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Matastable States of RelH0, , PbeYl,
absbract

Ten slsments of atomic number betwsen 60 and 82 have been
bombarded with 31.5% Mev protons and sxamined for activities
with halif-llives between D.5 and 200 seconds. None wers cb-
served in Sm, Ho, Tm. Lu, and Ta. Those produced in W, Ir,

Pt, Au, and Tl were invectigated with scintillation and pro-
'portional countera. Isotcpe asaignments were made on the basis
of excltation function studies. Observed were Relaom (145
ssconds), Irllilm (L.9 asccendsa), Aul93m (3.9 seconds), Aql@Sm
{21 seconda}, Aul9Tm (7.5 aseconds}, Ph20lm (A0 seconda), and

& :
Pbu93m(6.? secenda). Decay achemes are proposed and soume

o

regularities are discuasa=d,

# This work was sponsored in park by the Atomic Energy
Commission,

## This werk waz made possible by the Sarah Berliner Fellowahlp
el . 1 " & i ¥ g
{1951~5l) of the American Assnclation of University Women.




Introduction

In agrsement wilth considerations based on the shell model
1t has been cbserved that many isotopes in the region between
atomic number 60 and 82 have low 1lying metastable states. It

has further been polnted outlsZ that there is a grouping within

this region defined by closed nuclcon shella: the density of

cases of nuclear lsomerism increases sharply at the upper end
of the region, there belng seven cbserved cases with 7 = 60 %o
72 and twenty-four, with Z = 72 to 3 In order to determine

whether this effect 1s due solely to insufficient study of the
lower end of the region, a search for new cases of iscmerism
wa3 undertaken.

Ten elements have been bombarded with 31.5 Mev protons and
examined for activities with half-1ife between 0.5 and 200 se-
conds. These experimeﬁtally set limits include the expected
half-lives of M3 and E3 transitions of energy < 200 kev, Mi Qnd
Elf transitions of energy » 500 kev and energetic beta decay
transitions. Since a number of nuclear reactions are possgible
at the maximum bombarding energy, excitation function studies

were performed to permit isotopic assignment of the observed

Activities,
Experimental

I, Bombardment and Counting Arrangement
1. M. Goldhaber and R. D. 'i;.l_. Rev. Mcd. Phys., 24, 179 (1952).
2. J. W. Mihelich and A. d&-Shalit, Phys. Rev. 93, 135 {1G5j).
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The ten targeta which were. bombarded are LoSm { > 98 -%)2,
1 7
~ 3 A% . T ECAE o
' 67H0 ( > 99 f’g} s6oTm { /90 %), '?]_L‘-l ( a8 %)-, T3T3- ( » 99%),

LW ( 7 99 %}, gl ), 78Pt ( 7°99%), 79Au ( »99 %), and
BlTl gele; .8 . All of these wers 1n the form of the metal and
the numbers in the bracksts indicaﬁe their elemental purity ex-
cluding axjgen contaminations from the formation of oxide coatings.
The ﬁomﬁa“dmpnts were performed at the University of California
Radiation Laboratory lin ear nccelerstor. The beam was focused into
a Spot 3/16%0 4nen by 5/8%0 4neh by a atrong focusing magnet con-

sisting of four quadrupols ienses. In addition, to maks certain
that the beam did not striks the target holder, a collimator was
placed Immediately before the target position.” The energy of the
protons.from'the linear accelerator iz 31,5 £ 0.5 Mev; for exci-
tation fuction studles the desglired energiss were obtained by the
us8s of appropriate abﬁO?b@rG nlaced directly in front of the col-
limator. The beam currenﬁ was measurcd by a gas scintillation
Eeam monitor dealgned and built by Dr. 5. W. Kitchenh, the output

of which was connected tc a standard integrating electrometer-

n the beam path in front of

posda

recorder. This monltor was placod

the absorbers and calibrated against a Faraday cup placed in the

3. 00 1loan from Dr. F. H. Speddin Amesa, Jowa
e Do We Kitehen, Revs Ze¢is Inst.




camma ray background. During Lombardment, the target holder
contered on the besam sput, rested between two vertical rails on

teh, At the end of bombardment the caftceh was solenoidally

&

-
L~

\"‘_j

guided by the raila,
through a slot in the shielding to a position betwsen a zecintil-
lation and a gas counter. Thus the lower limit on the half-lives
observable was set by the time of Tall, ~ 0.5 second, while the
upper limit was set to minimize accelerator idle time.

