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ENERGY LEVELS IN THE ODD-N Sm ISOTOPES

R. K. Smither, Argonne National Laboratory

ABSTRACT

Four different types of neutron capture gamma-ray experiments

are used to investigate the energy level structure of the Odd-N Sm

isotopes. The gamma ray branching ratios for the low-lying levels

are used to help follow the level structure from the well-deformed

Sm and Sm nuclei, through the transitions, Sm, Sm
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and Sm nuclei, to the near-spherical Sm nucleus.
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All but one of the even-Z, odd-N Sm nuclei can be investigated through (n, y)

experiments. They span the transition region from spherical to well-deformed

nuclei just above the closed neutron shell at N = 82. At one end of the series,

the level schemes of Sm and Sm with N = 82 + 11 and N = 82 + 9 respec-

tively, show considerable evidence for rotational band structure. At the other
145

end, Sm exhibits a level structure that is very different from the rotational

model. The three inter-

vening nuclei bridge this

gap. One would like to

follow the rotational band

structure from nucleus to

nucleus to try to understand

what is causing the ever-

increasing distortion in the

level structure as you

approach the closed shell

at N = 82. During the last

five years considerable

amounts of experimental

and theoretical work has

been done on the general

problem and on the Sm

nuclei in particular. All

this work is beginning to

bear fruit and the picture

that is emerging is a

complicated but interesting
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Oi'.c. The increased interest and progress in understanding the transition nuclei

is evident in the fact that two weeks following this conference there is a confer-

ence: in Zagreb, Yugoslavia solely devoted to this subject.

Four different types of (n,-y) experiments were used to investigate the level

scheme of the odd-N Sm nuclei. The average resonance neutron-capture-tech-

ninuo was used to locate all of the low-lying J = 1/2 , 3/2 , and 5/2 states and

to establish their parity. In the case of 5/2 states, their spin was uniquely

established as well. The success of this method depends on obtaining a good

average over many capture states so that the fluctuations in gamma strengths

! associated with capture in

I individual resonances are

I averaged out. The neutron

i capture process in even-Z,

even N Sm, nuclei is a favor-

: able case for this experimen-

! tal technique as can be seen

• in Figures i and 2. S-wave
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; neutron capture can only

: make one spin state, 1 /2 ,

and this greatly simplifies

, the primary fh, v) spectra.

; Three well-separated inten-

10't- * .. i -J I s i t 7 groups, El transitions

] ; to 1/2" and 3/2" states, Ml

I transitions to 1/2 and 3/2

| states, and E2 transitions to

! 5/2 states can be seen in

Figures 1 and 2. The E2

group contains some El

strength following p-wave capture as well. The primary (n, y) spectra were also

.studied with thermal neutron capture. Both experiments were performed using

Ge(Li) v-detector systems that used coincidence techniques to select only the

pulse spectra associated with double escape events. The medium energy range

(0. 5 to 3 MeV) of the (n, y) spectra was investigated with a Ge(Li) y detector used

in an anti-coincidence system. The low energy portion (20 keV to 2 MeV) of the

(n, •>,•) spectra was investigated with the Argonne 7. 7 m bent-crystal gamma-ray

spootronieto v. Both the resolution and the sensitivity of the bent-crystal

sr>c<-t!\ometer were needed for these studies. Tn many esses Hi.» Ml a.n.l J>]?.

Ey(MeV)

Fig. 2. Average resonance neutron capture

data for the Sm(n, v) Sm reaction.
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Fig. 3. Partial level scheme of Sm,

transitions of interest had quite low energies (20-100 keV) and were in competi-

tion with the more energetic El transitions. This competition plus the high

electron conversion coefficients of the Ml and E2 transitions made it necessary .

to have a sensitivity in the range of one photon per 10 neutron captures (0.001%).
149 151

This was particularly true for Sm and Sm where the rotational bands are -

appreciably distorted and level spacings are not a reliable criterion for identify-

ing members of the same rotational band. Much of the preference fot intra-band

transitions persists even though the energy levels of the band members are

strongly perturbed by inter-band mixing. In many cases the low-energy -y tran-

sitions were the -only clues available to indicate which levels were associated

with a particular band.

The importance of the low energy (n, y) work is illustrated in Fig. 3 which
151

shows the low energy portion of the Sm level scheme with some of the detail

of the associated gamma-ray transitions. The 61.00 KeV y ray between the 7/2"

level at 4. 83 KeV is an inter-band transition whose intensity is a measure of the

rr-ls:".^ of ths tv/o IO-.VBS!: 7/2 levels. lbs v-ray intensity is only i photon par

lO*1 neutron captures, (0.0102 ± 0.0026)%. The 39.02-keV y ray is a similar E2

transition that is a measure of the mixing of the 7/2 level at 65. 83 keV with the

as yet undetected 7/2 level of the rotational band built on the K = 3/2 band head

at 104. S5 keV. Its intensity, (0. 0036 ± 0. 0012)%, is near the limit of sensitivity

of the bent-crystal spectrometer. In contrast, the competing 35. 14-keV (M1±E2)

transition (Iy = 0.039%) to the 5.2" level at 69. 71 keV is relatively strong. As
or,:-, moves up in the lovol scheme, the inter-band transitions become more



energetic relative to the in era-band transitions. Even relatively energetic tran-

sitions like the 88. 76-keV transitions from the 5/2+, 395.60-keV level to the

3/2', 306.84 band head become difficult to observe. The most valuable contribu-

I-ions of the low energy v transitions to the level scheme is to identify which levels

ara members of the same rotational band. The 64. 88-keV transition from the

5/2 level at 69. 71 keV is appreciably stronger than the 69. 71-keV transition to

the 5/2" ground state. This strongly suggests that the 69.71-keV level and the

4. 83 level are members of the same rotational band, etc. Sometimes the lack of

a transition can also be used to make a level assignment. All of the observed

transitions that connect the 91. 57 keV level to the rest of the level scheme are

consistent with both a 7/2' and a 9/2 assignment. However, no transitions are

observed that would connect this level to a 5/2 level, and this fact strongly

suggests that the 9/2 assignment is the more likely one. How much more likely

depends on how low a value you can set for the upper limit of the missing v rays.

The most likely candidate for a transition to a 5/2 level is the 91. 57-keV tran-

sition to the ground state. This transition is found to be less than 0.001%. The

upper limit on the value of the Ei matrix element for this transition is therefore

less than 1/30000 of the El matrix element of the competing 25.74-keV transition

to the 7/2 level at 65. 83 keV. This upper limit is considered sufficiently low to

rule out the 7/2 assignment.

Figure 4 is a summary of what is known about the level schemes pf the odd

Sm isotopes. The energy levels are plotted relative to their (n, y) Q-values or

neutron-binding energy. This lines up the neutron-capture states of each isotope

rather than their ground states which emphasizes the effects of pairing and de-

forn
151.
formation on the low-lying levels. The level schemes of Sm, Sm, and

Sm all show a structure that can be described as many overlapping rotational
149

bands. A definite change begins to appear at Sm in that the two lowest levels •

are depressed relative to the rest of the level scheme. The upper part still

resembles the rotational structure of the heavier Sm nuclei. The level schemes
it" l-\6

of Sm and Sm continue this trend, and the separation between the few low-

lying states and the rest of the level schemes becomes much larger. Not enough

is known about the upper levels in these nuclei to decide whether any of the

rotational character is left. The low-energy (n, y) studies have not been

cmnpleted, but it is hoped that when they are, more can be said about the

character of these levels.
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Fig. 4. Sammary of known levels in odd Sm nuclei.


