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Magnetic moments of "°As and ""As
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The nuclear magnetic moments of the ground stat€§As and"’As were measured using nuclear magnetic
resonance on oriented nucidiMR-ON) by detectingy rays andg rays. The magnetic hyperfine splitting
frequencies of ®AsFe and ""AsFe in a zero external magnetic field are 11718®9MHz and 225.588) MHz,
respectively. With the known hyperfine field Bf,("°AsFe)=234.29(3) T the magnetic moments have been
determined asu("®As,27)=(—)0.9028(10)y and w("’As,3/27)=+1.2946(13uy. The effective spin-
lattice relaxation time for®AsFe has been measured to be 8)2m and 11.216) m at the external magnetic
field of 0.2 T and 0.6 T, respectively. The observed magnetic moments are discussed in the framework of the
configuration mixing model.S0556-28189)05602-2

PACS numbsdis): 21.10.Ky, 27.50+e, 76.60-k

I. INTRODUCTION experimental values of the magnetic moments are compared
with values calculated with the shell model.
Electromagnetic properties of nuclei play an instrumental
role in the critical evaluation of various nuclear models and
can thus significantly enhance our understanding of nuclear Il. EXPERIMENTAL PROCEDURES

structure. Magnetic moments of the ground states are par- 76 77

ticularly sensitive to the single-particle, proton-neutron com- The sgmples O.f AsFe qnd ésFe were 7p6repared by
o . - recoil implantation using Ge(a,p3n)”As and

position of the corresponding levels. The description of theg

isotopes of arsenic is complicated because of the large nu _Ge(a,p2n)77As reactions. Targets of'Ge were made by
P . P 9 vaporating the enriched isoto@9%) onto thin Al foils.
ber of nucleons outside the closed neutron and proton shel

tacks of alternating targets and pure Fe foils1(5 um
Z=N=28. Outside the closed shells the shell model State3ra iracated. with 6o.Moy  and 50—MeVa( bé‘anzs

2P3j2, 1fs2, 2Pz @nd Igg; can be occupied by the Sextra (1 5, Ay for 20 h at the SF cyclotron at the Institute for
protons and many extra neutrons of the arsenic nuclei. Exyclear Study, University of Tokyo. After irradiation,
perimental results of this region are important for testing thesamples were annealed at 500 °C for 30 m in vacuum. The
applicability of various nuclear models. The technique ofactivated part of the foils was soft soldered to the copper
nuclear magnetic resonance of oriented nuUBIR-ON) is  cold finger of a3He/*He dilution refrigerator and cooled to

a powerful method in the study of nuclear magnetic momentgphout 8 mK. The temperature was monitored usingf@o
and hyperfine interactions of dilute impurities in ferromag-source produced simultaneously in the Fe foil by irradiation.
netic host metals. The magnetic moments of the groundh order to polarize the Fe foil, an external magnetic fiid
states of arsenic isotopes 6tAs(5/27), "?As(27) [1], and  was applied to the sample. An inhomogeneity Byf at a
"As(27) [2] have been measured by the NMR-ON method.sample is smaller than 2%.

Using the radio-frequency nuclear orientation method the The radio frequencyrf) field was applied in the foil plane
magnetic moment of°As(2~) was determine@3]. Those of  and perpendicular t8,. The rf was modulated at a rate of
the lighter isotope nuclei of®"As(5/27), °As(4"), and 300 Hz. Thep rays were detected with two Si detectors
?As(27) were measured in an atomic magnetic resonancgounted in the refrigerator placed at 0° and 180° with re-
experiment4]. The magnetic moment of the stable nucleusspect toB,. The y rays were detected with four pure Ge-
"SAs(3/27) has been measured by conventional N83.

The deviation of these magnetic moments from the simple 3-

shell model were explained by configuration mixing. How- 2 38.8 h

ever, up to now, no measurement of the magnetic moment of
"TAs(3/2°) has been performed. Figure 1 shows the partial
decay scheme of’As. Most of theB decays feed the ground

