THE SYNTHESIS OF ELEMENT 105

G. N. Flerov, Yu. Ts. Oganesyan, UDC 546.799:66.091
Yu. V. Lobanov, Yu. A. Lazarev,

S. P. Tret'yakova, I. V., Kolesov,

and V. M. Plotko

In 1968 experiments were conducted at the Laboratory of Nuclear Reactions of the Joint Institute of
Nuclear Research in order to produce a new chemical element with atomic number 105 [1].

In the case of the irradiation of Am?*® with accelerated Ne?? ions with a very small cross section, the

formation of short-lived emitters of a-particles with an energy of 9.4-9.7 MeV was observed. However, on
the basis of an analysis of the decay schemes of the known a~radioactive nuclei with an odd number of nucle-

~ ons, it may be assumed that the bulk of the a-decay of the isotopes with Z = 105 corresponds to the excited
levels of the daughter nuclei (Z = 103), and the most intense a-lines belonging to the isotopes 105% and
10528! should be sought in the softer part of the a-spectrum (Eq < 9.1 MeV). Unfortunately, the energy in-
terval 8.8-9.0 MeV includes the a-particles of isotopes (Z < 92) formed as a result of nuclear reactions on
trace impurities of lead in the americium target [2]. Therefore, despite extensive work on the purification
of the target from lead, the analysis of this part of the spectrum was greatly hindered in [1].

Nonetheless, the synthesis of element 105 can also be approached from the other side.

It is known that with increasing parameter of fissionability Z2/A, the stability of nuclei with respect to
spontaneous fission decreases sharply. Analyzing the latest experimental data on the properties of nuclei
with Z equal to 100, 102, and 104, we can obtain an idea of the lifetime of isotopes of element 105 relative
to spontaneous fission. Thus, for example, the half-life 7 ¢ for the isotope 105!, according to our esti-
mates, is 107!-10% sec (the prohibition due to the odd number of protons is equal to approximately 10%2-10%,
whereas the expected half-life of the a-decay of the same nucleus may lie within the range 10~'-10 sec.
These estimates are unquestionably extremely approximate; however, they permit us to assume that the iso-
topes of the new element formed in the reactions Am?3(Ne??, xn)105%5"% can experience spontaneous fission
together with a-decay.

The method of observation based on the recording of spontaneous fission fragments possesses consid-
erably higher sensitivity in comparison with methods of recording a-radiation. In the recording of spon-
taneous fission, the background conditions are considerably better, since of most of the side products of nu-
clear reactions, only a limited number of isotopes experience spontaneous fission.

Taking all the aforementioned into consideration, in October 1969 we conducted experiments in search
of the spontaneous fission of isotopes of element 105. This work presents the results obtained.

EXPERIMENTAL METHOD

The experiments were conducted on the apparatus, the scheme of which is shown in Fig. 1. The beam

of accelerated ions was focused with two pairs of quadrupole lenses and was incident on the entrance of a
chamber separated from the vacuum volume of the accelerator with aluminum foil 15 u thick. Behind the
entrance window of the chamber was placed a target, made in the form of a layer ~1 mg/cm? thick with an
area of ~4.5 cm?, applied on an aluminum substrate 7 u thick. The target was placed in a copper cassette
mesh, cooled with water (transparency of the mesh73%). For additional cooling of the target the entire vol-
ume of the chamber was filled with helium (pressure up to 40torr). In the experiments we used targets of
U (isotopic composition: U — 89.8%, U — 1.3%); Pu®? (99.6%); Am24® (Am2 — 97%, Am?! _ 39), and ions
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Fig. 1. Scheme of experimental dpparatus for recording short-lived spontaneous fis-
sioning nuclei. 1) Ribbon-~collector of recoil nuclei; 2) helium (p =40 mm Hg); 3) col-
limator; 4) target; 5) absorbers; 6) vacuum foil; 7) vacuum volume; 8) monitoring of
beam distribution; 9) detectors of fission fragments.

of 0'%, 0¥, Ne?® and Ne? with maximum energies 135, 120, 192, and 175 MeV, respectively. The energy of
the particles was varied with the aid of aluminum absorbers, placed in a special cassettebetween the en-
trance foil and target. The energy dispersion of the ions in the interval of energies from 5 MeV/nucleon up
to the maximum should not exceed 2 MeV. The angular discrepancy of the beam was ~1°, A special de-
vice monitoring the distribution of flux density of ions incident on the target was set up at the entrance of
the chamber. The intensity of the ion flux passing through the target was an average of 5-10'? particles/sec.

