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ABSTRACT

' i : 86 . Can

A restudy of the radiations of 16.5 hour Zr was carried out with
lifhium-drifted germanium and silicon detectors and with a Nal crystal spec-
trometer. Besides X-rays, there are gamma rays of 28, 243, and 612 keV in
relative intensity 21, 100, and 5.4. ©No other gamma rays were detected. No
“annihilation radiation was present. There is no evidence for formation of

. 86m 86 . ..

L8 _minute Y in the decay of Zr . The K-conversion coefficient of the
243 keV transition was found to be 0.03% % 0.003. The lifetime was measured
as 29 £ 3 nanoseconds. These properties agree well with an E2 multipolarity.
The lifetime and conversion coefficient of the 28 keV transition are < 10
nanoseconds and 3.8 * 0.5, respectively, which corresponds to an El multipolar-
- ity. A decay scheme 1s constructed and reasonable shell model assignments are

made to all levels except'the 2- level of Y86, whose character 1s uncertain.
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I. INTRODUCTION®
The decay scheme of Zr86 is of interest principally for the information
it provides on the level scheme of Y8o, a member of a group of nucleil near Zr9o

upon which many shell model calculations have been made in recent years.

~ 4 6
The first. measurements on Zr8 were made by Hyde and O‘Kelleyl who

produced a mixturé of light zirconiﬁm isotopes by the bombardment of niobium

ﬁargets‘with high energy protons. These authors reported a half life of 17 * 2
hours for electron capture decéy. Hyde, Florence, and Stephehs? detecﬁed a
prominent <y-ray of 241 keV energy. The possibility was considered that this was

a delayed E3 transition analogdus to the prominent 395 keV E3 transition in the

decay of Zr 8, but its half life was found to be < 5 microsecoqu.’<This half

life and the conversion electron K/L ratio of 9.3 determined a multipolarity

assignment of E2.
- f
{ . . .
Sghoolqynand Rasmussen5 remeasured values of 2&5_i 2 keV for the transi-
tion energy and 8.47 for the K/L ratio.

A recent-study of Zr86‘was made by Awaya and ‘I‘éndowlL with samples pre-

pared by the bombardment of yttrium oxide with 55 MeV protons. Their samples

88

contained other zirconium isotopes,'principélly'l.B hour Zr87, 85 day Zr ~, and
79 hour Zr89. With the aid of a NaI gamma‘ray speétfometer, Aﬁaya and Téndow
found &-rays of 247 £ 2, 615 5, and 52.i B;ReV inorelative abundaﬁce 100,

7 %2, and ~25 respeétiVely. The first two were found -to be in coincidence
with each other, witﬁin aAfesolving time of O.i microsecond, but neither was in
coincidence,with positrons. They réaetermined a half life.value'of-l6.5 0.1
hours. | | ‘

In the present work we have reexamined‘the radiations of Zr86 with.

gamma ray detectors of lithium-drifted germanium and silicon and with Nal
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detectors. in.addition to measurement of singlés spectra we have measured pairs
of radiétions by coincidence techniques including prompt and deléyed coincidence.
The results serve to charactérize the radiations and to éstablish a decay scheme.
In a final section of bur report we discuss possible shell‘model_assignments'to

the obsérved levels.

II. EXPERIMENTAL PART

A.. Preparation of Samples
It proved‘con§¢nient for us to prepare Zr8-6 by bombardment of thin
foils of pure niobium metal with 300 meV protons in the 18¥" cyclptronvfor'
periods of about 1 hour. The isotope: is producgd in a‘yield of about 20 mil-

87 89

libarns but is somewhat éontaminafed with Zr ', Zr88, and Zr We also made

samples By bombardment of pure yttrium oxide with 50 MeV protons in the 88"
g 9

' ' 6 8
cyclotron. In this case the ratio of Zr8 to Zr 8 and Zr was greater.

