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Abstract: An experimental value for the g-factor of the l / 7 / 2 proton is derived from the measured 

magnetic moment of the 14* state in n 4 R a (nominal configuration IC*^)^^/? /^ 1 4 * >) using the 

multiparticle octupole coupling model. The result, g{fr/->) = 1-41(2), is smaller than anticipated 

by theories which assume first order core polarization corrections to the proton spin ^-factor 

together with an anomalous orbital magnetism of about 0.12. The experimental value suggests 

the proton spin g-factjr g, may be quenched, in this orbital, to about half the bare-nucleon value, 

similar to that found for the O/19/2 and 0 i 1 3 / 2 protons, or, alternatively, that the anomalous orbital 

magnetism is much reduced for the I/7/2 orbital. 



1. Introduction 

In a preceding paper1) the multiparticie octupole coupling model was used to investigate 

the breakdown in additivity of the magnetic moments of states in the N = 126 isotones as

sociated with the configuration (/19/2)"- As part of that study "octupole corrected" ^-factors 

were obtained from the measured magnetic moments of the 8 + and 21/2" states, giving em

pirical estimates of the j-factors of the {h9/7)n configurations which include the effects of 

core-polarization blocking. In the present paper we use those results and the muitiparticle 

octupole coupling model2) to derive an experimental value for the y-factor of the l / 7 / 2 proton 

from the measured g-factor of the 14* state in 2 1 4 Ra. We are forced to consider this six-proton 

state because there are no states of simpler structure in the lead region for which the magnetic 

moments are sensitive to the ^-factor of the I/7/2 proton, and which have been measured with 

sufficient precision for critical comparison with theory. The present value for g{f7/2) is deduced 

and compared with previous experimental results and various theoretical predictions in the 

following sections. 

2. Experimentally derived ^-factor for the l / 7 / 2 proton 

2.1. ESTIMATE ASSUMING THE NOMINAL CONFIGURATION 

The magnetic moment of the yrast 14+ state in 2 1 4 Ra was measured first by tiie Chalk 

River group3) and more recently, by our group4) . The new result, which agrees with, but is 

more accurate than the earlier result, is g(14+) = 1.021(4). Nominally, the 14+ state has the 

configuration \{h9/2)li/3f7/^^* >- While there are octupole-coupled components and other 

configuration admixtures, which will be included below, it is instructive to first deduce the 

^-factor of the l / 7 / 2 orbital assuming the pure, empirical configuration. In a previous paper1) 

we obtained gi(^9/i)\l/2-] - 0.872(4), where the uncertainty reflects the uncertainties in both 

the experimental p-factor of the 21/2" state in 2 1 3 Fr and in the particle-octupole corrections 

2 



applied. Assuming additivity and the pure configuration, one obtains gifr/?) = 1.47(2). The 

tilde indicates that the octupole coupled component, (ii3/2&3~ ) 7 / 2 - , is included implicitly. The 

^-factor of the pure / 7 / 2 orbital may be evaluated using the octupole mixed wavefunction for 

the empirical / 7 / 2 state given in table 3 of ref.2) , or alternatively, using the calculations of 

Hamamoto5) . Similar results are obtained in either case, namely g(f7/2) = 1-44(3). It will 

be found in the following that this value is already somewhat smaller than predicted by most 

theories and that if the octupole coupling is treated explicitly, and therefore more correctly, a 

still smaller ^-factor is obtained. 

2.2. MULTIPARTICLE OCTUPOLE COUPLING MODEL ANALYSIS 

According to the multiparticle octupole coupling model2) , the wavefunction of the yrast 

14 + state in 2 1 4 Ra is 

|14 + > = 0.923|A?,1 / 2/7 / 2> + 0.2301 AJ/| > + 0.299|A= 1 / a (i 1 3 / 2 ®3-) 7 / 2 > + 0 . 0 7 8 | W , 3 / 2 2 3 - ) 7 / 2 j 6 > 

This wavefunction was obtained in our earlier work4) on 2 1 4 Ra and, together with the MPOC 

wavefunction for the 17J" state, it reproduces the experimental B(E3;17" -• 14 +). Using g{hs) 

= 0.872, g(h4) = 0.871, g{i13/2) = 1.287 and g{3~) = 0.62, we obtain gif7/2) = 1.41(2). The er

ror reflects uncertainties in the experimental parameters and in the adopted 14 + wavefunction. 

A similar analysis for the 14+ state of 2 1 2 Rn, g = 1.07(3) [ref.6)] , yields g(f7/2) = 1.53(15), 

less precise, but in agreement with the result from 2 1 4 Ra. An estimate of p(/ 7 / 2 ) = 1.27(20) 

is obtained from the measured7) ^-factor of the 7/2" 405 keV state in 2 1 I Bi, assuming its 

configuration is |(^9/2)o/7/2>-

3. Comparison between theory and experiment 

Experimental8,9) and theoretical5 1 0"1 4) ^-factors of single-proton orbitals near 2 0 8 Pb are 

compared in table 1. For both theory ard experiment we show values for the pure single 
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particle configurations, that is with the particle-vibration components removed. (Most of the 

theoretical papers state the particle-vibration corrections that have been included; in cases 

where no statement is made we have assumed that the particle-vibration effects are either 

negligible or not included.) The two fits shown in table 1 will be discussed below. 

