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ABSTRACT 

The spectra of primary gamma-rays following neutron capture 

in 147Sm corresponding to 23 isolated Pesonances have been used 

for the study of low-lying levels in 14Bsm and determination of 

capturing state spins. Of the 50 levela observed 11 have been 

detected for the first time. Substantially new information about 

the spins and parities has been obtained for 25 levels. A unique 
~ 

assignment is given for 10 levels. A dt~tailed comparison of the 

results with those of previous works is done. An attempt is made 

to interpret the negative-parity levels in terms of the two-phonon 

quadrupole-octupole vibrations. The po:3itive-parity levels are 

compared with those predicted by th~ as;~etric rotor model of 

Davydov and Filippov. 



I. l.m~RODUCTION 

The 148sm nucleus belongE: to the so called transitional 

region of' nuclei. While the de~f'ormed and spherical regions are 

successfully described by several theoretical models, the transi

tional region still suffers from a lack of' a theory. The deter

mination of' 148sm levels and their spins and parities is important 

for the development. and test of' an adequate model. 

The present knowledge of a system of 148sm levels is based 

on the information yielded by nlany different techniques. 

The ~--decays od 148Pm isomers were studied by Schwerdtfeger 

.!U_ al. 1 , Reich !U:, al. 2 , Baba ~:L al. 3 '" Avo tina .2.1 al. 4 , Wyly .2.1 al. 5 

and Gri~oriev .2.1. al. 6 • The ~+-·decay of 148Eu was measured by 
1 ... 8 9 

Schwerdtfeger .2.1. &.::. , Sugiama 1 
, Baba .2.1. ~ , Cline , Harmatz and 

Handley10 and Adam .2.1.. a1. 11 • ~he 148sm levels were extensively 

studied also via reactions witt, charged particles. The ( d,p) and 

(p,p') reactions were studied by Kenefick and Sheline12 • The ( p, t) 

reaction was measured by Ishiz~:,ki !;_l al. 13 and by De benham and 

Hintz14 • The (d,d') reaction v·as studied by Zeidman ll a1. 15 and 

Veje et a1. 16• The Coulomb exc:itation measurements were done by --
Seeman ll al ~ 17 and Keddy £1. .!!].,:.18• The ( oc, xn) t>eac tion was used 

for the study of the 148sm leve~ls by Adam .21:. al. 19. 

Other class o-r measuremerLtS included the (n,{) reaction. 

The measurements with thermal r.eutrons were performed by Reddingiua 

and Postm~20 and by Groshev ~ a1. 21 , while Gellatly and Kane22 

studied the <n,y) reacti~n at the 3.4 eV resonance. Finally, Buss 

· end Smither23 measured the· (n, ... t) reaction by the average resonence 
I 
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capture method of Bollinger and Thomas24. 

Different. techniques yielded rich information about the 

system of the ·148Sm levels. Ne·~ertheless, the set of deduced levels 

below 3000 keV is still far from being complete. This is mainly 

due to appreciable non-uniformity in the population of the levels 

in most of above lis ted experim,:i!n ts. 

An important contribution to the knowledge of the levels has 

been achieved by Buss and Smi th~:tr23. They detected with exceptional 

e~iciency the levels with J~ = 2+, 3+, 4+ or 5+ since their 

method allowed to reduce influence of violent Porter-Thomas25 

fluctuations on non-unifornity Ln population of the levels. Unfor

tunately, the experiment of Bus.3 and Smi ther23 led to two difficul

ties. First, the measurement h.as bee:d performed with the natural 

Sm target which resulted in isotopic uncertainties of some deduced 

levels. Second, the average ca;)ture technique has not allowed to 

make a unique spin and parity ai:~signment of the levels, since the 

averaging over two capturing st::1te spins occurred. 

The present work is an attempt to fill a still existing 

gap in the data. The two dif:f"i,:ul ties mentioned above are avoided, 

since the present ~xperiment is based on the study of gamma-rays 

:following the neutron capture in the individual resonances of the 

target enriched in l47sm. 

Another aim of the present expe:~iment was to measure relative par

tial radiative widths corresponding to the decay of many resonances 

to many final levels. These widths have been used for a test of 

statistical properties of highl:r excited states (resonances) in 
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a frame of the extreme statistical model. The results of the etatis~ 

tical analysis will be present,~d in a separate paper. 

II. EXPERIMENTAL ARRANGEMENT 

The fast pulsed re·actor IBR-30 of the Joint Institute '!:or 

Nuclear Research has been used as a neutron source. The reactor 

worked in a booster mode of operation in conjunction with the 40 MeV 

linear electron accelerator UJE-40 used as an injector. The average 

power of the reactor was 6 kW at a repetition rate of neutron bursts 

100 Hz.. A full width at half maximum of the bur'Sta was 3.5 ps. 

The target was formed b:r 87.5 g of sm2o3 enriched in 147sm to 

96.4 %. For 147sm nuclei the target had a thickness of 1.'99 x 10-3 

barn -l. The 50 m distance be·~ween the target and the source provi

ded a time-of-flight (TOF) ret5olution power 70 ns/m. Capture 

gamma-rays were viewed by a 1:~. 5 cm3 coaxial Ge (Li) detector. 

A special stabilizing loop ma:~tained the gain and the bias of the 

whole system including the prnamplifier, main amplifier and the 

amplitude-to-digital converteJ•. As a result, the resolution power 

for the spectra accumulated during a total period· of measurement was 

8.3 keV at the energy of 7 MeV. 

Each event formed by 12 bits for the pulse height and 12 bite 

for TOF was stored in an intermediate memory serving as a derando

m.,izer and then recorded on a m~gnetic tape with the density of 

5 events/mm. In order to reduce recorded information, a digital 

discrimination was used. Only those events were· recorded, which 

were falling into one of tvo narrow low-energy windows or above the 

gamma-ray energy of 3200 keV. The windows were adjusted eo that 
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the two corresponding po-rtions of the gamma-ray speetrmn involved 

the three strongest lines at 550.3, 611.4 and 630.0 keV. 

After fDleen days of the data accumulation about 25 mil1ions 

events have been recorded. 

III. MTA PROCESSING 

The accumulated information has been scanned on the BESM•4 

eomputer. This yielded different TOF and gamma-ray spectra. One 
. . 

example is the TOF spectrum of the ~ 550.3 keV line shown in 

Fig. 1. This spectrum illustrates the achieved resolution in·neu

tron energies.' Square brackets in the bottom show main intervals 

.selected for the scanning. The gamma-ray spectra for individual 

resonances are shown in Figs. 2a to ~e. The spectrum shown in 

Fig. 3 is formed by many resonances from 27.1 up to the energy of 

170 eV and by unresolved neutron energy region f'rom 170. to 900 eV. 

In the following we shall refe~ this spectrum as an averaged spec

~· In order to understand the structure of the background, 

a number of other auxiliary spectra have been obtained. 

A decomposition of the gamma-ray spectra was done in two 

steps. The first one was a seerch for the positions of individual 

lines in the gamma-ray spectra. The second was based on the use 

of the code LINFIT written for the BESM-6 computer and provided 

an extraction of the areas of the individual lines in the individual 

resonances. In a fitting·process the positions of all lines were 

fixed. The following features were included in the LINFIT. 

(a) The response functio:'l of a single transition consisted ·of 
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three Gaussian peaks, i. e. ·~he double -escape (DE), single escape 

(SE) and full energy {FE) peaks, with mutually dependent sizes. 

The relative size of the SE tmd FE peaks to the DE peak was deter

mined by the detector used rutd was assumed to be energy-dependent. 

The size and the energy dependence of the FNHM was also preset. 

In fitting· process the area of the DE peak was the only free para

meter for the sizes of all titree peaks. 

(b) An accurate calibration in the gamma-ray energy based on 

a least-square fit of calibrntion data was included, which enabled 

to determine the positions or the SE and FE peaks relative to the DE 

peaks. Appart from the know:.edge of the energies of some lo,.•lying 

levels, the calibration rout:ne itself used m
0

c2 differencies for 

some of the strongest triplets formed by the DE, SE and FE peaks. 

The calibration routine yielded also energies and associ•t.ed errors 

for the observed transitions. 

(c) The f'i t of the spe<:tra could be done gradually in consecu

tive intervals. Each intervnl might contain the lines belonging to 

up to 50 transitions. The possibility of the fitting in large por

tions provided better determination o:f the smooth background under 

the peaks. The :fit o:f the spectrum in. t.be given interval made it 

possible to predict the sizef• of some SE and DE ;;eaks situated out

side the interval. Before the- :f"it of' the next interval' these peaks 

were subtracted from the experimental spectrum. The removal of 

the uninteresting peaks simplified the :f"it of next po·rtions and mini

mized the number of' fit ted pElrameters. 

The main advantage of the LINFIT was exclusior. of the 

systt:\Iratical error in the ca]culation of ·net DE peak areas, connected 
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with the occurrence o~ SE and DE peaks. 

In order to obtain relative httensities, the area of· each DE peak in 

individual spectra was corrected 'for a Ge{Li) e~t'iciency and divided 

by a quantity, which was a mensure o~ the total capture .rate for the 

given spectrum. This quanti t~r is conventionally represented by the 

so called "capture area", whic:h i~ the area under the gamma-ray spec

trum above a threshold located usually around 2 to 4 MeV. However, 

such selection does not exclude influence o~ the background events. 

In addition, another distorsion cpmes from a high instantaneous 

counting rate on the resonanC(!S. As a consequence of the high rate, 

a certain fraction of the eveni:.s belonging to peaks is due to pile-up 

thrown into the continuum, wh:~le the "capture area" remains unchan

ged. Hence, the "capture area" is not a good measure of the capture 
• 

rate, since it does not reproduce the effect of pile-up for the 

DE peaks. 

In the present experiment the quantity taken as a measure 

.of the capture rate was the aJ~ea o'f one o'f the low-energy lines. 