The zirconium fraction was separated from the bombarded targets by

standard radiochemical techniques.l’5

The principal steps in the purifica-
tioﬁ were the absorption of zirconium on a Dowex 1 anion exchangeiresin from
10 M HC1 and desorption with dilute hydrochloric -a¢id. This was usually fol-
lowed by extraction of zirconium into ben%ene‘as the thenoyl trifluoroacetone
complex. The benzene solution of the zirconium complex was washed repeatedly

with 2 M perchloric acid. Zirconium was then back extracted into concentrated

hydrochloric acid from the benzene.
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B. Gamma Radiation-fSingles Spectra

The gamma fédiation was studied with a lithium-driftedigerménium gamma

- detector. This crystal‘had.dimensidns 2.x 3 cm and a sensitive layer 8 mm deep.
It was prepared by thé semiconéuctor counter group at our lgbbratory.' Low
energy gamma radigtion and X-rays weré measured with a lithium-drifted silicon
detector 0.785 cm2 %3 mm deep and with a NaI(Tl) scintillator (1" x 2") covered
with a thin beryilium window. = The assqciated electfon&c circﬁitry in all cases
consisted of the Goulding-Landi_s7 éyégeﬁ. Pulse height analysis was perfofmed:
with 400 qhénﬁel éﬁalyzers of éommércial manufacture. The energy calibration
and the photopeak efficiency were determined with a series of standard sources.

A typical spectrum taken with ﬁhe gérmanium detector is shown in Fig. 1.
Zirgéniqm-86 v-rays of 243 % i_aﬁd 612 * 2 keV are clearly seen. The intensity
of the-lgtter with reSpeét to the former (after correction for photopeak effi-
ciency) is 0.054. Exgminétion of the energy fegion above 1.0 MeV revealed no
other gam;a:rays which could be_assigned to_Zr86. ‘in this spectrum we would
not have expected to see radigtion of 52 keV éhergy be;ause of absorption in
the crystal housing and in the saﬁple covering. fhe anhihilation radiation and
915 keV radiation in the'spectrum are contributed by 79 hour Zr89.

Low energy radiations measured with the silicon detector and the thin
sodium:iodide crystal are shown in Fig. 2. The energy scale in these épectfa
waé standardized with an Amgul source.’ The neptunium x-rays and the 59.6‘keV
Y-ray present in Amgul decay serve as g conﬁeniént calibration of the energy
region of interestﬂ Barlum x-rays frem a 05137 source were also used.

In the Zr86 spectra there are 15'keV,x-rays resulting from electron
capture dgcay and from conversion of gamma rays. -There is also some contri-
'bution of x-rays from other zirconium agtivities. A 28 i 0.5 keV y-ray is

. _ o L o _
present; this confirms the report of Awaya and Tendow of the occurrence of a

32 % 3 keV y-ray.
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C. Measurement of Lifetime of 243 keV Transition

Previous measurements of:an uppef limit to the lifetime of the 2L3 kev
transition and of the K/L ratio of the conversion electrons had established a ' s
multipolarity of electfic qﬁadrupole. The predicted lifetime8 for a single
particle transition 1s 30 nanoseconds. ‘We decided it would be of interest to
measure this 1ifefime. The predicted lifetime values for other multipolarities

are: EL (3 X lO_lLL sec), ML (3 X'lO-lj

sec), M2 (3 x 10‘6 sec) and E3 (10“l sec).

We proceeded on the assuﬁption that the 28 kéV and 243 keV radiations
were in cascade and performed é delayed coincidence experiment with a time-to-
pulse-height converter,9 cperating on a capacitive discharge principle overAa‘
1.0 microsecond range. |

The 243 keV radiation ﬁas measured in a lithium-drifted germaniﬁm de-
tector and the 28 keV photons in a 2" x.l" NaI(T1l) detector covered with a
berylliuﬁ window.‘ | | |

 TLe system was calibrated by use of thevdelayed trigger of a Tektronix
Type 555 oscilloscope which had in turn bgen calibrated/with a 10 megacycle
crystal oscillator. Préliﬁinary runs with a Na22 source (carried out with the
coincident 511 and 1276 keV radiations) served tQ determine the zero‘position
and the time resolution of tbe system. The zero position could be adjusted to
a convenient point in the scale by‘introducing anvarbitrary delay in one signal.
The Na22 calibration spectrum is shown in Fig. ;(a). The time{resolution was
found to be 34 nanoseconds.

The time-~to-pulse-height spectrum obtainedlfrom the system operating
with start pulsés genérated by 28 keV phoﬁons and stop pulses generated by

243 keV photons is shown in Fig. 3(b). The reverse choice of ‘start and stop

pulses is shown in Fig. 3(c).
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-Inspection of these figures clearly indicates that a delay is beilng
observed. The shift of the delay from the right-hand to the left-hand side of

the peaks from Fig. 3(b) to Fig. 3(c) proves that the 28 keV transition precedes

the 243 keV transition in the decay of Zr86. From the slope'of the delay curve

a half life of the 243 keV transition was determined as 29 * 3 nanoseconds which
is close to the predicted 30 nanosecond value for a "single particle” E2 transi-

tion.

