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New measurement of theg factor of the 54Cr(Zf) state and its shell model interpretation
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The g factor of the first 2 state of>*Cr was remeasured employing the combined technique of projectile
Coulomb excitation in inverse kinematics and transient magnetic fields. The value obtained).840(56),
is significantly larger than previous data. The new value agrees better with a truncated than with a large-scale
shell model calculation. The present result is discussed in the context of recently detegnf@weaks of the
first 2* states of®°Cr and ®°Cr as well asB(E2) values determined from lifetime measurements.
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. INTRODUCTION 52Cr is also in good agreement with the same shell model
calculationd 3] although it is smaller than that of a previous
Recent measurements of magnetic moments and lifetimemeasurements].
of the first 2" and 4 states of Ti and Cr nuclei have yielded ~ The g factor of the first Z' state of **Cr had not been

new insights into the single-particle structurefgfshell nu-  Previously measured with comparable accuracy. factor
clei [1-3]. This progress was made possible by a highe,measurements had been reported with statistical uncertainties

experimental precision and new large-scale shell mode?f about 20%,9=+0.56(10) [6] and g=+0.53(12) [7]

(LSSM) calculations, in particular, by the assumption of Asion g=+0.73[6,12], or with calculations within the pro-

40 ; ot
closed™'Ca core with excitation of bo_th protons and,neu'jected Hartree-Fock formalism using band-mixed wave func-
trons from the @, shell into the remainingp shell orbits  }5 g=+0.74[13].

(1p32,0fs; and 1pyp). For the first time, both the quality of  |n 3 new set of experiments the first &tate of>‘Cr was
the calculations in terms of the diagonalization of particlemeasured under essentially the same experimental conditions
configurations in a large model space and the effect of difas the former Cr experimenf4,2]. The target was prepared
ferent effective nucleon-nucleon interactions could be testednder identical conditions and independently checked in
by the precise experimentglfactors andB(E2) values. measurements of thg factor of the 2° state in *°Fe and

The improvement in the measurements stems from Cou>Cr, thus providing a calibration of the transient magnetic
lomb excitation of heavy beams by light target nuclei. Fhe field. Hence, the determination of tiggfactor of the 3 state

R . . . . 5 . . . .
rays emitted from the excited projectiles were detected irPf *"Cr relative to theg factor of the lighter Cr isotopes is

coincidence with recoiling target ions focused forward in therelatively free from systematic uncertainties pertaining to tar-

beam direction. This inverse kinematic approach has the adlet and t+ranS|ent f'SeJd conditions. )
The 2, state of >"Cr was also populated in as-trans-

ditional advantage of producing projectile ions with high ve- L > o h
locities. The transient field strength generally increases witffé" reaction .:C( °Ti,2a) “Cr. The same target was bom-
ion velocity. The accuracy af factor determinations is prac- Parded by a °Ti beam. -';h's reaction populates predomi-
tically limited only by the precise knowledge of the transientnantly the first 2 state of*/Cr, whereas higher-lying states
field strength under the given experimental conditions. Twgd® only weakly excited. The selectivity of this particular
empirical parametrizations, the linear parametrizafijrand reaction has a _characte_r dlgtlnctly dlff_erent from that of a
the Rutgers parametrizatidis], have been generally used. fusion evaporation react|_on in which h|gh—energy states are
However, the most reliable calibration of the transient field isPoPulated and the low-lying states are fed via cascade tran-
usually obtained through a measurement of a kngactor ~ Sitions. The absence of strong feeding in the current experi-

in a neighboring nucleus under similar kinematic conditions™ent ensures a clean measurement of the precession of the
and, if possible, the same target. magnetic moment of the 2state. The same strength of the

The g factors of the g and 41+ states in®°Cr and of the @ transfer has been observed with other beams of Ti and Cr

