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Excited states if?Fe have been studied up to spinilid the reactior?®Si+2%Si at 115 MeV beam energy
by using in-beamy-ray spectroscopy methods at the GASP array. The excitation energy of the yrastat®
is 7.381 MeV, almost 0.5 MeV above the well knori -decaying yrast 12 state. Experimental upper limits
for the B(E4) transition probabilities from the 12isomer to the § and 8 states have been determined. The
mean lifetimes of five excited states have been measured by using the Doppler shift attenuation method.
Complete diagonalizations in thef major shell lead to very good agreement with the experimental level
scheme and transition probabilities. The lifetime, fogalue, branching ratios, ar8l(E4) values are calcu-
lated for the 12 isomer. The positive parity states are also interpreted in terms of a Nilsson projected method.
The structure of the yrast levels 6fFe is compared with those of its cross conjug¥fs.
[S0556-28188)02610-7

PACS numbsg(s): 21.10.Tg, 21.60.Cs, 23.20.Lv, 27.4&

I. INTRODUCTION In this work, performed with the GASPL4] detector ar-
ray, we have been able to extend the level schentéra up
Recently, the study of th&;,-shell nuclei has gained re- to the 10 state, thereby confirming the predicted inversion
newed interest. The development of very efficient detectof12,13 of the yrast 10 and 12 states. The experimental
arrays both fory rays and charged particles has alloweddata have been interpreted in the framework of the spherical
investigations of the structure of these nuclei at higher spinshell model(SM) in the full pf shell. The intrinsic structure
than heretofore possibld—3]. Nuclei near the middle of the of the states has been investigated by using a Nilsson pro-
f4» shell show strong collective behavior near the groundected method.
state[4]. At higher spins, shape transitions towards triaxial
_and noncollective deformatlo_ns can occur due to an intimate Il EXPERIMENTAL DETAILS
interplay between the collective and microscopic degrees of
freedom. Recently, band terminating states, corresponding to High spin states in the nucleuw®Fe were populated via
fully aligned f, configurations, were observed fiCr [2]  the 28Si+ 28Sj reaction at 115 MeV beam energy. The silicon
and °°Cr [3]. When approaching the doubly magic nucleusbeam was delivered by the XTU Tandem accelerator at the
%6Ni the collective behavior is rapidly disappearing as nucleiNational Laboratory of Legnaro. The target consisted of
evolve towards a spherical shape. ~0.8 mg/cmt 2&Si (enriched to>99.9%) evaporated on a
So far, the nucleus?Fe has been an experimental chal-13 mg/cnf Au backing. y rays were detected with the
lenge. Most of the known excited states in this nucleus are 06ASP array which consists of 40 Compton-suppressed large
relatively low spin(below &) and have been observed in volume HP Ge detectors and an inner ball of 80 BGO crys-
(®He,n) [5-7], («,2n) [8], and (o,t) [9] reactions(see also tals. The 40 Ge detectors are placed symmetrically relative to
Ref. [10]). Attempts to extend the?Fe yrast structure to the beam axis in seven rings as follows: six detectors at 35°,
higher spins in fusion-evaporation reactions induced bysix detectors at 60°, four detectors at 72°, eight detectors at
heavy ions have failed so fdsee Refs[11,17, and refer- 90°, four detectors at 108°, six detectors at 120°, and six
ences therein Higher spin states if?Fe are obscured by the detectors at 145°. Data were recorded when at least two Ge
presence of a 12 isomer at 6.82 MeV excitation energy, detectors and two elements of the BGO inner ball fired in
which acts to “trap” and divert the deexciting-ray flux to  coincidence. A total of 7.8 10° twofold and 5.4< 10’ three-
the neighboring nucleu$®Mn [12,13. With the largey-ray  fold events were collected. Gain matching and efficiency
detector arrays now available, previously undetected highealibration of the Ge detectors were performed ustPgEu
spin states around and below the isomer can be observed aadd *°Co radioactive sources. The total fusion cross section
studied. of the reaction is fragmented in a large number of channels.
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To estimate the relative yield of these channels we used a 80F
total v-y coincidence matrix in which we determined the
intensities of they-ray transitions feeding the ground states.
The most intense channels populated in our reaction were 6ol
S0Cr (a2p) with ~31%, “°Cr (a2pn) with ~29%, and
Vv (a3p) with ~11% of the total fusion cross section
whereas the population of th&Fe ground state was esti-
mated to represent less than 1%. States’fe were popu-
lated either by p2n or « evaporation.
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A. The level scheme