D. Conversion Coefficient of 243 keV Transition

We'madé use of a conversion coefficient épectrometef constructed in
this léboratopy by Easterday, ﬁaverfield, and.HollandérlO to measure thé coﬁ_
véfsion goefficient of tﬁe 243 keV transition. This spectrometer‘consisted of
a germanium semiconductor detector and a silicon semiconductor detector mounted
in a fixed géometrical position wifh respect to a radicactive sample. The
overall éfficiency'of both crystals was carefully measured by use of a series
of standards. -

The procedure.for.measurement of the K conversion coefficient consisted
of ihe following: - a sample of Zr86, mounted on a 0.001 inch thick aluminum
dilsc, was placed in the spectrometer.'vThe electron and ~y spectra were measured
simultaﬁeously and the areas under thejy-photopeak aﬂd the K-electron peak‘were
determined. Efficiency factors were applied fof both radiations. The photonA
and electronlspectra are shown in Figs. L, 5, and 6. |

The conversioﬁ coefficient was, computed to be (3.5 * 0.3) x 1072, This
chéréc£efiéed'the radlation unambiguously as E2. Theofetical valués'frém the

2

tables of Sliv and Band'— are JE2(3%.8 x 107 7)), EL(7.5 x 10"5),2M1(1.6 X 10’2)

and 'M2(8 X 10'2).
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The K/L ratio according to the resolution of our curve is 6.7. The

K/L ratio for an E2 transition from the tables of Sliv and Band is 7.7. Prev-

>

o | l
iously measured values of the K/L ratio are 9.51, 8.477, and 6.1".

E. Determination of Upper Limit on Half-life
of 28 keV Transition ' '

According to the Weisskopf single particle transition rate formula,
the.following'are the approximate expected half lives for a 28 keV transition
‘occurring in a nucleus of mass 86: El (5 x lO_.ll sec), ML (5 x 10710 sec),

. N 7

sec).

“E2 (5 % 1077 sec), M2 (0.2 sec) E3 (5 x 1064sec), M5‘(5 X 10

It is clear that any multipolafity greaﬁer than aipole would lead to
isomerism which‘cbuld easily be detected. Before coincidence experiments were
attempteé, the possibility of a long half life was investigated. Zirconium-86
was extraéted inté.benzene as the thenoyltriflqoro acetone complex (TTA-complex)
and d;ughter Y86 was stripped from the benzene‘inté a 2 M perchloric acid solu-
tion. Aksmall amount of lanthanum wés precipitated as LaF5 and examined with a
sodium iodide crysfal coVergd with a beryllium window. No evidence ﬁas found
for 28 keV fadiations in a series of experiments in which the chemical steps
were so timed that a half life of a few seconds to a few hours would have been
readily aetected. |

An‘attempt was made to measure the half lifé of the 28 keV transition.
by a delayed coincidence'between signals from the 15 keV x-rays and 28 keV
photoﬁs. The timepto-pulse—height converter system described iﬁ section C was

used in this experiment. A sample of Zr86 was placed between two thin NaI(T1)

counters, both covered with thin beryllium windows. Pulse height analysis = =
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&as used\to gelect 15 keV radiationifrom one éoqnter (whose output was used és
the: start signal) and 28 keV radiation from the second crystal (whose output
waé used as the stop siénal).' The pulse-height-versus-time curve obtained inA
this case showed no detectable difference in shape from a standard curve taken
. with fhe prompt radiations 5f.é Na22 source. It was concluded that if electron
capture precedes the 28 keV transition, then the half life of the transition.is
less than 10 nanoseconds.

AThis limit on the half life restricés the choicevof multipolarity to
El or ML. The conversion coefficlent measurement, discussed in the next sectlon,

indicates an E1 assignment.

~F. Conversion Coefficient of 28 keV Transition

H
i

ﬁrom the tabies of Sliv and-Baqdl; one can estimate the fdllowing
value§ fo; the conversion coefficient for different multipolafity assignments:
B1 (4.47), M1 (8.33), E2 (60.4), M2 (85) and E3 (496).

