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High precisiong factors andB(E2) values were obtained in measurements of the fifsstates of*® 54N
using the technique of projectile Coulomb excitation in combination with transient magnetic fields. The new
results are well explained by large-scale shell model calculations in whiclt®t6fNi, up tot=>5 nucleons
are excited from thé,, shell into the remainindp shell orbits. A complete calculation was carried out for
84Ni. The g factor of 5®Ni is particularly surprising as it is small but definitely positive, a result which was not
expected and therefore not considered in several earlier calculations. This observation can be explained by
strong coupling of valence particles to an excitéi core in accordance with recent Monte Carlo shell model
calculations.
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The study off p shell nuclei has become of major interest plied for the long-lived states of the odd Ni isotopes while
since large scale shell model calculations are now availablenly the technique of transient magnetic fields can be used
to describe microscopically the competition between singldor the 2] states of the even isotopes with picosecond life-
particle and collective excitations in the fiilb configuration times. The shell model interpretation of the odd nuclei sug-
spacg1-3]. The great success of such complete calculationgests distinct single neutron configuratiops;, and fs,, in
has been recently demonstrated for the lighft“Cr nuclei  the wave function of the states which are responsible for the
which reproduce the very precigdactors of the first 2 and  observed negative factors of the 3/2 and positiveg factors
4™ stated4,5]. On the other hand, the same quality of agree-of the 5/2 states, respectively. This picture changes com-
ment between theory and experiment was not achieved fgsletely for the 2 states of the even isotopes: the experimen-
the ¢85 isotopes where the calculations generally under+a| g factors rise from a possibly negatigdactor for 5&Ni to
estimated both the measurgdactors and thé8(E2) values  positive values for the heavier isotopes, an effect which was
[4,5]. Similar discrepancies were found, in the interpretationattributed to a plausible increase of collectivity towayd
of g factors of the first 2 states of theN=28 evenA iso- =Z/A=0.44.
tones®°Ti, 52Cr, and>*Fe[7] relative to those of the odd- In view of the large experimental errors and the impor-
neighbors, which was discussed in the context of core polarttance for a better nuclear structure understanding, a redeter-
ization. Such distinct differences in the description of themination of theg factors of the 2 states of all even Ni
microscopic structure of these nuclei are not expected anisotopes under improved experimental conditions was highly
the reasons for the observed deviations are not fully undedesirable. This goal was achieved by the use of projectile
stood. It was suggested that disregarding contributions fronCoulomb excitation in inverse kinematics in combination
the sd shell core*Ca and deficits in the effective interac- with the technique of transient magnetic fields. Beams of
tions commonly used in the calculations might be responisotopically pure Ni provided by the ion source of the Mu-
sible for the uneven agreement. nich Tandem accelerator were accelerated to energies of 155

For heavierfp shell nuclei in the iron, cobalt, and nickel MeV and 160 MeV with intensities of 1 pnA.
region, shell model calculations have been attempted by sev- The multilayered target consisted of 0.45 mgfcfii'C
eral groupg8—10] to reproduce extensive experimental data.evaporated on a 3.82 mg/éngadolinium foil which had
As emphasized earlier, for example[®], the excitation of ~been vacuum depositesh @ 1 mg/cm tantalum foil and was
both protons and neutrons from thg, shell to higher orbit- backed by 3.5 mg/cfnof copper. The Ni beam ions were
als across the energy gap &AtN=28 is essential for this Coulomb excited to their first 2 states in the C layer. They
endeavor. The experimental situation for the Ni isotopes isubsequently traversed the ferromagnetic gadolinium layer
sparse. Magnetic moments of the first &tates of all stable where they experienced the transient field and were finally
evenA isotopes were determined with moderate accuracytopped in the hyperfine interaction free copper layer. For the
[15], whereas they factors of the 3/2 ground states and nuclear spin precession measurements the target was cooled
5/2° excited states of the odd isotopes were obtained witlio liquid nitrogen temperature and magnetized to saturation
much higher precisiofi16]. It is well known that the accu- by an external field of 0.06 T.
racy of g-factor measurements often depends on the nuclear The y rays emitted from the excited,2states were mea-
state lifetime: high precision resonance techniques were agsured in coincidence with the forward scattered carbon ions
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TABLE I. Measured logarithmic slopeS of the angular corre-  whereB+¢ is the transient field acting for the timé,(—ti,)
lations at|6#,|=65° and measured precession angk¥®. The  during which the ions traverse the gadolinium layer. The
®'"/g values were calculated using Eq#)—(3). The last line re-  exponential accounts for the nuclear decay of the excited
fers to the measurement GfFe with which the transient field was  gtate with lifetimer. The data are summarized in Table |.

