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1. Introduction 

'r 
The 149Sm nucleus with N=87 lies in the lower-mass e~d of the deformed nuclei with 

A.-v150-180, where the shape of nuclei changes very rapidly. It is therefore an interesting 

object for experimental and theoretical studies. Despite many experimental works, the level 

scheme of 148Sm is notyet clear. In the recent compilation of ref. [1], experimental data from 

transfer- and compound-nucleus reactions, Coulomb excitation as well as from radioactive 

decay of 149Pm and 149Eu are summarized. The experimental information on t.he structure 

of low-lying levels of 149Smoriginates mainly from studies of t.he radioactive decay as well as 

from studies of the 148Nd(a,3n,) and 150Nd(3He,4n-y) reactions, Since the most of t.he low­

lying levels below 1 MeV of excitation energy are only weakly populated in those reactions, 

existing data do not contain enough information for detailed theoretical examinations. In 

this work the 146 Nd(a ,n-y) reaction at E a=16.0-20.4 MeV was used with aim to extend 

experimental information on nuclear structure of the low-lying non-~rast states in 149Sm. 

The electromagnetic transition rates, evaluated from our results and the compiled data of 

ref. [IJ Me discussed in the framework of the quasiparticle-rotor model. 

2. Experimental procedure and results 

The data were collected by employing a-particle beams from the Jyviiskylii cyclotron. 

Self-supporting 0.9 and 4.5 mg/cm2 thick metallic Nd foils enriched to 97% in 146Nd were 

used as targets. 

Singles ,-ray spectra from the 146Nd( a,n,) reaction were measured using a Compton­

suppressed Ge detector of NORDBALL type [2J. Measurements were performed for beam 

energies of Ear= 16.0, 16.7, 17.4, 18.2, 18.5, 18.8 and 20.4 MeV. An example of a ,-ray 

spectrum obtained at 18.5 MeV is shown in Fig. 1. Resulted relative excitation-function 

curves for ~-transitions in 149Sm are illustrated in Fig. 2. The relative intensities are 

normalised to the 461.9 keV ,-ray intensity. Energies and intensities for ,-rays identified to 

t.he 146Nd(a,n,)149Sm reaction at Ea = 18.5 MeV are given in Table 1. 
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Table 1 (cont.) 
II 

Table 1. Properties of transitions in 149Sm observed in the '146Nd(a,ll'y)149Sm reaction 

at. Ea=18.5 MeV If 351.1 3.7(7) 636.2-286.0 

E 1)-y t, A2/AiJ At/Ao Qk_ Asaignments/! Com. 
3.59.8 3.0(2) 0.18( 10) 0.17(16) 709.9-350.3 

(kev) (*10 3 
) Ei-Ej 

378.3 5.9(3) -0.22(3) 0.01(.5) 664.3-286.0 

383.7 4.1(4) 1173.4-789.7 7) 

89.3 4.9(2) -0.39(14) -0.20(29) 879.0-789.7 385.2 2.2(5) 1132.6-747.9 7) 

121.7 4.7(2) 0.19(8) 0.20(13) 399.1-277.2 403.4 4.9(4) -0.78(8) -0.21(15) 1193.0-789.7 

121>.4 8.0(3) 0.40(38) 0.01(5) 78'9.7-664.3 
I 

430.0 .5.6(4) 0.24(6) -0.09(10) 1670.6-1240.5 

168.5 2.7(2) 3) 432.84) 8.9( 4) 709.9-277.2 148Sm, 7) 

170.7 1.4(2} 3) 43.5.5 4.2(3) 3) 

19~.6 1>3.6(18) 789.7-591.1 461.9 100.0 0.3.55(to) -0.112(17) 13.2(9) 747.9-286.0 

208.4 1.0(2) -0.29(17) -0.22(13) 558.3-350.3 483.8 20.1(8) 0.36(16) -0.09(3) 12(2) 1362.8-879.0 

214.8 57.4(20} -0.20(3) -0.01(4) 23 (3) 879.0-664.3 492.6 24.6(10) -0.23(14) 0.01(2) 7.3(9) 1240.5-747.9 

