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Abstract 

The 7.6-h isotope 256mEs was produced from a 2.5-J.Lg/cm2 target of 254Es 
by the (t,p) reaction. The reaction products were separated radiochemi
cally, and the decay properties of 256m Es were determined via /3-1, 'Y-1, and 
/3-fission correlation techniques. From these measurements we were able to 
assign 57 1-rays to 26 levels in the daughter 256 Fm. An isomeric level was 
observed at 1425 keV and assigned a spin and parity of 7-. This level has a 
t112 of (70 ± 5) ns and we observed two /3-delayed fissions with delay times 
in the proper time range to be associated with fission from this level. This 
gives a /3-delayed fission probability of 2 x 10-s for this level and a partial 
fission half-life of o.s~g:~ ms at the 95% confidence level. 
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1 INTRODUCTION 

Beta-delayed fission (,BDF) is a, nuclear decay process in which a beta
decaying nucleus populates. excited states in its daughter nucleus which 
then fission. These states can be above the fission barrier( s) of the daugh
ter (yielding prompt fission), within the second well of the potential energy 
surface (a fission shape isomer), or wi Li1in the first well of the potential en
ergy surface. This decay mode was first postulated as a route for depleting 
the yield of heavy elements formed in supernovae in the seminal astro
physics paper by Burbidge, Burbidge, Fowler, and Hoyle [1]. ,BDF, and 
the analogous electron capture-delayed fission ( €DF), have since become of 
interest for several additional reasons. 

Measurements of the probability for ,BDF provide a sensitive probe of 
the structure of the fission barrier since the probability (and hence the half
life) of the fissioning level is exponentially dependent on the magnitude of 
the fission barrier. Appreciable ,BDF will occur only for neutron-rich nuclei 
sufficiently far from stability so that Q,a is comparable to the fission barrier 
of the daughter nucleus. From measurements of the relative probabilities for 
fission and 1 emission from the level populated by ,8 decay, the position of 
the level in the potential energy surface, i.e., relative to the fission barrier, 
can be determined. By measuring the lifetime of the fissioning level and 
the fission decay branch, a fission hindrance factor can be obtained. 

,BDF also allows the study of the fission of heavy nuclei from excited 
states, which can be used as a basis for predictions of fission properties 
of heavier nuclei. Since the liquid drop fission barrier rapidly diminishes 
with increasing Z 2 I A in the heaviest elements, fission from excited states in 
these nuclei are strongly influenced by shell effects. Shell-stabilized fission 
barriers are also expected to govern the fission behavior of the superheavy 
elements [2). Hence, ,BDF, by allowing investigation of the fission barrier 
properties at non-ground state energies in the heavy actinide region [3,4), 
can yield important data for comparison with theoretical predictions. 

,BDF also remains important in the astrophysical r-process. This rapid 
neutron capture mechanism is believed to play a prominent role in stellar 
nucleosynthesis in supernovae [5). The ,BDF process is invoked to explain 
the observed isotopic abundances of the heavy elements and is offered as 
one reason why superheavy elements are not found in nature [6). A recent 
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reexamination of data for heavy element yields from nuclear tests, however, 
has shown that the ,BDF process does not affect the mass yields of multiple 
neutron-capture products observed in these tests to the extent previously 
believed [7,8]. 

There have been only a few reports [9,10,11,12,13,14,15] of experimental 
evidence for delayed fission processes. ,BDF has been reported to 'occur. in 
236•

238Pa [9]. The ,8-delayed fission probability PvF, defined as the number 
of delayed fissions divided. by the number of ,8 decays of the parent 

Nf3f 
PvF = --

Nf3 

has been reported as about 10-10 ·for 236Pa and 6 x 10-7 for 238Pa [9]. 
However, the latter value was not confirmed by a more recent study [10] 
using automated chemical separation procedures in which ,BDF was not 
observed in 238Pa. The upper limit for this decay mode was determined to 
be PvF ::; 2.6 x 10-8 . 

