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STUDIUM AV KORTLIVADE FISSIONSPRODUKTER MED HJÄLP AV EN

ISOTOPSEPARATOR ANSLUTEN TILL REAKTORN R2-0

Föreliggande rapport utgör slutredogörelse för anslag

74-3289 samt delrapport för anslag 75-3332. Dessa anslag har an-

vänts under budgetåren 1974/75 och 1975/76 som bidrag till drifts-

kostnaderna för reaktorn R2-0 i Studsvik. Reaktorn utnyttjas vid

experimentella studier av kortlivade fissionsprodukter med OSIRIS-

utrustningen. Det vetenskapliga programmet är mycket brett. Det

omfattar i första hand karakterisering av fissionsprodukterna

(studium av deras exciterade nivåer» mätning av sönderfallsegenska-

per som halveringstid och utsändning av fördröjda neutroner» be-

stämning av neutronernas energi spektrum» bestämning av totala sön-

derfallsenergin mm). Ett viktigt tillämpat forskningsområde är

bestämning av sönderfallsvärme i kärnbränsle. Forskningsprogrammet

omfattar alltså både uppgifter av grundforskningskaraktär och

tillämpad forskning.

Isotopseparatoranläggningen (OSIRIS) har använts väsent-

ligen av tvä forskargrupper - en kärnspektroskopisk grupp under

ledning av B Fogelberg och en kärnkemisk grupp under ledning av

6 Rudstam. Det experimentella programmet har sammanställts nedan.

En mer detaljerad redogörelse för de uppnådda resultaten lämnas i

bilagorna 1 och 2. Dessa har avfattats på engelska för att kunna

nå större spridning.

Kärnspektroskop2

1) Studium av kadmiumisotoper med udda masstal. Bilaga 1 sid-1

2) Studium av tennisotoper med udda masstal och A = 119 - 125.

Bi laga 1 sid. 2.

3) De isobara kedjorna med masstal 144 och 145. Bilaga 1 sid-2.

96

4) 5.3 s isomeren av Y. Bilaga 1 sid. 3.

5) Sönderfallsenergin för '*°Sn. Bilaga 1 sid. 3.

6) Studier av emission av fördröjda neutroner. Bilaga 1 sid. 3.

J
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Kärnkenn

7) Underhåll och utveckling av OSIRI S-an läggningen. Bilaga 2 sid. 1.

8) Snabb kemisk separationsteknik. Bilaga 2 sid. 2.

9) Studium av fördröjningar i OSIRIS-systemet. Bilaga 2 sid. 2.

10) Totala sönderfalIsenergier för fissionsprodukter. Bilaga 2 sid. 3.

11) Emission av fördröjda neutroner. Bilaga 2 sid. 4.

12) De fördröjda neutronernas energispektrum. Bilaga 2 sid. 5.

13) Bestämnfng av sönderfallsvärme i kärnbränsle. Bilaga 2 sid. 5.
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(B. Fogelberg, H. Tovedal)

The experimental situation at the OSIRIS mass-separator facility

was greatly deteriorated when the original PDP-9 computer system was

returned to the National Defence Research Institute. In particular

studies of ^"coincidences became very time consuming when only

hard-wired multichannel analyzers were available. It is thus satis-

fying that during the year, a new computerized data collection system

has been installed (ND 4420 with 32 K memory). We hope to be able

to use the full potential of tSis system from the beginning of 1976,

and a number of complementary experiments connected to current in-

vestigations, which are unnecessarily time consuming to perform using

the hard-wired systems, have therefore been postponed until 1976.

The experimental activity during the present year has mostly consisted

in measurements of life times of excited states and measurements of

singles Y~ray and electron spectra. The current research projects

will be briefly discussed below.

Finally, one should mention that a new fast tape transport

system for sources have been connected between OSIRIS and the double

focussing (3-spectrometer. A fair amount of work with the electronic

equipment is still necessary before this spectrometer is operable.

Studies of the odd-mass isotopes of Cd

The work on the decays of 1 1 7 > 1 1 9Ag to 1 1 7 ? 1 1 9Cd is now
119essentially completed. A report on the study of Cd have been

published and another report on the study of Cd has been prepared.

In both nuclei low-lying 7/2 and 9/2 levels were observed, which

can probably be interpreted as "dressed" three quasi particle states .