In the experiments with Ne? and Ne®2, the exact value of the integral flux of particles was required; it
was determined according to the y-activity of Se™ (7,/,=120.4 days; E, was equal to 121, 136, 265, 280,
and 401 keV [3]), formed in the interaction of neon ions with the nickel ribbon-collector. A special experi-
ment was conducted (Fig. 2) to measure the dependence of the yield of Se™ on the energy of the ions; the
beam was monitored according to the yield of the radioactive isotope Na?4,

The recoil nuclei formed in the reaction were incident on a collector representing an "infinite" nickel
ribbon 8 m long, 25 mm wide, and 0.05 mm thick, moving at a constant speed. Along the ribbon were ar-
ranged 105 detectors of fission fragments, prepared from phosphate glass in the form of plates with dimen-
sions 60 x35 mm. The efficiency of the recording of fission fragments was 95% [4]. The sensitivity of the
method was such that the appearance of one track on the detectors during the experiment (30-50 h) corre-
sponded toa cross section of formation of a spontaneously fissioning emitter of ~2:107% cm?. 1In view of the
fact that an intense neutron flux arises when the target is irradiated, materials with a minimum content of
uranium and thorium of ~10~% g/g were used in the apparatus. In control experiments it was established
that the background corresponds to a cross section of <5-107%¢ cm?,

Thus, this apparatus can be used to reliably record fragments of the spontaneous fission of isotopes of
element 105, formed in the reactions Am*43(Ne??, 4-~5n)10521* 260, if the probability of spontaneous fission for
these nuclei with respect to a-decay is =0.01 and the half-life 7, s, = 0.05 sec.

In an investigation of the principles of the formation of spontaneously fissioning isotopes in nuclear
reactions, as will be shown below, it is necessary to determine the dependence of the cross section of forced
fission of U?% and Am?%® on the energy of the Ne?? ions. The experimental device for these measurements
is shown schematically in Fig. 2. '

RESULTS

In the first experiment a target of Am?%® was irradiated with Ne?? ions with an energy of 114 MeV for
70 h. The rate of movement of the ribbon was selected equal to 78 em/sec, which permitted observation of
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fission fragments in the time range 0.05-10 sec. The results of the
experiment are presented in Fig. 3. The short-lived emitter of
spontaneous fission fragments with 7y ;= 0.014 sec is the well-
known isomer Am?%?™ which is formed in the reaction Am**3(Ne?2,
Ne23)Am242m. In addition, we recorded 58 cases of decay of a more
long-lived isotope (7'1/2 =~ 2 sec). The yield of new spontaneously
fissioning nuclei corresponds to a cross section of ~2-107% cm?,

To identify the atomic number of the new isotope, experienc-
ing spontaneous fission with Tif2 ® 2 sec, we conducted experiments,
the need for which was due to the following circumstances.

At present many spontaneously fissioning isomers are known
in the region of U to Cm with half-lives of 107%-1072 sec [56]. In our
case such nuclei can be formed with relatively great probability in

Fig. 2. Experimental device for reactionsof multinucleon exchange [6] (see,for example, the yield of
measuring the cross sections of Am?#M in Fig. 3). It must be determined whether the observed
forced fission by heavy nuclei. 1) new emitter of spontaneous fission fragments is a representative
Ion beam; 2) aluminum absorbers; of this region of nuclei. As will be shown below, this question ean
3) target; 4) nickel collector; 5) de- be answered from a consideration of the angular distribution of re-

tector of fragments; D;) collimators. coil nuclei.

The possibility also remains that the spontaneous fission with

T fp ® 2 sec is experienced by an unknown isotope with atomic num-

ber 102, 103, or 104, formed in a reaction with escape of a charged particle. In this case a different meth-

od of analysis is possible, based on the study of the radioactive properties of the isotopes of these elements
and the mechanism of the nuclear reactions leading to their formation.

Finally, if the spontaneous fission with Ty /e N 2 sec belongs to one of the isotopes of element 105, then
the latter can be obtained in the case of irradiation of Am?®? with Ne?? ions only in a reaction of total fusion
with the formation of an excited compound nucleus 105285, followed by evaporation of neutrons. A peculiari-
ty of this reaction is the characteristic dependence of the yield of the isotope on the energy of excitation of
the compound nucleus. Therefore a measurement of the function of excitation of the spontaneously fission-
ing product with T2 2 sec can serve as a supplementary and independent method of its identification.

