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1. INTRODUCTION

The low-energy excited states in the 1;%&%7 nucleus are ex-
pected to arise from the odd-neutron configurations coupled to
the collective excitations of the even-even core. At low exci-
tations the 1lhg/s and 2fy/p single particle odd-parity ‘orbitals
can be occupied by the 87th neutron. This provided the basis
for interpretation of the !4%8m ground state and the excited
state at 285.9 keV which were experimentally established /1.%
to have spins and parities 7/27 and 9/27, respectively, as the
single-neutron states.

Following this interpretation, the f -forbidden Ml-transition
proceeds between the 285.9 keV and the ground states in 149y,
The experimental transition probabilities, deduced /¥ from the
life-time measurements and Coulomb excitation data revealed
only a small (less than =1%Z) E2-component of the 285.9 keV tran-
sition and hindrance factors Fy (M1) =280 and Fy(E2<0.4 which
are consistent with the above simple interpretation. Recent in-
beam spectroscopy study’4 gave also the similar result. On the
other hand the experimental internal conversion data’% have
suggested the E2-admixture in the 285.9 keV transition to be
from 9.6 to 64.6%. :

Hence, a test of the multipolarity of the 285.9 keV transi-
tion is desirable. The experimental method suitable for such
investigation is the nuclear orientation of the 1499py parent
nuclei. The decay scheme of !4%Pm (T,/, = 53.08(5) h) was inves-
tigated by a number of authors/8:6,7.8/." The nuclear orientation
of 149Pm has already been studied by Chapman et al./®/ ‘using the
hyperfine interaction acting on 1¥9Pm nuclei in CeMgyg(NO4),,24H 0
and Nd(CgHz804) 39Ho0 single crystals. cooled down to 3 and
18 mK,respectively, by adiabatic demagnetization. The radio-
isotope 1¥9Pm was obtained by Chapman et al. in mixture with
151pn( Ty/e = 28.4 h) from fission products. Although the 149p,
gamma-ray spectrum is very simple, the 285.9 keV gamma-ray mix-—
ing ratio could not be precisely determined in ref./8/ due to
the presence of the 151py admixture and Nal(Tl) detectors used.

Promethium and neodymium are known to be well dilutable in
gadolinium. Thus gadolinium can be used as a proper host for
nuclear orientation studies involving these admixtures. Up to
present time nuclear orientation of 147Nd and !5!pp in gadoli-
nium host have been studied’/?:1%/ but similar study involving
149Pm isotope was not performed before.
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Fig.l. Parts of 14'Nd and 1°Pm decay schemes relevant
to present work.

In the present work, the investigation of the decay of 149py,
and 147Nd oriented in a gadolinium host eontaining ~} At.Z of
stable neodymium was performed. The fragment of the !4'Nd decay
scheme taken from ref.’/6/ is shown in fig.l together with
a part of 9Pp decay scheme of ref.’3/. Both radioisotopes
were produced by irradiation of neodymium by thermal neutrons.
We have measured the temperature dependences of the gamma-ray
anisotropy of the 285.9 keV and 531.0 keV transitions of 4%Pm
and !47Nd, respectively. The gamma-rays were detected with the
high-resolution Ge(Li) detectors. From the analysis of the ex-
perimental data, the magnetic saturation factor of the host,
lower limit of 149PmGd hyperfine magnetic field and the multi~-
pole mixing ratio of the 285.9 keV transition were deduced.

The present paper is the first report on the investigations
with the reactor—produced Pm and Nd radioisotopes oriented in
NdGd alloys, which are now in progress on the SPIN-facility’/1V
at JINR Dubna. : : i
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2. EXPERIMENT

2.1. Radiocactive Sample-

Metallic neodymium containing the natural mixture of neody-
mium isotopes was irradiated for 30 hours by thermal neutrons
at a flux of 5x1013car2s~! in Tbilisi reactor. Five days after
the end of irradiation only the gamma-rays of '47Nd( Ty/e =
= 10.98(1) d) and the 285.9 keV gamma-ray of 4%Pm ( Ty/p =
= 53.08(5) h, daughter of 1.73 h !149Nd ) were seen with remar-
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kable intensity in the s?ectra, while other gamma-rays, in par-
ticular those of 28.4 h 151Pm(daughter of 12.44 m 151Nd) were
not disturbing the measurements. A piece of the irradiated neo-
dymium was then melted on tantalum foil with =50 mg of metallic
gadolinium just above the melting point of gadolinium in the
vacuum of =10"%Pa, The tantalum foil was soldered to a copper
backing to provide a good termal contact with the cooling de-
vice/1V. The sample was finally abraded and cut to have form of
a disk of 5 mm in diameter. The total sample activity was

=~10uCi. The concentration of the inactive neodymium in gadoli-
nium was =1 At.Z.

