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ABSTRACT 

UCRL-10943 

With the use of the Berkeley -f2 7T , iron-free, beta-ray spectrometer,, 

the half-life of the 78.69-keV state in Csl3l has been measured as (9.6 ± 0.3) 

ns, and that of the 133·54-keV state has been redetermined as (9.3 ± 0.3) ns. 

An upper limit of < 0.4 ns has been found for the half-life of the 216.01.-keV 

state. 

1-subshell ratios, and multipolarity assignments based thereon, are 

. f b f t 'ti . c l3l glven or a num er o ransl ons ln s , A new transition with an energy 

of 969.1-keV has been observed, and the 461-keV transition was found to con-

sist of a doublet with energies of 461.3' and 462, 9-keV. 

The data indicate that the ground (5/2+) and 78.69-keV (7/2+) states 

of Csl3l probably arise from different intrinsic states (d
5

/ 2 and g
7

/ 2 ' 

respectively) upon which are based collective levels located at 123.73 and 

133·54-keV. Tentative spin and parity assignments are included. Poor agreement 

is found with existing theoretical predictions. 
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I. INTRODUCTION 

The level structure of Csl3l is of interest because (1) it has not 

yet· been explained satisfactorily on the basis of a particular nuclear model, 

and (2) Csl3l appears to lie between regions of spherical and deformed nuclear 

shapes. 

Recently, Kelly and Horen1 (hereafter referred to as KH) investigated 

the conversion electron spectrum of 11.5-d Bal3l which leads to levels in 

cs131 • These authors proposedB decay scheme (see section VI below) which 

encompassed most of the experimental data known at that time. In particular, 

they showed that the first excited state of Csl3l occurs at an energy of 

78.6-keV, and tentatively assigned to this level a spin and parity 7/2+. With 

such an assignment it was suggestive that the ground (5/2+) and first excited 

(7/2+) states of Csl3l were the analogues of the first excited (5/2+) and 

ground (7/2+) states of Cs133 , respectively. 

In order to explore this possiblility, we have measured the lifetime 

of the 78.6-keV state and the E2-Ml mixing ratio of the 78.6-keV transition. 

In addition, we have (1~ made measurements of the lifetimes of bther levels 

in Cs131 , (2) determined the mixing ratios of a number of transitions in 

Cs131 , and (3) have measured a number of transition energies to higher pre-

cision than had hitherto been done. The results of this work are the sub-

ject of the present paper. 
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II . EXPERIMENTAL METHOD 

A sample of 11.5-d :sal3l was prepared by irradiating 1 mg of barium 

nitrate enriched* to 55.6% in Bal30 for 3 weeks in a neutron flux of 

4.6 x 1014 n-cm -2 -'sec -l at the Materials Testing Reactor (MTR)., Area 7 Idaho. 

The active material was dissolved in dilute nitric acid and transferred to 

a boat-shaped tantalum filament in which it was dried. Sources were prepared 

by subliming the material in vacuo .through a 1 mm. X 10 mm collimator on to 

a 7 mg-cm-2 Al foil backing. 

The apparatus consisted of the Berkeley 50 - em radius iron-free 

spectrometer,
2

' 3 and fast coincidence circuitry which has been described 

. 4 
elsewhere. For scanning the electron conversion lines, the. spectrometer 

electron detector was a Geiger counter with either a gold-coated m.ylar 

( -2) . . -2) ..., 960 j:.tg.-cm or a multilayer formvar film (- 100 f.!g-cm · window; Counter 

window apertures of 1 mm wide x 20 mm high and 5 mm wide X 20 mm high were 

used in conjunction with baffle apertures corresponding to instrumental re-

solutions of"' 0.05% and ..... 0.2% in momentum. 

The lifetime measurements were performed with the spectrometer baffle 

aperture set for "' 0.5% resolution in m0mentum; and the electron detector 

for these measurements .was a 10 mm wide X 25 mm high X 1 mm thick sheet of 

Naton 136 plastic phosphor optically coupled to a 14-stage CBS 1090 photo-

multiplier. A larger plastic phosphor mounted on a 14-stage RCA 6810A was 

placed behind the source to detect K X-rays. A Lucite absorber was inserted 

between the source and X-ray detector in order to enhance the X•ray-to-back

ground ratio. The time-to-height converter was calibrated
4 

before and after 

* Obtained from the Stable Isotopes Division, Oak Ridge National Laboratory, 

Oak Ridge, Tennessee. 
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each lifetime measurement, and, typically, the stability was better than 

~ 1% of the output pulse height. 