Investigation of the Principles of Formation of the

Spontaneously Fissioning Isotope with 7,/y ®2 sec

Angular Distributions of Recoil Nuclei. In reactions with the formation of a compound nucleus, fol-
lowed by evaporation of neutrons, the angular distribution of recoil nuclei has a sharp maximum at small
angles {7, 8]. In processes of multinucleon exchange (quasielastic scattering), the recoil nuclei have a sub-
stantial transverse component of the momentum, which leads to a substantial increase in the angular dis-
persion and a shift of the maximum of the angular distribution in the direction of far larger angles [9].
These circumstances can be used in the identification of the new isotope experiencing spontaneous fission
Tije & 2 sec.

Using the apparatus presented in Fig. 1, we can measure the integral angular distributions, varying
the degree of collimation of the recoil nuclei escaping from the target. Figure 4 shows the integral angu-
lar distributions of recoil nuclei for reactions with the formation of a compound nucleus (solid curve) and
reactions of multinucleon exchange (shaded region); k is the degree of collimation of the recoil nuclei; Wy
/W5 represents the relative yields of the reaction products for various values of k. The curves were con-
structed on the basis of experimental data obtained in the irradiation of Au'®, P28, U235, 238 py?39 py?L
with ions of O'® and Ne? [10, 11].

We performed analogous measurements for the reaction of Am®®3 +Ne?? [12]. Between the target en-
closed in the copper mesh with thickness ;=1 mm and diameter of openings d=2 mm (k;=8,/d = 0.5)
and the collector of recoil nuclei we placed a supplementary collimator with thickness 6 =4 mm (ky = (5, + &)
/d =2.5) and measured the yield of spontaneously fissioning products for k,= 0.5 and k;=2.5. For the iso-
mer Am*?™ (74 ¢ = 0.014 sec), the ratio of the yields Wy ;/Wy,=0.18 0.02, which is in good agreement
with the expected value of this quantity for the reaction of transfer of a nucleon Am?*3(Ne??, Ne?3) Am?242™
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Fig. 3. Time distribution of spontaneous fission fragments of nuclei formed in the
reaction of Am?®® + Ne??, at an energy of the ions of 114 MeV.

Fig. 4. Integral angular distributions of recoil nuclei formed in the reactions: of to~
tal fusion: 0) AulQY(NGZZ’ 4—56)AC213’214§ &) U238(016, 6n) Fm248; A) 'UZBS(NeZZ, 4n),102256;
O) UP5(Ne?, 5n)102%%%; of multinucleon transmissions: x) Pb2¥(Ne?2, 018)po?l2™M; v)
Pu?(Ne??, F) Am2?2mf, Blacks points: experimental data for products of the reaction
Am?® +Ne?? (W) for the isomer Am®?; @) for the spontaneously fissioning isotope with
T1/2 ®2 sec).

(see Fig. 4). For the isotope with 7y, ~2 sec we obtained a value Wkl/Wk(,: 0.47 +0.10. From these re-
sults it is evident that the observed emitter of spontaneous fission fragments with 7,/, ~ 2 sec is not a prod-
uct of reactions of multinucleon transfer; therefore it cannot be assigned to the region of spontaneously
fissioning isomers.

Analysis of Reactions with Emission of Charged Particles. It is known that together with reactions
proceeding through a compound nucleus, direct processes of the type of (Ne??, pxn), (Ne?, axn), (Ne??, apxn),
are also possible, resulting in the formation of isotopes of elements 104, 103, and 102. These two types
of reactions cannot be sufficiently reliably separated by the collimation method, based on the differences of
the integral angular distributions of the recoil nuclei. Therefore we shall consider in greater detail the
properties of isotopes with Z < 105 and the probability of their formation in the irradiation of Am?% by Ne??

ions.

From the experimental data that we obtained [11, 12] and the results of [13] on the investigation of the
reactions

U238 (Ne20, pn) Md?sé; Am2# (08, phn) 1022%;
U238 (Ne22, p3n) Md?¢;
Uzas((Nezz zm))mzzae. Pu?* (0'8, 5n) 10222

it is evident that the ratio of the cross sections o(HI, pxn) /o(HI, 4-5n) < 0.02 at all values of x = 1, if the
energy of the bombarding particles corresponds to the maximum of the excitation functions of the reactions
(HI, 4-5n). It should also be mentioned that in the irradiation of Am®*® with Ne?? ions, no formation of
kurchatovium with the known half-life Ti/2= 0.1 sec was observed [11]. This permitted an estimation of the
cross sections of the reactions Am®43[Ne??, p(3-4)n]1104%? 260, these were less than 5:107% cm?.