238.3 9.9(4) 0.25(5) 0.03(8) 3) 520.7 4.6(3) 1398.3-879.0 

254.6 6.2(2} a.29(2) -0.04(3) . 67(12) 277.2- 22.5 528.6 15.5(6) 1193.0-664.3 

266.1 10.1(4) -0.79(3) 0.04(4). 71 (7) 1574.8-1308.8 .528.5- g.s 

272.3 4.2(6) -O.30(11} ~0.70(20} 1846.9-1574.8 536.1 10.6(.5) .558.3- 22.5 

275.6 5.2(7) -0.63(12) -0.34(23) 3} 539.9 6.0(4) 3) 

277.2 36.8(16} -0.01(1) 0.00(2) 277.2- g.s. 553.6 9.0(15) 344.3-789.7 148Sm 

281.4 3.8(4) 0.17(17) O.04(15} 558.3-277.2 558.3 12.1(15) -0.43(8) -0.07( 13) 558.3- g.s. 

285.9 1915} -0.11(2) -0.OZ(4} 67(!} 286.0- g.s. 563.4 4..5(14) 1926.3-1362.8 

325) 1684.2-1398.3 7) 568.6 22.2(20) 0.24(2). 0.04(4) 591.1- 22.5 

296.1 1.7(2) 3,6) 577.4 1.2( 4) 3) 

301.9 1.4{2} O.43(9} 0.68(14) 3) 582.9 3.9(6) 3) 

305.1 2.1(2) 0.60(3) 0.15 (5) 79(15) 591.1-286.0 591.1 92.6(41) 6.0(9) .591.1- g.s. CE 146Nd 

309.4 6.1(3) -O.14(11) 0.09(19) 1670.6-1361.4 596.1 12.0(4) 1344.3- 74"1.9 
I 

314.0 6;5(3) 0.40(8) -0.04( 12) 1193.0-879.0 I 613.7 37.2(15) 1361.4-747.9 

327.7 30.4(11) -0.o-2(1) -0.03(2) 40.4(35) 350.3'- 22.5 636.2- 22..5 

339.5 12.0(5) 3) 623.8 2.0(5) 0.21(33) 0.31(54) 1413.6-789.7 

350.4­ 5.0(7) 350.3- g.s 636.2 16.3( 13) 0.14(4) -0.19(7) 636.2- g.s. 
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Tabie 1,(cont.) 
Table 2. The 1'1' coincidence observed for 149Sm in 146Nd(a,n1') reaction 

644.9 2.6(4) 1308.8-664.3 

648.4 3.9{5} 925.1)-277 .2 

651.1 2.3(4) 1398.3-747.9 

"656.0 2.2(7) 3) 

<664.1 1205) 4.4(9) 664.3- g.s 

155) 1413.6-747.9 

668.5 4.5(7) 3) 

{i73.4 3.1(7) .. 3) 

708.1 35.4(19) 0.13(2) 0.25(3) 994.5-286.0 

734.7 21.5(10) 1398.3-664.3 

752.5 8.8(12) 0.01(6) 0.06(9) 13il:4.3-591.3 

761.9 5.0( 4) -0.17(7) -0.26(12) 1039.1-277.2 7) 

846.2 20.4(9) 1132.6-286.0 56 Fe 

952.0 8.4(4) 0.05(6) -0.01(10) 1237.9-286.0 

955.4 4.5(3) 3) 

1022.4 7.9(6) -0.47(4) 
-­

0.15(7)-_._- _. ----­
1308.8-286.0 

Comments 

1) ±0.1 keY 

2) Based on rcf. [1] and present data 

3) Observed in single 1'-ray spectra only, no evidence for placement int.o level scheme 

of 149Sm from 1'1' coincidence data 

4) Complex peak 

5) From 1'1' coincidence data 

6) Observed in ref. [9] 

7) Placed into level scheme of 149Sm for first time in present work 

Coincidence spectra from the 146Nd(a,n1') reaction at Ea=18.5 MeV were recorded using 

a 20% coaxial GeHP detector, a 15% coaxial Ge(Li) detector and a small 1.4 cm 3 planar 

GeHP detector in a close-geometry coincidence set-up. Resolution was about 2.1 keY at 

1.3 MeV for the coaxial detectors and about 0.6 keY at 121 keY for the 'planar detector. 

The coincidence events were recorded on magnetic tapes and analyzed with a PDP 11/44 

computer [3]. The 1'1' coincidences for 149Sm a.re summa.rized in Table 2. 