o 239

state of "’Se andy transitions are very weak. A large asym-
s . M1 +3% E2

metry of the pure Gamow-Teller typg transition is ex- o
pected from the oriented’As. Therefore, in order to study Qp = 6829 keV
the magnetic moment of’As, we observed NMR-ON spec- Zse 3
tra by detectingB rays. We also observed the NMR-ON
spectra and the effective relaxation time BAsFe. The FIG. 1. The partial decay scheme H#s.
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detectors at 0°, 90°, 180°, and 270°. The details of the ap-
paratus have been described in Ré. C 06T 7
080 | . -
Ill. RESULTS AND DISCUSSION 076 i ]
A. ""As L _
The angular distribution oB rays from oriented nuclei is 0.72 - n
given by ~ ~
W,(6)=1+B;A;co9), g om - |
g. L 04T -
whereB; is the orientation parameter ad is the angular g 074 -
distribution coefficien{7]. A;=1.09 is expected if we as- g L 4
sume that the3 decays are pure Gamow-Teller transitions. T ot . 4
The ratio of 8-ray countsR, at 0° and 180° is described as = L 1
E PacA ~
R=N(0°)/N(180°) =€(1+B;A;)/(1—B;A;). e 7 T
8 076 L 4
HereN is the B-ray counts anc is the geometri_cal asym- E» | 02T TTAsFe |
metry of the B-ray detection system. If the orientation is & 072 L |
destroyed by the applied rf field, the resonance is detected by | |
the change of the ratiB. The sign of the hyperfine interac- 068 L |
tion of "’As in Fe(the product of the nuclear magnetic mo- l “ e |
ment and the hyperfine field¢an be also deduced from the 0.64
sign of the change dR. R ! . . N
The continuoug-ray spectra measured with the Si detec- 224 226 228 230 232
tors were analyzed for several energy regions. Bamy frequency (MHz)

spectrum cpntalns some contamlnan.ts' from th? activities FIG. 2. NMR-ON resonances dfAsFe measured by detecting
produced simultaneously by the recoil implantation. From -
. S . the asymmetry of3 rays atBy;=0.2, 0.4, and 0.6 T.

the analysis of they-ray spectrum, the contamination in-
volves B rays from °'Ni, "*As, and "?As, which the reso-
nance frequencies are already knojir6]. More than 70%
of the spectrum was from’As.

At first, the NMR-ON search was performed with a wide
frequency modulatioFM) width of 2 MHz and a resonance

We neglected a possible hyperfine anoméh ’’ because
these states have similar configurati¢8k Using the known
value of By("°AsFe) = +34.29(3) T[2], the magnetic mo-
ment of "’As and Knight shift factoi were deduced as

was found at about 228 MHz. The effective relaxation time w(T'As, 3127 )= +1.294613) uy ,
of ""AsFe for B,=0.6 T was estimated to b, =180(30) s
from the empirical relation of the relaxation time between K("’AsFe)=—0.013).

the isotope nuclei. The observed relaxation time’#sFe

will be described later. For precise measurements an intervgihe positive sign of the magnetic moment GAs was de-

of 300 s was taken between frequency steps to allow comduced from the sign of th@ asymmetry destruction on reso-
plete relaxation. The resonance spectra were measured faance and the sign of the hyperfine field.

80:0.2, 0.4, and 0.6 T as shown in Flg 2. The solid curves The magnetic moment Of77AS is Comparab|e with
in Fig. 2 are the results of a least-squares fit assuming fhe  known magnetic moment of w(7°As,3/27)
resonance with a Gaussian shape. The resonance frequencies- 1.439475(65), [5]. Both values are smaller than the

v versusB, are shown in Fig. 3. For a pure magnetic hyper-Schmidt value of theps, proton state of+3.79uy. The
fine interaction, the resonance frequency is given by

u T T T R

v=|g(Bp+ (1+K)Bp)|un/h
and
dv/dBo=sgnByy)|g(1+K)|un/h,

whereg is the nucleag-factor, B, is the magnetic hyperfine
field, andK is the Knight shift factor. From least-squares fits,
the following results were obtained:

resonance frequency (MHz)

v("'AsFe,By=0)=225.588) MHz 0002 04 06 08

external field B, (T)
and
FIG. 3. NMR-ON resonance-frequency shift witB, for
dv/dBy("’AsFe)=6.53) MHz/T. TTAsFe.
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FIG. 4. NMR-ON resonances dfAsFe measured by detecting
the 559-keVy transition atBy=0.2, 0.4, and 0.6 T.
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FIG. 5. NMR-ON resonance-frequency shift witB, for
®AsFe.

W, (6)=1+ 2, B\AU,Q,\P,(cost),

whereB, are the orientation parameters, the angular dis-
tribution coefficients,U, the deorientation parameter®,

the solid angle correction factors, afg is Legendre poly-
nomials[7]. The angular distributions of the rays were
already measured by nuclear orientatid©]. The strong
559-keV v ray, having a large anisotropy, was used to detect
resonances.