This removed the difficulties with the pile-up. The line use~ 

originated ~rom the 611.4 keV transition connecting the 3- level 

at 1161. 7_ keV and the 2+ leve:. at 550.3 keV. AccordJing to our 

cascade calculations based on von.Egidy26 method populations o~ the 

1161.7 keV level are 20.62 and 19.82 %for the capturing state spine 

3- and 4-.respectively. It suggests, that the size of the 611.4 keV 

line can be taken as a measure of the capture rate even for the 

resonances o~ the different spin. The above described procedure 

yielded the relative intensi t:~es of the primary transi tiona to 

50 final levels in 148Sm ~or ·~he spectra from 23 isolated resonances 

and ~or the averaged spectrum as well. 
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IV. ,IDf;;,;;PE;;;;R.;,;;IMEN;;;;;;;;;;;.;,;T;;.;;A;;;;;;L;,.;,;RESU__._L_TS;.;;;. 

A. Capturing state SJ2inS 

Two di~~erent methods :1ave been used ~or the determination 

o~ the spin o~ the resonance3. The first one, more direct, was 

based on the analysis of hig:1-energy parts of gamma-ray spectra 

from isolated resonances, while the second one was that of Poenitz27 

based on the properties of r~~lative populations of low-lying levels. 

Many previous studies ,,f 148sm established firmly the 2+ level 

at 550.3 keV. In addition, Buss and Smither23 made a 2+ or 5+ 

assignment f'or two levels at 1453.0 and 1663.7 keV. Since the l47Sm 

target has the spin and pari·~y I.,. = 7/2-, ~-~ neutron resonances 

excited in the present exper:Lmen t q,an have a spin and parity 

Jrr = 3- or 4-. Intensitie.s of E-2 and M-2 primary transi tiona are 

extremely weak, usually belou a threshold of' observation. Therefore, 

the transitions to the 2+ and 5+ states in 148Sm could be observed 

exclusivel;y in the spectra fpom the 3- and 4- resonances, respectively. 

The spectrum of' gamma-rays from the f'irst resonance at 3.4 eV 

showed the presence of the p1•imar.Y transitions to all three above 

mentioned levels. The transitions are apparent in the spectrum in 

Fig. 2a as lines with the lattels 1, 3 and 4. The occurrence of these 

transitions led to a 3- assitnment of the 3.4 eV resonance and to 

a 2+ assignment for both levels at 1453.0 and 1663.7 keV. Thus, 

three levels with J"' = 2+ were readily available. The observation 

of the transition to at least one of them in an arbitrary resonance 

indicated its 3- assignment. By this way we were able to find an 

-unambiguous 3 assignment for 11 resonances. 
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The choice of the spin f)r the resonances was not independent 

of the determination of the S}in and parity for other low-lying 

levels. In fact, the spin of the resonances and the spin and parity 

of low-lying levels were dete::-mined simultaneously. As it will be 

apparent from the detailed di3cussion later, the value 2+ has been 

ascribed to other 7 levels in 148sm, while 3 levels have been deter

mined as J~= 5+. Though all these 2+ and 5+ levels have been used 

for the determination of the 1::apturing· state· spins, in some cases it 

was not possible to make a fi::'IIl assignment. It was mainly due to 

a finite resolution power in ~roF leading to imperfect separation 

of gamma-ray . spectra of two o::- more closed resonances. Another 

limiting: factor in determination o:f spins was the small number of 

available 5+ levels. In addition, the 5+ levels were situated in 

a region of high excitations, so thdt corresponding lines in primary 

gamma-ray spectra were superimposed on a high Compton background. 

The capability of the present exp~riment to detect transitions to 

the 5+ levels was limited, pa:~ticulary in cases of weak resonances. 

The discussed method yit~lded results listed in the column 

"Primary gamma-rays" of Table _I. 

The second method used :~or the determination of the capturing 

state spins is based on the fact, that :.· population of low-lying 

levels depends on the spin an<l parity of the capturing state. A quan

tity, which is usually availal>le :for the spin determination is a ra

tio o:f the intensities o:f the transitions resulting from~ decay of 

two different low-lying levela. sensitivity o:f this quantity to the 

capturing state spin depends on the spins and pari ties afthe selected 

pair of :final levels. A simp:.e model o:f Poeni tz27 gives some 
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prescriptions ·for the optimal selection o'£ the spins end parities 

of the final levels· 

Besides the systematic~,! dependence on the capturing state 

spin, the above mentioned ratio is subjected to residual fluctua

tions originating from the Pcrter-Thomas25 fluctuations of indivi

dual partial radiative widths. It is usually assumed that the 

residual fluctuations are very small, since an averaging over many 

levels has occurred. This should be true namely for those product 

nuclei with a large level density at excitation energies near 

a neutron threshold. So far, no calculations about the size of the 

residual fluctuations have been done. 

A pair of the levels selected in the present study for the 
• 

spin determination were the 3- level at 1161.7 keV and the 4+ level 

at 1180.3 keV. The ratios of the intensities of 611.4 and 630.0 keV 

lines resulting from the dec~r o'£ these levels for individual reso

nances are plotted in Fig~ 4. Data points are distributed .in. two 

groups corresponding to spin ·rnlues 3- and 4- of a-wave capturing --
states. Though a sizeable sc::~.ttering of the points arotmd the two 

mean values occurs, in a numb,~r of cases it was still possible to 

determine the capturing state spin. The results are summarized in 

the colomn "Secondary gamma-rays" of Table I. 

The capturing state spins determined by secondary gamma-rays 

are in reasonable agreement w:_th spins based on the previous method. 

Nevertheless, the final selection of capturing state spina is made 

by a rather conservative way vrith strong preference for the results 

yielded by the analysis of prjmary gamma-rays. · 
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A rough estimation has shown, that a not negligible part of 

the fluctuations of the points in Fig. 4 is caused by a finite reso

lution power in a neutron_ ene·rgy. This applies namely to the reso

nances located above 70 eV. Nevertheless, a cor.r"ection f'or the 

resolution power results in c•nly a small shift of the point for the 

64.9 eV resonance, so that tr:is point still. falls into J.,.,. = 4- ·group 

in spite of the fact, that t:t~e spectrum for that resonance contains 

quite strong transitions to the 2+ levels at 550.3, 1453.0, 1663.7 

and 2208.4 keV and no transi tiona to 5+ levels. This discrepancy 

can be explained by either e':ceptionally large fiuctuations of the 

relative populations or by occurrence of a doublet at 64.9 eV, 

consisting of two resonances with the different assignments 3- and 

4-. In order to clarify thie question, a search for a doublet struc-
• 

ture of the 64.9 eV line has been done. The insp~c.tion of the 

latest available TOF spectra of' Karzhavina and Pop~Q obtained 

with the resolution 6 ns/m h~s not revealed the doublet structure. 

Notwithstanding this fact, a possibility of' the occurrence of the 

doublet with a separation up to 250 meV is not excluded. We note 

that another method of spin determination based on a measurement 

of gamma-ray multiplicities used by Karzhavina ~ a1. 28 yielded 

a 4- assignment for the 64.9 eV resonance. 

Our data revealed a weak, previously unreported resonance 

at 5.29 eV. Since the resonance is observed in the TOF spectrum of 

the~ 550.3.keV line, the resonance clearly belongs to the l47Sm 

target nuclei. An estimation of a reduced neutron width r <o> of n 

this resonance yielded a value of 1.8 peV. This value is according 

to data of Karzhavina and Popov30 1.4 x 103 times lower than an ave

rage reduced neutron width <X~ {OJ) • Taking into account Porter-
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-Thomas fluctuations, a probE.bility that. a randomly selected reso

nance has rn {O) ~ 1.8 p.eV is ~ .1 %. Since this probability is small, 

the possibility of .12.-wave chEracter of this resonance was tested. 

An estimation of the .12.-~ r·educed neutron wid.th led to a value 

r {l) = 148 meV. According to the available information31 about the n 
n-~ strength fUnction sl, the value of ~ (l) would be 90 times 

higher than an average value (~(l)) • This excludes the .12.-~ 

assignment of the 5.29 eV reEonance, since the value of' ~ (l) is 

too large to be consistent wjth the Porter-Thomas fluctuations. 
' 

This conclusion is true even if' we admit, that the value of s1 is 

in error represented by a factor of 5. As the a-wave assignment of -
the 5.29 eV resonance was reliably established, the method of 

relative populations could be used and yielded a J"= 4- assignment 

for this resonance. 

B. Levels of 148sm and their s2ins and 2arities 

The present stu~ of 148sm levels was based on an analysis 

of both, the gamma-ray spectra from isolated resonances and the 

averaged spectrum. 

Averaged reduced intensities, i. e. transit.ion intensities 

extracted from the averaged spectrum divida'l by El are· shown in 

Fig. 5. Irre,spective of considerable fluctuations, the average redu

ced intensities do not show a systematical dependence on the gamma

ray energy. This supports the similar conclusions of' Bollinger and 

Thomas24 about E-1 transitions, explained by the strong role of' the 

giant dipole resonance in the mechanism of the (n,')"') reaction. 
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Simple considerations s:J.ow, that the averaged reduced inten

sities should be bunehed in t~~ groups according to a e~in of 

final levels. We assume, that the number o~ resonances with a given 

spin J which are included in :mr region of averaging is strictly 

proportional to the density p<J) of resonant levels. Further, for 

a fixed final level we assume the proportionality 

(1) 

where r~7f is the partial radiative width for the resonance~ and 

the final level f, and where the averaging is done over the reso

nances with the spin J. This proportionality is indirectly 

confirmed by the well-known fact, that total radiation widths do not 
.. 

show a dependence on J. 

It follows from theS! tw•> assumptions, that the group of the 

averaged reduced intensities •lf the E-1 transitions to 3+ or 4+ 

levels should be by a factor o:~ 2 more intensive than the group of 

the transitions to 2+ or 5+ l•~vels. 

In accordance with the atatistical model, the partial radia

tive widths ~~f for a fixed :Level f are distributed independently 

according to the Porter~Thoman25 distribution, i. e. chi-squared 

distribution with one degree ()f freedom. A distribution of correctly 

averaged reduced intensities of each group can be· then described by 

a chi-squared ,distribution wi·~h v degrees of freedom, where v is 

equal to the number of the im:luded resonances giving the transition 

to the state f. 