III. INTERNAL CONVERSION ELECTRON SPECTRUM 

At the time that this work was done, the stability of the magnetic 

field and the current measuring apparatus of the spectrometer was usually 

sufficient to allow momentum determinations to better than 2 parts in 10
4 . 

In a few cases, however, the measurements were accurate to only about 8 parts 

in 104 . Absolute energy measurements were made by utilizing a Csl37 source . 
(Bp = 3381.08 ± 0.30 gauss cm)5 to determine the spectrometer constant (i.e., 

Bp divided by I). With the Cs137 source occupying one position in the source 

holder and the Bal3l source the other, the K 661.60 Cs and K 216.01 Ba lines 

were measured successively. The sources were then simultaneously rotated 

180° and the line positions again determined. The average of the line positions 

determined from the rotated and non-rotated source positions was used to 

determine the energy of the K 216 line in Bal3l decay relative to the standard 

line. Whenever the source, counter window aperture or baffle aperture was 

changed, the K 216.01 line was remeasured in order to check the spectrometer 

constant. 

The energies and relative intensities of the internal conversion 

electron lines measured in this investigation are summarized in Table I. 

In most cases, the energies are believed to be accurate to better than 0.05% 

and the relative intensities to about 15%· The uncertainties in the relative 

intensities are due in part to the corrections for source decay (we used a 

half-life of 11.5 days for Ba131), and the use of different sources, counter 

window apertures and baffle apertures. 
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The intensities of the low-energy electron lines (less than lOO~keV) 

were corrected for absorption in those measurements for which a mylar window 

was used with the Geiger counter. No corrections we~e thought necessary for 

measurements taken with the formvar window (~ 97% transparent to 40-keV 

electrons). Also, included in Table I are the relative intensities given in 

KH. With few exceptions, the agreement is seen to be quite good. 

As we were unable in this work to observe the L11 and LIII lines of 

the 92·25-keV transition, it is unlikely that Kelly and H9ren
1 

actually 

detected these lines in the permanent magnet spectrographs. (See "Remarks" 

in Table I of their paper.) The poor agreement ',ramong-l the relative int·ensities 

in the region of 450-keV is probably exrlained by the fact that the background 

density on the photographic plates from the permanent magnet spectrographs 

changed abruptly in the vicinity of the K 452 line. This caused Kelly and 

Horen1 to over-estimate the intensity of this line, which in turn affected 

their quoted intensities of the K 427 and K 461 lines. 

Our more accurate energy determinations clearly indicate that the 

line assigned in KH as K 324 is predominantly the L 294. Analysis showed 

that the presence of a K 323.5 line could account at most for about 10% of 

the intensity of this line. The K 461 line was found to be composite, and 

was resolved into two lines with energies of 461.3 and 462.9-keV. Both lines 

can be accomodated by the decay scheme shown in Fig. l6. A. previously un-

observed weak transition of 969.1-keV was also detected in this work. 
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IV. L-SUBSHELL RATIOS AND MULTIPOLARITY ASSIGNMENTS 

In Figures 1-7 are shown the L-conversion electron spectra for a num

ber of transitions in Cs131 . The shapes of near-lying single conversion lines 

. were used, when necessary, in the analyses of these data. The experimentally 

determined L-subshell ratios are cOmpared in Figures 8 and 9 with the theoretical 

values as calculated by Sliv and Band. 6 Multipolarity asffiignments for these 

transitions are swnmarized in Table II. Also included in this table are 

assignments for the 92.25 and 294.45-keV transitions. The ~ 80% Ml character 

assigned to the 92·25-keV transition follows from the fact that we did not 

observe its LII line. A 20% E2 admixture would have made this line observable. 

The 294.45-keV transition is tentatively assigned multipolarity E2 

because: El) The experimentally determined K/L ratio was measured as 5.9, 

which is to be compared with theoretical values of 5.6 and 7.6 for a pure E2 

or Ml transition, respectively. (2] With the assumption that this transition 

is pure E2, the broad shape of the observed L-line could be reconstructed 

with the use of a near-lying single conversion line. We cannot, of course, 

exclude a possible Ml admixture. 