€DF was reported in the region of Np and Am with mass numbers in the 
range of 228-234 [11,12] as early as 1966, but in those studies the fissioning 
species were not positively identified. More recently, 232 Am was reported to 
exhibit €DF with a PvF of 1.3~6.8 x 10..:.2 [13]. 242 Es has also been tentatively 
assigned an €DF branch with PvF = (1.4 ± 0.8) x 10-2 [14]. Lazarev et al. 
[15] have reported the first observation of EC-delayed fission outside of the 
actinide series in the vicinity of 180Hg. 

One of the difficulties in studying delayed fission is obtaining nuclei 
sufficiently far from the line of ,8-stability so that delayed fission becomes 
an observable phenomenon. As sources for studying delayed fission, super
novae and nuclear weapons tests suffer from· intrinsic complexity, not only 
in the plethora of reactions occurring, but also in the difficulty of obtaining 
information about a single isotope's decay and the challenging task of re
covering samples quickly enough to study short-lived isotopes. Isolation of 
a single element from an accelerator experiment is considerably quicker and 
easier. Thus, we have studied the decay of 7.6-h 256mEs to 2.63-h 256Fm, 
produced via the 254Es(t,p)256mEs reaction, exploiting radiochemical sep
aration procedures to isolate einsteinium. Following chemical separation, 
the 256mEs decay to 256Fm was studied using ,8-1, -y-1, and ,8-fission (,8-F) 
correlation counting techniques, allowing us explore the level structure of 
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256Fm and to search for ,BDF. 
In the experiment in which 256mEs was discovered [16], a level scheme 

for the 256Fm daughter was proposed. This level scheme is shown in Figure 
1. In this level scheme, the ,8 decay of 256m Es was primarily to the K = 7 
or 8 (1425-keV) level of 256Fm. The 1425-keV level was then depopulated 
by 'Y decay to either the s+ or 6+ level of the ground state rotational band. 
We estimated the half-life of this highly forbidden ~K = 7 or 8 transition 
to be in the few microseconds to few milliseconds range. 

The fission half-life of 256Fm at 1.4 MeV above the ground state was 
estimated [17] to be ,.,:,2.5 JLS (assuming no hindrance from unpaired nu
cleons). If such were the case, then fission from the 1425-keV level should 
strongly compete with 1 decay from this level. Even if the fission were 
hindered by unpaired nucleons involved in the 1425-keV level, we expected 
to be able to observe sufficient fission from this isomeric state to study 
both the total kinetic energy (TKE) and mass yield of fission from this ex
cited level. Such information would give new insights into the fission decay 
properties of nuclei whose barriers are dominated by shell effects and thus 
further our understanding of the fission process. 

2 EXPERIMENTAL 

2.1 Target and Irradiation 

A source containing rv0.1 JLg of 254 Es (t1; 2 = 276 days) was chemically puri
fied and electrodeposited in a 0.2-cm diameter circle on a 0.0125-mm thick 
palladium-coated beryllium foil. The deposited einsteinium was baked to 
ensure its conversion to the oxide form. The target thickness was deter
mined by alpha spectroscopy to be 2.5 11g/cm2 • The target was mounted 
in a target chamber illustrated schematically in Figure 2. Cooling was pro
vided on both sides of the target by a helium stream, but primarily on the 
upstream side of the target where there was a larger He flow. 

Due to the high specific activity of the 254 Es target (about 2 mCi/ JLg), 
special safety precautions were taken during the course of the experiment. 
All cooling gas was passed through a HEPA filter after exiting the target 
chamber. An airborne alpha activity detector, or "sniffer," continuously 
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4. 

.. 



t) 

I 
I 

" , 

----------------------, 
Vacuum 

I . __. 

Graphite 
Collimator 

I 
I 

--, 

' 

Vacuum 
Window 

' ... ... 

---------------
He Cooling Gas 

--- ----
____ , 

.... 

, 

' 
' 

, 
" 

I 

. :: 

Target Faraday 
Cup 

Gold Catcher 
Foil 

XBL 869-3445 

Figure 2: Schematic representation of the target chamber used in these 
bombardments. 

