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Theg-factors of the 11/2- and 15/2+ isomeric states of the 14'Pr and 143Pm nuclei (Tables I and 
11) have been measured by the method of differential and integrated perturbed angular distribu- 
tion. The parametric corrections were determined for 143Pm from the measured temperature 
dependence gp  (T). The relaxation times have been measured for nuclear states aligned in beam 
reactions, metal targets, and targets made of La and Pr oxides. The results are analyzed in terms of 
the quasiparticle-phonon model with allowance for the spin-multipole interaction. 

Odd nuclei with neutron number N = 82 exhibit well- 
defined shell properties. Their low-lying states can be de- 
scribed in a relatively simple and small configuration 
space.'-8 It has been shown that these states constitute main- 
ly proton excitations and are satisfactorily described by the 
weak-coupling the shell and the Tamm- 
Dancoff appro~imation.'.~ Magnetic moments are a good 
testing ground for wave functions of such states. However, it 
must then be remembered that the discrepancy between the 
measured magnetic moments and the single-particle values 
is influenced in an important way by a number of specific 
effects, the most important of which is the spin polarization 
of the core and meson exchange currenk9 

To estimate the effects due to the spin polarization of 
the core, we must know the spin-spin interaction responsible 
for them and the energy difference between the sublevels 
with j = I + 1/2. These parameters can be obtained by com- 
paring theoretical calculations based on the quasiparticle- 
phonon model with experimental data on the localization 
and strength of M 1 excitations in even-even nuclei. Studies 
of the enhancement and blocking of core polarization can be 
used as experimental verifications of the level occupation 
numbers near the Fermi surface, since the polarization effect 
for magnetic moments depends on the configuration of the 
filled shells. The variation in the g-factors as one departs 
from a magic core may be due to the contribution of collec- 
tive components of the motion, and these must be taken into 
account when core polarization effects are investigated. 

We have measured the g-factor of 11/2- and 15/2+ 
states of l4'Pr and 143Pm and have analyzed them in the light 

of the above effects. The lifetimes of the isomeric states have 
been remeasured. Paramagnetic corrections that must be 
taken into account when theg-factor is deduced from experi- 
mental data depend on the charge state of rare-earth ions. 
The measurements were performed at different tempera- 
tures in order to determine the charge state of the ions and to 
verify the calculated paramagnetic corrections given in Ref. 
10. We have also measured the nuclear-orientation relaxa- 
tion times due to paramagnetic and quadrupole interactions. 
Preliminary results were published in Ref. 11. 

METHOD AND RESULTS 

The isomeric states were excited and aligned in 
139La(a,2n)141Pr and 141Pr(a,2n)143Pm) reactions in a pulsed 
beam of 27-MeV a-particles produced by the U-120 cyclo- 
tron of the Institute for Nuclear Studies of the Ukrainian 
Academy of Sciences. The decay scheme for the isomeric 
states is shown in Fig. 1. The method of differential per- 
turbed angular distribution of y-rays was used to measure 
theg-factors of the 11/2- and 15/2+ states of 143Pm and the 
11/2- state of 141Pr. The method is described in detail in 
Ref. 12. The high-frequency accelerating voltage of the cy- 
clotron was used to define the time scale. The target was 
located in a magnetic field B whose direction was perpendic- 
ular to the plane of the reaction. If the unperturbed angular 
distribution of the y-rays can be written in the form 

W (0) = 6. cos k 0, 
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FIG. 1 .  Decay scheme for the isomeric states of 14'Pr and 143Pm. 
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the intensity of y-rays emitted as a result of the decay of the 
isomeric state in the magnetic field has the form 

N (0 ,  B, t )  =No exp ( - - : )x bkGk(l)cos k ( 0 - o . t ) .  

where No is the intensity at time t = 0, T is the lifetime of the 
isomer, w, is the Larmor precession frequency, and G, (t ) is 
the perturbation factor due to interactions in the target. The 
g-factor data were deduced from the normalized difference 
between time spectra (1) at 8 = + 135" to the incident beam 
(corrected for deflection in the magnetic field): 

R(8,  B, t)= . N (+135") -N (-135") 
N(+135")  +N(-135")  