Similar states, at somewhat higher excitation energies, have previously

been suggested ' also in ' Cd. In the analysis of our data

on ' Cd we have found disagreement on several points with the

work of refs. . We therefore plan to continue the studies of

' Cd, through more extensive yy-coincidence measurements and

additional measurements of level half-lives.
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Studies of the odJ-.?.ass Sn isotopes with A » 119-125

(This work has been performed in collaboration with K. Fransson,

M. af Ugglas and L.-E. de Geer from the Research Institute for

Atomic Physics in Stockholm).

The spin-flip decays of the g«/2 ground states of the odd-

mass In isotopes to the g7/2 levels in isotopes of Sn provide.

a very suitable means to strongly populate these g7/2 levels.

The subsequent de-excitation of the g7y2 levels can easily be

studied at the OSIRIS facility where strong and clean sources

of the In isotopes are obtained. In the present study, y-ray
119 121 123 125and electron spectra have been recorded for ' ' ' Sn.

The conversion coefficients were determined for several transitions

in these nuclei. The half-lives of the g 7 / 2 levels in ' Sn

were also measured. Apart from the fairly well known one quasi-

particle states also a number of three-quasi particle levels were

found in Sn.Of special interest are the very low-lying

7/2 and 9/2 levels observed in these isotopes. The excitation

energy of the 9/2 levels, found in this study (see fig. 1),

are only about half as high as is predicted by the theory of the

"dressed" three quasi-particle excitations. We also observed a

very small value for the B(E2; g7/2 d 3 / 2) in
121 Sn which can be

explained as due to pairing effects. A report has been prepared.

Studies of the isobaric chains A a 144, 145

(Work performed in collaboration with E. Monnand, CEN, Grenoble)

The properties of heavy isotopes of Ba, La and Ce in this

transitional region between spherical and deformed nuclei is of con-

siderable interest. The present study of these nuclei, which was

also mentioned in last years Progress Report, has been complemented

by measurements of level half-lives. No complete analysis of the

data has been made so far. As an example of the life-time measure-

ments we show in fig 2 a delayed coincidence curve which gives the

half-life of the first 2 level in Ba. The derived enhancement

factor of about 40 for the E2 transition to the ground state is

clearly intermediate between the values of 15-20 found for spherical

nuclei in this mass region and the values of ~ 10 which are typical

for deformed nuclei.
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The 5.3 isomer of 96.,

96The decay of the 5.3 s isomer of Y is similar to that of
90the 64 h isomer of Y, in the way that no y-rays follow the decay.

The only discrete radiation following the decay consists of conversion
• 96

electrons from an EO transition from the 1594 keV 0 level in Zr.

The decay properties of this isomer have been studied both at OSIRIS and

at the JOSEPH facility of Jiilich. A report on the decay properties

of both isomers of Y has been made as collaboration between the

groups at LOHENGRIN, JOSEPH and OSIRIS: It should be pointed out

that the work at OSIRIS forms a rather minor part of this work.

128The ft-decay Q-value of Sn

128,

128The y-decay of Sn proceeds to relatively high lying levels

in liOSb. The end point energies of the 8-branches are thus very

low which makes possible a very accurate determination of the Q-value

for this decay. A measurement of the Q-value has been made using high-

resolution Si(Li) and Ge(Li) detectors. The result of a preliminary

analysis is Qo = (1289±20) keV.
p

Studies of delayed neutron emitters

The studies of the y-decay of high lying neutron unbound

states have been continued. Relatively complete evaluations have

been made of the y-ray spectra following the decays of a number of

delayed neutron precursors, among them Br and I. The available yy

coincidence information is still very limited and further, extensive

work in this direction is planned for the near future.

87In the case of Br, the neutron separation energy of the
87daughter nucleus Kr is fairly well known. A comparison of the

y-ray and neutron spectra shows that y-decay of the unbound levels
87in Kr competes strongly with neutron emission up to about 300 keV

above the neutron separation energy, see fig. 3. A report on the
87 87decay Br •*• Kr has been published.

A comparison of the y-ray data with the published delayed neutron

spectrum is at present not possible for the decay I •> Xe, since
137the neutron separation energy of Xe is not known with sufficient

accuracy. An attempt to determine the separation energy using the



Xe(n,y) Xe reaction is therefore planned to be carried out in

the beginning of 1976 at the high flux reactor in Grenoble.

In several cases, excited nuclear states are directly

populated by neutron transitions from the delayed neutron emitters.