While the selection of theoretical calculations shown in table 1 in some cases overestimate 

and in others underestimate the meuured magnetic moments, it will be seen in the following 

discussion that the most refined attempts overestimate the experimental I/7/2 ^-factor. 

i 
1 
t 
1 

4. Discussion 

To discuss the magnetic moments of single particle orbitals in the lead region it is convenient 

see e.g. ref.10) ] to use an effective Ml operator: 

% I 

1 

fi=(gt + Sgt)\ + (g, + 6g,)s + ^[i 2 Y 2 sji (1) 

For the sake of brevity, we will focus here upon the magnetic moments of proton states oniy; 

in which case, the ^-factor of a state with j — I ± j can be written 1 0 , 1 4) 

9 ~ 9l + S« ± 2TTI + * 4 * / 5 F > ( J + I) (2) 

The anomalous orbital magnetism of the nucleon, Sgi, arises principally from meson ex

change effects, while the largest contributions to the anomalous spin ^-factor (Sg,) and the 

tensor component gp are from first order core polarization. (An extensive list of references is 

given in ref.1)] Recent experimental results9) suggest Sgt = 0.12 for protons in the lead region 

(see also below). This agrees well with calculations, such as those of Arima and Hyuga"0) . 

which also suggest that Sgt does not vary much from orbital to orbital. 

For first order core-polarization with a ihort range (delta) interaction, gp/6g, — \/ir/2 = 1.25. 

At the other extreme of an infinitely long range force (less realistic) gf = 0. The core polar-
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1 I ization calculations predict that Sg, varies from state to state, it being sensitive mainly to 

the principle quantum number, i.e. to the number of nodes in the radial wavefunction. De

spite this expectation, we begin our discussion by attempting to fit the measured magnetic 

moments in table 1 assuming constant parameters. In effect, this updates the work of Maier et 

a/.14) . The result, indicated by fit 1 in table 1, corresponds to the parameters: Sgi = 0.105, 

Sg, - -1.83 and gp = 2.04. The fit to the ^-factors is relatively good and the value of Sgi is in 

satisfactory agreement with that of ref.9) . Furthermore, if we assume lfs/2 and l / 7 / 2 config

urations, respectively, for the 2822 keV 5/2" and 897 keV 7/2" states in ""Bi, the predicted 

B(Ml;l/ 5/ 2 -* I/7/2) = 1-1 Mw *s m reasonable agreement with experiment15) 0.76(0.15) njf. 

Even so, the sign of the parameter gp is the opposite of that expected theoretically. 

The second fit in table 1 incorporates an orbital dependence for the parameters Sg, and gv. In 

the first-order core polarization calculations of Petrovich13) , assuming a zero range coupling 

interaction, the state dependence of the parameters is through a radial overlap integral and 

9p/fgt is constant. The second fit corresponds to 6gt = 0.12, Sg, = O.86G0 and Sg,/gp = 1.22, 

where the quantity G 0 has been calculated by Petrovich. The magnetic moments are well 

reproduced apart from that of the l / , / 2 orbital, gp has the correct sign and the calculated value 

of B(Ml;l / 5 / 2 — I/7/2) = 0-83 n2

N in 2 0 9 Bi agrees with experiment. 

Thus both fits suggest an anomalous orbital magnetism for the proton of about 0.12, ir

respective of the orbital. There is some difficulty in explaining the magnetic moment of the 

I/7/2 orbital, however. To highlight this, we have derived Sg, from the experimental ^-factors 

assuming Sgi = 0.12 and gp = l.25Sg, as predicted by first order core polarization. The results 

are compared with the theoretical calculations of Petrovich13) and Arima and Hyuga10) in table 

2. Note that while these comparisons serve our present purpose, they must not be viewed too 

quantitatively as the theoretical calculations do not assume the fixed relation between 6g, and 

gp used to obtain the "experimental" values of Sg,. 
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It is immediately clear from table 2 that for the high spin orbitals I/7/1. 0*9/2, 0/in/2 a n d 

0 i x 3 / 2 , the value of 6g, derived from the measured j-factors is about -3 and does not vary greatly 

from orbital to orbital. It falls to about -2 for the 2 s 1 / 2

_ 1 orbital. Consequently, the calculation 

of Hamamoto5) , which assumes Sg, is half of g„ independent of its state, reproduces well the 

^-factor, of the high spin orbitals but underestimates the ^-factor of the 2 s j / 2

- 1 orbital (see 

table 1). In contrast, those calculations dominated by first order core polarization corrections 

