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Magnetic dipole moment of 12’Sh and '?°Sb by nuclear magnetic resonance on oriented nuclei

M. Lindroos
Department of Physics, Chalmers University of Technology, S-412 8&bGg, Sweden

M. Booth, D. Doran, Y. Koh, I. Oliveird,J. Rikovska: P. Richard$, N. J. Stone, M. Veskovic, and D. Kauckyf
Department of Physics, Clarendon Laboratory, Oxford University, Parks Road, Oxford OX1 3PU, United Kingdom

B. Fogelberg
Department of Neutron Research, Uppsala University, S-611 82ityixoSweden
(Received 6 July 1995

A series of low temperature nuclear orientat{tiNO) experiments has been initiated to measure accurately
ground-state magnetic dipole moments of a sequence of odd-proton antimony isotopes up to the neutron shell
closure atN= 82 using the sensitive technique of nuclear magnetic resonance on oriented(NMIRION).

The main aim of this investigation is to clarify the single-particéollective core coupling mechanism in the
heavy antimony isotopes and its influence on the value of magnetic dipole moment. This paper reports results
of precision measurement of the magnetic dipole moment$sb and*?°sb.

PACS numbg(s): 21.10.Ky, 23.20.En, 27.6&j, 29.30.Lw

. INTRODUCTION ments of ground states df'Sb and'33Sb and a full theo-
retical analysis of the results will be the subject of a forth-
Model calculations of heavy odd- Sb isotopes have coming publication.

shown[1-3] that the ground state and low lying excitations

of these nuclei can be well described assuming that the odd

proton interacts with collective quadrupole and octupole vi-

brations of the underlying core. The main model ambiguity The polarization of an ensemble of nuclei for the method

at present is in the description of collectivity of the core. Twoof NMR/ON is achieved with low temperatures and strong

approaches are considerdd: a purely collective model in- magnetic fields. The angular distribution of parity conserving

cluding all core nucleons where the collective gyromagnetiaadiation from such an ensemble is given by

ratio gg=Z/A and(ii) a core with reduced collectivity where

only surface protons and nucleons contribute to the core L

magnetic dipole moment and the value gfig reduced with W(O)=1+f 2 B,U,A,Q,P,(cos), 1)

respect t&Z/A [4]. To understand better the model separation A=1

of the single particle and the collective components contrib-

uting to the total magnetic dipole moment, the knowledge olwhere all symbols have their conventional meaning in the

experimental magnetic dipole moments of the+7/ground  context of low temperature nuclear orientati®fNO) [6].

state for the odd-even heavy antimony isotopes sequenckne necessary condition for appreciable polarization in

from 12’Sb up to theN=82 neutron shell closure &b is  LTNO is that the thermal energkgr, is smaller than the

needed. Preliminary calculations showed that to achieve suknergy between nuclear Zeeman-split substates.

ficient sensitivity for meaningful comparison of experimental  The hyperfine field acting at Sb nuclei in ferromagnetic

data with model predictions accurate technique of nucleairon is sufficiently strong to achieve appreciable polarization

magnetic resonance on oriented nu¢dMR/ON) must be  at temperature of 20 mK and below. The iron sample is mag-

used, allowing measurements with a precision of better thanetized to saturation by an applied field of order 1 T which

1 part in 1000[5]. Experimental results obtained fdf’Sb  defines the axis of orientation.

and 1?°Sbh are presented in this paper. Magnetic dipole mo- Once the ensemble of nuclei is polarized a modulated rf
field is applied perpendicularly to the applied field at a fre-
quency matching the energy separation between the mag-

“Present address: PS-division, CERN, CH-1211 Geneve 23, Swinetic substates. The polarization is destroyed and the radia-

Il. EXPERIMENTAL METHOD

zerland. tion emission anisotropy lost. Inhomogeneous broadening of
TPresent address: Centro Brasiliero de Pesquisas Fisicas, Rua e resonance in ferromagnetic metals results in the need to
Xavier Sigaud 150, Rio de Janeiro, 22290-180, Brazil. modulate the rf field over a frequency range comparable to
*Also at Department of Chemistry, University of Maryland, Col- the linewidth to achieve observable resonant destruction of
lege Park, MD 20742. anisotropy. To maintain other effects of the rf fi¢édg., eddy
Spresent address: Centre for teaching and learning support, Unsurrent heatingconstant and identify the true nuclear reso-
versity of Hull, Hull HU6 7RX, United Kingdom. nance, the rf power is kept on continuously and only the
Ipresent address: Institute of Nuclear Physics, 250 68 Rhe  modulation is turned on and off. A quantitative measure of
Czech Republic. the effect is the so-called destruction of anisotropy
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FIG. 1. NMR/ON on'?’Sb was performed using two samples.  FIG. 2. The short half-lifeT,,,=4.1 h, of the'?%Sh activity only
The results were found consistent and the weighted average of ghlermitted two sweeps to be performed. Data Ebragainst rf for
experiments yields a magnetic moment0f2.6916) uy. Data  Bie~=0.3 T can be seen in the figure. The peak is located at
for D against rf forBppieq=0.25 T is shown in the figure. The peak f=144.97(9) MHz yieldingu=2.81710) uy .
is located aff =138.7(1) MHz.

the latter has been estimated to 4@ x 102 for antimony
Non— Nt in iron. This is sufficiently small to adopt =0 in this work.
"N N2 2 The most accurate determination of the hyperfine field for
warm off . . . . . . .
antimony in an iron host is the spin-echo experiment of Koi
et al.[9]. They giveB;= +23.387(10) which has been used
throughout this work.