Studies of this process were initiated last year. The early results

were promising (see las», years Progress Report) and the experimental

work has been continued during 1975. The data is not yet evaluated.
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Fig. 1. Energy level systerr.atics in odd-mass heavy isotopes of Sn.

In addition to the s. ,,, d. ,_, tu. ,, and 87/5 levels are

shown the 7/2 and the presently observed 9/2 anomalous

coupling states. These latter levels are observed to follow

closely the trend obtained by adding the phonon energy of

the nearest lighter even isotope to the energy of the h... ,«

level, indicated by dots in the figure. A 7/2 level pre-

sent at about 1.05 meV in ' * ' Sn can most probably

be explained as the three quasi particle state obtained by

a coupling of the d. ,_ particle to a phonon of the core.
127 129Information on the levels in Sn and Sn has been taken

from ref.

Fig. 2. A delayed coincidence curve between radiation feeding and
144deexcitmg the 199.8 keV level in Ba. From an analysis

of the slope of the right hand side of the distribution a

half-life of (0.85+0.15) ns was deduced for this level. The

solid line shows a prompt comparison time spectrum.

Fig. 3. A comparison between the present y-ray measurements and the

delayed neutron measurements of ref. . The delayed neutron

spectrum (solid line) has been resolved into components as

shown by the dashed lines. The position and area of the 84

keV-peak is based on the assumption that the background in

the 50 - 100 keV region is linear and can be extrapolated

from the low energy side. Vertical bars indicate the positions

and intensities of the observd primary y-rays from neutron

unbound states (assuming a neutron separation energy of 5511

keV). The y-ray branching has not been studied. A good

agreement (in energy) between the two measurements is obtained

for 6 lines in the spectra.
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The Swedish Research Councils1 Laboratory

Nuclear Chemistry Groug

(G Rudstam)

1. Introduction

The research activity of the group has been concentrated on the

study of short-lived fission products, obtained by means of the isotope-

separator-on-line facility "OSIRIS". The main effort has been connected

to the determination of total decay energies. Experimental results ob-

tained during the preceding year have been analyzed, and new determi-

nations have been carried out with the spectrometer placed close to the

collection position for an extracted beam. This means an extension of

the measurements towards shorter half-lives. The possibility of mea-

suring fission yields using OSIRIS has been investigated theoretically,

and some preliminary experiments in this field have been performed.

The group is also involved in applied research aiming at an accu-

rate determination of the decay heat effect in nuclear fuel. Methods for

measuring the average beta energy per disintegration of separated

fission products have been developed, and the measurements have started

for light-mass products.

2. The OSIRIS facility

(B Grapengiesser, L Jacobsson, B Johansson, G Rudstam)

The isotope separator has been used regularly with a total

running time of 466 hours. No major changes have been done. The new

high-voltage unit delivered in 1974 has had to be returned to the manu-

facturer for modifications, and the old unit is still in use.

The range of elements processed by OSIRIS runs from zinc

(Z"30) to strontium (Z-38) and from silver (Z=47) to barium (Z=56). It

would be very interesting to fill the gap from yttrium (Z-39) to palla-

dium (Z»46). These transition elements are very slightly volatile at

the ion source temperature. There is a possibility :o convert some of

them to more volatile chlorides or fluorides, however, by means of hot-

atom reactions in target materials such as uranium tetrafluoride or

uranium tetrachloride. A crucial point is the release time to be ex-

pected from such a target material. In order to study this, a chemical

separation apparatus is being constructed (see also Section 3). This
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apparatus will be used for measuring the release rate of hal ides

of elements such as tin, antimony, and tellurium. With these com-

pounds as models it will then be possible to decide whether it is

worth while to construct a target-ion source system for uranium tetra-

fluoride (or tetrachloride).

3. Chemical separation techniques

(B Grapengiesser, B Johansson, G Rudstam)

The separation apparatus described in the Progress Report of 1974

had excellent prestanda as demonstrated by the fact that cadmium iso-

topes with half-life of the order of one second could be measured after

mass separation and chemical separation. Still, it must be considered

as a prototype. A new version is under construction. An important

improvement is the possibility to keep the collector at a well-defined

temperature. This is needed for the determination of the release rates

of halides from a uranium tetrafluoride or tetrachloride grain as dis-

cussed above. Similar measurements will also be performed for other

target materials such as uranium oxide or carbide and for graphite.

These measurements are necessary for the fission yield programme.