The averaged spectrum wes formed by contributions of individual 
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resonances with non-equal weights. In this case, the description 

of the fluctuations of the a~·eraged intensities by the chi-squared 

distribution is not strictly valid. However, the chi-squared 

distribution with some ef':rective· value of' v can be used as a satis

factory approximation. Takntg into consideration thecapture rates 

of individual resonances, thE! effective value of l) has been calcu

lated. It has been supposed that the contributions of the individual 

resonances to an unresolved part of the TOF spectrum :from 170 to 

900 eV (see Fig. 1) fluctuatP like reduced neutron widths =>:n <o> do, 

i. e. according to the Porter-Thomas distribution. 

. 1 ~ b . d :f h 3+, 4+ The ef'feet1ve va ue o.~. V o tame or t e . group was 
+ + equal to 35. The analogical value of' V for the 2 , 5 group depends 

on a ratio of' the resonance crensit:i.,es p(3-)/p(4-) and also on the 

ratio of the number of 2+ levels to that of 5+ levels. The value of 
+ + 17.5 was used for the 2 , 5 group as a reasonable approximation. 

The distribution o:f thE! reduced averaged intensities of presu

mably E-1 transitions is shov~ in Fig. 6. The chi-squared distribu

tions approximating the experimental data are also shown. The

accordance between the histoe~am and the theoretical distributions 

is satisfactory. 

Both groups are relatb·ely broad. Nevertheless, for a number 

Of' eases it is still possiblE! to distinguish JTi = 2+ or 5+ from 

J7T = 3+ or 4+. 

Using the discussed chi-squared distributions, we have found 

that the averaged intensitie~~ of the 3+, 4+ group in the units used 

in Figs. 5 and 6 fall with 99.8 % probability within the interval 

from 0.43 to 1.82. An expectation v.alue of the intensity for 
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+ + the 3 , 4 group in the same units is equal to 1.00. The analogical 

interval ~or the 2+, 5+ group ranges from 0.14 to 1.17. For 148sm 

a ratio of the averaged reduc:ed intensity of M-1 to that of E-1 is 

known. Buss and Smi ther23 f'Ciund it to be equal to 0.10. Using 

this value it has been estimnted that M-1 averaged reduced intensities 

fall with 99.9 % probability below 0.18 units used in the above 

cases. 

The knowledge of the limits 1~r the values of the averaged intensities 

of the different groups allowed to draw conclusions about the spin 

and parity assignments of'· thE· final levels. The results are summari-

zed in the column "Average" c1f' Table II and they are determined 

with confidence higher thar. 99.9 % • 

• -
Other part of information was extracted from an. analysis of 

the gamma-ray spectra of" individual resonances. Limitations on the 

spin of the f'inal levels which followed had been determined f'rom the 

knowledge of the spin for the· individual resonances assuming only 

an E-1 and M-1 character of the primary gamma-rays. A role of the 

E-2 and, in particular, M-2 1ransitions or their admixtures was neg

lected. Th:is was justified bJ· the estimation lll;ade by Buss and Smither 
23 , who :f"ound that the E-2 pr·imary transi tiona in 148sm are at ave

rage 25 times weaker than the E-1 .transitions. It is believed that 

the M-2 transitions are weaker than those of E-2. 

Notwithstanding the fact, that broad Porter-Thomas fluctuations 

made it diff'ieul t to distingt; ish E-1 character from M-1 character in 

~ .r.e.s.on_.an.e.e., in some eases it was still possible. These were the 

eases of E-1 transitions :f'or which the reduced intensity exceeded at 

least 1.20 times the average reduced E-1 intensity. A confidence 
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level ~or such determination of the E-1 character is higher than 

99.9 %. 

For a few levels it waa possible to make a J"' = 2*, 3-, 4- · 

or 5- assignment on the basin of the absence of the corresponding 

transi tiona in the spectra fr•om m_ 4- resonances. For this purpose 

a proper test of statistical significance of this abeene~ has been 

used. 

The· results of the spin and parity assignment based on the 

individual gamma-ray spectra from resonances are listed in the 

column "Resonance" of" Table II. Table II lists also the important 

results of previous studies lmd the final conclusions. 

In the following we prE•sent the detailed discussion of the 

results concerning more than a half of the levels detected by 

the present experiment. 

c. Discussion of" individual levels 

Level at 1453.0 keV. ,he 6687.6 keV transition observed in the 

3- resonances leads to the 1453.0 keV level. The intensity of the 

transition averaged over 10 r·esonances with J"'" = 4- corrected for 

the E~ dependence is at least 6.2 times lower than an analogical 

value deduced from the E-1 transitions observed in the 4- resonances. 

This rules out the values 3+, 4+ and 5+ for the 1453.0 keV level. 

An intensity of the 6687.6 keV transition in the averaged spectrum 

restricts J7T to values of 2+ or 5+. 

Our data lead to an unambiguous 2+ assignment of the 1453.0 keV 

level within the confidence limit higher than 99.9 %. 
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An intensity of" the 66138.0 keV line in tbe average spectrum 

of Buss and Smither23 led to a 2+ or 5+ assignment of the level 

reported at 1453.5 keV. 

In their Coulomb excitation study Keddy ~ a1. 18 :round the 

1455 keV level and assigned ~rrr = 2:+" as the most probable value. 

Uebenham and Hintz14 studied the {p,t) reaction on the 150sm target 

and deduced some spins and pt~ities of" 148Sm. They observed a direct 

population of" their 1458 keV level and concluded that this can sup

port the natural-parity 2+ ausign.ment of" the 1458 keV level. 

None of" the p-decay works of" Harmatz and Handley10, Cline9, 

Adam .2!, a1.11 and Grigoriev !~ al·. 6 reported the 1453.0 keV. level. 

However, in a list of" converflion electron lines presented in Ref". 10 

there are inclu¢led those corresponding to 1454.3 and 903.8 keV tran

si tiona, which were not placE!d in the decay scheme of" 148sm. These 

transi tiona can originate frctm a aecay of' the 1453 .u keV level to 

G.S. and f'irst excited 2+ le~·el at 550.3 keV. Analogically, the 

spectrum of" gamma-rays in Re:f'. 9 contains lines with the energies 

1454.3 and 903.9 keV. 

Buss and bmither23 sub~ectect the data in Refs. 9, 10 to 

an additional analysis and :fcund K conversion coefficient 3.9 x 10-3 

for the 903.8 ~eV transition. The value which they obtained would 

correspond to M-1 multipolatjty. However, because of" the collective 

character of" low-lying positive-parity levels one should expect E-2 

multipol~ity as the dominant one. Buss and Smither23 explained 

the large conversion coefficient by a strong admixture of" an E-0 

component. Berzin ri al. 34 have observed analogical strong E-0 
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150 . 
admixtures for a number of transitions in the neighbour Sm nucleus. 

/ 

Since the spin of the 550.3 keV level is well established to be 2+, 

the possibility of the occurrence of the strang E-0 eomponent led 

·the authors in Ref. 23 to a conclusion that the most probab~e 
+ assignment of their 1453.6 keV level is 2 • 

In their study of thermal neutron capture in 147Sm Groshev 

et a1. 21 observed the 6686 keV transition corresponding to the --
1455.5 keV level. + The authors in Ref. 21 excluded a 5 assignment 

sirice they assumed a pure 3- assignment for the thermal capturing 

state. However, the 6686 keV transition is very weak 0.01,% and, 

henee, it can be caused by a small cross-seetion contribution of the 

4- resonances and 4- bound states into the thermal energies. As the 

contribution of the 4- bound states•is not enough known for, the 
147sm target, the conclusion ~ the authors in Ref. 21 must be treaed 

with caution. 

Up to now, the only ~~ eonclusion about the spin and pa

rity assignment J'TT = 2+ was d::me by Gelletly and Kane22 , who observed 

a weak 6688.0 keV transition :t'"rom the 3- resonance at 3.4 eV to their 

deduced 1453.6 keV level. Ho•vever, as it will be shown below, the 

3.4 eV spectrum in Ref. 22 yi~lded two lines which are.not reproduced 

by our measurement an are pro·:>ably spurious. In particular, one of 

these was reported in Ref. 22 even more intensive than the decisive 

6688.0 keV line. This demonstrates ad hoc the importance of the --
independent determination of ,r" for the discussed level. 

The 2+ assignment of th1~ 1453.0 keV level is now firmly 

established by our data. 

• 
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Level at 1594.0 keV. H3rmatz and Handley10, Cline 9, Adam 

!!. a1. 11 and Grigoriev ll_ ~5 ascribed J7r = 5- to this level. An 

angular correlation of gamma-gamma cascades and K-electron conver

sion coefficient ~ the 414 k~V transition according to Refs. 1, 7 

led to a 3- or 5- assignment. The measurement of the (d,d') reaction 

by Veje'!l a1. 16 gave a 5- assignment. The exclusion of the )

assignment in Refs. 9, 10 is based on the existence of the transi

tions connecting the 1594 .o k~V level with three Jrr = 6+ levels. 

Groshev !1 a1. 21 observ~d a very weak 6548 keV transition 

and proposed a 1593.5 keV lev~l, however, they made no assignment. 

. 23 Buss and Smither repor-ted a 1595.0 keV level and proposed 

a 3-(4-) assignment as the best compromise between their data and 
• 

the data of works. The only- !lreumcnt .. in favour of such conclusions 

was observation of a 1043.9 k~V transition in the spectrum of Cline9. 

This transition can join his ;:>roposed 1594.1 keV level with the first 

excited level at 550.3 keV. 

In our measurement the 1594.0 keV level is deduced :from obser

vation of the 6546.6 keV transition. The intensity of' the transi

tion in the averaged spectrum corresponds clearly to the group of 

negative-parity levels. The transition is observed in the 4- reso

nances, which restricts the assignment of the 1594.0 keV level to 

values 3-, 4- or 5-. However, the fact that we have not observed 

any trace of' the 6546.6 keV transition in the 3- resonances speaks 

against the 3-(4-) assignment proposed by Buss and Smither23 and 

supports the assignment 5- made in Refs. 3, 6, 8, 9, 10, 11, 16. 