Previous studies of?Fe[7,9,12,15 have established the
position of the yrast 2, 4", 37, and 5 states, of a second
4% state, and of the long lived yrast 1.3tate. This isomeric
level, placed at an excitation energy of 682030 keV and
with a measured half-life of 45.940.60 sec[12], decays
primarily by 8% emission toward$?Mn. An upper limit of
0.4% was establishgd 2] for the y decay of the 12 state.

The high efficiency of the GASP array allowed us to iden- 20F
tify new y-ray transitions belonging t6°Fe by setting gates
on the previously knowry rays. Double gateg-coincidence
spectra with gates set on some key transitions assigned to
52Fe are shown in Fig. 1. On the basis of sughy coinci-
dence data obtained from+a -y coincidence cube and of
the relative intensities of the transitions, we have constructed
the level scheme shown in Fig. 2. The relative intensities of 0 . .
the transitions were extracted from the 90° spectrum in co- 1000 1500 2000 2500
incidence with the 850 keV 2—0" transition in order to E. (keV)
avoid the uncertainties introduced by the line shape broaden- Y
ing. The intensity for the 2753 keV transition which is as-
sumed to be oAl =1 charactefsee level schemés already FIG. 1. Examples of double-gated spectra for some selected

corrected for the anaular distribution as specified in Reftransitions assigned t6%Fe. (a) Gates set on the first two yrast
gu Istributi pecitied 1 “transitions, § —0; and 4 —2; . The contaminant peaks between

[16]. The_ high energy part of th_e spectrum 6_“ 90° in Coir_1C|-1021 and 1535 keV belong to the strong charfifel (b) Gates set
dence with the 850 keV transition, from which the relative j, o 20! and 8 —6; transitions.

intensities were extracted, is shown in Fig. 3.

The yrast 6 state suggested in Reff7] is confirmed; wherel ., denotes the intensity of the observeday at the

furthermore a new 6 state as well as two 8 states and a angles#, 180°— 6, and 90°, respectively, corrected by the
10" state lying at 7.381 MeV, well above the 12 getection efficiency. Typical values of the ADO ratios for
B*-decaying isomer, are established. This constitutes the=50° in the GASP geometry are 1.17 for a stretched
first direct observation of the predict¢d?] inversion be-  guadrupole transition ang0.85 for a stretched dipole tran-
tween the yrast 10 and 12 states.+Three newy rays con-  sijtion. They-ray energies and relative intensities of the tran-
necting the 5 level with the 3°, 41, and 4 states were sitions belonging to°?Fe, together with their ADO ratios at
identified. High spin states iffFe have also been identified 60> and spin-parity assignments, are reported in Table I.
in a parallel experiment performed recently at Gammasphergpin and parity of the new levels are based on ADO analysis,
[17]. by assuming that transitions wiRspo~1.17 have stretched
Spins and parities were assigned on the basis of the ange2 character. The results for the 1941, 2168, and 889 keV
lar distribution of they rays. Data were sorted into tWpy  transitions lead therefore t"=10" for the state at 7.381
coincidence matrices having on one ayisays detected at pey/.
all angles and on the second axis those detected at 60° or ywe could not extract the angular distribution of the 2735
120° and those detected at 90°, respectively. By settingng 2753 keVy-ray transitions depopulating thef zand 5°
gates on the axis with all the detectors, the intensity of thetates, respectively, since their broadened line shapes are
observedy rays follows the regular angular distribution law yerjapping. The spin assignment for the states decaying via
disregarding the multipole character of the gating transitionthese two transitions are based on previous measurements. In
The ADO (angular distribution from oriented stajestio is  Ref. [7] the angular distribution of the 2735 keV transition
defined ag18] was found to be compatible with &2 character. This as-
. signment is now supported by the observation of a 1286 keV
[1,(6)+1,(180°—6)]/2 (1) transition connecting the 6state to the 4 state. A level at
1,(90°) ' 5138+4 keV excitation energy decaying towards thé 4
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FIG. 2. Level scheme of?Fe, as obtained in the present experi-
ment. The excitation energy and lifetime of the*128" -decaying
isomeric state is taken from Rdfl2].

yrast state was also reported in REf]; later on[9], a 5~
assignment was given to that state. This impliés=1 char-
acter for the new measuregray transitions of 1553 and
2753 keV. The 5 assignment is also confirmed by tE®
character of the 740 key ray feeding the 3 state.
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TABLE I. Relative intensities, ADO ratios, and spin assign-
ments in%%Fe.

