Lawrence Berkeley National Laboratory
Recent Work

Title
PROPERTIES OF THE 57-AND 351-keV EXCITED STATES IN 59Pr143

Permalink
https://escholarship.org/uc/item/9v8208tt

Authors

Graham, R.L.
Hollander, J.M.
Kleinheinz, P.

Publication Date
1963-06-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/9v8208tt
https://escholarship.org
http://www.cdlib.org/

UCRL-10792

University of California

Ernest O. Lawrence
Radiation Laboratory

a )
TWO-WEEK LOAN COPY
This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 5545
\— /)
PROPERTIES OF THE 57- AND 351-keV
EXCITED STATES IN _ Prl43

59

Berkeley, California



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



| Submitted to Nuclear Physics

UCRL -10792
UNIVERSITY OF CALIFORNIA
- Lawrence Radiation Laboratory
Berkeley, California
Contract No. W.7405-eng-48
143

PROPERTIES OF THE 57- AND 351-keV EXCITED STATES IN 59Pr

R. L. Graham, J. M. Hollander and P. Kleinheinz

June 1963



-iii- UCRL -10792

PROPERTIES OF THE 57- AND 351-keV EXCITED STATES IN 59Pr143

R. L. Graham, J. M. Hollander and P. Kleinheinz
Lawrence Radiation Laboratory
University of California

Berkeley, California

June 1963

ABSTRACT

143

Some features of the decay scheme of 33-hour Ce have been studied

with a 50-cm radius iron-free beta-spectrometer equipped with a nanosecond
"time sorter."

From the measured L-subshell conversion ratios the 57.37 £ 0.05-keV

§

transition is found to be predominantly ML, with less than 0.3% E2 admixture.
The half-life of the 57-keV state is measured as 4%.17 + 0.09 nanoseconds.
‘Similarly, the 293.3 £ 0.1-keV M1-E2 transition, de-exciting the 350.7-keV
level, is found to have a 34 * 16% E2 admixture and half-life < 0.3 nano-
second. The K-line of the 350.7 £ 0.l-keV crossover transition has also
been observed.

Analysis of these data, in combination with angular correlation results
of ofher experimenters, supports a 5/2+ assignment for the 57.37-keV level,

and suggests a 3/2+ assignment for the 350.7-keV state. The magnetic moment

of the 57-keV state is discussed in terms of the presently available data.
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PROPERTIES OF THE 57- AND 351-keV. EXCITED STATES IN 59Pflu3 *

' 3
R. L. Graham,f J. M. Hollander and P. Kleinheinz

Lawrence Radiation Laboratory
University of California
Berkeley, California

1. Introduction
The properties of the low-lying excited states of the odd-mass praseo-
dymium isotopes (Z = 59) have not been clearly established. In the case of

141 )

Pr82 » the early measurements of the spin and magnetic momentl supported a

ground state assignment of 5/2+, and the single-particie orbital d5/2 has

vusually been used in describing this state. Gamma-ray angular distribution

data from aligned nucleil support a,7/2+ assignment for the first excited state

2)

at 142 keV. This is the typical situation in the Lo <z < 50 regién: close-

lyingv5/2+ and 7/2+ states, often crossihg._

: 143
In the case of Pr84

)

> the ground-state spin has recently been measured3
to be 7/2, rather than 5/2 as had previously been assumed.’S) It is thus of
interest to examine the properties of the 57-keV first excited state to learn,

among other things, if the frequently observed 5/2+ and 7/2+ states have again

143

crossed between Prll+l and Pr In particular, the half-life of this state

and the multipole character of its de-excitation transition are important for

the interpretation of low-temperature alignment and angular-correlation experi-

143

2)6‘)/;

ments'being conducted on Ce at this laboratory. We report here measure-

ments of these two quantities. In addition, we have obtained a value for the

-MI-E2 mixing in the 293-keV transition which also complementsvthe angular

correlation and alignment data.

-

On leave from Atomic Energy of Canada Limited, Chalk River, Ontario. g
3 .