=-b,G2 ( t )  sin 2wLt (2) 

subject to the condition that b2>b,. 
These g-factor measurements on rare-earth nuclei were 

complicated by the paramagnetic interaction between 4f- 
electrons and nuclei. Polarization of the 4f-electrons in the 
external magnetic field produces a paramagnetic enhance- 
ment of the field at the nuclei, and the Larmor precession 
frequency becomes w, = gp,BB / f i .  The paramagnetic cor- 
rectionp was calculated by Giinther and Lindgren10 to with- 
in 5% (their estimate). However, measurements ofp  for eur- 
opiumI3 and gadolinium14 as a function of temperature show 
that the discrepancy as compared with the calculated P was 
much greater. In these experiments, extrapolation of gp  to 
infinite temperature yielded the g-factor and, consequently, 
p as a function of temperature. Low-lying atomic excited 
states influence the paramagnetic corrections for europium 
and gadolinium. There is very little information on the valid- 
ity of such calculations for other elements for which the con- 
tribution due to the excited atomic states is negligible. More- 
over, paramagnetic corrections depend on the charge state of 
the recoil ions in the crystal lattice of the target, which can 
also be determined from the function0 ( T  ). This function was 
measured for praseodymium in Ref. 15, and the correspond- 
ing measurements on promethium are reported below. 

The second factor that complicates such measurements 
is the rapid decay of the function R (8, B, t ) due to random 
fluctuations in the strong paramagnetic field and the elec- 
tric-field gradient of the 4fshells. The static quadrupole in- 
teraction in the densely-packed hexagonal lattice of the La 
and Pr metal targets should not give rise to appreciable loss 
of nuclear orientation because the lattice spacing ratio c/a  
for these targets is 1.606 and 1.616, respectively, i.e., it is 
close to the value 2\12/3 at which the static electric-field 
gradient is zero. This is confirmed by measurements16 on the 
zirconium hexagonal lattice with a close c/a  ratio. Neverthe- 
less, it turns out that the reduction in the case of the metal 
target is greater than for an oxide target with a cubic lat- 
tice. Measurements o fp  ( T )  were therefore performed on a 
Pr203 target. 

The target area and thickness were 4X 5 mm and 40 
mg/cm2, respectively. The target was maintained in contact 
with a tantalum substrate with the aid of a 1.5-micron tanta- 
lum foil welded to the substrate over the perimeter of the 
target. The target was heated in one of two ways: by passing a 
current through the substrate or by placing the substrate in 

FIG. 2. Modulation of the intensity of the 1392-keV y-rays from the 14'Pr 
(a, 2n) '43Pm, reaction, due to the precession of 143Pm during the decay of 
the 15/2+ isomer in the external field B = 2.681(5) Tat T = 435 K. Pr,03 
target: o, = 212(8) MHz; rR22(7) ns. 

contact with a copper rod heated by a nichrome coil. A liq- 
uid-nitrogen cryostat placed in contact with the other end of 
the copper rod was used to cool the target. The target tem- 
perature was measured by a thermocouple welded to the sub- 
strate. 

The temperature dependence of the paramagnetic cor- 
recionp ( T )  for 143Pm in the Pr,03 lattice was determined by 
measuring the Larmor precession frequency w, for the 
1392-keV y-transition at a number of temperatures in the 
range between 155 and 595 Kin  a constant external magnet- 
ic field of 2.681(5)T. [Here and henceforth, the notation 
2.681(5) means 2.681 + 0.005.1 Figure 2 shows the modula- 
tion of the 1392-keV gamma-ray intensity measured by two 
NaI(T1) detectors (length 50 mm, diameter 40 mm) for a tar- 
get temperature of 435 K. The rapid decay of the function 
R (8, B, t ) corresponds to a relaxation time TR = 22(7) ns. 
Figure 3 shows the measured gp  as a function of tempera- 
ture. According to Ref. 10, a departure from the 1/T depen- 
dence, i.e., from the function 

! = I +  g , p s ( J + l ) B i ( O ) / 3 k ~ ,  (3) 

should occur above 500 K, whereg, is the electron g-factor, 
p, is the Bohr magneton, J i s  the angular momentum of the 
paramagnetic ion, k is Boltzmann's constant, and Bi (0) is the 
hyperfine field experienced by the nucleus. The experimen- 

FIG. 3. Temperature dependence of g for the 15/2+ state of '43Pm. 
Pr,O, target. Solid curvef i t  to the numerical data given in Ref. 10, 
broken l i n e f i t  to Eq. (4). 

