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Observation of the Superheavy Nuclide 2"'Ds *
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With the recent commissioning of a gas-filled recoil separator at Institute of Modern Physics (IMP) in Lanzhou,
the decay properties of **Ds (Z = 110) were studied via the **Ph(®*Ni, n) reaction at a beam energy of
313.3 MeV. Based on the separator coupled with a position sensitive silicon strip detector, we carried out the
energy-position-time correlation measurements for the implanted nucleus and its subsequent decay a’s. One a-
decay chain for *' Ds was established. The o energy and decay time of the "' Ds nucleus were measured to be

10.644 MeV and 96.8 ms, which are consistent with the values reported in the literature.

PACS: 25.70.Jj, 25.70.Gh, 27.90.+b

The liquid-drop modell'l established in 1930s
treated the atomic nucleus as a charged drop of incom-
pressible fluid, and predicted that nuclei with more
than 100 protons cannot form a bound system and
will disintegrate by fission. However, one has realized
that nuclear shell effects could enhance the stability
of the superheavy nuclei against the spontaneous fis-
sion. The nuclear structure models including the shell
correction predict the existence of an island of super-
heavy nuclei around a spherical doubly magic nucleus
(Z = 114, 120 or 126 and N = 184).>~ Y In the past
half century, nuclear physicists have made their best
endeavors to produce and identify the superheavy nu-
clei, and have achieved great progress. Although the
superheavy nuclei up to Z=1180""1 were synthesized
using the heavy-ion induced fusion evaporation reac-
tions, the most neutron-rich nuclei observed experi-
mentally are located far away from the center of the
island predicted theoretically. It is a great challenge
to get closer to the island of superheavy nuclei.

The existing experimental data on cold fusion re-
actions shows that the production cross sections of
the superheavy nuclei decrease to ~1 pb exponentially
with the increasing proton number. To study the
properties of superheavy nuclei, modern separators
and single atom identification techniques should be
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developed. The gas-filled recoil separator is commonly
used in the study of superheavy nuclei due to its high
transport efficiency and high background suppression
ability.[!] A gas-filled recoil separator is newly com-
missioned at IMP. In this Letter, the observation of
the superheavy nucleus 2"'Ds based on the separator
is reported.

The schematic diagram of the gas-filled recoil sep-
arator is shown in Fig.1. It consists of a differen-
tial pumping system, a rotating target wheel, a dipole
magnet, three focusing quadrupole magnets, and a de-
tection system. As for fusion-evaporation reactions
used for the production of superheavy nuclei, the evap-
oration residues (EVRs) recoiling from the target have
a broad charge distribution, and they can reach an
equilibrium charge state in a short time after a suf-
ficient number of collisions with the gas molecules.
Therefore, EVRs are separated in-flight from the beam
particles and other reaction products by the differ-
ent magnetic rigidities. A series of experiments have
been carried out, and the optimum setting of the sep-
arator was determined. The separation efficiency for
210,211 A was measured to be about 14% by using the
15 Lu(°Ar, 2n) reaction.

The 27! Ds nuclide was produced in the 2°*Pb(64Ni,
n) reaction. The 5*Ni'?* beam was provided by the
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sector focusing cyclotron (SFC) of the Heavy-Ion Re-
search Facility in Lanzhou (HIRFL). Based on the
measured excitation function in Ref. [9], the beam en-
ergy of 317.1 MeV was chosen. The typical beam in-
tensity on the target was 6.6 x 10'ions/s, and the
total dose of the projectile accumulated in the exper-
iment was about 6.4 x 10'7ions. The beam inten-
sity was monitored by detecting the elastically scat-
tered projectiles with four Si avalanche photodiodes
mounted at +30° and £45° with respect to the inci-
dent beam direction. After passing through the dif-
ferential pumping system, the beam impinged on the
sandwiched 2°®Pb target. The target was a ~400-
pg/cm? 2%Pb layer with a carbon backing foil of
40 ug/cm? thickness. A 10-pg/cm?-thick carbon was
covered on the downstream side of the target to pro-
tect the target from sputtering. Ten arc-shaped tar-
gets were mounted on a rotating wheel with a 22.4-
cm diameter. The wheel rotated at 600 rpm during
the irradiation. The energy loss of the beam in the
target was estimated to be 6.5 MeV.['"] The beam en-
ergy at the center of targets was 313.3 MeV, which
corresponds to 14.4-MeV excitation energy of the com-
pound nucleus 272Ds.l''] A beam chopper was used in
the experiment to avoid irradiating the target frame.
The periodic chopping signal with 6.7 ms for beam-
on and 3.3 ms for beam-off was induced by the target
wheel and a photo-sensor. It was recorded by a CA-
MAC system to distinguish the beam-on events from
the beam-off ones.
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Fig. 1. Schematic view of the gas-filled recoil separator
in Lanzhou. Dy denotes the dipole magnet. Qv and Qy
stand for vertically and horizontally focusing quadrupole
magnets, respectively. Typical trajectories of the primary
beam and evaporation residues are also indicated.