In order to clarify the question of the assignment of' the 
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1594.0 keV level, we sub-jeete:l the conflicting data in Re:r. 23 to 

an additional analysis. 

The conclusion about th~ 3-(4) assignment in Ref. 23 is based 

on two assumptions. First, t:1e ratio of the averaged reduced inten

sity of E-1 to that of M-1 tr~sition·is independent of gamma-ray 

energy for the same spin of final levels and, second, this ratio 

is well determined by the int3nsities of reliably established E-1 

and M-1 transi tiona to the le·vels with kno'W!l spin • 

. There is very linli ted i:1formation about the properties of high

-energy M-1 transitions. Eme:ry and Shapiro33 predicted a resonance 

character of the M-1 intensities for the deformed heavy nuclei with 

the m~imum near 7 MeV. Data of Bollinger and Thomas24 in ease of 

the weakly reformed 106Pd nucl ~us, t~at the dependence of the M-1 

intensities on the gamma-ray ,3nergy has a giant-resonance-like shape, 

similar to that predicted in ~ef. 33. This suggests that E-1 and M-1 

photon strength fUnctions can have quite different shapes ~d, hence, 

the above def'ined ratio can b~ energy-dependent. 

Besides the M-1 transition 1to the 1595.0 keV Buss and Smither 23 

observed with satisfactory ac~::uracy only two other M-1 transi tiona 

to levels at 1162.2 and 2338.6 keV with the assignments 3- and 

2=, 3-(4-, 5±), respectively. Relative errors in intensities of 

these two transitions are 15 <md 30 %, respectively. Since the 

number of available M-1 inten;3ities is small, residual Porter-Thomas 

fluctuations together with thH eJt:perim.ental errors can cause a siza

ble error in the determination of the E-1 to M-1 transition in ten-

sity ratio. 
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A higher number o~ the M-1 transitions is known for the 

neighbour l5°sm nucleus. Tht~ above mentioned ratio extracted :f'rom 

the data in Ref. 23 is equal to· 8.6 and much better determined than 

in the case of 148sm. Using this value of the ratio ~or 148sm the 

intensities of the M-1 transitions to 3- or 4- levels are expected 

to be 8.6 times weaker than the intensities of the E-1 transitions 
+ + to 3 or 4 levels. The ave::-aged intensities of the M-1 transi tiona 

to· the 2- or 5- levels are e:<:pected to be weaker by the factor o~ 17. 2. 

The intensity of the M·-1 transition to the 1595.0 keV level in 

the averaged spectrum of Bus;3 and Smither23 is 11.5 ± 2.3 times 

weaker than the intensity o~ the E-1 transition to a 3+ or 4+ level 

at the equivalent excitation. 

• 
By comparison of the l•:tst value with two values 8. 6 end 17.2 

. corresponding to two alternatives o~ the assignment, i. e. 3- or 4-

end 2- or 5-, respectively, 1~ can demonstrate that the 5- assignment 

of the 1594.0 keV level is n·)t in strong disagreement with the data 

in Ref. 23. 

Lev~l at 1663~7 keV. 'rhis level is deduced from the observa

tion of a strong 6476.9 keV transition in a number of 3- resonances, 

+ + + which restricts the assignmeJlt of the level to values 2 _ , 3 or 4 • 

Estimation of the ratio of ~1 average transition intensity in 10 

resonances with Jrr = 4- to t:1e average ~-ntensi ty expected for 

J'TT = 3+, 4+ or 5+ t'in,al leve.ls is equal to u.087 ± 0.073. This 
+ + + value rules out the 3 , 4 o:~ 5 assignment within the 99.99 % 

confidence limit. Our data lead to the 2+ assignment of the 

1663.7 keV level. 

Buss and Smi ther23 rep,,rted a 2+ or 5+ assignment for the 
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level at 1663.4 keV. Results of' Groshev ll. al. 21 and Gellatly and 

Kane22 in a combination with the assignment reported in Ref. 23 led 

in both cases to the 2+ assig:unent. A tentative 2+ assignment ~or 

the discussed level was proposed in (d,d') work by Veje!! a1. 16 

end in the (p, t) work by Debe~ham and Hintz14 • 

Level at 1203.0 keV. T~is level is deduced from the observa

tion of' the strong 6237.6 keV transition in a number of' resonances 

of both spin values 3- and 4-. The 1903.0 keV level with the 3+ or 

4+ assignment is firmly established. 

Buss and Smither23 observed a 6238.7 keV primar.y transition, 

however, they ascribed it ambiguously to either 148sm or l5°sm. For 

the case of 148sm they deducej a 1902.9 keV level with a 3+ or 4+ 
• 

assignment. 

There are no other papers reporting this level. 

Level at 1971.9 keV. The 6168.9 keV transition observed in our 

spectra leads to a level in 148sm at 1971.9 keV. This transition is 

observed in a number of 3- resonances with an intensity inconsistent 

with the M-1 character. The upper limit of the average intensity of 

the transition in the 4- resonances is 6.3 times lower than the value 

expected for the 3+, 4+ and 5+ final levels. This excludes the 

assignments 3+, 4+ and 5+ for the 1971.9 keV level within the confi

dence limit 99.89 %. In addition, the intensity of 6168.9 keV tran

sition in the spectrum averaged over neutron energies from 25 to 

900 ~V corresponds to the group of final levels with J" = 2+ or 5+. 

We conclude that the spin and parity assignment of the level 

at 1971.9 keV is 2+. 
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A corresponding state :.n 148sm has been previously observed 

by Ge11etly and Kane22 • They proposed a J = 2, 3 or 4 state at 

1970.9 keV with no parity a~·signment. 

Buss and Smi ther23 obsE~rved 6168.5 keV primary transition 

in their measurement with thE! natural target, but they ascribed this 

transition to 150sm. 'rhe intensity o:f the 6168.5 keV transition led 

to a 3+ or 4+ assignment ~or a state o:f 150sm established at 1818.9 

keV. 

The detailed inspectiort of the data presented in Ref. 23 shows 

that the intensity of the 6168.5 keV transition divided byE~ is 

1.39 times higher than the mE!an value of intensities of the remaining 

transitions to the 3+ or 4+ fltates in l5°sm • 
• 

In the earlier paper Sndther34 reported a level o:f l50Sm at 

1821.8 keV with a tentative Etssignment Jrr = 3+. The discrepancy 

between the excitation ener~' of this level and those equal to 

1818.9 keV is accounted for jn Ref. 23 by a possible closed doublet 

structure o:f the 6168.5 keV line. An inspection of the data accumu

lated by Be~var et al.32 has shown the presence of a 3+ or 4+ level --
in l5°sm at 1819.9 keV. The existence of this level and the 2+ level 

at 1971.9 keV in 148sm explajns the doublet structure suggested in 

Ref. 23. These two states ir. the diff'erent nuclei account for the 

higher intensity reported in Ref. 23 :fo~ the 6168.5 keV line. 

Level at 2032.3 keV. 1he 6108.) keV transition observed in 

our spectra leads to a level at 2032.3 keV. Since this transition 

is observed in the resonancee of both spin values and its intensity 

. th d t 1 t 3+ 4+ . . f 1n e average epee rum ru es ou a or ass1gnment, 1t ollows 
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from our data a 3- or 4- ass:.gnment f'or the 2032.3 keV level. 

The data of' Buss and Snuther23 are consistent with M-1 or E-1 

character of the transition :f·eeding their 2031.4 keV state. Harmatz 

and Handley10 and Baba ll &:.8 unambiguously assigned 4-. However, 

since the recent study of 14f\Eu decay by Adam ll a1. 11 yield~ a not 

unique 3-, 4- or 5- assignmer:t, we propose a j'rT = 4-(3-) assignment 

for the 2032.3 keV level. 

Level at 2146.6 keV. ~bis level is based on the observation 

of the 5994.0 keV transition in the resonances with both spin values. 

An intensity o'f this transi t:i.on in the averaged spectrum excludes 

• • • Ou d 1 d 3+ 4+ . a negat1ve par1ty ass1gnment. r ata ea to a or ass1gnment 

of' the 2146.5 keV level. 
• 

Buss and Smither23 pro},osed a 2146.4 keV level and a 3+ or 4+ 

assignment with pref'"erence f'c,r 4+. Harmatz and Handley10 and Baba 

.!1 al. 8 -assigned 5+, while Cline9 made only tentative 6+ assignment. 

Both these assignments are ir~ contradiction with our result and that 

of Buss and Smi ther23 • However, Adam !l al. 11 in their ~-decay work 

proposed a 4+ or 5+ ass-ignmer~t. 

The most probable valuE! of' the spin and parity of the 2146.6 

keV level is 4+. 

Level at 2208.4 keV. ~bis level is based on the presence of 

5932.2 keV transition in our spectra. Since the transition is obser

ved only in the 3- resonanceE: and its intensity in the averaged 
+ + spectrum corresponds to the t~oup of the 2 or 5 levels, the 2208.4 

keV state has a 2+ assignment. 
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This state was detecte<l by Buss and Smither23, who reported 

a 5932.9 keV transition. Houever, they were only able to assign ambi

guously this transition to e:Lther 148sm or 150sm. The possible level 

at 2208.7 keV which they proposed wa_s consistent with ~ 2+ or 5+ 

assignment. 

In their (p, t) study Dnbenhem and Hintz14 reported a o+ level 

at 2206 ± 4 keV. Their assignment is based on the observation of two 

distinct maxima at 25° and 60° in an angular distribution of the tri

ton group populating the 220{) keV level. 'l'he occurrence of' these 

maxima is typical for the o+ final levels. On the other hand, an 

+ inspection of their data shmrs that appart from the 0 pattern the 

angular distribution containn another o:>mponent decreasing strongly 

with the angle. This componcmt re~embles the angular distribution 

of the triton groups populat:mg the 2+ levels. The data of Debenham 

and Hintz14 are, therefore cru1patible with the exitence of a doublet 

:formed by the o+ and 2+ Ieve:~s at 2206 keV. 

