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1 Introduction

The nucleus '32Thg; (I" = 27) decays via EC/B+ to the excited states
and the ground state of the even-even stable nucleus {3?Gdgs(I"™ =
0%). The '32Tbg; half-life is 17.5(1) h, its S-decay energy is Qg =
3850(15) keV. This nucleus is at the limits of the region of nuclear
deformation, consequently the origin of its excited states may refer to
that of either spherical or weakly deformed nuclei as well as its wave-
function may be presented as a mixed state of these two types. One
can also expect the nuclei belonging to the transitional region (be-
tween spherical and deformed ones) to feature an EO-multipolarity ad-
mixture to M14+E2-transitions between the levels of identical non-zero
spin. Properties of the excited levels with energies from 0 keV up to
1500-2000 keV have been studied quite well whereas the experimental
data for the higher-energy levels are not so complete. Rather detailed
data on the intensities of internal conversion electrons from this decay
were previously published in [1], where the measurements were car-
ried out in two energy regions : below 1000 keV with an orange-type
spectrometer (A(Hp)/Hp = 0.4%) and above 900 keV with a two-
fold double-focussing 27v/2-type spectrometer (A(Hp)/Hp = 0.21%).
The latest results of the single «-ray and yv-coincidence measurements
were published in [2].

2 Measurement of single vy-rays

A tantalum target was irradiated by an internal proton beam (E,=660
MeV, I,=5,A) of the LNP Phasotron and a radioactive source of 1*?Th
was prepared from it by means of chromatographic isolation followed
by electromagnetic separation.

Gamma-rays from the "">Tb decay were measured in the energy
range from 5 keV to 1500 keV with a planar HPGe detector (212 mm,
thickness 5 mm) with the energy resolution AE, = 350 eV for E, =
6.9 keV and with a coaxial HPGe detector (¢=19% and AE,=1.8 keV
(%°Co). In measurements with the coaxial detector a 1 mm Cu + 1 mm
Cd filter was used and the source-to-detector distance was d=80 mm.
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In the higher-energy range (300-4000 keV), v-quanta were recorded
with another coaxial HPGe detector (¢ = 28%, AE, = 1.9 keV (°Co)).
In the latter measurements a 1 mm Cu+2 mm Cd+7 mm Pb filter was
mounted on the detector and the source-to-detector distance was set
to 10 mm. Assignment of gamma peaks to the '®Tb decay was based
on their intensity fall with time, the background peaks and the peaks
from other Th isotopes were taken into consideration. Gamma quanta
from the neighbouring isotopes »L1931%4Th were also observed in the
spectra. Their activity contributed from 1072 to 107 of the »2Tbh
activity.

Transition energies in the 1»Th decay were determined by the “in-
ternal calibration” approach : the 2Tb source and a standard source
of nearly equal intensities were placed at the same strictly defined dis-
tance of 10 mm from the detector. The v-radiation was recorded in
a broad energy range with a multichannel analyser SPECTRUM MASTER
919 (ORTEC) as 16384-channel spectra. The spectra were handled by
the computer code DEIMOS [3], the initial parameters of fit were chosen
interactively. Slight non-Gaussian variation in the shape of the high-
intensity peaks was taken into account by insertion of an additional
peak into the left slope of the main one. This dependence of a peak
position in a spectrum on the processing method (the number of gaus-
sians inserted in the peak) was thoroughly studied and the results are
shown in Table 1.

Energies of °°Co and Eu 4-lines for the calibration purposes
were taken from [4] while those of ?Ra from [5], and energies of the
344.2785(13), 411.1165(13), 778.9045(24), 1089.737(5) and 1299.140(9)
keV ~-transitions also taking place in %?Eu decay were taken from [4].
Those 7-ray energies which had been measured with the planar de-
tector were determined with the help of the following Standartized
Radioactive Gamma-Ray Sources : "Co, *Ba, "?Eu [4]. Purity of
the “calibrating” peaks in the measurements of the >Tb decay in the
presence of a standard source was checked by comparison of their in-
tensities in our spectra to adopted ones. Using this approach we were
able to reject some peaks from the channel-energy dependence. We
expressed this dependence in a polynomial form of the 1st, 2nd and
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3rd power and fitted them consecutively. The fitted residuals are given
in Table 2 and Fig. 1. Differences of these polynomials are presented
in Fig.2. For the 2nd(3rd) power polynomials these differences are as
large as 170 eV (240 eV). We chose to use a 2nd power polynomial
in all the data processing. The averaged energy residual from three
measurements was found to be 70 eV. Of the 5 transitions also mani-
festing themselves in the 2Eu decay, the 1089.737 keV transition was
rejected because of presence of the relatively close to energy intense
1087.12 keV transition from the ?Th decay. On the basis of the “in-
ternal calibration” approach 24 transitions were chosen for further use,
see Table 3. Their energies were taken as the averaged value of three
independent measurements. The uncertainties were increased so that
they became 70 eV larger than the doubled standard deviation to take
into account the systematic error caused by the Gaussian-like expres-
sion for the peak shape (x? > 1, see Table 1) and the electric circuit
non-linearity expression by the 2nd power polynomial. Thus, the v-ray
energy uncertainities used by us were

O adopt (E \/ 402(E,) + (0.07)2 [keV]

The main part of the 152Gd excited level scheme was built on 86 tran-
sitions that had been observed in v — 4-coincidencies [2], while 5 of
those transitions were close in energy double transitions, energies of
which were difficult to determine. The remaining 81 transitions were
placed between 43 levels, and energies of the levels were determined by
least squares fitting. We obtained y? = 1.19 for a set of 77 transitions,
which can prove correctness of E., and AFE, determination. We also
unambiquously placed 87 more transitions between a set of 45 levels
using the energy balance condition [(El — Bt ev) — E7(k)(t7,)] < 20.
We tried to determine intensities of the y-transitions precisely. In par-
ticular, a thorough analysis of ballast peaks, namely, sum peaks, single
and double escape peaks, was done. Energies and intensities of those
peaks were calculated with the programs described in [6]. For exam-
ple, a diversity of peaks of different origin measured in the range from
900 to 4000 keV on a detector equipped with a thick filter versus their
intensities are given in Table 4. In the spectrum one can observe peaks
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with intensities that exceed Sa(,”m)(EV),

SU™ (E,) = S(FWHM),/N(E,), 1)

¥

where N(E,) is the number of counts registered in the spectrum at
E,. In this energy range we observed 661 peaks, 62 of which were
recognized as ballast and 331, identified as full-energy peaks, were
corrected for a ballast admixture S,(BP(E,)), BP means ballast peak.
In some cases these corrections were rather substantial, see Table 4,
where the amount of corrected '®2Th lines is shown versus intensities
of their admixtures. Note that intensities of the 1048.1, 1123.3, 1343,
1353 and 2966 keV transitions (see ref.[2]) are completely equal to
those of the ballast peaks. Substraction of a ballast peak intensity out
of a full energy peak’s one introduced additional uncertainity in energy

of the latter peak. The summary of v-rays corresponding to the decay
of 152Tb is given in Table 6.

3 Multipolarities of transitions

Relative intensities of internal conversion electrons (ICE) from the K-
shell were taken from [1] where the measurements of [7] had been com-
pleted and made more precise. The ICE measurements were carried
out with an orange-type f-spectrometer (AHp/Hp = 0.4%, ¢ ~ 1%)
in the low-energy range and with a two-fold double-focussing 27v/2-
type low-background spectrometer (AHp/Hp = 0.21%, ¢ ~ 0.1%) in
the high-energy range, as described above. Both spectra were “sewn
together” to a common scale by the K615 keV line with a 15% uncer-
tainty. This uncertainty was than neglected, as well as the uncertainty
in the 27v/2-spectrometer registration efficiency (As(EC)=10%) at the
K615 line [6]. The energy E. [keV] and momentum (Hp) of ICE are
known to be connected by the relation :