5 



monitored the air in the vicinity of the target chamber. 
The tritium beam was provided by the Tandem Van de Graaff accelera

tor at the Ion Beam Facility (IBF) of the Los Alamos National Laboratory. 
The target was irradiated for about 7 hours per bombardment with 6 to 
10 JiA of 16-Me V (on target) 3H+l. This energy corresponds to the peak 
of the excitation function for the production of 256mEs, which was deter
mined to be 16 mb in the discovery experiment [16]. Recoiling products 
were caught on a gold catcher foil placed immediately downstream from 
the target as shown in Figure 2. Following the irradiation, the catcher 
foil and the target chamber were allowed to "cool" for approximately one 
hour. This reduced the contribution of 256Es (t112 = 25 min) an<;l allowed 
short-lived activities to decay. After the cooling period, the catcher foil was 
removed and einsteinium was chemically separated from other species pro
duced~ Thirteen irradiations and separations were conducted in a period 
of five days. 

2.2 Chemical Procedures 

Upon removal, the catcher foil was taken to the chemistry laboratory at 
the Ion Beam Facility. The gold foil was removed from its mounting ring 
and dissolved with HC1-HN03 with a known amount of 241 Am (t1t 2 = 432 
years) as a yield tracer. The resulting solution was then passed through a 
2-rnrn x 50-mm glass column packed with an anion exchange resin, Bio--
Rad AG-1-X8 (200-400 mesh) which had been pretreated with cone. HCl. 
The trivalent actinide and lanthanide activities were eluted with cone. HCl, 
leaving the anionic gold complexes on the resin. 

The effiuent from the anion exchange column was evaporated to dryness 
and picked up in 0.1-M HCl. This solution was passed through a 2-mm 
X 50-mm glass column packed with a cation exchange resin, Bio---Ra.d AG 
MP-50 (200-400 mesh) in H20. Approximately 300 J.iL of 1-M Na.Cl was 
then passed through the column to remove 24Na., which otherwise would 
be a. significant source of background in the 1 counting. The. column was 
washed with 0.1-M HCl, and the actinides were separated as a. group from 
the lanthanides by elution with cone. HCl freshly saturated ( "'13 M) with 
HCl gas. The resulting actinide fraction was then evaporated to dryness. 

This actinide fraction was picked up in 0.1-M HCl and loaded onto 

6 



another 2-mm x 50-mm cation exchange resin column, this one packed· 
with Hamilton AG-50W X-12 resin, size range 7 to 10 11-m. After load
ing, approximately 100 11-L of H20 and then l00-11-L of 1-M NH4 Cl were 
passed through the column. The column was washed with H20, and the 
individual actinides were separated by elution with 0.5-M ammonium a
hydroxyisobutyrate (a-HIB) at pH 3.71 [18,19]. The einsteinium fraction 
was collected and dried. A flow chart of this chemical separation is shown 
in Figure 3. This procedure took approximately three hours to complete. 
At this point, the einsteinium was either t.aken immediately to the count
ing area for analysis, or was S';!bjected to a second column separation as 
detailed below. · 

The einsteinium fraction from the a-HIB column still contained some 
fermium, primarily 256Fm, which tailed into the einsteinium fraction and 
grew in from the decay of 256mEs during the relatively slow a-HIB column 
separation. This was not a problem for the coincidence counting but did 
offer possible interference for our study of the growth of the 256Fm spon
taneous fission activity from .the 256mEs parent. Extra purification would 
allow us to check for a possible long-lived ,BDF branch (2: 1 %) from a level 
having a t1; 2 ~onger than could easily be meas-qred using electronic timing 
coincidence techniques. If such a branch existed, the growth of the fission 
activity from the 256mEs would start from a non-zero activity at the time of 
separation. Therefore, it was necessary to prepare an einsteinium sample 
initially free of 256Fm to determine if fissions were present after separation 
that could not be attributed to 256Fm growth from 256mEs. This extra pu
rification was accomplished by processing the einsteinium sample from the 
a-HIB column through a reverse phase chromatographic separation. 