We investigated the probability of processes with emission of a-particles, and this was also investi-
gated in [14], with the following reactions as examples:

Am?? (08, on) Md2%s;

Pu?%® (Ne*, a3n) 102252
U228 (Ne??, awdn) Fm?%2 [14].
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Fig. 5. Dependence of the cross section of formation of the isotope 102252 on the energy of Ne??
ions. ———-) Calculated excitation function of the reaction U**(Ne®, 5n)102%°% W) experimental
values; ———— [right-hand scale]) calculated dependence of the fission cross section of U% for

the energy of Ne?? ions; O) experimental values.

Fig. 6. Dependence of the cross section of the formation of the spontaneously fissioning isotope
with 74/, =2 sec on the energy of Ne? ions: ————) calculated functions of excitation of the reac-
tions Am*3(Ne??, 4n)105%" and Am*(Ne¥, 5n)105%; @) experimental values; ———— [right-hand
scale]) calculated dependence of the cross section of fission of Am%3 on the energy of Ne?

ions; O) experimental values,

From a comparison of these results with the data on the cross section of the corresponding reactions (HI,
5n), we can draw the following conclusions, The ratio o(HI, o4n)/o(HI, 5n), at the maxima of the excitation
functions, is equal to ~10; the value of o(HI, @3n)/c(HI, 5n) that we measured is close to one, while for the
reactions (HI, an), such a ratio is already less than 1072,

Thus, reactions of the type of (Ne??, @xn) proceed with a relatively high probability at x equal to 3-5.
They lead to the formation of isotopes of element 103, the spontaneous fission of which has not been investigated.
In view of this, we conducted direct experiments to determine the partial half-lives for the spontaneous fis-
sion of the isotopes 103%¢ and 103%7, In the irradiation of Am®* by ions of O with an energy of 95 MeV,
the spontaneous fission of the two isotopes formed in the reactions Am?43(0%8, 4-5n)103%" 256 could be simul-
taneously investigated. The cross sections of these reactions are known and comprise ~3-107°% cm? [15].
In the case of irradiation for 15 h, not one spontaneous fission fragment was recorded; therefore it may be
concluded that og § < 107% cm?, Taking into consideration the known values of the lifetime of these iso-
topes with respect to a-decay (71/2 ~ 35 sec for both isotopes), we can indicate the lower limit of the half-
life with respect to spontaneous fission for the isotopes 103%°¢ and 103%": 74 ¢ > 10° sec. The reactions
Am?3|Ne?, o(2-3)n] will lead to the formation of heavier isotopes of element 103 with mass numbers 258
and 259, the properties of which are unknown. However, it is difficult to believe that the odd—odd isotope
103%98 will experience spontaneous fission with a half-life of ~2 sec. It is also rather improbable that when
two neutrons are added to the nucleus of 103%7, the period of spontaneous fission will change by more than
10°-fold; moreover, as was indicated above, the probability of the reaction Am?**(Ne?, 2n)103%° is very

low.
Thus, the new emitter of spontaneous fission fragments with 1 /2 ~2 Sec that we observed cannot be
an isotope of element 103.

At an energy of Ne? ions equal to 115 MeV, the cross sections of the reactions (Ne??, apxn) are ex-
tremely small. Moreover, at all x > 2, well-studied isotopes of element 102 are formed, not one of which

can be the cause of the observed spontaneous fission,
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TFig. 7. Distribution with time of fragments of spontaneous fission of nuclei formed
in the reaction of Am?% + Ne??, The summary data of experiments conducted at vari-

ous energies of Ne? ions are presented.

Fig. 8. Energy dependence of the yield of the isotope with Ty > 20 sec (deter-
mined according to spontaneous fission) on the energy of Ne? jons: ————) function
of excitation of the reaction Am?3(Ne??, 4n)105%!; ——.—.—) cross section of forced
fission of Am?*® by Ne?? ions; A) experimental values of the yield of the spontaneous-
ly fissioning isotope (T, /y > 20 sec); O) data for the isotope 102*%, formed in the reac-
tion Pu®¥(Ne?, w3n)102%2,

Considering the data obtained altogether, we arrive at the conclusion that the product experiencing
spontaneous fission with a half-life of ~2 sec observed in the reaction of Am?**® + Ne? is an isotope of ele-

ment 105.