calibrated. The accuracy of the®Ni(2]") precession was improved by
in two additional measurements where in one run the beam
" energy was increased to 160 MeV with corresponding higher
Nucleus  E,(27) |S(65°)| PP g excitation cross section. Furthermore, thenisotropy was
[MeV] [mrad [mrad enhanced by inserting a vertical mask in front of the Si de-
a tector (see[6)).
58 1454 Zzii%i%b é;ggg; 324218553; Theg fac_tors(TabIe ) were d.er.ived from the. experim.en-
’ 5 .482{21)“ 1'12(38) 28'2(2'5) tgl precessionsp€*P, by Qetermmmg thg effepuve transient
On 1 ' ' - field strength on the basis of the empirical linear parametri-
Ni 1.333  2.381(45) 4.59(71) 28.9(2.5)  ,ation[17]
62N 1.173  2.329(47) 5.10(60) 30.6(2.7)
64N 1.346 2.413(46) 5.51(80) 29.8(2.6) Bre(Vion) = Gheant Biin 2
S6Fe 0.847 1.871(25) 19.36(1.34)  31.6(4.6)
with

8eam energy 155 MeV.

PBeam energy is 160 MeV. Vion

“Vertical mask in front of the particle detector. Biin = a(Gd)-Zipp: —, (3)
using 9 cmx 9 cm Bak scintillators. lons were detected in a vo

Si counter with 10Qum nominal thickness placed at 0° and \yhere the strength parameta¢Gd)=17(1) T [5,18], v,
subtending'an angle of'20°. The beam_was stopped in & e2/%, and G, =0.69(6) is the attenuation factor ac-
tantalum foil placed behind the target which, however, wagqnting for dynamic demagnetization of gadolinium by the

thin enough for the carbon ions to pass through to be depeam jons. The magnitude 6,4, was determined through
tected. A Ge detector at 0° to the beam direction served asé‘precession measurement on the firsiPate of>Fe whose

monitor for contaminant lines and for measuring the nuclea[‘:l factor is knowng=0.61(8)[16] (Table ). In this calibra-

lifetimes by the Doppler-shift-attenuation methdSAM). {5 experiment, where the same target was bombarded with
In order to reduce the backgroundrays from nuclei pro-  sece heams of 155 MeV in conditions which are very similar
duced in fusion reactions with the carbon target, the Si deg, ose pertaining to the Ni beams, an attenuation factor of
tector was operated at a low bias to separate light chargeébeam: 0.69(10) was obtained. Its accuracy was improved
particles such as protons aads, which do not stop com-  y,incjyding other experimental dafas] which were taken
pletely, from the carbon ions. This procedure was SUCCeSSH ~onditions similar to the present work.
fully used in earlier similar experimentS]. The nuclear lifetimes of the 2 states of all Ni isotopes
Pa+rt|cle;y angular correlation$V(¢,) were measured for  p,ye peen redetermined simultaneously with the precession
the 2/ —0; transition in each nucleus in order to determine ,oasurements using the DSAM technique on the spectra
the logarithmic slopes at the anglg where the sensitivity of  gptained with the 0° Ge detector. Maximum ion velocities
the precessions are optin{al]. Precession angleb®**were  petveen 0.040and 0.048 implied high sensitivity for life-
derived from double ratios of coincident counting rates withtimes in the picosecond range. The Doppler broadened line-
an external field applied perpendicular to thyedetection  ghapes of the emitteg-ray lines were fitted for the known
plane, alternately in the “up” and “down” direction§4,5].  reaction kinematics applying stopping powers to Monte
The nuclearg factor of the excited 2 state is extracted Carlo simulations including the second order Doppler effect

from as well as the finite size and energy resolution of the Ge
tout detector. The feeding from higher states was also taken into

O P=g. AN [ e B1r(ion(t))-e~Y7dt, 1) account. The computer codeNESHAPE [19] was used in the
ho Ty, analysis. The measured lifetimes and the deduced

TABLE Il. Comparison of the measuragifactors, lifetimes, and(E2)’s to earlier data and to results
from large-scale shell modéSM) calculations in which=5 nucleons were excited from tlig, shell to the
remainingfp shell orbits.