An estimate of the'converéion coefficient can be made from a calcula-
tion baéed on the ratio df the intensity-of ﬁhe X x-rays:to the 28 keV photons
iﬁ the éingles spectrum. This calculation depends on the nearly-certain as-
sumption that.one 28vkthtransitiqn occurs in evéry decay of Zr86. The cal-
culation may be butlined as follows. | |

In every 100 decay eQents 89.h'K-vacanéies.are(produced‘ble—electron
capture, for an estimated decay energy of 1.1k MeVl2 I, and M capture account
for £he rémaining events. | ‘ |

In every 100 events, three K-vacancies are produced by conversion of

the 243 keV transition. K-vacancies are also contributed by conversion of the
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. NeK | ’
R + = i t1
28 keV gamma ray. Let us set OK Ny and NeK NY 100 where Ok is the
conversion coefficient, NeK is the number of conversion electrons, and N

is the number of 28 kéV phbtons. Straightforward algebra leads %o

100 ' 1000y,

N =i7 . and  Ne = e (1)

1000

The total number of K-vacancies in 100 decay events is then 89.4 + 3 + RE

this number must be multipliéd‘by the K fluorescent yield (0.675) to get the
number of X x-rays. The experimentally observed ratio of 28 keV photoné to

K X-rays can now be expressed as-

Ny _ 100/ 140y ) g
F ., (0875)(89. %5 + [100q, /1+a ]) - T92.Lag + 92T

)

The experémental value of this ratidlin the singles spectfa shown in Fig. E(b)

is 0.18 after correction for an estimated efficiency factor in silicon of 80%

for the 28 keV radiafiona This leads to a value of 3.7 for .
'Our'expgrimental ratio of X=-rays to‘28 keV phOtohs could bé too high

if an appreciable part of the x-rays afe'contributed by other isoctopes in our

sample. Two coincidence experiments were performed to check this possibility.
In the first a standard Yy coincidence exﬁeriment-was done to determine

the low energy spectrum in coincidence with 612 keV photons. The gate pulses

were measured with a germanium semiconductor detector coupled to a pulse height

analyzer. The coincldent low energy gamma rays and x-rays were measured with

a Nal crystal,‘ The ratio NW/N _X‘in~this spectrum was the same within statis-

tical error of * 0.02 units. The above-cited expression (Eq. (2)) is also

applicable in this case.
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This experiment eléo establishes fhe cascade relationship of the 28
and 612 keV y-traneitions. The relative abundance of the photons proves that
the 612 keV gamma fay lies higher in t@e decay scheme. |

A second coincidence.experiment was- done in which the low-energy -y
spectrum was meesured in a silicon detector for fhose pulses which were time
coincident with the x-ray puises detected in a sodium iodide gate crystal.
This spectrum is shown in Fig. 7. It can be shown that the following relation-

ship holds in this case:

N ' .
Y = 100 n . . (2) :
NK-X\ 159O/K + 407

The experimental ratio NQ/NK—X = 0.183 from which we calculate a value
of 3.9 for the conversion coefficient. From all of the determinations of the
K-conversion coefficient we estimate a value of 3.8 % 0.5, which is in better

agreement with the theoretical value.for El (4.5) than for ML (8.3). )
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86

G. Absence of B+ Decay in Zr

The annihilation radiation present in our samples was contributed by

Zr89. .In order to sét a limit on the amount of annihilation radiation accom- *
panying the decay of 2%86 we performed a vy coincidence experiment in which

511 keV photons served as the gate pulées. Lithium-drifted germanium crystals
were used dnvboth sides of tﬁe colncidence systém.' The resolution time was
adjusted to a value longtcompared.to.thé 28‘nahosecond hélf life of the 243 keV
<tranéition. No 2#3 keV photoné were observed in the coincidence speqtrum. vAn
analysis of the data resulted in the cqnservatiVe upper limit of 1 percent for

any positron decay of Zr§6 to Y86 levels feeding the 243 keV level.

Fom
&
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III. CONSTRUCTION OF THE DECAY SCHEME
The expefimental information summarized in the previbus section is

compatible with the decay scheme shown in Fig. 8.