To investigate the possible presence of transitions between the 

123.73-keV state and the 78.69 and 133·54-keV states, a search was made in 

the regions corresponding to L 45.04 and M 9.81 lines. In each case, the 

conversion spectra were flat within the statistical accuracy. 
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V. LI:FETIME MEASUREMENTS AND GAMMA-RAY EMISSION PROBABILITIES 

A. Lifetime of the 123.73-keV State 

To measure the lifetime of the 123.73-keV state, the spectrometer 

current was adjusted to focus the K 123.73 electron line, and the detector 

behind the source was set to record K X-rays. The K 123.73-K X-ray delay 

curve (background subtracted) is shown in Fig. 10. The prompt component 

arises from the simultaneous detection of a K electron and its corresponding 

K X-ray. The raw data above channel "' 140 were analyzed by a least sq_uares 

computer program (IBM 7090) to fit the expression A + B:ef<P(- 'A. t). After 

including an allowance for the uncertainty in the time calibrations we find 

as a best value for the half-life of the 123.7-keV state 

T1; 2 (123.73) ~ 3·7 ± 0.1 ns. 

The K 92.25 - K X-ray delay curve (see Fig. 11) showed the same half-life, 

In this figure, the slope above channel 140 was probably caused:py coincidences 

between background electrons (see insert), upon which the K 92.25 line is 

superimposed,and K X-ray:;;. The predominant source of this background is the 

tail of the K 123.73 line. Hence, it is not suprising that, within the 

statistical errors, this slope is also consistent with a half-life of a 

3·7 ns. 

Our value of 3.7 ± 0.1 ns for the half-life of the 123.73-keV state 

is in good agreement with those reported by other workers. 7 

B. Lifetime of the 133·54-keV State 

In Fig, 12 is shown the delay curve obtained by :r:ecording coincidences 

between the K 133.54 electron line and K X-rays. Analysis of the data above 
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about channel 135 yielded a half-life for the 133·54-keV state of 

T1; 2 (133·54) = 9·3 ± 0.3 ns. 

Coincidences between K X-rays and the L 54.84 electron line gave a similar 

value (see Fig. 13, the portion of the curve above channel 210). 

8 
Using scintillation detectors, Bodenstedt et al. and Kelly and 

1 Horen have obtained for this half-life values of 13.3 ± 0.5 ns and 12.7 ± 1.0 

ns, respectively. These are about 30% higher than our result. This difference 

may be due to the fact that in the scintillation measurements the width of 

the energy selecting channels was such as to measure the lifetimes of the 

123.73 - and 133·54-keV states simultaneously, so that a compound decay 

curve was obtained, with the 13 ns component much weaker than the 3.7 ns 

component. In this work, the higher resolution of the spectrometer allowed 

us to select in one channel radiation from only the 133·54 keV state, and a 

single decay curve with an improved true-to-chance ratio was obtained. 

C. Lifetime of the 78.69-keV State 

The L 54.84- K X-ray delayed coincidence spectrum is shown in Fig. 13. 

Since the spectrometer was set to detect L electrons there is no prompt 

component in this spectrum due to K X-rays corresponding to the focused 

conversion electrons. In this figure, the direction of increasing .pulse 

height (to the right of the prompt position, ~ channel 20~) correspondsto 

electrons delayed in time relative to X-rays, and (as mentioned in the previous 

section) that portion of the curve represents a measurement of the lifetime 

of the 133·54-keV stqte. Delay to the left (i.e., toward lower channel 

number) signifies coincidences in which the K X-rays are delayed relative to 

L 54.84 electrons. From an analysis of the latter portion of the curve, we 

obtain for the half-life of the 78.69-keV state 
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The K 78.69 - K X-raystime spectrum was also measured, and is shown in 

Fig. 14. Reference to the decay scheme (Fig. 16) indicates that this delay 

curve should be composed of the following three components: (1) Prompt co

incidences with X-rays following K conversion of the 78.69-keV transition. 

(2) K X-ray associated with the direct feeding of the 78.69--keV state. 

