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Abstract

Low lying states of 150Sm have been studied through decay spectroscopy of odd–odd 150Pm, populated 
with 150Nd(p, n)150Pm reaction at Ebeam = 8.0 MeV using 97% enriched 150Nd target and detecting the 
γ -rays with the VENUS array comprised of six Compton suppressed Clover HPGe detectors. Nineteen new 
transitions are placed, four tentative γ -rays are confirmed and eight transitions are found to have altered 
placements; consequently assigning thirteen new levels to the decay scheme of 150Pm. The spin-parity 
assignments of the excited levels of 150Sm were made based on logft and angular correlation analysis.
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1. Introduction

The study of the low lying states populated through decay spectroscopy may reveal important 
information on the structure of a nucleus [1–5]. Firstly, the excitation energies and the spins of 
these states are limited by β decay Q-value (Qβ ) and the selection rules. As a result, many unique 
levels can be excited from decay which are otherwise not possible from the nuclear reactions 
that are suitable to populate the band structures. Secondly, detailed information on these low 
lying levels and precise measurement of β decay intensity provides a wealth of information 
regarding the underlying nuclear structure. However, it is very difficult to study such complex 
decay schemes that are involved with high value of Qβ . The 150Sm is one such nucleus that 
can be populated through the β− decay of 150Pm (Qβ = 3454 keV). The β decay spectroscopy 
of 150Pm for studying γ − γ coincidence was carried out long back in the year 1970 [6], by 
using a single crystal Ge(Li) detector for the singles measurement and a well type hollow coaxial 
Ge(Li) detector for coincidence measurement. Hence, it might be worth revisiting the decay 
spectroscopy of 150Pm with high efficiency arrays in order to investigate the excited levels in 
150Sm that are favorably populated from decay.

The N = 88 Sm lies at the transition path of the vibrational to the axially symmetric deformed 
rotor region and could be associated with the competition between the long-range quadrupole 
polarizing effects of the nucleon-nucleon force and its short-range part favoring the spherical 
shapes [7]. Its complex nature is apparent from the varied structures interpreted in this nucleus [8]
which also provides a challenge for nuclear theory. Hence, over the time, several experimental 
and theoretical works have been carried out to enrich the understanding of this nucleus. The ex-
periments include the measurement of singles and coincidence decay spectroscopy [6,9]; angular 
correlation and directional distribution measurements [10–12]; determination of absolute B(E2) 
values [13] and quadrupole moments [14,15] of 2+ states using Coulomb excitation and the 
measurement of lifetime and electromagnetic transition rates using (n, γ ) reaction [16–18]. The 
results from the lifetime measurements suggested the existence of octupole correlation in this nu-
cleus. The transitions from 0+

2 band to the octupole band was observed [19] and that suggested 
the co-existence of reflection symmetric and asymmetric octupole shapes in 150Sm. In theory, 
Kumar [20] reproduced the shape transition at N = 88–90 in Sm, Scholten et al. [21] reproduced 
the variation in the nuclear structure of Sm isotopes with N = 86–92 and Gupta and Kumar [22]
resolved the overlapping character of the 2+

2 and 2+
3 states in the complex spectral features of 

150Sm. Although, the lowest few levels of 150Sm correspond roughly to those of the vibrational 
model (VM), the large number of currently known positive parity levels can be grouped into 
the ground, β , γ , and ββ rotational bands [23,24]. The 0+

2 and 4+
1 levels lie at about twice the 

2+
1 state energy, but the 2+

2 state lies at more than 3E(2+
1 ). The B(E2, 0 → 2) value drops from 

3.4 e2b2 in 152Sm to only 1.2 e2b2 in 150Sm, but the latter still has a large quadrupole moment 
Q(2+

1 ) ∼ −1.25 e-barn. More recently, Gupta et al. [25] also explained the structure of 150Sm 
and resolved the anomaly of the shape co-existence. They reproduced the absolute B(E2) values 
and the inter-band B(E2) ratios fairly well by a careful balance of the quadrupole forces and pair-
ing interaction, and predicted the slightly deformed status of 150Sm, reproducing the quadrupole 
moment Q(2+

1 ) [14].
In the present work, decay spectroscopy of 150Pm has been carried out to study the low lying 

levels in 150Sm. The decay half lives followed by the observed transitions along with their γ − γ

coincidence information have been used for the development of level scheme. New levels have 
been assigned to the decay scheme of 150Pm with the placement of new transitions, confirming 
uncertain transitions and also by changing the earlier placements of few transitions. The logft
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analysis and angular correlation measurement has been utilized to assign/confirm the spin-parity 
to the excited levels of 150Sm.

2. Experimental Setup and Data Analyzing Techniques

The excited states of 150Pm were populated by the 150Nd (p, n)150Pm reaction using 8.0 MeV 
proton beams provided by K = 130 AVF cyclotron at Variable Energy Cyclotron Centre (VECC), 
Kolkata, India. The beam energy was chosen from the measured excitation function for the 
p + 150Nd reaction [26] so as to have maximum cross section for the (p, n) channel. The 
150Nd target was prepared by electro-deposition technique, starting from commercially available 
97.65% enriched powdered oxide sample (Nd2O3), on a 0.3 mil thick aluminium (Al) foil. The 
isotopic impurities in the target material consisted of 0.50% 142Nd, 0.31% 143Nd, 0.68% 144Nd, 
0.23% 145Nd, 0.47% 146Nd and 0.26% 148Nd, as per the data sheet provided by the supplier. The 
thickness of the targets used in the experiment was ∼900 μ g/cm2. Several targets were irradi-
ated following the stacked foil technique [26]. The irradiated targets were subsequently counted 
with different configurations of Ge detectors as per the requirement of the decay spectroscopy 
measurements as discussed below.

In order to measure the decay half lives, the γ decay was followed in singles mode over a 
period of ∼10h where each counting was continued for a duration of 10 minutes. Decay half-life 
measurement was performed with an isolated Clover HPGe (High Purity Ge) detector and it was 
also ensured that the detector dead time is kept below 5% during counting. The measurement 
was performed by using the standard techniques where the background subtracted areas of a 
particular full energy peak were studied as a function of time. The statistics were increased 
by adding data files generated during time differentiated counting. The data obtained from this 
measurement was also used for the measurement of absolute intensities for most of the γ -rays 
as the absolute efficiency of the detector could be measured with the 152Eu and 133Ba sources of 
known disintegration per second (dps).