(Section A). In addition, it will be extensively used as a means to de-

termine uniquely the identity of isobars in complicated cases. Such

cases occur, for instance, in the mass range 125 - 130 where each mass

number may contain several indium isomers in addition to cadmium and

tin isotopes.

4. Delay between production and measurement in the OSIRIS system

(B Johansson, C Rudstam)

The determination of independent fission yields has been on the

research programme of the group for a long time, but until now only pre-

liminary experiments have been carried out. Th; main difficulty in this

experiment it to correct properly for the radioactive decay in the de-

lay between the production of a nuclide in the target material and its

collection in front of the measuring apparatus. In order to find out

how to make such a correction a theoretical investigation has been per-

formed . In this study one starts out from a general delay function

and calculates the appropriate corrections to be applied. Next, the

specific delay function to be expected for the OSIRIS-type arrangement

is derived. If the delay is controlled by the release rate from the

target surface the delay function takes the simple form
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p(t)dt = const x (1 -e~vt)e ptdt,

where p(t)dt is the ptobability that the release is between t and t+dt,

and v and u are parameters governing the delay. The parameter v is

determined by the dimensions of the discharge chamber of the ion source,

and the parameter u is connected to the release rate. In the case of

diffusion-controlled release the delay function is composed of a series

of terms, each of the form given above. All these terms have parameters

connected to each other, and it is sufficient to determine one set of

v,u-values.

In order to test the theoretical formulae a number of experi-

ments have been carried out in which consecutive samples were measured

of a particular nuclide after scramming the reactor (ĵ f_. stopping it

as quickly as possible). The intensity of the samples was recorded as

a function of time after the scram. This experiment was carried out
Q/ fl ^

with three different bromine isotopes: 32 min Br, 3 min Br and

55 s Br. The results of all the measurements could be explained

using the value 0.00385 min of the parameter u and assuming diffusion

through the target material to be the time-controlling process. Al-

thcugh these results must be verified by other experiments also, notably

experiments with the chemical separation apparatus referred to in

Section 3, they indicate that it will be possible to carry out appropria-

te delay corrections.

Another requirement for successful fission yield studies is that

the isotope separator is stable enough. This has been tested by

repeated collections and measurements of the series of bromine isotopes

with mass numbers 86, 87, and 88. The analysis demonstrated that the

sample intensities were reproducible with a standard deviation of about

10 Z. This result was obtained during a run when the separator was

rather unstable owing to vacuum problems, and there is reason to expect

that more accurate determinations can be carried out under better con-

ditions. Thus, also from this point of view it seems possible to carry

out a relevant fission yield programme.

5. Total decay energies of fission products

(K Aleklett, E Lund, C Rudstara)

A large part of the efforts of the group is devoted to the study

of total disintegration energies for the purpose of mapping the nuclear

mass surface far out on the neutron-rich side of stability. The method

used for measuring nuclides of half-life longer than about 5 s is



described in detail in a manuscript which will soon be ready for publi-

cation. Using this method a large number of nuclides have been mea-

sured as reported in earlier Progress Reports. The analyses are now

completed for the nuclides 129Sn, 130Sn, 1 3 0Sb, 131Sn, l32Sn, 134Sb,

I, I, Cs, and Cs and manuscripts giving the results are

being prepared.

The spectrometer for measuring decay energies has now been re-

built and moved close to the collection position of an extracted beam.

In the new position the transport time is reduced from about 3 s to less

than 1 s, which facilitates the study of very short-lived nuclides.

The new spectrometer has been used for measuring a number of fission

products, namely 76-78Zn, 7 6- 8 1Ga, 7 9' 8 1Ge, 8 3As, 8 8Br. 1 2 6" 1 2 9In, and
139

I, but the.analysis of the results remains to be done.

Total disintegration energies for isotopes of rubidium, cesium,

francium and radium have been measured using the ISOLDE equipment at

CERN by a group with participation from Studsvik (K Aleklett). The re-
2)suits have been published in Z. Physik .

6. Delayed-neutron precursors

(E Lund, G Rudstam)

A survey of delayed-neutron precursors among the fission products

was reported in the Progress Report of 1974. The results have now been

written up for publication and two manuscripts, one covering the mass

range 79 - 98 and the other the mass range 122 - 146, have been accepted

by Phys. Rev.3>4).