The 2208.4 keV level in 148sm with a 2+ assignment is now firmly 

established by our data. 

Level at '2213.2 keV. ~:'his level is based on the observation 

of the 5927.4 keV transition in 4- resonances. Since the relative 

intensity of the transition :m the 

1 1 f 
,,+ e ear y to the group o the l. or 

with the 3+ or 4+ assignment:' the 

level is deduced. 

averaged spectrum corresponds 

5+ levels and is in contradiction 

5+ assignment o~ the 2213.2 keV 

Buss and Smither23 reported n 2212.7 keV level with a 2+ or 5+ 

assignment. However, they c:.aimed that the reported level was 
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established by a not unique decomposition of a complex structure in 

their averaged spectrum. Gr·)shev ll._ al. 21 observed the 5926 keV 

tr::msi tion with 0.01 % inten.:lity an deduced a level at 2216 keV, 

but they made no conclusions about the spin. 

Baba et al ~ and Harmat:1: and Handley10 reported a 5+ assignment 

f'or their level at 2215 and :~214. 8 keV, respectively, while Cline9 

:f'Otmd a 2214.2 keV level wi t:1 J.,. = 4 +. A recent repetition o:f' the 

same experiment as in Ref. 9 done by Adam !.l al. 11 yielded no spin 

and parity assignment. 

The 5+ assignment of t:1e 2213.2 keV level is now well establi-

shed •. 

Level at 2314.5 keV. rhis level is based on the presence o~ 

the 5826.1 keV transition. rhe transition is observed only in 

3- resonances. Its intensity in our averaged spectrum belongs to 

the group of the positive-parity levels. 

Buss and Smither23 ~ou~d a 2+ or 5+ assignment ~or their 

2314.2 keV level and pref'erej the 2+ assigroo8nt, since Veje et a1. 16 --
haj observed the level in the (d,d') reaction. 

Cline9 assigned a negative parity, which was definitely ruled out 

b,y the results crf the present experiment and'some others-- as sum

marized in Ref. 23. 

Harmatz and Handley10 assigned Jrr = 4+, but only as~ most 

probable choice, while Adam.~ a1. 11 in their more recent work made 

no assignment. 

The assignment made in Ref. 23 in combination with our resuls 
+ . 

gives Jrr = 2 ~or the 2314. 5 keV level. 
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Level at 2327.1 keV. ~he 5813.5 keV transition populating this 

level ie observed in resonanc:es of both spin values. The intensity 

of the transition in our avei·aged spectrum corresponds clearly to 
+ + the group of the 3 or 4 levels. 

Buss and Smi ther23 obso rved the 5813.6 keV line· corresponding 

to their 2328.0 keV level. ~)ince other closed strong lines origina

ting from the ground state tr•ansition in 155Sm was present, the 

authors were only able to maJ:::e a limitation on the assignment and. 

excluded Jrr = 3+ or 4+ for the 2328.0 keV level. 

Gelletly and Kane22 ob:3erved a transition leading to a state 

at 2326.8 keV and excluded a J = 2 assignment. Harmatz and Handley10, 

Cline9 and Adam et a1. 11 rep·,rted a level at the energies of 2328.0, -- . 
2326.9 and 2326.9 keV, respe~tively, and all of them assigned 4+ • 

. The only contradiction in the assignmentsarises from the exclu

sion of Jrr = 3+ or 4+ made i~ Ref. 23. This exclusion was based on 

the separation of two components of the 5813.6 keV line belonging to 

l48sm and l55sm. On such separation Buss and Smither23 assumed that 

the component of the 5813.6 keV line belonging to the G.s. transition 

in l55sm is of the same size as another line corresponding to the 

transition to the 1/2- first excited level. 

However, a large average spacing between the resonances ~or 

even-even nuclei can cause quite appreciable residual Porter-Thomas 

fluctuations in the transition intensities. For the neighbour 

target nuclei of 149sm Buss and Smither23 reported the 10 % residual 

fluctuation. Aceording to Karzhavina and Pop~0 and Rahn et al.35 --
the mean spacing for 149sm End l54sm targets are equal to 2.3 ± 0.3 
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and 115 ± 8 eV, respectively. It is therefore expected that the 

·. average intensities of the transitions in l55sm will :f'luctuate with 

a relative R.M.S. of 70 %. ~>ince an absolute contribution of the 

l55sm component in the 5813.6 keV line is at least as large as that 

of l48Sm, such broad nuctua"~ion do not permit to draw any conclusion 

about the spin of the 2328.0 keV state from the data in Ref. 23. 

The present authors conc:.ude, that the spin and parity of the 

2327.1 keV level is 4+. 

Level at 2338.8 keV. ~:he 5801.8 keV transition populating 

this level is observed in thn resonances of both spin values, namely 

in the resonances at 3.4 and 18.3 eV. The intensity of the 5801.8 

keV line in the averaged spec:tru.m excludes the J'T'T = 3+ or 4+ assign-
" 

ment. 

Our data lead to the 3"" or 4- assignment for the 2338.8 keV 

level. This conclusion is ut accordance with a tentative 3- or 4-

assignment reported for a 2]]6 keV level in the (d,d ') work by 

Veje et a1. 16• --
Buss and Smither23repm•ted a 2338.6 keV level and proposed 

a Jrr = 2+, 5+, 3- or 4- assignment. Since the level had been 

observed in the (d,d') react:~on, authors in Ref'. 23 pref'ered the 

natural-parity 2+ or 3- assignment. 

There are no other papera reporting the discussed level. 

Level at 2381.2 keV. A strong 5759.4 keV line populating the 

2381.2 keV level is present :m 3-resonances, while no trace of this 

line is observed in 4- ones. The intensity of the 5759.4 keV line 



- 28 -

spectrum cor:~sponds to the group of the positive-

it 1 1 Th · 1 ·d .. 2+ 3+ or 4+ · t ""' th -par y eve s. l.s ea s ·~;o a , assl.gnmen O.L e 

2381.2 keV level with a strong preference for the value of 2+. 

This level probably coincides with a 2378 keV level observed 

by Veje ll a1. 16 in the (d ,d ') reaction. No information about 

the 2381.2 keV level is in the literature at present. 

Level at 2440.5 keV. 'rhis level is based on the observation 

o~ a weak 5700.1 keV line in the averaged spectrum and in the 

spectrum from the 3- resonan::e at 140 eV. A probability, that the 

• line in the averaged spectru:n results :from random fluctuations is 

. equa~ to 0.38 %. A weak int:msity o:f the 5700.1 keV line excludes 

• with certainty the 3+ or 4+ 9.Ssignrpent of the 2440.5 keV level. 

In addition, a probability t1.at . the 2+ or 5+ assignment is possible 

was estimated to be equal to 0.60 %. 

Buss and Smither23 rep~rted a weak 5701.7 keV line leading to 

a 2440.7 keV level with a te1.tative 3- or 4- assignment. Our 

additional inspection of the data in Ref. 23 has shown that a 2+ 

or 5+ assignment is highly u:1probable, so that an alternative assign

. ment following :from Ref'. 23 is 2- or 5-. 

Our data eonf"irmed the . ~existence of' the level proposed by the 

authors in Ref. 23. A combi:1ation o:f our results with those in Ref. 

23 leads to the 2-, 3- or 4- assignment o:f the 2440.5 keV level. 

The 2440.5 keV level p~obably coincided with the 2442.9 keV 

level reported by Reddingius and Postma20 in their thermal neutron 

capture study. 
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Level at 2524.8 keV. ~~is level is based on the observation 

o~ the 5615.8 keV transition in resonances with both spin values. 

An intensities of this trans:. tion in our averaged spectrum excludes 

with certainty the negative parity f'or the 2524.8 keV level. Our 

data lead to. the 3+ or 4+ asnignment. 

Buss and Smither23 deduced a 3+ or 4+ assignment f'or their 
+ 2524.2 keV level with pre:f"er<:~nce for 4 • 

Our assignment and that made in Ref. 23 are in contradiction 

with the results of Adam et Etl. 11 and Cline9, who assigned 3- or 4----
end 4- respectively. Harmat2; and Handley10 proposed a 4+ assignment. 

Available data lead to the most probable choice Jrr= 4+ f'ar 
• the· 2524.8 keV level. 

Level at 2238.7 keV. ~he 5601.9 keV transition populating 

this level is observed only jn 3- resonances. The average intensity 

corresponds to the group of the I'Ositive-parity levels • 

• 
The intensity of a 5603.2 keV transition observed in the expe

riment of Buss and Smither23 led to a 2+ or 5+ assignment for their 

2538.4 keV level. Since suet level had not been detected in the 

(d,d') reaction, authors in Fef'. 23 prefered the 5+ assignment. 

Debenham and Hintz14 in their recent study of the (p, t) reaction 

found a 2540 keV level and proposed a tentative 2+ assignment. 

There are no other papers re~orting the discussed level. 

A combination of our results with those in Ref. 23 leads to 

an unambiguous 2+ assignment for the-25~8.7 keV level. 
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Level at 2569.3 keV. ~his level is based on a weak 5571.3 keV 

line observed in the averagec~ spectrum. A probability of originating 

of this line from random fluctuations is equal to 0.13 %. The inten

sity of the line excludes a ~-1T = 3+ or 4+ assignment for the 2569.3 

keV level. 

Buss and Smither2~ reported a 5572.1 keY transition associated 

: with either 148sm or l5°sm. For the case of 148Sm they deduced 

a 3- or 4- assignment :for a ?570.3 keV level. Levels at 2570.5 and 

2569.1 keV were reported by C:line9 and Adam·ll a1. 11 , respectively. 

The results of the present work confirmed the existence of the 

· 2569.3 keV level in 148Sm .and are consistent with the 3- or 4-

• assignment made in Ref. 23 • ,. 
Level at 2608.3 keV. ~~is level is deduced from the observe-

tion of the 5532.3 keV line :~ the 3.4 eV resonance. Though this 

. line is weak, it is still we:.l established, since the relative error 

of its area is only 22 %. 