In the present work, the decay γ transitions have been detected using the VENUS (VECC 
Array for NUclear Spectroscopy) setup of six Compton suppressed Clover HPGe detectors [27]
which were placed at a distance of 18 cm from the target and at the angles of 30◦ (D2), 90◦ (D3), 
180◦ (D4), 260◦ (D5) & 310◦ (D6) w.r.t one of the detectors taken as a reference of 0◦ (D1). 
In the γ − γ coincidence measurement, conventional two fold coincidence logic was used. The 
γ −γ coincidence data obtained from this setup were used to establish the level scheme. For this 
purpose, the data were sorted to generate RADWARE compatible 4k × 4k matrix using prompt 
gating of ∼50 ns from the total γ − γ time events. The random events present within the prompt 
gate were subtracted by placing gates on the left and right background of the prompt γ − γ time 
peak. This significantly reduced the random coincidence events that may be present in the γ − γ

coincidence data.
This data were also used for the measurement of γ − γ angular correlation at eight different 

angles. Five equivalent angles (90◦ (D3), 100◦ (D5), 130◦ (D6), 150◦ (D2), 180◦ (D4)) were 
obtained w.r.t the reference detector at 0◦ (D1) and the rest three equivalent angles (120◦ (D2), 
140◦ (D6), 170◦ (D5)) were obtained by considering the 90◦ (D3) detector as the reference 
detector. The angular correlation coefficients were obtained from the γ − γ coincidence data by 
fitting the coincidence count (W(θ )), corresponding to a particular γ − γ cascade, at different 
angles between the two γ -rays with the following equation:

W(θ) = 1 + A2P2(cosθ) + A4P4(cosθ)
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where P2, P4 are Legendre polynomials and A2, A4 are the angular correlation coefficients. 
The theoretical solutions to the A2 and A4 coefficients have been obtained, by using the Fk

coefficients [28] corresponding to both the γ decays in a particular cascade, for different values 
of multipole mixing in one of the transitions. The angular correlation coefficients for the well 
known 1173–1332 keV (Q–Q) cascade of 60Co was reproduced and the geometrical correction 
factor required for this purpose was used for the subsequent measurements.

The pulse processing for the γ − γ coincidence measurement was performed by using stan-
dard NIM electronics and 32 bit VME ADC. For the singles measurement with the isolated 
Clover detector, standard NIM electronics and CAMAC ADC were used. All the measurements 
have been carried out after a cooling time of ∼2 h or more after the irradiation in order to en-
sure that all the short lived activities produced during irradiation have decayed out. All the data 
were gathered in zero suppressed LIST mode using LAMPS [29] and the offline analyses were 
performed using the LAMPS and RADWARE [30] analysis packages.

3. Results

The experimental data were analyzed in order to (i) develop the decay scheme of 150Pm from 
the analysis of decay half lives and γ − γ coincidence data and (ii) assign the spin-parity (Jπ ) to 
the excited levels of 150Sm from the analysis of logft values and γ − γ angular correlation. The 
following subsections gives details on the new findings obtained from the present work.

3.1. Decay scheme of 150Pm: Decay Half Life and γ − γ coincidence

The γ transitions obtained in singles data are shown in Fig. 1. The decay curves exhibited 
by all the γ -rays were studied in order to identify the origin of each transition. The half lives 
followed by few representative transitions are shown in Fig. 2. The decay half lives followed by 
the γ -rays were used for confirming their assignment in the decay scheme of 150Pm. The coinci-
dence relationships among the γ -rays were also taken into consideration for their final placement 
in the level scheme. All the transitions identified as belonging to the decay scheme of 150Pm are 
tabulated in Table 1 along with the energy of the corresponding excited level of 150Sm, from 
which these transitions are decaying. The energies of the γ -rays and excited levels, measured in 
the present work, are in agreement with the values obtained in ENSDF [23] considering the error 
involved in the measurement.

The γ − γ coincidence analyses were performed with the γ -rays listed in Table 1. The coin-
cidence information related to the well known transitions and levels were verified from the data 
before placing the new and weak γ -rays in the level scheme. Fig. 3 shows few gated projections 
on those γ transitions, which are well known in the decay scheme of 150Pm. The transitions are 
chosen to have a wide range of intensity values to determine the quality of the data obtained in 
the present coincidence measurement. The 876.1 keV (Iγ = 6.52) and 565.4 keV (Iγ = 1.16) 
gates show the strong and weak decay branches from the 2069.7 keV level. The 1213.8 keV 
(Iγ = 0.89) gate shows the decay of the 2259.6 keV level and the 1647.4 keV (Iγ = 0.23) gate 
shows the same for the 2812.7 keV level.

From the present analysis of decay half-life and γ − γ coincidence, in total, thirteen new lev-
els were placed in the decay scheme of 150Pm. Out of these new levels, six levels (viz., 1684.5, 
1833.2, 2704.2, 2718.3, 2937.4 and 2987.5 keV) are based on multiple γ decays, most of which 
are observed for the first time and few have altered placements. The spin-parity of these levels 
could also be confirmed from logft analysis (cf. Sec. 3.2). Rest of the new levels, assigned to 
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Fig. 1. The singles spectra showing all the transitions observed from the decay measurement. The 286 keV transition, 
marked with $, is identified to be arising from the decay of 149Pm (τ1/2 = 53.08(5) h). The transitions marked with @ 
follow longer half lives and have been identified to be coming from background or the contaminations in the Al backing 

foil.



6 A. Saha et al. / Nuclear Physics A 976 (2018) 1–22
Fig. 2. The decay half lives followed for some of the transitions observed in singles and placed in the level scheme of 
150Sm are shown. (a) 439 keV (773 keV, 4+ → 334 keV, 2+), (b) 737 keV (1071 keV, 3− → 334 keV, 2+), (c) 1324 keV 
(1658 keV, 2− → 334 keV, 2+), (d) 1194 keV (1194 keV, 2+ → g.s.), (e) 2260 keV (2260 keV, 1− → g.s.), (f) 2529 keV 
(2529 keV, 1− → g.s.), (g) 421 keV (1194 keV, 2+ → 773 keV, 4+), (h) 1658 keV (1658 keV, 2− → g.s.), (i) 2070 keV 
(2070 keV, 2− → g.s.). Among these (a)–(g) are for the transitions which were already known in 150Sm; (h) & (i) for 
new transitions that are placed in the level scheme of 150Sm.

the decay scheme of 150Pm, are based only on a single transition and again four of these levels 
(viz. 1603.5, 2298.0, 2857.0 and 2882.2 keV) were also known from other reactions but not from 
β decay [23]. However, no de-exciting γ -ray were known earlier from these four levels. The 
assigned spin-parity, for the levels which are based only on single transition, are kept in bracket 
and may be considered as the most probable ones (cf. Sec. 3.2). The following subsections de-
scribe the modification made in the level scheme of 150Sm in the present work, based on the new 
information obtained with different γ -rays.