II. Countera; Electronics

The scintillation counter was of conventiognal deslgn con-
sisting of a one inch by 1 1/2 inch diametef NaI(Tl) crystal and
a DuMont 6292 photomultiplier packaged in an aluminum housing
and protected by a magnetic shielding and lead shield. Under
standard operating conditicns, the photopeak of the 03137 0.%6
Mev gamma ray was cobserved with 8 4 resolution.

The gas counter was a continous flow type employinga’O %
argon~-10 % carbon-dioxide mixture. It was operated in the pro-
portional region and used to detect elsctrons. Energy deter-
minations were made by absorptlon studies.

A two-pen, three-speed Brush Co. recorder was used to
record the data. Fulses from the scintillation counter, amp-

1ifled by a standard Universlty of California Radiaticn Lab-

oratory non-overloading linear amplifisr, were placed into a



lifier followed by an A. I. Model 510 singl

=

le caanrelﬁpu; e-height
analyzer and a acaler. All the scalers were gated off for the
duraticn of the linear asccelerator radio-Ireguency pulse.

famma ray specbrozcopy waad performed using a grsy wedge
pulse-helight analyzer which has been deacribed previously.
I1T. Method

The control used to end bombardment by shutting a flip gate
or dephasing the Van de Graaff and linear accelerator, simultan-
eously started the recorder chart drive., Thus the ztarting points
of the r=scorder traces correspond to end of bomﬁardment. At the
same time the btarget was dropperd. The decay after sach bombard-
ment was followed until the counting rate due to longer lived
activities and external background became constant enough to
permit reasclutlion of the deeay curvoa.

The s@ectra of gamma ray =nerpies were studied with the
grey wedge pulse-helght aralyzer by exposing a given negative

‘ber bombardment in which pulses from the

s

for a time intervael a

4]

desired actlvity were preodominant. Thls was reneated until

sufficient pulses for an Intslligible spectrum were accumulated.
5
3 -~ »
The general method has been previocusly dezacribed. Energy cal-

ibraticns were made at intervals throughout each series of bom-
bardments. The relative intensities of observed gamma rays
were determined with the single~channel pulse-height analyzer.

Dacay curves simultaneouslsy recordsd of the differential and

o e

integral counting rates were o«

L
r)!

olved and thes componentsa were

axfrapolatsd to the time at end of bombardment., The ratic of

5. Vera Xistiakowsity ¥lgcher, Phya. Rev. 206, 1549 (195L4).
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these extrapolated counting rates were plotted as a function of

pulse-height analyzer setting. The heisziits of the photopsaks

Jond

corrected by emplr counting efficiency factors and calculated

absorption corrections gave the relative Intensitiesa. The XK x-ray

Z
. (8]

or the Auger effect.

v

bty

values wers corrachead

¥

Absorption curve determlnatlons were made of the slectron
energles associated with each activity. Ratios of gas counter to
scintillation counter counting rates at end-of bombardment werse
plotted as a function c¢f absorber thickness, and these curves
were resolved. Electron to gamma ray inftensity ratios were cor=-

N

rected by the factors mentioned for gamma riys, by electron ab~

f the twe counters.

o

sorption corrections, and for the geometries
Relative crosgs-sectlons for the excitation functions were
calculatad from the counting rates of compconents of the resolved
Scintiilation counter decay curves extrapolated to the end of
bombardment. These were corrected as previously discussed ard
also by a saturation factor calculated from the length of bom-
bardment. Absclute cross-section values were obtained by ap-
plylng additional corrections for geometry, iaotopile abundance,:

and branching ratio and conversion considerations.

