UCERL ol 3

; Qe
KICEIVED .~
LR

BADIATIC LABDRATORY
DOCUMENTS SECTION

University of California

Ernest O. Lawrence
Radiation Laboratory

g A

TWO-WEEK LOAN COPY

This fs a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

Berkeley, California

<@ la)- 1IN

<»



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.



UNIVERSITY OF CALIFORNIA
Lawrence Radiation Laboratory
Berkeley, California

Contract No..W—7405~eng-48

SOME PROPERTIES OF THE' LEVELS OF 160Fm25u.

J. M. Hollander, C. L. Nordling, and K. Siegbahn

March 1962

UCRL-10123-



e

iii - UCRL-10123

SOME PROPERTIES OF THE LEVELS OF:lOOFm25u

J. M. Hollander, C. L. Nordling, and K. Siegbahn

Lawrence Radiation Laboratory
University of California
Berkeley, California

March 1962

ABSTRACT

Measurements have been made of the energies and intensities of the Ez
25k

transitions which de-excite the gamma (K=2) wvibrational band in F'm

100
. y 251
following the beta decay of 38.5 hour 99E .

are interpreted within the framework of the Bohr-Mottelson nuelear model, in-

The measured relative intensities

cluding the effect of mixing of the K=2 and K=0 ground bands. It is found
that the rotation-vibration constant of the ground state band is very small ™
(.B =(—O.Mil.8):lO~3keV] and can be accounted for completely by the (K=2)

mixing amplitude calculated from the intensity data.
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I. INTRODUCTION

There have been many investigatlions of the energy levels of heavy

‘even nuclei, and at present a large body of data exists which supports the

- description of these levels in terms of collective rotations and vibrations

of ellipsoidal nuclei. Alfhough the vibrational.stgtes of these nuclei are
characterized in general by theory and are clearly»ideﬁtified in a number of
cases, our khowledge‘of theﬁ,is hindered by the scércity of quantitative data
on their de-excitation behavior. In a recent analysis éf E2 transition
probabilities fromvthe'K=2 (gamma) band to_thé ground.band of deformed even

(1)

nuclei, Nielsen described the relative intensity>data, with four cases
available in the heavy region, in terms of the mixing,between»two bands.

It is of interest .to perform further felative:intensity'determinations

~with high accuracy, and to extend this type of measurement and analysis to

more nuclei in the heavy element region, particularly of higher Z.

This report presents the results of a preliminary investigation of

theltransitions that de-excite the K=2 band in 100Fm25u’ following the beta
254 . L 254 ) : , .
decay of 99E . Two isomers of_99E are known; the shorter-lived iscmer,
' (2)

with half-life 38.5 hours, was discovered by Fields et al.' ‘and by Thompson

(3) - 253
99E .

of the gamma-ray spectrum Asaro and‘Perlman(u) established the location of

as the product oirthe neutron irradiation of From.a study
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(5)

the K=2 band at ~684 keV, and more recently Unik, Day, and S. Vandenbosch
have studied the conversion electr@ﬁ spectrum at 2,7%>resoiﬁtion and. have
- given 692 = 2 keV as the energy of'ﬁhe 2,2 + state. In neither of the previous
studies was the resolution high enough to resolve all the transitions, hence
the energies and relaﬁive transition. intensities were inferred from L - x-ray
gamma-ray coincidence data. : ] “ , )
. In order to measure the eleétron intensitiéé directly and.also to
.determine the energies of the levels more precisely, ye-have examined a

254

source of E ~in a 50-cm iron-free double'focusiﬁg spectrometer which, for

this study, was set for resolution R = 0.4% and transmission T = 1%. This

(6)

instrument has been discussed briefly and will be more fully described in

a subsequent report.

IT. EXPERIMENTAL PROCCEDURES

For this investigation the spectrometer was fitted with a phosphorus-
doped silicon type semiconductor detector covered with a 6 mm - wide slit.
Although the background ofnthe’couhter was only;;nzvcounts per minute, this
advaﬁtagevwas nullified to a.great degree by a high Continﬁous electron back-