3.1.1. Modification in the level scheme based on the new transitions
Fig. 4 shows the coincidence relationships of two of the nineteen new γ -rays found in the 

present work, viz., 1557.4 keV (Iγ = 0.05) and 1296.3 keV (Iγ = 0.06) transitions de-exciting 
the 2298.0 keV and 2367.2 keV levels, respectively. Both these transitions are observed in singles 
data (see Fig. 1(b)) and follow half-life of 150Pm. The 1557.4 keV γ -ray, being in coincidence 
with the 334.1 keV and 406.5 keV transitions (cf.. Fig. 4(b)), is placed on top of the 740.6 keV, 0+

2
level, thus, forming the 2298.0 keV level populated from β decay of 150Pm. One 2294(5) keV, 
3− level is already known in the level scheme of 150Sm from (p, p′), (d, d′) reactions which 
could possibly be the 2298.0 keV level proposed in the present work. The 1296.3 keV γ -ray was 
observed in the earlier β decay work but could not be placed in the decay scheme of 150Pm. In 
the present work, the 334.1 and 737.2 keV transitions are found to be in coincidence with the 
1296.3 keV γ -ray (cf.. Fig. 4(a)) and, thus, this transition is placed to be de-exciting from the 
already known 2367.2 keV level to the 1071.3 keV, 3− level.
1
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Table 1
The excited levels of 150Sm, populated from β decay of 150Pm are listed along with the γ -rays de-exciting from these 
levels. The γ -rays and the excited levels assigned for the first time in the decay scheme of 150Pm are shown in bold to 
guide the eye. The γ -rays are marked as: (i)‘a’ for new transitions observed in the present work; (ii) ‘b’ for the transitions 
with altered placement in the level scheme compared to the earlier β decay work; (iii) ‘c’ for the tentative transitions 
known in ENSDF and confirmed in the present work; (iv) ‘d’ for the transitions confirmed in the present work that could 
not be placed in the earlier β decay work and (v)‘h’ for the transitions with double placement.

Ex (keV) Jπ Eγ (keV) Iγ Iβ− logft

Pres. work Lit. [23] Pres. work Pres. work Pres. work Lit. [23] Pres. work Pres. work

334.1 2+ 334.1 66.40(10.82) 9.4(18) 10.97(2.80) 8.6(1)
740.6 0+ 406.5 5.30(88) 1.5(6) 0.33(9) 9.8(1)
773.5 4+ 439.4 0.63(12)
1046.0 2+ 305.8 0.10(2) 1.3(4) 0.19(5) 9.9(1)

711.9 3.63(66)
1046.1 0.46(9)

1071.3 3− 298.2 0.11(2)
737.2 1.93(37)

1165.5 1− 425.3 0.44(7) 25.9(14) 24.12(6.73) 7.7(1)
831.5 11.03(2.05)
1165.5 15.18(2.95)

1193.6 2+ 420.5 0.06(1) 0.6(7) 0.50(14) 9.3(1)
453.1 0.11(2)
859.6 2.97(55)
1193.6 4.35(85)

1255.4 0+ 209.5 0.09(1)
921.3 0.71(13)

1417.4 2+ 251.9 0.18(3)
346.1 0.31(6)
371.5a 0.07(1)
1083.5 0.16(3)
1417.9 –

1504.6 3+ 310.9 –
458.4 0.03(1)
731.1 0.20(8)
1170.5 0.98(20)

1603.5 – (2+) 1269.4d 0.04(1) – 0.04(1) 10.1(1)
1658.2 2(−) 2− 241.6 <0.01 19.4(12) 18.74(6.07) 7.4(1)

464.4 0.05(1)
492.5 0.34(6)
586.7 1.16(20)
611.9 0.78(15)
1324.1 16.24(3.23)
1658.5a,h 0.51(10)

1684.5 3− 910.6 0.15(3) 0.089(25) 0.18(7) 9.4(2)
1350.4c 0.08(2)

1713.3 1 1− 548.3 0.04(2) 3.5(3) 3.45(1.08) 8.0(1)
667.1h 0.20(4)
972.5 0.07(1)
1379.2 2.89(58)
1713.4 0.40(8)

1786.1 (≤3) 3− 620.6 0.11(2) 0.16(4) 0.18(5) 9.3(1)
1452.4 0.07(2)

1833.2 (2)+ 667.1b,h 0.20(4) – 0.24(5) 9.1(1)
1499.5b 0.04(1)
1833.2 0.02(1)

(continued on next page)
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Table 1 (continued)

Ex (keV) Jπ Eγ (keV) Iγ Iβ− logft

Pres. work Lit. [23] Pres. work Pres. work Pres. work Lit. [23] Pres. work Pres. work

1963.5 1(−) 1− 892a <0.01 5.5(3) 5.11(1.55) 7.6(1)
917.2 0.47(9)
1222.9 2.35(46)
1629.1 0.84(17)
1963.6h 1.50(31)

2069.7 2(−) 2− 237a <0.01 17.5(8) 15.25(5.63) 7.0(2)
565.4 1.16(20)
652.6 0.28(5)
876.1 6.52(1.22)
904.2 0.78(15)
999.1c 0.05(1)
1024.0 0.67(13)
1735.7 5.55(1.34)
2069.4a 0.26(6)

2259.8 (1−) 1− 842.1 0.38(9) 3.26(17) 3.15(89) 7.5(1)
1004.0 0.78(15)
1065.9 0.41(8)
1093.8 0.03(1)
1213.8 0.89(18)
1519.6 0.29(6)
1926.1 0.33(7)
2259.6 0.09(2)

2298.0 3− 1557.4a 0.05(1) – 0.05(1) 9.2(1)
2367.2 (3+) 2− 1201.7 0.03(1) 1.04(9) 1.12(24) 7.8(1)

1296.3d 0.06(1)
2033.1 1.00(21)
2366.4a 0.03(1)

2507.4 (1−, 2+) 2+ 1340.8 0.03(1) 0.58(7) 0.15(4) 8.4(1)
2173.7 0.06(1)
2507.4 0.06(1)

2528.7 1, 2+ 1− 1789.6 0.03(1) 0.44(5) 0.48(10) 7.9(1)
2195.4 0.09(2)
2528.7 0.36(8)

2550.4 1(−) 1− 1810.3 0.05(1) 0.39(5) 0.44(9) 7.9(1)
2216.3 0.23(5)
2550.4 0.15(3)

2602.2 (1+,2,3) 1− 532.3c 0.03(1) 0.20(3) 0.36(8) 7.9(1)
889.0 0.10(2)
1436.7b 0.23(5)

2679.5 3 (2+) 2679.5h 0.05(1) 0.11(3) 0.05(1) 8.6(1)
2704.2 – 2− 1658.5a,h 0.51(10) – 2.14(44) 6.9(1)

1963.6a,h 1.50(31)
2370.9d 0.07(2)
2700.4a 0.06(1)

2718.3 3− 2384.2a 0.03(1) – 0.04(2) 8.6(2)
2718.0a 0.01(1) –

2812.7 (1−,2) 2− 1128.8 0.05(2) 1.42(10) 1.17(28) 6.9(1)
1154.5 0.33(8)
1647.4 0.23(5)
1766.4 0.19(4)
2478.7 0.34(7)
2812.8a 0.01(1)
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Table 1 (continued)