Bombardment of Sm, Ho, Lu, Tm, and Ta yielded only very
weak traces of short-lived activities. The amounts correrponded
to crosas=-sections of at lesast a factor of 105 gmaller than the
compound nuclesus formation cross-sections for the glven target

and energy. The characteristics of the activities in so far

0. O, 3. W. Ma3sey and E. 5. 3. Burhop, Proc. Roy. Soc. (London)
661 {1935-36).
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as they could be determined indicated that they probably arose

from oxygen and other low 2 elsments.
Table I summarizes the results with
The half-lives quoted represant averages of bthoas determlnations
which sgatiafied. cartain statiszstical crifteria; the arrors are
thelr standard deviatlions. The number of determinations repre-~
sented by each value is given in the brackets. No gquantitative
attempt to estimate systematic errors was made. However, the
internal consistency belween different runs under varying con-
éltions indicates that they are not more than-a few percent.
In the fourth column, listing itne observed gamma ray energiles,
the 65-75 kev radiations obsarved in all cases are probably K
X=-rays. The errors given are estimated sxperimental errors.
The electron energiss as measured by the absorption studies are
given in the fifth column. The only case whers a good endpoint
determination was poasible was wolfram. In all other cases

could be 3et.

[

only upper limit
The last column of Table I gives the assignments which were
made for the observed activities on the basis of the excitation
functions given in figures 1 and 2. 1In these the ratio of the
experimentally determined cross-section to the compound nucleus
formation cross-saction? (ro = 1.3 x 10"15 cm) is given as a
function of the energy of the bombarding proton in the center
of mass system. The uncertaintiss in enerzy of the points in-

5 |

clude the uncertainty concerning the energy of the initial beam

& 1 o = ' e £ e
Ta waeorvtlc 1 Nuclear Physics™ J. ¥, Blatt and V. 7. Weisskopf,
John Wiley and Sons, New York (1952).
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Interpretation of Resuifs
T. Gold

Two short half-1life activities were cobserved in the gold
bombardments. Ons had a of .2 feconds with which are
gasociated 130 and 270 rays, K x-rays and =lectrons.

This 13 readlly ldentifled
a
a
197 Y o : , e L
of Aut?!, The second acbtivity nasg a haii
with which iz agzoelated a 260 kev gsamma b
slectrons. These with thoas

10

e

a metaata which aml

gamma ravys. The 50,5 kev gamma ray ia
and therefore wonld not have been obsspvad

nreviously

very highly

swn mebtastable stats

K
oF

a

¥ Xx-praya

e

T
i

cund for

‘3

t3 56.5 and 251.6 ksv

convert

in the present study.

The experimentally determined intensity ratios for both laotopes

agres very well with the knowp econvercion

iy
d 8,9,10 dec

o
E= 0 |

viously vropose
in fipure
aie 1. ‘_rﬂ \,;OYE

Curve A corresponda to the

167
curve B, to the reaction, Au~7f

/o0c are small

!

the ratio Texp

crogds-gection, Oexp being

nuclieus

i—"

Cer!

gehemes for both

coeffliecisnta. Pre-

isomers are glven

The values of

s, the experimental
ent of the compound
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Tal8l 180 yien 2

asctlion for the reactlon n,pn) Ta
gives Ggxy/0e = 0.1 *“. Both of #hese values reprssent upper
I1lmits for the formation probabllity ¢f any excited state In

the product nucleus and thus 8 Gg4n/G 0f a few per cent would

bs expectad Tor such a reaction. The (p,p!) curve, curvs A,

o

risea wit

i

increasing Bombardment energy to lﬁ.ﬁev; the height
of the potential barrier in gold. Then it dropa off due %to the
increasing probabllity that the residual nuecleus will atill have
sufficient cibatiuﬁ energy to emit another particle. The
(ﬁ,ng)'curve, curve A, “isua.éharply above 20 Wev which 13 ap-
prdximataly tha threshold for emission of three particles from
the compeound nuclens.
II. Platinum