These X-rays arise from the K capture and K conversion (the latter contribution 

in negligible here) which precede such transitions as well as from the K 

conversion of such transitions themselves. The delay spectrum resulting 

from such coincidences is a decaying exponential with half-life corresponding 

to that of the 78.69-keV state. (3) KX-rays from K capture and K conversion 

which are associated with population of the 133·54-keV state. These are 

in coincidence with K 78.69 electrons via the 54-.84-keV transition. Because 

of the measureable half-life of the 133·54-keV state 7 this situation gives 

rise to a growth-and-decay curve. Only the contributions from (2) and (3) 

are important in the region beyond channel 170 (see Fig. 14). Utilizing the 

decay scheme as shown in Fig. 16, our measured lifetimes for the 78.69~and 

133·54-keV levels, and the intensities of the transitions populating these 

levels, one can calculate the expected K 78.69 - K X-ray time spectrum for 

the region beyond the prompt component. The results of such a calculation are 

indicated by the solid curve in Fig. 14. 

D. Lifetime of the 216.01-keV State 

A. K 216.01- K X-ray time spectrum has also been measured (Fig. 15). 

From the slope of the delay curve we can set an upper limit for the half-life 

of the 216.01-keV state as 

T1; 2 (216.01) < 0.4 ns. 

• 
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E. Gamma-Ray Emission Probabilities 

From the lifetime and multipolarity information as determined in this 

work, one can calculate the partial Ml and E2 gamma-ray emission rates for the 

transitions originating from the 78.69-, 123.73- and 133·54-keV levels. Lower 

limits can also be placed.on the emission rates for the 216.01- and 92.25-keV 

transistions. In Table III, the calculated partial Ml and E2 gamma-ray emission 

probabilities are compared to the theoretical values as computed from the 

Moszkowski single particle formula (with nuclear radius r = 1.2 x 10-l3x Al/3cm) .9 

In most cases, total conversion coefficients were calculated from the experi-

mental multipolarities with use of the theoretical conversion coefficient 

tables of Sliv and Band, 6 in conjunction with the experimentally determined 

L/M + N ratios. The ratios of the experimental to theoretical transition 

rates are given in the last two columns of Table III. 

VII. DISCUSSION 

A. Decay Scheme 

The decay scheme of 11.5-d Bal3l as proposed in KH but modified to 

include the results of this investigation is shown in Fig. 16. The theoretical 

conversion coefficients of Sliv and Band were used to calculate the relative 

gamma-ray intensities. For the cases in which the multipolarity of a trans-

ition was not known, a 50% Ml - E2 admixture was assumed. Except for the 

157-keV transition, the gamma-ray intensities so obtained are in good agree-

ment with those quoted in KH. The conversion electron data as given in~ 

were utilized for those transitions which were not measured in this work. 

The 323.4-)-keV transition is shown dotted as we were unable to confirm its 

existence •. 
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The total decay energy has been reported by Robinson to be 1164-kev10 , 

and this value has been used to calculate the log ft values. Using the K X-ray 

data of KH, we find that within the exp-erimental errors there is no electron 

capture to the 78 .69-keV state, and negligible (if any) capture to the ground, 

123.73- and 133·54-keV states.- Were there capture to the latter two states, 

the log ft values for these transitions would be greater than 8.0 and 9.0, 

respectively. 

B. Spin and Parity Assignments 

78.69-keV State 

On the basis of systematics of the energy spli~ting between the 5/2+ 

and 7 /2+ levels in the odd- A cesium isotopes and the predominantly Ml 

character of the 78.69-keV transition, Kelly and Horen tentatively assigned 

the spin and parity of the 78.69~keV state as 7/2+. The lifetime and multi~ 

polarity determinations of this work allow one to comp;:;.re the gamma-ray 

emission p-robabilities of the 78 .69~keV transition (7 /2+ -7 5/2+) to those 

for the analogous transition in Csl33 (5/2+ -7 7/2+). The results of such a 

comparison are given in Table IV. That- the- Ml emission probabilities are 

nearly equal (column 10) when the statist~cal factor (column 8) is included 

is interpreted as additional sU:ppo±+ for the 7/2+ assignment to the 78.69-keV 

state in Csl3l, as well a13 an indicat1.on that the major composition of the 

respective levels in Cs131 and Csl33 are similar. 

