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Yrast spectroscopy of >*Cr
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High-spin levels in the heaviest stable isotope of chromium were observed following the fusion-evaporation
reaction>C(*%Ca,a2n)%Cr at a beam energy of 157 MeV, using the GAMMASPHERE and MICROBALL
detector arrays. Numerous yrast and near yrast levels are reported, and previously asSigndd®'7 levels
are suggested to be*5and 7', respectively. The inferred level scheme is compared with shell model
calculations.

PACS numbes): 23.20.Lv, 21.60.Cs, 27.46z, 29.30.Kv

Gamma-spectroscopic studies of nuclei in e shell  tional Laboratory. GAMMASPHERI13] with 95 Ge detec-
have a long history, one that includes both a period of activéors was used to detect rays, in coincidence with the
interest and a subsequent period with fewer publications. ReMICROBALL [14], a 44, 95-element Csl detector array in
cently, however, new experimental and theoretical developwhich evaporated light charged particles were detected and
ments have made further progress possible. For example, ddentified. Events with at least three cleanly detectechys
the theoretical side, interest in the structure of nuclei in thavere recorded for off-line analysis. Due to the inverse kine-
vicinity of the N=28 shell closure has increased in recentmatics of the reaction, the particle detection efficiency of
years[1-4], as improved methods have become availablehe MICROBALL was less than 50%. Approximately 6% of
and interest in the structure of neutron-rich nuclei in generathe total number of events were in coincidence with dar-
has increased. Experimentally, fragmentation reactions haugcle, representing=7 million events. These data were taken
been used to study lighi=28 nuclei[5,6], and arrays of in approximately four hours, with an average current of two
modern Ge detectors and channel selection devices haygrticle-nanoamps of beam. The dominant channel in coin-
made fusion evaporation reactions an attractive method dfidence with oner particle is thea2n channel®*Cr, though
studying yrast states in such nucléi,8]. One interesting small amounts of bottP>Cr and 5°Cr were also observed.
case is>'Cr, the heaviest stable isotope of chromium, forThe linear momentum of the detectedparticle is used to
which the most extensive yrast study is that by Nategal.  partially reconstruct the residue momentum, improving the
[9]. Subsequent lifetime information was obtained by Stuchevent-by-event Doppler shift correction; nonetheless, the
bery et al. [10], though no new levels were added. As alarge recoil velocity andto a lesser extehthe undetected
result, despite extensive knowledge of low-spin states irmomentum component due to the evaporated neutrons result
*iCr, the ground band is known to spih=104, and no in y-ray energy resolution o8 keV FWHM at 1 MeV,
other levels are identified abovle=5#, other than two lev- somewhat worse than is typical for studies of this type with
els tentatively assigned 8§=7" and 9" [11]. Nonetheless, heavier or more proton-rich nuclei.
these results and Coulomb excitation experiments clearly The data were sorted into d,-E, matrix, from which
demonstrated that the midshell nucleus®Cr possesses a coincidence relationships were inferred. Figure 1 shows vari-
rotationlike ground band, built on a mildly oblate configura- ous gatedy-ray energy spectra from this reaction, all in co-
tion [12]. incidence with only onea particle detected in the

We present here new results on high-spin level$@r, MICROBALL. Significant contaminants are leakthrough
populated in a heavy-ion fusion evaporation reaction. Theséom thexn and pxn channels by accidental coincidence or
results include a weakly populated extension of the groundnisidentification of a« particles. Such contamination is
band, and identify another high-spin band built on*alével  readily removed with single-ray gates, and is not seen in
which becomes yrast above spin#l0 these spectra. The resulting high-spin level scheme proposed

The reaction?C(*®Ca,x2n) at 157 MeV was used to for ®/Cr is shown in Fig. 2 and is summarized in Table I.
populate®“Cr. The target consisted of 0.10 mgkwf °C  Angular correlation information of the observed rays
with a 0.30 mg/crh **/Au backing. The beam was acceler- is also shown in the form of directional correlation of
ated by the 88 Inch Cyclotron at Lawrence Berkeley Na-oriented states (DCO) ratios, determined by Rpco