6 

Gate (keV) 

89.3 

121. 7 

125.4 

198.6 

214.8 

266.1 

272.1 

277.2 

28.5.9 

314.0 

327.7 

3.50..5 

+3.51.1 

3.59.8 

378.:3 

383.7 

1- 38.">.'2 

,~03A 

130.0 

161,11' 

-PH.8 

-192.(1 

.'"120..t 

.128.fi 

.1.53.6 

.1G8.G 

!'i!H.I 

198.6, 211.8, (285.9), .191.0, G64.1 

208.4, 3.58.8 

28.5.9 

27i.22),327.7 

12.5.4,214.8,28.5.9 

12.5.4, 198.6, (28.5.9), 16 I.!I 

12.5.4, 1!)8.6, (28.5.9), .191.0 

(28.5.9): ,161.9,492.6 

'28.5.9,309.4, (38.5.2),430.0, ·HI2.0, '1!l6A, 613 ..5, (6.51.1), GG'1.l 

8!1.3, 12.1.4, 198.6,21,1.8, ,163.01, .591.0, 661.0 

28.5.9, 430.0, 461.9 

12.1.4, 198.6,214.8 

664.1 

12.5.4, 198.6, 28.5.9 

198.6, (403.4) 

198.6,403.4,752..5 

7 



Table 2 (cons.] 
596.4 285.9, 461.9 

644.9 266.1, 664.1 

648.4 277.2 

613.7 285.9, 309.'4, 461.9 

664.3 

+665.7 125.4,214.8,285.9,314.0,461.9,483.9, 528.t}, 734.7 

708.7 285.9 

734.7 285.9, 664.1 

752.5 285.9, 591.0 

761.9 277.2 

846.1 285.9 

952.0 285.9 

1022.8 266.1,272.3,285.9 

Comments 

1) The weak coincidence are given in paranthesess 

2) Observed due to existence of the 72.5 keV transition (350.0-277.2) 

Angular distributions of i-rays were measured at the angles of 90, 110, 125, 140 'and 

153 degrees with respect to the beam axis. The i-ray intensities observed at each angle 

were normalized by means of monitor spectra of a detector' at a fixed angle. The correction 

coefficients for the finite solid angle were calculated by using a method of Krane [4]. At­

tenuation factors 0:2,4 were determined as smooth functions of the initial spin by assuming 

a pure El character of the 125.4, 214.8, 493.6 keV transitions and a pure E2 character of 

the 461.9, 568.6 keV transitions [I}. The experimental AdAo and A4 / Ao coefficients are 

summarized in Table 1. 

A single conversion-electron spectrum was measured at Ea=18.5 MeV using a swept­

current magnetic-lens plus Si(Li) electron spectrometer [5]. A part ofthe conversion-electron 

spectrum is shown in Fig. 3. The i-ray and conversion-electron intensities were normalized 

by aasuming a pure El character of the 214.8 keV transition and a pure E2 character of the 

461.9 and 550.0 keV transitions. Oonversion coefficients for some transitions are presented 

in Table 1. 

8 

Both the angular-distribution and the conversion-electron data of the present work as 

well as the conversion-electron data from refs. [6,7] were analysed to get information about 

the quadrupole-dipole mixing ratios of some M2/El and E2/Ml transitions. The results 

of this analysis, quantitatively determined from A2ma"'=A2/(Ao0: 2 ) and A4ma"'=A4/(A o0: 4) 

values, are summarized in Table 3. The sign convention introduced in ref. [8J is accepted in 

our work. 

