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Measurement of the hyperfine anomaly between®Os and #0s
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NMR and spin echo measurements were performed on dilute samplé¥Qs and *¥%Os in Fe. The
magnetic hyperfine splitting frequencieg, =|gunB{SV/h| at 4.2 K were determined to be 111(1y and
371.045) MHz for ¥’OsF e and 1%%0sF e, respectively. Taking into account the known magnetic moments, the
hyperfine anomaly is deduced to 6%%,%’29 = +0.01952), which is of opposite sign and much smaller than

expected theoreticallyS0556-28136)01410-7

PACS numbgs): 21.10.Ky, 21.10.Ft, 27.76.q, 76.60.Jx

I. INTRODUCTION

B“*ff):f NBue(r)dr=uBu(0)(1+e€). (2
If atoms are embedded as dilute impurities in a ferromag- HEne #(1)Bre(r) #Brr(0)( ) @

netic host lattice such as Fe, Ni, and Co, the impurity nuclei

are subject to a large magnetic hyperfih) interaction, Here the so-called single-level anomalydescribes the de-
viation from the point-dipole interaction. It depends on the
vm=gunBE /|, (1)  radial dependence of the wave function of the nuclear state.

This effect causes the ratio of the magnetic hyperfine split-
whereg is the nuclearg factor andB{EM is the effective ting frequencies of two nuclear states in the same atomic

magnetic hyperfine field at the nuclear site. The differen€nvironment to be different from the ratio of the respective
contributions to the magnetic hyperfine field may be sepad factors. The hyperfine anomalHA) is defined by the

rated into a contact fielB(< and a noncontact fielB( the ~ relation
latter normally being small. For high-nuclei, the contact
field varies considerably over the nuclear volume. As a con- vy 01 12
- ) o —==—=(1+"A%) 3)
sequence, the ratio of hyperfine splittings of two nuclear vy, Qo

states is in general different from the ratio of the respective
9 fact.o_rs, W'hiCh is denotgd as hype'rfine anonmdl]. Ina  gnd can be expressed by
simplified picture, the spin and orbital parts of the nuclear
magnetic moment experience different magnetic fields from
the contact part of the magnetic hyperfine interaction. Thus, IA2=
the hyperfine anomaly is large if the spin and the orbital 1+e;
contribution to the magnetic moment have opposite sign,
i.e., if the nuclear magnetic moment is small. Actually,
for the I"[Nn,A] = 1/27[510] ground state of 18w
(uw=+0.1178y [3]), a large hyperfine anomaly with re-  The samples of*®”:1¥0sFe were prepared as follows:
spect to 2 ¥W (u=+0.578(14uy [4]) was found 187Os (isotopic enrichment 70.4%and 2%0s (isotopic en-
experimentally: *83A184= —0.130(23) [5]. [In the orig- richment 95.6% were melted with highly pure Fépurity
inal work ®A18% = +0.15(031) is given] The ground >99.999% in an electron beam furnace, the Os concentra-
state of 870Os has the same Nilsson configuration’83V.  tion being 1 at. %. With further melting steps more diluted
The magnetic moment of¥0s is even smaller, alloys were prepared, with concentrations of 0.01, 0.05, 0.10,
w(*¥0s)=+0.064 651 89(6jy [6], i.e., that, with respect 0.25, and 0.50 at. % Os. By coldrolling, foils with a thick-
to 3/2718%0s(u=+0.659 933(4)y [7]), @ huge hyperfine ness of-1 um were obtained. The final foils were annealed
anomaly between'®0s and **®0s would be expected. for 3 h at 650 °C inhigh vacuum.
Therefore NMR and spin echdSE) measurements on A stack of foils of a given composition were insulated
1870s and®%0s as dilute impurities in Fe were performed. from each other and placed in an untuned slow wave struc-
ture[8] forming part of an automatic spin echo spectrometer.
The rf power was sufficiently low for only domain wall en-
hanced NMR to be observed. At each frequency the echo
was integrated atunknown phase¢ with respect to the
The magnetic hyperfine interaction of a nuclear state witireference and then aip( + «/2). The intensity was then
magnetic moment distributiop(r) in a magnetic hyperfine found from S=(S§5+ S(Z,,M,z)l’z. All measurements were
field with radial distributionBye(r) is given by performed at 4.2 K.

€17 €

~ €1 €r. (4)

IIl. EXPERIMENTAL DETAILS

II. MAGNETIC HYPERFINE INTERACTION
AND HYPERFINE ANOMALY
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TABLE |. Resonance frequencies 6f’0Os and®%0s in Fe at 187A189_ 1 0.01952).
4.2 K, hyperfine field, and full width at half maximum of the dis-
tribution, measured by swept frequency NMR. This is, contrary to the expectatioli) in absolute value
15708 1508 muczh smaller than the experimental hyperfine anom-gly for
172~ 183w and 2" 84y, 187184 = —0,13023) [5] and(ii)
Os conc. v BED FWHM »  BED FwHm  Nas opposite sign. _ _
at. % (MHz) T T  (MH2) T T To get the hyperfine anomaly in a pure-contact field

1874189 the fraction of contact field to the hyperfine field
0.01 111.175-112.80 0.27 370.95-110.61 0.38  B(9/B,. has to be taken into accour(for Ir and Au the

