allowed and thefitran-  the neutron and the proton number, nam@y-Z2), for the
sitions. The results for the oddl-and the everk decays, and nuclei under consideration here is about 50; it is in sharp
for the 0"+ 1" Gamow-Teller (GT) transitions, are also contrast to this number being just around 35 in the medium-
listed. Side-by-side histograms for our data set for the alheavy(A=150-190 deformed nuclei. Thus, whereas in the
lowed and 1 transitions in all theA>228 nuclei are pre- rare-earth region a given up-spin proton orbitsihzAT) at
sented in Figs. (B) and Xb). Some of the significant conclu- the proton Fermi surface finds its spin-flip neutron counter-
sions from this comparative study are described below.

(a) A surprising, and quite unexpected, result from
our analysis is the identical central ldgvalue=7.5 obtained S 50 |- -
for the allowed as well as the first-forbidden transitions of N |
this region, with the same width of 1.2 in each case. This i Z
feature is clearly demonstrated in the histograms of Fig. 1. or
An examination of the much smaller databd8é allowed i L D
and 32 I¥) of “evaluated” logft values for the
A>228 nuclei listed in the global revie\i®] also reveals
identical central logt, with similar width, for each of these
categories. One is thus led to the conclusion that it is just nolg 2o | 20 | %
possible to distinguish between the allowed and tlieBl
transitions in heavy nuclei on the basis of Itigvalues. [ N S
There is no exclusive domain of Idg values for either cat- 10 | 10 |
egory. | N I

(b) The NDS[6] strong rule mentioned earlier speci- N %
fies that, excepting at or very near to the82 closed shell, 0 AU I A “::1 log ﬂ° L A A
the transition is allowed if logt<5.9. We find that this rule

certainly does not hold foB transitions in heavy nuclei. In FIG. 1. Histograms corresponding to the experimentally de-
fact, as seen in our Fig. 1, the number of cases withftog guced logft values for(a) the allowed(Al=0,1; Aw=no) and (b)
<5.9 for allowed transitions is 19, which exactly matchesthe first-forbidden (AI=0,1; Aw=yes S transitions in
the corresponding number 19 of transitions with logft ~ A>228 nuclei. The total number ¢ transitions herein is 252 for
=5.9(c) Whereas the central lofj values for T transitions the allowed and 264 for the first-forbidden categories, including
of heavy region match the corresponding global values, agiot shown herg an allowed logft=14.7 and a first-forbidden
seen in Table |, those for the allowed transitions are almodbg ft=13.5 cases.

(a) ALLOWED (b) FIRST FORBIDDEN

50 |-

30 |- 30

of Cases
A

No
N

%%
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(a) (b) TABLE II. lllustrative examples from odd actinides typifying
the three divisions of alloweg decays inA> 228 nuclei based on
. @ the proposed selection rules of the asymptotic quantum numbers
92 [615]—\ 7,2+633 [NnzA] as shown in Fig. 2 and indicated below in subtitles@s
(b), and(c). The numbers listed in the middle of each row are the
7/2+[624] < S log ft values forg transit_ion_s connecting the par_ent nucléas t_he
5,2+[642] el 2Hea1] left) ground state to the indicated ground or excited Statth E, in

keV) of the daughter nucleu®n the righj. The odd nucleon con-
figuration Q"[Nn;AX ] is specified in each case.

7/2 613]

3/2"’[631]

52 %33] N a/2+[651]

NEUTRONS——(PROTON: NEUTRONS 229R 5+ 299
: a1 2 [633]]-5.6—33°Ac140: 00,2 ‘[6511]
/7 7127[514)

9/27[734] @ 933Np140 [642T] 5. 2—>§§3Ul41 00 [6331]

(@ AN=0,A(nz+A)=0

24P U0 £ '[624]]-5.6— 3¢ °Am g: 4657 “16331]
5/2"[523)
712 [734) 7 985Cf157-2 [615l]_5-7_>535E3156-0-012 [633T]
1/24631] = =
_ (b) AN=0, A(ng+A)=2
S/27T782] o 25T hy4g 3 [6311]1-6.5—25Pay,: 94.7 2 '[6511]
© el 933Np140.2 [6421]-6.7— 23 141:546.6 2 "[622/]
285Am 50: 2 64211~ 6.4— 205Cmy46:252.8 2 '[622]]

FIG. 2. The Nilsson single-particle orbitals, labeled by the a5Cf1s5 5 [613)]-7.2— 55 s154:0.0,5 "[633]]
asymptotic quantum numb&"[Nm;A], of interest for the allowed (c) AN=2, A(ng+A)=2
B transitions inA>228 nuclei under specified categoriga) N 233Th143'%+[633L]—7.7—>233Pa142'454 4’3 +[402U
=A(ng+A)=6; AN=0(nz3+A)=0; (b): AN=0,A(n3+A)=2; (c) 1+ 3+
AN=2, A(ng+A)=2. The allowed transition occurs between the 903Th145 [633/]-8. 2_’ 5P8144 344.6,; [402|]
states connected by arrow. The circled numbers denote the nucle§aAm: 2 [523/]-8.7— Sigpums 391 6,2 [743T]

numbers where significant energy gaps are observed in the smgl§5(1)|:m 2[7341-7.9— 33153152 461. 4 [514(]
particle Nilsson level scheme.