Visitor from Fysiska Institutionen, Uppsala, Sweden.
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2. FExperimental Method
143
142

A sample of 18-hour Ce was prepared by irradiating ~ l mg of cerium

oxide enrichedT to 87% in Ce for 48 hours in a neutron flux of 2><]£}4n-cﬁaseflr
at the Materials Testing Reaétor, Arco, Idaho., This active material was dissolved
in concentrated HC1l and transferred to a boat-shaped tantalum filament in which

it was dried. Sources were prepared by subliming the material in vacuuo through

a 1 mm X 10 mm collimator on to a 7 mg-cm-2 Al foil backing. The estimated mean
surface density of the source deposit was g 30 pg-cm_

7;8) '

The Berkeley 50-cm radius iron-free spectrometer was used in this
investigation for scanning the L conversion lines in detail. The electron
detector was a Geilger counter having a window aperture 2 mm wide X 20 mm high.
The latter was covered with a multilayer formvar film of surface density

~ 100 pg/cm2 which is > 97% transparent to 40 keV electrons. With a baffle-
aperture solid angle of ~ 0.06% of 4n steradians the expected instrumental
resolution is ~ 0.1% in momentum. The spectrometer was operated automatically
and the- outﬁut data recorded by an electric ?ypewriter The current was pro-
gramed to advance 4 mA after each readéut As’ a check on the performance of
the automatic current confrol system the current was occasionally measured.
manually by observing the voltage drop-across a 0.0l ohm manganin precision
resistance using a Leeds and Northrﬁp type K2 potentiometer.

The ekferimental arrangement for measuring nanosecond lifetimes is shown
schematically in fig. 1. The spectrometer baffle aperture was opened up tec a
solid angle of ~ 0.6% of 4nx steradians (~ 0.5% resolution) in order to meximize
the electron counting rate. The electron detector consisted of a 10-mm wide

X 25-mm high X 1-mm thick sheet of Naton 136 plastic phosphor optically coupled

This material was obtained from the Separated Isotopes D1v1s1on,0ak Ridge
. National Laboratory, Oak Ridge, Tennessee.
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to a l%istage CBS 1090 phototube. A larger plastic phosphor mounted on a 1h-
stage RCA 6810A was placed behind the source to detect energetic P rays. The
timesorter circuit indicated schematically in the left (FAST) side of fig. 1
is similar to that used by Geiger et alj.‘,9> in conjunction with the l-meter radius
iron-free spectrometer at Chalk River. A feature of this arrangement is that
the timesorter can be calibrated absolutely in the manner described by Graham

10) The electrical lengths of the cables in thé.delay unit were:calibrated

ef al.
with an absolute accuracy of § 0.05 n-sec. Before and after each lifetime
measurement the overall gain of the time converter (channel number vs. delay
unit setting) was checked at 4-nanosecond intervals; and typically the drifts
were < l% of the output pulse height (channel number).

It should be noted that the output pulse height from the time to amplitude
converter for "prompt" lifetimes is a function of the focused-electron energy.
The upper right inset of fig. 1 shows the computed relationship between transit
time and electron energy. The vertical distance between the two dashed curves

is the spread in transit time which limits the effective resolving time to

2 2 nanoseconds for the largest baffle aperture in the spectrometer.

3. Results and Analysis

3.1. CONVERSION ELECERON SPECTRUM

The L internal conversion electron spectrum of the 57.37-keV transition is
shown in fig. 2. The observed linewidth of ~ 0.15% in momentum is somewhat
greater than that expected for the spectrometer settings used (i.e., Ap/p x 0.12%)
and 1s attributed to the finite source thickness. Using the background rate
indicated by the hgrizontal dashed line and fitting with the LI peak shape we
deduce the following -ratios for the relative line intensities:
) 0.0725 < L /L, < 0.087

and 0.02k1 < L < 0.0347

III/LI
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The multipolarity of this transition 1s predominantly Ml with a very small

admixture of E2. In an attempt to establish the magnitude of the latter we

11)

compare the intensity ratios with the theoretical predictions of Sliv and

12)

of Rose "/ in fig. 3. The cross~hatched regions between the vertical arrows
‘indicate the uncertainty in the mixing ratio due to our experimental error
limits. We note that for Rose's predictions (lower part) the two ratios are
consistent with each other for .82 = E2/ML from 0.08% to 0.16% E2. However,
the analysis in the upper part (Sliv theory) shows an inconsistency outside ofﬂ
the indicated experimental error limit but does indicate that the magnitude of
8% is small, i.e., S O.3%.

The transition energy of 57.37%0.05 keV was deduced by taking advantage
153 143

activity in one of the Ce

23

of the presence of a trace amount of 47.hour Sm
sources. The K line of the 103.18%0.02-keV transitionu’B) in Eul at a current
setting about 4% higher than the LI 57.37 line provided a conwvenilent internal
calibration line.

