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An attempt has been made to synthesize the extremely neutron-rich
isotope 26 (3 in the nuclear reaction 44 MeV/A 48(Ca+ Ta. Use was
.made of magnetic separation and identification methods including
time-of-flight and AE,E measurements. With a sensitivity one order
of magnitude higher than that predicted from the extrapolated yields
no events attributable to the 280 nucleus have been observed. Theo-
retical analysis of the problem of the particle stability of 26,28 0
is being made.
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HccnenoBanue AanepHoi crabuisHocTH M30Toma 26O
B peaxkuuy 44 M3B/A 480y + Ta

. Twitmo-Mromtep u fp.

B AnepHoi peakmu BCa+Ta ¢ 3Heprueit GomGapmupyoweit ya-
cruupt 44 M>3B/A npemnpuHATa mOMBITKAa CHHTE3a KpaiiHe He#T-
poHou3GbiTowHOro H3oTOma 20 0. B IKCIEPHMEHTE HCHONB30BATUChH
MarHHTHBIH CeNapUpYIOMMi KaHAT M CHCTEMa HIACHTHHKALME Ha OCHOBeE
TejecKona nojynpoBOOHUKOBLIX [1eTeKTOpoB AE, E 1 TexHuku usmepe-
HUA BpeMeHH nposiera. C YyBCTBHTENBHOCTbIO, HA TIOPANOK Gonee BbICO-
KOH N0 CpaBHEHHIO C NpEICKa3bIBACMOIi, M3 IKCTPANONALMH BHIXOMIOB
HYKIHIOB B 3KCNepHMeHTe He Habmoganoch COGBITHH, OTHOCAIUMXCH
x 280 IIpoBeneH TeopernyeckHit aHaTH3 NPoGIeMsi AfepHoit craGwm-
Hocrn 2628Q

l.Introduction

The synthesis and investigation of the properties of the extremely
neutron-rich nuclei lying in the region of the light elements present con-
siderable interest in terms of both the determination of the neutron
drip-line and the choice of the most realistic theory capable of descri-
bing the exotic nuclei adequately /1-4/ 1n the region of the extremely
neutron-rich nuclei of the light elements new types of decay 75-13/ and
a new region of deformation are predicted which may lead to a stabi-
lity enhancement in the loosely bound nuclei and to the formation of
new shells /14~17

At the present time all the predicted neutron-rich isotopes of the
lightest and light elements up to nitrogen with Z= 7 have been synthe-
sized”18 -0/ For isotopes of the next element, oxygen, with the closed
proton shell Z= 8 in most of the theoretical works’2}~25/ , nuclear
stability is predicted for the heavy isotope 200, whereas the stability
of the doubly magic isotope 280 is predicted in the only work by Moller-
Nix’ 2" (table 1).

The comparison of the experimental two-neutron separation ener-
gies Sy (exp.)’ 28,27/ with the calculated ones Sep, (theor.)/ 21-26/ per-
formed for the heavy isotopes £3.240 with known masses shows a
considerable underestimation by theories of the two-neutron separation
energy AS, = S, (exp) -Sg, (th.) <2 MeV. If the indicated tendency
in ASg, persists for the heavier isotopes, then the nuclear stability of the
isotope 280 and, possibly, 280 should also be expected.
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Table 1. The stabilities of the neutron-rich isotopes of oxygen predicted
by different mass formulae: MN — Mdller-Nix 21/ , CKZ — Comay-
Kelson—Zidou/ re/ , SN — Sa}vathy-Nayak/za{ T — Tachidana et al.” 24/,
JM — Janecke-Masson /26 . Two-neutron separation energy Sg, =
= -M(A,Z) + M(A =2,Z)+2Mn

_ Nuclide MN CKZ SN T M exp.” "
S2n S2n S2n Son S2n Sgn
230 17.15 9.22 ~80 7.55 9.2 9.59
o) 4.91 6.16 6.78 4.2 596  6.98
280 ~0.7 ~0.8 ~5.3 ~1,3 ~2.0 ?
280 ~ 0.7 unstable unstable unstable unstable ?

