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18 INTRODUCTION

Thies 18 a report on the activities pursued during the first
six months of the third year contract "X-Rays from Fission." The nain
elfort during this part of the contract has been the construction and
teating of a time-of-flight tube and the tenting of the associatad
electronics and detectors. Much of the effort during the previous two
contract years has been to study fission yields from experiments in
which fragment mass was not determined directly. These experiments
involved coincidence measurements between X~rays and/or y-rays. During
the course of these experiments it was found that the K-X~rays and y-rays
emitted at the time of fission come primarily from nuclear, rather than
atomic, processes. Since nuclear properties vary in no systematic
fashion from one nucleus to another, these types of =xperiments are not
now being pursed because the extraction of fission isotopic yields from
sugh experiments appears to be in the distant future.

Since it now seems promising that isotopic fission yields can
be extracted almost directly from the raw data of energy-time-of-flizht-
induced L-X-ray coincidence experiments, almost all the present effort

is being devoted to these experiments.
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II. FISSION FRAGMENT TIME-OF-FLIGHT

Post-neutron mass distributions (for binary or tertiary iissior)
can be detemmined by measuring the time-of-flight of one fragment cvor
some distance and its kinetic energy. As discussed in the previous Annual
Report, in order to obtain a mass resolution of lu. (FWHM) so that tla
integral nuclear mass distribution (i.e., quantized A yields) mav be unfolded
from the experimental mass spectrum with a great degree of certainty, one
needs a long flight patii (of the order of 10m) and a large solid angle (of
the order of 5 msr). However, a 10m flight path implies a vanishingly -natl
solid angle (4 x 10-'2 msr for a 300 mﬂz detector). Oakey and MacFarlane
(Nucl. Instru. & Meth., 49 (1967) 220) have shown that this problem can be
overcome by using an electrostatic particle guide. Such a guide, whi-h
coneists of a wire at a negative high voltage running down the center of a
cylinder the length of the flight path, allows electrostatic focusing of
charged particles - the ions emitted in an angular range of the order of
2% are confined to trajectories around the central wire as they traverse
the guide. The collection efficiency of such an electrostatic pariicie
guide is proportional to the ionic change and the voltage on the wire and
inverseiy proportional to the fragment energy (see the calculations in the
precious Annual Report, for example).

As reported in the last Annual Report, an electrostatic particle

guide of the above type was constructed at The University of Texas Center



for Nuclear Studies. It consisted of a lu meter long stainless stecl tube
with an inside diameter of 5.05 cm and had a 5 mil wire running its .cugth
Initial measurements with this guide indicated that the "effective' sulld
angle over the 10m flight path was increased by many orders of magui:.de
as suggested by the calculations. Illowever, experience with this guide
showed that the detector had to be located some distance from and sh:~lded
from the central wire because of the negative voltage on the wirc.

A new particle guide with modifications to avoid the ahove
mentioned protiem has now been constructed. The new guide consis s of
two 10m long, concentric, stainless steel tubes with inside diameters of
4 and 1.7 in. The inner tube is maintained at a high positive voltage and
haz: a 20 mil wire at ground potential running its length. The thicker
central wire permits better positioning and experiences fewer problens
caused by vibrations of the wire in the potential field. This new guide
has been tested and found to perform satisfactorily and in the same manner
as the previous guide. A Ilm extension has recently been added to the target
end of the particle guide so that the second fragment detector will not
be in a high neutron flux when neutron induced fission studies are done.

Various simple timing and coincidence experiments have been done
with the 10m electrostatic particle guide and a 252Cf source in order to
test the performance of the guide, the electronics and the detectors. A

variety of detectors have been tried and promising results with good

resolution have been obtained using an ORTEC 130 fission-fragment detector.
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Final tests and the performance of experiments are being tempcrarily held
up by two small problems. The present 252C£ is broken and folded over and
as a result emits very few fission fragments along the axis oi the gulde.
A new source is on order and should arrive shortly. When detectors ure
removed from the guide after performing tests, they have bcen covered with
oil. This oil will, of course, degrade the performance of the dete-'~r.
Several heating strips have beun ordered and will be wrapped around the
particle guide. It is hoped that baking out the guide in this manner will
remove the oil problem. If this does not eliminate the problem, it may

be necessary to replace the present oil roughing pump.



II1. TIME-OF-FLICIT -ENERGY -X-RAY COINCIDENCE MFASYRFIMENTS

FOR THI DETERMINATION OF ISOTOPIC FISSION YIELDS

Time-of-flight-energy measurements only allow mass determination,
In order to obtain isotopic fis:lon ylelds hoth charge and mass mus:
be determined simultanenusly. Direct physical techniques usually !avclve
measuring in coincidence, at the time of fission, parameters from which 2
and A can be determinea. With present day resolution in photon spectro-
scopy, any characteristic X-rays cmitted from the fission fragments mey
be experimentally observed to unambiguously identify the nuclear charge
of these fragments. Such observations will only identify particular fission
fragment elements and no statements about elemental yields may be made unless
the origin(s) of these observed X-rays are known.

A seemingly appropriate technique to determine nuclear charge, in
which X-rays associated with the fission fragments are observed and the origin
of the X-rays is well understood, has been tested at the Center for Nuclear
Studies. This technique is to create vacancies in the electron shells of
the fragments by a known atomic process and observe the fluorescence yiclds
(the probability that a vacancy in a given shell results in a radiative
transition). Since the fluorescence yields have been measured experimentally
and are understood theoretically, extraction of fission charge and isoctope
yields should he straight-forward. The electron vacancies may be created by
allowing the fission fragments to pass through a thin foil (such as carbon).

The X-rays resulting from electron transitions may be observed with a high
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resolution photon detecter situated near the foil. An experiment was
performed {n which fission fragments were detected in cofncidence with
X-rays produced when the fragments passed through a thin carbon foil.
It was observed that two sroups of L X~rays (corresponding to the ity
and heavy fragments) were produced. The resolution was not good enougls
(due to the rather poor detector used) to resolve individual lines, bLat
the peaks were located in the energy region where the L X-rays were
expected to appear. Thus, this technique seems to work as expected and
the technology szems to be at hand to determine fission yields with a
very reliable method.