The E2 emission probabilities, on- the other hand, seem to indicate a 

difference in the componen\s of the wave functions responsible for the small 

E2 components. 

123.73-keV State 

The L-subshell ratios, as determined in this work, indicate that the 

123.73-keV transition consists of ao95% E2 + 5%_ Ml admixture. This is 

• 
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. t t "th th lt f l t• . t ?,ll h" h consJ.s en WJ. e resu s o gamma-ray corre a J.On experJ.men s, · w J.C 

have shown that the angular distributions of cascades involving the 123.73-keV 

state are non-isotropic. 

On the basis of these data, a spin and parity assignment of l/2+ to 

the 123.73-keV state would be excluded. However, in excluding such an assign-

ment, we note the following reservations: (l) The extreme values of the 

L-subshell ratios for the 123.73-keV transistion allowed by the experimental 

errors do not completely rule out the possibility that it is pure E2. (2) 

The angular correlation data might be subject to re-evaluation in the light 

of the more recent information on the decay of Ba
1

31 . 

Subject to the foregoing reservations, the possible spin and parity 

assignments for the 123.73-keV state are 3/2+, 5/2+, or 7/2+. 

133·54-keV State 

The presence of an Ml component in the 133·54-keV transition restricts 

the possible spin and parity assignments for the level at this energy to 3/2+, 

5/2+, or 7/2+. A 3/2+ assignment would be excluded by the possible presence 

of an Ml component in the 54.84-keV transistion. While our data cannot 

rule out such a possibility, it should be noted that within the errors it 

is consistent with a pure E2 assignment~,, 

Other Spin Assignments 

131 
In discussing the assignments for the remaining levels in Cs , we 

assume a spin and parity of l/2+ for the ground state of Ba
1

3
1

. Although 

the latter has not yet been measured, the systematic trend of the energy 

separation between the l/2+ and 3/2+ levels in the odd-A Te, Xe, and Ba 

isotopes (see Fig. 17) appears to support such an assJ.gnment. From this 

assumption and the fact, established by K60lly and Horen, that the transitions 

in Cs131 involve no change in parity, it follows that the levels in Cs131 
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that are populated by electron capture have spins and parities of l/2+ or 

3/2+. Since the ground state spin parity of Csl3l is known to be 5/2+, the 

M:\. character of the 216.01- and 373•15-keV transitions uniquely determines 

the assignments to the levels at these energies as 3/2+. Such an assignment 

to the 373 .15-keV level would require that the 294 •. 45-keV transition be pure 

E2, and, as previously noted, this is indicated by the data. The observance 

of a transition between the 1048.2- and 78.69-keV states determines the spin 

and parity of the former as 3/2+. 

Interpretation of Angular Correlation Data 

In our discussion of the interpretati.on of the angular correlation · 

11 I data of Bodenstedt's group, we assume the validity of the l 2+ assignment 

to the ground state of Bal3l and also of the conclusionS.derived therefrom 

in the preceding subsection. (Of course, this discussion is also subject to 

comment (2) in the subsection pertaining·to the 123.73-keV state.) We summarize 

here the conclusions derived from combining their data with the information 

obtained in this work. 

The non-isotropic correlations of the 924 - 124 and 496 - 124 cascades 

rule out the assignment l/2+ for the 123-73-keV state. Furthermore, a 7/2+ 

assignment is not compatible with the assignment of 3/2+ to the 1048.1-keV 

state, nor with a l/2+ or 3/2+ assignment to the 620.2-keV state. Hence; 

the spin and parity of the 123.73-keV state is restricted to the choices 

3/2+ or 5/2+ • 

A 7/2+ assignment to the 133·54-keV state would not be consistent 

with the correlat~on data involving the 587 - 134 cascade. An assigrlill2nt 

of l/2 + (3/2+) to the 620.2-keV level would rule out 5/2+ (3/2+) for the 

133·54-keV state. 

., 
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The data for the 832 - 216 and 4o4 - 216 cascades are consistent 

with 3/2+ assignments to the 1048.2- and 216.01-keV states, and 1/2+ or 3/2+ 

to the 620.2-keV state. 