AE. I 511 AHp
E. ( 511+E€) Hp

Thus, the resolution of the HPGe detectors is better than that of the 3-
spectrometers. That is why some of the conversion lines should be con-
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sidered as being complex (see below). On the basis of previous investi-
gations of the °2Th decay scheme, some intense transitions were surely
assigned either E2 or E1 multipolarities. The coefficient k, needed to
connect I and I, internal units, was determined separately in both the
low-energy region, using the 344 (E2), 411 (E2) and 778 keV (E1) (k =
0.101(4)) transitions, and the high-energy one (> 900 keV), using the
970(E1), 990(E2), 1185(E2), 1209(E1), 1299(E1), 1314(E1), 1941(E2),
2033(E1) and 2113 keV (E2) (k = 0.0856(66)), see Fig. 3. We deter-
mined this k£ by comparison of the experimental and theoretical K-shell
conversion coefficients (ag), i.e., k%‘%g—:)l = o!f°(E;(X L)), where XL
are transition multipolarities. The theoretical a}°(E;(X L)) were re-
ceived by square interpolation of the tabulated data [8] to the required
energies with use of the computer code [9]. Having calculated the k,
we used [, taken from Table 6 and I from [2] to calculate a%?(E;)
and transition multipolarities, see Table 7 and Fig. 4. Multipolarities
of some double (triple) transitions were also determined. To extract
multipolarity information from the measured intensities, a special com-
pilation was made based upon the measured gamma-ray intensities and
theoretical K-shell conversion coefficients. The calculated K-electron
internal conversion intensities for various multipolarity characters for
the doublet (triplet) transitions are given in Table 8(9). The total
K-ICE intensity for each doublet (triplet) was then compared to the
measured [x values. Sums that coincide with measured values within
experimental uncertainties are underlined. As can be seen from Ta-
ble 8(9) it was possible in such a way to assign more definite multipole
characters to some transitions of those doublets (triplets).

For a number of transitions % exceeded o#¢°(M1), which can be
explained by E0 or E0 + M1 multipolarities of those transitions. The
transitions with M2 multipolarities were not observed due to their in-
significant reduced probabilities B(M2). The M1 multipolarities were
assigned tentatively but those transitions might have an F0 or M1+ E?2
admixture as well. Establishing of such a multipolarity would require
more sophisticated experiments, e.g. studies of the angular distribution
of y-quanta emitted from oriented nuclei. For most of the transitions,



the £0 admixtures were determined for the first time. Determination
of E0 and M1 + E0 multipolarity is based on correct calculation of
the intensity K-conversion electrons. For a number of K-conversion
lines their intensities could turn out to be too high provided there exist
overlaps of those lines with L-,M-, and N - conversion lines from other
transitions. We calculated the maximum Iy, 4+ Iy + Iy intensities (in
accordance with possible multipolarities) for the transitions that were
known before. They are enclosed in square brackets as we suppose that
corrections for them had been made (see [1]). For the transitions which
we observed for the first fime (I, is given with its uncertainity) as well
as for the transitions that were not observed we determined only upper
limits to their I, see Table 10. On the basis of the Table 10, one can
conclude that for the transitions with energies higher than 400 keV,
such corrections for overlapping of L + M + N conversion electrons
belonging to new and possible transitions are negligible.

The E0 admixture is supposed to be proved if the following equation
is satisfied :

05 — 38057 > alfo(M1)

We have found nine (M1 + E0) transitios obey the above equation.
We surmise that transitions meeting a weaker condition :

exp exp theo erp exp
ag’ = 280" > ag®(M1) > o’ = 3Aal

still may have M1+ E0 multipolarity, and enclose them in parentheses.
We observed 19 such transitions, 8 of which are doublet ones.

We calculated the gamma-ray intensity upper limits for even those
transitions where only K-conversion coefficients had been known, and
than estimated their " lower limits. Of these values 11 ones meet
the stronger equation above, while 7 more — the weaker one. The
multipolarities of these transitions may be either E0 or M1 + E0. As
we have not observed tha gamma-rays corresponding to the decay of
152Th for these latter transitions, the inexactness in conclusion on their
multipolarity becomes even greater.

The fundamental property of a E0 transition is its electron conver-
sion probability W, (E0) :

W.(E0) = p*(E0)Q,
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The p depends linearly on the matrix elements :

(FIM(EO)li)

eR? '
containing the information on nuclear structure, €, is the electronic
factor, which depends on wave-function overlapping between the elec-
tron and the nucleus, nuclear charge Z and transition energy. It does
not take into account nuclear structure [10, 11]. The main property
of a monopole transition is its matrix element p(E0). Its value can be
extracted from the experimental data using the relation [12] :

p(E0;i — f) =

o IR(BO0F — 0%) ag(E2;0F — 2
2(E0; 0} — 0F) = : ! L ILW (E2;0F — 2t
P (E0; 07 = 07) I:(B2;0F — 2) 0y (BO; 0F — 0F) V(BB07 = %)

where W, (E£2;0] — 27) is the absolute E2 probability of a transition
between a 07 level and a lower 2} one.

In?2 L(E2;0f — 27
W, (E2;0f — 2f) = X ! i1 L
Tip(0)en i It

where I/? is the total intensity of transitions between level i and lower
m=1i—1,i—2,..1 levels (1 marks the ground state). Unfortunately,
lifetimes of only two excited states are known : 615 keV, 0%, T}y =
37(8) ps and 930 keV 2%, T}, = 7.3(6) ps [12], deexcited by E0 and
E0+ M1+ E?2 transitions, respectively. the M1+ E2 mixing parameter
d =-3.05(14) for the 586 keV transition was determined from the yy(©)
correlation measurements [13]. Using the data from Tables 6 and 7,
T/ and 0 we calculated :

bl

p*(930,2% — 344,2%) = 46(4) x 1073
p*(615,07 — 0,07) = 66(14) x 1075,

The latter p? can be compared to the calculated one Prue = T9 X
1073, which refers to maximum mixture of spherical and deformed
state wave-functions (4. = 0.192) [14]. It is interesting to compare
the ratio of matrix elements of the transitions between the lowest 0%
levels, which is |"%| = 0.169, to that of other nuclei. As for the
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other F0 and M1 + EO transitions, only their reduced probability
ratios (Rasmussen parameters) could be determined because the data
on their lifetimes were absent.
.0t +
B(E0;0f — 07)

= for transitions 07 — 0%
B(E2; O;f — 2,:‘)

or

B(E2;I; — Iy)
One can calculate this parameter from the experimental data using the
relation [15] :

X =

for transitions I; = Iy # 0

E>(E2)Ik(E0)
X =2.56 x 10704432
Qi (E0)Ix (E2)

Oz]((EQ)

As a rule, the multipolarity mixtures F0+ M1+ E2 were not known
quantitatively, therefore, the parameters X; and X shown in Table 10
were supposed to have either EO + M1 (with 6* = 0) or B0 + M1 +
E2 (with 6% = 1) multipolarities. Multipolarity admixtures ¢ were
calculated as :

s (40 — alfl = Fal?

g = 9 )
257

E?2
— I’Y

62 =2
M

X values versus level energies are given in Fig. 5. One can observe their
monotonous growing, which proves qualitative changes in the structure
of the states with their increasing excitation energy.

J.D. acknowledges support from GACR Grant No. 202/99/0149.
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Table 1. Example of channel-energy fit of peaks made with one and two gaussians

N, AN, | FWHM, E,, Sy % 10735, T x° E:r’ E, - E;, x°
chan chan chan keV counts keV keV

1529.850 | 0.046 6.75 344.242 58015 10540 | 344.280 | 0.038(11) | 223
1826.190 | 0.034 7.06 411.091 6251 299 411.122 | 0.031(9) 7
2602.580 | 0.038 7.74 586.232 23213 1990 | 586.265 | 0.033(8) | 10
2764.550 |0.036 | 7.78 622.770 2424 72 622.797 | 0.027(8) | 2
2996.020 | 0.037 | 8.12 674.986 2033 34 675.013 | 0.037(11) | 4
3121.600 | 0.029 | 8.40 703.316 6570 170 | 703.406 | 0.090(9) | 1
3394.340 | 0.035 8.90 764.843 7425 364 | 764.881 | 0.038(9) | 4
3456.390 | 0.038 8.38 778.841 14928 1110 | 778.892 0.051(10) 13
3963.810 | 0.032 8.55 893.310 1473 35 893.357 | 0.047(10) | 1
4129.070 | 0.036 8.93 930.591 4582 39 930.562 | 0.029(11) | 7
4393.060 | 0.027 8.98 990.146 1965 30 990.182 | 0.036(13) | 5
4483.650 | 0.020 9.43 1010.582 1074 20 1010.623 | 0.041(15) | 1
4920.720 | 0.020 9.12 1109.183 7509 76 1109.224 | 0.041(11) | 4
5046.320 | 0.019 9.47 1137.518 2197 19 1137.577 | 0.059(12) | 2
5595.000 | 0.026 10.46 1261.300 22901 22 1261.338 | 0.038(11) | 2
5762.530 | 0.039 9.77 1299.094 4911 238 11299.178 | 0.084(12) | 1
5881.070 | 0.033 | 10.32 1325.837 2000 41 1325.857 | 0.020(13) | 1
5979.930 | 0.022 10.02 1348.140 1967 21 1348.201 | 0.061(15) | 2
7035.260 | 0.034 10.67 1586.227 1949 40 1586.297 | 0.070(14) | 1
7394.880 | 0.024 11.05 1667.360 1351 12 1667.432 | 0.063(17) | 2
7793.910 | 0.036 11.82 1757.385 1305 24 1757.473 | 0.088(17) | 1
8608.450 | 0.049 11.92 1941.155 1333 52 1941.234 | 0.079(18) | 1
10487.500 | 0.093 | 12.73 | 2365.103 669 13 |2365.173 | 0.070(26) | 1
10532.460 | 0.050 12.91 2375.247 1314 54 2375.353 | 0.106(26) | 1
10663.850 | 0.048 | 13.03 | 2404.892 2096 101 | 2405.009 | 0.117(26) | 1
11246.270 | 0.047 13.32 2536.301 458 14 2536.405 | 0.104(33) | 1