In the last Annual Report a possible triple coincidence experi-
ment using the time-of-flight-energy-x-ray techniques to mecasure fis;ion
fsotopic yields was presented. In this experiment the fissioning source
was placed at one end of the particle guide with a fission fragment
detector placed on line with the center of the guide behind the source.
Another fission fragment detector was Placed at the other end of the 10m
guide. A thin carbon foil was placed in front of this detector and
observed by a high resolution photon detector. The fragment detcoctor

near the source provided the start Pulse and the other fragment detector

provided the stop p'1se for the time-of-flight measurement. The electronics

were arranged to require a triple coincidence between the pulses in both
fragment detectors and the pulse in the X-ray detector.
Two modifications to the above triple coincidence experiment

are needed and both are allowed by the lm extension which has been added



fi-o

to the 10m electrostatic particle guide. The placzing of the carboa fotl
In (ront of the fragment detector located 10m from the source remov: -
the X~ray detector from the vicinity of high neutron fluxes but 2's

[*3

causes an energy uncertainty in the fragments reaching the fragment
detector. Since this;energy is an important parameter in the expa: iment,
it is necessary to have the best energy resolution possible. Sinc:

high neutron fluxes will also degrade the performance of the fragment
detectors, the second fragment detector should be moved from the vicinity
of the target. Now that the lm extension has been added to the partizle
guide, the second fragment detector can be placed lm from the source ari
the carbon foil can be placed in front of this fragment detector since

an accurate measurement of the energy of the secord fission fragment 1is

not necessary.,

The ab%ye modifications in the placement of the detectors
may necessitate ;odifications in the triple coincidence circuitry given
in the last Annual RFport. llowever, computer studies are now underway
to determine 1f the same basic circuitry can be used and corrections can

be made by the use of kinematic calculations made by the computer witheut

degrading the energy resolution.



1IV. NEUTRON-INDUCED FISSI1ON

Tne goal of this project is to study neutron-induced fisnion
isotopic yields. Before these studies can be undertaken the experfacital
techniques discussed {n Sections II and III aust be tested and prove: out
using a 2SZCf source. If these techniques work, the basic protlem standing
in the way of neutron-induced studies is that of the neutron source. A
Texas Nuclear neutron generator is in the process of being reconditioned.
This reconditioning process is requiring much etfort and time which could
be expended on more crucial phases of this project. We are also looking
into the possibilitiec: of updating this generator and of obtaining a

large a2

Cf source to use as a neutron source. Modifications of the target
chamber of the electrostatic particle guide to accommodate a neutrcn soirce
must wait until 1t has been determined what type of neutron source will be

used.
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VII. WORK STATEMENT FOR ARPA PROPOSAL

The contractor sh:ll conduct research involving the measurement of
prompt fission processes. This research shall include, but not necessarily
be limited to the following:

A. Studies of the spontaneous fission of 252Cf employing various
combinations »f multi-parameter coincidence experiments.
Parameters may include fission fragment, X-ray, alpha particle,
gamma ray, time-of-flight, and neutron.

B. Studies of neutron induced fission of 235'238U and 239Pu employ irg
various combinations of multiple parameter coincidence experiments

described above, less the alpha particle measurements.

C. From an analysis of the above measurements begin a compilation

of the total chain yield and the prompt isotopic yield ratios for

235,238U i 239

fission of Pu as a function of neutron energy.

239

235 Pu fission mass distribution resulting

Give priority to U and

from fission spectrum and 14 MeV neutrons.
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APPENDIX -

*
GAMMA CASCADES 1IN 252Cf SPONTANEOUS FISSION FRAGMENTS

F. F. Hopkins, J. R. White, C. Fred Moore, and Patrick Richard

Center for Nuclear Studies

University of Texas, Austin, Texas 78712

ABSTRACT

A y-ray - y-ray coincldence experiment to measure transitions
in the spontaneous fission fragments of 252Cf has been performed with
a 0.14 cc Ge(Li) detector (FWHM 600 eV at 81 keV) and a 40 cc Ge(L1)
detector (FWHM 2.8 keV at 1.33 MeV) in close geometry and repeated
in an extended geometry involving shielding of one of the prompt
fragments. Several low energv cascades have been detected which were
previously unreported. In addition partial decay schemes for four of

the products, 1osMo. 109Ru. lllku. and 1“:'La. have been suggested.



1. Introduction

The natures of the level schemes of odd 2 and odd A fragments
from the spontaneous fission of 252Cf have remained for the most narc a
mystery. Their elucidation has been a challenging exverimenta’ probiem,
Lack of intensity of many of the y-transitions has pcevented an
investigation as complete as that obtained for the even-even [ission

1,2)

products. y-rays emitred by certain isotopes populated strongly in

the varijous B-decay processes following borh spontaneous fission of

252Cf and neutroi-induced fission of the uranium isotopes have been

observed in detall.3-10)

Presented in this work are the results ot

two y-y coincidence experiments, one performed in close and one in
extended geometry, vhich have shed considerable light on cer.ain of the
nuclei which have so far escaped a consistent analysis. This experiment,
relying heavily on previous assignments of a multitude of cransitions

in the energy range 45 to 200 keV by X-ray - y-rav coincidence

techniquesll'lz)

and higher energyv transitions from various sources,
was made possible by the excelleat resclutiou furnished by a Se(Li)
crystal of 0.14 cc volume. The data indicate certain strong casca'es
and rudimentary energy level schemes for several of the products
expected to be populated directlv and by 8-decay. Also questions

pertaining to previous isotope assignments in the X-ray - y-ray

experiments have been answered to some extent.



lI. FExperimental Setup
A, Close Ceometry

AO.1 ppm 25ZCf source between two 1/2 mil disks of beryli{um
was placed directlv on the beryllium window cf a 0.14 cc Ge(la
detector. The Be cover stopped the fragments and removed Dopple-
distortions for any transition longer than about a pfcosecond. *
40 cc Ge(Li) detector was placed approximatelv 3/4" {rom the source,
at which distance the singles count rate was 10,000 counts/scc. The
count rate in the smaller crystal was 5,000 counts/sec. At these rates
the respective resolutions were 2.8 keV FWHM at 1.33 MeV and 600 eV
FWHM at 81 keV. The timing and linear signals were routed through the
circuitry shown in Fig. 1. With a timing window ¢f about 150 nanosec,
a coincidence count rate estimated at 100/sec was encountered. The
logic signal accompanied by the two linear signals was accepted by a
computer program which performed a sort of the y-rays from the 40 cc
crystal according to windows set on the peaks in the spectrum from the
0.14 cc detector. All processing was done online. In this way IK
spectra were built of y-rays from 45 keV to 1300 keV in coincidenct
with the many lines in the energv range 45 - 200 keV. In the following
Ciscussion, figures, and tables, these are the dats referred to unless
otherwise specified.

Calibrations were taken daily in both detectors with standard
sources. A run of 7 days was made. During that time no adjustments had
to be made on the gates. Also no gain drift for the electronirs

associated with the 40 cc counter was found.



B. Extended Geometry (EG)

An additioral experiment was performed in order to help remove
some of the ambiguitv involved in identification nf the y-lines ia the
previously described spectra, i.e. the fact that y-rays both 1ricn the
nucleus supplying ths gate y-ray and from its possible complementary
‘nuclei arising from the binary fission event will show up i{n thoge
sorted spectra. A 25ZCf source mounted on a thick copper fofi w g
positiored as shown :in Fig. 2. The open-faced side of the sour. e pointed
vack into a lead shield which afforded a 3/4" thick lead shicld betwern
the fragments in flight and the 0.14 cc Ge(Li) detector. Approximately
1 1/2" of lead separated tiwe fragments from a 30 cc GCe(Li) detector.