The K-conversion lines of the cascade and crossover transitions from the
second excited state were observed, and our measured values of their transition
energies are 293.3%0.1 keV and 350.7*0.1 keV, respectively. From an observa-'
tion of the L-conversion spectrum of the 293.3-keV transition we find the fol-
lowing approximate subsheil ratios: LI/LII = 5.2%0.7 and LI/LIII = 13*4. From

these resilts we obtain for the E2 mixing in the 293.3-keV transition the value

2)

34%16%. A value of this admixture has also been reported by Haag et al.“’ as
a result of their studies of the temperature dependence of the linear polariza-

L3

tion of the 293-keV photon following the decay of oriented Cel nuclei; their

results are consistent with ® = - 0.8, which corresponds to an E2 admixture

of 39%.
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3.2. LIFETIME MEASUREMENTS

Fig. 4 shows one of the "timesorter" spectra measured in the course of
this work. The detector behind the source was biased to register only energetic
B (or y) events (¥ 150 keV) and the spectrometer current was set to focus the
L 57.37 electron line. The closed circles show the data accumulated in 5 hours
after subtracting a random coincidence rate of 39 counts per 5 channels. The
4 nanosecond marks on the inset time calibration scale are the mean of the
channel numbers observed with the pulser calibration method before and after
this measurement. The "prompt" curve illustrates the performance of the time-
sorter; the width of 3.3 nanoseconds 1is approximately that expected from the
spread in the transit times of 50-keV electrons in the spectrometer (see inset
of fig. 2). '"Prompt" events were observed experimentally at a spectrometer
current just above the L 57 line (at 10.8 A). As plotted the data points have
been corrected for the difference in the mean transit time of the electrons
(1.3 n-sec) and have been normalized to the same total intensity. Another
B~-L 57 time spectrum of comparable statistical accuracy was also measured on
a different occasion with a different source.

The experimental results were analyzed by a least squares computer program
(IBM 7090) to fit the expression A + B exp(- At) for the data in channels
above 160. Taking the mean of the two A values and including an allowance for
the uncertainty in the time calibration we quote for the half life of the 57.37

state in Pr143:

9

T = 4.17+0.09 X 10 7 sec

1/2
Recently El-Nesr and Bashandy of the Uppsala group have reported a value

of 2.9%0.2 X 10_9 sec for this half-life.l3) Their value 1s shorter than that

obtalned in our measurements by ~ 30%, which is well outside the quoted limits

of error.
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The B-K 293.3 timesorter spectrum has also been measured (not shown) and
compared with a "prompt" spectrum observed when the spectrometer current was
set slightly above the K 293.3 line. From the slope of the side of the resolu-

tion curve we can set as a limit for the 350.7-keV state:
< 0.3%.1077. se
Tl/Z hS 0.3 X.10+7 sec.

This 1s consistent with the somewhat shorter limit of 0.1 nanoseconds of

Gorodetsky et al.lu)

As an ihdependent check of the performance and calibration of our apparatus

we have also measured the lifetime of the 102.18-keV state in Eu]'53

using the

. 143 : W 153 ., .
first of the Ce sources which had a trace of 47+hour Sm in it. The data
from cne of the two timesorter spectra observed is displayed in fig. 5. The
data from both were again analyzed by the least squares method and the resultant
mean value, 4.0%0.2 X 10-9 sec, agrees within the quoted errors with the values

15) 16)

obtained by Nainen (3.80%0.02 n-sec) ”’, Vergnes and Marty (4.0%*0.2 n-sec)” /,

and Graham and Walker (L4.0%0.2 n—sec)lY), although that of Reyes-Suter and Suter

18)

in Uppsala (3.3%0.2 n-sec) is somewhat shorter.
4. Discussion
A firm basis for discussion of the properties of the low-lying excited

143 3)

states of Pr has been given by the recent measurement by Budick and Marrus
of the ground state spin (7/2). The magnetic dipole character of the 57.37-keV
transition allows the possibilities 5/2, 7/2, or 9/2 for the first excited state..
From shell-model arguments the ground state is given the assignment g7/2 and the
preferred choice for the first excited state, based on the systematics of this

region, would be d It is of interest to examine the available experimental

5/a

data to see if & unique assignment can in fact be made for the first excited

state.
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A 293-57 keV gamma-gamma directional correlation experiment has been

19)

"reported by Rao and Hans. Although their interpretation, based on the assump-

k3

tion of 5/2+ for the Prl ground state; is invalidated by the recent spin measure-

ment of 7/2, we shall utilize their reported value of A, =% 0.132t0:019 together

with our measured E2-Ml mixing ratios of the 293- and 57-keV transitions for a
Wl ‘

: reiﬁterpretation of the excited state angular momenta.