Measurement of the Excitation Function. In the reaction of total fusion, according to the statistical
model, the dependence of the probability of formation of an isotope with a given mass number on the energy
of excitation of the compound nucleus takes the characteristic form, close to a gaussian distribution [16].
The charge, mass, and energy of excitation of the compound nucleus are well known; therefore the position
of the maximum and the width of the curve of excitation are evidence of the number of evaporated neutrons,
and, consequently, of the mass number of the final product as well. Such a situation exists for nonfission~
ing nuclei. In our case, as a result of the high coulombic barrier of the reaction and the great fissionability
of the compound nucleus (I'y/T¢ <« 1), the excitation functions may be substantially distorted.

The cross section of the reaction with evaporation of x neutrons takes the form

— Tn \*
On =00 (B) P (E) ()
where o,(E) is the cross section of formation of the compound n_l_wleus; P, (E) is the probability of evapora-
tion of X neutrons by a nucleus with initial excitation energy E; I'y/T's is the ratio of the neutron and fission

widths, averaged along the neutron cascade.

For heavy nuclei (Fn/I‘f =~ (.01), the cross section of formation of the compound nucleus practically
coincides with the cross section of fission: go(E) & o(E) [17], The value of P,(E) can be obtained by calcu-
lation if the temperature of the nucleus and the energies of the bond of the neutrons are known. The ratio
Fn/l‘f in the region of heavy nuclei, as was shown in [17], depends slightly on the energy of excitation and
can be determined with a satisfactory degree of accuracy on the basis of the known experimental data.
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To compare the experimental and calculated functions o4, (E) we measured the excitation function of
the reaction U2¥(Ne®%; 5n)102%5%. The properties of the isotope 102%%2 are well known: according to [11, 18],
it has a half-life of 2.4 +0.2 sec and in approximately one-third of the cases of disintegration experiences
spontaneous fission. The measured excitation function is presented in Fig. 5. The same figure shows the
energy dependence of the cross section of the fission of U by Ne? ions. The function o¢(E) is in good
agreement with the results of the calculations [19] and with the experimental data [20]. The experimental
results obtained for the reaction U%°(Ne??, 51n)1022°% are also in good agreement with the calculated excita-
tion function (dotted curve). The maximum of the excitation function lies at an energy of the ions of 117
MeV and is displaced by 14 MeV relative to the coulombic barrier of the reaction.* For the branch of spon-
taneous fission the cross section at the maximum is (1.5 £0.3) - 107 ¢m?. The width of the curve at half
the height is equal to 11 MeV,

In the following experiments [21] we measured the energy dependence of the cross section of the reac-
tion leading to the formation of a new spontaneously fissioning isotope with 7;/, ~2 sec. The rate of move-
ment of the tape was selected equal to 28 ¢cm/sec, which permitted recording of fission fragments in the
time interval 0.15-28 sec. The experimental data are presented in Fig. 6. The dotted lines show the cal-
culated curves corresponding to the evaporation of four and five neutrons from the excited compound nu-
cleus 105%%, The same figure shows the dependence of the fission cross section of Am?!® on the energy of
ions of Ne*’, The maximum of the excitation function for the isotope with 7, s, ~2 sec lies at an energy of
the ions of 117 MeV and is displaced by 11 MeV relative to the coulombic barrier of the reaction. The
width of the curve at half the height is 8 MeV.

The nature of the excitation function (see Fig. 6) is evidence that the observed new emitter of sponta-
neous fission fragments is formed as a result of a reaction proceeding through the formation of a compound
nucleus, followed by evaporation of neutrons; consequently, it has the atomic number 105. In the reactions
Am?8B(Ne®, xn)105%57% the isotopes with mass 260 and 261 will be formed with the greatest probability
{evaporation of five or four neutrons from the compound nucleus). To determine the mass number of the
isotope (T, /4, ~2 sec) it is necessary to know the exact values of the bond energies of the evaporating neu-
trons, since the positions of the maxima of the excitation functions for the reactions (Ne?; 4, 5n) differ by
approximately 5 MeV. The absence of exact values of the masses of the nuclei with Z = 105 inevitably leads
to some indeterminacy in the identification of the mass number of the isotope. And yet, if we take the cal-
culated values of the masses of the nuclei [22, 23], on the basis of an analysis of the experimental data (the
position of the maximum of the excitation function relative to the coulombic barrier of the reaction, the
width of the curve of excitation), we can assume that spontaneous fission with Ty /s & 2 sec belongs to the
isotope with mass 261.