Two cases have been re-examined because of discrepancies with

other determinations. One is I for which our half-life value

0.59±0.01 s is at variance with the value 0.89+0.12 s found by Kratz

and Herrmann • The redetennination gave as result 0.61+0.01 s,

in agreement with our old value, and we conclude that this value is the

more reliable one.

The other case re-examined is mass number 128 where both delayed-

neutron counting and beta counting at this laboratory have yielded two

short-lived activities. There is agreement only for the shorter half-

life, however. For the longer one beta-counting gave a half-life of 5.6 s

and neutron counting 11 s. A new series of measurements did not solve

the problem. Two neutron activities always appear, the short-lived

one in agreement with earlier measurements and the long-lived one with

a half-life about 16 s but with poor reproducibility. In order to settle
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the problem other measurements, for instance gamma spectroscopy and

neutron counting after rapid chemical separation, seem necessary.

7. Dclayed-neutron energy spectra

(E Lund, G Rudstam, S Shalev)

In addition to earlier published results (cf. Progress Report 1974)

the analyses have been completed for another set of delayed-neutron pre-
QQ

cursors, this time with even mass numbers. The series consists of Br,
90Br, 1 3 8 I , 1 4 0 I , 142(Xe+Cs), and U A C s . The results are collected in

6) 94 95

a LF-report . Two new cases have been measured, namely Rb and Rb,

but the analyses are not yet finished. This completes the study of

delayed-neutron spectra for the time being,as the intensity of the re-

maining cases seem to be too low for spectroscopy with the present tar-

get-ion source system.

8. Determination of the decay heat in nuclear fuel

(K Aleklett, G Rudstam)

For an evaluation, by the microscopic approach, of the decay

heat dissipated in nuclear fuel it is necessary to know the fission yield

and the decay data for the various fission products. The decay data

needed are half-lives, average beta and gamma energies, and neutron

branching ratios and energies. The half-lives are already quite well

known, to a large extent from work at OSIRIS. The fission yields and the

neutron energies are discussed above. The neutron branching ratios will

be measured in the coming one or two years. During 1975 the effort

has been concentrated on the measurement of average beta energies. In

these measurements a new mini-computer, acquired by the group in the

Spring of 1975, has proved to be an invaluable tool. A series of pro-

grammes has been written covering the whole experimental procedure from

measurement to final analysis. The measurements are carried out by re-

peated beta spectroscopy (by means of a Si(Li)-spectrometer) of a

sample of a given mass number. Gamma spectra are then measured with a

Ge(Li)-spectrometer using the same time cycle as for the beta measure-

ments. Characteristic peaks in the gamma spectra provide a measure of

the isobaric composition of the samples. This information is used for

decomposing the measured beta spectra into their isobaric components.

Finally, these pulse spectra are converted to electron energy spectra,

and the average beta energies are calculated.
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The method is capable of reaching high accuracy. An example of

this is the mass chain 77 for which the values 2.12±0.09 MeV, l.b7-O.O3

MeV, and 1.53*:O.O6 MeV have been obtained for the isobars 1.4 s Zn,

13.0 s Ga and 52.9 s Ge, respectively. (These results are not final:

a check of the response function of the beta detector remains to

be done). Measurements have been carried out for mass numbers 77 ( iso-

topes of Zn, Ga, Ge), 78 (Zn, Ga, Ge), 86 (Br), 87 (Br.Kr), 88 (Br,Kr+Rb)

89 (Kr, Rb), 90 (Kr, Rb), and 91 (Kr, Rb). According to sensitivity

studies this list of nuclides contains several of those with the lar-

gest contribution to the decay heat at short intervals after stopping

a reactor.

9. Spallation yields of isomers

(G Rudstam)

In order to predict the cross section ratio of isomeric states

of spallation products it is necessary to keep track of the spin distri-

bution in the nuclear reaction. The first part of a spallation reaction

is a nucleonic cascade inside the nucleus which leaves the remainder

of the nucleus with a certain energy- and spin distribution. These

can be evaluated using Monte Carlo methods. Next, the energy is

dissipated in an evaporation process leading to the final spallation

product. It is necessary to follow the evolution of the spin distri-

bution in this de-excitation process. The calculation is complicated

but a programme has been written which computes the spin distribution

of each spallation product. As input data may be used results from

Monte Carlo cascade calculations. The computer code has been tested

in a few cases. The experimental results are fairly well reproduced.

The code is described in detail in a LF-report .
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