VII. CONCLUSIONS 

Utilizing the data available prior to the work of Kelly and Horen, 

Person and Rasmussen12 attempted to explain the level structure of Csl3l in 

terms of the asymmetric rotor model (~s applied to odd-mass nuclei) of 

Davydov and Fillippov. 13 The calculations of Person and Rasmussen were based 

in part upon spin assignments 1/2+ and qj2+ for the 123.73- and 133·54-keV 

states, respectively. A.s previously noted in KH (and indicated here) such 

assignments seem unlikely. In view of this, as well as the fact that the 

data suggest more states with spins 1/2 or 3/2 than predicted by their cal-

culations, it does not appear that a detailed comparison with the results of 

Person and Rasmussen is justifiable here. 

Recently, Kisslinger and Sorensen have calculated the low lying states 

~1 ~ in Cs as part of a detailed study of spherical nuclei. With use of a 

two body force consisting of a pairing force and a long range component 

represented by a quadrupole force, these authors performed an intermediate 

coupling calculation which included all admixed states containing up to two 

phonons. For Cs131 they found that the lowest state has spin 5/2+ and is 

predominantly an admixture of a d
5

/ 2 single particle state and the coupling 

of this level to a single phonon excitation. The first excited state is pre-

dieted to:1lie at about So keV, and to arise predominantly from the coupling 

of a d
5

/ 2 particle to a single phonon excitation to form a total spin 1/2+. 
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Up to an energy of about 1 MeV no other levels with spin 1/2+ and only two 

with spin 3/2+ are predicted. Hence, the results of Kisslinger and Sorensen 

do not appear to explain satisfactorily the present information on the levels 

of Cs131 . Furthermore, the results of these authers indicate that the 

quadrupole strength is stronger in Csl3l than in Csl33 (see the tabulated 

wave functions in referencel4). Sorensen15 has shown that the effect of 

this should be to make the· creduced E2 probabi-lit_y' of the a
5
; 2 - g

7 
; 2 

£-forbidden Ml transition in Csl3l larger than that of the .analogous transition 

in Csl33, As shown in Table IV, h0wever, our results indicate that the E2 

strength in cs131 i:s only about one-fifth of that in Cs
1

33 • 

From Table III we see that for a statistical factor of unity the 

transition probability of the E2 component of the- 78.69-.keV transition is 

nearly equal to the single particle value. This appears to support the 
-·- ··-

suggestion in' KH that ~he 78 .69-keV and ground stat~s prebably ar~se from 

different intrinsic levels (g
7 

/ 2 and a
512

,. respectively). As previously 

noted in KH, the relative strengths ef the E2 compenents ·0f. the 54.B4- and 

133·54-keVtransitions (see Table III} seem consistent with this ·interpretatien; 

as does our non-ebservance 0f a transition between the 133·54- and 123·73-

keV states. 

With the exceptien of the 373 Jr.·5~~eV state, the remaining· levels in 

Csl3l seem to decay preferentially·t0 the ground and 123.73-keV states. -Since 

the 216.01 and 92.25~keV transitions are mainly Ml, it appears that the 

216 .01-keV stat.e cannot be interpreted as a cellective level based up0n the 

ground state. A. definitive statement as to the origin ef this state. there-

fore cannot be made at this time. 

.-, 

• 
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Table I. Conversion Electron Intensities in the Decay of 11.5d Bal)l 

a Adopted b Electron Transition Transition Relative Electron Intensities ., 
Energy Conversion Energy Energy 