This column was packed with hydrogen di(2-ethylhexyl) orthophos
phoric acid (HDEHP) sorbed onto 50- to 75-!1-m particle size hydrophobic 
celite [20,21,22]. The einsteinium sample was picked up and loaded onto 
the column using 0.4-M HN03 • 256mEs was then eluted away from 256Fm 
using 0.8-M HN03 . A flow chart of this separation is presented in Figure 4. 
This additional separation added about 45 minutes to the total separation 
time. The total time from the end of the bombardment to the start of 
counting was approximately five hours. 
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2.3 Counting Procedures 

Following the chemical separation, the einsteinium sample was removed to 
the counting area and a variety of correlation counting measurements were 
performed. Information about the level scheme of the 256Fm daughter was 
obtained by both /3-1 and 1-1 counting, while information about the ;JDF 
behavior of 256mEs was obtained using ;J-F ~easurements. 

For the 1-"Y correlation counting, the sample. was placed between two 
intrinsic germanium 1 detectors at 180° with respect to each other. Either 
1 detector was able to serve as the start or stop signal for a time to am
plitude converter (TAC). The resulting analog signals from the 1 detectors 
and their affiliated TAC's were processed and stored using the Ion Beam 
Facility's computer system. This arrangement allowed real-time display 
of the incoming data and event by event storage on magnetic tape, thus 
permitting different software gates to be used in subsequent analysis. This 
increased flexibility was a significant improvement over the discovery ex
periment, and accounts for much of the improvement in the level scheme 
of 256Fm. 

For the 1'-1 correlation measurements, a 4-cm diameter plastic jJ detec
tor provided the start signal to the TAC. The stop signal was provided by 
an intrinsic germanium detector placed at 180° relative to the jJ detector. 
Again, the data were recorded using the on-site computer system. 

For the ;J-F measurements, the same jJ detector used in the 1'-1 mea
surements provided the start signal for the TAC. The stopsignal was pro
vided by a 300-mm2 Si(Au) surface barrier detector approximately 5 mm 
away from the sample. The surface barrier detector was operated at at
mospheric pressure, which degraded its energy resolution, but not seriously 
enough to compromise its effectiveness in detecting fissions. Figure 5 shows 
a representative a and fission spectrum, illustrating that fission fragments 
could be distinguished from a particles. 

10 
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Figure 5: An a and fission singles spectrum obtained with the Si(Au) 
surface barrier detector in the /3-F measurements with the detector at at
mospheric pressure. The 256Fm a particles form the narrow peak at about 
channel275 while the fission fragments form the broad peak extending from 
the high end of the a peak to about channel 1750. · 
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3 RESULTS AND DISCUSSION 

3.1 The 256mEs Decay Scheme 

From the 1-1-time correlation data, we were able to construct a more 
complete level scheme for 256Fm than in the discovery experiment (16]. 
This level scheme is shown in Figure 6. From the 1-1 and /3-1 data, 
we found evidence for six rotational bands with K1!" values and bandhead 
energies of o+(o keV), 2+(682 keV), 2-(881 keV), 3+(1100 keV), 5+(1252 
keV), and 7-(1425 keV). The energies and relative intensities of the /_;rays 
observed in singles spectra are given in table 1. Other 1 rays assigned to the 
256m Es decay on the basis of 1-1 coincidence results are shown in table 2. 
Representative ~~spectra are shown in Figures 7 and 8. Energy calibration 
was obtained through "the reported energies of fermium K x-rays (23] .and 
transitions accompanying the decay of 250Bk, the daughter of 254 Es [24]. 

All of the 256mEs samples were oflow intensity, resulting in poor counting 
statistics, especially in the 1-1 coincidence runs. Of the transitions shown 
in Table 1, 26 have not been plated. However, tJiese account for only about 
10% of the total1-ray intensity. The strongest unplaced 1 ~ay is the 105.8-
ke V transition, which does not appear to be in strong coincidence with any 
other 1 ray. 