252

ground from the fission products of Cf , present in the source to the extent

of about %.
25k

The Sample of E , containing about 3 x 106 disintegrations per

minute when our measurements began, was prepared as a part of the Radiation

4

Laboratory heavy element program, and in this case the source was a mixed
- 2k2 2kl . e -
.target of Pu and Am that had undergone neutron irradiation. in the N\
.Materials Testing Reactor at Arco, Idaho for two years at an average neutron
flux of U4 x lOlu neutrons /sec/cmz, Because of the intense radiation level

of the capture and fission products, the chemical purification was performed

LN
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entirely by remote control in the Berkeley "Cave" facility under the direction

of Dr. Sherman Fried. The purificatien involved dissolution of the aluminum

"slugs" in KOH, followed by rare earth - actinide separations with cation

‘exchange coluins using G-hydroxy isobutyric acld as eluant and finally purifi-

cation .of the einsteinium (z =-99) ffaction with a cation exchange'column

'using'HCl as eluaﬁtu The time involved in separating the einsteinium fraction

was 10.days (6 1/2 half lives), after whiéh ﬁhe eSséntiaily carrier-free source
was liquid-deposited on a ﬁlatinum strip 1 mm wi&é X ldvmm.long.

Becauée of the-liﬁited amdunt ofracﬁiyity availéble_at the end of
chemiétfy, the relatively short halfwlife.of E25 (38°5Chours) and the
difficﬁlty due to the high background from fission products, it was not possible
to scan the entire.internal conversion spectrum. We therefofe concentrated on
the o?gervation_of the known lines in the decay of the K=2 vibrational band.
Each.line was measured twice, to verify that it decayed with the half-life of -

EZSM‘

One scan of the strongest.line took 305 hours, and each scan of the
weakest line consumed‘8 hours° The data are summarized in Table I, and the
portion of the spectruﬁacoﬁtaining the cbserved lines 1s given in Fig. i.

As it turned out, énly.fdur gf the five lines from the gamma vibrational
band in EZBM could be\m.evasured° The weak transition between the 2;2+ and the .

0,4+ levels, predicted to have energy 543.2 £ 0.5 keV, was not seen. At

about the magnet current corresponding to the K- line of this transition

(B, = 402.1 * 0.5 keV) we observed instead a line at 403.4 %.0.2 KeV. Not

K
only was this line about ten times stronger than the predicted ihtensity,of the
543.2 keV K- line but its energy ﬁés well outside_o@r limits éf error for this
line, and also it -did not decay wiﬁh the 38.5 hour hélfflife of EZSAQ We conclude
:thatJthé;; 403.4 keV line arose from one of the products of the spontaneous

‘ 252

fission of Cf ) kndwn to be a weak contaminant in the source.

-
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Table .I. ‘EZS' Internal Conversion Electron Data

Electron(a) Z = lOO<7)>.Transition(b)' Relative . '(8) Calculated .
.energy - binding energy . electron aK(EZ)  .r§i2E§ze1
(keV) energy (keV) intensity “intensity
4h2.16 £ 0.13 .141.10 (K) 583,26 +0.40 0.080 £ 0.005 2.78 x 1072 2.87
507.02 £ 0.10 141.10 (K) €L8.12 + o,uo} 0.45 £ 0.02 2.32 x ;o'z . 19.4
5&7.10 + 0.1k 1&1010 (K) 688,20‘i o,uo .0.15 £ 0.01 2.10 g»lo'z 7.15
551.95 * 0.10 141;10 (K) 693.05 £ 0.40 0.28 % 0.02 2.07 x 10'? 13.6

(a) The errors guoted in this column are obtained oﬁly from the uncertainties
in localizing the line peaks.
\Cb) The errors quoted in. this column include the error in the,spectrometer_

calibration.

vl
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III. DISCUSSION OF RESULTS

i
-t

Fig. 2 shows the known levels of the ground (K=O) and gamma %}bﬁationf

alﬂ(KéZ)”,A bands -in lOOFmZSMQ The energies of the levels are. those deduced NG

from our data, together with the estimated errorsa These errors have been
. . ) \

- deduced from a consideration of the reproducibility and definition of the
line positions, plus the uncertainty in the energy of the standard line used
for calibration and also the uncertainty in the method used to compare source
with standard. As a standard we used the K-line of the 311.91 * .0.13 keV
transition of Pa233°(9)

91 o
The energy of the first and second excited states in sz54 are

4h.93 £ 0.14 and 149.9 * 0.2 keV respectively. From these values and from

the equation describing the rotational spectrum

2
_no o 2 2
Ep =25 I (I+1) - B I (I +1)
. . ﬁz
we obtain the following values of the two constants: 5 = 7.49 £ 0.05 keV
B = ——Z—Ai-—z = (-0.k £ 1.8) * 1073 xev
I°(I+1) : R