comment: EW(E;) are the transition energies determined from peaks fitted by one(two) gaussians,

x2(x?') - corresponding fit qualities.

14



[able 2. Parameters of energy fit to Standard Radioactive Sources

Co+Th | P Eu+Th | ?2Ra+Th

E,(min) | 344.279 | 123.071 | 295.207

E,(max) | 3451.119 | 1299.140 | 2447.709
n 15 9 10
Y2(1st) 33.0 6.5 2.6
x?(2nd) 5.0 1.9 2.5
¥2(3rd) 4.5 2.2 1.3

Table 3. Reference lines from internal calibration

Adopted value | Tb1524+Eul52 | Tb1524+Eul54 | Tb1524+Ra226 | Tb152+Cob6
Ey(AE,) Ey(AE,) Ey(AE,) E,(AE,) E(AE,)
105.17(7) 195.19(7) 195.15(7)

271.09(7) 271.06(7) 271.11(7)
315.16(7) 315.17(7) 315.17(7) 315.14(7)

344.2785(13)* | 344.27(7) 344.27(7) 344.28(7) 344.28(7)

411.1165(13)* | 411.12(7) 411.12(7) 411.12(7) 411.12(7)
586.27(7) 586.28(7) 586.28(7) 586.25(7) 586.26(7)
622.79(7) 622.80(7) 622.80(7) 622.78(7) 622.78(7)
764.89(7) 764.89(7) 764.90(7) 764.88(7) 764.88(7)

778.9045(24)* | 778.90(7) 778.91(7) 778.90(7) 778.90(7)

1089.737(5)* |  1089.73(7) 1089.73(7) 1089.75(7) 1089.75(7)
1299.140(9)* | 1299.14(7) 1299.14(7) 1299.18(7) 1299.13(7)
1325.86(7) 1325.82(7) 1325.89(7) 1325.85(7) 1325.87(7)
1517.78(7) 1517.69(7) 1517.77(7) 1517.86(7) 1517.79(7)
1586.22(7) 1586.17(7) 1586.21(7) 1586.23(7) 1586.26(7)
1667.38(8) 1667.36(7) 1667.40(8)
1757.42(7) 1757.39(7) 1757.46(7)
1789.20(8) 1789.19(8) 1789.22(8)
1902.45(8) 1902.43(8) 1902.48(8)
2185.24(9) 2185.18(9) 2185.29(9)
2536.30(7) 2536.30(7)
2719.61(8) 2719.61(8)
2940.15(11) 2940.15(11)
3324.22(11) 3324.22(11)
3479.14(14) 3479.14(14)

Note. * — The energy of the peak is taken from ref. [4]
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Table 4. Number of ballast peaks (BP) in the region 900 < E, < 4000 keV

Type of BP | All | S,(BP(E,)) > 0.28Y™(E,) | S,(BP(E,)) > "™ (E,)
Background | 32 9 9
Sumpeaks | 248 100 74

SEP  |504 319 133

DEP | 504 261 75

Table 5. Number of peaks whose intensities were reduced by substracting the corresponding

BP intensities

c= Sy (BP(E5))/Sy(Ey) %

c<l | 1<e<h | 5<e<l0 | 10<e<20 | 20<e<30 | 30<c<40 | 40<c<50 | 50<e<70 | 7T0<c<100

13 107 51 55 39 20 18 20 8

Table 6. Energies and intensities of y-transitions from the >2Th—s 52Gd decay

EL(AEy) I,(ALy) | Comment || E,(AE,) I,(ALy) | Comment

1153 <06 b 1622.4(4) | 1.43(28) n
117.25(7) | 7.85(22) p 1626.39(19) | 2.14(18) np

143.8 <0.5 b 1631.42(8) | 36.1(8) de.p

155.1 <0.4 b 1634.0(3) 1.08(25) n,c,p
159.16(16) 1.47(16) n,p 1640.08(9) | 6.84(22) c,p
160.77(9) | 2.52(15) n 1645.92(8) | 10.50(26) | c.p
169.50(12) | 3.20(29) n 1663.67(14) | 6.7(4) ep
175.14(9) 3.8(4) n,cp 1667.38(8) | 103.4(24) | cp
178.58(11) | 1.89(16) n,p 1681.53(8) | 6.57(17) cp
181.3(3) 1.03(23) n 1685.28(16) | 1.63(12) n
185.17(16) | 1.23(28) n 1687.69(11) | 2.11(13) n
195.17(7) | 62.4(14) p 1690.68(9) | 3.06(13) np
196.34(17) 4.7(5) n 1694.60(13) | 2.64(12) n,p
209.14(8) 5.68(21) c,p 1711.02(9) | 3.36(11) n,c,p
218.42(9) | 2.18(11) n,p 1714.65(25) | 0.66(9) np
248.75(9) 9.9(12) ep 1727.72(8) | 11.59(26) | ¢p
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271.09(7)
296.31(21)
298.06(21)
301.82(26)
315.16(7)
322.18(13)
324.90(7)
334.02(11)
335.56(7)
344.2785(13)
351.73(7)
353.78(9)
362.33(9)
364.84(16)
366.15(9)
367.80(7)
368.66(21)
381.7(3)
385.5(3)
387.80(7)
390.82(15)
407.12(21)
411.1165(13)
421.40(18)
427.85(11)
4325
441.02(8)
453.26(24)
454.82(28)
456.92(7)
460.29(22)
465.68(10)
471.98(9)
482.34(9)
489.59(13)
490.66(9)
491.84(27)
493.81(7)
496.37(7)
500.23(12)
503.43(7)
520.30(8)
522.03(18)
526.85(9)
534.21(9)
543.58(7)
547.47(7)
554.24(21)
557.67(7)
562.98(9)
569.04(20)
571.54(10)

1.02(16)
10.16(27)
9.7(4)
1.46(19)
41.4(9)
8.25(20)
30.3(7)
11.14(29)
1.71(16)
17.5(5)
10.53(28)
1.22(16)
2.48(15)
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1732.42(11)
1735.8
1737.03(9)
1739.46(8)
1748.34(14)
1757.42(7)
1761.22(16)
1771.43(8)
1776.3(3)
1778.78(9)
1785.15(11)
1789.20(8)
1792.71(14)
1796.83(14)
1798.45(9)
1802.67(9)
1809.53(10)
1811.33(28)
1818.56(9)
1825.37(9)
1841.15(9)
1844.83(12)
1857.48(8)
1861.94(8)
1870.55(18)
1875.35(12)
1886.08(13)
1891.45(17)
1896.52(21)
1902.45(8)
1907.51(18)
1914.71(13)
1917.55(15)
1921.00(8)
1932.94(12)
1941.23(8)
1944.8
1951.17(19)
1955.36(8)
1962.9
1965.42(19)
1967.9(5)
1970.49(9)
1975.65(8)
1979.93(19)
1983.41(8)
1986.8(4)
1993.87(8)
2004.93(17
2014.48(20
2018.09(14
2020.67(14

