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Abstract: A new isomeric state has been observed in O5Ni. Its properties are
described and discussed. Comparison is made with other isomers already observed
in this mass region and theoretical approaches are considered.

NUCLEAR REACTION %Ni(180, 170) 9Ni, E=72 MeV; measured Ey, p-v
coincidences. 9Ni deduced levels, Typ.

1. Introduction.

As a part of an experimental program devoted to the search and study of nuclear
isomerism, we used the 130 + %Ni reaction to populate heavier Ni isotopes.
Taking advantage of the spin and excitation energy selectivity offered by muld-
nucleon transfer reactions, search for low spin isomers in the 65 mass region
has been performed. Here, the transfer reaction channel 64Ni(180,170) 65Ni has
been selected. After the description of the experimental set-up, we present the
results including information on lifetime and nuclear structure calculations are
discussed.

2 Experimental technique.

The experimental procedure consists in bombarding a ®Ni target with a 50 ion
beam, detecting and identifying the ejectile in a spectrometer and observing in
coincidence, the gamma rays in a germanium array surrounding the target.



The superconducting postaccelerated tandem at Saclay delivered, for this experi-
ment, a 130 beam at 72 MeV. The beam pulse was 800 ps wide with a repetition
rate of 13.5 MHz.

The ejected particles were analysed in a QDDD spectrometer set t0 30 ° relative
to the beam axis, corresponding to the grazing angle. The spectrometer has a
maximum solid angle of Q=14 msr and an energy acceptance of 20%. A gas
counter, filled with isobutane at a pressure of 30 torrs, placed in the focal plane,
measures the energy loss (AE) of the ejectiles as well as their positions. Behind
this chamber, the ejectiles are stopped in a large plastic scintillator coupled at both
ends to phototubes connected to a meantimer system giving a time determination
better than 20 ns for a selected particle. The residual energy E collected in this
detector together with the AE allows the ejectile identification. In this experiment,
we identify unambiguously 16,17.18y 16,17N 15,16,17C and boron isotopes but with
a lower intensity.

Our gamma detector, SAGA, is composed of six triple germanium telescopes
BGO Compton suppressed. Each telescope consists of three crystals: a planar
with a 10% efficiency (to detect very low gamma ray energy down to X-rays
domain) and two coaxials ones with 25% efficiency each. These detectors can be
used in various modes: in single mode where the frontal and the rear germaniums
are used in anti-coincidence with the central one, and in sum mode where the
three energies are added. For this particular experiment, SAGA was completed
by the addition of four 80% efficiency germanium detectors.

The overall absolute photopic efficiency of the gamma array was measured to be
e= 0.01 at 1.33 MeV.

3. Experimental results.

The time distribution between the 170 ejectile and the gamma rays in coincidence
is shown in fig. 1. Accidentals events are seen every 74 ns. For 170, the overall
resolution reaches 15ns (FWHM) and allows a very drastic background rejection,
typically a factor of 50 at 500 keV gamma ray energy.

The gamma rays detected by the ten detectors (6 in the SAGA array plus 4
additionals), in coincidence with 170 in a 48 hours run, were sorted out. The
total spectrum obtained by summing the individual spectra (after gain adjustment
and calibration) is shown in fig. 2 (sum mode). In this spectrum, y-ray transitions
characterizing 65Ni appear as narrow lines, while the Doppler broadened humps
around 870 keV and 2184 keV ( arrows) correspond to the deexcitation of the first
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and second excited states of 170. The list of the prominent ~ lines is given in table
1. Gamma rays others than those appearing in the most recently published level
schemes!) are seen, in particular at 1610, 1143 and 1013 keV. Using the gamma-
gamma coincidence data obtained by J. Girard?) in a %Ni (n,y) °Ni study, we
can assign the 1610 keV ~-ray to the transition between the 5/2 level at 1920 keV
and the 3/2 state at 310.4 keV. The gamma ray at 1143 keV, seen by U. Bosch
et al.>) is confirmed. Due to our poor v-v coincidence statistics, this technique
does not make it possible to place the other gamma rays on the level scheme.