In this way v-rays emitted more than about ] nanosec after fi<s,on vere
substantially attenuated, especially the low energy lines which were of
special interest in this experiment. In a binarv event one of the frag-
ments would be stopped in the copper foil while the other would be
localized within the shielding apparatus. Those y-ravs emitted by
fragments in flight within times of less than a nanosec--that iy, those
riven off while the moving fragment was still visikle to the detu:torg--
would be greatlv Doppler hroadencd due to the isotropv of the fragment
emission. The intent in this procedure wis to {solate cascades {n the
stopped fragments bv gating on non-distorted peaks in the spectrum from
the 0.14 cc crystal and separating out coincident non-distorted y-ravs

in the 30 cc detector. Certainlv a gRiven gate {n the low-encrgy spectrum
might include some parts of tails of neighboring distorted neaks, hut the

low-energy lines considered with successivelv longer lifetimes for higher



multinolarities starting with El, M), etc., this interference wculd be
minimal. Strong effects, f.e. coincidences in the stopped nuclei,
should predominate in the data.

The count rate for the 0.14 cc detector was 600/sec wii.e
that for the 30 cc¢ detector was around 2000. The respective cesclutions
were 500 eV FWHM at 81 keV and 3.5 keV FWHM at 356 keV. The electronics
was identical to that for the close-geometry experiment. The coiucidence
rate was about l/sec. In this case, however, the data was stor.d cvert
by event as 8K values on magnetic tape. Actual running time was about
6 weeks. Calibrations were taken daily. The data was analvzed offline
in a fashion similar to that described above. The gating was Annc on
an 8K spectrum from the smaller detector and the sorted spectra from the
30 cc detector were reduced to 1K. Gate adjustments were required
several times through the coursec of reduction. The gain for the larger
detector varied no more than 0.2 channel from the original value up
to channel 300, which included all of the data preseiited in this paper;
as a consequence, the sorted spectra, reduced approximately two days
worth at a time ( 500,000 coincidence events), were simply accunulated

with no computer adjuatments.

I1I. Results
The total coincidence spectrum from the 0.14 cc detector for
a 36 hour run in the close geometry experiment s presented in Fig. 3.

The statistical clarity of the peaks ranges from excellent to poor in less



intense cases. Gates were set on the gamma rays appearing in Tatle I.
Ir a few cases two gates were set on a broader than ordinary peak to
check for unresolved lines. The background is mostly Compton scattering
of higher energv y-rays. The photopeak-to-associated-Compton - rid for
these low energy lines was verv high, as expected, since gatec ~erldom
showed any y-rays associated with the appropriate neighboring praks,

The low-energy portion of the total coincideace spectrun from the 40 cc
detector, the only part with any number of distinguishable lines, is
presented in Fig. 4. These strong lines were noticeable as background
fn all of the sorted spectra.

The spectra from the shielded detectors ruun were similar but
had worse statistics due to the peometry. The lower energy spectrum
is in Fig. 5. Excep! for three large Pb X-ray peaks arising from
v-fluorescence, it is almost identical to the one in Fig. 3. As
expected,Doppler effects do not appear to any large extent and most of
the spectrum can be assumed to have come from fragments stopped in the
copper foil.

The completeness of and the confidence in the assignment o of
the y-cascades {n this data varied tremendously from line to line. As
stat~d before, one of the primary means of locating a suspected cascade
was to check for {dentity of the low-energy y-ray pated on from previous
work. A low-energv y-rav in =oincidence with another low-energy line in
either the same or a complementary nucleus should have been recorded in
the X-rav - y-ray data, as the high internal conversion probabflfirv

associated with the second transition shouid result in a high X-ray



production and therefore high detection probability. i the firse¢ case
the y-ray would he noticed in a gate on an X-ray from tne same nucieus
and perhaps in a gate on a complementary X-ray, depending on the internal
conversion probabilitius of the complementary nuclei; in the se-9nd tha
y-ray would be seen at least in a gate on the "complementary" Y--ay,

In several instances a given gate was within 0.2 keV of more than one
line recorded in the X-ray - y-ray data. The resulting sorted spectra
were simply treated as possible combinations of lines associated with
each.

There is, in an analvsis of this type, a measure of uncertainty
introduced by the difference in the means of detection. A y-rav in the
total coincidence spectrum of the y-y experiment would not necessarily
have been recorded bv the X-rav - y-ray work if, for example, it was
primarily in coincidence with a high energy transition. However y-rays
of every energy gated on, in Table I, were seen in at least one X-ray
gate and most of them strongly. The key is identification of the
y-rays in the gated spuctrum from previous work. The shielded data
served as a check on some of the stronger cascades.

Once known lines are picked out and thereby verified to be
in cascade with the gate y-ray, the remaining peiaks can be treated as
additional members of the same decav scheme or as arising from
complementary nuclei if thev seem probable given the known partner
isotope and the total neutron emission probabilities. It is apparent
that cross-referencing between various sorted spectra can be c«tremely

important in coordinating the data.

6O



The verv strong cascades through the even-even fission
1,2) 252
0
\4 -

prouducts £

Cf proved to be very useful in this respect. In

<o + +  + +
several sorted spectra, two or more of the 2 + 0 , 4 - 2 , and
¢

+ + o4
6 - 4 transitions: from different even-even isotopes of the saa:

element were.appare;t. serving as an indication that the gate v-iav
belonged to a nqclhus which §eemed a probable complement to each of
the even-even nuclei. In addition, {f the gate gamma ray had not heen
previously obsefvéd to be part of the cascales through complementarv
even-even produét;, confidence in the accuracy of the even-even level
schemes, supporteélpv the data in this experiment, pointed toward an
even Z ndd A nucleus as the likely source. Beyond y~rays matched with
previous data, new lines received the same kind of attention given
those in an experiment involving a single nucleus, i.e. whether sums
added up to known lines, whether gates on two y-rays in each case
revealed the ot&er..ﬁnd the like. The possibilitv exists, of course,
that the gate y and its coincidences are from nuclei not included in
previous work. This is the immediate suspicion for low energy lines not
seen in the X-rav-- y-ray (X-y) data. The errors in the energies were
estimated to be *0.2 keV for the 0.14 cc detector and *0.5 keV for the

40 cc detector.

