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Core polarization in the light of new experimental g factors of fp shell, N=28, isotones
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Precise experimentaglfactors of the first 2 states of°°Ti, 52Cr, and®*Fe have been measured. They differ
markedly from theg factors of the (7/2) ground states of the odd-mass neighbors. The experimental results
show that they factors,g(2;) andg((7/2)"), lie approximately on straight lines as a functionzodlbeit with
different slopes. Shell model calculations were performed in which amtleons were excited from ttg,,
shell. The data are reproduced by calculations using the FPD6 interactiort -with However, the slope
flattens out in the calculations with higherThe sign of a key matrix element which allows fiaf, admixture
is positivefor the FPD6 zerofor the KB3, andnegativefor the FPY interactions, respectively, indicating that
a better understanding of the effective interaction in this region is needed.

PACS numbd(s): 21.10.Ky, 25.70.De, 27.56e

Core polarization is an effect which involves the excita-g factor of the remaining isotoné&®Ti(2 ") with two protons
tion of an otherwise closed shell or inert core by valenceor six proton holes in thé;, shell, has been remeasured. In
nucleons. In general, such interactions result in a quenchingddition, the accuracy of thé*Fe(2;) g factor has been
of the magnetic moment of nuclear states, a pattern whicimproved by a factor of 3—4 over the published val{igk
has been observed in magyactor measuremenf4,2]. This  via a new measurement. These new experimental data were
phenomenon was predicted by Arima and Hd@e-5] in  critically needed to determine unambiguously the differences
their early work on core polarization, in particular with re- between the very precisg factors of the oddA nuclei and
spect to theN =28 isotones of p shell nuclei. These span a those of their even-even neighbors.
region (above doubly closed sheff’Ca) from scandium  Beams of isotopically puréTi and >*Fe, provided by the
(395c) to cobalt £Co) where the ground state of the odd- ion source of the Tandem accelerators at Cologne and Mu-

proton members have spin and parity (7/2)orresponding nic(? V‘gg‘ an intensity of 1| PNA ang anl engrgy of clilt? MeV
to a fJ,, proton configuration. In the pure shell model, all and 130 MeV, respectively, were Coulomb excited by natu-

configurationg (7/2)"]" of the N= 28 isotones should have ral carbon to their first 2 states {Ti: E=1.553 MeV,

a S¥Fe: E,=1.408 MeV). The same multilayered targ@l-
the sameg factor. If the b_are vaIue_s for the protgr=1 and Gd-Ta-Cuy used in the former measurements for the other Ti
0s=5.586 are used, thig factor is g(wf;,)=1.655, the

; X 71 and Cr isotope$8,9] was also employed in the present ex-
Schmidt value. This result holds specifically for the I periments: in fact, all experimental conditions with respect to
=(7/2)" ground states of the odd nuclei and for the T the transient field strength in the magnetized gadolinium
=2, states of the even-even nuclei. Any deviations from|gyer were similar to those that pertain to tHe*Ti isotopes.
this result would provide evidence for core polarization injn addition, the lifetimes of the 2 states were also deter-
terms of configuration mixing and/or the presence of mesopnined by the Doppler-shift attenuation method with a Ge
exchange currents. detector located at 0° with respect to the beam direction.

The very preclise ;xperimenésgl factors of the (7/2) The g factors and lifetimes of the 2 states obtained for
ground states of’V, *Mn, and **Co [6] in fact exhibitg  sorj 5ng S4re using the transient field strength and proce-

factors significantly lower than the Schmidt value which, fur- y,;res described in Ref8,9], are in good agreement with

thermore, differ from each other. As emphasized by Arimay, oo of Refs[6,7,10 but are more accurate by factors of

and Horie, core polarization accounts for both these featurqg‘._5 (see Table )l In addition, the transient field relevant to
[3,4]. Their first order perturbation theory calculations yield

a substantial quenching of thegdactors whose magnitudes o
increase linearly with the number of proton holes in thg TABLE I Summary of measured logarithmic slopes of the
shell. As a consequence, thdactor of 55Co (with one pro- particlesy angular correlation§ at 6,,= +65°, and angular preces-

ton hole is predicted to be smaller than that %/ (with five ~ SIOns®*"*, together with the deducegifactors and lifetimes.
proton holeg as has been experimentally confirmed.

