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Production and decay of the isotopes of Hs were studied in the 226Ra+48Ca reaction at beam
energies Elab=229, 234 and 241 MeV. At the Elab=234 MeV energy, the maximum of the 4n-
evaporation channel of the reaction, six identical α-SF decay chains of the nucleus 270Hs were
detected corresponding to a cross section of σ4n=16+13

−7 pb. At the other 48Ca energies, no Hs

isotopes were observed. Nuclei of 270Hs undergo α decay with a Qα=9.15±0.08 MeV and the half-
life of the daughter SF isotope 266Sg is 0.28+0.19

−0.08 s in good agreement with the data previously

observed in the 248Cm(26Mg,4n)270Hs reaction. The partial α-decay half-life of 270Hs was measured
for the first time: Tα=7.6+4.9

−2.2 s. For the spontaneous fission, we determined a lower limit TSF >10 s.

Decay properties of 270Hs corroborate theoretical predictions of its relatively high stability caused
by the effect of the deformed shells at Z=108 and N=162.

PACS numbers: 27.90.+b; 23.60.+e; 25.70.Gh

I. INTRODUCTION

According to the predictions of microscopic theory, the
existence of the heaviest elements is fully controlled by
the closed deformed shells at Z=108, N=162 and spher-
ical shells in heavier nuclei at Z=114 (or possibly 120–
126) and N=184. In the studies carried out in recent
years a group of nuclides with Z=104–118 and N=161–
177 was synthesized [1–12]. By in large, the experimen-
tal data on the decay properties of more than 50 new
nuclei agree well with the theoretical predictions. This
provides direct evidence of the manifestation of the new
closed shells in the region of the heaviest nuclei that con-
siderably expands the limits of the existence of chemical
elements.

In this respect, of great interest to study directly are
the doubly magic nuclei: deformed 270Hs and spherical
298114 (or 304120, 310126 in other models); in their decay
the stabilizing shell effect should be maximum. While
synthesis of the neutron-rich spherical nuclei withN≈184
is a difficult task, the nuclide 270Hs can be produced with
several reactions.

The doubly magic nucleus 270Hs was studied for the
first time in the reaction 248Cm(26Mg,4n)270Hs [2, 3]. At
the excitation energy of E∗=40–49 MeV, near the maxi-
mum of the cross section of the 4n-evaporation channel,
six α-SF chains were detected that were assigned to the
decay of 270Hs produced with the cross section of σ4n≈3
pb. The nuclide 270Hs was found to emit α particles
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with Eα=8.88±0.05 MeV and give birth to the daugh-
ter 266Sg that undergoes spontaneous fission (SF) with
a half-life of T1/2=0.36+0.25

−0.10 s [3]. In a later experiment,

only a single decay of 270Hs (Eα=9.02+0.05
−0.10 MeV) that

was followed in 23 ms by SF of 266Sg was registered in
the 238U+36S reaction [13]. In these experiments, the
signals from the implantation of the recoil nuclei in the
detector were not registered; as a result the half-life of
the evaporation residue is not measured. For the same
reason, the half-life of the SF of the mother nucleus is
also not determined. Another possible synthesis reaction,
244Pu(30Si,4n)270Hs, has not been studied yet. Finally,
in the symmetric cold fusion 136Xe(136Xe,2n)270Hs reac-
tion only an upper limit of the cross section σ1n−3n64
pb [14] was determined.

However, the 226Ra+48Ca reaction looks the most
promising for synthesizing 270Hs. Due to the doubly
magic 48Ca projectile, the excitation energy of the com-
pound nucleus 274Hs with beam energies at the Coulomb
barrier, decreases down to 32 MeV [15] and the expected
cross section of the 4n-evaporation channel could increase
up to 30 pb [16, 17]. Studies of the decay properties of the
isotopes of Hs could be continued with better statistics
in this reaction.