E, (keV) Intensity? ADO ratio$ Assignment
740.6 5.%6) 1.2711) 5" -3~
849.5 2"—0"
888.5 11.%8) 1.2008) 10" —8;
1021.4 13.125) 10" —8;
1286.7 5.010) 65 —45
1534.5 100.(B) 1.164) 4I—>2+
1553 1.@5) 5_—>4§r
1620.8 13.626) 85 —65
1941.0 55.080) 1.156) 67 47
2035.3 21.030) 1.4618) 8/ —6;
2167.6 20.720) 1.2411) 85 —6;
2488.0 21.015) 1.3419) 6; —4;
2735.0 15.017) 42+_>2+
2753.0 10.(R0) 5 4]
3546.3 7.015) 0.928) 37 27F

&/alues are extracted from spectra in coincidence with the 850 keV
2*—0" transition.

now the following upper limits:

B(E4;12" —8])<379 e*fm® (0.16 W.u),

@

These values do not include the large uncerta{iB0 keV)
in the excitation energy of the 12state[12]. They are in the
range of other experiment8l(E4) values determined ipf-
shell nuclei, such as 1.4% W.u. in 4Sc, 0.1464) W.u. in
52Mn, and 0.2566) W.u. in >%Fe[19].

B(E4;12" —8,)<8360 e?fm® (3.53W.u).

The determination of the excitation energies of the two

8" levels now allows a better estimation of tB¢E4) val-
ues for they decay of the 12 isomer, by using the upper
limit of 0.4% for the totaly-ray branching determined in the
off-beam measurement of Refl2]. For each of the two
possibleE4 transitions(towards e{ and g state$ we get
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FIG. 3. High-energyy-ray spectrum at 90° in coincidence with
the 850 keV transition.

B. DSAM analysis

To perform the analysis of the Doppler broadened line
shapes we sorted the data in sevérx4ik +y-y-coincidence
matrices, each corresponding to the coincidence between the
detectors of one ring and all other detectors. We have ana-
lyzed they-ray spectra in coincidence with the 850 key
ray (which does not show any appreciable broadeniing
order to select better the channel of interest and to reduce as
much as possible the contaminations on the line shapes of
the relevant transitions.

The 10" —8; and 10 —8, y-ray transitions do not ex-
hibit a broadened line shape, indicating that thé $€ate has
a long lifetime. Changes in the line shape for lower states
were observed only when a large amount of side feeding was
present(see Table)l

The lifetime analysis was carried out with the computer
code LINESHAPE [20]. The slowing down process and the
scattering of the recoils in the target and in the backing were
described by a Monte Carlo simulati¢p®l1], with a modifi-
cation regarding the spread in the initial direction of the re-
coils due to the evaporation of light particlez?]. The simu-
lation was performed with 5000 histories and up to 187 time
steps covering the recoil range in the backing. Northcliffe
and Schilling [23] electronic stopping power values have
been used in the calculations.
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The program performs g2 minimization of the line 1000 [ 1535 keV 4;-2°
shape fit as a function of the level lifetime, the side-feeding
time, and the normalization factors. We used a one step side
feeding for each level, the side-feeding intensity being a
fixed parameter in the program. The background and the in-
tensity of contaminant peaks present in the spectra were keg
fixed. The analysis was done for each line separately starting
with the highest transition in the level scheme. Line shapes
were fitted at forward and backward angles simultaneously
allowing a better identification of the contaminants. The pro-
gram, designed to deal with cascadesyofays connecting
states with side-feeding originating only from the continuum,
is not suited for level schemes such as that@fe. How-
ever, it could still be used by properly transforming the com-
plex feeding scheme into equivaleptray cascades.