A. Unidentified Coincidences
For several reasons the spectra generated hv manv of the
gates did not give conclusive evidence as to placement of the transitions

recorded. Low energv y-rays from elements not nreviously investigated
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bv the X-y work or other sources could still be prominent in the (otal
coincidence spectrum and so give rise to coincidences of unknown
origin. In particular the X-ray groups of neudymium, promethium,
samarium, and europium were fairly intense in the X-y work, indlzcying
a large number of low energy transitions of reasomably high intew-itv.
Any coincidences arising from these elements would be difficult to
pinpoint. In addition there are a few transitions which were seen
strongly in more than one X-rav gate and for which the recorded
coincidences were of sufficient mystery to preclude their identification.
These can at least be attributed with some confidence to grouns of
isotopes. Table 1l contains the data which fit one of the ahove
descriptions.

A example of the difficulty encountered is demonstrated by
gates on two slightly overlapping peaks, one at 68.7 keV aud another
at 69.2 keV. The first one reveals two very strong coincidences. The
91.4 keV coincidence is supported by a gate on a 91.1 keV y-ray which
sees a 69.0 keV y-ray intensely. The 36.5 keV designation is only
approximate, as that is just abhove the threshold of the timing
discriminator and the peak is probably distorted. The X-y work
recorded a 68.9 keV transition as by far the strongest in the total
coincidence spectrum, Assigned to 108Tc, it was far more {intense in
the Tc gate than i{n the Cs gate. These two circumstunces would seem
to require that it be in cascade in 108Tc with a highly internal

converting transition. The 36.5 keV line, broadened considerablv

more than by normal resolution, is probably the tail of a transition



a little below that energv. A 91.4 keV y-ray wias secn ir the T .ol

Cs gates and attrihuted to l“Cs. but it was not detected in the
8-decay work on the same nucleus.s'g) A 138.3 keV y-ray waz alsc reen
in the Tc and Cs gates but again was placed in a cesium isotope 31‘5.

The 138 in the 68.7 keV gate could be due to the overlap with *le
69.2 keV gate, which saw a 137.5 keV y-ray as easily the most prefuse
coincidence. A 104 keV line {s seen in both of the gates as wcll.
The solution of these problems can onlv be guessed at.

The gate on a 102.7 keV y-ray, one of t'.e more intense linee
in the total coincidence spectrum, provided some strong coincidences
but proved ambiguous on the details. Verv strong lines of this energy

were seen in the Mo and Ba X-ray gates as well as the Ru gate. Ihe

first was assigned to 1“Ba. while the second was unidentified. &

138.3 keV y-ray placed in 1418a by that same data coupled with the

coincidence with the 138.7 keV line in the present data is tempting

evidence for a cascade in lalBa. However three strong transitions,

181.0 kev, 199.1 kev, and 330.9 keV, are almost certainly those of che

144 146
same energv in the Ba and Ba decay schemes. Thev implv thu: the

103 is in a complementarv nucleus, auite possibly 103Mo. Confusing

the issue still further is the contribution from the Ru or Xe isotope.

A 457.7 keV line in the present gate suggests the i 2+ transition

+
in 1“0)(12. but the 2 » 0+ yY-rav is not pressnt. A possible explanation

is placement of the 103 in the léoXa decay scheme, but that is dubious.

The 250.8 keV line is prohahlv the one previouslv attributed to 1“683,

a conclusion which now appears crroneous. The locations of the 103 and
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the y~-tavs {n coincidence withh 1t can be limited only to one of che

four elem~—ts, Mo, Ba, Ru, or Xe.

8. ([Two Step) Cascades (Table I11)

1. 48.5 keV Gate (Fig. 6a)

A 48.6 y-ray was seen very stronglv in a palladfum gate from
the X-y work, the rest of the lines of about that energv being
considerably weaker. The present spectrum {ncludes a very weak line

at 1276.4 keV, which {s approximately the energy of a 2+ -+ 0+.

reported {n 13616.2)

The 115 kev 6 + 4% and 297 kev 4% -+ 2% transitions,
completing the ground state band and mentioned elsewhere in thi: paper,
are not seen at all, precluding the location of the 48.6 y-ray {u a

complementary nucleus to l"‘I“l‘e. The line is possibly in 8

6Te and
obviously not in cascade with the 15 and 297. The fact that {t fis
seen 30 strongly {n the X-y results could mean it is the result of

g-decay to some level within the fairly-well established ground state

band.

2. 49.9 kev gate (Fig. 6b)

A 49.8 line seen in an [ gate wag attributed to 116Rh. An

exceptionally intense 228.5 y-rav also seen in an 1 gate was assigned
to 1321. The present data raises certain questions about the first

placement. The strength of the coincidence fmpl.es they are in cascade.

They are apparently the two lines ohscrved previously in 1321 by

Fransson and !ells.a)
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The strong 55.4 and 78.4 keV lines mostly probably arose from
the fact that the 49.9 transition is unresolved from a 50.3 keV y-rav
which appears strong in a Tc gate. In that same spectrum was an
unidentified 55.1 keV line and a 78.6 y-ray which also appeareu :r the
Cs gate and was placed in a Cs isotope. From the present data, a gate
on a 54.9 y-ray, in Fig. 6c, sces quite clearly a 50.- line but onlv
moderately something a2t about 79 keV. The 50.3 keV and 55.4 keV y-rays
quite possibly are from a Tc isotope populated at least part of the

time directiy by fission.

3. 52.3 keV gate (Fig. 6d)

The most nrciceable coincidence in this case was a still

5 )
weak 264.3 line. Previous work by Hoffmann. Lawrence, and Daniels’’ on

y~-rays from 166?: following 8-decay of 166Ce included 52.0 keV and

264,77 keV y-rays in succession. lM’Ce is strongly populated in the
25

\

fission of 2Cf (~ 12," and a gate on Pr X-rays praviously revealed

lines of about the same energies.

4. 53.9 keV gate (Fig. 6e)

This y-ray is in very strong coincidence with a 189.2 keV

transition. An intemse 54.1 keV y-ray appeared in the Tc X-ray gate.

7) 106

Also R-decay work * placed a 189.5 keV y-ray in Te. The fact that

both lines are seen only in the Tc gate implies f-decay as the primary
means of populatfon, z good deal of which to 106Tc would occur due to

1

a 3.372 fission direct intenaitvl) o 106Ho. A coincidence in ‘06Tc



is the conclusion, although the assignment of the 189.5 keV transition

was tentative.

5. 60.5 keV gate (Fig. 6f)

The 60.5 keV gate both in close and extended geometry,
Fig. 7a, sees very strongly a 159.2 keV Y-ray. A 60.5 keV y-ray was
placed in 112Rh previously. A line about 159.7 keV was seen in both
the Rh and I gates and left unidentified. The two sum to 219.7,
whereas a 219.9 keV y-ray was also seen in the Rh gate. A direct
cascade in 112Rh is implied. The 183.1 keV iine is also seen in “oth

gates and so presumed to be somewhere in the decay scheme of llth

as well.