Measuring the cross sections of the production of evap-
oration residues in the 226Ra+48Ca reaction is of individ-
ual interest within systematic studies of formation and
survival of heavy compound nuclei in the reactions with
48Ca. Production of Hs isotopes is an intermediate case
between the well-studied cold fusion reactions of spherical
colliding nuclei 206−208Pb(48Ca,xn)(254−256)−xNo (see,
e.g., [18, 19] and references therein) and reactions of
fusion of the deformed target nuclei of 238U, 237Np,
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242,244Pu, 243Am, 245,248Cm, 249Bk and 249Cf with 48Ca
that we have used for synthesizing the superheavy ele-
ments (SHE) [1, 10–12].
Despite the difficulties arising from using a highly α-

radioactive target of 226Ra (21–33 mCi, including daugh-
ter nuclei), in July 2008, December 2008, and January
2009, we performed experiments aimed at the produc-
tion of Hs isotopes with the 226Ra+48Ca reaction.

II. EXPERIMENTAL TECHNIQUE

The α-radioactive isotope 226Ra (T1/2=1600 y) target
was deposited as an oxide, RaO, onto 1.5-µm thick Ti
foils. The total area of the rotating target was 36 cm2.
In the experiment, we used targets with Ra thicknesses
of 0.12 mg/cm2 and 0.18 mg/cm2 (see Table I). In the
course of the irradiation with the 48Ca beam, the tar-
get thickness was checked periodically by measuring the
226Ra α-particle counting rate.

TABLE I: 226Ra target thicknesses, average lab-frame beam
energies in the middle of the target used in the present work,
corresponding average excitation energies, total accumulated
beam doses, and number of events assigned to decays of Hs
nuclei.

Target Beam Number
thickness Elab E∗ (MeV) dose of
(mg/cm2) (MeV) (×1018) events

0.12 229 34.7–38.5 2.9 0
0.18 229 34.7–38.7 3.3 0

0.12 234 38.2–42.8 3.0 4
0.18 235 39.0–43.2 1.1 2

0.18 241 44.6–48.7 2.3 0

The 48Ca beam was obtained at the U400 cyclotron
of the FLNR, JINR. The typical beam intensity at the
target position was 0.7–1.1 pµA. The beam energy was
measured by employing a time-of-flight system with a
systematic uncertainty of 1 MeV.
The Dubna gas-filled recoil separator (DGFRS) [20, 21]

was used to separate evaporation residues (ER) from
48Ca ions, scattered particles, and transfer-reaction prod-
ucts and deliver them to the focal-plane detectors. The
transmission efficiency for Hs isotopes was estimated to
be approximately 40%. At the focal plane of the separa-
tor, ERs passed through a time-of-flight system and were
implanted in a 4-cm×12-cm semiconductor detector ar-
ray with 12 vertical position-sensitive strips surrounded
by eight 4-cm×4-cm side detectors without position sen-
sitivity, forming a box open to the front (beam) side.
The position-averaged detection efficiency for full-energy
α particles emitted in the decays of the implanted nuclei
was 87%.

The detectors were tested by registering the recoil
nuclei, α particles and SF fragments from the decay
of the known isotopes of Th, No, and their descen-
dants produced in the reactions natYb(48Ca,xn) and
206Pb(48Ca,2n), respectively. The FWHM energy res-
olutions for α particles absorbed in the focal-plane de-
tector were 50–110 keV (depending on strip) and 130–
310 keV for α particles that escaped this detector with
a low energy release and were registered by a side detec-
tor. Fission fragments from the decay of 252No implants
were used for the total-kinetic-energy calibration. The
measured fragment energies should be corrected for the
pulse-height defect of the detectors and for energy losses
of escaping fragments in the detectors’ entrance windows,
dead layers, and the pentane gas filling the detection sys-
tem. The mean sum energy loss of fission fragments of
252No registered by both the focal-plane and side detec-
tors was 20–25 MeV; the detection efficiency of such dou-
ble fission events was about 40%. The FWHM position
resolutions of correlated ER-α and ER-SF signals were
1.1–1.9 mm and 0.6–1.6 mm, respectively. For α parti-
cles detected by both the focal-plane and side detector,
the ER-α position resolution depends on the energy de-
posited in the focal-plane detector and was on average
2.0–3.5 mm and 3.4–5.8 mm for energies larger and lower
than 3 MeV, respectively.

The experimental conditions are summarized in Ta-
ble I. Excitation energies of the compound nucleus at
given projectile energies are calculated using the pub-
lished masses of [22, 23], taking into account the thick-
ness of the targets and the energy spread of the incident
cyclotron beam. The energy loss of the beam was calcu-
lated using the published data tables of [24, 25].