o exp
Experimental data exist for thg factors of the first 2 Nucleus |S(657)] © [mrad 9 7 [ps]
states of theN=28 isotones®Fe [7] and 5°Cr [8]. In both  507; 2.25830) 33.99) 1.44477)  1.627)
cases, thg factors are substantially lower than those of their 54=¢ 2.23762) 29.610) 1.04960) 1.093)

odd-mass neighbors. In order to understand this behavior the
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TABLE Il. Comparison of the measuregfactors ofN= 28 isotones and the results of calculations where
only oneparticle is excited fronf,;, to psp,, f5n, OF pyyp orbits. Four different effective interactions were
used. The calculated effective slopas, s are compared with the experimental slopes obtained from a linear

fit to the data. The last two lines represent the value of the key matrix element aigfof

g factor
Nucleus Exp. FPD6 KB3 VHG FPY
1=(1)" 495¢ 1.469 1.562 1.562 1.674
Sty 1.47105796) 1.437 1.487 1.482 1.571
53Mn 1.4352) 1.400 1.432 1.423 1.475
%Co 1.3781) 1.337 1.368 1.352 1.371
MI- ot —0.023(2) —0.025 —0.030 —-0.032 —0.050
|=2% 50T 1.44477) 1.484 1.543 1.534 1.439
52cr 1.20664) 1.335 1.456 1.425 1.473
Sre 1.04960) 1.162 1.345 1.297 1.490
M+ off —0.096(20) —0.080 —0.050 —0.059 +0.013
BLIVIES) pros 0.280 0.000 0.000 —0.427
592" 0.116 0.000 0.000 -0.112

these ions was further calibrated through the remeasuremenation than the absolute values. Table Il also presents se-

of the knowng factor of >®Fe(2]) in conditions similar to

lected theoretical calculations of tigefactors obtained with

those of the current measurements. Further experimental désur different interactions.
tails are described ifg].

The present experimentglfactors of all odd and eveA,
N =28 isotones are displayed in Table Il and Figsie also
[6]). It must be stressed thelative values of theg factors
and the corresponding slopes gfvs Z obtained in these

The data show unambiguously that, for tNe=28 iso-
tones, they factors of the (7/2) ground states of the odd
and of the Z states of everA nuclei are, to an excellent
approximation, linear inz, albeit with different, negative
slopes. This strikingly different behavior of the odd and even

experiments are less sensitive to the transient field parametrIiﬁaSS nuclei can be understood in terms of core polarization

g factor

FIG. 1. Comparison of the experimentdarge symbols and
theoretical(small symbol$ g factors of theN=28 isotones. Only
the results of the shell model diagonalization calculation with thedu!
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FPD6 interaction (Table 1)) for the configuration f5,* 1he
(PafsnP1) are displayed. The solid lines are linear fits to the data;slopes for KB3 and VHG are almost the same and lie in

the dashed lines are drawn to guide the eye.

effects which are discussed below in the framework of both
shell model diagonalizatioandperturbation theory calcula-
tions

Shell model calculations involving matrix diagonalization
were carried out for several effective interactions: FPD6
[11], KB3 [12], VHG [13], and FPY[14]. The following
configurations were includedf {?" and %"~ * j’ where
j' can bepsp,, f52, Or pyjp.

The results of the shell model diagonalization are shown
in Fig. 1 and Table II, but only the results obtained with the
FPD6 interaction are shown in Fig. 1. To make comparisons
as simple as possibleffectiveslopes can be defined as fol-
lows: my+ o¢i(evenA)=[g(>Fe) ~2—g(*°Ti)'=%]/4 and
mZ- er(0ddA) =[g(*°Cd =" —g(*'V)'~"9)]/4.

The FPD6 theoretical values fgr and for the effective
slopes ofg vs Z are in good agreement with experiment for
both odd and evem isotopes. If the analysis were to be
concluded at this point, it would appear that the experimental
data are well understood. However, Table Il shows thagthe
factors are very sensitive to the choice of interaction.