2 Sov. Phys. JETP 60 ( I ) ,  July 1984 Gorbachev eta/. 2 



tal points in Fig. 3 were therefore fitted with numerical val- 
ues of8  taken from Ref. 10, multiplied by theg-factor which 
was treated as an adjustable parameter (solid line). The result 
wasg(+ +, '43Pm) = + 1.02(5). As can be seen from the fig- 
ure, the discrepancy between the experimental points and 
the values cal~ulated '~ for Pm3+ does not exceed the experi- 
mental uncertainty, except for the point at the temperature 
of 155 K. 

According to published data," the magnetic suscepti- 
bility of light rare-earth metals follows the Hund law ( -  1/ 
T). The deviation from the 1/T behavior, which has also 
been observed15 for 143Pr, may be considered to be due to the 
interaction between ions during implantation as a result of 
recoils. If this is so, the magnetic susceptibility and the para- 
magnetic correction should follow the Curie-Weiss law 

~ = l + g J p s ( J + l ) B i ( 0 ) / 3 k  (T-O). (4) 

Figure 3 shows the fit achieved on the basis of this formula 
(dashed line). The result obtained for the paramagnetic Curie 
point is O = - 15(7) K and the g-factor is g = 1.05(5). The 
average obtained from these two fits is 

Figure 4 shows the modulation of the 688-keV y-ray 
intensity from the 14'Pr(a,2n 143Pm reaction. The measure- 
ments were performed on an oxide target at 435 K. The g- 
factor was calculated with the paramagnetic correctionlo 
8 = 1.63. The result obtained for the 11/2- state was 
g(+-, 143 Pm) = 1.23(7). This is somewhat higher than our 

experimental value" g = 1.10(8) and the value g = 1.14(9) 
published in Ref. 18. The temperature was not measured in 
Refs. 11 and 18 and was assumed to have room value. The 
relaxation time is the same, to within experimental error, as 
the value obtained for the 15/2+ state which has a similar g- 
factor. 

Figure 5 shows the experimental results for the 11/2- 
state of l4lPr. The measurements were performed on a lanth- 
anum metal target and on the oxide La,O,. The Larmor 
precession frequency is the same for both targets to within 
experimental error, i.e., the charge states of the recoil ions 
are the same. For the recoils in cerium, the charge state of 
praseodymium has been identified5 as Pr3+. 

Channel no. 

FIG. 4. Modulation of the intensity of the 688-keV y-rays from the 14'Pr 
(a,  2n) 143Pm reaction, due to the precession of I4,Pm during the decay of 
the 11/2- isomer in the external field B = 2.681 (5) Ta t  T = 435 K. Pr,O, 
target: o, = 254(12) MHz; T, = 18(6) ns. 
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FIG. 5. Modulation of the y-ray intensity from the 139La (a,  2n) 14'Pr 
reaction, due to the precession of I4lPr during the decay of the 11/2- 
isomer in the external magnetic field B = 2.905(12) T at T = 330 K: a- 
La,O, target: o, = 298(20) MHz, T, = 27(9) ns; &metal target: 
w, = 306(45) MHz, T, = 8.4(2.4) ns. 

The paramagnetic correctionfl = 1.9 1, taken from Ref. 
10, was used to calculate the g-factor. The average g-factor 
was found to beg(+ -, 14'Pr) = 1.13(8). Theg-factor for this 
state had previously been measured by the Japanese group19 
and their result was g = 1.30(8). The 16% difference cannot 
be explained by systematic uncertainties. The quadrupole 
interaction was eliminated in Ref. 19 by heating the lanth- 
anum metal target to 900 K. The external field was 1.90 T 
and the effective field at this temperature was 2.54 T, which 
contrasts with the value of 5.63 Tin our case. This enabled us 
to observe only part of the precession period for the 4.6-11s 
isomer. The attenuation of the function R (6, B, t ) was not 
taken into account. These two circumstances may have been 
the origin of the systematic uncertainty in the measured Lar- 
mor precession frequency. 

After subtracting the background, the sum of time spec- 
tra (1) can be used to determine the lifetimes of the isomeric 
states. The results are in agreement with previous measure- 
ments.'~' A summary of experimental data is given in Table 
I. 