(keV) Shell (keV) (keV) This Work Kelly and Horeri 

18.865 K 54.839 )4.84 29.9 ·~·· 
49.124 LI 54.830 4.68 ~) 

49.474 LII 54.834 20.4 20.4 
49.825 LIII 54.839 26.0 25.6 

42.713 K 78.687 78.69 65.6 55·7 
72.976 LI 78.682 9.22 5·7 
73.334 LII 78.694 0.86 0.7 
7).682 LIII 78.696 0.25 < 0.3 

46.454 K 82.428 82.43 2.02 1.83 

52.276 K 92·250 92·25 36.1 28.9 

86.519 LI 92.225 5·25 

87.765 K 123.739 ~ 1060 925 
118.009 LI 12).715 101 91 
118.)71 LII 123.731 120 n4 
ll8.712 LIII 123.726 131 12) 

97.566 K 133.540 133·54 43.4 43 
127.817 Lr 133·523 5.48 4.6 
128.178 Lrr 133·5)8 1.63 1.1 

128.519 LIII 1)).544 1.47 1.1 

101.289 K 137.26) 137.26 1.82 0.85 

151.30 L 157.01 157.011 0.42 0.3 

180.00 K 215.97 216.01. 100 100 

210.)3 LI 216.o4 13.6 
a LII 0.98 

a LIII 0.32 

20).59 K 239·56 239.56 9.85 9.16 

23).85 Lr 2)9·56 l.lg} 
a LII 0.09 l.ll 

a LIII o.o4 

210.86 K 246.83 246.83 2.52 

241.05 Lr 246.76 0.39 0.25 

213.38 K 249.36 249.)6 10.1 8.82 

24).65 LI 249.)6 1.2 

a LII 0.13} 1.23 

a LIII o.o4 

2)8.47 K 294.45 294.45 0.38 0.)4 

288.95 L 294.65c 0.06 
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Table r. (Cant' d) 

a Adopted b Electron Transition Transition Relative Electron Intensities 
Energy Conversion Energy Energy 

(keV) Shell (keV) (keV) This Work Kelly and Horen 

315.23 K 351.21 351.21 0.14 0.12 

337.18 K 373.15 373.15 15.7 15.5 

367.51 1I 373.22 2.0 } 3.08 
a 1II 0.26 

a K 4o4.3 l.o4 

398.61 1 404.31 0.20 0.14 

403.17 M 404.39 o.o4 

391.71 K 427.68 427.7 0.09 0.06 

415.71 K 451.69 451.7 o.o4 0.3 

425.28 K 461.25 461.3 0.10} 0.05 
426.91 K 462.88 462.9 0.11 

444.65 K 480.62 480.6 0.26 0.32 

a 1 480.19 o.o4 

450.62 K 486.55 486.6 1.0 l.o4 

481.04 1I 486.75 0.15 0.11 

485.55 M 486.76 0.05 

460.33 K 496.30 496·3 28.2 25.9 

490.63 1I 496.34 ,., } 
a 1II 0.18 3.56 

a 1III o.o46 

495·31 M 496.53 0.86 0.72 

549.09 K 585.06 585.1 0.46 0.42 

579.48 1 585.19 0.065 0.06 

584.26 K 620.23 620.2 0.37 0.32 

796.07 K 832.o4 832.0 0.039 o.o4 

888.39 K 924.36 924.4 0.092 0.09 

918.60 1 924.31 0.015 0.01 

923.24 M 924.46 o.oo4 

933.09 K 969.06 969.1 o.oo4 

1012.21 K 1048.19 lo48.2 0.13 0.12 ,, 
1042.37 1 1048.07 0.018 0.01 

lo46.64 M 1047.85 0.005 

a 
Ths energy h& s been calculated from the transition energy in order to carry 
out the intensity analysis. 

bintensities arbitrarily normalized to 100 for K 216.01. 

cThe 1I line has been used to calculate the transition energy, Assuming a pure E2, 
a "we~ghted" 1 binding energy would give 294.45 keV. 
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Table II. Multipolarity Assigmnents of Transiti0ns in Cs131 

Transition Energy 
~keV) 

54.S4 

7S.69 

92·25 

123.73 

133·54 

1216.01 

239-56 

249-36 

373.15 

496.3 

Mul t.ipolar.ity 

92 ± S'{a·E2 

99·5 ± o.4'{a.Ml 

>So% Ml 

95 ± 5% E2 

So ± 2% Ml 

"791% Ml 

94 ± 4% Ml 

S6 ± S% Ml 

56 ± 16% Ml 

>So% Ml 

,, 

,, 



Transition 
Energy 

{keV} 

54.84- 92.0'/o E2 

78.69- 99·5% Ml 

92.25->80.0'/o Ml 

123.73- 95.0'/o E2 

133.54- 8o.o% Ml 

216.01-"-'1100'/o Ml 

,. + ) 

Table III. Gamma-Ray Emission Probabilities. 