For detection of the daughter nuclides in the absence
of beam-associated background, the beam was switched
off after a recoil signal was detected with implanta-
tion energy EER=9–15 MeV (expected for evaporation
residues) followed by an α-like signal with an energy of
9.06Eα69.38 MeV (expected for decays of 269Hs and
271Hs) in the same strip, within a 2.2-mm wide position
window and a time interval of ∆t68 s. Because of the
short half-life of the SF-daughter 266Sg (T1/2=0.36 s) in

α-SF decay of 270Hs nucleus [3], and the low counting
rate of SF-like events (see below), real decays of 270Hs
can be easily found in the data so part of the exper-
iment at Elab=234 MeV with the 0.12-mg/cm2 target
was conducted without switching off the beam. All other
experiments shown in Table I were performed with 3-min
beam-off intervals for detection of more long-lived decay
products of even-odd Hs isotopes. In the experiment at
high 48Ca energy, the duration of beam-off time interval
was 1 min, but if an particle with Eα=8.5–9.1 MeV was
registered in any position of the same strip, the beam-off
interval was automatically extended to 3 minutes.
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FIG. 1: (Color) Decay chains observed in the 226Ra+48Ca reaction. Strip numbers (str), energies, energy resolution (∆E),
times between events, and positions of events are shown.

III. EXPERIMENTAL RESULTS

Experiments were carried out at three beam energies
(see Table I). The Elab=234 MeV energy corresponds to
the maximum of the 4n-evaporation channel leading to
270Hs [17]. At two other energies of 229 MeV and 241
MeV, the yield of 270Hs should be lower; they are more
optimal for the production of neighboring isotopes 271Hs
and 269Hs in 3n and 5n channels, respectively.

In two runs performed at the energy of 234 MeV with
two targets of different thickness six correlated decay
chains of the type ER-α-SF were observed (see Table I).
The measured parameters of the observed events are
shown in Fig. 1.

Energies of events, their positions, and time intervals
are presented. The energies of events detected by both
the focal-plane and the side detectors are shown in brack-
ets. The energy resolution ∆E is given for each α parti-
cle. Most of the first experiment was performed without
beam interruptions. In one chain observed in the second
run in strip 4, the ER-α pair did not switch the beam
off because of the low-energy α particle deposited in the
focal-plane detector and its position signal was below the
electronic threshold. In another decay, the fission event
was detected when the beam was off (event marked in
bold face). In one case (left bottom, strip 7), the fission
fragments were registered by the both detectors. The
energy of the fragment in the side detector exceeded the
α-scale interval but was not detected in the high-energy
scale. Therefore, the energy of fragment registered by
the side detector was larger than 21.6 MeV and total
measured energy was larger than 187.9 MeV.

In the analysis of the data, we found seven sequences

of the type ER (E=7.5–16.5 MeV)-α (E=8.7–9.5 MeV,
∆t660 s)-SF (∆t6400 s) within position windows corre-
sponding to two FWHM position resolutions (confidence
level 0.98). In one case, the α-SF time interval was 285
s. The six other decay chains are shown in Fig. 1. All
these SF events were registered within 1 s after preceding
α decays. Thus, the total number of random ER-α-SF
(∆t61.4 s ≈ 5TSF of the daughter nucleus) decay chains
is less than 0.025 [26].

The distribution (number of events vs. time interval in
double logarithmic scale) for all ER-like events preceding
the α-SF chains shown in Fig. 1 and registered within two
ER-α or ER-SF position resolutions is shown in Fig. 2.
For all six decay chains, 54 ER-like events were found
within a 4000-s time interval which indicates that the
total number of random ER-like events detected during
five half-lives of the parent nucleus (38 s) is about 0.5
[26].

The α-particle energy and half-life of the parent nu-
cleus are Eα=9.02±0.08 MeV, T1/2=7.6+4.9

−2.2 s, the half-

life of the daughter SF isotope is 0.28+0.19
−0.08 s. The decay

chains were observed at the excitation energy of the 274Hs
compound nucleus corresponding to the calculated maxi-
mum for the 226Ra(48Ca,4n)270Hs reaction (see Table II).
Thus, we assigned the six observed decay chains to the
270Hs parent nucleus and obtained a value of 16+13

−7 pb

for the average cross section for the 226Ra(48Ca,4n)270Hs
reaction at 41-MeV excitation energy.