0f the two activitiss obaerved affer the bombardment of
platinum, the one with 30.6 second half- life can be immediately
assligned to Aulg;m on the basie.of hal:»life, gamma Y2y energy
and K conver sion coefficient. Furthermore, the excitatlion func-
tion for this asectivlity, figure Z2a curve B, i3 what would be ex-
pected from the sum of the reactlons p4195 {p,n)'Aul?Sm, Pt196
(p,2nj Aul?gm ﬁﬁd Ptlgﬁ (poln) Aulgﬁ . Both curves in this fi-

gure have not been corrected {or 1sotopic abundance and cexn/un

]
0
Pt
i._l
o

bs approximately one at lower snergies if this correctipn
were made. In this atomic number regicn such a wvalue Indicates
that the decay mode of the coumpcund nucleus leading to the iso-
tovs in question does not involve charged

d particle emission.

The shape, [lrst constant and then falling off after 20 Mev

23.iy Mev protons



indicates that (p,n) and (p,’n} but not {(p,3in) contribute whlle

the upward turn at 30 Mev can be exnlained by 2 (p,in) contri-
bution.
Curve A is the excitation function for the preduction of

the 3.88 second activity. ©Cn the basiaz of similar arguments
-

: & = . : ~+12h ;
t 13 assigned to Au~7“M produced by the reactions Pttt (p,2n)

: FOE" " lale a6 197 i
AulgBm, P+195 (ps3n) Aul93m ang pylY6 {p,lmn) anl?dm,  The initia
rise in the curve indicates the absencs of {(p,n) contribution.

- :

This i1somer was observed to emit a 255 kev gamna ray with

@y = 0.l + 0.1 and k/IL ~ 2. Comparing these mumbers with the

T

theoretical G valuses given by Rose o a1l and the empirical

/L cur#es glven by Goldhaber and Sunyarlu, the transition is

found to be M1 with posslible EZ2 admixture. Thus the multtoele

ofder of the gamma ray 13 definitely too low %to account for the

hglf-11fe and some other transition must be rate determining.
Grillon et allC havs diacovered a metastable state in

Aut?3 following the electron capture decay of HngBm whoéf ralf-

life they were not able to determine. They observed conversion
electrons corresponding to 31.9 kev (E3), 257.9 kev (M1l) and
291 kov (weak) gamma rays. The 257.9 kev gamma ray end.the

260 kevlgamma ray observed in the present‘study are presumeably
identical. The other two would not have been observed. Thus
the decay schems glven by Grillon et alle, figure 3c, is ag-

signed to the 3.88 second Aul%3m,

o= . tose, Goertzel, Spinrad, Harr and 3trong, Phys Rev 8L, 1056
(1951},
} 2 13 VA7 o Eay) — 7y 3 £ f a1
lig. M. Goldhaber and A, W. Sunyar, Phys. Rev. 83, 900 (1951).
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I1I., Iridium
Figure 1b shows the sxcltation function obtained for the

.

production of

fe
[

ridium,

e

¥ g 3 i P i
~1ife activity

=4

the .91 seconds hal n

+

The Cexp/0g values are of the order of magnitude expected for

reactions involving smission of charged particles from the com=

]

pound nucleus. The shape of the curve indicates contributions

il £ ]

from (p,p') and p,pen) but not (p,pn). Therefore this activity

i

5 2 ) 5 | ; o
i3 azalgned toc a metastable state In Irl}* preducad by Irlgl

o

#
3

r
e
o
11
-
G =
fd
~f
=

a

(p,pt) Irl%tm apg 1p193

{%
=t

Agssuming all k¥ x-rays

e

and electrona to arise from the conversion of the obasrved

L]

I}

e

135 kev gemma ray it is found that Ay = 2.7 + 0.5 and X/T, ~ 0,08.

A 129.1 kev gamma ray rsoing to the ground state of Tt

8191 15‘19

has been observed both from the decay of O and of Ptlgl

af

N . . T .