We determined first the lifetimes of the two’8states
from the analysis of the two decay branches®108; i ‘
—6; and 10 —8, —6, , respectively. The lifetime of the 1840 1930 2020 2340
yrast 6" state was extracted by analyzing the decay pattern 2035 keV
along the yrast sequence. To account for the feeding pro-
vided via the decay of the,8state, we introduced above the
6, state a virtual level with zero lifetime and side-feeding

time given by the lifetime of the $ state. The intensity of 50 M

100 2168kev  83-67

500 - 50
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2488 keV 65- 47

-
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the 1021 keV transition was modified to account for the
whole long-lived population of the 6level provided by the
decay of the 10 state. The lifetime of the second' 6state ot s
was extracted from the analysis of the sequencey-ofy 1950 2025 2100
transitions 10—85 —6, —4; . In order to describe the FIG. 4. Doppler broadened line shapes for the transitions of
multiple feeding of the 4 state, we have again introduced 1535 keV (4 —27), 1941 keV (§ —4;), 2035 keV (§
virtual levels of mean lifetime equal to zero and side-feeding—6;), 2168 keV (8 —6;), and 2488 keV (6 —4;), at 72°.
times given by the lifetimes of the;6and 5 states, respec- Full lines show least square fits performed with tireesHAPE pro-
tively. gram and correspond to the mean lifetime values reported in Table
In Fig. 4 the best fits for the line shap@seasured at 72°) Il. The contaminant peaks are indicated by dashed lines.
of severaly-ray transitions are displayed. The line shape of
the 2035 keV transition is strongly contaminated by the presficient (a,,=0 in this casg TheseB(E2) values are com-
ence of the 2045 keV line belonging t5Cr with a very  pared to the ones calculated within the $8&e Sec. IV A
pronounced line shape. We determined the lifetime of the 8
state from the best fit of the experimental spectrum with that
obtained after summing the calculated line shape of the 2035 IV. DISCUSSION
keV y-ray transition and the experimental line shape of the Nyclej which lie in the middle of thef,, shell are
contaminant line. __strongly deformed near the ground state. This allows appli-
The line shapes of the 2735 and 2753 keV transitiongation of different models for the description of their nuclear
overlapped and consequently a definite lifetime value for theyrycture. Aside from the shell model, one can also interpret
4, and 5 states could not be extracted. A lower limit of these nuclei in terms of an intrinsic deformed state. These
about 1 ps was estimated for the side feeding of the 4 studies have been performed for instancé8@r, which has
provided via the 2753 keV transition. Variation of this side the maximum number of valende,, nucleons to develop
feeding time in the range 0.5-2.0 ps has no practical effeciieformation in this mass regid5]. Nuclei such as’?Fe,
on the mean lifetime value of the 4state. which are not as close to the middle of the shell, are less
The results are reported in Table Il together with previousdeformed and the incipient rotational behavior at low spin
measured values. The experimental reduced transition prolpapidly smears out with increasing angular momentum, due
abilitiesB(E2) have been extracted according to the expresto the interplay between collective and single particle de-
sion[24] grees of freedom.
In the vicinity of closed shells, excited nuclear states are
0.0815@, explained in terms of rearrangement of the nucleons in the
m’ 3 available single particle orbitals. This usually results in ir-
4 fot regular decay patterns, isomeric states, and yrast traps. The
isomeric 12 state in 5?Fe represents an energy-spin yrast
whereB,, is the branching ratio of theg-ray transition,7 is  trap due to its large spin difference from all the lower energy
the lifetime of the state in picoseconds, is the energy of stateg26].
the transition in MeV, andv,, is the total conversion coef- In addition to °%Fe", several high spin yrast traps have

E, (keV)

B(E2)(e?b?) =
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TABLE II. Mean lifetimes of >Fe states from the present analysis and a previous study compared with
the SM calculations.