In addition to the six observed chains of 270Hs, about
three more decays could be detected as ER-SF correla-
tions without registration of an α particle in the focal-
plane detector. In the situation when α particles have
been detected by the side detector only and thus the
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TABLE II: Experimental and calculated 4n-evaporation cross
sections for the production of 270Hs. Excitation energies E∗

C

of the compound nuclei are calculated for Coulomb barrier
[15] and masses [22, 23]. Cross sections were measured at the
excitation energies of the compound nucleus 274Hs of 40 MeV
in 248Cm+26Mg, of 51 MeV in 238U+36S, and of 37, 41, and
47 MeV in 226Ra+48Ca reactions.

E∗

C σcalc
4n (pb) N σexp

4n

Reaction (MeV) [Ref] events (pb) [Ref]

248Cm+26Mg 44.5 12 [16] 6 ≈3+2
−1.5 [2, 3]

244Pu+30Si 45.6 8 [16]

238U+36S 42.0 24 [16] 1 0.8+2.6
−0.7 [13]

226Ra+48Ca 32.3 30 [16, 17] 0 63.1 this
6 16+13

−7 work
0 67.1

beam was not switched off, we could not identify them
in the background of random events due to the relatively
long half-life of 270Hs.
The ER-SF chains could appear also due to fission

of the even-even isotope 270Hs. From calculated partial
half-lives of Sg and Hs isotopes and available experimen-
tal data on SF probability of even-even isotopes of Rf and
Sg, it can not a priori be excluded that the TSF value for
270Hs will be comparable with its partial half-life against
α decay.
In addition to the six SF events shown in Fig. 1, we

observed 40 more high-energy signals with E>135 MeV
that can be expected for SF of heavy nuclei [1, 10–12];
four of them were registered by the both focal-plane and
side detectors. Thus, from 40%-detection efficiency of the
both SF fragments, only about ten of them may be as-
cribed to SF fragments. From the analysis of time corre-
lations of ER-like and SF-like events [27] the upper limit
for the fission branch of 270Hs is set to about 50% and
the lower limit for its partial spontaneous fission half-life
is 10 s.
At 48Ca energy of Elab=234 MeV, we can set only

an upper cross section limit for the 226Ra(48Ca,3n)271Hs
reaction of 11 pb (assuming T1/2610 s for 271Hs). On the
other hand at the lower and higher excitation energies of
37 MeV and 47 MeV the ER-α-SF decay chains of 270Hs
were not observed. Here the upper cross-section limits of
the 226Ra(48Ca,4n)270Hs reaction are 3.1 pb and 7.1 pb,
respectively.
For 269Hs, the product of the 226Ra(48Ca,5n) reaction,

we refer to its shorter decay branch [28] that should be
terminated by spontaneous fission of 261Rf. In terms
of decay properties of this isotope (see Refs. in [28]),
we searched for ER (7.5–16.5 MeV)→α (8.8–9.45 MeV,
∆t660 s)→SF (∆t6150 s) decay chains. Such chains
were not found, which results in the upper limit of the
cross section for the 5n channel of the 226Ra+48Ca reac-

tion at E∗=47 MeV of 9.8 pb.

FIG. 2: Time intervals between α particles shown in Fig. 1
and all the preceding ER-like events observed within two ER-
α or ER-SF FWHM position resolutions. Part of the his-
togram referring to the six decay chains shown in Fig. 1 is
shaded in grey. Dashed line shows linear fit for random ER-
like events.