The grmma ray has ay; = 2.1 and k/L = 2.2 and thus the transition
13 a mixture of Ml and B2. Tdentifying this with the observed
gemma ray, the discrepancy In k/L ratiocs would be sxplained by

8 highly L converted gamma ray corrcaponding to the rate deter-

s

mining transition. A reagonable cholce for this would be the

41.7 kev gamma ray observed preceeding the 129.1 kev gamma ray

18-90

191 +°—+Y Tt

.

8 Lyt? Lypg ratio is compatible

in the decay of 0Og

15, J. B. Swen and R.
16. B. Kondaiah, Arkiv
17« 3¢ A, E. Johanason;
i%s By Da Bi1Y and J, W
i« . F. Mc _Gowan, Phy
20+ Cork, Brice, Schmid,




h&lf-liVES'ai 6.3 + 1.0 ”econde

have been cbservpd iof a metast

2 130 kev gamma ray.

oldhaberdt glve a wvery oo
scheme suggested hers

shows a typical deeay curve

af valuss obtained for the

Thallium

= % A

Flgure 2b,

for She 60 second achivit:

T 4
b b2

has both the magn iLlu‘

Curve B, that for the 6.7

s

regembling a {(p,n} curv

with no (p,21) cdmnonent,

a3signed to a met 3bacle

4

L ow ac

=7
i [5-84

and the aecond

71203 (p,n) PbC3m

cmburded thallium with o

£
3

gecond half-1ifs activit

B

202

11203 (p,3n) Pbe0lm gna p»202m

AWy

g e
ak ey

able emita
Xeown and

me decay

s
o

CLion

v, 3N

has a zhape

.23 and (p,3n) at high,

ctivity has been

also
and 5.6
PbZCLM from

(p,2n) Puef2m, The

second assignment was based on observing the activity with a
_— . 2h

bombarding energy of 22 mev but not with 17 mev.™* This waa not
the case in the present work az aeen in figure 5 which shows a
& . 3 g : [ RAE G- oA 10 2 - : ~
typlical decay curve cbtained with bombarding energy % 15.2 Mev.
2l. J., W. Miheiich, M. Mc¢ Heown and M. Goldhabar, Phys.Rev.

96, 1450 (13%h).
- . e " ¥ - . = ~ = |
22 R. A. Naumapn and J. 3. Gerhart, Phys. Rev. ©6, 1452 (1954).
23. ¥. J. Hopkina, Phys. Rev. 53, 580 (1952).
-1 ur - 1 = T F P
Zis N. J» Herkins. private communication {(1355).

} reaction.
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i&';Flgnre 6 Shuws a T?Dl“dl deca ¢ fvé'from:@aximum energy bombard-
' :ment with En insert wn1ch glives thé obsﬁrvud distribution of hdﬁf~
“fllife valups.. An explanation for fnp diﬂrfphanc“ uelueen the

fj6 73 aecond ha¢;-1if9 Ob%GPVﬂ}.ln'thlS sxperiment and the 5.6
”.Becond vaTua nreviOHQly abt ained has not been found.
s It a3 found in the present study that a 0.86 Mev gamma ray
";with Qk = 0. I3 +-0. 06 is emitted by PbWOJm This is in best agree-
i ment with the tneovmtical value of an MY ‘crﬁmsxtjun1 The graund
' state ef Pb203 has been iound to be. fS/E from its slsctron cap-
-tu*a decay scheme.25 This and the shell model suggest that the
state 1s 173/p as illuatrated in figure 7a. Using the semi-
ampirical formul; given by Go'dhaner and :unyar e for fhe mean

- lifs,'§; , of an M transition

Wi A S0k e v 1)
ACE?