6. 64.3 kev gate (Fig. 6g)

This gate and two others, ore for 85.5 keV and another for
129.3 keV seen in Figs. 6h and 6i, vielded three Y-rays in definite

coincidence, each of which saw the other two. An 85.6 keV transition

wasz previously assigned to losTc bv comparison with a mass value ot

+1 13)

105__O for a similar energy from John et al. A 64.4 keV line was

seen in the Tc and Cs gates but was left uniduntified. The 129.7 keV

Y-Tay was previously unrecorded. A very tentative placement therefore

is a three-stage cascade in 105Tc. It is entirely possible that these

y-rays and the 5/ keV - 189 keV coincidence are in the same nucleus,

105 106,

either Tc or Tc, with the latter being a slightly better chuice.

The 53.9 keV gate saw an 86.1 keV y~ray but the return coincidence



wits unsubstantiated.

7. 11.6 keV gate (Fig. 61)

The 71.6 - 138.7 coincidence indicates a cascade in = e
isotope, as both were seen strongly in the Tc and Cs gates from X-ray -
y-ray. Their being in cascade is supported by the same gate in the
extended geometry case, seen in Fig. 7b. The former was at that tine
assigned to 13809 and the latter to lale. The basis of those
assignments was some mass-separated data of Alvager gﬁ_gl;s) and the
energy agreement was much better in the 13809 case. On that basis,

this cascade seems to be in 138Cs.

8. 76.7 keV gate (Fig. 6k)

A 76.5 v-ray was present in both th¢ Tc and Cs sates and
was given to l“Cs. A 160.7 keV y-ray was seen in the Tec gate and
was possibly obscured in the Cs gate due to a strong peak of another
energy nearby. The very strong coincidence with a 160.5 keV line, also
evident in the EG data of Fig. 7c, indicates a cascade {in l“le. The

coincidence with the 268.9 y-rav is less certain. The Xe gate saw a

76.6 keV line and also a 270 keV line from l°6Ru. 80 a possible source

is 106Ru J

9. 86.3 keV gate (Fig. 6%)

This gate contained two vy-rays, 90.5 and 154.3, which were

seen in the X-y data in the Tc gate (90.3 keV) and Tc and Cs gates

11
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(154.1 keV), respectively. In addition, a1 86.2 keV y-ray was seen

42
moderately well in the Cs gate. The 90.3 y-ray was assigned to ! Cs

)

in that work. B-decay work by Larsen, Talbert, and McConne119 d!d

not reveal such a line in l“Cs. The 154.3 y-ray was assigned :c

138Cs on the basis of B-decay work of Alvager et al.s)

Close
examination of the X-y ypectra shows that 86.2 and 90.3 lines couid
pnssibly be obscured by strong neighboring peaks in the Tc and Cs gates,
respectively. All of the data point toward the two y-rays as buing

in cascade with the gate gamma in the 138Cs nucleus.

10. 115.5 keV gate (Fig. 6m)

This spectrum consists principally of the é+ » 2 297 keV
transition and 2¥ + 0* 1276 transition repurted as following a 115 keV

6% + 4* transition 1n 97e.?

11. 123.2 keVv gate (Fig. 6n)

A strong coincidence in this spectrum with a 125.8 keV
y-ray and a gate on a 125.3 line, in Fig. 6p showing coincidence with

a 123.5 keV y-ray, are strong evidence for a cascade. The best

candidate available is lhoc. A 123.1 keV line was seen in both Tc

109 )

and Cs gates and attributed to Tc by the X-y work. B-decay work7

assigned a 125.5 keV transttion to 'oaTc but with a low confidence

rating.
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12. 126.4 keV gace (Fig. 6g)
This gate plus a gate on a 159.3 keV y-ray shown in Fig. b6r

reveal a zcrong coincidence between those two iines. The EG data from
a gate on the lower of the two energies suggests a casc:?e, as Loon {n

Fig. 7d. Both of these energies were seen in the Nb and La gate: with

a 158.9 assigned to 1“La. On that basis the cascade i{s tentat{vely

placed {n 167La.

C. Rudimentary Energy Level 3chemes

Coincidence information from several different lines tied
together nicely and pointed toward decays in this odd A {sotope of
@wolybdenum. Gates on y-rays of energies 94.9 keV, 138.1 keV, and
144.9 keV yielded the spectra in Figs. 8a-c and Table IV. Each of
the three y-rays sees the other two strongly, us well as having
appeared in both the Mo and Ba gates of the previous X-y data. From

that work the 94.9 keV line was assigned to l06Ho based on correlation

with the paper of Watson et al.la) The 138.1 keV y-ray was attributed
to l‘laa. which means there may be two lines at about that energy. A

144.7 veV transition was placed in d

13)

06“0 but that assignment was bhased
on the data of John et al. which reported a lObté value for the
mass, indicating it could be from mass 105. The only EG data with
sufficient statistics to show anything convincing was the gate on the

94.9 keV y-ray, Fig. 9a.

The fact that several strong lines from the two even-even
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isotopes 1623& and 16651 are present in the 94.9 gate also indicates
a complementary Mo .ucleus. A total neutron emiesion of 3 in the firse
case and 5 in the second, hoth feasible values, would al o the tue

to be complements of losHo. Information received from #ilhelr\ et "1.1))

for IOSHO was almost identical to the data presented here. The ~eight

of evidence {3 great for a three-stage cascade in losMo as showr (n

Fig. 10. The order of the transitions is not a certain thing hut the
strength of the 95-138 coincidence is some indication that thev #re

below the 145 keV transition. Other lines seen in the 94.9 gate which
Wilhelmy 55_21.15) also saw for losMo are one at 246.5 keV and auother

at 417.7 keV. The 246 was secen weakly here and not at all in the other
gates. The 418 was seen moderately strong, as well as being very weak

in the other two gates. Their placement as shown in Fig. 10 {8 extremely
tentative.

Some additional information is to be found in the 94.9 keV
gate. A strong coincidence with a 117.6 keV y-ray vhich was not seen
in the other gates and which escaped detection by Wilhelmy indicates
a transicion in an odd Ba {sotope complementary to losﬂo. However,
the EG data also reveals a y-ray of about the same energy, implying it
is in the same scheme. A 117.3 keV transition seen in the X-y work in
the Mo - Ba gates was assigned with doubt to 16253' a nucleus which
received attention in a post B-decav investigation by Laraen 35_11.9)

The latter group detected no such y-ray. John et al.lB) did and gave

143 145

it mass 1442]1. Two possibilities seem to be Ba and Ba. A gate

on a l17.6 keV y-ray resulted in the spectrum seen in Fig. 84 and the



values in Table 1V. Most obvious are strorg coincidences with y-rays
of 283.0 keV and 342.8 keV, both seen strongly as well in the 94,9 kev
gate and probadly cascade members with the 117. The clue to thetr

location is found in the presence of y-rays apparently from thr .:e-

‘Ho and IOGHO. Feasible complezents to tl..se

tvo in the hinary fission of 252Cf are 1638& and l‘sba. supporting the

even {gotopes lozﬂo. 10

sass data of John 55_31.13) Since lbﬁaa wvould require that only a

single neutron be boiled off, for 1t to be a post-neutron cowp'ement

of 10650. 14331 is the logical choice as the nucleus emitting Lhe

117.6 keV line, 2s well as cascades above that one involving the

283.0 keV and 342.8 kev y-rays. It is possible that another v=ray of

about that energy is involved in the decav of losﬂo.