Thus, the FPY interactiofCalculation Il in[14]) yields

ite different results fog(2; ), as well as an effectivslope
for g(2;) of opposite sign to that obtained for FPD6. The

between those for FPY and FPD6.
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To obtain an insight into why such a variety of results 22 \ \
ensued in the above shell model diagonalizations, the prob
lem was examined more simply using first-order perturbation .
theory. This approach yields results that are somewhat dif- 5 | 42 _
ferent from those of the matrix diagonalization calculations x -
shown in Fig. 1 and Table II. This difference arises in part & 1s |-
because, in perturbation theory, only the excitation frigyp A
to f5, contributes to the change gand only linear terms in 14
the interaction were kept. The differenég' between they
factor of a nucleus with two protons coupleditand that of
a one-proton nucleus in thé=Z1 ground state, &g' L0

=g(°°Ti)'=2—g(*9Sc) =72, is given bysg'=X' M!, where \ \ \ \ \ \ \

49 50 51 52 53 54 55
adSc RT3V G Mo Fe 3C0

20 | ® )|

\%
M'=(q — AN | B PN
(@ g5)< (1) ‘ AE 11 FIG. 2. Schematic of results of first-order perturbation theory
calculations ofg factors of 2 states of ever nuclei (square sym-
and bols) for the FPD6 and FPY interactiorisee text The open circle

for “°Sc is estimated from the extension of the straight line fit to the

experimental values.
X2 = > \ﬁ X4 = 3 P
3 ,

that g(2; ;>*Fe) is smaller thag(3;°°Co) andg(2; ;>°Ti)

is smaller tharg(%;4°Sc). This effect cannot be explained by
either of the two scenarios presented in perturbation theory
+ 2 i
X6 = (Fig. 2.
76 Since the major focus of this work is to present new and
more preciseexperimentabata, it would not be appropriate
It can be shown thatg' has the opposite sign for two here to make a detailed evaluation of one set of matrix ele-
holes or two particles. Thug(>Fe) =g(*Co)-6g' [15]. A ments against others. It is sufficient to say that the results
relation between the effective slopes of even-even and oddresented here demand a better understanding of the effec-
even nuclei may be written in terms @', m|=2:§m% tive interactions inside the nucleus. The most important ma-
—165g'=2. Note that even wheAg' vanishes, even-even and trix elements for calculations of binding energiesNof 28
odd-even nuclei have different slopes. isotones are of the fordf;of 75 V| f75f 7/2)17 . Even if a phe-
In the case ofl=2, the key matrix element is nomenological analysis obtained the right value for these
(GDAVIGT ) =21=1 With j=f;, andj’ =fs,. Its value is ~ matrix elements, there is no guarantee that the matrix ele-
listed in Table Il, as well as that afg? . It is now obvious ~Ments relevant tg factors, such as the previously mentioned

why such a variety of answers was obtained above. Théf7/2f7/2|v|f7/2_f5/_2>I=2,T:l’ will be calculated correctly.
value of the key matrix element for FPY is of opposite sign A few clarifying remarks concerning the effective inter-
to that for EPD6. The values for KB3 and VHG are zero. actions are in order. Most realistic interactions would yield a
The g factors for theN=28 isotones obtained from per- negative value for the above matrix element, in agreement
turbation theory(Fig. 2) are subject to several constraints. With FPY. However, Kuo and Browfi6] have shown that
First, as previously mentioned, in the absence of configura®®’® polarization effects can be important. For example, with
tion mixing, theg factors would all be the same and equal to@ ~ Ca core, the value of the effective matrix element
the Schmidt value,g=1.655. In first order perturbation (f72f 2 V[T 71of 51201~ 27-1 IS given by G=Gparet Gap-1n
theory, theg factors of the g states of ever nuclei and of ':h_ 0.124+0.124=0 (the fact that the matrix eler?ent yelm—
the (7/2)" ground states of odd nuclei lie on straight lines'S"€S IS a'comud.eng\.elndeed, KB3 and VHG also e d
with different slopes. The second constraint, which has nof€ro for this matrix element because these calculations use

been sufficiently pointed out in past theoretical papers, is thaf!iS Same Kuo-Brown matrix elemenf7of 75 V| f7,2f /o)
the two lines (=2 andl=1) must intersect at midshell, While modifying others, such agf7f 75/ V|f7,f75). How-
namely at®2Cr. Thus, in perturbation theory, §(2; ;5°Ti) ever, a careful reading of the Kuo-Brown pap&6] shows

. 7.49 b osae that a calculation using 4°Ca core, which might be more
is largefsmalley thang(3:™°Sc), theng(2, ;>Fe) is small-  rejavant to theN =28 isotones, yields a negative matrix ele-

er(largep thang(%;%°Co). ment, G=Gparet Gap—1n= —0.124+(—0.003)= —0.127,
The first order perturbation theory results fég? >0  similar to that obtained with the FPY interaction. .
(FPD6 and for692+<0 (FPY) are shown in Fig. 2. In the Thus far, only configuration mixing in which one particle