The g-factor of the 15/2+ state of 14'Pr was measured 
by the method of integrated perturbed angular distribution 
in an external magnetic field of 2.9 12 (12) T using two Ge(Li) 
detectors mounted at + 135" to the beam incident on the 
target. For the y-transition lying in a cascade with the iso- 
meric transition, the angular distribution obtained for a tar- 
get placed in a magnetic field pointing in the upward direc- 
tion can be written in the form (when A,)A4) 

3 cos 2 (0-A02-A01B) 
= const I + ------ - 

Id I. I+ 7 l +  (2GZorr )  1'" 4+A,G2 Zd+If -1 
If [1+3 cos 2 (0-A0.) I )  -t-- 

4+AZGz Z d + Z f  

where A,, A, are the coefficients in the angular distribution 
of y-ray written in the form &A, P, cos (8 ) ,I ,  is the intensity 
of the delayed component of the transition, If is the intensity 
of the fast component of the transition, and dB, is the angle 
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TABLE I. Measurements of g-factors, lifetimes, and relaxation times by the method 
of differential perturbed angular distribution of y-rays. 

*Average value 

lucleus, In I Target I T1/*, ns 1 IT. I PB I r I 'Rs ns 

through which the beam rotates in the magnetic field. The 
rotation of the beam was compensated by turning the detec- 
tors through the angle A6,. The normalized difference 
between the photopeak areas after the subtraction of the 
background with the field up and down, respectively, is 

.1R (8 ,  B, t )  

- --- l a  3A2G2 [1+ (2G2mL-c) 2]-"'sin 28 sin 2Ae2. (6) 
I d + z t  4+AzGz 

'43Pm, i5/2+ 

143Pm, "I2- 

r ,  z 

The angle A 6, is defined by tg 248, = 2G2w, T, and the 
integrated attenuation factor is given by G, = .r, /(r + T, ). 

The precession frequency was found as a result of a nu- 
merical solution of (6). We used the value of 7, obtained by 
the method of differential perturbed angular distribution of 
y-rays. The intensities of delayed and fast components were 
deduced from experimental data.' The coefficients of the an- 
gular distribution were determined from published data8 
and from independent measurements. The coefficient A,  for 
the fast component of the y-transition was determined from 
the formula 

Metal 

Oxide 

Metal 
Oxide 

Metal 
Oxide 

10,s (6) 
10,1(5) 
10,1(5) 
102 (5) 
g18(5) 

10,5 (5) 
10,2 (5) * 
22(1) 
21(1) 
22(1) * 

4'6(1) 4,7 (2) 
4,6(1) * 

Measurements were performed for two y-ray transitions: 
namely, 1349 and 650 keV. The published8 lifetime of the 
isomeric state is T = 1.44(14). 

The paramagnetic correction /3 = 1.94(10) at the tem- 
perature of 320 K at which the measurements were per- 
formed was taken from Ref. 10. Table I1 lists the experimen- 
tal results averaged over four independent exposures. The 
average result is: g(+ -+- I4'Pr) = 1.06(23). 

DISCUSSION 

According to the single-particle model, the additivity 
rule for magnetic moments, theg-factors of (.rrlhIll2)" -states 
in nuclei with N = 82 should be equal. Figure 6 shows the 
experimental results for nuclei near '44Gd with the magic 
number Z = 64. One of the reasons for the departure from 
the additivity rule is the spin polarization of the core. De- 
pending on whether the lg,,, or 2g,/, level is filled with 
protons, one observes the enhancement or blocking of the 

300 
593 
435 
305 
305 
155 

300 
435 

330 
330 

M 1-polarization of the core (curves 2 and 1). The corrections 
to the single-particle g-factors were calculated within the 
framework of the configuration mixing theory2' (in the first 
order, using the harmonic-oscillator potential and interac- 
tion parameter C = 30 MeV). They do not explain the devia- 
tions from the additivity rule. Moreover, if we use spectro- 
scopic factors from stripping and pickup reactions4 to 
calculate the occupation numbers, we obtain a diffuse distri- 
bution of the core protons over the gdhs shell levels. The g- 
factors calculated for this case correspond to curve 3 in Fig. 
6. The more rapid reduction in the g-factors with distance 
from 144Gd may be due to the admixture of collective states. 

The isomeric 11/2- states of I4lPr and 143Pm can be 
described in terms of the quasiparticle-phonon 
The Tamm-Doncoff method and the random-phase meth- 
od3,23-25 were used to explain the g-factors in this region. 
Core polarization is taken into account exactly in these mod- 
els. The quasiparticle-phonon model takes core polarization 
into account by including the spin-multipole interaction in 
the analysis. In addition to core polarization, the model also 
takes into account 2+- and 3--collective excitations of the 
core. The model Hamiltonian is 

H=Ho ( n )  HO ( p )  H ~ + ! f s ~ l  (8) 

1,93(9) 
1,54(6) 
1,65(7) 
2,04(6) 
1,98(6) 
2,74(6) 

2,34(7) 
2,02(7) 

2,20 (32) 
2,14(14) 

TABLE 11. Measured g-factors of the 15/2+ state of 14'Pr. 

