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Abstract

Measurements of the masses and excited
state energies of neutron rich nuclei Fe,
68Ni, 74zn_and_80Ge have been performed
with the (l c, 6O) reaction. The masses
are compared with the Myers and Garvey-
Felson predicted values. The position of
the first 2% state is reviewed for the
even-even isotopes of the four elements.

The acceleration of 14C beams opens
new perspectives in nuclear spectroscopy.
The (14C,l6o) reaction, a two proton pick-
up process kinematically favored for its po-
sitive Q value, provides an adequatetool
for studying proton pair correlationsl). on
neutron-rich targets, this pick-up leads to
residual nuclei with still larger neutron
excess. The (lBO,ZONe) reaction has already
been investigated as an alternative to the
obviously difficult (n,3He) reaction but
the low lying states of 20Ne are strongly
populated and they obscure the residual nu-
clei spectra. Moreover those low-lying sta-
tes in 2ONe as well as the ones in 18¢ are
strongly coupled to the ground-states in-
troducing coupled-channel effects. The

( 4C,160) reaction does not suffer from
‘those two -inconveniences.

In this contribution we shall report
on two proton pick-up on the most neutron
rich isotopes ©4Ni, 70zn, 76Ge and 82se.
With their large neutron excess - N-Z from
8 to 14 - these target nuclei lie isolated
from the main part of the valley of stabi-

lity. Due to the slope of this ridge
AZ/ AN = 1/2 in the (Z,N) diagram, the
two-proton pick-up reaction leads to resi-
dual nuclei four neutron heavier than its
last stable isotope. Such nuclei is out of
the range for practical neutron stripping.
Further more the final nuclei lie in a re-
gion of the chart of the nucleides far from
the alkalies and not yet investigated by
fission fragments spectroscopy.

EXPERIMENTAL SET-UP

The set-up (fig 1) was alrea?y des-
cribed elsewhere. The ray tracing 2 at the
exit of the magnet is performed within an
angular aperture of 5° lab, and with a 0.2
accurgcy, The overall solid angle is 5 msr.
The ion identification is unambignously a-
chiev?d with a AE) ,AE,, E ionisation cham-
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Fig. 1 - Experimental set-up

A new device has been added in order
to perform measurements at very small
angles including 0°. The magnet vacuum
chamber is equiped with two isolated sys-
tems of beam catchers and screens designed
to eliminate background effects in the fo-
cal space. This system also provides a
measurement of the beam intensity. In the
experiment the ratio of the average magne-
tic rigidity of the analysed particles to
the magnetic(f'gidity of the most abondant
charge stated /the incident beam was A~ 0.76
and with optimized beam transport adjuste-
ments, we did not observe any significant
increment of the background in the focal
space, when the analyser was set at 0°.

The targets were made of isotopical-
ly enriched elements evaporated on
20 pg/em? thick 12c backing and the Se tar-
get deposit was covered with a 10 ug/cm
layer of carbon. The 70zn targets were se-
parated from enriched element at the CSNSM
separator and collected on a 30 /Ug/cm2 e
backing. The target thicknesses lie from
50 /u,g/cm2 for 80se to 130 /Mg/cm2 for Ogn.

RESULTS
a) spectra

The 16p energy-spectra corrected for
the kinematical effects are shown in fig.2
Wide peaks are observed for 160 ana 12¢
contaminants, whose kinematical factors are
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larger than the heavy target ones. For all
the targets, the ground state is the most
excited level as expected, since on the
neutron rich-nuclei, the energy-matching
occurs for negative excitation energy a-
round Ex=-10MeV~ ’ . Excited states are ob-
served for the first time in ©2rFe and 74zn
spectra'however.
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Fig. 2 - Bespectra measured for the exo-
tic nuclei.

The unknown masses and excitation
energies are determined using a calibra-
tion based on the (l4c, 160) reaction it-
self, measured on ©2Ni and 74Ge targets
and on the 160 ana 12¢c contaminants at dif-
ferent angles. The three-parameters cali-
bration curve B¢ /F = £ (F) where F is the
frequency of the magnetic resonance set in
the spectrometer is fitted by a least squa-
re method. The larger deviation between the
curve and the ﬁggerence points (there are
9 of them) is —E?ﬂﬂv 10-4 which corres-
ponds to an uncertainty of 20 keV in the
mass measurement. The other sources of er-
ror are the channel determination connected
with the statistics in the peak, the target
thickness ( ~ 10 keV) and the magnetic
field stability ( ~ 10 kevV).