· The intense 231-, 172-, and P1-keV transitions are in coincidence with 
· each other and are assumed to depopulate, respectively, the 8+, 6+, and 
4 + members of the ground-state rotational band. The energies of these 
transitions imply a value of 48.3-keV for the energy of the 2+ first excited 
state. The strong 861.8-keV 1 ray is in coincidence with the 231.1-keV 
transition, indicating a level at 1425.5 keV which very likely has spin and 
parity 7- based on its decay pattern. This level may be analogous to the 
7- state predicted by Soloviev and Siklos [25] to be the lowest-lying two
quasiparticle state in 254Fm. The depopulation and half-life of this state 
are discussed in more detail in a subsequent section. 

The 682.3-keV level is the lowest intrinsic state observed and is assumed 
to be the 2+ gamma vibrational state, which occurs in 254Fm at 694 keV. 
The next highest intrinsi~ state occurs at 881.8 keV, which is assigned as 2-
since it decays only to the two lower-lying 2+ states. This state is assumed 
to be a 2- octopole &tate, analogous to the one predicted by Neergard and 
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Energy /ke vt I~ Energy /ke vt I~ 
96.8 2.55 275.3 1.15 
103.6 0.80 277.3 0.60 
105.8 5.12 297.5 0.52 
111.6 2.79 302.0 0.82 
126.0 0.71 316.4 1.02 
134.7 5.12 326.7 1.37 
150.2 1.16 333.2 0.36 
158.9 0.31 343.0 0.49 
165.2 0.50 374.2 1.43 
172.6 9.70 380.0 0.38 
178.0 1.10 397.2 0.74 
181.5 0.28 410.0 0.38 
18~.7 0.25 417.6 1.53 
190.1 0.55 468.4 0.90 
197.4 0.79 526.1 0.82. 
199.3 1.40 566.0 0.50 
211.2 0.87 602.8 0.77 
218.1 5.69 623.5 1.12 
229.0 0.65 634.0 1.73 
231.1 12.00 677.5 2.21 
232.7 0.58 682.3 1.84 
240.3 0.36 706.8 1.15 
242.0 0.79 762.7 2.28 
247.4 0.38 768.1 2.25 
252.7 0.25 833.5 5.45 
255.3 0.55 846.7 2.02 
258.2 0.65 861.8 19.66 
264.1 0.38 1051.5 2.56 
269.5 0.75 1092.9 9.24 

Table 1: Energies and relative intensities of 1-rays observed in the decay 
of 256mEs. tFor tran~itions of intensity ~ 1.0, the energy uncertainty is 
± 0.15 keV. hntensity scale arbitrary. 
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Figure 8: Tge 256mEs "'(-ray spectrum from 250 keV to 1125 keV. Most 
of the unlabeled peak structures are either weak b~ckground lines Qr lines 
that did not decay with the 256m Es half-life.· . 
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E-y/kevt Relative I~ 1-ray Gate/keV 
141 0.09 622 
192 0.12 696 
252 0.07 678 
156 0.08 678 
451 0.15 172 
587 0.2 231 
607 '0.4 172 
694 0.8 111 
941 0.8 96 

Table 2: 256m Es 1-rays seen in coincidence measurements, but not resolved 
in ~ingle spectra. tEnergy uncertainties are typically ± 1.5 keV. tsame 
relative intensity scale as i:p. Table 1. 

Vogel [26] to occur at ....._,800 keVin 254 Fm. The 881.8-keV level is fed most 
strongly by the 218.1-keV transition. Intensity balance at the 881.8-keV 
level can only be achieved if the 218.1~keV transition is El. Thus, the 
1100-keV level is assigned positive parity, and from its observed branching 
to lower states, a spin of 3 is indicated. 