I349 / O,6(l) 1 0,27(5) 1 0,296 1 0,855(17) 1 -00193(25) ( 0,95(45) 
650 0,79 (3) -0,17 (2) -0,192 (32) 0,855 (17) 0,0446(20) 1,10(26) 

1,06 (23) * 
* Average value 

1,01(5) 
1,06(4) 
1,01(4) 
1,06(3) 
1,03(3) 
0,96(3) 
1,03(5) * 
1,22(4) 
1,23(4) 
1,23(7) * 
1,15 (15) 
1,12(8) 
1,13(8) * 
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12(7) 
32(10) 
22 (8) 
25(8) 
20(7) 
14(6) 

15(8) 
18(6) 

8,4(2,4) 
27(9) 
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where Ho(n) and Hob) are the Hamiltonians describing the 9 

mean field and the neutron-proton pairing, whereas HM and 
3 

H,,, are the sums of the isoscalar and isovector separable ,,, 
multipole and spin-multipole interactions, respectively. 
They are given by 1Y5 Eu 

(S,MA)+= y, (jml i A r A [ a Y A P ( R )  ]rr 1 jlrnl)&i,.~, (8d) 
jj' mm' 

' P  

wherex ) andx \*I are the isoscalar and isovector multipole 
interaction constants, x and x \*L) are the isoscalar and 
isovector spin-multipole interaction constants, MA, is the 
multipole moment operator, S iM is the spin-multipole oper- 
ator, SiM is the spin-multipole operator, a&, ajm are the 
creation and annihilation operators, and u is the spin opera- 
tor. 

We have confined our attention to the quadrupole and 
octupole and also spin-monopole interactions, i.e., we took 
R = 2 and 3 in (8a, b) and R = 0, L = 1 in (8c-e). The con- 
stants x ',' and x '3' were chosen so as to ensure the correct 
level energies for the lowest-lying 2+- and 3--states of the 
corresponding even-even nuclei, and the constantsx '01' were 
deduced from the position of the M 1-re~onance.,~ The fol- 
lowing expressions were employed: 

(01) 
Xi(01) =-4n.28/A, XAol) =O,&X, (9)  

If we now transform to the quasiparticle a$, , a jm and 
phonon Q Gi operators (details can be found in Refs. 2 1 and 
22), the wave function for an odd spherical nucleus corre- 
sponding to the Hamiltonian (8) with R = 2 and 3 for the 
multipole interaction and A = 0, L = 1 for the spin-multi- 
pole interaction, assumes the form 

"+ ( I M )  =GI {aI,++ D,L. ( I )  [ai . .+~Gi] rui 

where 
j 

FIG. 6. Measured and calculated g-factors of the 11/2-states of 14'Pr, 
143Pm, and 1 4 5 E ~ :  blocking (curve 1) and enhancement (curve 2) of proton 
polarization in the core, core polarization with the measured occupation 
numbers (curve 3), and calculations within the framework of the quasipar- 
ticle-phonon model (curve 4). Broken line-single-particle g-factor. 

and the expressions for the coefficients Cz and D :' can be 
found in Refs. 21 and 22. 

For the g-factor of a state described by the wave func- 
tion (lo), we may write 

g , = ~ , ~ ( g ~ P + g ! ~ '  +g?) + g z ) ,  (11) 
where g,  is the diagonal part of the matrix element gz over 
the quadrupole and octupole phonons of the wave function 
(10) (off-diagonal elements are negligible), g, is the part of the 
matrix element g, that is linear in the coefficients D ), which 
is due to the M 1-phonons and represents the core polariza- 
tion effect [the quadratic part in (D )), is small], andgsp is the 
single-particle g-factor. Numerical calculations of the com- 
ponents of the wave functions were carried out in accor- 
dance with Refs. 27 and 28. 

Table I11 lists the values of the coefficients C:, the 
quantities g, , the quadrupole and octupole phonon contri- 
butionsgy' andg':', and the contribution of the spin polariza- 
tion of the core for the 11/(2- states of 141Pr, 143Pm, and 
1 4 5 E ~ .  They were all found to be appreciable in the g-factor 
calculations. The calculated value are close to the experi- 
mental results, but the tendency for the g-factors to vary is 
not reproduced, as is clear from Fig. 6. 