1.82(16)
<0.3
6.55(17)
12.14(27)
0.68(7)
101.6(23)
8.9(5)
51.8(11)
2.3(3)
16.5(5)
7.7(4)
89.9(17)
8.0(6)
8.3(5)
15.8(6)
10.24(27)
12.7(4)
2.5(3)
9.26(28)
23.8(5)
12.3(3)
2.27(11)
27.2(6)

110.8(23)
<0.3
3.90(27)
54.8(12)
<0.3
2.41(14)
0.89(13)
7.81(21)
11.83(26)
0.72(12)
11.42(27)
0.75(15)
14.4(3)
1.09(9)
1.18(23)
3.00(12)
1.90(11)

n)p

nﬂc’p
CYP

c,p
<,p
<P
n,p
Sp
n,c,p
dc,p
n,c,p
n,c,p
Sp
c,p
c,p
n,p
p
P
d,c,p

C)p
Cﬂp

d,e,p

n!C7p
P
Sp




575.40(14)
577.57(9)
579.63(9)
583.00(11)
586.27(7)
595.83(11)
597.57(11)
603.18(14)
615.6
622.79(7)
633.60(9)
638.35(10)
641.20(7)
645.83(14)
648.31(7)
651.06(19)
656.42(9)
658.83(11)
662.02(10)
667.46(13)
675.01(7)
678.61(7)
681.3(3)
684.12(9)

722.00(12)
723.67(10)
730.95(11)
738.69(9)
747.29(14)
750.06(9)
752.59(9)
758.01(11)
758.8(4)
764.89(7)
778.9045(24)
787.18(12)
788.88(10)
792.56(11)
794.73(7)
805.84(9)
810.44(23)
812.80(8)
814.38(16)
818.25(8)

c!p
n)p

P
c?p

n,p
n?p
c,p

n7C?p
¢,p

d,e,p
C7p
C)p
c,p

nYC’p
n)p

P
n)cip
n,c,p
n,c,p

C!p
aJCVP

. nvp
n7C1p
P
n,p
n,p
S,p
n,d,c,p
d,c,p
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2029.5
2033.89(9)
2043.65(10)
2051.26(11)
2058.47(9)
2064.90(16)
2069.00(8)
2073.51(17)
2076.21(10)
2078.63(9)
2082.22(18)
2086.20(10)
2093.51(8)
2103.54(9)
2113.70(9)
2118.66(9)
2127.99(11)
2140.35(16)
2150.85(8)
2158.72(10)
2162.05(15)
2169.16(9)
2172.45(11)
2176.44(11)
2179.42(11)
2182.10(15)
2185.24(9)
2192.22(10)
2196.20(9)
2201.65(26)
2209.71(13)
2217.40(9)
2220.81(21)
2223.71(19)
2226.01(23)
2235.76(14)
2239.13(24)
2251.41(9)
2254.54(9)
2257.22(22)
2260.05(11)
2262.9(4)
2265.33(9)

10.11(26)
13.6(3)
8.74(23)
5.30(21)
2.60(14)
35.2(7)
11.0(3)
5.11(24)
14.6(3)
4.94(17)
5.75(18)
9.30(25)
3.94(19)
35.8(7)
1.57(11)
14.7(3)

C7p
t,c,p

n)Cﬂp
n7C’p
C)p

CYp
c,p

d,c,p
d,c,p
c,p
c,p




824.70(13)
829.57(26)
831.94(8)
834.73(18)
837.08(11)
839.6(4)
841.10(9)
847.62(24)
850.49(28)
852.1(5)
855.00(9)
857.33(11)
860.84(14)
865.62(8)

1016.60
1022.73(11
1027.16(21)
1030.71(11

1036.74(7)

1.69(11)
1.29(34)
17.9(5)
3.65(17)
3.23(17)
2.1(4)
7.2
7

4

C)p

an
n,c,p
<P

n,c,p

t,c,p
c,p
n,p

n,c,p
n,p
n,p

n,c,p
n,p

n,p
P
c,p
c,p

p7C

<P
<P
P
¢p
n,c,p
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2322.3(4)
2324.32(17)
2335.00(16

2347.53(11
2350.30(15)
2354.19(14
2357.0
2365.13(9)
2375.34(9)
2382.27(16)
2384.94(9)
2388.72(11)
2398.53(26)
2405.00(9)

2491.4
2495.53(9)
2503.96(22)
2507.8(4)
2513.9(4)
2518.42(9)
2523.92(9)
2536.30(7)
2544.58(18)
2548.10(25)
2551.48(11)
2555.34(18)
2557.91(12)
2569.85(10)

2572.6(
2575.82(
2579.82(

2583.0(4)
2584.89(
2588.36(8
2597.04(1
2600.69(1
2602.85(1
2619.61(9)

8
5
1
8
2
0
)
7)
7)
7)
)
6
8
1

)
)
)

2
1
1
1
1
4
1
1
4
2

1.40(29)
5.46(29)
1.42(8)
20.3(4)
4.38(16)
2.30(14)
2.61(16)
<0.3
57.0(14)
122.5(26)
2.15(14)
14.5(3)
3.80(12)
8.6(10)
207(4)
0.81(9)
0.87(9)
9.27(25)
1.32(10)
0.50(9)
0.95(11)
0.80(7)
0.77(8)
1.45(9)
1.78(9)
1.62(11)
0.76(11)
3.89(16)
<0.3
13.8(3)
0.83(10)
0.45(10)
0.71(18)
17.9(4)
13.1(3)
39.5(11)
0.74(9)
0.88(8)
4.82(12)
1.92(10)
3.89(12)
25.3(6)

<P
n,p
P
n,c,p
Sp

C!p

<P
n’C)p

c?p

n,p
CVp

CYp
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1040.6(3)
1045.31(23)
1047.9
1052.15(7)
1056.79(9)
1061.6
1066.23(26)
1069.15(9)
1072.16(15)
1075.87(9)
1083.96(10)
1085.68(11)
1087.12(10)
1089.737(5)
1092.26(14)
1096.60(19)
1098.30(27)
1106.59(8)
1109.20(7)
1117.15(11)
1119.42(17)
1128.65(10)
1130.98(7)
1137.56(7)
1141.68(10)
1144.94(16)
1148.99(10)
1155.48(13)
1157.18(16)
1159.82(7)
1164.17(9)
1167.0(3)
1171.19(27)
1173.4(6)
1176.53(9)
1185.73(7)
1188.37(11)
1190.44(7)
1193.20(21)
1198.97(11)
1202.64(9)
1205.83(11)
1209.03(9)
1215.20(11

(
1221.95(
1225.86(
1235.57(
(
(

1.00(21)
1.13(15)
<13
18.5(4)
356(13)

n?p

b,p

CVp
n)c)p

nlp

n7c7p
n7c)p
n7d707p
t7c7p
C!p
a7c7p
n)c)p
n)p

C)p
cYp
n)c7p

C7p
n,C,p

C7p
n?p

CVp

n7p

n,p
c,p
n7c7p
¢,p
n,p
d,c,p
CYp
¢,p
n?p

n7c7p

P

C)p
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2629.74(1
2636.93(1
2644.74(1
2655.29(1
(1
2665 18(1
13(1
(1
(1
(1
(1
(1
1

2702.98(

2719.61
2722.45(15)
2729.25(1 1)
2734.06(10
2740.93(12
2744.10(10
2754.70(10
2761.15(12
2768.27(10
2772.44(18
2776.04(27
2778.28(12
2787.86(11
2793.27(14
2795.92(
2799.81(
2808.61
2816.84(
2820.43(
2824.17(
2833.50(
2838.15(
2845.25(
2859.06(
2861.75(
2869.24(
2873.2(
2882.39(
2887.52(
2890.21(

(

(

(

(

(

(

(

(

0
5
2
7

11
14
1
1
1
2
1
1
1
1
1

vvvvvvvvvvvvvvvvvvvvvvv

2893.15
2906.48

2910.0
2914.42
2918.46(2
2921.85
2927.29
2940.15

)
)
)
)
)

2
1
2
3
1
11
4)
11
13
12
11
15
6)
14
1

)
)
14)
1)
1)

0.79(6)
4.25(10)
2.71(17)
8.72(25)

26.9(5)
10.69(28)

20.5(4)
1.75(11)
6.02(16)

2.60(8)
7.84(23)

28.0(6)
9.93(24)

27.4(6)
40.1(9)9

9.5(4)

2.61(9)

14.2(3)
3.92(12)
12.18(26

15.5(3)