=[1,(6,90°)]/[1,(90°,0)], wherel ,(6,,6,) is the intensity
of a transition aty-ray anglex, gated on a stretcheB2
*Present address: LANSCE-3, Los Alamos National Laboratoryfransition at angley, with (#)=37.1°, 139.3°. Such ratios

Los Alamos, NM 87545, are expected to be approximately one for stretcB2dand
"Present address: Department of Physics and Astronomy, SUNpure dipoleAl =0 transitions, and 0.5 for stretched =1
at Stony Brook, Stony Brook, NY 11794, transitions, if the mixing ratio is small.
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FIG. 2. High-spin level scheme fo¥Cr deduced in the present

work.
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The ground band transitions up to Lave been con-
firmed, though above this level the primary discrete feeding
is via an apparent dipole transition Bt,=2430 keV. The
yrast 12" —10" is identified as a 2101 keV transition. The
shell model calculations of Saini and Gunyib] anticipated
that the yrast 12 would be atE,=8.33 MeV, while those of
Horie and Ogawd16] predicted 9.5 MeV. The present ten-
tative placement of the yrast 12at 8.8 MeV clearly agrees
equally well with both calculations. The band built on the
4045 keV level has been extended to a tentative spin of
(15%), and it is seen to become yrast above spin 10. Two
othery-ray sequences are observed, as seen in Fig. 2, and an
additional five levels are indicated. Numerous known low-
spin levels[11] are not observed, as is to be expected since
this reaction populateS?Cr at higher spin, and nonyrast
low-spin levels are by-passed in the subsequent decay.

The level at 4045 is strongly suggested to hk=b state,
rather than the tentative assignment of iven by Nathan
et al.[9], based on the clear observation of a 2221 keV tran-
sition to the 4 level, and similar behavior at higher spin in
this band. This assignment is in agreement with previous
shell model calculationg15—18,1Q, which in general indi-
cate an increased level density beginning at about 3.5 MeV
including the first 5 state. None of these calculations pre-
dict a 7" state at such a low energy. An example is the shell
model calculation of McGrory17], as presented in Watson
et al.[19]. In these calculations, the lowest unnatural parity
spin 3 and spin 5 states are predicted to occur between 3.5
and 4.0 MeV, while the lowest™7is expected above 5 MeV.
With the reassignment suggested here, the lowésirid 7"
levels are at 4.04 and 5.36 MeV, respectively. The lowest
observed]=3 state is at 4128 keY11], i.e., above the 5
level. This is consistent with it not being observed in the
present work, if indeed it is positive parity. Note however
that thisJ=3, 4128 keV level has been given both positive
[11] and negativd19] parity assignments; therefore the en-
ergy of the first 3 state is an open question. The nonobser-
vation of the 4045 keV level in th&Cr(t,p)>*Cr work of
Watsonet al.[19] is also consistent with an unnatural parity
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TABLE I. Level energies andg-ray transition properties for the
observed transitions if*Cr. Tentative spin assignments are indi-

cated by parantheses.