part (NngA]) close to the neutron Fermi surface permitting allowed hinderedah) transitions may thus be categorized as
an aup transition in accordance with the selection rule of A-forbidden.
Eqg. (1), the much larger value ofN-2) in heavy nuclei Group (b) transitions, shown in Fig.(®) and illustrated
presents no such matching conditions. This mismatch bethrough a few representative cases listed in Tali®,llcor-
tween the neutron and the proton wave functions results ifiespond to the transitions which obey the modified selection
lowering the overlap matrix element4;. Consequently, the rule
comparative lifetimeft (which is proportional to inverse of _ _
[M;|?) becomes much larger, leading to larger fogralues. AN=0, A(ng+A)=2. )
To specifically illustrate this factor, we show, in Fig. 2, setsThese transitions are seen to have fog 6.5 and are thus
of neutron and proton orbitals which admit of allowesl significantly retarded. In this context, we note that, in the
=0 or 1, Aw=no) B connections; these sets have howeverimit of no deformation,(n;+A) equals the €' value of the
been separated into three groups, labglad (b), and(c),  originating spherical state. In the case of unique parity high
depending on the degree of respective mismatcfNogA | spin orbitals, such a correlation is still justified. In the
quantum numbers, as indicated in the figure caption and expresent case, the group) transitions essentially connect an
plained below. A few illustrative examples from oddde-  i,;,(N=6,n;+A=6) proton subshell state to gy, Or g7,
cays for each of the three groups are listed in Table II. neutron subshell state. The significant retardation of these
Group (a) of allowed transitions, illustrated in Fig(@  transitons may be viewed as the reflection of the
with typical examples listed in Table(H), corresponds to |-forbiddenness of8 decays.
fast transitions with logt<6.0 which obey the extended In group (c), we have placed the transitions obeying the

selection rule of Ref{10], namely, modified selection rule
N=ng+A=6, 2,=1, 2=, 2 AN=2, A(ng+ A) = 2. (4)
AN=0, AA#0, A(ng+A)=0. The relevant orbital connections are indicated in Fig);2

several illustrative examples for this group were reported
These transitions basically still connect g, proton sub- earlier[12] and a few of them are listed in Tablgd). All
shell andiyq» neutron subshell orbital; however, unlike au these transitions are found to have Idg-7.0. This obser-
transitions(which separately obesxn;=0 andAA=0), they  vation substantiates the earlier mentioned Mottelson-Nilsson
connect states for whickhA #0, but A(ng+A)=0. These [3] contention that “the selection rule associated withs
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somewhat stronger than the rules for other asymptotic quarallowed and the fltransitions have exactly the same central
tum numbers.” It may be noted that, since parity (-)N, the  value(7.5) and the same widttlL.2). This result leads to the
correspondingAN=1 parity-changing transitions are termed conclusion that the allowed and thd fransitions of this

as the first-forbidden decays. The forbiddennes\N=2  region cannot be distinguished on the basis offibgalues.
allowed transitions is, as such, not surprising. We furtheFurther, a comparison of our results with the recent global
note that, in the heavy mass region, all the possible allowegeview reveals that while our results fof fransitions are in
transitions between the negative parity levels are two oscilyood agreement with the global values, those for the allowed
lator shells apart transitions since they connect jtfa(N  transitions are much closer to the values for the forbidden
=nz+A=7) neutron subshell states and thg,(N=n3+A  decays from the global review. We have pointed out, and
=5) proton subshell states, as seen in Fige).2All these  documented, four factors that can explain these observations.
group(c) transitions are thubl-forbidden. These factors aréa) A-forbiddenness(b) ¢-forbiddenness,

In addition to these factors, th&-forbiddenness also (c) N-forbiddenness, andd) K-forbiddenness, which indi-
plays a significant role in cases wher@iK > Al. This effect  vidually and collectively make the loff values for the al-
can be quite dramatic if the degree of forbiddennesakK lowed decays overlap almost completely with those for the
-Al is large. For example, th&"K=676 isomer of 2*®Np first-forbidden decays. The role of these, and maybe other,
decays to the 843 keVSlevel in %% with log ft=14.7,  factors in hindering or forbidding allowed and fransitions
which is the largest logt value among the 252 allowed de- of this region, in deformed nuclei of other regions, needs to
cays under consideration. This 53U level is a rotational be investigated. Among other factors, the mismatch of neu-
member ofK”™=0" octupole band, thus making the decay tron and proton orbitals in this region strongly inhibits the
proceeding through AK =6 transition, withK forbiddenness first-order allowed transition and hence the second-order ma-
v=5. trix elements, largely unrelated to simple Nilsson structures,

In summary, using a data base of 252 allowed and 264nay bring in significant contribution for the observed lfig
nonunique first forbidden (1f) B transitions in  values. These, and other theoretical aspects, also need to be
A>228 nuclei, we have shown that the léigvalues for the looked into.
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