Table 3. Quadrupole-dipole mixing ratios of some i-rays populated in 

14liNd(0:,ni)149Sm reaction 

Amo", Ama:z:E')'(keV)	 6(L=2/L=I) Q=62/ (1 + 62)2 4 

89.3	 -0.52(20) -0.30(40) -0.12±0.11 0.0-5.0% E2 

or -3.6~i:~ 45-96% E2 

208.4 -0.68( 40) -0.60(40)	 -0.6~ 6 ~-0.3 8-27% E2 

214.8 -0.27( 4) -0.02(9)	 0.02±0.02 0.0-0.2% M2 

08 254.6 0.64(5) -0.10(9)	 0.20+0 . 2-7% E2 -0.06 

266.1 -1.07(7) 0.08(8) -0.50±0.05 17-23% E2 

272.31) -0.39(15) -1.0(5) -0.9~ 6 ~-0.5 20-45% E2 

277.2 -0.02(2) O.OO( 4) -0.08~g:g~ 0.5-1.0% E2 

281.41) 0.38(22) 0.10(40) -0.07~g:i~ 0.0-5.5% E2 

309.4 -0.17(13) 0.10(25)	 0.07~g:g~- 0.0-1.5% M2 

314.0 0.55(15) -0.08(27)	 -0.1~ 6 <:::0.8 0-40% E2 

327.7 -0.06(4) -0.08(8)	 -0.03~g:g~ 0.0-0.5% E2 

359.8	 0.60(35) 0.70(70) 0.14~o~~8 0-21% E2 

or 2.5~U 55-98% E2 

378.3 -0.32(5) 0.02(1 )	 O.oo~g:gi Ml 

403.4 -1.07(14) -0.40(35)	 -1.9<::: 6 <:::-0.3 8-80% E2 

492.6 -0.30(18) 0.02(3)	 0.00±0.09 0.0-0.1% M2 
I 
I	 558.3 -1.0(20) 0.18(36) 0.5<::: 6 <:::2.7 20-88% E2 
{ 

636.2 0.27(8) -0.48(35 ) -0.30~g:~~ 2-19% E2 

1022.4 -0.69(7) 0.30(20) -2.8~g:~ 86-91% E2 

Comments 

1) Slope of the excitation function shows on the complex character of 

these peaks (see main text) 

9 
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3. The level scheme of 149Sm 

Prom the results described in the previous section, primarily from the " coincidence 

datn, t.he scheme of the levels in 149Smobserved in the 146Nd(a,n,) reaction was constructed. 

This scheme is presented in Fig. 4. Compared to the earlier works, compiled in ref. [1], in ,t 
the H6Nd(a,n,)149Sm reaction low-spin states in the energy region up to 1.5 MeV are more 

strongly populated. This allows us to draw the following conclusions: , 
j 

1) The level at ~710 kcV has been observed in the (d,t), (3He,a) [9,10], (d,p) [11) and I • \ 

(d,d') [12] reactions. The L=1,2 strength was established in these reaction studies and an 

assignment to vP3/a, vd3/2 or vdS/ 2 configuration has been proposed for this level. D';1e to 

the st.rong coincidence of the 359.8 keY ,-ray with both the 327.7 and 277.2 keY (via an 

72.5 keY transition) ,-rays, we have introduced a 709.9 keY level into our scheme, too. The 

existence of the 709.9 keY level and the new placement of the 359.8 keY transition (see refs. 

[1,8)) are supported by the coincidence of 277.2 and 432.8 keV ,-rays. The slopes of the 

excitation functions of both the 359.8 and 432.8 keY transitions at low beam energies suggest 

the low-spin assignment to this level. By combining our angular distribution information 

for the 359.8 keY ,-ray and the information of the compilation of ref. [1], we can exclude 

the 1/2- and 5/2- characters as well as determine spin and parity of 3/2- for this level. 

The increase of the intensity of the 432.8 keV transition for E a>17.4 MeV is due to the 

contribution of a ,-ray from the (a,2n,) channel. 