Ex (keV) E,(keV) I} Iy 7 (p9 7se (P97 B(E2) (¢?fm?)

previous work[12]  present work Exp. SM

850 8495 2 0 >1.0 <1844 1545
2384 15345 4 2 0.40°9% 0.32£0.08 0.067055 300x69 223.5
4325 19410 ¢ 4, 0.24-0.08 0.04°3%% 124x40 117.9
4872 24880 6 4, 0.30=0.12 0.043% 29+14 833
6360 20353 § 6 0.21+0.08 0.0L°397 74*25 856
6493 21676 8 6, 0.26-0.06 0.01°335 43*15 113

Statistical errors are specified.
byalue calculated on the basis of the experimental limit given in Ref].

been identified along the periodic table but few of themLarge negative values are obtained for the first two excited
originate through the inversion in energy with yrast states obtates. As already pointed out in RE37], >°Fe behaves as a
lower spins. Such yrast traps have been observedfie  rotor belowl =67, consistently with & =0 band. Using the
[27], 33Co[28], *%%Hf [29], 2P0 [30], and ?*2Po[31]. The  rotational model prescription we obtained for the lowest 2
nature of the energy-spin yrast traps can be related to thend 4" states an intrinsic quadrupole momer@,
alignment of nucleongl2]. The nucleons with aligned spins ~90e fm? from both the theoreticaB(E2) values and the
gain energy because their residual interaction is stronger fajuadrupole moments. The deduced deformation parameter is
wave functions with large spatial overlaflONA effect  B=0.23. Atl =67, Q changes sign and becomes very small.
[32]). In most of the cases the structure of these states iFhis change of regime can be related to the process of par-
associated with oblate deformation or “single particle” ro- ticle alignment, since the mechanism of generating angular
tations[26]. A different structure is found it?Fe, where the momentum by aligning the valence-particle spins along the
effect of the maximum alignment is accompanied by a quadrotational axis in a highj- shell becomes energetically fa-
rupole coherence that produces a prolate deformation at vored at high frequency.

=124. This will be discussed in the next subsections. In Fig. 7, the experimental yrast bands of the even-even
N=Z nuclei *Ti, “8Cr, and>%Fe are shown up to the maxi-
A. Shell model calculations mum spin that can be built in thig,, shell. The nucleug®Cr

The structure of?Fe has been analyzed in the frameworkis presented to stress the evolution of the collectivity along

of the spherical shell model in the fupf shell. The
m-scheme dimension, 109,954,620, is the largest attained so
far. Previous calculatior®5,33,34 reproduce with good ac-
curacy the experimental data of the nuclei in this mass region 10*
[2,3]. Here the KB3 effective interactidr85] was used, with
single particle energies taken from the experimental spec- 8}
trum of #'Ca. The effects of core polarization on the quad- | +
rupole properties were taken into account by using the usual
effective chargesg,=1.5 ande,=0.5. The Hamiltonian
was treated by the Lanczos method and diagonalized with
the code ANTOINE [36]. The resulting theoretical level
scheme is compared in Fig. 5 with the experimental one.
Fairly good agreement is found, with a root-mean-square de-
viation for the yrast levels of 175 keV. The energy inversion
of the 12" isomeric state with the 10yrast is reproduced
theoretically, although the energy gap between the two states
is smaller than in the experiment.

A good reproduction of the energy spectrum is not
enough to establish the quality of the shell model calcula-
tions. A more stringent test is their ability to reproduce the 2t —TT
experimental lifetimes and tH&(E2) values. The calculated
B(E2) values for®%Fe are displayed in Table . They are in of o0 —m — _
good agreement with the experimental ones. The poorer con- Exp. Theo. (SM)
cordance for the secondGand 8" states may be due to the
presence of nearby states of the same spin and paety
Fig. 2. FIG. 5. Comparison between the experimental and the shell

The shell model calculations provide also the static elecmodel positive parity energy levels i*fFe. Dashed lines connect
tric quadrupole moment®), which are plotted in Fig. 6. the experimental levels with their calculated counterpartners.