2.2. Nucléar Orientation Facility and Counting Equipment

The ¥'Nd and *Pm nuclei were oriented at low temperatures
using hyperfine fields acting on these nuclei in the host. The
147Nq1499Ppm Gd sample was soldered to the termal support base of
the 3He— 4He dilution refrigerator’!1¥of the SPIN-facility/1V
and cooled down to the temperature of 15 mK. A 54MnE nuclear
orientation thermometer was used to determine the sample tem-
perature. An external magnetic field of 1.2 T was applied to
the samples to polarize the magnetic domains of the hosts.

The gamma-radiation was detected using two 30 cm® coaxial
Ge(Li) detectors placed at angles § = 0° and 90° relative to
the direction of the external magnetic field. The source-to-
detector distances were 9 cm. The Ge(Li) spectrometers gave
the energy resolution of 2,7 keV FWHM at 0.5 MeV gamma-ray
energy. The spectra were stored in the memories of 4096 channel
analyzers and recorded on magnetic tape. e

2.3. Measurements and Data Evaluation

The gamma-ray spectra measurements were performed for 16 tem-
peratures T between 15 and 80 mK. Each spectrum was accumulated
for 1 h. Several one-hour measurements were carried out at
sample temperature T, ~ | K under which the nuclear spin direc-
tions have to be fully random. The normalized gamma-ray inten-
sities, We%(4,T), were calculated as ratios of peak areas ob-
tained for temperatures T and T,. Peak areas were corrected
for decay of the radioisotope, the corrections being less than
15 and 107 for !¥Pm and 147Nd, respectively. The errors of ‘the
decay corrections were lass than 2%Z. e et

In figs,2 and 3 the measured tetpperatui'e,dépt"-:r‘u.iences of nor- -

malized intensities were plotted for the 285,9 keV and 531,0 keV
gamma-rays of 149Pm and 147Nd, respectively. . E
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Fig.3. Normalized intensity
W({0"°T) of 531.0 keV gamma-
ray of 147Nd plotted versus
normalized intensity Q(0°,T)
of 834.8 keV gamma-ray of
54MnNi nuclear orientation
thermometer.

Fig.2. Normalized intensity
W@©°, T) of 285.9 keV gamma-
ray of 1¥Pm plotted versus
normalized intensity ©(0°T)
of 834.8 keV gamma-ray of
54MgNi nuclear orientation
thermometer.

3., DATA ANALYSIS AND RESULTS

3.1. Hyperfine Splitting for 1499p1Gd (0.01 Nd)

As can be seen in fig.2, measured temperature dependence
of the normalized intemsity We*(0?T) for 285.9 keV gamma-ray
exhibits saturation below 50 mK. The measurements above 80 mK
were not reasonable due to poor temperature sensitivity of the
54MnNi thermometer. For this reason, only lower limit of the _
magnitude of the hyperfine splitting parameter, 3g =gBes. could
be determined (g -factor in nuclear magnetons is considered
here). :

The theoretical angular distribution function W(¢,T) can be
written as

W(0,T)=1+K, B, (I, 8,.P,T) + K, B,(75.39,P.T), )

where B)°s are the orientation parameters dependent.on sample
temperature T and on the magnetic dipole and electrlc.quadru—
pole hyperfine splitting parameters, a; and P, respectively;

K) s stand for the products Gy .:A).U,.G).P) .The G, —factor

5




’

accounts for possible incomplete magnetic saturation of the
host’ 1¥ All other parameters have their usual meaning (see,
e.g., ref/13/),

From the experimental normalized intensities obtained for
the 285.9 keV gamma-ray, WeX0° = 1.232(14) and WeX(90°) =
= 0.900(15) inside the saturation region, the values of K, =
= 0.146(12) and |K,| < 0.03 were extracted. Taking into account
that inside the saturation region parameter By is about two
times larger than B,, we can see that the 4th order term in
eq. (1) represents only a small contribution to the total nor-
malized intensity compared to the 2nd order ome.

In the parameter optimalization procedure the x 2 -functional

._Q.ex4 WwWo° f _wg o
x?=2‘[('9‘ 1 e, (O TGHD 0%

i oQ, ow,

bl

; L /137 = 2
was examined, where similarly to ref. 13/ the normalized inten-

sity @ of the 834.8 keV gamma-ray of the °MnNi nuclear orienta-
tion thermometer rather than temperature T was involved as in- |
dependent variable. The superscript “ex’ denotes c;orrespondlng
experimental quantities.