During the experiment, the magnetic rigidity of
the separator was set to be 2.01 Tm. The pure he-
lium gas at a pressure of 0.8 mbar was filled in the
space from the target position to the detector cham-
ber (see Fig.1). Passing through the gas area, the
EVRs were implanted into a 300-um-thick position
sensitive silicon detector (PSD) installed at the focal
plane of the separator. The implantation depth was
estimated to be 10 ym. The PSD with 58 x 58 mm? ac-

tive area was divided into sixteen independent vertical
strips. Two electronics systems were used in the ex-
periment, one for measuring 1-20 MeV « particles and
the other for measuring implantation and fission frag-
ments with energies of 5-200 MeV. The detector was
calibrated with four o sources, 2?Po, 21?Bi, 241 Am
and 23Pu. The average energy resolution of PSD was
50keV (FWHM) for the 8.785-MeV « particles. Re-
sistive charge division provided 1.5-mm vertical posi-
tion resolution (FWHM) in each strip of the detector.
The probability for observing at least two full-energy
events in a five-member a-decay chain was estimated
to be 81% if assume 50% geometrical detection effi-
ciency for « particles emitted from the implanted nu-
clei. A silicon surface-barrier detector with a 50-mm
diameter was mounted behind the PSD to provide veto
signals for light particles passing through the strip de-
tector. When the PSD was fired, the energy, time,
strip number, vertical position, and veto information
were recorded.
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Fig. 2. Observed decay chain in the reaction 208 Pb(%4Ni,
n)271Ds. The measured energies, decay times, and po-
sitions are indicated. Two escaped « particles from the
decays of 267Hs and 263Sg were not recorded.

With carefully inspecting the data, one correlated
a-decay chain was assigned to the decay of 271 Ds nu-
cleus. This decay chain is shown in Fig.2. The im-
plantation event with energy of 30.63 MeV was ob-
served in strip 14 at a position of —19.5mm (dis-
tance below the vertical center of the strip). The im-
plantation energy after corrected for the pulse-height-
defect!'?] corresponds approximately to the calculated
kinematic energy of 2"!Ds. Following the implanta-
tion, an « particle with energy of 10.644 MeV and po-
sition of —21.8 mm was observed 96.8 ms later. This
energy is very close to 10.681 MeV for the a group of
2"1Ds reported in Ref. [13]. The lifetime of 96.8 ms is
consistent with the half-life (6975% ms) of the isomer of
21 Ds [l The position deviation between the implan-
tation and the decay « particle is slightly larger, and
this may be caused by the poor position resolution
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of the detector. A subsequent 8.830-MeV « particle
can be assigned to the decay of 2®*Rf. This event
should correspond to the known 8.861-MeV « decay
of 29Rf.I"*] The 6.63-s time interval in the chain is
the sum of the lifetimes of the 267Hs, 263Sg and 259Rf
nuclei. The escaped a particles from 26"Hs and 2%3Sg
were not recorded by the detector since the deposited
energies were lower than the 1.0-MeV energy thresh-
old. This is reasonable because the probability for
escaping two succeeding « particles is 25%. Following
the decay of 2°?Rf, an « particle was observed at en-
ergy of 7.427MeV, and this event can be tentatively
assigned to the decay of 2°No.['"] The observed de-
cay energy of 2°°No is about 300keV lower than that
reported previously.l”) We might assume that this «
particle escaped from the front of the detector, and
only partial energy was deposited in the detector. In
this decay chain, the observed three a particles were
all recorded during the beam-on period.

The probabilities of accidental coincidence be-
tween the implantation of EVR and individual decays
were estimated. The average counting rate in the fo-
cal plane detector was about 25s~! at the beam in-
tensity of 6.6 x 10!!ions/s. In anti-coincidence with
the veto signals, the decay events with o energy from
7 to 11 MeV occurred at a rate of 3.5s7'. With the
position window of 3.0mm and the occurrence times
for the three full-energy « particles, the probabili-
ties of accidental coincidence were determined to be
1.1 x 1073 for EVR-al correlation, 7.1 x 10=2 for
EVR-a4, and 0.27 for EVR-a5. By multiplying these
numbers, the maximum probability of accidental coin-
cidence for the EVR~al-a4-ab correlation chain was
2.1 x 1075. Based on this analysis, the decay chain
shown in Fig. 2 is likely assigned to the nucleus 27! Ds.

In summary, one correlated a-decay chain was ob-

served for the nucleus 2"'Ds using the newly commis-
sioned gas-filled recoil separator at IMP. The mea-
sured decay properties of 2"'Ds are consistent with
the values reported by other groups.

The authors would like to express gratitude to the
staff of HIRFL for providing the stable 4Ni beam.
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