2; state of %Cr have been measured previously with Cou-1S0toPes[2] as well as with Ni beam§15]. In particular,
lomb excitation[6—8], with a fusion evaporation reaction Ys'N9 22 Ni beam theg factor of the first Z. state of un-
under different experimental conditiofi§] and, more re- Stable>Zn was recently measured for the first tiffib].
cently, by Coulomb excitation in inverse kinematids?2].
The new %°Cr data agree with cranked Hartree-Fock-
Bogoliubov[10] and shell model calculatiorj40,11], which In the present experiments an isotopically pdf€r ion
predictg(4*)/g(27)>1; in addition, the value of(2*) for ~ beam was provided from natural Cr by the ion source of the

hese data do not agree with either the shell model predic-

Il. EXPERIMENTAL DETAILS
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FIG. 1. Particle spectra in coincidence with allrays at low @) 0k i
bias of the 100um Si detector. Thex particles are well separated F
from carbon ions due to incomplete stoppirig) refers to a 115
MeV %/Cr beam andb) to a 110 MeV°°Ti beam.
we., . ooy 4
Cologne Tandem accelerator and accelerated to an energy t 800 1000 1200 1400Energy lﬁggv]
115 MeV with intensities of about 1 nA on the target. The
beam ions were Coulomb excited to the first &tate by a FIG. 2. Gey spectra in coincidence with particles and carbon

natural carbon Iayer on the multilayered target, which Ccon4ons. (a) refers to°4Cr beam andb) to S0Ti beam. Promineny-ray
sisted of a 0.45 mg/ct "¥C layer deposited on a 3.82 lines result from Coulomb excitation angHransfer reactions.
mg/cnt gadolinium layer evaporated at 800 K on a 1
mg/cnt tantalum foil followed by a 3.5 mg/cfrcopper layer
[14]. The copper backing served as an interaction-free envi-
ronment stopper for the recoiling Cr ions and provided good
thermal conductivity. The target was cooled to liquid
nitrogen temperature and magnetized by an external fielc
of 0.06 T. 2
The y rays emitted from the excited 2state at 0.835 :
MeV were measured in coincidence with the forward scat-~ 200t
tered carbon ions using 12.7 ¢m2.7 cm Na(Tl) scintilla-
tors. In addition, am-type, coaxial Ge detector with relative
efficiency of 40% was placed at 0° to the beam directionto (L.~
serve as a monitor for contaminant lines in the energy regior
of interest. Charged particles, such as carbon ions @nd - —
particles from the above-mentioned reactions, were detecter 2501 21— 07 (b)7
in a 100um Si counter placed at 0° and subtending an angle I ]
of =15°. The effective detector bias was maintained abnor- |
mally low at=5 V in order to separate the carbon ions from £ |5,
light charged particles such as protons anplarticles, which 2
do not completely stop in the thus reduced depletion layer of 100
the Si detector. The separation of the particle groups is
clearly seen in the particle spectra taken in coincidence with
all y rays using a>*Cr or a °°Ti beam (Fig. 1). The low- T L NI . o il
energy peaks are associated wittparticles from the decay 9 B0 L 0 e [ke\‘,z]o"
of 8Be of the transfer reaction corresponding ¥e and &y
*Cr, respectively. They-ray transitions in these nuclei are  FIG. 3. NalTl) y spectra of excited“Cr nuclei in coincidence
seen in the coincidence spectra of the Ge detg@liy. 2).  with (a) carbon ions from collisions with &*Cr beam andb) «
Typical spectra of the N&TI) scintillators obtained in coin- particles associated with the transfer to *°Ti beam ions. The
cidence with the C ions are shown in Fig. 3. (27 —07) and (4 —27) v lines are well resolved.
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TABLE |. Summary of the average velocities of the excifé@r ions, from reactions witf*Cr and 5°Ti
beams, entering and exiting the gadolinium foil, the measured logarithmic skagébe angular correlations
at|6,|=65°. Theg factors were derived from the experimental precession adgffé8and calculatedb ™/ g
values using Eqg2.1), (3.1), and(3.2). Theg factor result of*°Cr(2; ) was obtained bombarding the same
target with a®°Cr beam.

Ebeam q)expt (I)Iin/g
Nucl. 1)  Beam (MeV) (vivg)in {(v/vglowr |S(65°) (mrad (mrad g(27)
Scr(2") Sicr 115 5.4 2.2 2.4867) 29.827) 34.917) +0.85488)
115 5.4 2.2 2.49%5 29.016) 34.917 +0.83161)
50T; 110 6.4 3.2 0.41062)  4516) 35.117) +1.2846)
S0cr(2™) Socr 120 5.7 2.3 2.2328) 21.5838) 35.117) +0.615323?