There is also some evidence that a v-ray of about 282.6 keV {4

. involved in the level scheme of lnsﬂo. The fact that that particular
line is 7 much stronger in comparison to the 342.8 line in the 94.9 keV
gate than in the 117.6 keV gate {ndicates that the peak is at least
partially derived from a coincidence in 105"0‘ Wilhelmy also saw a 283,
Supporting this conclusion is the fact that it fics vell in the decay

scheme, just about equalling the sum of the 138.1 kev and 144.7 kev

transitions.

109

—Ru

2.

Figs. 1la and 11b present spectra derived from gates on
74.2 keV and 98.3 eV Y-Tays in the low-energy total coincidence spectruam.

Table V has the tabulations. The X-v work had assigned a 98.5 kev




transition to loslu with a good bit of doubt and a 131.8 keV trunsition

to 'lohu. an even-even {sotope. The validity of the reported evea-
)

even level nchcle.l) supported by the present data, precludes '!'nu

as a choice. The 482.2 keV and 587.8 keV Y-rays are apparently the

4t 2* and 2+ 0+ transitions in ,3GXe previously raported? and

indicate either 1ulu or l09Ru. Other data in this paper for . "Ru
does not include these lines. 1In addition, the experiment performed by
Wilhelmy 35_51.15) assigned 74 keV, 98 keV, 172 keV, 193 keV and 374 veV
transitions to 109Ru but was unable to provide any placements due to
lack of coincidence data. The present data {s uxtremely convincing
that at least the partial decay scheme of l°9lu looks like Fig 12,

The fact that the 374 1e weaker in the 98 keV gate than the
74 keV gate indicates the 74 is above the 98 in order. The iatter two
definitely seem to be in succession, as attested to the 172 seen by
Wilhelmy and a 172 seen in both the Ru and Xe X-ray gates. 1In addition,
Wilhelay recorded a greater ¥/fiasion for the 98. One problem is the
overlap of the second gate with another strong 98.1 line found in the
Zr - Ce gates and questionably identified. The strong 133.8 keV

transition in the present Y-Tay gate vas also seen in the two X-ray

gates and attributed to 168ce on the basis of a 1asf; mass assignment

13)

by John et al., but the energy agreement was poor. Recently
reported i{s a 98.3 keV transition in 101Zrl6) and that {s the probable
location of the 98 - 134 cascade. So the 98.3 kev gate is a comhined

spectrum and the 374 might he expected to be down relative tn background

for that reason also. The intens{ty of the 133.8 keV y-ray unfortunately
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prevents knowledge of whether the 98 is {u coincidence with the i31.8

10

0o
keV y-.ay as the 74 ts. The placement in "~ ‘Ru can thus not be

supported or refuted on that basis.

Data from gates ot y-rays of 62.8 keV, 75.9 kev, 103.9 keV,
and 150.5 keV energy are presented in Figs. 13a, 13d and Table V1.
The EG data for 62.9 keV and 104.]1 keV gates, the strongest of the
Rroup {n the total coincidence snectrum, are gshown in Figs. 9a and 9b.
The low-energy coincidence information is cicarcut. The 63 sees a 76,
104, and 150. The 104 sees the 63, 76, and 150, except in the EG case
vherc a pyrex disk between source and detector attenuated the lower
energy keV y-rays. In that particular spectrum lines are indicated but
not conclusiv:ly. The 150 sces the 63, 76, and the 104. Finally the
76 sces the 63, 104, 150 and a 166.9 keV vy-ray which i{s just about the
sum of the 63 and 104. Referring once again to the previous X-ray
gates, & 104.0 keV line and a 150.5 keV line were seen and placed in

lllRu. vith a 63.0 v-ray unidentified. Data from Wilhelmy et 11.15)

again supports the present work for transitions in lllR

u. They were
unable to obtain coincidence data on the 63 keV line but found a smaller
X/fission yield than for the 104. The level scheme shown in Fig. 14
nicely accounts for the present and previous data.

The 722.8 keV linc seen extremely strongly in the 63 gata {s

a problem. Since {t i{s not seen at all by the other gates, {t cannot

be from a complementary nucleus and therefore it must bypass them,



This is {mpossible in the case of the 104 if it is actually below
the 63 keV transitfion. A 357.3 keV Y-ray {s seen at least weakly {:

each of the four gates. Being the strongest in the 76 gate, preswaably

it 1s a cascade directly to the 384 level.

Figs. 15a and 15b contain spectra from gates on 81.9 keV
and 130.6 keV y-rays. As shown in Table VII, the lower energy liune

4
has been seen previously and attributad to 1'6Ln. as have the 134.1 eV

and 363.6 keV translttonsll'lz) seen {n the first gate. A 130.6 keV

y-ray was also placed in labLa by the same work. The partial ~n~rgy
scheme in Fig. 16 is indicated by this data. A line of 269.9 keV was
seen in the present gate and previous X-y data, wvhile a 212.7 keV

1=ray was recorded in the La gate from the latter. These values lerd

credence to the diagram.

1IV. Discussion

The level schemes shown in Figs. 10, 12, 14, and 16 should
only be regarded as relative partial schemes. The cnergies given are
taken vhere possible from the X-y work, since those separated spectra
should be more accurate. The "0" level is more of a reference point
than an indication of the ground state, although the {ntensfity of these
lines would indicate that they lie at least in the lower part of the

complete schemes. In several cases the order ~f the transitions is

20



obscure. The 98 keV y-ray was placed below the 74 keV line in 109Ru

strictiy on the basis of a greater %/fiesion for the former reportcd by

15)

Wilhelmy. This placement is supported by the difference in the

intensity of the 374 keV Y-ray in the two gates. The 63 keV ana i0: keV

transitions in 111Ru are placed again on the basis of the Z/fiss1on

15)

values from Wilhelmy. These two could be switched however, as might
be indicated by the strong ccincidence between a 722.8 keV y-ray and

the first but not the second. Assuming they are both below the 723, the
one below the other should see anything the latter sees. Ap alternative
solution is thet the 63 - 723 coincidence involves another 63 kev
transition from an unidentified source. It must be kept in mind that
these schemes are onlv suggestions which explain the data.

A natural complement to these data would be B-decay studies

on each of the four nuclei. The affirmation of the order of certain

transitions and the spin-parity information resulting from the selectivity

of the 8-decay process would greatly clarify the work presented here.
In fact, once more of the schemes were made known, these data would
take on new signifieance in that they represent at least to some extent
the population of various states which would escape a B-decay study.