For 62Fe and 68Ni, the present mea-~

surements have been combined with previous
results reducing the final error bars.

b) angular distributions

The angular distributions have been
plotted for the observed levels between 0O°
and 13° c.M. (fig. 3).

Since the transfer takes place at

the surface of the nucleus we observe a
diffraction pattern, generated by the
bright ring of nuclear surface oriented
perpendicular to the incident beam. As in
optics, there is a concentration of inten-
sity in a very forward angular range. The
first minimum is given by that for the
function Jo ( R84) which takes place at ve-
ry small angles for heavy ion projectiles
©of low energy The concentration of the
cross-section is observed to be more effec-

tive for a ML= O transition. It can be
g - 52 Nj —50Fe g.s.
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Fig. 3 - Angular distributions for 60pe -
reference nuclei - and for Fe
with the results of the DWBA
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understood in the framework of the DWBA ap-

proximation where —gﬁi is written as

j%:iT ?lz (i) ; where J = AL is the trans-

inal) .
(giﬁiei Qo |[Spin Ex d€~AJL'9_QCSlz cs,2
ferred angular momentum, equal to the spin B Mev MeV | mb,sr—1 V=
o; the final level here and G0pe + 2.46 ot o 0.200 0.19
M . .. +
T B = (-1)" 32¢ 1 >, (i1) 20 |o.84 | 0.093 0-18
J it Lf Lilf
62 +
Since for L = O the sum (i) reduces to the Fe - ©.48 g+ o 36 g'égz g'ig
Tg term containing very few terms PEf"L'(ii) ) ’ ’
=Lj
; +
‘as the entrance L; window is narrow), the E8ni + 1.85 ° ° ©.120 0.16
diffraction shape is observed very clearly. 72 .
But for AL % 0, the window 1is broadened Zn +2.47 o, o 0.248 0.33
(Lf = Li ¥ A L). Furthermore, when increa- §+ ?'22 g‘éig 0.64
ses, the other magnetic substates (M# O) )
enter in expression ii) and i) and smear 7420 + 0.22 o* [¢) 0.1c2 0.33
on: of the diffractive pattern. This makes 2* Jc.es
the small angular range very significant for 80
- +
heavy ion transfers. Ge 0.40 © 0.116 0.66
The caracteristic shape of the L = 0 Table T

angular distribution is used for spin assig-
nement. On the basis of a comparig8n bet-
ween the angular distribution of Fe and
62pe (fig 3) the spin value of O can be e-
liminated for the first 62Fe excited state.
A similar argument is applicable for the

27d excited state of 62Fe and the excited
state of Zn. All those states are very 1li-
kely to be 2t states.

In 68Ni an excited states was reported
previously with poor statistics4). In this
experiment using a separated zn target, this
state is hardly visible because of the in-
homogeneity of the target.

DWBA calculations have been performed
with the Saturn-Mars code using the optical
potentials of ref. 1. Within the restric-
tive assumption of a cluster form factor the
fits allow one to extract the product of
spectroscopic factors ‘Csi%Szz. The results
are very similar (table 1) although slowly
increasing with the number of proton-pairs
available in the f - p shell (except for
the 7Ozn to 68Ni transition). A systematic
analysis of those spectroscopic factors will
be published later.

¢} the masses

The masses of the residual nuclei are
calculated with the conservation laws ap-
plied to a two-body reaction. They are

shown in table II with the results of pre-
vious measurements ©:7/8) Except for the
mass of ®2Fe from ref 8 for which the
uncertainties may have been optimistically
estimated. They are compatible with the pre-
vious values. The Fe and 68Ni spectra were
measured with <180,20Ne) pick-up reaction.
The nuclei of '%zZn anA CGe are observed unam-
bicguously for the first time and the error
bar on their masses is clearly reduced.

In table II are the values predicted by
the liquid drop model of Myersll and the
values calculated with the Garvey—Kelsoan)
formula. Those last values are in excellent
agreement with our results.