1.74(7)
4.13(10)
0.80(50
1.28(11)
3.95(12)

3.56(9)
3.08(11)
10.40(23)

1.78(7)
6.96(16)

)
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1253.48(9)
1258.45(10)
1261.32(8)
1263.84(11)
1275.04(7)
1278.33(9)
1284.42(9)
1289.64(9)
1299.140(9)
1308.07(16)
1314.66(9)
1316.32(12)
1318.24(13)
1325.86(7)
1336.54(8)
1338.5(4)
1348.15(9)
1352.98(11)
1360.43(11)
1363.39(14)
1365.69(8)
1369.04(9)
1372.04(9)
1375.76(21)
1393.86(9)
1400.60(7)
1406.16(8)
1410.29(13)
1411.48(9)
1414.40(14)
1417.18(15)
1420.76(8)
1424.76(19)
1427.32(7)
1430.76(7)
1434.54(11)
1436.67(9)
1441.91(8)
1446.43(7)
1449.45(31
1454.08(1
1457.25(
1465.85(
1471.45(
1475.04(
1481.18(8)
1485.72(32)
1489.60(10)
1491.62(22)
1495.44(8)
1502.62(10)
1506.90(8)

)
2)
11)
18)
15)
14)

n)c)p
n?p
Cﬂp

nﬂc7p
P

<P
c7p
a‘VCVI)

d,e,p
c,p
P
C,p
Gp
n,p
P

n,c,p
Gp
n,p
cp
Gp
Gp

n,c,p
d,c,p
Cp
c,p
d,c,p
n,c,p
n,c,p
Sp
n,p
Sp
P
n,c,p

C!p
d,c,p

nYCYP
n,p

- Lp

P7C

¢p
n,c,p

cp
n,c,p

P
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1514.61(14) 1.6(3) n 3276.00(19) | 1.20(3)
1517.78(7) | 102.5(21) t,c,p 3284.24(15) | 0.896(29)
1521.57(16) |  2.9(3) nep || 3309.75(14) | 1.54(4)
1530.07(15) | 1.55(13) n,p 3324.22(11) | 5.10(12)
1532.75(10) | 5.67(18) 3328.24(15) | 1.34(4)
1535.84(16) | 2.06(17) n 3338.12(16) | 0.593(22)
1544.29(8) | 9.46(23) p 3359.86(25) | 0.192(14) n
1547.95(9) | 6.46(18) nep || 3366.46(15) | 0.735(24)
1554.04(16) | 2.13(19) n,p 3380.23(15) | 0.774(24)
1558.07(12) | 2.15(17) n 3391.1(4) | 0.127(14) n
1562.45(8) 12.9(3) c,p 3401.45(20) | 0.297(16) n
1565.97(8) | 15.94(4) op 3406.89(23) | 0.233(14) n
1571.25(8) 24.9(5) cp 3411.90(15) | 0.842(24)
1575.30(9) | 9.40(25) p 3459.70(29) | 0.133(12) n
1586.22(7) 145(3) p 3479.14(14) | 1.90(5)
1593.37(9) 14.5(4) nep || 3493.32(18) | 0.359(14) n
1596.75(7) | 72.1(15) de,p 3508.7(3) | 0.131(12) n
1598.90(8) 34.6(8) cp 3534.74(24) | 0.187(12) n
1605.72(7) | 58.5(11) dep || 3565.85(24) | 0.152(10) n
1610.11(19) | 2.48(21) n,p 3572.44(18) | 0.388(14)
1613.53(9) | 8.25(28) n,p 3595.29(27) | 0.158(12) n
1620.35(20) | 4.11(27) n 3621.7(4) | 0.093(11) n

Notes. a) Energy of this peak is taken from [4]. b) Energy of this transition is taken from
ICE measurements. n) New transition. d) Double transition, see table 7 [16]. t) Triple
transition, see table 7 [16]. c,p) Transition is placed in the decay scheme on the basis of
gamma-gamma coincidencies. p) Transition is placed in the decay scheme on the basis of

the balance of energies

Table 7: Multipolarities of transitions from 52Th—s 152Gd decay

E, ok (Aay) XL E, ok (Aag) XL
135 | >064(17) | >B2 || 189145 | 2.4(10)E-3 | (B2MI)
115.3 >0.71(17) >E2 1902.46 | 9.2(17)E-4 M1
117.25 | 6.4(10)E-1 [op) 1907.51 | 3.6(16)E-3 |  (M1)
143.8 >0.52(16) M1 1921.00 | 9.2(21)E-4 M1(E2)
155.1 >0.71(20) M1 1932.94 | 8.3(22)E-4 M1(E2)
175.14 4.3(9)E—1 MI1 1941.23 | 4 7(11)E—4 E1
178.58 1.8(11) E2,M1 1944.8 9(17)E-2 | (EO(M1))
195.17 d El 1955.36 3.1(9)E—4 El
196.34 d E1 1962.9 >3 0(12)E-2 | (E0(M1))
209.14 | 3.0()E-1 | (EO)MI || 2014.48 | 6.4(26)E- 3 (E0)M1
271.09 6.0(9)E-2 E2 2018.09 d M1;E2
315.16 | 5.2(18)E-2 | E2(M1) | 2020.67 d E2;M1

344.278 | 3.13(30)E2 |  E2 2020.5 | >1.2(5)E-2 | (E0(M1))
351.73 3.0(10)E-2 E2 2033.89 | 3.6(9)E-4 El
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367.80
387.80
411.116
432.5
493.81
496.37
526.85
543.58
547.47
586.27
615.6
622.79
675.01
678.61
697.20
699.25
702.98
703.46
764.89
778.904
855.00
857.33
893.34
928.43
930.58
953.07
970.32
974.05
990.19
1010.60
1047.9
1061.6
1089.737
1109.19
1137.56
1185.73
1205.83
1209.03
1261.32
1299.140
1314.20
1314.25
1316.32
1318.24
1325.86
1343.0

1.2(4)E-2

0.42(11)
1.92(23)E-2

>237(24)

2.02(21)E-2
>437(25)
1.09(17)E-2
6.0(15)E-3
7.4(29)E-3
d
d
d
d
5.7(13)E-3
1.48(24)E-3
d
d
7.3(11)E-3
3.7(18)E-3
4.0(8)E-3
5.6(8)E-3
1.4(5)E-3
5.0(6)E-3
1.9(5)E-3
5.7(14)E-3
>2.06(20)
>8.4(9)E-2
2.7(5)E-3
2.3(4)E-3
3.0(6)E-3
1.2(4)E-3
2.5(11)-3
4.9(21)E-4
2.2(4)E-3
5.9(11)E-4
t
t
t
3.1(6)E-3
1.6(4)E-3
>8.0(8)E-2

E1
EOM1
E2
E0
EOM1;-
- EOM1
EO0M1
(EOM1);-
-;(E0OM1)
(E0)M1
E0
E2M1
E2
E2(M1)
(EOM1);-
-;(EOM1)
E2;M1
E2;E1
E2M1
El
(E0)M1;-
-;(EOM1)
M1
E2M1
E2M1
M1
El
M1
E2
M1
E0
EO0(M1)
E2M1
E2M1
M1
E2(E1)
E1(E2)
El
M1
El
(E1)
(1)
(E1)
M1
E2(M1)
E0(M1)
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2043.65
2064.90
2069.00
2076.21
2078.63
2082.22
2086.20
2093.51
2103.54
2113.70
2118.66
2150.85
2158.72
2169.15
2179.42
2182.10
2185.24
2196.20
2211.7
2217.40
2220.81
2251.41
2254.54
2275.01
2276.87
2289.66
2291.46
2322.30
2324.32
2342.57
2357.0
2365.13
2375.34
2384.94
2388.72
2398.53
2405.00
2428.36
2465.50
2491.4
2495.53
2506.3
2518.42
2523.92
2536.30
2551.48

o

1.25(24)E-3
6.0(14)E-4
7.0(17)E-4
1.0(4)E-3
6.6(12)E-4
5.4(18)E-4
5.6(13)E-4
d
d
5.8(17)E-4
1.01(29)E-3
>3(1)E-2

[a
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1.32(26)E-3

>4.0(10)E-2
1.2(3)E-3
7.9(18)E-4

>1.0(3)E-2

>5.0(10)E-2
6.5(27)E-4
>1.0(4)E-2
5.0(9)E-4
5.1(10)E-4
6.4(12)E-4
5.0(13)E-4

(E2M1)
(Eo)M1
M1(E2)
E2M1
E2M1
E1E2
MI1E2
(M1)
E2(M1)
M1(E2)
M1
M1(E2)
E2(M1)
E2M1
M1
M1
E2M1
M1
(Bo(M1))
M1
M1
M1;-
E1L;E2M1
(MD)
(M1)
(E0)M1
(E0)M1
(E0)M1;-
- (E0)M1
(E0)M1
E0(M1)
E0M1
M1
(E0)M1;-
-;(E0)M1
(E0)M1
E1(E2)
(E0)M1
E0(M1)