The coincidence résults prove that the'i‘observed y-rays form.a cascade.
The low abundance of the 612 keV gamma ray places it highest. The deléyed

coincidence experiments (Figs. 3(b) and 3(c)) establish the order of the 28 and

243 keV traﬁsitions. The log ft value for the electron capture decay to the
269 keV level can be.éomputed from estiﬁated decay energy of'Z;86.v'The mass
tables of Cameron151give.2.5? MeV. Yamada and MatumotollL estimate 1.1h4 MeV.
We believe that thé estimate of Yamada‘apd Matumoto is the'bettef. The absence
of any annihilation radiation supports this choice. If the total decay energy

is 1.1k MeV, the decay energy to the 271 keV level is 871 keV and the log ft

~value is L4.7. This low log ft value indicates AI = O or 1 and no parity change

in the béta decay. This limits the assignment of the 271 keV level to 0, 1+.
The El ch;raéter'of the 28 keV £ransition and the E2_chéracter of the 2M§ kev
tfgnsition deter@ine é.l+ gssigﬁment‘for the 27l keV_level énd a 2- assignment‘
for the 243 keV level. Thé H-nassignment 6f the Y86 ground state is clearly

. 7
l5fl6 by the decay scheme of YSO.

established
About 5.5% of the electron caﬁture e&ents populaﬁe thellevel.at-883

keV. The log ft value is about 5.4 which suggests (0,1)+ forvtﬁe assignment

of this'level. No further commeﬁt cah be made since the multibolarity of the

612 keV transition is unknown.

Our scheme differs from that favored by AWaya'and Tendow,unwho placed

" the 28 keV transition below the 2U43 keV transition. Our delayed coincidence

experiments rule out their scheme. However, Awaya and Tendow considered the

scheme favored here to be an alternate possibility.
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IV. DISCUSSION

17

According to the shell model™ ' the odd proton in } Y86 should occupy

29
the Epl/2 orbital and one of the low-lying orbitals should be 1g9/2' In

87 and Y89 have ground ..

state spins 1/2 and their first excited states have spin 9/2. In Y85 there

agreement with this, the nelghboring yttrium nuclei, Y

is a reversal\and’the g9/2 state is lower by Lo keV. Above these states one
would expect to see 5p5/2 and lf5/2; in Y9l’ states of Spin'B/é_ and 5/2-
are observed. ;

From the shell modél one may safel& predic£ that thelodd neutron in

Y86 occupiles the lgg/g»orbital. This agrees with the 9/2 spin assignments to

4 9
the ground state in nuclei with 1 hole in the 50-neutron shell (Zr8/, Sr87,

and Kr85) as well as in nuclei with 5 holes in the 50-neutroﬁ shell (Zr87,

85

Sr~7, and Kr85)_ The shell model predicts'Qpl/2 for the next excited state for
nuclei with 49 neutrohs and this is in agreement with observation for Zr89,

87 ... 85 : e en : .
Sr ', and Kr ~. In the case of nuclei with 47 neutrons, a 7/2+ state is ob-

83

and Sr85. This state is believed

18,19

" served Just above the ground state in Kr

to be a composite state of the (g9/2)_5 configuration. It is to be ex-

pected that such a state might contribute to the spectrum of Y86 levels.
Besides the g9/2’ pl/2’ and 7/2+.neutron states the available states in the
N = 28-50 shell are p: and ./,

> P3/2 5/2 |

The possible combinations of most of these proton and neutron states
are listed in Table I.

We now turn to Fig. 9 which displays the levels of Y86 observed in the
‘ 86m 20 |

.decay of Zr86 and in the decay of the ;someric state Y We remark in

rassing that oﬁruexperimental evidence clearly rules our any formation of Y86m

in the decay of 16.5 hour Zr86; this is quitebunderstandable from the high spin

. of the isomer. The ground state ofnY86 is 4- as determined from the decay
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86 | . L ,
scheme of 14 hour Y . The probable structure of this state is (pl/E)p(g9/2>n'
Kim, Hollander, and Horenlj assign the5--member of this doublet to the 208 keV

level in the decay of Y86m. The 1+ level at 27i‘keV is probably analogous. to

the 1+ level observed et 395 keV‘in Y88 in the ‘decay scheme of Zr88. The
assiénment (pl/2>p(pl/2)n seemsvlogical, but we argue below for a (p1/2>b(§5/é)n
assignment Kim, et al.go'discuss the 8+ isomeric level at 218 keV and assign
the structure (g9/2) (7/2+ ) 8+ to it.