The sources were prepared at the Department of Neutron
Research of Uppsala University at Studsvik in Sweden. The
activity was produced by thermal fission in neutron irradi-
ated U and separated with the on-line magnetic mass
separator OSIRIS. It was implanted on-line at 40 keV into a
M rolled and polished 99.99% pure iron foil.

VO:%[BWL Bapplied 1+ K)1, 3) SHZﬁzzadrHS:ﬁ)snvrv:frr? brought to Oxford and loaded into a
gerator at liquid helium temperature.

whereN,, is the number of counts per time unit when the
modulation is onNy; the number of counts when modula-
tion is off, andN,,;m the number of counts at a high tem-
perature(1l K) where the polarization is insignificant. A de-
tailed description of the technique can be found5h

The resonance center frequeney, can be expressed as

wherey is the magnetic moment of the statehe spin, and . RESULTS

K the Knight shift taking account of conduction electron

paramagnetism and the associated hyperfine interaction. Us- NMR/ON on ?’Sh[10] was performed using two differ-

ing the Korringa constant, for 2Sb in iron[7] and the ent samples, at each experiment several frequency sweeps
Korringa relationshig 8] betweenC, and the Knight shift were performed differing in direction, rf amplitude, applied

TABLE I. A summary of the two experiments performed with a  TABLE Il. A summary of the two experiments performed with a

127sh sample. 12%5h sample.
Search  Frequency Search  Frequency
range step  Modulation Bgppjeq Vo range step  Modulation Bggpiied v

Sample  (MHz) (MHz) (MHz) (M (MHz) Sample (MHz) (MHz) (MHz) (T) (MHz)

1 136.0-142.5 0.5 0.5 0.8D 139.42) 1 133.0-148.0 1.0 1.0 0.8D !
2 132.5-142.5 1.0 1.0 0.2 138.11) 1 143.0-147.0 1.0 1.0 0.80 144.979)
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200 — sweep in search of the resonance and a second more detailed
over the resonancésee Fig. 2 The center frequency was
found atyy=144.97(9) MHz yieldingu=2.817110) u, for
Bapplied™0-30(1) T. Data foiD against rf forBppieq=0.3 T

can be seen in Fig. 2 and a summary of the experiment can

- 1=2.817(10) be found in Table Il. The errors quoted are the errors of the
fit.

2.80 —

IV. DISCUSSION

2.70 We have reported here on results from NMR/ON experi-
ments on*?’Sh and?°Sh. The purpose of our experiments
is, as outlined in the Introduction, to measure the unknown
magnetic moments of the odd proton heavy antimony iso-
topes up to the neutron shell closureNat 82 and through
particle core coupling calculations shed light on the influence
p=2.5859(13) of contribution of the even-even core to the magnetic mo-
ment. The size of this contribution is determined by the col-
p=2.5498(2) lective g factor which in itself is a measure of the collectivity
of the nucleus. However, the correction to the magnetic mo-
280 T T T T T 1] ment due to collective admixtures is only of second order
(see, e.gl11]) and for a reliable interpretation it is crucial to
121 122 123 124 125 126 127 128 128 130 131 obtain data for the whole sequence I§f=7/2" magnetic
A dipole moments up to the neutron shell closure, where a
relatively dramatic change is expected in the collective ad-

FIG. 3. The measured magnetic moments, in units of nucleaﬂllxlstgre' dl;lg%éirtheless, alrga(_jy ?t trr]"s earl)l/ stage, with
magnetons wy ], for the odd-proton heavy antimony isotopes from an moments missing for the complete sequence

A=123 to 129 shows a steady increase. This hints at a possible ver ,to the ne_Utron She”,dosure’ we can observe a,Very Inter-
small collectiveg factor in this region. The measured values for €Sting trend; a steady increase of the moments with increas-

1235 and125Sb are taken from Ref§12] and[13], respectively. NG N (see Fig. 3 This hints af14] a very small collective
However, the moment fof?°Sb has been recalculated using the 9 factor in this region, suggesting that only a few outer

correct hyperfine field froni9]. nucleons are responsible for collectivity of the core.

B 11=2.697(6)

2.60 -

Measured magnetic moment
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