The yield of the isotope at the maximum of the excitation function corresponds to a cross section of
(5.0 = 1.5) - 10~% em~!, whereas the expected cross section of the reaction Am?43(Ne??, 4n)105%, according
to our estimates, is ~2-10~% cm?. Consequently, it may be assumed that the main type of disintegration of
this isotope is a-decay (7;/, = 2 sec), and the partial hali-life for spontaneous fission is several times as

great.f

In the measurement of the excitation function, more than 300 fragments were recorded; their time dis-
tribution is presented in Fig. 7. The half-life of the isotope of element 105 is equal to 1.8 0.6 sec.

From Fig, 7 it is evident that together with 7 ~2 sec, the formation of an isotope experiencing spon-
taneous fission with 7;/, > 20 sec is observed. The dependence of the cross section of formation of the
isotope with 7, /; > 20 sec on the energy of ions of Ne?? (Fig. 8) differs from the function of excitation of the
reaction proceeding with the formation of a compound nucleus. Therefore it is natural to assume that spon-
taneous fission with Ty 2 > 20 secis experienced by an isotope with Z < 105, Since the reactions (Ne®?, pxn)
and (Ne®?, apxn) are relatively improbable, while the properties of the isotopes 10326 and 103%*7 are known,
it may be assumed that 7, /, > 20 sec belongs to the isotope 103*?%, which is formed inthe reaction Am?*(Ne?,
@3n)103%%8, The nature of the excitation function of the reaction Pu?*’(Ne®®, «3n)102%% that we measured is
additional confirmation of this hypothesis.

*The value of the coulombic barrier of the reaction corresponds to the energy of ions of Ne?? at which the
fission cross section is equal to 0.01 barn.

The results obtained subsequently on the a-decay of the isotope of element 105 are an experimental con-
firmation of this hypothesis [24, 25]. (Note during editing.)
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The observed half-life 7; /y > 20 sec should most likely be assigned to the a-decay of the isotope
103%8; this does not contradict the systematics of the radioactive properties of nuclei with Z = 103 [26].
And yet, the isotope 1032%, together with «-decay, can experience electron capture in a definite fraction of
cases (Qg=-2.4 MeV [26]), being converted to the isotope 102%%8, which undergoes spontaneous fission.

If the half-life of the isotope 103%%® is less than 20 sec, then the measured half-life 7/, > 20 sec is
associated with the spontaneous fission of the isotope 102%%%,

From the experimental data obtained in this work we can draw the following conclusions:

1. Inthe irradiation of Am®?3 with ions of Ne?, a spontaneously fissioning isotope with half-life 7/,
=1,8+0.6 sec is formed.

2. From the data on the angular distribution of the recoil nuclei and an analysis of the results of the
control experiments it is evident that the spontaneously fissioning isotope with 7, /) = 2 sec has an atomic
number of 105.

3. The nature of the excitation function gives evidence that the observed emitter of spontaneous fis-
sion fragments (T71/2=2 sec) is formed through a compound nucleus, followed by evaporation of neutrons.
This is an independent confirmation of the fact that an element with Z = 105 was synthesized in the reac-
tion of Am?%% + Ne??. The most probable mass number of the isotope of the new element is 261.

4. The yield of the spontaneously fissioning isotope of element 105 corresponds to a cross section of
5-10% cm?. It may be assumed that this isotope experiences predominantly o-decay.

5. I was shown that for the isotopes of element 103 with mass numbers 256 and 257, the half-life
for spontaneous fission Tg f > 10° sec.

6. Spontaneous fission with 7/, > 20 sec, in all probability, can be explained by the formation of the
isotope 103%8 in the reaction Am?3(Ne??, @3n)103%8. This isotope can experience not only a-disintegration,
but also electron capture, which leads to the formation of the spontaneously fissioning nucleus 10225,
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netsov for the production of the pure materials for the targets, K. A. Gavrilov and G. V. Buklanov for
preparing the targets, and Yu. V. Poluboyarinov for his aid in conducting the experiments, We are grate-
ful to the Accelerator Operation Group, supervised by B. A, .Zager, as well as to N, F. Orlov for prepar-
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