The précision of these values .is rather low because the energies of the first
' and second excited‘staﬁes were determined only by differences between relatively
large numbers. It is obvious, however, that the rotation-vibration interaction

parameter B is very small. In a future experiment these transitions will be

S

measured directly, so thét the value of B can be obtained with high accuracy°

From the energies of the 2,2+ and 2?3+ states, we obta;n for the [
gamma vibrational band the value of the rotational constant §§ =.6o69 * 0.05 -
keV. Thus, the‘moment of inertia of the gamma vibrational band'is 10.7% higher

than that of the ground band. This is a somewhat greater difference than has

been noted in other cases, in which the differences vary from l% to 6%°
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It is of interest to compare the experimentally measured branching
ratios with thdse predicted from theory. We shall assume, from the measure-

(5)

ments of Unik et al. that the four transitions discussed here are pure
;electric gquadrupole. The relative intensifies of the E2 photons from a pure
K=2 band to a pure K=0 band are given by the squares ofvvector'additioh‘co—
efficients, and deviations from the ratios so éredicted may be intérpreted in
terms of K mikxing between the two bands. A method of treating the effect-of
the mixing, suggested by Mottelson, has been applied 1n several cases<l’ 10—13)
and it is instructive to follow this analysis in .this case. The mixing betweén
the K=0 and K=2 bands is described by a parameter é mG*JéM QOO/QZO where .€ is
equal to the admixed amplitude, Qoo is the mean quadrupole moment of the twb
bands, and Q) is the E2 transition amplitude from the K=2 band to the K=0
band. The relative intensities of E2 transitions between the admixed bands
are given by

B(R2, I, »1.) = £ (2,I,,1.) (T,,2,K KK | If,Kf)z
where thé function f (z, Ii’ If) has been tabulated explicitly iﬁ the paper of

(10) for the case of interest here.

Sk

.Gregors Hansen et al.

We find, for the transitions in sz , That the experimental'relative

reduced transitlon probabilities deviate considerably from the simple rules for

states of pure K,.as shown by the data in Table I1I.However, for both transition

Sk

- ratios in sz the data can be correlated with thecry with the value for z

approximately 0.06 (the actual value for each ratio is given in Table I1).
This value is about a factor of two higher than the values‘given for Pu2385(13)
the only other nucleus in the same mass region for which data are available,
but it is close to the values for écme of the rare earth nuclei shown in the
table of Nielsen(ll)° |

The band mixing also causes shifts in the energies of the states.

-4
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25k

Table II. Branching ratios from K=2 to K=0 band in Fm®”"

Reduced E2

B (3+ — 2+

. Theoretical
- Expt'l . —
C i 1 3¢ -
‘photon ratio pure K=2 algulated,admlxture
: : parameter -z
B (2t > 0+) | | .
B (2+ =2+ 0.50 £ 0.0k 0.70 0.057
B (3 = b+ 0.92. 0.09 0.40 . 0.068
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The energy displacement of a state from the simple I(I + 1) value.is given by

> AL > = éz R
I°(I + 1)

]

in which #) is the :energy difference between the 02+ and 22+ states. Also : M

Z Q_
= . 20 _ B(E2, 00 —»22) 1
€= Nzh g 7 Z\[B(EZ, 00 —>02) 2k

e]e]

Therefore . ' o .
- AR g8 B(E2, 00 —22) "™
12(1 + 1)2 ol B(E2, 00 —02)

254

The B(EZ) values are not known for Im 2 , but we shall use a value for the ratio
: -. i . : . B(B2, 00 —22) -2
which seems approximately val;d in thls region, that is B(EZ, 00 S0z2) ~ 10 .

With the value Hw = 648 keV and z ~ 0.063, we find > AZ s ~ 1 eV. .
AT - - I%(I + 1)
Since our measured value of = is so small (-0.4 + 1.8 eV, ) it
' I°(1 + 1)2

appears that in this case the energy shift can be accounted for entirely by

| the mixing df the gamma bandfwith the ground band. So smail an energy displace-
ment has probably not been observed in any other cése° Perhaps the beta (K=0)
vibrational band, which normally may account for a large part of the observed

- energy displacements because of interaction with the ground (K=O) band, lies at
a relatively higher energy in F‘mZBLL than_in other cases in which these effeets

have been studied.

G-
.

of
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