Ex (keV) Jπ Eγ (keV) Iγ Iβ− logft

Pres. work Lit. [23] Pres. work Pres. work Pres. work Lit. [23] Pres. work Pres. work

2857.0 (2+, 3−) 2857.0 0.01(1) – 0.01(1) 8.9(5)
2882.2 1(−) (1−) 2882.2 0.03(1) – 0.03(1) 8.3(2)
2893.1 (1−,2) 2− 633.1 0.06(1) 0.61(6) 0.60(14) 7.0(1)

929.3a 0.04(1)
1179.9 0.05(1)
1727.6 0.22(5)
1848.0b 0.02(1)
2893.8 0.21(5)

2937.4 – 1− 1866.1d 0.08(2) – 0.12(3) 7.6(1)
1892.1d 0.04(1)

2958.1 – (1−) 2624.0d 0.04(1) – 0.04(1) 8.0(1)
2987.5 – 1− 1916.2b 0.07(2) – 0.12(3) 7.4(1)

1940.4b,h 0.05(1)
3013.6 – (1−) 2679.5h 0.05(1) 0.19(3) 0.05(1) 7.7(1)
3024.7 2+ 2690.6c 0.01(1) 0.163(24) 0.04(1) 7.8(1)

3024.1 0.03(1)
3037.7 1, 2+ 1− 2704.2 0.03(1) 0.10(3) 0.05(2) 7.7(2)

3037.7 0.02(1)
3071.2 – (1−) 1905.7b 0.04(1) – 0.04(1) 7.6(1)
3080.2 1(+) (2+) 3080.2 0.01(1) 0.102(16) 0.01(1) 8.2(5)
3090.1 1, 2+ (2+) 3090.1 0.01(1) 0.29(4) 0.01(1) 8.2(5)
3105.9 – (1−) 1940.4b,h 0.05(1) – 0.05(1) 7.4(1)
3138.8 (1, 2) (1−) 2804.7 0.04(1) 0.14(3) 0.04(1) 7.4(2)

Fig. 3. Gated spectra for some of the transitions which were already known in 150Sm. (a) 876 keV (from 2069.7 keV, 2−
level to 1193.6 keV, 2+ level) gate , (b) 565 keV (from 2069.7 keV, 2− level to 1504.6 keV, 3+ level) gate (c) 1647 keV 
(from 2812.7 keV, 2− level to 1165.5 keV, 1− level) gate and (d) 1214 keV (from 2259.6 keV, 1− level to 1046 keV, 2+
level) gate show the known de-excitations in 150Sm.
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Fig. 4. Gated spectra for some of the new transitions which are placed in the level scheme of 150Sm. (a) 1296 keV 
(Iγ = 0.06; from 2367.2 keV 2− level to 1071.3 keV, 3− level) gate and (b) 1557 keV (Iγ = 0.05; from 2298.0 keV 3−
level to 740.6 keV, 0+

2 level) gate show their placements in the decay scheme of 150Pm.

Similarly, few more new transitions were observed in the present work which were confirmed 
from the coincidence data as well as half-life measurement. For example, a 371.5 keV transition 
is found in the singles data and the 712 keV gated projection shows that it can be placed on top of 
the 1046.0 keV level. This confirms the connection of the 1417.4 keV, 2+

3 level to the 2β level of 
150Sm. It is important to mention that, although this transition was also observed in some earlier 
works of Ref. [11,12], it is not mentioned in ENSDF [23].

The 310.9 keV transition, decaying from 1504.6 keV, 3+ level to the 1193.6 keV, 2+
3 level, 

was not observed in the earlier work on β decay of 150Pm. This important transition is observed 
to be in coincidence with the 565.4 keV transition decaying from the 2069.7 keV, 2− level to this 
1504.6 keV level (see Fig. 3(b)).

From γ −γ coincidence analysis, the 892 keV γ -ray is found to be in coincidence with 334.1 
(2g → 0g) and 737.2 (3− → 2g) keV transitions. Hence, this new γ -ray is placed in the level 
scheme of 150Sm and it de-excites the 1963.5 keV level to the 1071.3 keV, 3− level.

A new 929.3 keV transition is found from the present experiment which is in coincidence with 
334.1, 406.5, 1222.9, 1629.1 and 1963.6 keV transitions, as per the 1223 and 1964 keV gated 
projections. This indicates that the 929.3 keV γ -ray is de-exciting from the 2893.1 keV level to 
the 1963.5 keV, 1− level.

Two new γ -rays, viz., 2069.4 keV and 2812.8 keV, have been observed in singles data which 
follow the half-life of 150Pm (see Fig. 2) but have no coincidence with the γ -rays of 150Sm. 
These transitions are proposed to be feeding directly to the ground state as the 2069.7 keV and 
2812.7 keV levels are already known in the level scheme. A 237 keV transition is also observed 
for the first time in the decay of 150Pm and this could be placed as de-exciting the 2069.7 keV 
level and placed on top of the 1833.2 keV, (2)+ level, as per 667 and 1499 keV gated projec-
tions.

The 1269.3(10) keV transition was observed in the earlier β decay work [6] but could not 
be placed in the level scheme. A 1269.4 keV transition is found in the present work as well 
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(Fig. 1(b)) following 150Pm decay half-life. This γ -ray is found to be in coincidence with 
the 334.3 keV γ , thus, possibly de-exciting the 1603.5 keV level to the 334.1 keV, 2+ level. 
A 1603(4) keV level was also observed in (p, t) reaction [23,31].

A 2384.2 keV transition, observed for the first time, could be placed on top of the 334.1 keV, 
2+

1 level based on decay half-life and coincidence measurements and is, thus, decaying from a 
2718.3 keV, 3− excited level. The population of this level is also indicated by the observation 
of a 2718 keV transition following half-life similar to that of 150Pm. One 2715(4) keV, 3− level 
is known in 150Sm from the (p, p′) and (d, d′) reactions [23]. However, no γ transition was 
known to be decaying from this level. The newly observed 2718.3 keV level could be same as 
this 2715(4) keV level of Ref. [23]. However, a 2715.5 keV level is proposed in the recent (p, t)
experiment [31] that decays through a 1522 keV transition to the 1193.6 keV, 2+

3 level. In the 
present work, no 1522 keV transition is observed that satisfies the population of 2715.5 keV level 
proposed in Ref. [31]. Instead, a 1519.6 keV transition is observed in singles (Fig. 1(b)) which 
follow the half-life of 150Pm but shows coincidence with 334.1 and 406.5 keV transitions (Fig. 8). 
Hence, this γ -ray has been placed on top of the 740.6 keV, 0+

2 level and is, thus, decaying from 
the 2259.8 keV, 1− level (cf. Table 1).