The intensity of the 5~)32 keV line in the averaged spectrum 

clearly corresponds to the group of the negative-parity levels. 

OUr data lead to the 2-, 3- or 4- assignment for the 2608.3 keV 

· level. This level has not boen detected in previuos experiments. 

Level'ai 2633~0 keV. ~~e 5507.6 keV transition populating 

'this level is observed :in 3- resonances. The intensity of the 

trensi tion in the averaged spectrum is by 4 % lower than the. 

expectation value for· the 2+ or 5+ levels. The observed intensity 

excludes with certainty the nngative-pari ty assignment and rules out 



- 31-

the 3+ or 4+ assignment within the con:t"idence limit of' 99.6 %. In 

addition, the values of "obseJ.,ed" intensities o:r the 5507.6 keV 

line in 4- resonances are compatible with the value o:r zero, which 

0 • 7r 3+ + 5+ 0 

lS an argument :for exclus1on o:f the J = , 4 or as:ngnment. 

We therefore estab-lish J'TT = ~!+ for the 2633.0 keV level. 

Buss and Smither23 repoJ'ted a 5509.2 keV line as the doublet 

consisting of' the E-1 transir:.ons in 148Sm and/or l5°sm. An inspec

tion of the data accumulated by Becvar et al.32 has shown that one --
component of this doublet belongs to the E-1 transition populating 

the 2480.5 level of 150srn with Jrr= 3+ or 4+. An average intensity 

of'the composed 5509.2 k~V line reported in Ref. 23 is in excellent 
I 

agreement with the predictionn following :from the 3+ or 4+ assign-

ment of the level in 150Sm and the ~ assignment of the 2633.0 keV 

level in 148sm. Groshev et a:_. 21 observed a weak 5510 keV transition ---
populating their 2?32 keV levnl of 148Sm. Cline9 reported a 2634.2 

keV level, however, made no ansignment. It seems unlikely, that it 

·is our reported 2633.0 keV le,rel, since the 2+ levels are not 

directly populated in p+-dee~r of 14~u. 

Level at 2640.5 keV. TI1e 5500.1 keV transition populating 

this level is observed only in 4- resonances. The intensity of the 

transition in the averaged sp(~ctrum corresponds to the group of 
+ the positive-parity levels wi-~h the strong preference :for the 2 or 

+ 5 levels. An upper limit of an average intensity in 13 resonances 

with J'fr = 3- was estimated -~o be equal to 25 % of the value expec

ted f'or the E-1 transi tiona, ''hieh excludes the assignment J'ff = 2+, 

3+ or 4+ for the 2640.5 level within the cont'idence limit of 99.68 %. 

Buss and Smither23 repol'ted a 5502.2 keV transition. Since 
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the 55U2.~ keV line was obscured by other closed line originating 

from l5lsm, the authors in Ref. 23 made only a tentative 2+ or 5+ 

assignment for a level deduced •lt 2639.4 keV. Groshev et al. 21 --
reported a 5501 keV transition ,vith a 0.13 % intensity and deduced 

a 2641 keV level, however, they made no assignment. Harmatz and 

Handley10, Cline9 and Adam ~~~I reported levels at 2641.4, 2640.5 

end 2640.5 keV, respectively. ·)ata in Ref. 10 allowed to restrict 

the spin and parity of the 2641.4 keV level to the most probable 

choice of 5+, while the data of Cline9 led to a tentative J = 4 or 6 

assignment. No assignment was :nade in more recent experiment by 

Adam et a1.11• --
Present data in combination with ones of other authors lead to 

almost certain 5+ assignment for the ~640.5 keV level. 

Level at 2646.4 keV. The 5494.2 keV transition ::.a observed in 

the resonances of both spin values. The intensity of the transition 

in the averaged spectrum corresponds to the group of the positive

-parity levels. Our data lead to the 2646.4 keV level with J~ = 3+ 

4
+ • or ass1gnment. 

Buss and Smither23 ~ported a 5497.3 keV transition and 

ascribed it ambiguously to either 148Sm or l5°sm. For the case 

of 148Sm they deduced a 3+ or 4~ assignment. No other author 

reported the 2646.4 keV level. 

Level at 2682.2 keV. The 5458.4 keV transition populating 

thi~ level is observed ~~ resona~ces of both spin values. The 

mtensity of this transition in the averaged spectrum eorresponde 

to the group of the positive-parity levels. Our data lead to 

the 3+ or 4+ assignment. 
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Groshev et a1. 21 reported :Level at 2682 keV. -- Cline9, Harmatz 

and Handley10 and Adam ll al. 11 ::-eported levels at 2683.1, 2683. 5 

and 2683 .1 ke V, respectively. Data in Ref. 10 led to the most pro

bable choice of J'rr = 4 +, which ia in agreement with our results. 

Level at 2712.9 keV. The ~>427. 7 keV transition observed in the 

resonances of both spin values l(!ads to the 2712.9 keV level. Since 

the intensity of the transition <:learly corresponds to the positive

•parity levels, a 3+or 4+ assignment is deduced. 

A level at 2712 keV was reported by Groshev et a1. 21 • The --
2712.9 keV level probably coincides with the 2711 keV level reported 

by Veje et a1. 16• --
• 

Level at 2723.5 keV. This level is deduced f'rom the 5417.1 keV 

transition observed ,in the spectra ,from ., resonances of both spin 

values. The intensity o~ the trEnsition in the averaged spectrum 

corresponds -eo the group of the positive-parity levels. Our data 

1 d h 3+ 4+ .. ea to t e or ass1gnment. 

Groshev ~ a1~1 reported a 2723 keV level. The authors in 

Refs. 9, 10, 11 reported levels et 2723.2, 2724.2 and 2723.2 keV, 

respectively. Data of Harmatz and Handley10 led to the most proba

ble ehoice of J = 4, which is not in disagreement with our 

assignment. 

Level at 2828.0 keV. This level is established by the obser

vation of the 5312.6 keV line in the s~ectrum of the 49.3 eV reso- .. 

n~ce. The intensity of' the line in the averaged spectrum excludes 
+ + 

a 3 or 4 assignment. Since the 4- assignment of the 49.3 eV reso-

nance is only tentative, our data lead to the 3-, 4-, 5± or, possi~, 
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+ 2- assignment for the 2828.0 keV level. There are no other papers 

reporting this level. 

Level at 2835.2 keV. The existence of this level is based on 

the presence of the 5305.4 keV line in the 3- resonances. The inten

sity of this line in the averaged spectrum excludes a negative parity 

and strongly prefers the 2+ or 5+ assignment of the 2835.2 keV level. 

,we conclude that the assignment of the level is 2+ or, possibly, 3+ 

or 4+. There are no otner papers reporting this level. 

Level at 2844.7 keV. This level is established from the 

:observation of the 5295.9 keV tr~nsition in the 3- resonances at 3.4 

and 57.9 eV. The intensity of tt.e transl tion in the averaged spec

trum corresponds to the group of the neflative-parity levels. Our 

data lead to the 2-, 3- or 4- as~:ignment for the 2844.7 keV level. 

No other papers report this level. 

Level at 2978.8 kaV. This level is deduced from the observe¥ 

tion of the 5161.8 keV transition in a number of 4- resonances. 

Since the intensity of the trans:.tion in the av<"raged spectrum is 

equal to the value expected at avorage :for the transitions to the 

2+ or 5+ levels, the negative pru·ity of the 2978.8 keV level is 

excluded. An upper limit of the intendity of· the ~161.8 keV tran

sition averaged over 13 resonancHs with Jrr = 3- is at least 5. 8 

times lower than it is expected j~or the E-1 transi tiona from the 

3- Th . . t . f . 1 . f 2+ 3+ d + . resonances. 1s JUS 1 1es HXC us1on o , an 4 ass1gn-

en ts within the 99. 92 % confidence 1 imi t. Our data lead to the 

5+ assignment of' the 2978.8 keV :~evel. The level has not been 

observed in the previous experimHnts. 



- 35 -

New levels. The present experiment revealed 11 new levels. 

Five of them were already discuss~d in detail. Another level was 

found at 2672.7 keV with Jrr = 3+ or 4+. The rest five levels are 

located above the excitation of 2350 keV. All new levels are 

included in Table II. 

Not confirmed levels. Taki'lg together all information extrac

ted from p-decay in Re~s. 1 - 11 !md :from the nuclear reactions 

, with charged particles in Ref's. 12 - 19, we can find a number of' 

'levels which have not been detected ·by the present experiment. 

However, most of' these levels have an assignment which excludes 

direct population from the capturing states by dipole transitions. 

Other part of' the undetected levels have B2 or only tentative 

assignment and it is therefore uncerta~ whether they have to be 

observed in our experiment. Only the rest levels at 280~.6, ~816.6 

and 2831.6 keV should be observed, since according to Harmatz and 

Hendley10 single most probable chioces of' spin and parity :for these 

1 I 5+ 4+ d 5+ t • 1 eve s are , an respect1ve y. All three levels were 

reported in Ref's. 9, 10. Cline9 made no :firm assignments. In more 

recent work Adam ll. al. 11 deduced a 4 + or 5+ assignment :for their 

2830.5 keV level, while made no assignment :for the rest two levels. 

It is difficult to judge how firm are the conclusions about the spin 

end parity made by the authors in Ref. 10. We only note that the 

. unambiguous assignments made by Harmatz and Handley10 :for other 

levels at 2146.6 and 2314.5 keV were erroneous. On the other hand, 

our measurement does not excludes the possibility of' missing some 

levels situated above the 3000 keV excitation. 

The other class of' the levels not confirmed by our measurement 
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are those deduced from the (n,/) experiments. In their averaged 

spectrum Buss and Smither23 obse~ed transitions at 6061.3, 5983.6, 

5968.2 and 5628.2 keV and ascribed them ambiguously to either 148Sm 

. or l5°sm. For the case of 148~ they deduced levels at 2080.3, 

2158.0, 2173.4 and 2513.4 keV wjth a 2+ or 5+ assignment for the 

first three levels and 3+ or 4+ assignment for the last level. None 

of the four Jevels have been four.d in the present measurement. 