The states at 1150, 1251, and 1328 keV ;;tre not as well established. The 
main clue to this portion of the scheme is that the 96.8-ke V 1 ray follows the 
134.7-keV transition and is in coincidence with the 178-, 197-, 199-, 218-, . 
316-, 374-, 397-, 417-, 468-, 526-, 624-, 634-, 677-, 682-, 833-, and 1052-keV 
transitions. From intensity balance considerations, the 96.8-keV transition 
is almost certainly El. Placi:p.g it as depopulating the 7- level to a 6+ level 
at 1328 keV, which is in turn depopulated by the 178-keV transition to the 
4 + m~mber of the proposed 3+ band, is consistent with the 1-1 results. 
The coincidence data and the energy difference of the 468- and 526-ke V 
transitions strongly suggests that these transitions feed, respectively, the 
4+ and 3+ members of the 2+ band, establishing a state at 1251.9 keV, 
which is presumably fed from the 1;328-keV level by an unobserved 77-keV 
transition. Since 77 ke V is the approximate energy difference between the 
spin 5 and 6 members of rotational bands in this nucleus, we assume that 
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the 1251-keV level is 5+. 
Our proposed scheme accounts for only about one-third of the total 

intensity depopulating the 1100-ke V level. There is a strong ( 150.2- 218.1 )
keV coincidence that could account for all of the missing intensity if the 
150.2-keV transition were of M1 + E2 multipolarity. However, the exact 
placement in the scheme of the 150.2-ke V transition is unclear. In this case, 
and in constructing other portions of the decay scheme, we were hampered 
by the lack of conversion~lectron data;which not or:tlY would have revealed 
a number of highly-converted low~energy transitions, but would also have 
yielded information regarding transition multipolarity. 

--
3.2 The 1425-ke V Level 

From the /3-"Y data, the half-life of the 1425-keV level was determined to 
be (70 ± 5) ns, much shorter than we had anticipated from the earlier 
[16] level scheme and the systematics of K-forbidden transitions [27]. A 
representative TAC spectrum for the 231-keV "Y ray is shown in Figure 9. 

The 861.8- and 1092.9-keV ~K=7 transitions, which are responsible 
for about half of the depopulation of the 1425-keV level, are unusually fast 
K-forbidden E1 transitions. The Weisskopf hindrance faCtors, Fw, given 
by 

. . ; 

for these two transitions are, respectively, 0. 76 x 109 and 3.3 x 109 (based 
on our estimate of 57 for the total intensity of all transitions depopulating 
the 1425-keV level, using the intensity scale of Table 1). For a transition of 
multipole order L, the K-hindrance factor fv per degree of K-forbiddeness 
v, where vis 

v = ~K -L 
' 

can be expressed [28] as 

For the 861.8- and 1092.9-keV transitions the degree of K-forbiddeness is 
v = 6, giving fv values of 30.2 and 38.6, respectively. These values are 
comparable to the fv values of 26.0 and 31.6 for two ~K=7 E1 transitions 
of energy 671.1- and 1133.8-keV recently observed in 1800s [29]. In both 
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Figure 9: TAC spectrum for 231-keV { rays correlated with the /3 decay 
of 256

m Es. Detection of the /3 particle served as the start signal and the 
detection of the "Y ray served as the stop signal. The straight line overlaying 
the data corresponds to a 70 ns half-life. 
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of these nuclei, above-average admixtures of lower K values in the K1r =7-
state are presumed to be responsible for the low fv values. We note that 
the ~K=5, 380.0-keV E2 transition out of the 1425-keV level is also ex
ceptionally fast (Fw = 1.4 x 10\ fv = 25). However, the hindrance factor 
for the 96.8-keV ~K=2, E1 transition (Fw = 8.2 x 106

) is not unusually 
low in comparison to those [27] of other ~K=2, E1 transitions. 

3.3 Delayed Fission Results 

We observed two delayed fissions which were time-correlated with the 
256

m Es f3 decay. Analysis of the data indicates that there is less than a 
1% chance that these two events are due to random time correlations of 
unrelated f3 and fission events. The timing of the two fission events is con
sistent with decay from the 1425-keV level, implying a fission half-life of 
0.8"!g:~9 ms at the 95% confidence level. The f3DF probability was deter
mined to be 2 x 10-s relative to total f3 decay. This value is considerably 
lower than we had expected based on the original [16] level scheme. The 
original level scheme, however, had not resolved the many levels between 
the 1425-keV level and the ground-state band which have been assigned in 
this work. The high admixture of these nearby levels reduces the half-life 
of the 1425-keV level considerably and hence reduces branching ratio for 
fission from this level. 