It is diffieult to suggest a configuration for the 2- level which is
consistent both with the shell uodel and the requirements of the decay scheme.
In particular the low log ft value fcr the electron_capture step and the E1
and E2 muitipolarity of.thev28.and 243 keV.transitions put severe restrictions
on the choice -of configuration of the level at 243 keV. If we restrict our-
selves to the 51mple shell model the only choice 1s the configuration (.

(p1/2’d5/2 o involving a d5/2 neutron from the next shell. The sequence of

steps in the decay scheme is then:’

~

log ft=U.7 El B2

—_— - "> > 4, ——
P1/2 5/2 5/2 89/2
proton neutron neutron neutron

Strong objection can be raised to the postulated participation of a

d neutron in a state as low as 243 keV in_Y86. Some clear evidence for the

5/2

\participation of d5/2 neutrons in nuclei with fewer than 50 neutrons is re-

- ported in a studygl of selenium isotopes by (d,p) and (d,t) reactions. In this.

. ‘ g
work low lying 5/2+ states with some d5/2 character were excited in Se77, Se7/,

and Se8 (containing h3, 45, and 47 neutrons, respectively) indicating a small’
78 80

mixture of d5/2 neutrons in the ground states of Se' 7, Se 7, and Se82. It is

certain that the ground state of Zr86 consists of a mixture of configurations
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and it is probable that the levéls of Y86 ére not as simple in compos$ition as
we suggest in our preliminary analysis. Unfortunately at éresent there exists
no theoretical éalculation of the level scheme of odd nuclei near Y86 in which ¥
the effects of residuai interactions between the odd particles is explicitly
calculated. Our result may.suggest that the d5/2 neutron state should be con-
sidered in anyvsuch calculation.
It is possible that the 2- state has a collective character, but the
close agreement of the-EMS keV'photon decay rate with the sing;e particle

estimate argueslagainst this.
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. Table I, Configurations céntributing to level structure of Y86.
Proton Neutron Resultant Parity
configuration configuration spin state
pl/é €g/2 *5 -
Py /2 7/2+ 3,k -
P/ Pije 0,1 T
&9/2 - &g/ - 0,1,2...9 ot
&g/ /et '1,2,3,4...8 . +
89/2 pl/2. » L")B -
PB/Q v .89/2 ; - 5)14':5)6 -
P5/o /e 2,3,4;5 -
Py/o Pyje 1,2 *
f5/2 N . 89/2 ' 2;5;_)"';5).6)7 -
fs/e - T/et 1,2...6 -
/2 Come %3 *
pl/2 . PB/Q : 1;2 » +
89/2  Pyz »5,’#,15,6* -
Pl/2 ’ d5/2 E SR 2,3 -
g9/2 v d5/2 ’ 2,. 7 -+
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° FIGURE CAPTIONS
1. Gamma spectrum of Zr86 taken with‘lithium;drifted germaﬁium crystal.
2. Low energy gamma spectrum of Zr86 taken (a) with NaI(Tl) crystal
covered with\Be window and (b) with Si(Li) semiconéuétor detector.
3(a). Time-to-pulse-height spectrum taken with Nagg "prompt" standard.
This curve shows shape for a fast transition and determines the time
resoluticn of the system.
B(b).' Time-to-pulse—heiéhtzsPectrum for the case 28 keV «y start, 243 keV
Y stop. The 28 keV photoné were detected with a NaI(Tl) crystal.
B(C). Time-to-pulse-height spectrum for the case 2&3 keV vy start, 28 keV
Y stop. The 28 keV photons were detected with a NaI(Tl) crystal.
4, 243 keV gamma photon spectrum taken on germanium semiconductor.de-
tector in conversion coefficientvspéctroﬁeter. Active volume of detector
6 cm2 X 7 mm deep. The slénting aotted line indicates the mode of resolu-
tion from the background.
5.' Conversion lines'of 245 keV transition in decay of Zr86 as taken with
silicon semiconductor detector (1 - X 3 mm deep sensitive layer) in
conversion coefficient'spectrometer. Dotted line shows choice of background
subtraction.
6. Resolution of conversion electron speétrum‘of 2L3 keV transition.
Raw data shown in previous figure. |
7. Low eﬁergy y-spectrum recorded b& a lithium-drifted silicon crystal
operated in coincidence.with pulses corresponding to 15 keV x-rays de-
tected in a NaI(Tl) detector.
8. Decay scheme of Zr
9. Interpretation of decay scheme of Zr86. Level energies are given

in‘keV.
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