It was assumed in the analysis that near the saturation re-
gion the nuclear orientation of 149Pm nuclei is caused predo-
minantly by the magnetic dipole hyperfine interaction and the
electric quadrupole hyperfine splitting plays no important
role in the analysis of the data. Hence, parameter P was fixed
to be zero in the below analysis. The optimal values of K,.K,
and Q; s were searched for using the general minimization rou-
tine MINUIT“S/ on CDC-6500 computer. Parameters K, and K, were
allowed to vary within the above-mentioned 11m1ts. Parameter a4
was kept fixed and the dependences of minimum yx -value, Xmin *
and optimal values of K, and K, on a, were constructed and they
were shown in fig.4. On the basis of the Xmip-curve of fig. 4
the lower limit oflaol could be estimated as laoj-— 0. 6x10
con51der1ng the 997 confidence level. The estlmatlon of the .
confidence’ regmn was carried out accordmg to ref.’ 18/,

U31ng the value of the %%Pn ground state magnetic dlpole
moment, 'y = +3.3(5)uy. measured in ref.’ 1’/ we could set the
lower limit on the effective magnetic field acting on trace
49py  admixtures in the gadolinium host containing ~1At.% of .
the inactive neodymium, (Befr V1ow = 120 T.

i 2 v LR

3.2 ‘Ag-Coefficient and EZ/MI Mixing Ratlo
‘for the 285.9 keV Transition i

As the measured norma11zed 1nten51ty W""(0°) for the 285 9 keV

gamma-ray appeared to be greater enough than one, its angular

6 ¥

3

et

K, Fig.4. Results of the y?

: -ana-

Xmin ¥286kev1‘9Png lysis of measured temperature

ok 0.01Nd 40.20, dependence of fig.2, Details of.
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text.

30+ 1045
distribution coefficient, 'A &

20} 1010  should be positive. To deduce more
precise experimental data on this
coefficient from the above expe-

1.0 rimental value of K, independent
knowledge on Gg ~factor in eq. (1)

apl . . : . is necessary. This factor could

00 W 20 30 be obtained from temperature de-

lalf10%ev] pendence of normalized intensity

of the 531.0 keV gamma-ray of 147Nd measured in the present ‘ex-
periment, too (see fig.3). :

It should be noted that the magnitude of the anisotropy mea-
sured in our work for the 531.0 and 439.9 keV gamma-rays of
147Nd exceeded more than three times the results obtained re-
cently’/9/ by the same method of nuclear orientation of 147Nd
in gadolinium host. This difference is probably due to higher
external magnetic field of 1.2 T used in our work, while the
external field of only 0.5 T was applied in ref./®/, which seems
to be insufficient to saturate the gadolinium host’ 18/ Moreover,
the gadolinium host is expected to become magnetically harder,
when macroscopic amounts of neodymium carrier are present in
the host, thus maklng the external magnetic f1e1d to be an im-
portant factor in such experiments.

The temperature dependent nuclear orientation parameter, By,
and K, -factors for 531.0 keV transition were deduced by the
same least square fitting procedure as described above. Analo-
gously to ref.” 1% the dependences of the opt1ma1 values of
|g Bersl and Ky and the minimal value of X 2-functional on the
electric quadrupole splitting parameter P were constructed.

The fitting procedure revealed the results summarized in fig.5.
It can be seen from that figure, that the upper limit for K,
parameter, K, .. .= -0.2] has foﬁowed from our experimerit. The
other parameters from the figure will be discussed separately
as a part of our investigations of !47Nd nuclear orientation in
neodymium—gadolinium alloys at different concentrations of Nd,
which are now in progress. s

From the -limit. for K g-parameter for 531.0 keV gamma-ray
transition the estimate of the magnetic saturation factor,
G>0.66 was obtained with 997 confidence level. In this esti-
mate the deoriemtation factor Ujp (531 keV. level) = 0.83(17) was
considered which takes account of possible mixing of the ig="0
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285.9 keV transition of 14° Pm. arctan §

and jg=1 components in the first-forbidden beta-transition
feedlng the 531 keV level in ¥'Pm (see fig.1). The ‘Ag-COEffl"
cient for 531.0 keV transition which is necessary for estimating
the G, -factor was deduced by the following way. At first for
the trans1tmns 439.9 and 531.0 keV depopulating the same level
47pp (see fig.1), the ratio A2 (7531 keV)/ Ay{ y440 keV) =

60° 30°__0° . 30° 60° 90°

= 0.450 (36) was derived independently of By—, Uy -values from
our normalized )gamma-ray intensities using the relations shown,
e.g., in ref. /9 Considering the value '‘Ap (y 440 keV) =-0.688(25)
measured by gamma-gamma angular correlation technique 79/, we fi-
nally obtained the value Az (y 531 keV) = -0.310(42), which was
used in the evaluation of the above limit of Gg-factor. Our
Ay -value is consistent with the value of Ag (y 531 keV) .W=A

—0 320 (75) obtained in ref./% (3 mean-square deviations %._rere :
shown in the parenthesis in units of the last digit).