[e.g. Arima and Hyuga10) , Petrovich13), Fit 2 ], predict that 6gt decreases with the number of 

nodes in the radial wavefunction of the orbital. This is borne out by the experimental ^-factor 

of the 2 J 1 / 2 ~ 1 orbital, out apparently not by that of the l / 7 / 2 orbital. In all cases but for 

the I/7/2 orbital, the experimental value of Sg, falls between the calculations of Arima and 

Hyuga10) and Petrovich13) . Moreover, again assuming pure states in 2 0 9 Bi and parameters 

for the Ml operator as derived for l / 7 / 2 in table 2, gives B(Ml;l / s / 2 -* I/7/2) = 0.19 fijf 

significantly underestimating experiment. 

From this analysis we conclude that there is some inconsistency between the experimental 

value of g(f7/2) a n £ l first order core polarization theory with Sgi = 0.12. It may be significant 

that the higher order corrections to 6g, calculated by Arima and Hyuga bring the value for 

the 1/orbita' closer to those of the O/i and Ot orbitals, reducing the disparity between theory 

and experiment highlighted here. In fact, their ^-factors calculated with second order pro

cesses, which Arima and Hyuga subsequently "throw away" because they largely cancel and 

are not estimated accurately enough, are in better agreement with experiment than their first 

order calculations reproduced in table 1. A reduction in Sgi for the /7/j orbital would also 

improve agreement between theory and experiment. The currently accepted empirical value is 

determined by the nodeless high spin orbitals, so a possible radial dependence of 6gi cannot be 

excluded experimentally, 

Clearly, further theoretical and experimental work is required. More sophisticated calcula-
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tions of the wavefunction of the 14 r state in 2 1*Ra would be valuable. On the experimental 

side, accurate measurements of the magnetic moments of the / 5 / 2 ard f7/7 states in 2 0 9 Bi 

wouiu be extremely useful, but are probably not feasible with current technology. A more pre

cise measurement of the magnetic moment of the 14 + isomer in 2 I 2 Rn could provide another 

experimental measure o{ g(f7/2)- Also, although there have already been two independent mea

surements, it might be pradent to remeasure the ^-factor of the 14"*" state in 2 I 4 Ra using a 

reaction which reduces the feeding to the 14 + state from the 17" isomer. 

i 

5. Summary and conclusions 

% I 

An empirical value for the ^-factor cf the I/7/2 orbital has been obtained from the measured 

magnetic moment of the 14~*~ state of 3 1 4 Ra assuming a multiparticle octupole coupled wave-

function, octupole corrected empirical ^-factors for the configurations / ^ / j " , and additivity of 

magnetic moments. The result, g(f7/2) = 1-41(2), is smaller than expected assuming first order 

core polarization and an anomalous orbital y-factor for the proton of 6gi — 0.12. 
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TABLE 1 

Experimental and theoretical g-factors for proton orbitals near ^ ' P b 

1 

t 

2*,7a 

3.752 

4.120 

3.870 

4.30 

3.460 

2.80 

2.16 

3.751 

3.751 

! / • 7/2 

Orbital 
Reference 

0^/2 

1.41(2) 0.913 

1.546 0.847 

1.525 0.902 

1.617 0.862 

1.471 0.911 

1.417 0.913 

1.329 0.884 

1.444 0.913 

1.542 0.913 

0*Ti% d»13/2 

1.28(3) 1.29(2) Experiment") 

— 1.329 Arima and Hyuga1* 

1.323 1.300 Bauer et alu) 

1.326 1.365 Towner et td12) 

1.204 1.211 Petrovich13) 

1.322 1.297 Hamamoto5) 

1.250 1.228 Maier et al1*) 

1.317 1.283 Fit l 6 ) 

1.283 1.279 Fit 2fc) 

°) Experimental values fro-n ref.8) Particle vibration corrections have 

been made for 0 i l 3 / 2 and O/ij'Aj, see refs.2 , 9) , respectively 

) Fit 1 updates the fit to the parameters of the Ml operator performed by Maier et al.1*) 

Fit 2 scales the parameters calculated by Petrovich13) See sect. 4 of text for details 

, 1 
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TABLE 2 

Anomalous spin ^-factors for protons in the 2 0 g P b region 

Orbital 5exp 
*9. 

5exp 

Exp*) Calc Afc) CalcrF) 

*S 3.752 -1.83 -2.12 -1.54 

l/r/2 1.41(2) -2.92 -2.07 -1.54 

0n, / 2 0.913 -3.25 -3.78 -2.01 

0*T.Vi 1.28(3) -3.34 -3.78 -2.01 

°*I3/2 1.29(2) -2.86 -3.41 -1.74 

") Experimental values derived from measured o-factors assuming 6gt = 0.12 and 
gr = 1.254a,, as described in text 

6 ) From Petrovich13) 

c ) First order cor* polarisation results of Arima and Hyuga10) 
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