17)

As has been noted before, the effect of the fission process and
subsequent neutron boiloff can bhe conveniently thought of as an (a,2n)
reaction which is capable of populating high spin as vell as lower spin
states. The subsequent decays should involve in some cases states which

escape population by 8-decay.

An additional experiment which would supply information on

21
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spins and parities is a y-ray - internal conversion electron coincidence
system. The K/L ratios could be used to infer the multipolarities and
thereby the spins.

Gates on y-rays cf energies 192.3 kev, 171.9 keV, 19¢.6 kov,
and 158.9 kev, corresponding to the energies of the 2+ -+ 0+ transition

in four of the most heavily populated even-even nuclei, 1OAMo, 1OGMo,

laana. and 1“Ce, respectively, failed to reveal coincidences with any
of the lcw energy lines assigned to them by the X-y experiments. The
gated spectra consisted primarily of the values for the various transi-
tions in the ground state bands previously renorted.l’z) In fact two
of these lines, 94.9 keV and 144.7 keV, were incorporated in the 1OSMo
decay scheme. The majority of the y-rays so Placed are probably off by

1 a.m.u, due to the uncertainty in mass calculations of the previous

data.
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TABLE 1: Eaergies of y-rays Gated on (keV)

e X - ALY PT SER § D 5 R W A S A 'w—m-&tm.
48.5 70.3 94.9 129.3
i 49.9 71.6 97.0 130.6
, 50.7 72.6 98.3 136.0
52.3 74.2 (101.0) (138.1)
53.3 75.9 102.7 [138.5)
53.9 76.7 103.9 141.0
54.9 77.7 106.2 [144.9)
56.1 78.8 (108.3) 150.5
58.1 80.0 (109.9) 152.0
59.7 [81.9]) 112.7 [158.9]
60.5 [82.5]) 115.5 (159.3)
61.8 84.3 117.6 (162.4)
62.8 85.5 119.6 171.9
64.3 86.3 122.0 192.3
[65.8) 87.4 123.2 199.6
§7.1 89.2 125.3
(68.7) (91.1) [126.4])
[69.2] [91.8) 128.0
kv am, o ﬁ-”c—'na.u*-n-—-nmmm_ Y —J

[ ) - Large width indicating unresolved lines.

( ) - Very low intensity, so energy uncertain.



TABLE I1: Coincidences Involving Unidentified y-rays

Gate y-ray (keV)

FEe ol T A R A2 RS SRR L S L T W T SEAR 4.2, Y.L YRSE mﬁfT

Nb,La,Rh or I

Coincidences
(Possible Origin) (keV)
58.1 90.3, 102.8, 125.5, 154.3, 159.1, 219.2
Y,Pr,Nb,La,Tc,
or Cs
65.8

(59.8), 71.9, 118.4, 126.5, 138.4, (142.4),
159.4, 172.1, (182.9), (186.5), (218.4),
(2640.9), (268.1), (313.8), (358.4)

68.7
Tc,Cs, or Pr

36.5, (46.5), (69.6), (86.5), 91.4, 104,
118.1, 138.0, 190.6, (212.2), (241.5),
375.2, (420.7)

2r,Ce,Xe, or Ru

69.2 103.8, 118.2, 137.5, 289.3, (297.9), (369.2),
1081¢ or »r (387.7), (436.8)

70.3 106.1, 154.3, 163.3, 192.4, (929.9), (1359.3)
2r or Ce

72.6 134.6, 164.1, (172.9), (247.1)

78.8 80.5, (103.8), (112.2), 138.1, (250.1),

Tc or Cs 303.2

82.5

(76.1), 100.3, 109.4, 117.8, 127.5, 143.4,
153.6, 159.2, 244.6, (250.7), 283.2, (638.8)

87.4
1361

(104.5), 135.6, 166.1, 203.8, 211.7

89.2
Tc or Cs

104.2, 148.0




TABLE II: Cont'd

91.1

93.5, 150.4, 158.4, (163.4), 314.2,

Xy T e |
Tc,Cs,Nb or 375.4 ,
La
91.8 91.5, 118.5, 150.5, 158.4, 164.5, 314.8 !

Tc,Cs,Rh,n I

101.0 250.4, (289.0), (696.1), (722.7)

Y or Pr

102.7 109.0, 112.9, 125.2, 138.7, 144.5, (159.2),

Mo,Ru, c¢ Xe (164.8), 181.0, 199.1, 250.8, 330.9,
(362.6), 457.7, 537.8, 594.1

108.3 103.3, 138.9, 142.2, (357.6)

Tc¢,Cs8,Xe, or Ru

119.6
109T1¢,Nb, or La

136.1, (167.2), 211.5, (276.3), (443.6)

122.0
Y,Zr, or Ce

130.1, 535.1

136.0
Zr,Ce,Nb, or La

(69.7), 119.5, 210.4, (249.3), (276.0)

138.5
Mo,Ba,Tc,Cs,Ru,
or Xe

71.9, 95.4, 103.1, 108.3, (145.1), (199.2)

SX ok BB

-~ Indicates strong coincidence

( ) - Indicates weak coincidence

-
¢

<1



TABLE I1I1I:

By

Coincidences Involved in Identified Cascades

Cate vy-ray (keV)

[T Sam— an.

o -— ™ osarrerr

Coincidences (keV)

R BIEIEA W TETY S 28 B WLITL WS LS A R A A SRR DN S M SRR S . W ﬂ

[105Tc]

48.5 58.4, 91.9, 96.1, 172.0, 192.5, 394.2,

(336 (587.4), (1276. 4)

[\ = g = T N> . §F . . O ¥ g T¥ T Bl LSS A AN W RIS T B = 2 MM
49.9 (43.0), 55.4, 78.4, (117.3), (192.1), (211.7),
132 (218.5), 228.2% (241.5), (249.7), (576.8),

[(*41) ===
640. 2
54.9 50.5, (69.1), 79.3, 91.5, 103.8, 136.3,
(159.1), 212.4, 241.5

52.3 264.3"

(1465, )

SEIRES = Zun TR SR . R S u-q
53.9 sz.a ss » 97.1, 103.8, 135.6, 189.2% 249.0,
106 ( ( 64.2), 429.1, 594.1, 617.6
(" 1e)

WD AW R A TS f ~4

60.5 98.8, 102.8, 159.2%, 183.1*, 241.6, 268.3,
(121 (399.6), (1131.3)

-Lid A Wi S -IL-I'I-.J‘.L.I-I Sl LB LR B o B T R R R FY P ARNE WL AR Yy T W 232 L ¥ -k € 3 “J
64.3 85.8%, 97.2, 125.5, 129.3*, 142.7, 158.4,
(1057 172.1, (313.7), 534.0
85.5 64.7%, 129.3%, 218.3*%, 246.7, (313.8), (340.5),
105, (510.6), (524.1)