) _ (t=1) has been excited from tHe,, shell tops, fgp, Or
+ .54 7 .55 + .5
first case, g(21;*Fe)<g(3;*°Co) and g(2;;°Ti) pa» Orbits has been discussed. Now consider the effect of

>g(3:Sc). In the second case, the opposite behavior preexcitingt=2, 3, or 5 nucleongl7]. The results for FPD6 are
vails. The experimental dat&ig. 1), however, suggest both shown in Table Ill. The main consequence of including these

1, T=1

and
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TABLE llI. Shell model calculations using the bare FPD6 inter- A brief summary of the theoretical situation in the frame-
action ofg factors and effective slopes as a function of the numbework of core polarization indicates that configuration mixing
of particlest excited from thef;, shell to the remainder of thep  calculations using matrix diagonalization with excitation of

shell. (This work fort=1,2 and[17] for t=3,5) one particle display many of the qualitative features of the
experimental results. In particular, the calculations reproduce
t 49Sc S SMn Co myy-err °°Ti %Cr %Fe myeor  the linearZ dependence and the corresponding slopes of the

1 g factors of the 2 states of the even-even and of the ground
states of the odd-eveld= 28 isotoneqFig. 1). Comparable

2 149 146 146 1.46-0000 143 1.37 1.32-0028  oq,1t5 are obtained for various intira%tio)ns, butpthe FPD6

3 145 140 1.39 1.37-0008 1.24 119 1.13-0.020  nteraction yields the closest agreement with the experimen-

S 115 1.04 1.05-0.025  tg| slopes of thay factors. Most interesting, the fact that the

experimental linegsolid lines in Fig. ) for =2 andl =%

do not intersect at®’Cr as perturbation theory predicts,

additional configurations is to decrease théactors of the shows that calculations beyond perturbation theory are im-

21 states and their effective slope and, unfortunately, thgportant. The theoretical situation is somewhat improved

good agreement with experiment obtained withl, par- When matrix diagonalization is performed with one particle

ticularly for 5°Ti, is destroyed. An almost identical flattening €xcited. There is still an intersection poifdtashed lines in

of the slope is obtained with the KB3 interaction, or with the Fig: 1) but it is pushed to the lower half of tHeé=28 isotone

full fp shell calculation[17]. Clearly, large scale calcula- series. In view of th‘?se facts, it is Very surprising that fial

tions do not explain the observed experimental slopes. ThéheII model calculations cannot explain ielependence of

calculatedg factors for the ground states of the odd nucleit"€ 9 factors of the 2 states. Furthermore, the large scale

and the 2 states of®’Cr and ®Fe are in reasonable agree- calculations underestimate the experimegtéhctors of the

ment with experiment, but the theory fails in the casé%f. ~ €VEN-€ven Ti isotopels3, 9].

ko e ey b o ekl i E2ys | Sunmating e el s, he pesent e
for the 2 states of*°Ti as well as of the lighter isotopes, "' P

46,487 g factor data with higher statistical accuracy, hence higher
48T [8,9]. . 4 reliability. Thus. fi : detail
The question thus arises of why first order perturbatiorﬁreC'S'on and retia Hity. 1 1us, fine nuctear structure etal_s

X : ardly accessible otherwise may be revealed. The reduction
theory witht=1 gives better results than the large scale

lculations. It rs that all the interactions in comm of systematic errors through the use of the same target for
calcuiations. 1t appears that all In€ Interactions in COMMOn, o 5| 1y clej has contributed a very large improvement over
use in this region allow too much configuration mixing, es

pecially for 5CTi “measurements carried out on sequences of different targets.

The theoretical predictions can also be compared to the The authors are indebted to F. Nowacki and A. Poves for
measurement of(6,)=1.37(3) in>*Fe[18]. The FPD6t  stimulating discussions and for providing their extensfipe
=1, calculation yieldg=1.362, in excellent agreement with shell calculations prior to publication. The authors acknowl-
the measured value. The calculation also predicts that thedge the support of the BMBF, the Deutsche Forschungsge-
slope[mg+ o= —0.015 should be smaller tham,+ o], meinschaft, the U.S. National Science Foundation, Stockton
in agreement with the expectation of purer wave functionLollege, and U.S. Department of Energy Grant No. DE-
and smaller configuration mixing at higher spins. FGO02-95ER 40940.

147 144 140 1.34-0.025 148 1.34 1.16—0.080
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