Two γ transitions of energy 2857.0 and 2882.2 keV are observed in the singles data out of 
which the 2882.2 keV γ is found to follow the half-life similar to 150Pm. The half-life followed 
by the other transition could not be determined due to low statistics. One 2861(7) keV level 
is proposed in ENSDF which were observed in (n, γ ) and (d, p) reaction. The 2880.9(5) keV 
level proposed in ENSDF were observed in (γ , γ ′) data. The observation of 2857.0 keV and 
2882.2 keV transitions in singles data might indicate the population of the above two excited 
levels from the β decay of 150Sm.

In the earlier β decay work, transitions of energy 1865.2(10) and 1893.2(10) keV were ob-
served but were not placed in the level scheme. Two transitions of energy 1866.1 and 1892.1 keV, 
are found also in the present work from both singles and coincidence data. Their coincidence 
relationships show that they may de-excite from 2937.4 keV level to the 1071.3 keV, 3− and 
1046.0 keV, 2+ levels respectively. It is worth mentioning here that a 2937(20) keV level is 
already known in the adopted level scheme of 150Sm which was suggested in three different 
experiments with (p, t), (d, p) and (n, γ ) reactions.

The 2624 keV transition, observed in the present and earlier β decay work, is found to follow 
half-life close to the half-life of 150Pm. This transition is in coincidence with 334.1 keV and, 
thus, belongs to the level scheme of 150Sm. This suggests that there could be a 2958.1 keV state 
in the level scheme of 150Sm which is proposed for the first time.

3.1.2. Modification in the level scheme based on altered and double placements of γ -rays
Similar to the case for placements of new γ -rays, Fig. 5 and Fig. 6 show the coincidence 

for the transitions which are found to have altered and double placements, respectively. The 
presence of 831.5 and 1165.5 keV transitions in the gated projection of 1436.7 keV (Iγ = 0.23) 
suggests the altered placement of this transition. This, along with 1766.4 keV γ -ray, decaying 
out of the 2507.6 keV, 2+ level as per ENSDF, is found to have different placement according 
to the present γ − γ analysis. The doubles gate of 1436.7 keV transition shows that this γ -ray 
sits over 1165.5 keV, 1− level instead of 1071.3 keV, 1− (see Fig. 5(a)). Hence, the placement 
of this transition is changed and is found to be de-exciting from the 2602.2 keV, 1− level. The 
1766.4 keV transition is found to have a single placement in the level scheme which is on top of 
the 1046.0 keV, 2− level. Also, the 848 keV transition, earlier known to be decaying from this 
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Fig. 5. Gated spectra for some of the transitions for which the placement has been changed in the level scheme of 
150Sm, based on γ − γ coincidence and (a)1437 keV (Iγ = 0.23; from 2602.2 keV, 1− to 1165.5 keV, 1− level) gate, 
(b) 1848 keV (Iγ = 0.02; from 2893.1 keV, 2− level to 1046.0 keV 2+ level) gate.

Fig. 6. Gated spectra for some of the transitions which are doubly placed in the level scheme of 150Sm. (a) 1658 keV 
transition de-exciting both the 1658.2 keV and 2704.2 keV levels. This is also a new transition observed in the present 
work. (b) 1940 keV transition de-exciting the 2987.5 keV and 3105.9 keV levels. (c) 1964 keV γ -ray de-exciting both the 
1964.8 keV level and 2704.9 keV level. The 1964 keV de-excitation from the 2704.2 keV level is proposed for the first 
time. (d)The 2680 keV gate shows that this transition also decays from the 3013.6 keV level in addition to the 2679.5 keV 
level proposed in earlier β decay work [6].
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2507.4 keV level, is found to follow a much longer half-life and is confirmed to be originated 
from contamination in Al backing foil from coincidence data.

Similarly, from the 1848 keV gate, the altered placement of this transition is understood. The 
1507.1, 1848.0 and 1940.6 keV transitions were earlier known to be de-exciting a 3012.3 keV 
level to 1504.6 keV, 3+

1 ; 1165.5 keV, 1− and 1071.3 keV, 3− levels respectively, as per the β de-
cay spectroscopy of 150Pm [6]. Out of these γ -rays, the 1848 and 1941 keV γ -rays are observed 
to have different placements in the level scheme from the γ − γ coincidence data of the present 
work (see Fig. 5 and Fig. 6). The gated projection of the 1848 keV transition (see Fig. 5(b)) 
has 334.1 and 711.9 keV γ -rays in coincidence. The non-observation of 1046 keV transition in 
this gated spectrum could be justified from its intensity ratio compared to the 711.9 keV γ -ray 
in singles and other gated projections. Hence, the 1848 keV transition is placed on the top of 
1046.0 keV, 2+ level and, thus, de-excites the 2893.1 keV level instead of 3012.3 keV. The gated 
spectrum of 1940.4 keV γ -ray also shows that this transition is in coincidence with 334.1 and 
711.9 keV but not with 737.5 keV. Hence, the 1940.4 keV transition is placed on top of the 
1046.0 keV, 2+ level, thus, populating the 2987.5 keV level. The 1940.4 keV γ -ray is also found 
to have double placement in the level scheme and this transition is de-exciting from both the 
2987.5 keV, 1− and 3105.9 keV, 1− levels to 1046.0 keV, 2+ and 1165.5 keV, 1− levels, respec-
tively. The latter level of 3105.9 keV, 1− was not known earlier in the level scheme of 150Sm and 
is proposed for the first time. Also, as the presence of 1507.1 keV transition could not be con-
firmed from the coincidence analysis, the existence of the 3012.3 keV level in the decay scheme 
of 150Pm could not be established. However, the 3013.6 keV level was observed in the present 
work which is de-excited with the emission of a 2679.5 keV γ -ray to the 334.1 keV level. This 
is confirmed from the coincidence analysis. Also, in the earlier β decay work [6], one dotted 
2679.5 keV transition was shown to be de-exciting the 2679.5 keV level which could not also be 
negated from the present experiment.

With a similar analysis of the 1906 keV gate, it was found that this transition is to be placed on 
top of the 1165.5 keV, 1− level and not 1193.6 keV, 2+ level, as it is neither in coincidence with 
1193.6 nor 859.6 keV γ ; but in coincidence with the 334.1, 831.5 and 1165.5 keV transitions. 
This transition was earlier known to be de-exciting the 2679.5 keV level but the present work 
shows that the transition is decaying from 3071.2 keV, 1− level to the 1165.5 keV, 1− level. The 
3071.2 keV level is proposed for the first time in the level scheme of 150Sm.

A 1658.5 keV transition has been observed in singles which follows half-life of 150Pm 
ground state (see Fig. 2(h)). Hence, this γ -ray has been placed on the ground state as there is 
a 1658.2 keV level already known in the level scheme of 150Sm. However, the gated projection 
of 1658 keV (Fig. 6(a)) shows that this transition is in coincidence with 334.1 and 711.9 keV 
γ -rays. This indicates that 1658 keV has a double placement, de-exiting both the 1658.5 and 
2704.2 keV levels to the 0.0 keV, 0g and the 1046.0 keV, 2β levels respectively. The intensity of 
this transition is found to be ∼ 0.5% compared to 334.1 keV transition which may be contributed 
by the summed intensity of two γ -rays present in the decay of 150Pm.