At E∗=37 MeV, we searched for 271Hs by looking for
sequences of the type ER (7.5–16.5 MeV)→α (8.7–9.5
MeV, ∆t660 s)→SF (∆t6400 s) within position win-
dows corresponding to two position resolutions. We
did not observe chains of the type ER→α→SFoff or
ER→α→αoff→SFoff with fission events registered dur-
ing beam-off time intervals. The upper limit of the cross
section for the 226Ra(48Ca,3n)271Hs reaction depends on
the unknown half-life of 271Hs. Using ER→α time in-
terval of 8 s for switching the beam off and estimated
T1/2(

271Hs)=4 s [3], the upper limit is σ3n68.2 pb. If

the half-life of 271Hs is lower than T1/2(
269Hs) the upper

cross-section limit for T1/2(
271Hs)=1 s becomes lower;

σ3n66.2 pb. Vice versa, if the half-life of 271Hs is similar
or larger than that of 269Hs, the limit increases to 14 pb.
The cross sections for producing 270Hs in the

226Ra+48Ca experiments, together with the previously
known experimental data from other reactions and the
calculated cross sections, are combined in Table II.

IV. DISCUSSION

A. Decay properties of 270Hs

For the first time in this experiment we measured the
half-life of the doubly-magic nucleus 270Hs (T1/2=7.6+4.9

−2.2

s). Its α-particle energy (9.02±0.08 MeV) as well as the
half-life of daughter SF isotope 266Sg (0.28+0.19

−0.08 s) are

in agreement with the data determined in 248Cm+26Mg
(Eα=8.88±0.05 MeV, TSF=0.36+0.25

−0.08 s) [3] and
238U+36S
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(Eα=9.02+0.05
−0.10 MeV, SF decay time 0.023 s) [13] reac-

tions. The measured half-life of even-even 270Hs is in
good agreement with the expected probability of allowed
α transitions estimated from the measured α-particle en-
ergy and using various theoretical Tα vs. Qα relation-
ships (see, e.g., [29] and Refs therein). For the partial
spontaneous fission half-life of 270Hs, as it was indicated
above, only a lower limit was determined (TSF>10 s).
The decay properties of 270Hs and 266Sg determined

in the present work, together with the data for other
isotopes with Z=102, 104, 106, and 108 [30, 31], are pre-
sented in Fig. 3. Here are also shown the theoretical
expectations following macroscopic-microscopic calcula-
tions [32–34]. As one can see in Fig. 3a, the considerable
decrease of α-decay half-lives observed for Rf, Sg and
Hs in transition from N=152 to N=154, substantially
changes with increasing neutron number at Z>104 and
N>154. In accordance with the theoretical predictions,
by moving off the N=152 shell a considerable increase
of Tα is observed in experiments; this gives evidence of
increasing nuclear stability in the ground state upon ap-
proaching the next neutron shell at N=162.
Even stronger is the effect of Z=108 and N=162 nu-

clear shells displayed in the spontaneous fission of these
nuclei (Fig. 3b). When going from 254No to 256Rf (both
nuclei have N=152, but ∆Z=2) the probability of spon-
taneous fission increases by about seven orders of mag-
nitude. This is connected with the change of the fission
barrier structure caused by shell effects in deformed nu-
clei [35]. However, with increasing number of neutrons in
the isotopes of Rf and Sg, the spontaneous fission half-
life gradually increases. The strongest increase of TSF

is observed in Hs nuclei. Of all the even-even isotopes
with Z=104–108 shown in Fig. 3b, the 270Hs (TSF>10s)
isotope is the most stable against spontaneous fission.
Note, decrease of proton and neutron numbers in the
270Hs magic nucleus by two, ∆Z=∆N=2, (α decay into
266Sg) increases the probability of spontaneous fission by
a factor of more than 30. Such a strong variation of TSF

near the peak of stability of Hs isotopes, as well as the
experimentally observed trend of growth of TSF(N) when
approaching N=162, agree well with model calculations
(Fig. 3b). The deviations between absolute values of TSF

are explainable taking into account the general difficul-
ties of calculating the probability of spontaneous fission
that is a process of tunnelling through potential barrier.
Generally, the predicted decay properties of the doubly
magic nucleus 270Hs is confirmed in the experiment.