Using the 1425-keV level half-life and the estimate of "'2 Jl.S for the 
unhindered fission half-life of this level [17], we calculate a hindrance for 
fission from this level of ""103

• The magnitude of this hindrance factor is 
consistent with observed odd-particle fission hindrances [30] for ground
state fission from nuclei containing odd numbers of protons or neutrons. 
However, it is important to note that our experimentally observed hin
drance factor is for an even-even nucleus in an excited state rather than its 
ground state. Presumably this excited state of fermium exists with two or 
more unpaired, or "odd," nucleons and hence is a quasi-odd-odd nucleus, 
as one would expect if the 1425-keV state is truly analogous to the one 
predicted by Soloviev and Siklos [25]. 

This result is important for attempts to produce heavier elements. Since 
spontaneous fission is expected to be the limiting factor to the stability 
of new elements, a reasonably high "odd"-particle hindrance at 1.4 MeV 
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above the ground state of 256Fm is encouraging for the existence of new 
longer-lived spontaneous fission isotopes and the continuing search for su
perheavy elements. Such hindrances enhance the survivability against fis
sion of heavy nuclei formed in nuclear reactions, thus increasing the pro
duction yields. The increase, though modest, may.be sufficient to increase 
production cross-sections substantially. 

Unfortunately, the low ,BDF probability resulting from hindered fission 
and the short 1 half-life for the 1425-keV level preclude a study of the 
TKE and mass yields of fission from this excited-state. This information 
would have allowed some conclusions to be drawn about the nature of the 
fission process in a delayed fissile nucleus. No fission spectroscopy has 
yet been done on a delayed fission process, so there is no experimental 
information on the fission mechanism for the neutron-rich delayed fissile 
nuclei. Indeed, since the work of Baas-May [10] has cast considerable 
doubt on the delayed fission decay of 236•238Pa [9], 256mEs is the only nuclide 
with an experimentally observed ,8-delayed fission branch. 

Fission from the 1425-keV level in 256 Fm is also the first case in which 
fission has been observed from an isomeric state which is not in the second 
well of the potential energy surface. The very small fission branching ratio 
(2 x IQ-5

) from the 1425-keV level strongly supports this being a level 
within the first well of the 256Fm fission barrier. All theoretical studies 
of the potential energy surface in the heavy fermium region have resulted 
in the outer barrier being substantially smaller than the inner barrier. A 
level in the second well, i.e. a shape isomer, would decay predominantly by 
fission, not 1 decay back to the ground state. The only observed fission to 
gamma ratio for a second-well isomer has been for 238fU, where the barrier 
configuration is expected to favor 1 deexcitation, and indeed a fission to 
gamma ratio of 4-5 x1Q-2 has been reported [31]. 

4 CONCLUSIONS 

We have studied the decay of 256mEs isolated radiochemically from the 
254Es( t, p) reaction. Fifty-seven 1-rays were assigned to 26 levels within 
the daughter 256Fm, and an isomeric level at 1425 keV was seen. Fission 
was also observed from the 1425-keV level with a probability of 2 x I0-5

. 
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The half-life of the 1425-keV level was determined to be (70 ± 5) ns and 
a partial fission half-life for this level ~as determined to be o.s!g:~9 ms. 
Fission from this level, fed by the f3 decay of 256

m Es, constitutes (3-delayed 
fission. From the fission to gamma ratio for deexcitation of the 1425-keV 
level, the 1425-keV level is assigned to be within the first minimum of the 
nuclear potential energy surface. This makes fission from the 1425-keV 
level the first observation of isomeric fission from within the first well of 

. the potential energy surface, as well as the only observed f3DF nucleus. 
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