Excitation Energy (MeV)
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FIG. 6. The electric quadrupole moments of the yrast states in i
52Fe obtained with fullpf spherical shell model calculations. 00
05|
the N=2Z line. The cross conjugate nucléfFe and **Ti 0.00l

should have the same energy spectra in the simpjg){ 8 10 12 14 18
model. In fact, the two level schemes are quite similar at low Spin (f

spin. However, the symmetry is broken at high spin: there is pin (f)

no inversion of the 10 and 12 states in*Ti. This effect FIG. 8. The fractional occupation numbers of specific orbitals in
was discussed in Reff12] within the (f7,)" model but using  the pf shell for the yrast even spin states 4Ti (triangles, “éCr
different effective interactions for the two nuclei. In the (squarel and %%Fe (circles as extracted from the SM calculations.
present analysis, the SM calculations treat all nuclei in the

f2/2 shell on the same footing. In this way, one can follow thej,, these nuclei, comes from the mixing of the, and paj,

evolution of the microscopic structure with the spin. orbits. In all three nuclei, thes, occupation number re-
The fractional occupation numbers of thg,, P32, fs2,  mains almost constant at low spin. The largest contribution

andp, orbits are plotted for the yrast states 8Fe in Fig.  gceurs in the most deformed nucletf€r. There it decreases

8. For comparison, the same quantities are also reported f?ﬁonotonically above the backbending=(10%) as do the

its cross conjugate nucledTi and for the most quadrupole  giher two componentsft,, andpy,). In 52Fe and*Ti, this

deformed nucleus in thé;;, shell °Cr. Although from a  pannens at much lower spin= 6.

qualitative observation of Fig. 8 tHg,, subshell is by farthe At the maximum spin that can be constructed with the

most occupied one, the contribution arising from the rest of,5jence particles in thé,, shell, the pay,, fsp, and pys

the orbitals in thepf shell becomes crucial in obtaining a occupation numbers vanish fdfTi (1=124) and become

good description of these nuclei. insignificant for “Cr (1=16#). The f,, becomes the only
Recently, it has been sho88] that the development of yejevant orbit. These fully aligned band-terminating states

quadrupole coherence that gives rise to rotational-like bandgre of noncollective character. The situation is different in

52Fe, where abové=6%, all contributions remain almost

15F constant as a function of spin, evenlat124. This residual
16" collectivity in the 12 state can be related to the energy
inversion of the 10 and 12 states, which gives rise to the
= R yrast trap.
%) 10} 14 _
g 2t —_ 10* B. Nilsson calculations
= 100 — - e " . : .
o g — =12 The change of regime &t= 67, reflected in the fractional
'-é' 5l T 8 occupation numbers and in the electric quadrupole moments
] 6" — e 6" obtained from the shell model in the previous subsection, can
% & R o be related, in the language of the rotational model, to a cross-
& o e N ing between the ground stake=0 band and an excitel
0 ot T o §+ =6 band. To study this problem we have computed different
“_ 48 52 Nilsson intrinsic states and projected them onto good angular
227122 248724 2672 momentum. Th& =0 band corresponds to an intrinsic state

obtained by filling thg330]1/2, [321]3/2, [312]5/2 Nilsson
FIG. 7. Experimental yrast states in the cross-conjugated nucleéprbitals for protons and neutrons. The intrinsic state of the

4Ti and 5%Fe and in the self-conjugated nucletf€r showing the  K=6 band is constructed by exciting one protwrone neu-

evolution of the collectivity along th&l=Z line in the f,, shell. tron from the[312]5/2 to the[303]7/2 orbital. Our calcula-
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tions indicate that thé=6, K=6 and thel =6, K=0 states B(E4;12" -8/ )=256¢e,+e,)? e’fm®,
are degenerate. This also explains the presence of two 6
levels close in energysee Fig. 2 The states between, 6 B(E4;12" —8;)=164e,+e,)? e*fm®,
and 10 could be thus considered as a mixing oKa=0
band with ak =6 band. We cannot speak of a well defined B(E6;12" —6;)=3.4x10°(e,+e,)? e?fm'?,
intrinsic state.
This procedure was repeated for the statel atl2s, B(E6;12" —6,)=4.6x10°(e,+e,)? e2fm'? (4

where there is a residual quadrupole coherencéKA12

intrinsic prolate Nilsson state can be constructed by exciting For the partial half-lives we can consider two limits de-
two particles, a protorand a neutron, from th¢312]5/2 to  pending on the value of the effective charges. One is given
the [303]7/2 orbit. After projecting this state onto good an- by the effective charges needed in @ transition on>*Fe
gular momentum, an overlap ef0.9 with the exact shell and the other by th&2 effective charges,=1.5,e,=0.5.
model wave function of the I2state is obtained. The exci- The “true” effective charges should be somewhere in be-