.'ﬁhere iis the S§in of the intial state and E, the energy of
. the transition in Mev, an exnected half- life of 7.2 seconds 1is
fcalaubted for Pb203m, in excellant agreement. Wlth the experi-
mental value. 3 | | |

~In the present work Ph201@ was obseﬂved to decay with a 60-
sécond_halfflife;smit;ing a 0.65 Mev gamma with o) = 10,75 + Q.be
Thié?is'in.bést'agréeﬁent:with the.theoretical-value for an.Mu.
transitiqn;lj Hopkins23 répoffed"a 56 aecbnds.half-life and

0.67, 0.42, and 0.25 Mev gamma rays. Mors recently his work has

25: J. Varma, Phys. Rev. Ok, 1688 (1954).
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been repeated and the two lower energy gamma rays were not ob-
served.2h The half-1ife calculated for this transition using
the Goldhaber-Sunyar equationlh is 61 seconds, again in good
agreement with the experimental value. Thus the decay scheme
shown in figure 7b is proposed for Pb<Uly in analogy to that
for pb203m,

V., Wolfram

Figure Zc¢ shows the evcitation function obtained for the
145 second activity produced in wolfram. The order of magnitude
of the maximum value and the shape of the curve assign the ac~
tivity to the product of a (p,3n) reaction alone, Thus it mist

g 3! ;
180 from Wt (ps23n) Reld « The contribution from WlSO

be Re
{(p,n) Re190 is not seen ‘d@ie to the 0.135 % abundance of Wi80,
Gammea rays with enercies of 880 kev, 510 kev and 106 kev;

¥ x~-rays; electrons and a bsat:

o]

L

particlae group of maximum energy
l.1 Mev were observed from the decay o6t this isotope. It is
calculated from the semi-empirical maszs equation26 that the ground

180

stats of Re is unatgble by 2.8 Mev with respect to the ground

of WlBO, suggesting that the 1.1 Mev beta particle is a positron.
That this is the case and that the 0.51 Mev gamma ray is anni-~
hilation radiation is confirmed by the ratioc of thelr intensities,

NB: 1.1 Mev/Nx, 0,51 Mev = 0.7 + Q.h. The theoretical ratle

of k electron capture to positron emission is found to be

, & ; 2 .

Ik/f+ = 50 from the curves of Feenberg and Triggh7 and it is

26. N. Metropolls and G. Reitwiesner, "Table of Atomlec Masses",
reproduced by Argonne National Laboratory through the courtesy
f the authors, March 1750 {unpublished).

27. E. Feenberg, and G. Trigg, Rev. Mod. Phys. 22, 399 (1950)
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calculated that log It = g.ﬂ. A correction for L electron
SR ¢
captureaaraises this to log It . = biowll oy
(T4 - 1

The ratlo of the intensity of the 1.1 Mev positron-elactron

capture decay branch to that of the 0.88 Mev gamma ray is

£ R Y . ;

=k *k = 104! Mug thess Topdig
_Hm¥:"_ Np, 1,1 Mev,/Ny,0.88 Me 10+4. Thuy these transitions

-~

are not in sequeuce and the 0.88 Mev gawmma ray probably follows

: s 1 w80
decay to an excited level in wito,

[+

iII

an electron captur: Assuming

that the energy of this transition is (Eg+ + 1.0) - B, = 1.2 Mev

it 1s found that log It = h.6. Correcting log It B+ | for
. DTS &

this branching 1t is 3till lj.1. This sugeests that there must

be a third competing decay mede i an obvious cholce, in view

of the radiaticns obsgserved, 1s that elesctron capture and pos!
tron decays proceed from a metastable state of Relae. The 106

kev gamma ray is possibly emitted in this suggested isomeric

\J

transition. However, Brown et al~ 7 observed a level

102 kev above the ground state. By analogy td.Hfleo and all
otﬁer stable even A wolfram isotopes which hav re 2+ rotational

tates at about 100 kev30, this 1s probably an EZ transition.
The observed 106 kev gamma ray maj also be paftially or com-
pletely due to this transition and a number of decay schemes
are possible as indicated in figure 8. |

Zoncluding Remarks

Of the ten targets studied only those at the upper end of

3 . *

the atomic number region gave observable actlvities. In view

28. M. E. Rose and J. L. Jackson, Phys. Rev. 76, 1L40 (1949).
29. Brown, Bendel, Shore and Becker, Phys. Rev. 8, 90” 1951).
30, N. P. Heydenburg and G. M. Temmer, Fhys. Rev, 21 (1952}
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of the limitations of the experiment, this is not conclusive