B. Cross sections

In the three experiments with three different beam
energies, 270Hs was observed only in the excitation en-
ergy range E∗=38.2–43.2 MeV, near the calculated max-
imum of the 4n-evaporation channel of the 226Ra+48Ca
reaction. The cross section for producing 270Hs in the
226Ra+48Ca reaction appeared to be about five times

FIG. 3: (Color) Partial half-lives of the nuclei of No, Rf, Sg
and Hs with respect to: a) α decay and b) spontaneous fis-
sion. Solid symbols show even-even isotopes and open ones –
odd-neutron nuclei. Black lines are drawn to guide the eye;
they connect points referring to even-even isotopes. Color
lines show calculated half-lives of the even-even isotopes of
Sg and Hs (α decay) and Hs (spontaneous fission), calculated
in macroscopic-microscopic nuclear model [32–34]

higher than in the more asymmetric 248Cm+26Mg re-
action. The excitation energy of the 274Hs compound
nucleus at the Coulomb barrier of the 226Ra+48Ca re-
action is E∗

C=32 MeV, lower than that of the case of
248Cm+26Mg, E∗

C=44 MeV. Despite the fact that the
formation of the compound nucleus is more favored in
fusion of the more mass-asymmetric nuclei, the shift of
the threshold of the 248Cm+26Mg reaction by ∆E∗

≈10
MeV results in a reduction of the cross section in the ex-
citation energy range E∗

≈40 MeV (near the maximum
of σ4n). For this very reason in the 238U(36S,4n)270Hs
reaction with E∗

C=42 MeV the production cross section
of 270Hs is only 0.8 pb [13].

An increase of E∗ by 10 MeV in the 248Cm+26Mg reac-
tion would result in an even stronger decrease of the cross
section of the 3n-evaporation channel. Our data differ
from those obtained in [2, 3]. Against expectations, in the
whole energy range E∗=34–42 MeV in which the produc-
tion of the isotopes 271Hs and 270Hs in the 248Cm+26Mg
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FIG. 4: Maximum cross sections of the production of the isotopes of the heavy elements in: (a) cold fusion reactions: 208Pb,209Bi
+ 48Ca, 50Ti, 54Cr, ... 70Zn (E∗=12–20 MeV) and (b) hot fusion reactions: 208Pb, 226Ra, 233,238U, 242,244Pu, 243Am, 245,248Cm,
249Bk, and 249Cf + 48Ca (E∗=35–40 MeV). In plot (c) Coulomb factors Z1 · Z2/(A

1/3
1 + A

1/3
2 ) for nuclei in the cold (open

circle) and 48Ca-induced (closed circle) reactions are shown. (d) Difference of fission barrier heights (involving non-axial shapes)
and neutron binding energies of the compound nuclei in 48Ca-induced reactions calculated in macroscopic-microscopic nuclear
model [33, 37, 38] and corrected for the odd-even effect are shown. Arrows show number of neutrons in the compound nucleus
with the given atomic number.

reaction was observed with comparable cross section, we
did not detect a single decay event of the isotope 271Hs.
Examining various scenarios of interaction of nuclei in
the entrance channel of the reactions did not allow us
to clarify the reasons for these disagreements and thus
needs further investigation.

Now, with the new data on the cross section of the
226Ra(48Ca,4n)270Hs reaction, let us consider in a more
general sense the reactions of synthesis of heavy and su-
perheavy nuclei (Z>102).

We would remind the reader that in cold-fusion reac-
tions the doubly-magic nuclei 208Pb or 209Bi are used
as targets; and advances to higher nuclear charges and
masses means using heavier projectiles ranging from 50Ti
to 70Zn. In these reactions, the compound nuclei have
low excitation energies (E∗=12–20 MeV); their transi-
tion to the ground state is accompanied by emission of
a single neutron. Note, the production cross section of
the lighter isotope of element 108 with N=157 in the
208Pb(58Fe,n)265Hs reaction is about 66 pb [36] which is
significantly larger than cross-sections for the hot-fusion

reactions given in Table II.

However, despite this advantage (high survivability
of the compound nucleus), the production cross section
drops by more than 8 orders of magnitude (Fig. 4a) when
ZCN increases from 102 to 113. Such an effect, as a result

of growth of the Coulomb factor kZ1 · Z2/(A
1/3
1 +A

1/3
2 )

by 44% (Fig. 4c), is associated with potential energy sur-
face of the colliding system which causes the hindrance of
the formation of compound nuclei with stronger Coulomb
interaction.