Ml-Ez2 . Ml-
MUE2, 5 <5/

20)

Jz = 7/2’

based on

Fig. 6 shows the results for the cascade 3y
anélyzed according to the graphical method of Arns and Wiedenbeck
the theoretical treatment of Biedenharn and Rose.Zl) No graphical fit could be
found for intermediate spin choices J = 7/2 or J = 9/2 with any of the six
possibie values of Jl’ and the appropriate curves for those choices are not
shown. Of the three choices for Jl illustrated in fig. 6 (J = 5/2) it is seen
that 3 = 3/2 and = 7/2 are consistent with the angular correlation and
‘multipolarity data. This establishes the spin of the 57.37-keV state as
J =5/2. This is not consistent with the conclusion of Haag et al;z) that "the
351 and 57 keV states have the same spin." However, it might be noted that odr‘
multipolarity limits for the 294-keV transition are consistent with their value
of the'mixing parameter, 5~ - 0.8, i.e., 39% E2.

One might expect the magnetic moment of the 57.37-keV, § = 5/2, excited

143 1
3 to be similar to the 5/2+ ground state of Pr hl. The experimental

4,5)

state of Pr
4 . 22)
measurement of the latter recalctilated by Lindgren glves the result
7} 2 5.1 nuclear magnetons which is slightly larger than but probably consistent
with the upper (d5/2) Schmidt limit of p = 4.79. Levy and Shirleyé) at this
laboratory have been studying the rotation of the y 293-1 57 correlation pattern.

in a uniform magnetic field of 10.8 kilogauss. Their prelibinary result is

6 = o7 = 0.51*0.08 radians
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From this result and our measured lifetime of the 57.37-keV state we can cal-

culate its magnetic moment,

(wHT)Ih

H I e———
1 T B

where wHT = measured angle of rotation of the correlation
7 = mean life of intermediate state
i = gspin of intermediate state
H = applied field strength
B = magnetic field enhancement factor caused by unpaired valence
electrons.

Fig. 7 shows the value deduced for p as a function of the parameter B. The

initial ionic state of the CelLL3 is thought to have been +3 in the experiments

3

+ + :
of Levy and Shirley, and one might expect Pr 4 or Pr as .the final ionic state

y 2
after beta decay. The B values predicted for the +3, +4, and +5 ionic states 3)
+
are indicated in the figure. It is seen that the assumption of a Pr 2 ionic
state (B = 1.0) would provide the most satisfactory interpretation of these

results although this does not seem as likely as the other two alternatives.

k3

We might speculate briefly on the spin of Cel The experiments of

. 2 Y14

Martin et al. +) suggest. that the beta transition to the Pr 3 ground state is
highly hindered (log ft > 9), whereas those to the 57 and 341 states have log-
ft values of 7.6 and 7.2, respectively. This suggests that the spin of the

3h1-keV state differs ‘from that of the ground state, i.e., favors our 3/2+

L3

alternative. From the shell model, Cel is expected to have odd parity, and

7/2, 5/2, and 3/2 are possible spin assignments. Of these, 3/2 (p.,.) is most

3/2
45 147

and Sm , which

45

easily reconciled with the data. It should be noted that Ndl

1
also have 85 neutrons, have measured spins of 7/2. In the case of Nd s however,

5)

3/2t is the preferred assignment for the first excited state.
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Fig. 1 Schematic diagram of the timesorter arrangement used to measure

lifetimes with the 50-cm radius mJé spectoometer.

The inset at the

upper right shows the predicted variation of electron transit time
in the spectrometer as a function of electron energy.
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Fig. 2 L internal conversion electron spectrum of the 57.37-keV transi-
tion in Prl#3.



Fig. 3 Deduction of the mixing ratio, 62
transition from the observed L subshell intensity ratios.
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MU-30684

= E2/ML for the 57.37-keV
The

curves in the upper part were deduced from the tables
and those in the lower part from the tables of Rose.l2
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Fig. 4 One of two timesorter spectra observed with focused L 57 con-
version electrons.
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Fig. 5 One of two timesorter spectra observed with focused K 103
electrons (Euld3).
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elliptical curve for A, 2) (5/2 —ag/g) was calculated directly from
the tables of Biedenharn and Rose. O) The indicated E2 admixtures
were obtained in this work, and the value of the directional corre-
lation coefficient, A2 = + 0.132 * 0.019, is that reported by Rao
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and Hans.l The cross-hatched areas show the regions of consistency

for these three pieces of information.
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mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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