The resonance spectra f@&,=0.2,0.4, and 0.6 T are
shown in Fig. 4. An interval of 900 s was allowed between
each frequency step for full spin-lattice relaxation. The solid
curves in figure are Gaussian line least squares fit. The reso-

large deviation of the magnetic moment from the Schmidinance frequencies versusB, are shown in Fig. 5. From

value may be explained by the core-polarization fornj@la
as well as the previous discussion on other isotdfez 4.

Outside the closed=N=28 shells the shell model states
2ps;2, 1fsp, 2p1, and lgg, are available to the 5 extra

protons and 14 or 16 neutrons 6F'’As, respectively. With
the proton configurations of (%,)°%(1fs,)? or
(2p32)3(19g2)? and the neutron configuration of §4,)",
the calculated value is- 1.96uy or + 1.54u, for "°As and

+1.92uy or +1.50uy for "’As, respectively. Here, the pa-

rameter set of the harmonic-oscillator potential w@k- 40

MeV was used in the calculation. With the configuration of
(2p312)3(1gg,)? the calculated values are closer to the ex-

perimental values than those with thepg)3(1fs,)? con-
figuration. It shows that the contribution g§,, shell is im-
portant to the ground state of 3/2arsenic isotopes. It is
interesting that the low-lying 972 levels are found in
75'77AS.

In ">7'As there is another low-lying 372 state which
could be a three-quasi-particle state 6f433/2" or a pho-

non coupling state. The magnetic moment of the three-quasi-

particle state can be estimated to-b&.00u from the value
of the ground state of'As(5/27). This value is in good
agreement with that of the first 3/2excited statd265 ke\)

of ®As (+0.98(19)y) [5]. In case of’As, the energy of
the first 3/2 excited statg216 ke\) is lower than that of

"SAs. Therefore the mixing configurations of such states may 2

be taken into account in more detailed calculation’ &s.

B. %As

The angular distribution of rays from the oriented nu-
clei is given by

least-squares fits, the following results were obtained:
v("®AsFe,By=0)=117.998) MHz

and

|
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FIG. 6. The time-dependent anisotropy of "®AsFe at 8 mK

andBy,=0.2 Tand 0.6 T.
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7/2* state (°Se) and odd-even 372state (°As) nucleug5]

the calculated value was 1.03uy . Comparing the experi-
mental values with these calculated ones, the main configu-
Taking the hyperfine field as before and again neglecting anyation of ground states of?"®As are the rg,-,vgp+)2”
possible hyperfine anomaly, the magnetic moment%fs  configuration and therts,-,v7,+)2~ configuration, respec-

dv ;
——("®AsFe)=3.52) MHz/T.
dB,

and Knight shift factolK were deduced as tively. The configuration of “As is probably a mixture of the
B (7510, vop+) 2~ and (map-,v75+)2~ configurations.
| 1("°As,27)|=0.902810) v, The effective relaxation times were also measured for

76 _ By=0.2 and 0.6 T by turning the frequency modulati{&iv)
K("AsFe)=0.023). signal on and off at the center frequency. Figure 6 shows the

H H 76 —
The present value of the magnetic moment agrees witjme-dependeny anisotropy of “AsFe at B,=0.2 and 0.6

that of —0.906(5 )y [5] measured by the radio-frequency T. The so_lid curves in th_e figure_ are the resultfs of a least-
nuclear orientation methofB]. The magnetic moments of squares fit assuming with a single exponential shape of

the 2~ ground states of other As isotopes g ?As) exp(—t/T;). The effective relaxation tim&; were measured
— —2.1566(3),LN [5], ,LL(74AS)= _1.597(3)(14\‘ [2] The a}s 528) m and 11.216) m for Bp=0.2 and 0.6 T, respec-
nuclear spin values can be explained by a coupling of singldVely-
proton state of’%"3"As and neutron states. The magnetic
moment of "+"3"As is coupled to the magnetic moment of

the last unpaired neutron to give the total moment. Using We are indebted to Professor N.J. Stone for a critical
empiricalg factors derived from neighboring even-odd 9/2 reading of the manuscript and his helpful comments. We
state (°Se) and odd-even 5/2state (*">As) nuclei[5],  wish to thank the crew of INS cyclotron for the operation of
the calculated values for'?As, “As, and "®As were the machine. This work was supported by the Grant-in-Aid
—1.82un, —1.79%uy, and —1.24uy, respectively. In an- for Scientific ResearcliNo. 08640360 of the Ministry of
other case, using empiricglfactors derived from even-odd Education and Culture.
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