On the contrary, in hot fusion reactions the magic pro-
jectile 48Ca is kept invariable and the atomic number
of the compound nucleus is increased by using heavier
target nuclei. As opposed to cold fusion, in the more
asymmetric reactions of 48Ca with actinide nuclei the
Coulomb repulsion is less but the excitation energy of
the compound nucleus is larger. Major losses of evap-
oration residues occur in the course of cooling down of
the heated nucleus by evaporation of multiple neutrons.
The total cross section of formation of the isotopes of the
given element depends on the thermodynamic properties
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of the heated compound nucleus and can be generally
expressed by a well-known formula:

Σσxn(E
∗, J) = σcap · PCN(E

∗, J) · Psurv(Bf , Bn),

where σcap is a capture cross section, PCN(E
∗, J) is prob-

ability of the formation of the compound nucleus ZCN,
ACN with excitation energy E∗ and angular momentum
J and Psurv(Bf , Bn) ∼

∏x
i=1 exp[(B

i
f − Bi

n)/Ti] is the
survivability of the compound nucleus which depends on
the fission barrier heights Bi

f and binding energies of neu-

trons Bi
n of the series of heated nuclei with temperature

Ti that are formed in the course of neutron evaporation.
Let us consider first SHE produced in the fusion re-

actions of the deformed target nuclei, isotopes of U–Cf
with 48Ca projectiles that lead to compound nuclei with
ZCN=112–118 and ACN=286–297. The Coulomb factor
is changed by no more than 6.5%. The excitation energy
of the compound nuclei at the Coulomb barrier varies
within E∗

C=27–33 MeV (calculated with the Bass barrier
[15] without taking into account the effect of orientation
of the deformed target nuclei, which is also practically the
same for the actinides). The cross section for producing
evaporation residues reaches its maximum at excitation
energy E∗=35–40 MeV (hot fusion). The main contri-
bution to the total cross section (Σσxn)

max, as it follows
from the experiments, is due to 3n- and 4n-evaporation
channels of the reaction and their ratio changes with the
nucleonic composition of the compound nucleus [1, 4–12].
Because the initial states of the compound nuclei

ZCN=112–118 are similar, this allows a uniform descrip-
tion of their transition to ground state via emission of
neutrons and γ-rays. The calculated survivability of the
compound nuclei, which depends on the thermodynamic
characteristics of the heated nuclei in the course of their
cooling down via emission of neutron(s) and on fission
barriers, should thus correlate with evaporation residue
cross sections as obtained in the experiment.
In Fig. 4b, the total cross section (Σσxn)

max measured
in the experiments in all the reactions of fusion of 48Ca
with the target nuclei of Pb, Ra (present work) and with
actinide targets U–Cf are shown. The calculated values
of (Bf−Bn) are shown in Fig. 4d for the compound nuclei
having production cross sections given in Fig. 4b. Com-
paring these, one can see that the relatively high cross
sections for production of evaporation residues in hot fu-
sion reactions with 48Ca are connected with high sur-
vivability of the heated compound nuclei. This provides
direct evidence of the presence of high fission barriers in

these superheavy nuclei.

V. CONCLUSION

270Hs was synthesized in the 226Ra+48Ca reaction at
an excitation energy of E∗=41 MeV with a cross sec-
tion of 16+13

−7 pb. 270Hs has an α-SF decay chain with
Eα=9.02±0.08 MeV, and the half-life of the daughter
SF isotope 266Sg is 0.28+0.19

−0.08 s. For 270Hs, the half-life

T1/2=7.6+4.9
−2.2 s was determined for the first time and a

lower limit for spontaneous fission was determined to be
TSF>10 s.
In the systematics of the decay properties of the even-

even isotopes of elements 102, 104, 106 and 108, one can
observe a significant increase of stability when approach-
ing 270Hs. The experimentally determined probabilities
of α decay and spontaneous fission of 270Hs agree with
the concepts of the macroscopic-microscopic models of
its structure as a magic nucleus with closed deformed
shells Z=108 and N=162 (see, e.g., [29] and References
therein).
It is shown once more that the relatively high cross

section for production of heavy and superheavy nuclei in
fusion reactions with 48Ca is connected with the presence
of a high fission barrier that appears due to nuclear shell
effects.
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