Taking the Gg -factor to be 0.66<Gg< 1, we evaluated the
limits on experimental values of ‘A (y 285.9 keV) to be
0.097 <A, (y285.9 keV) < 0.30 with 997 confidence level, In
this evaluation the saturation value of orientation coeffl—
cient B ollg=7/2, T»0) =153 and the deorientation factor Uz
(285.9 keV level, jg = 0 ) = 0.925 were used. :

As can be seen from fig.6; our expenmental result y1e1ds
multipole mixing ratio, & (E2/Ml) lying in intervals O. 0<6<+0.11
or -19 <8 <-5.7. The definition of § and the sign convention
used in our work are those introduced by Krane and Steffen’/19/.
Only the values 0.0<8 < +0.11 are consistent with the small
4th order term in the angular distribution of the 285.9 keV
gamma-ray intensity observed in our work.

Hence, the positive sign of the multipole mixing ratio
8 (E2/M1) was definitely established in the present work for
the 285.9 keV gamma-ray transition in 1498m. Qur result has con-
firmed the predominant Ml-character of the 285.9 keV transition
proceeding between the 9/2~ and 7/2” states in !%®Sm, allowing
less than 1.27 E2 admixture. This appears to be in agreement
with the result obtained in recent in-beam spectroscopy work
and Coulomb excitation/®/as well as with the experimental data
on anal Logous 9/2 + 7/27 transitions in neighbouring !4'Nd
(ref.’2V) and 151 Gd (ref.’?%) isotones.

Authors are indebted to Dr. J.Konilek for taking part in the
measurements and Eng. M.I.Fominykh for helping in data accumula-
tion and analysis. One of us (MGB) is indebted to Prof.0.A.Tschi-
lashvili for stimulating discussions and supporting durxng the
course of the work.
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Bapxemupse M.T'. u np. E6-83-333 .
Sipepuast opueHTanus 49Pm B ragonumHeBoii MaTpuie

H3MepeHa TeMnepaTypHas 3aBHCHMOCTb AHM3OTPONHHM Hff y —Me—
pexona 285,9 x»B, npunapnexamero pacnany 49Pm. MaTepuHckue
agpa 149Pm opuenTupoBanuch HpH HH3KHX TemmepaTypax /14+80 MK/
B ragjonuHMeBOl MaTpuie, cogepxameii 1 aT.? Heomuma. [JoMeHHas
CTPYKTYpAa MATDHIB HOJSIPH30BANACH BHENHHM MAUHUTHBIM INOJIEM
1,2 T. U3 skchHepUMeHTanbHLIX JAaHHBIX IOJIYYEHH! CJIeQyomMHe Beju-
IMHBS i
/a/ | g Bogt|>0,6-10 " 9B u Bogy( M%PmGd>120 T,

/6/ 0,097 <A, (y 285,9 x3B) <0,30 u
0,0< & (E2./M1, y285,9 ka3B) <0,11.

PaGora BhmosiHeHa B JlaGopaToOpuH simepHBIX mpoGieM OWSH,

NpenpuHT 06BEAUMHEHHOrO MHCTUTYTa AAepHHX uccnegosawuit. flybra 1983

Badzhelidze M.G. et al. E6-83-333
Nuclear Orientation of %°Pm in Gadolinium Host

The temperature dependence of the anisotropy of the
285.9 keV gamma-ray following the decay of oriented !%Pm
was measured. The !49Pm parent nuclei were oriented at low
temperatures between 14 and 80 mK in a gadolinium host con-
taining 1 At.7Z of neodymium admixture. The external magnetic
field of 1.2 T was applied to polarize the domains of the host|
The following quantities have been deduced from the present
experimental data:

(i) |EBerrl > 0.6-10 eV and Berr(**PmGdy>120 T.
(ii) 0.097 <Ay ( ¥285.9 keV) <0.30 and
0.0 <8 (E2/M1 , 7285.9 keV) <0.11,

The investigation has been performed at the Laboratory
of Nuclear Problems, JINR.
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