("7 Tc)

129.3 64.7*, 85.9%, (129.8)

’

*>
'



TABLE 111: Cont'd
e ‘-1 < X _¥¥ II“-‘-—-—-M?.<M!‘. .‘.‘1
71.6 (66.1), 138.7%, 159.8, 205.2, (282.3),
138 292.4, 357.9, 369.1, 451.7 !
[*”"cs) |
r-—-'-.— S d L o O ST =
76.7 160.5*, 172.9, 204.3, 258.9, 363.6, 369.2,
141 (396.5), (422.2), (435.4), (446.1)
[(""cs)
86.3 90.5, 154.3%, 249.0, (371.6)
113°csl
e prowy aems
115.5 (69.7), (104.0), 126.3, 249.4, 296.6",
(13“re1 1276.2* '
123.2 125.8%, 154.3
[1°9-rc ]
125.3 (91.2), (97.7), (103.4), 123.5*, 154.5,
(1°9rc] 158.9, 198.5
126.4 (98.8), (104.5), 159.2*, 232.0, 301.9
147 '
(" La)
159.3 126.5", 143.0, 183.3, 219.5, (242.2),
[147L.] (269.3)

~ Indicates strong coincidence

( ) - Indicates weak coincidence

* - In cascade with gate y-ray in isotope indicated

29



105

TABLE 1V: Co.ncidences in Me
l b w =x _ v J Q.“m"ﬁ-‘ SUErEA.vm s arvm o ‘-Lmu‘ﬁﬂ.“-“'.-‘-.‘ - A
| Gate y-ray (keV) Coincidences (keV) Origin
94.9 105y,
113.1
117.
.l. . 10%‘0
45.2 105M0
164.8
199.2 l44paa
245.7
253.5
282.6
330.4 144paa
342.8
359.1 142paa
(390.0)
417.7
(430.5) l44paa
138.1 1050
70.9
95.3 10540
163.3
117.7
131.8
136.0
145.1 105y,
199.4 1l44gaa
(269.7)
(330.9) l44pga
(358.3)
144.9 105M0
95.3 105M0
103.3
138.2 10540
199.2 144paa
(232.4)
(246.5) 105M0
(250.0)




TABLE IV: Cont'd
|
117.6 Ba 1{isotope

(69.4)

(82.8)

95.3 105M,

(98.4)

(103.3)

124.9

138.2 105m0
152.1 102z2¢H
171.7 106Mob
192.2 104M0b
212.4 1002¢b
(250.6)

283.0

342.8

350.2 106pM0d
(368.1) 104pM0b
(492.3)

- Indicates strong coincidence
( ) - Indicates weak coincidence
a - See Ref. 2
b - See Ref. 1



FE Ty 2 ¥

TABLE V:

Gate y-ray (keV)

Y WA

!

Coincidences in

Coincidences (kaV)

109

Ru

Pas odA N Wi - .

Origin

74.2

(70.0)
91.9
98.5

132.2

159.2

314.2

374.2

482.2

587.8

T
I

——— e

109Ru

109g,
1°9Ru

1°9Ru
138xea
138x.a

9€.3

(

S TS R A SN T

.o

109Ru
109,

- Indicates strong coincidence
) - Indicates weak coincidence

- See Ref. 2

J-



TABLE VI: Coincidences in

i1

Ru

L A .‘MMM.-:-—.mll“u-"m“~q"“'ﬂ,0..‘-

VB W By

Gate y-ray (keV) Coincidences (keV) Origin
62.8 111gy
76.4 111py
104.0 111Ry
150.4 111y
284.1
357.4 111g,
(438.9)
(482.5) 138xea
587.7 138xa
722.8
75.9 111Ry
63.4 111g,
104.2 111gy
150. 4 111g,
166.9 1l1gy
174.5
302.7
(315.1)
357.3 111g,
(398.9)
(482.4) 138xea
(513.7)
(587.8) 138xea
103.9 111py
63.4 111g,
76.3 111g,
82.4
110.8
(115.0)
(125.6)
138.8
150.5 111g,
357.3 111,
387.0
429.9
482.2 138xea




TABLE VI: Cont'd
1
103.9 513.8 '
569.7
587.8 138xea
695.6
972.3
150.5 111g,
63.5 111Ry
76.3 111gy
91.8
104.1 11lp,
139.
166.2 111gy
(357.7) lllku
- Indicates strong coincidence
( ) - Indicates weak coincidence
4 - See Ref. 2

2



TABLE VII: Coincidences in *®La

- F— ns P A, - P A

Gate y-ray (keV) Coincidences (keV) Origin

104.1 14614

130.8 1461,

363.6 14615
386.8
(416.6)
518.5
544.9
569.7

130.6 14615
(82.1) 14613
(121.6)
(126.9)
158.9

S TR S — —

= Indicates strong coincidence

( ) - Indicates weak coincidence
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Fig.

Fig.

Fig.

Fig.
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6b
6c
6d
6e
6f
6g
6h

61
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6k
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Figure Captions

Coincidence electronics diagram.

Shielding apparatus used in extended geometry experiin-nt.

0.14 cc total coincidence Sspectrum accumulated over 36 nours

of run

40 cc total coinci:

time.

Tun time.

‘ence spectrum accumulated over 36 hours of

0.14 cc total coincidence spectrum from extended geometryv

experiment.
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spectrum
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on
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on

on
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Fig. 6m

on

Fig. 7a

Fig. 8a
8b

8¢

Fig. 9a

9%

9¢

Fig. 10

Fig. 1lla

11b

Fig. 12

Sorted

Sorted

Sorted

Sorted

Sorted

spectrum

SPCCL TUmM

spectrum

7

for gate on 115.5 keV y=ray,

tur gate on 123.2 eV y-rav,

tor gate on 125.2 keV v-ray.

spectrum for gate on 126.4 keV y-rav.

spectrum

for gate on 159.) keV y-rav.

Extended geometry data for 60.5 keV gate.

Extended geometrv data for 71.6 keV gate.

Extended geometrv data for 76.7 keV gateo.

Extended geometry data for 126.4 keV Rate.

Sortad
Sorted
Sorted

Sorted

Sorted
y=rav.
Sorted
y-ray.
Sorted

y-ray.

spectrum
spectrum
spectrum

spectrum

spectrum

spectrum

spectrum

from
from
from

from

from

from

from

Partial decav scheme

Sorted spectrum from

Sorted spectrum from

Partial decay scheme

Rate on %% .9 keV yerav.
gate on 138.1 keV y-rav,
gate on 144.9 kevV y-ray.

gate on 117.6 keV y-rav.

extended geometrv case for gate on 94.9 bV

extended geometry case for gate on 62.9 kel

extended geometry case for gate on 105.1 keV

for lnsﬂo.

gate on 74,2 keV y-rav.
gate on 98.) keV y-rav.

for 10’!9.
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