However, Becvl1r ll al.32 reportE!d two 2+ levels at 1927.3 and 

2005.5 keV in l5°sm. Besides that, an inspection of the original 

.· data accumulated in Ref. 32 has shown that there are two additional 

levels in l50Sm at 2020.4 and 2]60.3 keV with assignments 5+ and 

: 3+ or 4+, respectively. The existence of these four levels in l5°sm 

and their assignments explained the presence of the above mentioned 
• 

primary transitions reported in Ref. 23. 

It should be mentioned th9t Buss and Smither23 reported also 

very weak (40 % uncertainty in intensity) 6708.9 keV line end dedu

ced a 1433.5 keV level with a 1-, 6-(2-, 5-) assignment. Our meas

urement did not detect this level. Kenefick and Sheline12 on the 

basis of the (d,p) and (p,p') oata reported a 1432 keV level, 

• however, made no assignment. It is hi&Uy probable that the 1432 keV 

· level is identical with 0+ level at 1426 ± 3 keV reported reeeritly 

in the (p, t) work by Debenham E:nd Hintz14. 

Gelletly and Kane22 who f:tudied the neutron capture ge.mme.-ray 

spectrum of the 3.4 eV resonan(:e observed transitions at 5999.1 and 

6493.0 keV and deduced levels nt 2142.5 and 1648.b keV. .None o:f' 

these two le\'"els have been obsnrved in the present experiment, though 

roughly the same statistical ac:euracy was achieved in our 3.4 eV 
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spectrum and in spite of the fact that other 22 resonant spectra were 

available. It is probable that the two levels reported in Ref.22 

are spurious. Possible consequencies have been already discussed in 

connection with th~ 1453.0 keV level. 

Groshev et a1. 21 detected a number of levels which were nQt --
confirmed by our measurement. These levels are based on the obser

vation of very weak lines in the thermal spectrum. Since no errors 

m intensities of the lines are presented in Ref. 21, it is not cer

tain whether these lines are established firmly. All levels detected 

by the authors in Ref. 21 below 311C keV are listed in Table II. 

Positive-parity levels. The present knowledge o~ the l48sm 

level system is based on rich inro~ation from a broad variety of 

experiments. As it was already emphasized in the Introduction, 

the efficient experiment for the detection of J~ = 2+, 3+, 4+ or 5+ 

levels was that of Buss and Smither23. Since our experiment inclu

ded~ resonannces below 900 ev, it oerves as another highly effi

cient and independent source of information about 148Sm levels. 

Our data in combination with those accumulated by Be<5v8f> et al. --32 made possible to sol~e ~uncertainties in the isotopic assignment 

reported by Buss and Smi ther23 for some E:..l transi tiona. For details 

see Table II and the discussion of the particular levels. 

Comparison of our results with those in Ref. 23 and rough esti

mation of the detection sensitivity of our experiment led us to the 

strong believe that the set of the J" = 2+, 3+, 4+ or 5+ levels, 

which we detected below 2600keV, is complete. 
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Negative-parity levels. Nine neg~tive-parity levels, populated 

-." ...... ~ . .,ctly by primary M-1 transitions :1ave been detected by the present 

experiment. Besides three new levels reported for the first time, 

·oor data allowed to confirm the exi9tence of other two levels which 

had not been established firmly. In addition, new int'ormation have 

been obtained about the spin of the 11egative-pari ty levels. For the 

details see Table II and the discussion to the particular levels. 

It should be stressed that we were able to observe the transi

te all six Jrr = 2-·, 3-, 4- or 5- levels proposed by previous 

•·~~\~•, including those levels which ~1ad been established tentati

The intensities of the t~ansi·~ions were· in most eases statis

defined. Errors of the intensities were usually below 

Th~ exceptions are weak intensities of the transitions 

to the levels at 2440.5 and 2569.3 kf!V. However, as it has been 

apparent from the detailed discussion to these levels, even in this 

the intensities were significan·~ly different :f'rom the value of 

All previously proposed level:3 are located below the 2600 keV 

Both, the observation of the t;•ansi tioM to all previously .known 

or 5- levels and the statistical significance of 

transition intensities prove high sensitivity of the present 

•~rne·'l"1lm~n t to detect the negative-paPity levels below the 2600 keV, 

Hence, it is highly probable that the set o~ the. 

-parity levels with Jrr= 2-, 3-, 4- or 5- below 2600 keV 

present experiment in complete. 
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V. DISCUSSION OF' RESULTS AND CONCLUSIONS 

The present experiment enlErged the information about the 

148sm levels. Of' 50 levels obse~·ed, substantially new limite were 

set on the spin and parity of'· 25 levels. The assignment of' part 
+ + . these levels was made unambiguouf!ly -- the values 2 and 5 were 

+ ascribed to 7 and 3 levels, respf!Ctively. These 2 levels were not 

. observed in the ~-decay experiments, since the levels are ei tuated 

.at relatively high excitations ru1d are not populated directly by 

the p-transitions. + .. The 2 and 5 assignments of the levels may 

turn to be useful as starting points in interpretation of :future 

experimental data. It sl10uld be stressed in this connection that 

high precision low-energy capture gamma-ray measurements and . . 
corresponding electron conversion measurements are· still lacking. 

A most detailed calculaticn con~erning the positive-parity 

levels which is available at pre sent is that of' Kenefick and 

Sheline12 based on the u3e of tt.e asymmetric rotor model of' Davydov 

'and Chaban36 • The asymmetry pai·ameter r and the nonadiabatici ty 

parameter p were adjusted :f'o·r the :f'i t of' the :f'irst 2+ and :first 4+ 

levels. Comparison of the cal(~ulated level system with the 

•••rna.,..imental positive-parity le•rels determined by the present work 

and by previous studies is shovm in Fig. 8. Though the results o:r 

the original comparison of the ·~alculated levels with the experi

and (p,p') data of <enefick and Sheline12 was satiefao

' the present available datg give rather poor agreement. This 

due to the :f'irst o+, second 2+ and first 3+ levels, since 

located about 250 keV higher than it was suggested by the 

data in Ref. 12. Nevertheless, it should be stressed that 
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the asymmetric rotor model nuccessfully predicts the spine o~ all 

positive-parity levels belmr 1900 keV. In addition, the first 5+ 

level is expected at 2041 kE~V, which is in qualitative agreement 

with our detection of the f':~rst 5+ level at 2213.2 keV. 

Our data lead to the :?+ assignment of' the 1453.0 keV level. 

According to purely vibrati(lnai treatment o~ the level system, this 

level and the 4+ level at 1::80.3 keV could be iden·tified with the 

2+ and 4+ members of' the tw•)-phonon triplet. However, Groshev 

et a1. 21 proposed the 1453.0 keV level as a head of' the quasi-gamma --
band. 

In order to clarify t;le role o~ the two-phonon vibrations, 
+ let us turn our at tent ion t' a 0 member of a possible two-phonon 

triplet. The candidates f'o·':' this· member are the o+ level at 

1426 keV detected recently ~y Debenham and Hintz14 in the (p,t) 

me~surement.and o+ level at 1120 keV proposed b,y Yshizaki et a1.13, --
also on the -basis of' the (p,t) data. There are three reasons why 

the existence of' the latter 0+ level is uncertain. First, the 

resolution power of 100 keV for tritons in the experiment of 

Yshizaki et a1. 13 was insuf'ricient and could not provide separation -- ' 

of' the triton group feeding the 112.0 keV level from two groups 

corresponding to the 3- and 4+ levels at 1161.7 and 1180.3 keV, 

respectively. Second, there were no traces of' the triton group cor

responding to 1120 keV level in high re·solution (8.. keV FvVHM) data 

from the (p,t) work by Debenham and Hintz14 • Third, no other authors 

reported this le·vel, except Kene::f'iek and Sheline12 , who, in an 

attempt to find the predicted 0+ level at 1128 keV (see Fig. 8), 

stated only weak evidence in some o::f the (d,p) spectra :for a level 

with unknown spin at~ll20 keV. The 0+ level at 1426 keV as the 
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remaining candidate is strongly populated in the 15°Sm(p,t)l48Sm 

reaction. The intensity of the triton group for this level is 

equal to 18% o~ the intensity ~or the ground state and, according 

to Ref. 14, is by an order of magnitude higher than it is expected 
+ for the two-phonon 0 level. Due to the high intensity the 1426 keV 

level cannot be identified with the missing 0+ member of the triplet. 

In their analysis of the ~To-neutron transfer reactions Takemesa 

£1~37 suggested coexistence of spherical and deformed components 

in the ground state of 150sm. This led Debenham and Hintz14 to 

an interpretation of' the 0+ 14:~6 keV level as a deformed shape isomer 

which gives a favourable overlap with the deformed component of' the 

target ground state and explains the enhanced (p,t) intensity. This 

interpretation is supported by Sheli~ ~ a1. 38 , who gave indication 

that the shape isomerism existEI in Mo and Zr nuclei. 

It follows from above exi'lained arguments that the existence 
+ of the 0 member of' the two-phc,non triplet is uncertain and, hence, 

the question about the two-phor.on structure of' the levels around 

1300 keV is open. We can assun:e, that there exists some other low

-lying 0+ level, which has not yet been detected. However, if' the 

shape isomerism is present, then a simple description of' this presum

ably unknown 0+ level and the levels at 1453.0 and 1180.3 keV in 

terms of the pure two-phonon quadrupole vibrations would not be 

justified. 