Similarly, the 1963.6 (Fig. 6(c)) γ -ray is in coincidence with 334.1 and 406.5 keV lines and 
this confirms the de-excitation of 2704.2 keV level also by 1963.6 keV γ -ray to the 740.6 keV, 
0+ level. The 2704.2 keV level, which is de-excited by the 2370.9 keV transition, might be same 
as the 2701.3(5) keV level that was earlier observed in the (γ , γ ′) experiment [23]. A 2700.4 keV 
transition is observed as doublet with another 2704.2 keV γ -ray. The latter transition is found 
in 334.1 keV gate and is, thus, assigned to be decaying from the 3037.7 keV, 1− level. The 
2700.4 keV transition, however, is not present in the coincidence data and might indicate the 
population of a 2701 keV level in β decay of 150Pm. The energy of this transition shows a dif-
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ference of nearly 3 keV compared to the 2704.2 keV level under discussion and this conjectures 
the existence of more than one discrete energy levels around 2702 keV. However, in the present 
work, this γ -ray is listed as decaying from the 2704.2 keV level only.

The 1916.2 keV transition, following similar half-life as 150Pm, is found to be in coincidence 
with only 334.1 and 737.2 keV γ -rays. This transition has no coincidence with the 1165.5 and 
831.5 keV transitions and, thus, can not de-excite the 3080.2 keV level, as placed earlier. Hence, 
this transition is placed on top of the 1071.3 keV, 3− level and, thus, de-excites the 2987.5 keV 
level. This level is proposed for the first time in the present work.

The gated projection of the 667.1 keV transition, known to be de-exciting the 1833.2 keV level 
to the 1165.5 keV, 1− level (as per ENSDF), shows that it has a double placement in the level 
scheme. In addition to its placement above 1046.0 keV level, this transition is in coincidence with 
the 1165.5 keV and 831.5 keV γ -rays. Hence, this suggests the population of the 1833.2 keV, 
(2)+ level from the β decay of 150Pm as well. The population of this level is also supported by 
the observation of the 1499.5 keV transition (Fig. 1(b)) which is known as de-exciting from the 
1833.2 keV level to the 334.1 keV level, as per the ENSDF data [23]. The 1499.5 keV transition 
shows coincidence only with the 334.1 keV γ -ray but no other low lying transitions in 150Sm 
level scheme. In the earlier β decay work also, a 1499 keV transition was observed but that was 
placed on top of the 1713.3 keV level. The 1833.2 keV transition is observed in the singles data 
which also confirms the population of 1833.2 keV level from β decay of 150Pm which was earlier 
known from the ε decay of 150Eu.

3.1.3. Modification based on confirmation of tentative transitions
Fig. 7 shows the gated projections for some of the tentative γ lines which are confirmed in 

the present work. The placement of the 1350.4 keV transition, which was tentatively placed as 
de-exciting the 1684.5 keV, 3− level to the 334.1 keV, 2+ level in the earlier β decay work [6], is 
confirmed from the coincidence measurement (cf. Fig. 7(c)) and by following its decay half-life. 
It is also observed that the 1350.4 keV γ -ray has a single placement in the level scheme of 
150Sm as the coincidence data could not confirm the second placement of the 1350.4 keV γ -ray 
decaying from the 3138.8 keV level to the 1786.1 keV level. The 999.1 keV transition which 
was tentatively placed as decaying from the 2069.7 keV, 2− level to the 1071.3 keV, 3− level is 
also observed in the present work (Fig. 1(b)). This γ -ray follows half-life comparable to that of 
150Pm and its coincidence gate confirms its placement in the level scheme of 150Sm. Similarly, 
the 2690.6 keV transition, which had a tentative placement in the level scheme, is found to be 
in coincidence with the 334.1 keV γ -ray and, thus, confirming the placement of this transition 
from the 3024.7 keV level to the 334.1 keV, 2g level. Similarly, the tentative placement of the 
532.3 keV transition could be confirmed to be de-exciting from the 2602.2 keV level using γ −
γ coincidence data. However, the second placement of this 532.3 keV γ -ray, de-exciting the 
3212.5 keV level, could not be confirmed and the present work suggests that 532.3 keV has only 
a single placement in the level scheme.

3.1.4. Level structure around 2260 keV level
All the eight transitions reported to be de-exciting the 2259.8 keV level, by Barrette et al. [6], 

have been observed in the present work in contrast to the recent observation made by Humby 
et al. [31] who observed only one out of the eight transitions, viz., 1926.1 keV. From the γ −
γ coincidence measurement, performed in the present work, the placement of all these eight 
transitions could be confirmed as de-exciting the 2259.8 keV level. These spectra are shown in 
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Fig. 7. Gated spectra for some of the transitions which were placed as dotted in earlier works [23] but confirmed in the 
present work. (a) 999 keV (Iγ = 0.05; from 2069.7 keV, 2− to 1071.3 keV, 3− level) gate, (b) 2691 keV (Iγ = 0.01; 
from 3024.7 keV, 2+ to 334.1 keV, 2+ level) gate and (c) 1350 keV (Iγ = 0.08; from 1684.5 keV, 3− to 334.1 keV, 2+
level) gate confirm the transitions which were earlier placed as dotted.

Fig. 3(d) and Fig. 8. Hence, the present work does not support the propositions made in Ref. [31]
in which the possibility of the existence of multiple discrete states near 2260 keV was suggested.

3.2. Jπ assignments for the excited levels of 150Sm

The spin-parity assignment to the observed levels in 150Sm have been done based on the 
logft and γ − γ angular correlation analysis as described in the following subsections 3.2.1
and 3.2.2. The Jπ assignments that are made from the present work are shown in Table 1 in 
comparison to the spin-parity known from ENSDF data base. In the present work, Jπ value is 
assigned/confirmed for twenty eight levels in 150Sm for which the spin-parity was either not 
known or uncertain. The following sections describe the methods of analysis and the salient 
observations made in the present work.

3.2.1. Logft analysis
The modification in level scheme obtained in the present work calls for re-determination of β

decay branching intensities associated to different known and the new excited levels in 150Sm. 
For this purpose, the relative intensities of the γ transitions have been estimated with respect to 
the 334.1 keV (2+ → 0+) transition after correcting for the 10% β decay branching of 150Pm to 
the ground state of 150Sm [23]. The γ -ray intensities derived in the present work have been used 
to estimate the β decay branching to different levels and the same has been compared with the 
earlier work (cf. Table 1). The β branching intensities so obtained have been used to estimate the 
logft values by using the logft calculator available in NNDC [32].
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Fig. 8. Gated spectra for some of the transitions de-exciting the 2260.7 keV level for which the placement has been 
confirmed in the present work.