4n good agreement witg=0.619(31) obtained in Ref2].

Particlesy angular correlationdN(¢,) and anisotropies whereg is theg factor of the 2 state and3+¢ the transient
W(#,=50°)/W(6#,=80°) have been measured for both re-field acting for the time intervalt,,—t;,) that the ions spend
actions(Coulomb excitation andr transfej to populate the in the gadolinium layer; the exponential accounts for the
%Cr(2") state. For the Coulomb excitation reaction wheredecay of the excited state with lifetime
the spin alignment is generally rather large, a measurement
of the anisotropy is sufficient to determine the logarithmic
slopeS=[1/W(#,)][dW(6,)/dd,] in the rest frame of the
y-emitting nuclei at angleg,, = 65°, where the experimental ~ Theg factor of the 2° state was derived from the experi-
sensitivity to the spin precessions is optimal. This procedurgnental precession angleb®® by determining the effective
is described in more detail in Reff2]. A complete angular  transient field strengtBrr on the basis of the linear param-
correlation has been measured for the transfer reaction wheegrization[4] and given ion conditions:
the alignment was found to be reduced from that observed in
the Coulomb excitation reaction in order to determine the B0 o) = Gpeart B 3.1)
corresponding slope valu@able . TR Zon/ ™ = beant Hlin

Precession angle®®* were determined as described in
former publicationg2]. The observed quantities are com-
bined double ratio§DR) of counting rates of coincideny
rays(integrating photopeak intensities oplyf detector pairs
symmetric to the beam direction with the external magnetiz-
ing field perpendicular to thg-detection plane, alternately in

the “up” and “down” directions. The precession angles are where the strength paramete(Gd)=17(1) T [2], v,

Ill. RESULTS AND DISCUSSION

with

n

0
Bin=a(G0): Zion" -~ (3.2

given by[2] =e?/f, and Gpean=0.83(4) is the attenuation that accounts
for the dynamic demagnetizations induced by the ion beam

1 JBR-1 . [17,18. The value forG.beamwas taken to be the same as that

PeP— =gﬂf OUIBTF(U‘ (t))e Vdt, used for the other Cr isotopé2] since the beam and target
S\DR+1 ~ fi ly, on conditions were similar insofar as the relevant parameters

(2.1 such as the stopping power in gadolinium and the occupancy

TABLE Il. Comparison of the measuregifactors of 2 states, lifetimes, anB(E2) values, and results
from large-scale shell model calculatioisSSM). W.u. denotes Weisskopf units.

B(E2) (W.u) 9(27)
Nucl. (I™) E, (MeV) 7 (P9 Expt. LSSM Expt. LSSM
0cr(2)) 0.783 13.24) @ 19.26) 2 18.32 +0.61931) @ +0.5682
S2Cr(27) 1.434 1.183) 2 10.33)° 12.42 +1.20664) @ +1.1728
Ser(2)) 0.835 11.44)° 14.56)° 15.0 +0.84Q56) +0.625
3Referencd?2].
bReferencd 24].

“‘Weighted mean ofj (Table ).
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FIG. 4. Comparison of experimentglfactors(solid points of FIG. 5. ExperimentaB(E2) values of ( —07) transitions of
the 2} states of°*525Cr with large-scale shell model calculations °%%°Cr in Weisskopf unitgsolid points are compared with results
(starg. Lines are drawn to guide the eye. from large-scale shell model calculatiofstars. Lines are drawn to
guide the eye.
of the electron orbitals of the ions at the given velocity were
similar. The precession®'/g were calculated using Egs.  In order to obtain a better understanding of the effects of
(2.2, (3.1, and(3.2. well-defined particle configurations on the magnitude of the

The g factors determined in different experiments areg factor calculations were carried out with the computer code
summarized in Table I. The excellent reproducibility of the OXxBAsH [19] using therpDs interaction[20]. The results are
measurements is demonstrated in the two results from indssummarized in Table Il1.
pendent runs at 115 MeV. The lower accuracy obtained in the The first three rows in the table reflect qualitatively the
a-transfer reaction has its origin in the small slope of therelative single-particle Schmidt values for a neutronfm
angular correlation. In addition, the calibration data for theorbitals beyond the ,, orbital: g(vps,)=—1.275,
50Cr measurement taken with the same target are include@(vp1») = +1.275, andg(vfs,)=+0.547. Thus the con-