In the present work an attempt was made to synthesize the isotope
2800 in order to verify its nuclear stability experimentally. For this pur-
pose we used the reaction of an intermediate energy 482 beam which
proved to be very efficient for the production of neutron-rich nuclei
with 6 < Z < 18728/,

2.Experimental procedure

A *8Ca beam has been produced using the ECR Minimafios source
of GANIL. Metallic *8Ca was produced from a mixture of enriched cal-
cium and aluminium powder. The mixture was compressed in a cylin-
der, and then loaded into a tantalum crucible fixed at the end of a tanta-
lum rod. The rod was approached from outside to the hot plasma in the
core of the ECR source. This procedure allowed one to produce high-
intensity 48Ca beams with an energy of 44 MeV/A. The projectile-like
fragments were collected at 0° by the triple-focussing magnetic analy-
ser LISE’?® . The LISE facility is a double achromatic spectrometer
consisting of two dipole magnets D and the associated quadrupole focus-
sing elements Q, as shown in fig. 1. It has two focal planes, the first F,
being the momentum-dispersive one on which particles which different
Bp-values are focused at different positions, and the second F, — the
achromatic one where all the particles are collectd into the same position.
It is possible to collect all the fragments in a rather small spot and to
install 4n-detectors of reasonable size for the decay studies.
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Fig. 1. Configuration of the analysing magnetic line QDQDQ (spectrometer LISE).
q 4, @e quadrupole lenses of the transport channel for the *%8Ca projectile.
Q1 Qm are quadrupole lenses of the spectrometer LISE. D, and D are the LISE
magnetic dipoles. F; and F, are dispersive and achromatzc pIanes AE E- are
a semiconductor detector telescope
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For the detection of the exotic nucleus *®0O with a very low yield
a four-state semiconductor telescope consisting of two 300 pm AE,,
AE,, one 1 mm AEg and 5.5 mm Si(Li) residual energy detectors Eg
.is mounted inside a small vacuum chamber connected to the exit
of LISE. The flight time of the fragments collected is measured between
the initial (at the target) and final foci of LISE (telescope position).
The time signal STOP is produced by an R.F. pulse from the last cyclo-
tron and the time signal START comes from the Ep detector. The cons-
tancy of the correlation between the R.F. and the time of incidence on
the target is monitored by a neutron detector mounted close to the
primary beam catcher at the exit of the first dipole magnet. The time
resolution obtained for the beam used in this experiment is better
than 1 ns.

To avoid pile-up effects and ensure food energy and time resolu-
tions the counting rate on the detectors was limited to some 10® events
per second. This was done by limiting the momentum acceptance of the
LISE spectrometer by means of movable slits in the intermediate focal
plane F;. A 5.3 mg/cm2 Al foil was placed in order to suppress the
low-intensity components of the incompletely stripped fragments.
This Al foil served also as a degrader for improving isotopic separation.

The fragments were identified in a redundant way: the two first
detectors independently allowed double Z determinations, the mass
was derived from the total energy and the time of flight or from the
magnetic rigidity and the time of flight. This method provides the clear
identification of the atomic number and mass of exotic nuclei.

3.Results and Discussion

It was shown /3% that the yield of the neutron-rich isotopes at an
intermediate energy was strongly dependent on the N/Z ratio of the
target. In the present experiment the yield of the known neutron-rich
isotopes 22,2824 was obtained in the interaction of a 44 MeV/A
48, beam with ?Be, ®Ni and %!Ta targets (fig. 2). In fig. 2 it is
seen that the maximum yield of the heavy isotope 240 is produced on
the Ta target. From an extrapolation of the yields to extremely heavy
isotopes of oxygen one should expect the ratio 240y 260 to be equal
to ~16. A 173 mg/cm2 Ta target corresponding to an ~10% energy
loss was chosen. The spectrometer was set to the magnetic rigidity Bp =
= 2.88 T m optimized for heavy isotopes of the elements with 6 <Z <
< 11. Figure 3 represents the two-dimensional plot (energy loss versus
time of flight) obtained under these conditions after 40-hour integra-
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T Y 1 T Fig. 2. Comparison of the experimental
- 80544 MeV/A )+ (Be,Ni, Ty 222824, yields for the isotopes. 2228,24 pro-

A duced in the interactions of 44 MeV/A
48¢y ions with 9Be, MNi and 18174
targets. The arrow indicates the extra-
polation yield of %80 for the most
promising 1817, target.
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tion with an average intensity
of 150 nA. The heaviest known
isotopes 198, 22C, 29F and the
new superheavy isotope 32 Ne
(4 events) are clearly visible.
¥ The unstable isotope 260 is
obviously absent but no counts
due to 280 are seen (broken-
line rectangle).

In this run a total of 220 counts due to the isotope 240 were obser-
ved and using the ratio of estimated yields, 240/280, one should have
observed more than ten events for the 280 exotic nucleus. Nonobser-
vation, in the present experiment with this sensitivity, of the 260 events,
can be evidence for its possible particle instability. 4

An analysis of particle stability for the neutron-rich isotopes of
oxygen within the framework of the quasi-particle Lagrangian method
(QLM) has been carried out 73!1~34/  This method proved /31.3%/ ¢4
be efficient in describing the properties of the isotopes lying near the
line of stability both for magic and ordinary nuclei. In work/%2/ it was
shown that the QLM method also ensures sufficient reliability in the
prediction of the properties of nuclei far from the line of stability. In our
calculations we applied the same parametrization of the efficient Lag-
rangian, as that used in work’3!:%% _ Nucleon pairing with the para-
meter of the re-normalized amplitude equal to 1.4 MeV was also taken
into account. This choice of the parameters provides the best agreement
between the theoretical and experimental values of the one-neutron and
two-neutron separation energies of the even-mass isotopes of oxygen
with A =18 - 24 (table 2).