The ground state of 150Pm has been evaluated as 1− in ENSDF [23]; suggested as 2− in 
the work of D. Bucurescu et al. [33] and as 1− or 2− in the work of Barrette et al. [6]. In the 
present work, the 1684.5, 2298.0 and 2718.3 keV levels of 150Sm are observed to be populated 
from β decay of 150Pm and the Jπ assignments of 3− to these three levels are confirmed from 
earlier works [23]. The 1− assignment to the ground state of 150Pm does not corroborate with 
the 3− spin-parity of these levels of 150Sm, considering the logft values obtained for these levels 
(8.6(2), 9.2(1) and 9.6(2) respectively) and the corresponding range (10.6–14.2 for the �J = 2, 
�π = ‘no’ decays) given for that in β decay logft table [34]. The logft values obtained for all 
these three levels and their known 3− assignment supports, however, the Jπ = 2− for the ground 
state of 150Pm. Hence, the spin-parity of 2− is considered for the ground state of 150Pm while 
assigning the Jπ values to the excited levels of 150Sm based on the logft values.

The β decay logft table [34] has been used for this assignment and the Jπ of the excited levels 
of 150Sm are given in Table 1. The logft values for the levels with known spin-parity have also 
been taken as a guiding factor. For instance, the logft value for the 1165.5 keV level, for which the 
Jπ value is already known as 1−, comes out to be 7.7(1). Taking this as a guiding factor, the Jπ

value for the 1963.5 keV level has been assigned as 1− which was shown as 1(−) in the adopted 
level scheme. Similar is the case for the other levels with different spin-parity. References have 
also been taken from the considerations made in earlier experiments. It is worth mentioning that 
the logft values obtained for most of the levels, with already known Jπ , lie on the higher side of 
the range of values provided in Ref. [34]. Also, for many of the levels, the obtained logft values 
indicate the presence of Gamow-Teller (GT) type of β decay of 150Pm → 150Sm.

Fifteen excited levels, observed in the present work, were found to have logft values close to 
7.7(1), the logft value that has been obtained for the 1165.5 keV level. These levels were assigned 
to have Jπ = 1− based on the known 1− assignment of the 1165.5 keV level. Among these, the 
Jπ assignment to the 2528.7 and 2550.4 keV levels as 1− from the logft analyses also supports 
the proposition made by Barrette et al. [6].
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For six of the excited levels, Jπ = 2− assignments were made from the present work. Out of 
these, the 2− assignment of three levels, viz., 1658.2, 2069.7 and 2367.2 keV, are also supported 
by the angular correlation analysis. In the present work, the direct decay of all these six 2− levels 
to the 0+ ground state are observed. The γ transitions which are connecting these 2− levels 
to the 0+ ground state will be either M2 or E3 in nature. The M2 assignments to any of these 
transitions would, however, imply the level lifetimes ∼ few picoseconds (ps) to hundred ps, as 
was also discussed for the 2812.7 keV, 2− level, in the earlier β decay work [6].

The Jπ = 2+ assignment has also been made for five of the levels in 150Sm, by comparing their 
logft values with that of 1046 keV, 2+ level. For some of these 2+ levels, viz. 2507.4, 2679.5, 
3080.2 and 3090.1 keV, their direct decay to the 0+ ground state was also taken into consideration 
and the corresponding γ -rays were assigned to have E2 multipolarity. The Jπ assignment of 
2+ for the 2679.5 keV level is based on the estimated logft value by considering the decay of 
this level through a single 2679.5 keV γ -ray. The 2+ assignment to the 2679.5 keV level was 
also suggested in the earlier β decay spectroscopy, based on the connection of this level to the 
773.5 keV, 4+ level in 150Sm. However, in the present work, none of the transitions other than 
the direct ground state decay by 2679.5 keV could be confirmed from the γ − γ coincidence 
measurement. Hence, the Jπ value corresponding to this level has been shown in bracket. Similar 
treatment was adopted for all those levels which are based on the decay of a single γ -ray as 
the present work could not rule out the possibility of further modification of the decay of these 
levels.

In the present work, the Jπ = 3− assignment was made to only one excited level, viz., 
1786.1 keV level for which the spin was known as ≤ 3 and no parity was assigned. The present 
assignment is made by comparing the logft value obtained for this level to those of the 1684.5 
and 2298.0 keV 3− levels. Also it is considered that the 3− assignment to the 1786.1 keV levels 
allows the 620.6 keV and 1452.4 keV γ decays from this level to the 1165.5 keV, 1− and 2+

1
levels, respectively, and these transitions could be E2 and E1 in nature. The 2857 keV level was 
also assigned a Jπ = (2+, 3−) from the derived logft value.

3.2.2. γ − γ angular correlation measurements
In Fig. 9, the experimental values of angular correlation coefficients (A2, A4) are shown 

together with some of the theoretical solutions as a function of mixing ratio (δ) in order to de-
termine the appropriate spin value for a particular level in the cascade. The theoretical solutions 
correspond to the ellipses shown in the figure when one of the correlated γ -ray is considered 
to have the admixtures of two multipoles. When only one multipole is considered for both the 
gamma rays in the cascade, the mathematical solutions for A2 and A4 are unique and the ellipse 
converges to a point that indicates the single-multipole solution.

The spin assignments to the various levels made from the logft analysis, discussed in Sec-
tion 3.2.1, have been found also to be corroborating well with the angular-correlation results ob-
tained in the present experiment. For instance, the angular correlation results for the 737-334 keV 
cascade agrees pretty well with the assigned 3 → 2 → 0 spin sequence. Similar is the case for 
the 1379-334 keV and 1736-334 keV cascades for which 3 → 2 → 0 and 2 → 2 → 0 spin se-
quences have, respectively, been proposed in the existing literature. Using the angular correlation 
results and the logft values, Jπ assignment of the 2367.2 keV level has been changed from (3+) 
to 2−. This is also supported by the logft analysis and the prediction made in the earlier β decay 
spectroscopy [6].

The most important observation of the present angular correlation analysis has been the pos-
sible assignment of pure �I = 0 (1324, 1736 and 2033 keV) and �I = 1 (832 and 1379 keV) E1 
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Fig. 9. (Color online.) A comparison between theoretical solutions and the experimental data on γ − γ angular corre-
lation associated with the 334.1 keV (2+

1 → 0+
g ) E2 transition. Each measured angular correlation value (A2, A4) has 

been labeled with the energies of the two coincident gamma rays in keV. The ellipses, labeled according to the convention 
I1(L1, L2)J(L3)I2, correspond to theoretical solutions of the angular correlations where the first correlated γ is an ad-
mixture of two multipoles L1 and L2. The single-multipole solutions are indicated by filled squares. The used convention 
is illustrated in the upper right corner of the figure.