T(Ml) T(E2) 

Expt. (sec) -l 

1.10 X 105 1.26 X 106 

2.58 X 107 1.30 X 105 

::: 3.65 X 10 7 

4.97 X 106 9.46 X 107 

2.55 X 107 6.38 X 106 

> 1.44 X 109 -

T(Ml) T(E2) 

Theory (sec)-l S.F. = 1 

4.65 X 109 2.49 X 10 4 

1.37 X 1010 1.51 X 105 

2.18 X 1010 

5.35 X 1010 1.45 X 106 

6.75 X 1010 2.15 X 106 

2.24 X lOll 

Expt. /Theory 

Ml 

2.4 X 10-5 

1.9 X 10-3 

::: 1. 7 X 10-3 

9.3 X 10-5 

3.8 X 10 -4 

> 6.4 X 10-3 

E2 

51 

.86 

65 

3.0 

I 
N 
...... 
I 

g 
2l 
I 

1-' 
0 

':8-
\..N 



Table r.J. Comparison of Gamma-Ray Emission Probabilities of the Transitions Between the First Excited and Ground 
States of cs131 (7/2+ ~5/2+) and cs133 (5/2+ ~7/2+) 

T(Ml) T(E2) 
Transition T(Ml) T(E2) Theory (sec)-l Statistical Expt./ 
Energy Factora Theory 

Nucleus {keV} Multipolarity Expt. {secr1 S.F. = 1 Ml E2 Ml 

Csl31 78.69 99·5"/o Ml 2.58 X 10 f 1.30 X 105 1.37 X 10
10 1.51 X 105 1.29 0.143 1.46 X 10-3 

0.5"/o E2 

Csl33 80.99 97.4% Ml 3.98 X 10 7 1.02 X 106 1.49 X 1010 1.81 X 105 1.71 0.190 1.56 X 10-3 

2.6"/o E2 

aSee reference 9· 

~ ::: .. :- ) 

E2 

6 

30 

I 
N 
N 

g 
~ 
I 

1-' 
0 

':8-
\>1 
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Fig. 1. L internal conversion electron spectrum of 55.84-keV 
transition in csl31. 
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Fig. 2. L internal conversion electron spectrum of 78.69-keV transition 
in csl31. 
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Fig. 3. L internal conversion electron spectrum of 123.73-keV 
transition in csl31. 
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Fig. 5. L internal conversion electron spectrum of 216.01-keV transition 
in csl3l. 
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Fig. 7. L internal conversion electron spectrum of 9.36-keV transition 
in Csl31. 
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Fig. 8. Comparison of experimental LI/LIT subshell ratios with 
theoretical values obtained from ~he ~ables of Sliv and 
Band for various E2/Ml admixtures. 

{, 
'. 



,~· 

0 -c 
~ 

>. -(/) 

c: 
Q) -c: 
~ 

a 
..J 

.............. ... 
..J 

10 

1.0 

0.10 

0.01 

0.0010 

%MI 
100--

90 

70 

60 

50 

40 

10 

0 

0.10 

-31- UCRL-10943 

= 
78.69 keV========-- t' 216.01 keV 

249.36 keV 

239.36keV 

.2 -100~ 
>--(/) 

c 
Q) -c 

H 

1:1 
_..) 

....... 
H 

_..) 

1.0 1.5 
10 

Ey/mc2 

0.20 0.30 0.40 0.50 
Ey/ mc 2 

MUB-2333 

Fig. 9· Comparison of experimental LI/LITI subshell ratios with 
theoretical values obtained from tne ~aoles of Sliv and Band 
for various E2/Ml admixtures. 
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Fig. 10. K 123.73- K X-ray delayed coincidence spectrum (background 
subtracted). Increasing pulse height above the prompt position 
represents electrons delayed relative to X-rays. 
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Fig. 11. K 92.25- K X-ray delayed coincidence spectrum (background 
subtracted). Increasing pulse height below the prompt position 
represents X-rays delayed relative to electrons. 
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Fig. 12. K 133·54- K X-ray delayed coincidence spectrum (background 
subtracted). Increasing pulse height above the prompt position 
represents electrons delayed relative to X-rays. 
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Fig. 13. L 54.84- K X-ray delayed coincidence spectrum (background 
subtracted). Increasing pulse height above the prompt position 
represents electrons delayed relative to X-rays. 
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Fig. 14. K 78.69- K X-ray delayed coincidence spectrum (background 
subtracted). See text for discussion. 
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