&

but it does substantiate the previously mentioned effect. There
are now Qeven known cases of isomgrisﬁ between 2 = 60 and 72 and
twenty-seven, between 2 = 72 and.SE. oldhaber and gi11t an&_
Mihelich and de-3halit® have suggested that the absence of odd
proton isomers in the lower region can 5ﬁ exnlained by the de-
gtruction of the metastarliliity of the exrected single particle
lavels through the intervention of low-lying levels of the
coupled system.

have pointed oﬁt that ﬁae transl-
tion matrix slsments, ;M}E, for the M transitlons between

113/2 and fg/g states in odd neutron Pb, Hg, and Pt isotopes
show a dependence on nucleon number. @Wgz is defined as the
ratio of the mean 1ife for the trarsition calculated as in

Blatt and Weisskopf? to the sxperimental value correctsed o

i : : . 2
conversion. Tavle II combines Lhe values for Pb“Olm and Pb203m

L = e [

observed in the present study with those previously given.<

O ' Lo %
It again emphasizes that M. ¢ incressczea as the nucleon numbers

]

of the lsomers approach closed shells. The observation however,

that this increase is leas than s Tactor of two accounts for the

|

success of Goldhaber and Zunyar™™ in fitting an sxpresalon to

the observed half-lives without considering closed shell effscts.
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Tavle II

tls Tor He {

i {

. =

115 | 117 = 119 120 3 1 125

' ! ! |

! 1 L

|

PH r 1.02 Low- 155 1.54 ¢
L

i Hg | 0.88; 1,02 ' 1.00 |
i

i i 4 { !
| Pt | 0.77 : 0.98 i

=N
1=

+

A

The E3 trans ons between hyy /- and dg/g levels in the

/=

>
odd neutron Au and Ir isomers mignht be expected to show similar

behavior. Since accurats values for the conversion coefficients

i
a

of low energy E3 gamma rays are not yet available, nothing can

be saild aboutéM;z. 1Mi2 (1 + o) where a is the total conversion
coefficlent 13 plotted against transition energy in figure ; :nd
is seen to be a smooth and rapildly decreasing function. On the
agsumption that ;M;E does not vary by large factors as 1s the
case in the ML transitions discussed above, then the curve is
sssentially the energy dependence of (1 + a ).

It has been shown? that the energy separation of the 113/2,
Ig - and plfé-leVEls changes smoothly with neutron number in
odd neutron Pt and Hg isotopes. In figure Qa the energy separa-
tion of the il}fE and fS/E levela in Pb, Pﬁ and Hg 1sotopes is
plotted against neutron number. The values for pp20lm gng pp293m
were those observed in this sxperiment while those for the other
Isomers were taken from the article by Mlhelich and de-3halit.?
Figure Ob shows the energy separation plotted against proton

umber for nsutron pumber 119. In both cases the level separa-

e}

lon 13 seen to increase smoothly as exrmected as the nucleon

ot
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glves the distribution of values determined for the
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¢+ Typical decay curve for ppe03m produced by bom-
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The pointe are “xperimEFtal and are resolved into two

components A) 6.7 seconds half-life, B) backgoound.

. al decay curve for Pbdolm and PbgoBm. The
points are expcrimental and ars rssolved into thres
components A) 6.7 seconds half-life, B) 60 seconds
half-1life, C) background. The insert gives the dis-
tribution of values determined for the shorter half-life.

- 'T’v*r)iﬁn',

: Decay gchemes. a) Pb203M gng b) ppelim

¢ Decay scheme proposed for PelSOm

+  |M{2 (1 + a) as a function of transition energy for
E3 transitions between hyj /2 and 5/2 levels in odd
neutren Au and Ir isotopes.

: Energy separation of i;;/, and f¢ /5 levels in odd
A Pt, Hg, and Pb isotecpes 56 as a {d ction of neutron
number, b) as a function of proton number.
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