Note:

1348.15 | 1.20(22)E-3 E2 2569.85 | 3.0(6)E-4 (E1)
1352.98 | 1.9(4)E-2 EOM1 2588.36 | 6.2(11)E-4 (M1)
1360.43 d (E0)M1;- || 2600.69 d E2M1
1363.39 d -(E0)M1 || 2602.85 d M1E2
1369.04 | 2.6(7)E-3 M1 2619.61 | 4.7(9)E-4 M1(E2)
1372.04 | 1.9(5)E-3 | MI1(E2) | 2655.29 4.1(12)E-4 E2M1
1383.5 >7T(1)E-2 | EO(M1) | 2662.55 2.8(13)E-4 E1E2
1406.16 | 1.2(5)E-3 | E2(M1) || 2668.13 5.1(19)E-4 E2M1
1410.73 d E2M1 2678.03 d E2M1
1411.48 d El 2680.88 d M1
1446.43 | 1.3(3)E-3 | E2(ML) | 2694.48 1.0(20)E- 3 (E0)M1
1489.60 | 2.2(8)E-3 | M1(E2) || 2697.99 | 5. 3(10) MI1E2
1495.44 | 4.7(9)E-3 EOM1 2702.98 4.5(]8)E—4 E2M1
1506.90 | 2.7(5)E-3 (EO)M1 || 2709.47 | 2.7(8)E-4 E1(E2)
1517.77 d M1 2719.61 | 3.7(11)E-4 E2E1
1518.37 d E2M1 2734.06 | 2.5(5)E-4 E1
1532.75 | 1.8(5)E-3 M1 2740.93 | 9.4(30)E-4 | (E0)M1
1562.45 | 2.3(10)E-3 M1 2744.10 | 1.2(5)E-4 El
1586.22 | 4.5(9)E-4 El 2754.70 | 4.1(9)E-4 E2M1
1596.85 | 1.01(23)E-3 | E2El 2778.28 | 4.6(10)E-4 MI1E2
1605.57 d E1(E2) || 2787.86 | 2.9(10)E-4 E2M1
1605.99 d E1(E2) || 2793.27 d MI1E2
1631.42 | 1.07(21)E-3 | E2M1 2795.92 d E2
1640.08 | 2.1(9)E-3 M1 2808.61 | 2.0(8)E-4 El
1663.67 | 7.3(24)E-3 EOM1 2820.43 | 3.7(11)E-4 E2M1
1667.38 | 1.30(24)E-3 M1 2833.50 7(4)E-4 (M1)
1727.72 | 1.8(4)E-3 M1 2838.15 | 2.8(9)E-4 E2(M1)
1735.8 | >4.2(7)E-2 | EO(M1) || 2859.06 d E2M1
1739.46 | 1.35(30)E-3 M1 2861.75 d El
1757.42 | 6.3(13)E-4 E2 2869.24 (7) M1
1761.22 | 6.2(19)E-3 | E2(El) 2878.0 (9) E0(M1)
1771.43 | 1.41(27)E-3 M1 2882.39 | 2.6(6)E- El
1778.78 | 1.6(4)E-3 M1 2887.51 d E2M1
1789.17 d MI1E2 2893.15 d E2M1
1789.20 d M1 2002.0 | >7.0(23)E-3 | (E0(M1))
1798.45 | 9.2(4)E-4 E2M1 2906.48 | 1.9(5)E-4 El
1818.56 | 1.6(6)E-3 M1 2914.42 9(4)E-4 (M1)
1841.16 d ML;E2 || 2918.41 d E2M1
1841.83 d E2;M1 || 2921.85 d E2M1
1857.48 | 7.6(28)E-4 E2M1 2027.29 | 2.9(12)E-4 E2M1
1861.94 | 8.5(24)E-4 E2M1 2936.0 | >5.0(12)E-3 | (E0O(M1))
1870.55 d (E0)M1;- || 2940.75 | 3.9(11)E-4 E2M1
1875.35 d - (E0)M1 || 2950.50 | 3.3(9)E-3 EOM1
1886.08 | 3.6(11)E-3 | (E0)M1

d(t) - double(triple) transition
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Table 8: Multipolarities of double transitions from the 1527h s 152Gd decay

703.46 keV T (703.46) caic
El E2 M1
702.98 keV 4.279 |10.994 | 20.606
T5(702.98) cate
E1 2.419 6.699 |13.414 | 23.025
E2 6.216 10.495 | 17.210 | 26.822
M1 11.651 15.930 | 22.645 | 32.256
I (702.98+703.46)=17.3(17)
1106.59 keV I (1106.59) caic
El E2 M1
1109.20 keV 0.570 | 1.332 | 2.220
Tx(1109.20) care
E1 3.772 4.342 | 5.104 | 5.992
E2 8.813 9.383 | 10.144 | 11.032
M1 14.688 15.258 | 16.020 | 16.907
I (1106.59+1109.20)=10.9(11)
1185.73 keV Tr (1185.73) cate
El E2 M1
1188.37 keV 0.281 | 0.647 | 1.054
T (1188.37) cate
E1 0.047 0.328 | 0.693 | 1.101
E2 0.108 0.389 | 0.754 | 1.162
M1 0.176 0.457 | 0.822 | 1.230
I (1185.73+1188.37)=0.48(10)
1261.32 keV T (1261.32) cate
El E2 M1
1263.84 keV 1.062 | 2.411 | 3.847
T (1263.84) cqrc
E1 0.082 1.144 | 2.493 | 3.929
E2 0.187 1.248 | 2.597 | 4.034
M1 0.298 1.360 | 2.709 | 4.145
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T (1261.32+1263.84)=3.64(35)

1411.48 keV Tr (1411.48) carc
El E2 M1
1410.73 keV 0.419 | 0.933 | 1.415
T (1410.73) cale
E1 0.203 0.622 | 1.136 | 1.619
E2 0.453 0.872 | 1.386 | 1.868
M1 0.687 1.106 | 1.620 | 2.102
Tr(1411.4841410.73)=0.97(14)
1605.57 keV T (1605.57) catc
El E2 M1
1605.99 keV 0.173 | 0.376 | 0.541
T (1605.99) cate
E10.116 0.290 | 0.492 | 0.658
E2 0.252 0.426 | 0.628 | 0.793
M1 0.363 0.537 | 0.739 | 0.905
I (1605.57+1605.99)=0.29(7)
2018.09 keV I (2018.09) cqlc
E1 E2 M1
2020.67 keV 0.010 | 0.021 | 0.028
T5(2020.67) cate
E1 0.006 0.017 | 0.028 | 0.034
E2 0.013 0.024 | 0.034 | 0.041
M1 0.018 0.028 | 0.039 | 0.045
I (2018.09+2020.67)=0.047(10)
2600.69 keV T (2600.69) cqlc
El E2 M1
2602.85 keV 0.010 | 0.020 | 0.024
T5(2602.85) calc |
E1 0.023 0.033 | 0.043 | 0.047
E2 0.045 0.055 | 0.065 | 0.068
M1 0.053 0.063 | 0.073 | 0.076

I (2600.69+2602.85)=0.076(9)
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Table 9: Multipolarities of the triple transitions from 1527 152Gd decay