The weighted mean average figuration with (0f,,)'%1ps,)? has a barely positivg fac-
tor, recalling thag(wf,;,) =+ 1.655.
g(®/Cr;2;)=+0.84056) In the fourth row of the table, the two nucleons outside

the Of,, orbital were free to be anywhere in the
of 5Cr is shown in Table Il together with the recapfac-  1Ps/21p12,0f5, space. The large occupancy of th&;Q or-
tors of the first 2 states of°°Cr and ®°Cr [2]. These results bital can be related to its having the same orbital angular
have been plotted in Fig. 4. The pronounced peak?@r  momentum as the dominantf{), orbital. The small occu-
clearly reflects neutron shell closure Bit=28 associated pancy of the p,, may reflect the fact that in the
with a dominant ;,)* proton configuration in the wave (0f72)'(1py)? configuration, the (6, cannot be
function with its Schmidt valug(#f,;)=+1.655(assum- coupled to an angular momentum O to obtain ‘astate.
ing bare values of; =1 andg,=5.586). The lower values of The final calculation in the fifth row has either 11 or 12
neighboring *°Cr and %‘Cr imply significant contributions nucleons in the 0, orbital and 3 or 2 in the
from two neutron holes in thé;, shell and two neutrons in (1P 1p1/2,0fs,) space and yields a factor g(2;)=
the p/, orbit, respectively. The Schmidt values of these con-+0.725. This value, fortuitously, is very close to the value
figurations are both negativeg(vf;)=—0.547 and g(2;)=+0.734, obtained by Nakadet al. [12], with the
g(vpsp) = —1.275. Kuo-Brown G-matrix interaction in a restricted model space

TABLE Ill. Comparison ofg factor calculations foP*Cr(2") with different configuration spaces.

Configuration Occupancy g(2})

(0f7)'(1pz1)? (12(2) +0.0631
(0f72)™(1py)? (12(2) +1.655
(0f ) (0f )2 (12(2) +1.234
(0f 7)) *4(1p23/2 1P 12, 0f 5/2) 2 (12)(0.63, 0.16, 1.2 +1.044
(0F 7)™ 121/, 1P 12, 0f 570) 32 (11.73 (0.76, 0.27, 1.2% +0.725
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in which up to twof,, particles were excited into high&p are permitted is one of the reasons why the calculaed
orbits. factor in larger configuration spaces is smaller.

For a more quantitative description of thgfactor of The LSSM calculations, with effective charges ofelfér
S4Cr(2;) large-scale shell modéLSSM) calculations were protons and 0& for neutrons[23], also yield good results

carried out. These calculations inclualié f ,,, particles(pro- ~ for B(E2) values as shown in Fig. 5. Evidently, the mini-
tons and neutronsoutside the*®Ca core and the wholgp ~ Mum in theB(E2) of “Cr relative to theB(E2) values of

shell configuration space. This large computation was perj-ts neutron-deficient and neutron-rich neighbors reflects the

formed with the computer codenToINE [21] using the reduced collectivity expected for a semimagic nucleus. Sum-
modified version of the Kuo-Brown effective interactivgs ~ Marizing the present work, the new technique of projectile
[22,23. The same procedure was applied earlier for calculat€oulomb excitation in combination with transient magnetic
ing g factors andB(E2) values of the other Cr isotopes fields yieldsg factors of suff|C|e_ntIy high precision to test
5052Cr [2]. As shown in Fig. 4 and Table II, the overall large-scale shell model calculations and their limits.

agreement with the LSSM calculation is good. Théctor
calculation underestimates the experimental value only for
*iCr. A better agreement was obtained with calculations in a The authors are grateful to the operators of the tandem
truncated configuration spa¢&2]. The same behavior was accelerator for their cooperation during the experiments.
found before in the data of tHé= 28 isotone$3] and is still  Support by the BMBF, the Deutsche Forschungsgemein-
not understood. Possibly the fractionation of the wave funcschaft, and the U.S. National Science Foundation is acknowl-
tion into many components as mordé1p shell excitations edged.
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