Irrespective of' the difficulties with the two-phonon quadrupole 

vibrations, the present authors tested the possibility of' occurrence 

of two-phonon quadrupole-octupole levels in 148sm. 
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The two-phonon quadrupole-octupole levels for.m a quintet with 

spin~ and parities 1-, 2-, 3-, 4- and 5-. In harmonic approximation 

it is expected that the levels are situated around the excitation 

energy equal to the sum of the energies of · the first 2+ and ~irst 

3- levels. So far, no case was reported where all members of the 

quintet had been detected. In order to observe these levels and not 

to mix them with two-quasiparticle negative-parity levels, they should 

be centered around an excitation which is lower than the energy 

corresponding to the breaking of the first nucleon pair. Since the 

energy of the first 2+ level i:1creases as the nucleus becomes spheri

cal and, on the other hand, th! vibrational structure :f'ades as the 

nucleus becomes deformed, conditions for observation of the two-phonon 

quintet are fulfilled in the tr-an~li tional region. The level sya-. 

tematics of Sakai 39 suggests t:1at the best candidates in the vicinity 

of N = 82 shell are 14~d, 148.3m and l50Gd since the centre of the 

quintet for these nuclei should be situated at about 1660, 1710 and 

1780 keV, respectively. In acl~ordance with the results of Zolnowski 

et al. 40 who reported a develo~)ed quasirotational structure in l5°sm --
and l52Gd, these nuclei and al:3o 14~d were already assumed as par-

tially deformed. 

The set of the negative-parity levels detected in our experi

ment, i. e. those with J 11 = 2··, 3-, 4- or 5-, is listed in Table II. 

The rasons for our expectation that this set is complete for the 

excitations up to 2600 keV haVE! been already mentioned. In addition, 

Seeman et a1. 17 and Veje et a1. 16 found a 1- level at 1465 keV • ...... __....... _......,_ .. 
This was confirmed by Grigorie~· et al. 6 who detected the 1464.5 keV --
level and made . the 1- assignment. It is reasonable to assume that 
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this level is the 1- member o~ the quintet. The 5- member ean be 

formed by the level at 1594.0 k~V. In accordanee with Table II the 

3- and 4- members of the quintet can be formed by any pair seleeted 

from the levels at 2032.3, 2338.8, 2440.5 and 2569.3 keV with strong 

preference of the 2032.3 keV le'Tel for the 4- member. The 2- member 

can be selected only from the l·~vels above 2600 keV, i. e. from 

2608.3, 2828.0 or 2844.7 keV le'rels or from other undetected levels. 

Lipas41 treated phenomono1ogically splitting of the two-phonon 

quintet caused by an unharmonic interaction between the quadrupole 

and octupole phonons. For the ease of unharmonicities of the third 

order (cubic) he has shovm that a sequence of the levels (when an 

excitation energy increases) in the splitted quintet is 4-, 1-, 5-, 2-
- . with an arbitrary position of the 3 member. On the other hand, no 

general rule concerning the leVE!l sequence has been derived ~or the 

unharmonicities of the fourth 01~er, except that the assignment of 

the first level should be 1-. 

R~du~M ~ a1. 42 developed a semimicroscopic theory of quadru

pole and octupole phonona baaed on the Hamiltonian with pairing, 

quadrupole and octupole forces. In analogy with the phenomenological 

·approach authors in Ref. 42 added to the Hamiltonian a new term, 

cubic in the multipole moments, simulating the quadrupole-octu~ole 
. 

interaction. Using an iteration procedure they calculated the 

splitting of the quintet for the case of 114sn with the closed pro

ton shell Z = 50 and obtained a level sequence 4-, 2-, 1-, 5-, 3-. 

However, the authors in Ref. 42 did not exclude possibility that 

higher iterations can lift up the 2- level and give the level 

sequence similar to th~t yielded by the purely phenomenological 

model with the cubic interaction .. 
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As a next step, RMdu~M 1md Sanduleseu43 developed a complete 

semimicroseopic theory which :.nherently includes unharmonicities and, 

in contrast to that developed in Ref. 42, does not require adding 
~ 

of the phenomenological unharnonic quadrupole-octupole term. Owing 

to this feature the eomplet~ :temimicroscopie theory made it possible 

to predict the .!!.!! of the qu:.ntet splitting.. Calculations performed 

in Ref. 43 :for 114sn included the unharmonicities of up to fourth 

·order and led to the level sequenee 2-, 1-, 3-, 5-, 4- with a possi

ble interchange of the 1- and 3- members. The size of the overall 

splitting predicted by these <:aleulations for 114sn is equal to 

NBQO keV. We note, that this value represents 34 % o~ the energy of 

the octupole phonons in ll4sn. 

So ~ar, no calculations simil~r to those in Refs. 42, 43 have 

been done for 148sm. It is not certain, whether the level sequences 

obtained for. 114sn are aplieahle to the ease of 148Sm, nevertheless, 

it is worth noting that both J.evel sequences proposed in Refs. 42, 43 

are in contradiction with our experimental results. Since the data 

indicate that the 4- level C&L be located o~ly above the 5- one, the 

experimental level sequence i::1 also in contradiction with that f'ol...: 

lowing from the phenomenologim1l model o-r Lipas41 f"or the case of 

the cubic interaction. 

If the two-phonon quadrt~ole-octupole structure occurs in 148Sm 

then, according to present data, the size of the total splitting is 

equal to or higher than ~1150 keV. Sueh value is as large as the 

energy of the octupole phonon::1. A question arises, whether the 

large splitting still allows to interpret corresponding levels in 

terms of vibrations. It is highly probable, that the spac:-ing between 

' 
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the 1- and 3- members is equal to 870 keV or higher. We.note that 

this value is at least three times higher than it was expected in 

Ref. 41 ~or 148sm on the basis o£ the old experimental data. 

Further, possible 3- and 4- members o~ the quintet are situated above 

2000 keV excitation, while the 2- member is even above 2600 keV. 

It suggests thnt the 2-, 3- end 4- levJls may contain admixtures of 

the two-quasiparticle st!ltes ~t:hich occur at such excitations. 

An alternative interpretation of the negative-parity levels was 

done by Adam !1 al. 19 on the tasis of the (~,xn) data. They proposed 

a tentative quasi-rotati0nal trnd formed by the levels at 1161.7, 

1594.0, 2129 and 2807 keV with 3-, 5-, (7-) and (9-) assignments, 

respectively. As the spin ana parity of the levels at 2129 and 
• 2807 keV were not assigned firmly and no information about these 

levels has been reported, it is plausible that the 2807 keV level is 

identical with our 3+ or 4+ level at 2806.4 ± 0.6 keV. 

We conclude that our data are not in ~ccordance with the pre

sent available theoretical information about the two-phonon quad~: 

pole-octupole vibrational levels in 148sm. As there are aleo diffi-

culties in identification of the o+ member of the two-phonon 

triplet, it is not excluded that a possible diatoraion of the quintet 

and that of t~e triplet has some common origin, e. g. the shape 

ieomeriem sueeeated by Debe~~em and Hintz14 • 
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~ Spin aeei~ments .,r neutron reaonnnc .. in the 147s.a(n,y)l48Sm 
react i m. 

Spin 

~~ ..... (ev) 
I 'ri:mary S.conclaey C0111podte 
'f-rays 'f-ray• 

3.40 3 3 3 

5.29 4 (4) 

18.3 4 4 4 

27.1 3 3 3 

29.7 3 3 3 

32.1 4 4 4. 

)9.7 4 4 4 

40.6 3 3 3 

49.3 (4) 4 (4) 

57.9 3 ) ) .. 
64.9 ) (4J ) . 
76.0 4 • 4 4 

79.8 (4) ()) (4) 

83.4 3 3 3 

99.5 (4) (4) (4) 

102.6 (JJ (3) 3 b 

106.8 (4} . (4} (4) 

123.4 3 (3} 3 

140.0 3 (3} 3 

151.) l ( 3) J 

163.6 4 (4) (4) 

171.7 (3) (4) (4)" 

183.7 3 3 3 

205.8 (4) (4) 

• Tile ~.9 eV 11Ae ia eitller a sizl&l• , .. n-co• • a 4oallle11 
with spina ,- 8D4 4". ros• dataila ... tile Mill ten. 

11 OD tile llaaia ot (a,,.) Ma-lia r.&.JI.l'opo'f' ell al• 29 aa4e 
a ,. UaijpiiMDt • 

0 a..-al.tiplioi117 u .. _, ll7 4ol.l'opo'f' ell alo aa lH 118 
& .- Uaijpiii8D11 • 
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FIGURE CAPTIONS -

'Figure 1. The time-of;..:~light dependence of the intensity 

(\:r t.hP 550.3 keV eamma-line. The line results -rrom a decay of 

the 2+ level at 550.3 keV to ·~he ground state. Elimination of 

the influence of a Compton baekground in a gamma-ray spectrum 

is made. 

Figure 2a. High-energy parts of the gamma-ray spectra from 

the individual resonances. ~1ly DE peaks resulting from the 

capture in 147sm are lebelled. The labelling is identical with 

that used in Fig. 3 and Table II. 

!'_¥ffires 2b - 2e. High-cmergy .parts of the- gamma-ray epectrs 

from the individual resona.nce:3. See also the csption in Fig. 2s. 

Figure 3. The capture gamma-ray spectrum averaged over the 

neutron energies from 25 to 900 eY. Only DE peake reeul ting :f'rom 

the capture in 147sm are labelled. Labelling ie identical with 

that ueed in Figs. 2a - 2e and in Table II. 

-
Figure 4. The ratio of the populations of the 1161.7 and 

' 1180.3 keV levels end its sya·:ematic dependence on the capturing 

state spin. Spin assigrurents shown are identical with those in 

Table I. 

Figure 5. Averaged reduced intensities o:f' primary gemma

-rays v. s. gamma-ray energy. The systematic dependence o:f' the 

intensities on the spin end parity of final levels is apparent. 

The assignments used' are identical with those in Table II. 



Figure 6. A frequence distribution of the averaged reduced 

intensi tie~ of' E-1 primary gamma-rays. For the explm..ation .. o:f' the 

smooth curves, see· the main text. 

Figure 7. A comparison between the experimental poeitive

-parity levels and those predicted by the Davidov-Filippov36 theory. 

The parameters used in Ref. 12 for the calculation were 7= 22.4° 

and p = 0.94. Besides the .levels observed in the present experiment, 

the o+ and 6+ levels, reported in Refs. 10, 14, are included • 

.. 

• 

1 .. 
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TIME • OF· FLIGHT SPECTRUM 

NET SS0.3 keV GAMMA LINE 

CHANNEL MJMBER 

FIG. 1 
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