On fig. 4, we have plotted the diffe-
rences between the calculated and measured

Nuclei ‘T =N-Z | Previous Measure- This work Predictions (MeV)
2 ments (MeV) (MeV) Myers Garvey-Kelson
Formula
!
o 58.87 * ¢.20°) |
Fe 5 |s58.93 * o0.057) . g
58.94 % 0.028) 58.83 - C.04; 59.10 59.20
i
68y 6 |63.47 * 0.03% 63.53 ¥ .03 64.78 63.78
"0 7 65.67 c.149) 65.57 ¥ 0.c4. 67.48 65.43
8C + 10) - 69.66
! Ge 8 69.43 ¥ 0.31c 69.38 -~ C.06 71.40 9.6
| ‘ —
Table 11

- 399 -




AM

(MeV)
0+ 3 \ .
\ \
N\ -
N -
\\N”,’
-05} -
28 Ni 302N 32Ge
1 Il " /L 1 1 L 1 1 1 1 1 ! 1 1 1
56 58 60 62 "2 6. 66 68 68 70 72 T4 7% 76 78 80 A

Fig. 4 - Differences between the calculated masses and the measured
masses for the even isotopes of the four elements. The previous
errorbars are shown with a thin line and the present errorbars
with a thick line.The full line refers to the values of Janeck$
Garvey-Kelson and the dotted line to the ones of Liran—Zeldes11

masses versus the atomic number A. It is
interesting to note that those differences
are small and nearly constant for the full
f 7/2 proton shell Ni and for Zn isotopes.
They increase with the distance to the bot-
tom of the stability valley with negative -

sign for Fe and symetrically for Ge
isotopes. ’

In Myers model the shell corrections

are included explicitezly but Garvey-Kelson
are not specially accounting for shell clo-
sure in their extrapolations and the opti-
mum agreement obtained for Z = 28 may re-
sult from compensating terms on each side
of the shell closure.
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Fig. 5 - First 2t excitation energy shown
as a funct on of A, the atomic
number.

d) the 2+ states and the shape of the nuclei

A simplified picture of the collectivity
of even-even nuclei is given by the 2 ex-
citation energy.Wether one has vibrations
or rotations,a lower energy indicates a
softer nuclei or one with a greater perma-
nent deformation.

It is worth to combine the systematic
survey of the 2 measured excitation energy
(fig. 5) with the results of the collective
Hartree-Fock ?ggoliubov calculations,obtai-
ned by Girg 9’ with the Dl interaction
of Gogny 4) shown on fig. 6. The Ni isoto-
pes are found to be soft except the 68 i
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Fig. 6- Results of Hartree-Fock
Bogoliubov calculations
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nuclei for which ,with 40 neutrons,a defi-
ned rigidity occurs. With the same number
of neutrons, the 70zn also happens to be ri-
gid. on fig.5 there is an indication for a
change in the deformation when N increases
from 38 to 42 compatible with the H.F.B.
results. In the Ge isotopes a similar chan-
ge has been reported for this neutron num-
ber both experimentally (fig.5 and ref.15)
and in H.F. calculations 16?.

The Fe isotopes are all calculated to be
soft,although the 2% excitation energy of
the 6Fe (N=28) isotope is larger than in
the other isotopes

A more detailed analysis of those results
is under process.

SUMMARY

We have studied the (14¢,160) reaction on
a few neutron rich targets of the f-p shell
in order to’'measure masses and spectra of
very neutron rich nuclei.

The analyse of the forward angular dis-
tributions have provided indications on the
spin of the final levels.

The measured masses have been compared to
different predictions.The location of the
first 2% has been discussed in connection
with the H.F.B.results.
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DISCUSSION

J.C. Hill: What is your estimate of typical cross-
sections for the (!*C,'¢0) and ('*“C,!°0) reactions
in this mass region?

M. Bermas: For (1*C,'®0) forward angular cross-sec-
tions we found a few mbsr-!. For the ('*C,!%0) (one
charge exchange) a reduction by a factor of 5 may be
expected, but it depends on the total Q value of
the considered reaction.

P. Armbruster: Are there HF-calculations available
in the mass region (Z=28, N=40) and do they indi-
cate the onset of deformation your measurements in-
dicate?

M. Bernas: On the last figure are shown results of
calculations HFB performed with D1 force. A shape
transition may be indicated for Zn isotopes on each
side of N=40. One may note that those nuclei are

all soft nuclei except ®®Ni and 7°Zn, for which the
orbitals may be more apart as their deformation Tooks
smaller and their shape more defined. It could ex-
plain why this overlap of their wavefunction is shown
to be smaller (Table 1).

0.W.B. Schult: Do you have an idea about the cross-
section of a reaction where you effectively remove
four protons from the target like e.g. in a (!“C,
18Ne) process?

M. Bermas: The worst situation is a reduction by a
factor of 10 for each extra proton pick-up, but it
could be tried first in the stability valley.
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