The r.m.s. errors calculated by the standard method are relatively
small, namely, <3, > = 0.54 MeV and <8y, > = 1.15 MeV. The cal-
culations for the one-neutron and two-neutron separation energies were
carried out both for spherical and deformed shapes of the oxygen nuclei.

The problem of the possible existence of deformation shapes for
neutron-rich nuclei arising at Z = 11, N > 20 has first been discussed
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Fig. 3. Two-dimensional distribution of the events { AE res. TOF) due to the Li, Be,
B, C. N, O, F and Be isotopes, which were detected during 40 hours of exposure at
the magnetic rigidity Bp = 2.88 Tm of the spectrometer LISE. Four events due
to the new 32ne isotope are observed for the first time. A total of 220 events has
been recorded for 240. The place for the isotope 280 is shown by a broken line.

in work’14~1"  However, the problem of the possible occurrence of
deformation in the oxygen nuclei with proton structure stability (the
closed proton shell Z = 8) and the possible influence of the deforma-
tion effects on the particle stability of 26,280 was open until recently.
In the present work we study the separation energy of one and two
neutrons for the oxygen nuclei both deformed and spherical QLM calcu-
lations. The analysis showed that equilibrium shapes of all even oxygen
nuclei are spherical ones. In our calculations the isotope 280 is stable
against one-neutron emission S ( 260) ~ 0.69 MeV. The two-neutron
separation energy was obtained to have a negative value and approxima-
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Table 2. The QLM calculations for the one-neutron, S, , and two-neutron,
8o, separation energies of the even isotopes 18,20, 2&-240

S, (MeV) So, (MeV)
Nuclide
QLM exp. QLM exp.
180 7.92 8.04 12.67 12.19
200 6.87 7.61 10.61 11.56
220 6.09 6.70 8.79 10.50
240 3.59 4.09 5.85 6.98

tely zero: Sgn(‘%O) =-0.01 MeV. Apparently the 260 nucleus is uns-
table againts two-neutron decay. However, in the presence of the cent-
rifugal barrier for two outer neutrons in the d-subshell with a rather small
negative value of Sp, two-neutron emission would be delayed conside-
rably. It can possibly lead to the formation of the quasi-stationary sta-
tes of the system 2%0 +2n. It is interesting to try to observe two-neu-
tron emission from the ground state of 280. Earlier 788/ the possibi-
lity of two-neutron emission from the ground state was discussed and
two-neutron emission from excited states in °He isotopes was obser-
ved’3%’ . The B-delayed emission of two neutrons was calculated in
work’*®/ . Studies of neutron emission from the ground state are now
in progress.

The superheavy isotope 280 is also relatively stable against one-
neutron emission, Sn(280) = 0.51 MeV, whereas two-neutron separa-
tion energy has a rather large negative value: Szn(”O)‘= -0.8 MeV.
The isotope 280 seems to be unstable against two-neutron emission.

It should be noted that the nuclear stability of the extremely neu-
tron-rich isopotes 26,28 0 was recently established in work”37/ in the
deformed Hartree-Fock calculations using Skyrme 3-force and BCS
pairing. It is shown that the 280 isotope is very loosely bound, and the
280 isotope is a particle unstable one. ~

4.Conclusion

In the present experiment using a high-intensity 804 beam with an
energy of 44 MeV/A in the nuclear reaction 48Ca+ Ta a total of 220
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240 nuclei have been detected. No events due to 20 were recorded
whereas in the case of its particle stability from the extrapolated ratio
240/26 0 more than ten events attributable to the %80 nuclei could be
observed. This experimental result is likely to indicate the particle ins-
tability of the neutron-rich isotope 280,

The calculations of the neutron separation energy for 26,28 O per-
~ formed within the framework of the QLM method in considering the
potentials of both spherical and deformed nuclei have shown that the
extremely neutron-rich isotopes 26,280 are unstable against two-neu-
tron emission in their ground states. It is possible that if the centrifugal
barrier exists for two outer neutrons in the system 240 +2n, a long-
lived quasi-stationary state may be formed which would be a candidate
for two-neutron decay from the ground state. In our experiment a new
extremely neutron-rich isotope 32Ne (four events) has been observed for
the first time.
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advice and discussions. '

We would like to achnowledge the technical assistance of F.Geaff-
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