A two-dimensional plot of the y-ray energies versus the y-ray ejectile delay time
(fig.3) shows that the 1013 keV +-ray is delayed. From the analysis of its transition
intensity versus the ejectile-y delay, a half live of 26.5ns + Ins is deduced (fig.
4). Therefore, this y-ray signs the deexcitation of an isomeric state.

To assign the position of this 1013 keV -ray in the level scheme, let us examine
the total excitation energy, as deduced from the kinetic energy of the ejectile
measured in the QDDD, in coincidence with the 1013 keV ~v-ray. As shown
in fig. 5 a, three peaks could be distinguished. The first one, at 1015%15 keV
corresponds to the excitation of 65Ni with the ejectile in its ground state. Thus,
the observed 1013 keV ~-ray represents the deexcitation of this 65Ni level to the
ground state. A 1013 keV level with spin 9/2% 45) was already known in 5 Ni;
our measurement identifies its decay, (fig. 6) and establishes, for the first time,
its isomeric character.

In the distribution reported in fig. 5 a, the peak observed around 1.9 MeV in the
total excitation curve corresponds to the population of the isomeric state of 65Ni
together with the first excited state of 170 (J"=1/2%, E”= 870 keV). In the peak
around 4 MeV, the same Ni level is excited together with the second excited state
of 170 (J™=1/2", E*= 3055 keV). Since this later peak is much wider, we have to
assume an admixture of this excited state with a high energy level of 65Ni feeding
the 1013 keV. Hereby, we can conclude that, in this reaction, most of the observed
9/2* state strength is due to direct feeding, as very few percent comes through
4 MeV excited states. This interpretation of the measured excitation spectrum
is confirmed by the excitation energy spectrum in coincidence with the 870 keV
~-ray of 170 (fig. 5 b). The first level is at 870 keV (J"=1/2"), then we find the
mixture of the very intense 1013 keV of SNi with the 870 keV, and after, the
second level of 170 at 3055 keV (J7=1/2") and at 3840 keV(I"=5/2).

The 9/2* state could decay to the 5/2*ground state, either through an M2 or an E3
transition. An approximate calculation in a Weisskopf frame®) leads to predicted
half-lives of 2.5 ns and 6.5 us for such transitions, respectively. When compared



with our measured 7= 26.5 ns, this transition is more likely of M2 type. It is
well known that these Weisskopf estimates are not exact theoretical calculations
but instead, reasonable relative comparisons between the transitions rates. This
feature is seen as evidence for a rather collective character of this transition.
The existence of such an isomeric state is not unusual in this mass region. In the
same experiment we also identified the already known delayed 605 keV gamma-
ray in the reaction 64Ni(lSO, 15C) 677n 7 as well as the 563 keV and 315 keV
delayed transitions in the 64Ni(lgO, 167y 66Cy reaction®). The configurations
of the isotones 55Ni, 7Zn and %°Ge are similar (sequence 5/2°, 1/2, 3/2, 3/2,
9/2%). Table 2 shows the half lives measured for these isomers as well as the
comparison with the Weisskopf estimates.

4, Interpretation and conclusion.

Microscopic HFB+BCS calculations with Skyrme forces are under progress”).
They show that the 9/2* state has a rather large oblate deformation (Qp=-200
fm?) as compared to that of the almost spherical 5/2 state toward which it decays
(Qg0=-60 fm?). When taken into account, this difference is expected to decrease
the magnitude of the matrix element of the M2 transition connecting these two
states. The resulting lifetime of the 9/2% is thus expected to be larger than the
estimation given above® which does not include deformation effects.