Nucleus K 7 [ps] B(E2) [W.u.] a(27)

[11-14  present present SMs [15] present SNLs
58N 25 096(4) 1.27(2) 7.40(10) 6.60 —0.06(12) 0.0378(85)  0.0350
e\ 27 1.03(2) 1.31(3) 10.60(23) 9.39 0.09(12) 0.158(28) 0.0975
B2Ni 25 2.09(3) 2.01(7) 12.54(44)  10.02 0.33(12) 0.167(24)  0.2050
4N 27 127(4) 157(5) 7.74(25) 5.33 0.45(12)  0.184(31) 0.1405
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FIG. 1. Measuredj factors(solid pointg and results from shell BNi YN 62Nj 64Nj
model calculations in which the numbieof nucleons excited from
the f;,, shell into the remainingp shell orbits(open points is FIG. 2. Measure®(E2)’s in Weisskopf unitgsolid pointg and
increased. The result of a full calculation f8iNi is marked by a  results from shell model calculations in which the numibesf
star. Lines are drawn to guide the eye. nucleons excited from thé;, shell into the remainingp shell

orbits (open pointsis increased. The result of a full calculation for

. . D . 64Ni is marked by a star. Lines are drawn to guide the eye.
B(E2)’s are summarized in Table II. Significant differences y g y

between the present measurements and values quoted in the
literature are found, in particular, for tH8Ni(2;) state, but The B(E2)’s exhibit a similar behaviol(Fig. 2. The
in general all lifetimes are slightly longer than those quotednagnitude of theB(E2)’s steadily increases with the num-
with the exception of?Ni where the known value was con- ber of particle-hole excitations but finally convergestat
firmed. Further experimental details will be presented in a=5 as shown by the full calculation fd¥Ni. The missing
forthcoming more extensive pap20]. strength at the=5 level might be attributed to an underes-
The resultingg factors andB(E2)’s were compared with timation of the effective charge for protons and neutrons
large scale shell model calculations in the shell configu-  used in the calculationg () =1.5e, e.¢1(v)=0.5%, or to
ration space. These were carried out with the computer codg lack of quadrupole strength in the residual interaction. As
ANTOINE [21] using a modified version of the Kuo-Brown seen from the figure, the general trend of BiE2)’s with
interaction KB3[1]. increasing neutron number is well reproduced by the shell
The general trends @ factors andB(E2)’s are well de-  model calculations. It is noted that the new measurement for
scribed by the calculations. As shown in Figs. 1 and 2, thesoNj prings the experimentd(E2) much closer to the cal-
agreement with the data is much improved with excitationgylated value.
of t nucleons from the f, orbit to the Ips;, Ofs;, and Summarizing the experimental part of the present work, it
1py, orbits. The most striking result emerges fdNi(27),  has been shown that the new technique of projectile Cou-
with its small but definitely positive factor, as the calcu- lomb excitation in inverse kinematics providgdactor and
lated g factors evolve from negative values for=0 andt ~ B(E2) data of high precision and reliability. The latter is
=2 excitations to positive values which finally converge for especially characterized by the fact that, in the measurements
t=5 to precisely the experimental valy@able I)). In all  of series of isotopes, no change of targets is required and the
other isotopes the agreement between theory and the expetiming of the different beams in the operation of the accel-
mental data is nearly of the same quality, but, asgtfectors  erator is easily performed. The high precision achieved by
are all positive, the dependence on the number of excitechis technique allows to measure fine effects in nuclear struc-
particles is much reduced and less dramatic tharPf§i. A ture and to test critically large scale shell model calculations.
full shell model calculation was carried out f&fNi(27) Only with these experimental advantages was it possible to
which agrees well with the=5 result. It is also evident from show that former calculations of tlygfactor of *®Ni(2;) did
Fig. 1 that for an inertf;, shell ({=0), the calculations not agree with the data. The rather sophisticated calculations
generally overestimate thg factors. This observation sup- by Mooy and Glaudemang3] and by Nakadzet al. [10]
ports the presence of a strong coupling of valence particles tgieldedg= —0.05 and—0.09, respectively, clearly negative,
an excited®®Ni core which needs to be taken into account forand in disagreement with the present resuilt.
the description of nuclei arountfNi. The same conclusion Summarizing the theoretical situation, shell model calcu-
has been drawn by Otsula al. [22] in Monte Carlo shell lations are now feasible in a rather large configuration space
model calculations. and therefore highly meaningful. In the present case lgoth
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