Shell model calculations7 with a 6-function surface 
interaction show that the 15/2+ wave function is dominated 
(-90%) by the [(nlgi) ( r2dy) ' ]3  + configuration. If we 

use the measured g-factors for single-particle states, 
g(++,  l4lPr) = 1.654 and g(4, 14'Pr) = 0.80 (3) as the effec- 
tive nucleon g-factors, we find that, for this configuration, 
g,,,, (15/2+ = 1.13(3), which is in good agreement with ex- 
periment. Configurational admixtures, including the 2d3,, 
and 3s1,, proton states, have little effect on this result. This is 
a confirmation of the structure of the 15/2+ states and of the 
theoretical calculations given in Ref. 7. 

The relaxation time for the oxide targets is about 25 ns. 
Interaction with the fluctuating fields due to the paramag- 
netic ions produces a loss of nuclear orientation. Defects due 

TABLE 111. Calculatedg-factors for the 1 1 / 2  states in the quasiparticiephonon model. 

*Taken from Ref. 13 
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to radiation damage in the cubic lattice of the target, intro- 
duced during annealing and diffusion, produce time-depen- 
dent electric-field g r a d i e n t ~ ~ ~ ~ ~ ~  that may give rise to a relax- 
ation of orientation. However, the same relaxation time 
TR = 19(6) ns has been reported3' for the 11/2- state of 
139Pr in a Ce host at 900 "C. In the cubic lattice of the metal at 
temperatures T> 0.6Tme,, , annealing occurs rapidly and the 
orientation of the nuclei is preserved. This enables us to con- 
clude that the relaxation time observed for the oxide targets 
was due exclusively to the fields of unfilled 4f-shells. The 
dynamic nature of the interaction producing relaxation is 
confirmed by the temperature dependence of 7, (see Table 
I). According to the theory of Abragam and Pound,32 the 
attenuation factor in (1) and (2) is then of the form 

Gk(t) =exp (-Ad). ( 12) 
The relaxation time due to the time-dependent interac- 

tion is given by3' 
magn 

l/~R=kk +hke' 

=k(k+l) {'/30MZ.tc+3/5[4z(z+l) -k(k+l) -11 oqLtC}, (13) 
where the magnetic interaction frequency is 
w, = - gpNB, (O)/fi, and the quadrupole interaction fre- 
quency is wQ = e2Qq/41 (21 - 1)fi (Q is the quadrupole mo- 
ment and q the electric-field gradient). 

The quadrupole moment is of the order of 34 0.05 barn. 
If we use B, (0) and q calculated for the unfilled 4fshells of 
trivalent ions,35 the correlation times for the oxide targets 
turn out to be 

T, ('"Pr) =0:5.10-'3 s, 7, (jk3Prn) =0.8.10-l3 s . 
Such small correlation times are observed only for liquid 
sources. 

The relaxation times are shorter for metal targets. Let 
us estimate the static quadrupole interaction. The attenu- 
ation factor is then36 

R 

where w, = 3wQ for integral I and w, = 6wQ for half-inte- 
gral I. To explain the observed attentuation of R (8,B, t ), the 
electricfield gradient must be - 1019 V/cm. This is greater 
by a factor of 50 than the result obtained experimentally for 
Gd in Gd with a similar value of c /a  (Ref. 37): 
q = 3 . 4 ~  101'V/cm. 

The reduction in the relaxation times obtained for metal 
targets can be explained on the assumption of: (1) an in- 
creased correlation time, or (2) the presence of an additional 
time-dependent interaction. In the former case, the results 
for T=: 300 K are 

T, ("'Pr) =1.6.10-'3 s,  T, (Ik3Prn) =1.5.10-'3 s. 

For praseodymium in the cerium lattice, rC = 0.6X 10-l3 s 
(Ref. 3 1) at T = 1173 K, i.e., 7, is very approximately in- 
versely proportional to temperature, which is characteristic 
for a time-dependent interaction. The second reason for the 
reduction in rR in the case of metal targets can be dynamic 
interaction during diffusion and the curing of radiation dam- 
age present in oxide targets. Detailed measurements of the 
attenuation factors G2 and G, as functions of time and tem- 
perature will be necessary to verify these assumptions. 
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