Table 2
Estimates of possible M2 admixure (δ) and B(E1) strength of the E1 transitions observed in the present work

Eγ

(keV)
Cascade Sequence 

(proposed)
A2 A4 δ

B(E1)γ
B(E1)832=2.9(12)

(Expt.) (m W.u.)

B(E1)γ (ap-
prox.) (m W.u.)

832 334–832 1 → 2 → 0 −0.270(27) 0.006(30) −0.018(25)

1324 334–1324 2 → 2 → 0 0.216(42) 0.003(46) −0.046(35) 0.36(9) 1.1(5)
1379 334–1379 1 → 2 → 0 −0.276(28) 0.000(31) −0.024(25) 0.06(2) 0.16(8)
1736 334–1736 2 → 2 → 0 0.270(72) 0.003(78) 0.028(108) 0.06(2) 0.16(8)
2033 334–2033 2 → 2 → 0 0.231(51) 0.012(55) −0.026(19) 0.006(1) 0.018(8)

character to five transitions decaying from the five negative parity levels, viz., 1165.5, 1658.2, 
1713.3, 2069.7 and 2367.2 keV respectively, to the ground state band. This assignment could 
be based on the fact that the experimental A2 and A4 coefficients for these cascades were close 
to the single-multipole solutions that are indicated by filled squares in Fig. 9. The negligible 
M2 admixtures(δ), that might be associated with these transitions are shown Table 2 and it was 
found to have an upper limit of ∼5%. The results on these five transitions were also compared 
with the earlier angular correlation measurements [10–12] which have several contradictions 
among themselves. It is observed that the present results are in line with the work of Kalfas et 
al. [11], except the high values of M2 admixtures proposed for 1736 and 2033 keV transitions 
and the (3+) assignment of the 2367.2 keV level. The pure �I = 1, E1 nature of the 831.5 keV 
and 1379.2 keV transitions support the spin assignment of the 1165.5 keV and 1713.3 keV levels 
as 1−. The Jπ assignment of 1165.5 keV level was known from the earlier measurements and 
that of 1713.3 keV level is assigned in the present work. The E1 nature of the 1324.1, 1735.7 
and 2033.1 keV transitions also support the spin assignment of the 1658.2 keV, 2069.7 keV and 
2367.2 keV levels, respectively, as 2−.
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With the consideration of E1 nature of the five transitions, viz., 832, 1324, 1379, 1736 
and 2033 keV, their B(E1) values can be estimated in comparison to the known B(E1) of the 
831.5 keV (2.9+14

−10 m W.u. (10−3 W.u.)) [23] γ -ray. The values are shown in Table 2 that have 
been calculated with the B(E1)γ /B(E1)832 ratios obtained from the measured intensity of the 
respective γ -ray. These estimations might be important for the interpretation on the possible 
structure of these levels as discussed in the following section.

4. Discussion

A number of low lying positive and negative parity excited levels of 150Sm, as shown in 
Table 1 and Fig. 10, are populated from the β decay of 150Pm. The following two paragraphs are 
devoted to discuss the systematic observations made and experimental information derived in the 
present work on few specific positive and negative parity levels in 150Sm.

The systematics of the β and γ bands observed in the neighboring nuclei has been shown in 
Fig. 11 including the 2+

3 and 3+
1 states of 150Sm. Both of the latter two levels of 150Sm follow 

this systematics for the K = 2 γ phonon structure in the neighboring nuclei and their character 
is also understood from their similar decay pattern as suggested by Gupta et al. [25].

In the present work, the connection of the 1417.4 keV level to the 2+
2 level of the β band has 

been established with the placement of the 371.5 keV transition in the level scheme. This finding 
strongly supports the ββ character of the 1417.4 keV, 2+

4 level. The 1417.4 keV level also decays 
to the 1165.5 keV, 1− level which has a possible octupole structure based on pure E1 nature of 
the 831.5 keV transition decaying from this level to the 334.1 keV, 2+

1 level.
The pure E1 transitions decaying from some of the negative parity levels have B(E1) strengths 

ranging from 0.02 m W.u. to 2.9 m W.u., as observed from Table 2. Out of these, high values of 
the B(E1) strength of 2.9 m W.u. and 1.1 m W.u. for the 831.5 keV (�I = 1, E1) and 1324.1 keV 
(�I = 0, E1) transitions, respectively, indicate a possible octupole vibration involved in the struc-
ture of the 1165.5 keV, 1− and the 1658.4 keV, 2− levels, when compared to that observed in the 
neighboring 151Pm [35].

5. Summary

The decay spectroscopy of 150Pm has been performed by populating the nucleus with 150Nd(p, 
nγ )150Pm reaction at Ep = 8.0 MeV. The observed γ -rays were detected both in singles and co-
incidence mode with VENUS array having six Compton suppressed Clover HPGe detectors. The 
decay half lives have been followed for the observed transitions and their γ − γ coincidences 
were studied. The outcome of the present experimental work has been the observation of nine-
teen new γ transitions and altered placements of eight earlier known transitions resulting in the 
addition of thirteen new levels of 150Sm which could be populated from β decay of 150Pm. The 
logft analyses were performed using the intensities of different γ transitions to determine the Jπ

assignment for the levels in 150Sm, populated from β decay. From the logft analysis, Jπ assign-
ment was made to twenty eight levels for which the assignment was not known or was uncertain. 
Some of these assignments were also corroborated with the angular correlation measurement 
which could also confirm the pure E1 nature of five transitions in 150Sm. The indirectly derived 
B(E1) values support the octupole character of the 1165.5 and 1658.4 keV levels. The intra-
and inter-band E2 transitions from 2+

2 and 2+
3 levels, observed in the present work, suggest that 

these levels in 150Sm are the candidates of β and γ vibration bands respectively, in agreement 
with the evidence in Ref. [22,25]. These levels also follow the systematics in the Ce–Dy isotones 
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Fig. 10. (Color online.) The partial level scheme for 150Sm, obtained in the present work following the β decay of 
150Pm, is shown in three parts. Some of the levels are shown in more than one part to completely show the decay and 
feeding of a particular level. The thirteen new levels placed in the decay scheme and nineteen new transitions found in the 
present work are shown with red. The transitions for which the placement is altered are shown with blue. The tentative 
transitions that are confirmed in the present work are shown with green. Some of the levels are shown in bold to increase 
the visibility.
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Fig. 11. (Color online.) The systematics of the positive parity low lying levels in N = 88 Ce–Er nuclei. The levels those 
are assigned to the β band in a nucleus are colored in blue and those to the γ band are colored in red. The level energies 
are taken from NNDC.

(cf. Fig. 11). The observation of the 371.5 keV E2 transition decaying from the 1417.4 keV, 
2+

4 level; which is based on the 1255.4 keV, 0+
3 level; to 2β level identified in the present work 

supports the ββ character of the 1417.4 keV state.
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