2) The level at ~925 keY has been observed in the (d,t) and eHe,a) reactions [9,10]. 

According to the strong coincidence of 277.2 and 648.4 keY ,-rays in our spectra, the exis­

tence of the 925,6 keY level has been confirmed and a new 648.4 keY transition has been 

placed into the level scheme of 149Sm. 

3) The level at ~1040 keY has been observed in many transfer studies [9 -13]. We have 

seen strong coincidence between 277.2 and 761.9 keY ,-rays in our spectra. Therefore, in .'II 
the present level scheme we have suggested, that a 1039.1 keY level is deexcited by a new 

761.9 keY transition. In agreement with the earlier transfer reaction data (L=2) the 'slope 1l\ 
't 

of the excitation function of the 761.9 keY transition implies a low spin value for this level. 

4) A 952.8 keY level has been reported in an investigation of the 149Pm decay [6]. 

However, in our experiment a 952.0 keY ,-ray is seen in coincidence with the 285.9 keY 

,-ray. Furthermore, a 930.2 keY transition to the 22.5 keY level [6) has not been confirmed 

in our study. Therefore, we cannot confirm the 952.8 keY level, whereas the existence of a 

12 

new 1237.9 keY level seems to be more probable. The slope of the excitation curve for the 

952.8 keY transition implies a low-spin value for th'is lever. 

5} The slope of the excitation function of the 752.5 keY transition limits the spin value 

of the level at 1344.3 keY to I~11/2. This conclusion is supported also by the excitation 

curve of the 553.6 keY transition at lower Ea. At higher bombarding energies a ,-ray from 

the (a,2n) channel apparently becomes to contribute. 

Likely, the excitation pattern of the 708.7 keY transition indicates a low-spin value I ~ 3/2 

for the level at 1039.1 keY. 

6) The 734.7 keY line was decomposed from the closed doublet, the second component 

of which originates from the 146Nd coulomb excitation process. The observed excitation 

function or'the 734.7 keY transition contradicts excitation-function data of ref. [7) as 

well as the present excitation pattern of the 520.7 keY transition, which is suggested 

to depopulate the same level at 1398.3 keY. Therefore, the spin assignment of 15/2 made in 

ref. [7] for this level needs a carefull experimental checking. 

7) In our singles and coincidence spectra we have observed a number of new ,-rays not 

reported earlier. On the basis of the coincidence data some of them: 285.9 (complex peak), 

383.7, 385.2, 432.8 and 623.8 keY transitions have been placed into the scheme and new 

levels at 1173.4 and 1684.2 keY are suggested. The slope of the excitation curve of 383.7 

keY transition, which is supposed to depopulate the level at 1173.4 keY, limits the spin value 

for this level to 1:511/2. 

The 613.6 keY line is known to be a doublet. Its components depopulate the 17/2- level 

at 1361.4 keY and the 7/2- level at 636.2 keY. The observed excitation pattern seems to 

be in agreement with the doublet character and the placements in the level scheme. Likely, 

contributions of ,-rays from the decay of higher spin levels or from other reaction channels 

can be seen in the 281.4 keY transition. Low-spin components are suggested for the 272.5 

and 430.0 keY transitions. 

Some transitions observed only in singles ,-ray spectra. are presented in Table 1. On 

the basis of the present I' coincidence data we cannot place these transitions to the level 

scheme of 149Sm . However, the measured excitation curves indicate that they belong to the 

(a,n) channel. 
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t a .~ 
4. Model calculation 

~ &1";:!: ..... Z 
It. is well known that the structure of transitional nuclei in the A~150 region is very com­

plex. The transitional character of nuclei allows many ways of approaching. The interacting­

boson aproximation [14] or the extended phonon projection model 115] have been previously 

used in the study of electromagnetic properties of soft even-even Sm isotones. Some theore­

tical invest.igations of A~1,50 nuclei are based on the quasipart.icle-rotor model (QRM) with 

inclusion of Coriolis interact.ion. Several attemps for description of odd Sm isotopes have 

already been made with varying degrees of success [7,16,17,18]. 