Hartree-Fock-Bogolyubov (HFB) calculations based on Gogny’s force have also
been performedlo). In contrast with the earlier HFB calculations ') in which
TRSB (time reversal symmetry breaking) was ignored, here this is included for
performing the blocking calculations for 65Ni. The 9/2* is a gg neutron quasi-
particle with quadrupole mass moment Qqq=-204 fm2, while the predicted g.s.
level is v272 with Qo0=0. The excitation energy of the predicted ggp4 is Ex=719
keV, slightly below the experimental value (Ex=1013 keV). These calculations
suggest shape coexistence phenomena.

The identification of the isomeric state at 1013 keV in 9Ni impulsed new
theoretical developments that are under progress. In order to have a complete
understanding of this isomeric state, a full microscopical description of both wave
functions and transitions is needed. Such calculations will allow to determine how
the shape change affects the lifetime of this state.

The experimental procedure used here, namely the association of an efficient vy
detection array with a high resolution spectrometer, revealed itself to be well
suited for this kind of investigation. Our technique allows, in particular, the
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precise location of the + transition of interest in the level scheme, as well as its
lifetime determination. It is therefore promising for the search of shape isomeric
states.

We would like to thank Prof. C. Bourgeois and the Institut National de Physique
Nucléaire et de Physique des Particules (IN2P3) for providing the four extra
germanium detectors ( two belonging to the EUROGAM collaboration and two
borrowed from the Chiteau de Cristal array).
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Figure captions
Fig.l. Time spectrum obtained in *Ni(‘®0, 170) $Ni reaction.

Fig.2. Total gamma spectrum measured in **Ni(‘30, 7O) $°Ni reaction. Arrows indicate the
Doppler broadened '’0 y-rays.

Fig.3. Gamma-ray energies versus gamma-ejectile delay for %Ni(**0, 170) 55Ni reaction.

Fig.4. Intensity of the 1013 keV + transition as function of time.

Fig.5. a) Excitation energy spectrum measured in the QDDD in coincidence with the 1013 keV
y-ray.

b) Excitation energy spectrum measured in the QDDD in coincidence with the 870 keV vy-ray
(first excited state of ‘70).

Fig.6. S°Ni level scheme obtained in this experiment.

Table Captions.

Table 1. Gamma-ray energies and corresponding intensities measured in this experiment. The
intensities are normalized to the first level at 310 keV.

Table 2. Comparison of the half-lives (theoretical and experimental) of 5°Ni isotones having the
same level configuration. The same quantities are also reported for 55Cu.
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Table 1

Ey (keV)|T,,, exp T, /thu2) Texp/Tth Trans
2?\“37 1013 26ns |2.5ns |10.4 9/2+5/2~
67
S77n,, | 604 333ns |34ns |9.8 9/2+5/2~
%Ge,, | 398 2800 ns | 269 ns | 10.4 9/2+5/2~
286%7 563 500 ns | 49.2ns |12.2 6— 4+




Table 2

E~ Level Spin Intensity
(ke V) (keV) Parity (%)
310 (3) 310 (5) 3/2° 100. (normatizeq)
567 (3) 14 (1.0)
629 (3) 692.4 (6) 3/2° 100 (7.0)
693 (3) 692.4 (6) 3/2 21 (1.2)
726 (4) 1418.1 (7) 1/2 7 (0.5)
962 (4) 1273. (10) 1/2° 5 (0.9)
1013 (3) 1013. (10) 9/2* 280 (10)
1107 (4) 1418.1 (7) 1/2- 9 (0.7)

1143 (4) 1143. (10) 22 (2.0
1166 (4) 3 (0.5)
1194 (4) 15 (1.0)
1225 (3) 33 (2.4)
1265 (3) 14 (3.0)
1319 (3) 43 (3.0)
1344 (3) 28 (2.2)
1388 (6) 4 (0.3)
1418 (4) 1418.1 (7) 1/27 5. (0.4)
1426 (6) 5(0.4)
1474 (6) 2 (0.5)
1501 (6) 4 (0.4)
1610 (5) 1920.3 (8) s12* 48 (4.0)
1815 (3) 7 (0.5)
1901 (5) 8 (0.6)

2475 (5)