0.05 111.17 —112.79 029 371.08-110.65 0.37  ratio of the noncontact field to the hyperfine field is
0.10 111.16 ~112.78 037 370.97-11062 042 BB, ~—0.15, ie., B{YB~1.15[10]) It has been
0.25 111.16 —112.78 043 371.05-110.64 0.47  gpeculated that the noncontact field of Os in Fe may be nega-
0.50 111.16 —112.78 0.54 370.67-110.53 0.78  tjve [11]. Assuming that the absolute magnitude of the non-
1.00 111.19 —-112.82 0.99 371.16-110.68 0.78 contact field is similar to those for Ir and Au in Fe, we take

B(%Y/B,-~1.00(15) as a very conservative estimate. Then
the hyperfine anomaly betweéf§’Os and'®0s in a pure-
contact field is

The results are compiled in Table I. It is evident that at a
concentration of 1 at. % Os, a level often considered dilute in
the past, there is appreciable line broadening and also a
(weak shift in the peak position from that found at lower

i i i i 0
concentrations. Below an impurity concentration of 0.5 at. /ater put on a theoretical basis by Fujita and Arifii].

th.ere IS I|t'tle change in the line position ‘.""‘.h"“gh the IIneAccording to this relation the single-level hyperfine anomaly
width continues to decrease to near the minimum concentrallé

IV. RESULTS AND DISCUSSION

877 %= +0.0203).

For Hg isotopes, Moskowitz and Lombardi found an em-
irical relation for the hyperfine anomafj2], which was

tion.
The accuracy with which the peak frequency of a distri- as
bution of hyperfine fields can be measured in swept fre- 6:;' 5)

guency NMR depends upon the line width and the signal to
noise ratio and to some extent upon the asymmetry of theyqoo w is the nuclear magnetic moment and
distribution. Fortunately the accuracy obtainable for the fre-aS: +1.13¢ 10 2y, for 1=1+1/2, wherel is the orbital

; 87, 18 ; ; - — e
quencies of the®*’Os and"®0s NMR in the present experi- angular momentum of the odd neutron. Meanwhile it became

ment is such that it is not difficult to take the dilute limit in o\iqent that the Moskowitz-Lomabardi rule is not restricted
qrder to calculate the hyperfine anomaly. From Table | we, Hg, but seems to have a more general applicability, if the
find that, afT = 4.2 K, constanta is properly scaled by?, whereZ is the atomic
number. Thus, according to E(h), the hyperfine anomaly is
large for nuclear states with a small magnetic moment. Ap-
plying the Moskowitz-Lombardi rule of Eq5) to *8’Os and
18%0s, we gete(*®")=—0.153, the arguments for the minus

Our results are consistent with earlier spin echo measureldh are given in Ref.[5], 5(189)2__0-015' and hence
ments of lower accuracy obtained 6f*Os in samples con- ¢ =—0.14 for a pure contact field. It should be men-
taining ~ 1 at. % O 9]. Assuming that the Os NMR has the tioned that the experimental hyperfine .anomaly between
same temperature dependence as tha&fieé in pure Fe the 1/27 W and 2" ***W could be explained moderately

vu(¥¥0sFe)=111.171) MHz,

v (10 e)=371.0q5) MHz.

extrapolation toT = 0 K yields well with the Moskowitz-Lomabardi rulg5]. Thus the
small positive hyperfine anomaly between 1/28’0Os and
v(*¥0Fe)=111.171) MHz, 3/2~ 18%0s is unexpected and we cannot offer any explana-
tion for it. A very simplified explanation of the hyperfine
v (10 e)=371.015) MHz. anomaly of single-particle states is as follows: The nuclear

magnetic moment of a single-particle state is a composition
For the ratio of resonance frequencies our final result is  of an orbital magnetic moment and the spin magnetic mo-
ment. The orbital magnetic moment can be described as if

vm(**OsFe) 909 64 resulting from an electric current; thus it senses the average
VM(lg%g:e) =0.299 64250). magnetic fieId,BoszfB(r)dr, whereas the spin magnetic

moment senses the field according to the wave function of
Taking the ratio of magnetic moments given in REf], the single-particle states(r), Bs=/B(r)|#(r)|?dr. Thus, in
w(*%s)/u(1¥0s)=10.207%1), theratio of g factors is general|Bg<|B,|. In this way, the large positive hyperfine
anomalies of the proton 372 states*®4r, %3r, and 1°Au
g(**'0sFe) can be understood easily. For neutron single-particle states
g(*%°0sFe) =0.293 9023). the interpretation is not straightforward because of the miss-
ing orbital contribution to the magnetic moment. Small mag-
With these values, we get for the hyperfine anomaly netic moments of single-particle neutron states must be
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mainly due to(i) quenching of the spin magnetism by core 83 and 18’Os, despite the fact that the unpaired neutron is
polarization and(ii) a magnetic contribution by collective inal™[Nn,A]=1/2"[510] Nilsson state. To clarify the situ-
admixtures in the wave function. If the radial wave function ation, nuclear structure calculations would be valuable.
connected with these magnetic contributions is not too dif-
ferent from the single-particle wave function, the hyperfine
anomaly may indeed be small, despite the fact that the mag-
netic moment is small. Then, the Moskowitz-Lombardi rule  We wish to thank Dr. P. Maier-Komor for the preparation
is no longer applicable. Thus, the experimental hyperfinef the O e samples and E. Smolic for experimental help.
anomaly *7A %% indicates that the radial distribution of the This work was supported by the German Federal Minister for
magnetic moment density is very similar for 1/28’0s and  Research and Technolog®MFT) under the Contract No.
3/2 1890s. It indicates further that the radial distribution of 06 TM 108 and by the DFG under Contract No. Ha 1282/
the magnetic moment density changes drastically betwee8-3.
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