tation energy of this level is lower than the=104 and|  tween. The partial half-lives are then
= 12h states coming from th&=0 andK=6 bands, which e on
explains the presence of the yrast trap. 6.3X10°<T;(12" —81)<6.3x 10,
It is interesting to note that in addition t5Fe, the mirror . . .
nuclei >Fe and®*Co have yrast traps &f =19/2" [27,28. 2.1X10°<T (12" -8, )<2.1X10's,
The structure of these nuclei is well reproduced by our shell
model calculations. We have also performed Nilsson pro- 9.9X 10°<T (12" —6,)<9.9x10's,
jected calculations foP3Fe (3Co), in which a prolatek
=19/2 intrinsic state is obtained by exciting one of the pro- 1.8X10'<T (12" —6,)<1.8x10%s, 5)

tons (neutrong from the [312]5/2 to the[303]7/2 and cou- _ _ _ _
pling both to the odd neutrofproton. As in the case of Comparing these results with the partiadecay half-life

52Fe, these aligned collective states are favored in energgomputed above, we conclude that the branching ratio for the
and become yrast traps. y-decay channel of the T2isomeric state of?Fe is in the

range 0.7—-0.007%. These values are in agreement with the

C. Decay properties of52Fe™ experimental limit of 0.4% of Ref.12].

In this subsection we present theoretical results for the
decay of the 12 isomeric state. To describe tig" decay
properties, we used the quenching factor of 0[39] and We have investigated high spin states’ffre with the 4r
obtained a half-life of 40 sec, which compares well with thespectrometer GASP. Its high detection efficiency and sensi-
experimental value of 45.940.60 sed12]. The * decay tivity allowed us to observe the level scheme up to spin
takes place predominantly to the "listate of 5Mn for =10#, a fact which was hindered until now by the presence
which the shell model calculations give a branching ratio ofof the 12" yrast trap. We could therefore establish experi-
99.7%. The computed log value for this transition, 4.78, mentally that the retardation of the decay of the" #ast
agrees nicely with the experimental value of 488811[12].  state is due to its location at an energy lower than that of the

To study they decay of the isomer, it is necessary to 10" state.
compute theE4 transitions to the two 8 states and th&6 Four new states, B, 8, , 85 , and 10, have been deter-
transitions to the two 6 states. The transitions to th§ &nd  mined, while the spin and parity of other levels have been
6, were previously calculated in Reff12] using a ;)" confirmed. The mean lifetime of five excited states have
model space. The effective charges found in that work diftbeen measured with the DSAM procedure. Upper limits for
fered greatly from those used for tB2 transitions. Th&e4  the B(E4) reduced transition probabilities for the decay of
transitions were also calculated including admixtures ofthe 12" isomer have been determined experimentally on the
other orbitals of thepf major shell using first order pertur- basis of the upper limit of itg.-ray decay branching from a
bation theory. A better agreement with data was obtained iprevious off-beam measureméga®]. With the new multide-
this latter case. tector y-ray systems, off-beam measurements should now

We have calculated the reduced transition probabilitiesllow determination of such small branchings.
allowing up to a maximum of 6 particles to jump from the  Full pf shell model calculations have been performed for
f,, orbit to higherpf orbitals. The effective charges used to °2Fe, which constitutes the highest mass described so far
reproduce the experimentB# transitions in®?Mn and ®3Fe  with the code ANTOINE. The calculated energy levels and the
were e,.=0.75 ande,= —0.25. The description of th&6  electromagnetic properties, i.e., reduced transition probabili-
transition in >%Fe requirede,=0.6 ande,= —0.4. These ef- ties and lifetimes, are in very good agreement with the data.
fective charges are similar to those reported in REZ]. The difference between the 1&tates in the cross conjugate

We consider, however, that the available experimentahuclei **Ti and 5%Fe can be also satisfactorily explained
data in this mass region is not enough to determine accuhrough shell model calculations. It was concluded that, apart
rately the effective charges and such a theoretical study isom the lowering of the states due the alignment of the
beyond the scope of this paper. Therefore, we choose tealence nucleons, in?Fe this state is even lower due to a
present our results for the reduced transition probabilities akigher degree of collectivity present in the structure of the
a function of the effective charges wave function related to the contribution of the other orbitals

V. CONCLUSIONS
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