To describe eledromagnetic properties of low-lying levels in 149Sm, populated in the 

146Nd(a,n) reaction, we have performed standard QRM calculations assumin,g the motion 

of independent. quasipar ticles in the axially deformed Nilsson potential of even-even core 

with 6=0.10 and parameters of pairing interaction taken from Solovjev {19]. Strong coupling 

between rot.at.ionnl and quasipart.icle degrees of freedom is generated by a somewhat higher 

values of parameter of iucrtia (fi2 /2.J~20 keY) used in our calculations [20]. Thus, during 

the opt.imizing procedure, while the intrinsic qu asiparf.icle energies and parameters of inertia 

have been s~stemat.ically varied as free pnrameters, the attenuation factor of 1]=0.9 WIl.S used 

for all t.he 16 quasiparticle st.at cs originating from the Illt/2, vh9/ 2 and Vi13/ 2 shell orbitals. 

For reproducing the level sequence in defined band [18], 1\ spin dependence of the moment of 

incrt.ia has lJeen considered for three configurat.ions, the 1/2- [!l:l0], .1/2-[,523] and 7/2~ [,514] 

Nilsson or lrif.als. 

Coriolis coupling of the low-encrgy negative parity st.ates originating from the 17/2 and 

11 9 / 2 or hit.als , which have been previously studied in refs. [7,16], ran he demonstrated 

hy the elect.rotungnet.ic transitions presented in Table 4. In this t.ahle , reduced transition 

prohahilities H( E2) and B(!\II) and mixing ratio 6 ohtained in our QRM calculations, are 

compared to experi tue nt al values deri ved from cxperi ment.al mixing ratios resul j,s and the 

compilat.ion of lifetimes [II. Following Hauunaren [7,161, we have classified the low-spin 

exr il.at ions vccorrli ng to their E2 decay strength to the ground st.ate (see Fig. 5). The 

E2 t.ransit ions between intra shell levels, which are closely connected due to the Coriolis 

i nternct.ion , are remarkably strong. On the other hand, relatively weak coupling of extra 

shell states give t.he theoretical B(E2) values down to the experimental ones. A considerable 

discrepancy in the description of the E2 and Ml intra and/or extra shell transitions is 
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Also an attempt. has been done in this paper to describe the positive parity states in 

the 1 Me V region of excitation as st.af.es originating from the i 13/ 2 orbital. The suggested 

i nter pret.at.ion imply a strong Coriolis mixing of observed 11/2+ and 13/2+ states, which is 

also demonstrated hy approxi matcly same B(E2) values of theoretically reduced transition 

probabilities between positi ve parit.y states presented in Table 4. 

most. probably caused by the neglection of different core-shapes occuring in different shell 

exc il.at.ions. Moreover, while the states originating from the h9 / 2 shell seem to have almost 

rotational structure, those ones from the 17/2 shell lying higher in energy can be affected by 

rot.ation-vibration coupling. 

5. Summary 

The 146Nd(a,nl') reaction appeared to be useful tool for population of the low-lying low­

spin s tat.es in the 149Snl nucleus. New experiment.al information from this reaction made it 

possible t.o newly assil!;n some levels and to determine mixing ratiose . 

The 149SIll nur leus was described in the frame of the quasiparticle-rotor model. Although 

the str ur tu re of the trnusi I ion al weakly deformed soft nuclei seems 10 be much more complex 

than the a.proa ch userl by us, the main Ieatures of electromagnetic properties of low-spin 

stat.es were quit wr-ll reproduced. 

We \l"is1l to t lie n]; rye/at ron st.aff of /./1(' University of Jyviiskylii (or valuable icchnicel ns­

.~isf.aure. Onr of us (r.s.) i.~ t/lilnkful for kinrlllospit,a/it,y rluruig 1Ji.~ vi.~it,,~ 10 tilt> Depnrt.meut 

of Pllj'sirs of III(' r'uircrsify of .1y\'i!·.~kylii. 
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