Tx (1518.37,E1)=0.095
1517.77 keV T (1517.77) cale
El | B2 | Ml
1517.77a keV 0.436 | 0.958 | 1.414
T (1517.775) cate
E1 0.027 0.559 | 1.081 | 1.537
E2 0.060 0.592 | 1.113 | 1.569
M1 0.088 0.620 | 1.142 | 1.598
T (1518.37,E2)=0.210
1517.77 keV T (1517 catc
El | B2 | Ml
1517.77a keV 0.436 | 0.958 | 1.414
T (1517.770) cate
E10.027 0.673 | 1.195 | 1.651
E2 0.060 0.706 | 1.228 | 1.683
M1 0.088 0.734 | 1.256 | 1.712
T (1518.37,M1)=0.309
1517.77 keV T (1517 cate
El | B2 | Ml
1517.77a keV 0.436 | 0.958 | 1.414
T (1517.770) cate
E1 0.027 0.773 | 1.295 | 1.751
E2 0.060 0.805 | 1.327 | 1.783
M1 0.088 0.834 | 1.356 | 1.812
Tr(1517.77a+1517.77b+1518.37)=1.77(14)
T (1598.90,E1)=0.173
1596.86 keV T (1596.86) calc
El | B2 | Ml
1596.53 keV 0.239 | 0.518 | 0.750
T (1596.53) catc
E1 0.122 0.534 | 0.813 | 1.045
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E2 0.263 0.675 | 0.954 | 1.187
M1 0.088 0.793 | 1.072 | 1.305
I (1598.90,E2)=0.375

1596.86 keV I (1596.86) cate
El E2 M1
1596.53 keV 0.239 | 0.518 | 0.750
T (1596.53) cate
E1 0.122 0.735 | 1.014 | 1.247
E2 0.263 0.877 | 1.156 | 1.389
M1 0.088 0.995 | 1.274 | 1.507
T (1598.90,M1)=0.543
1596.86 keV I]{(1596.86)calc
El E2 M1
1596.53 keV 0.239 | 0.518 | 0.750
T (1596.53) cate
E10.122 0.904 | 1.183 | 1.415
E2 0.263 1.045 | 1.325 | 1.557
M1 0.088 1.164 | 1.443 | 1.675

Tr (1598.90+1596.86+1596.53)=0.85(12)

28




Table 10: Possible contributions to Ix of the (E04+M1) transitions
from L, M, and N conversion lines belonging to other transitions
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FEW(EO-I—MI) o(Ek) Er,kev Eprkev En,kev
keV keV L L, 1,
Ix I, Iar In > L 1]
387.80 2.2 345.937 339.449 337.944
242(52) [10000(250)] | <1.0 <1.0
[663] <0.018 | <0.0042 | <0.022 | [663]
432.5 2.5 390.637 384.149 382.644
703(70) 1.17(19) 1.9(6) | 0.88(22)
<0.066 <0.024 <0.0027 <0.093
493.81 2.8 451.947 445.459 443.954
d17.2(9) 1.17(28) <08 <0.8
<0.044 <0.0067 <0.0016 <0.053
496.37 2.8 454.507 448.019 446.514
d17.2(9) 1.17(28) 0.8 0.8
<0.044 <0.0067 <0.0016 <0.053
526.85 2.9 484.987 478.499 476.994
33.4(17) 9.14(23)] <0.8 <0.9
[0.29] <0.0057 | <0.0015 | <0.0072 | [0.29]
543.58 3.0 501.717 495.229 493.724
d10.4(17) 1.02(16) | [45.3(9)] | [45.3(9)]
<0.030 [0.29] [0.071] <0.036 | [0.68]
547.47 3.0 505.607 499.119 497.614
d10.4(17) [10.16(27)] | 1.02(16) | [23.0(5)]
0.29] <0.0065 | [0.035] <0.036 | [0.68]
586.27 3.2 544.407 537.919 536.414
291(14) 30.3(7)] <09 | [8.25(20)]
0.72) <0.0047 | [0.010] | <0.0047 | [0.73]
615.6 3.4 573.737 567.249 565.744
1732(100) 2.48(15) | 1.22(16) <0.8
<0.058 <0.0056 <0.00089 <0.064
699.25 3.8 657.387 650.899 649.394
d2.6(5) [0.55(40)] | 1.27(12) | 1.27(12)
[0.14] <0.0041 | <0.00099 | <0.0051 | [0.14]




699.25
d2.6(5)

855.00
d4.0(9)

857.33
d4.0(9)

1047.9
31.2(31)

1061.6
1.56(17)

1343.0
1.39(14)

1352.98
1.04(10)

1360.43
d0.62(12)

1363.39
d0.62(12)

1383.5
0.87(12)

1495.44
0.90(10)

3.8

4.7

2.8

2.9

3.5

3.5

3.5

3.6

3.6

3.8

657.387
[9.55(40)]
[0.14]

813.137
1.55(18)
<0.013

815.467
5.5(5)
<0.048

1006.037
0.99(15)
<0.0060

1019.737
2.01(13)
<0.012

1301.137
[325(7)]
[1.06]

1311.117
1.50(14)
<0.0048

1318.567

[73(3)]
[0.23]

1321.527
[42.0(17)]
[0.13]

1341.637

1.93(26)
<0.0059

1453.577
6.44(30)
<0.016

650.899
1.27(12)
<0.0041

806.649
3.24(14)
<0.0062

808.979
4.79(25)
<0.0091

999.549
3.24(18)
<0.0043

1013.249
(63.2(13)]
[0.08]

1294.649
<0.6
<0.0004

1304.629
<0.6
<0.0004

1312.079
[222(5)]
[0.15]

1315.039

[73(3)]
[0.050]

1335.149
1.93(26)
<0.0013

1447.089

1.84(21)
<0.0010
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649.394
1.27(12)
<0.00099

805.144
3.24(14)
<0.0015

807.474
4.79(25)
<0.0022

998.044
3.24(18)
<0.00021

1011.744
[63.2(13)]
[0.019]

1293.144
<0.6
<0.0001

1303.124
<0.6
<0.0001

1310.574
1.50(14)
<0.00025

1313.534
[222(5)]
[0.037]

1333.644
[19.6(4)]
[0.0031]

1445.584
<0.6
<0.0001

<0.0051

<0.021

<0.059

<0.011

<0.012

<0.0005

<0.0053

<0.00025

<0.0072

<0.017

0.14]

[0.10]

[1.06]

[0.38]

0.22]

[0.010]




1506.9
0.249(26)

1663.67
0.57(14)

1735.8
0.145(23)

1870.55
d0.211(42)

1875.35
d0.211(42)

1886.08
0.19(4)

1944.8
0.17(6)

1962.9
0.104(43)

2014.48
0.088(23)

2029.5
0.043(17)

2064.9
0.157(43)

2211.7
0.104(35)

3.9

4.2

4.4

4.7

4.7

4.7

4.8

4.9

5.0

5.0

5.1

5.4

1465.037
0.68(22)
<0.0017

1621.807
5.59(27)
<0.01087

1693.937
5.7(13)
<0.01

1828.687
[9.26(28)]
[0.014]

1833.487
<0.53
<0.0008

1844.217
2.27(11)
<0.0033

1902.937
[272.1(5)]
[0.37)

1921.037
5.14(13)
<0.00676

1972.617
0.89(13)
<0.0011

1987.637
0.75(15)
<0.0009

2023.037
1.90(11)
<0.00222

2169.837
4.94(17)

1458.549
6.44(30)
<0.0035

1615.319
8.25(28)
<0.00347

1687.449
6.80(13)
<0.0026

1822.199
[23.8(5)]
[0.008]

1826.999
[23.8(5)]
[0.008]

1837.729
[12.3(3)]
[0.0038]

1896.449
5.3(4)
<0.00154

1914.549
5.14(13)
<0.00146

1966.129
3.30(14)
<0.0009

1981.149
(23.97(39)]
[0.0063]

2016.549
3.08(23)
<0.0008

2163.349
5.11(24)
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1457.044
6.44(30)
<0.0008

1613.814
10.73(28)
<0.00108

1685.944
3.74(12)
<0.0003

1820.694
33.1(6)]
0.0025]

1825.494
[23.8(5)]
[0.0018]

1836.224
<0.53
<0.00004

1894.944
5.3(4)
<0.0004

1913.044
5.14(13)
<0.0004

1964.624
3.30(14)
<0.0002

1979.644
[23.97(39)]
[0.0015)

2015.044
1.18(23)
<0.00007

2161.844
5.11(24)

<0.0060

<0.01542

<0.0129

<0.0008

<0.00334

<0.00194

<0.00862

<0.0022

<0.0009

<0.00309

[0.0245]

[0.0098]

[0.0038]

[0.37]

[0.0078]




2291.46
0.345(69)

2322.30
d0.191(35)

2324.32
d0.191(35)

2342.57
0.312(35)

2357.0
0.139(35)

2365.13
0.78(14)

2384.94
d0.242(24)

2388.72
d0.242(24)

2398.53
0.191(52)