Ex Ey Irel
(keV) (keV) (%) Roco Assignment
835.3 835.3(3) 100 1.10(4) "2-07" [9,10]
1824.9 989.6(3) 98(3) 0.97(4) *4-2%*[9,10
3224.3 1399.4(4) 80(2) 0.96(4) *6-4%[9,10]
4044.9 820.1) 9.2(3) 0.81(6) 5t —6"
2220.96) 1.7(1) 0.4710) 5t 4%
4683.4 1459.1(4) 51(2) 0.95(5) *8-6" [9,10]
5087.6 1042.7(4) 2.8(1) 1.12(8) (@5
5365.6 278.8) 0.293) 7t —(7)
682.33) 10(1) 0.906) 7t—8*
1319.95) 2.51) 0.8609) 7t—5"*
2141.36) 3.82) 0.898) 7t—6"
5798.9 1110.8) 0.785) 0.9612 (7)—8"
2575.76) 3.42) 1.299) (7)—6"
6448.0 1360.4(4) 0.53(4) 1.31(12) ©@X7)
6619.7 1254.@) 5.52) 1.04(7) 9t 7+
1936.05) 2.601) 1.339) 9t 8%
6725.9 2042.5(5) 13(1) 0.98(6) 106-8" [9,10]
7237.1 617.6) 1.81)  1.1712 (9)—9*
1870.55) 3.02) 1.358) (9)—7"
2554.96) 3.202) 1.098) (9)—8"
7293.6 1494.31) 1.91) 1.059) (9)—(7)
1927.95) 0.844) 1.2712 (9)—7"
2610.66) 2.72) 1.188) (9)—8"
7896.8 3213.4(8) 1.7(2) 1.38(9) (108"
8238.8 1512.56) 0.383) (11")—10"
1619.25) 2.6(1) 1.229) (117)—9*
8827.1 2101.2(6) 0.48(3) 0.9(1) (1p—10*
8860.6 1567.0(5) 3.1(1) 0.81(8) (10)(9)
9156.1 1919.() 1.1(1) 1.139) (11)—(9)
2430.26) 2.72) 0.74(8) (11)—10"
9636.0 2910.2(7) 0.19(2) 1.13(20) (12— 10"
9973.6 1734.8(5) 1.6(1) 0.87(10) (18— (11%)
10533 3827.3(9) 0.18(2) 0.74(20) (11— 10"
11117 2256.7(6) 0.62(4) 0.69(10) (12)10)
11788 1814.1(5) 0.71(4) 0.99(11) (B (13")
12542 3385.4(9) 0.20(2) 1.1(2) (13)(11)

assignment, as made here. Other shell model studié4Cof
[10,15,16,18 also predict a cluster of 1,3*,5" states
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FIG. 3. Comparison of the shell model calculation for the lowest
three levels(lines) of a given spin with the levels observed and
assigned in the present wotkorizontal bars (see text

in the 1f,, shell. The FPD6 parameter set is used for the
two-body residual interaction, and the single-particle ener-
gies are based on recent results from Tragehal. [21]. De-
tails of the procedure can be found in RES].

The results of our calculations are similar to the ones
described above. Figure 3 compares the predicted yrast and
near-yrast positive parity states with the observed levels. The
lines are drawn connecting the calculated yrast, first- and
second-excited states as a function of spin; the levels as-
signed in the current experiment are shown as horizontal
bars. Even in the moderate spin rangje-é—10%), the cal-
culated levels agree with the observed levels, despite the
relative distance from the assuméi core. Above~12%
the limited shell model space of this calculation should be-
come evident, and the lack of agreement there may reflect
this. The position of the lowest*7is similar to that in the
earlier shell model calculations discussed above, and agrees
well with the assignment made here.

Notably, the composition of the wave functions in the
shell model calculation indicate that all of the levels are
highly mixed, with typically no single component respon-
sible for greater than 30% of any level. As a result, no domi-
nant character can easily be assigned to any of the apparent
rotational sequences observed. The apparent yrast structure
aboveJ=10 presumably has at least @-1h composition,

around 3.5t0 4.0 |\/|eV, though with somewhat varied energ)énd is predicted to be Composed primar"y of neutrq}nl‘h

orderings.

states, with sizeable22h admixtures. A full understanding

In order to further interpret these results, we have peryf this structure will require a more sophisticated theoretical

formed shell model calculations with the cO®&TSSCHIL
[20] similar to those in Ref[.8], in which the calculations are
compared with extensive data on nuclei nédNi. These
modest calculations use 4Ni core, and allow for the exci-
tation of up to two particles across the=2Z=28 shell gap.
The %“Cr closed core involves two neutrons in th@s2,
1fg, and 204, (upperfp shel) orbits, and two proton holes

study.
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