2428.36
0.294(69)

2465.50
0.35(10)

5.6

5.7

5.7

5.7

5.7

5.8

5.8

5.8

5.8

5.9

6.0

<0.00494

2249.597
[24.68(43)]
[0.023]

2280.437
7.77(25)
<0.00694

2282.457
5.58(25)
<0.00498

2300.707
[4.22(13)]
[0.0037]

2315.137
5.9(14)
<0.0051

2323.267
1.43(29)
<0.00123

2343.077
[24.7(4)]
0.021]

2346.857
2.3(14)
<0.00193

2356.667
2.61(16)
<0.00217

2386.497
5.95(14)
<0.0048

2423.637
0.87(9)
<0.00068

<0.0011

2243.109
1.18(13)
<0.00023

2273.949
6.24(25)
<0.00121

2275.969
7.77(22)
<0.0015

2294.219
1.24(12)
<0.00023

2308.649
4.87(14)
<0.0009

2316.779
7.3(29)
<0.00135

2336.589
1.42(8)
<0.00026

2340.369
1.42(8)
<0.00026

2350.179
1.42(8)
<0.00025

2380.009
2.15(14)
<0.00037

2417.149

1.68(10)
<0.00028
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<0.0003

2241.604
1.18(13)
<0.00006

2272.444
6.24(25)
<0.0003

2274.464
6.24(25)
<0.0003

2292.714
1.73(12)
<0.00008

2307.144
4.87(14)
<0.00022

2315.274
5.9(14)
<0.00026

2335.084
1.42(8)
<0.00006

2338.864
1.42(8)
<0.00006

2348.674
4.91(16)
<0.00021

2378.504
2.15(14)
<0.00009

2415.644
1.68(9)
<0.00007

<0.00634

<0.00029

<0.00845

<0.00678

<0.00031

<0.00622

<0.00284

<0.00032

<0.00225

<0.00263

<0.00526

<0.00103

[0.023]

[0.0037]

[0.021]




2491.4
0.173(35)

2506.3
0.035(15)

2694.48
0.095(10)

2740.93
0.043(12)

2878.0
0.016(3)

2902.0
0.024(8)

2936.0
0.017(6)

2950.50
0.019(3)

6.0

6.1

6.5

6.9

6.9

7.0

7.0

2449.537
1.75(11)
<0.00133

2464.437
2.22
<0.0017

2652.617
8.72(25)
[0.006]

2699.067
[45.8(7)]
0.028]

9836.137
[5.56(9)]
0.0031]

2860.137
3.25(10)
<0.00176

2894.137
2.43(8)
<0.00128

2908.637
0.38(6)
<0.0002

2443.049
2.77(11)
<0.00045

2457.949
0.77
<0.00013

2646.129
2.71(17)
<0.00037

2692.579
[38.4(7))
[0.005]

2829.649
0.68(6)
<0.00008

2853.649
3.25(10)
0.0004

2887.649
2.43(8)
<0.00028

2902.149
[7.22(23)]
[0.0008]

2441.544
2.77(11)
<0.00011

2456.444
0.77
<0.00003

2644.624
2.71(17)
<0.00009

2691.074
[10.44(24)]
[0.0003]

2828.144
0.68(6)
<0.000019

2852.144
<0.24
<0.00007

2886.144
2.43(8)
<0.00007

2900.644
[7.22(23)]
[0.0002]

<0.00189

<0.00186

<0.00046

<0.000099

<0.00223

<0.00163

<0.0002

[0.006]

[0.0333]

[0.0031]

[0.001]
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Table 11: Rasmussen parameters X for the transitions with E0 admixtures

E,, keV q3 X q? X, Placement
387.80 | 18(4) 036(8) | 34(8) | 070(17) | 1318,27 — 930,27

4496.37 | 55(4) | 0.168(14) | 10.1(9) | 0.308(27) | 1605,2 —1109,2*
526.85 | 7.2(6) | 0.242(19) [ 135(11) | 0.45(4) | 1282,4F — 755,4%

54358 | 2.7(6) | (0.008(23)) | 4.6(13) | (0.16(5)) | 1862,27 —1318,2*
536.30 | 1.68(12) | 0.068(5) - =
1061.6 > 39 > 4.8 > 78 >9
1343.0 | 64(34) 12(6) | 128(68) |  24(13) | 3285,2% - 1941,2*

1352.98 | 14.2(25) 27(5) | 28(5) | 5.3(10) | 2667,17 — 1314,1°
13835 | 60(30) 126) | 120(64) | 24(13)

1495.44 | 35(6) |  0.80(15) | 6.4(13) 15(3) | 1839,2F — 3442

1506.00 | 1.6(4) | (0.38(8)) | 2.8(7) | (0.65(17)) | 3112,2* — 1605,2

1663.67 | 7.4(22) 2.0(6) | 14(4) | 4.1(13) | 2772,2F —1109,2*
1735.8 > 51 > 16 > 102 > 31 3285, 2% — 1550, 2%

187055 | 21(6) | (7.3(19)) | 41(11) | (15(4))

1886.08 | 4.2(12) | (1.5(4) 8(2) | (28(9)) | 26414+ — 755,47
1944.8 > 74 (> 28) > 148 (> 56) 3067,3” — 1123,3~
1962.9 > 46 (> 18) > 91 (> 35)

201448 | 10(4) | (38(14)) | 19(7) | (7.5(28))

2029.5 | > 20 (>8) | >39| (>16)

2064.90 | 18(6) | (7.4(25)) | 35(12) |  (15(5))

232432 | 54(13) | @8(7) | 113)| (5:5(14)) | 3079,4% — 755,4%

234257 | 1.9(4) | (0.98(21)) | 3.5(8) | (1.8(4)) | 2687,2% — 344,27
2357.0 > 86 > 46 > 171 > 92

42384.94 | 22(4) | 1.20(22) | 4.1(8) 2.3(4) | 2729,2+ — 344,2F

230853 | 3.3(13) | (18(7) | 6.3(26)| (3.5(15) | 3328,2F = 930,2*

242836 | 53(16) | (3.0(9)) | 10(3)| (5.8(18)) | 3357,2% — 930,2*
2491.4 > 118 > 70 > 236 > 140

260448 | 1.9(4) | (1.20026)) | 3.6(8) | (25(5)) | 3310,(1,2%) —~ 615,0F

274003 | 17(8) | (12(6) | 3:206) | (23(11)) | 3085,2% — 34,2
2878.0 > 13 > 10 > 26 > 20
2002.0 | >21 >16) | >41| (>32
2936.0 > 15 (> 12) > 29 (> 23) 3550,0t — 615,0%

29050.50 | 9.7(23) 7.9(19) | 19(5) 16(4)
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Anam U. u np. E6-2001-93
I'amma-nyaun u EO- u M1+EO-nepexons! B pacnane 1527 152Gd

Pacrian 2 Tb mccnenosancs ¢ mMoMoIpbi0 U3MEPEHHsl IPOCTHIX Y-CIIEKTPOB.

HaGmonanocs 704 mepexona, u3 KOTOphIx 347 Mbl mpumucanu K pacmaay 2 Tb
Brepsbie. [lonydeHs! Gosee TOYHBIE M IOJHBIE OaHHBIE IO MHTEHCHBHOCTAM
y-niepexonoB. C MCHOJIB30BAHHEM paHee OIMyOJIMKOBAHHBIX JAHHBIX 110 HHTEHCUB-
HOCTSM KOHBEPCHOHHBIX 3JIEKTPOHOB ObUTH onpeneneHsl EO- wm EO+M1-mynpTu-
TIOJIBHOCTH VISl psifia TepexooB.

Pa6ora BeimosiHeHa B JlaGoparopuu sanepHbix npobiem um. B.IT.JIxenenosa
OWsIN.

CoobieHne OGbeANHEHHOTO HHCTUTYTa SAEPHBIX HccrenoBanui. Jy6Ha, 2001

Adam J. et al. E6-2001-93
Gamma-Rays and EO and M1+EO Transitions
in 132Tb - Y2Gd Decay

The decay of '3 Tb has been investigated by means of measurements of single
v-spectra. The 704 transitions were observed, of which 347 were identified
to the decay of '32Tb for the first time. Using the more precise and full data about
intensities of y-transitions and previously reported conversion electron intensities
the EO or M1+EOQ multipolarities were established for several transitions.

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

Communication of the Joint Institute for Nuclear Research. Dubna, 2001
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