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ALPHA DECAY ht0P8H'l'IE3 01:' sonr:": TERBIUH AND DYSPROSIID1 
IS(I.i'OPillti NEAR THE 82-NEUTRON" CLOSED Bllli'LL 

Abstract• 

nyl50, 

+ ;* Ronald D. Ho.o.farlane o.nd David w. Saa@'Qiller 

. ' * 
L~wronco Radiation Luborntor.y 

Universit,y o£ California 
· Berkeley, California 

November, 1963 

. . •, . 149m 151 
The half-live$ and alpha partiolo energies o£ Tb • Tb , 

D,yl5l., nyl52, and ny1 53. ho.vo boon mea~d with greater 

precision than previous~ raported. Alpha branching ratios £or those 

nucleides were also obtained using·direot counting techniques. 

· 1. Introduction 
• 1 ' 

Previous work by Rasmusson and co-workers on the alpha decaur properties'! . ' . 
\ 

~ 
o£ terbium and dysprosium isotopes lying nea.r.tha 82-nautron closed shell 

. . 

provided estimates o£ tho.alpho. branching ra.tios o£ Tbl5l,· ny152, and Dyl53_ • 
b~ood on excitation function data l)• No informatio~ was obtained by ~Lam 
on the alpha bra.nching,...ra.tioo o£ the 84- and 85-neutron' dysprosium al!)ha 

emitters, Dyl50 and Dyl5l. ~ 
. i 

As more alpha decay data. have bec'ome available in this region, the , 

need £or a.ooura.te alpha. partial half-lives and alpha particle energies o£ these 

nuclaidos has beooma neoassar.y in order to study the systematics in greater. detail 

a.nd provide data o£ su.f'£icicmt aoouraO'J to warrant theoretical analysis, · · The · 
. I 

·purpose of this paper is to report on some new mea.suraments o£ ·the alpha. 
. . 

branching ratios, alpha pro;tiolo enar8ios, cmd half-liws of the nuoloidas 

' 4 mentioned above as well as th~~reoently observed 2) short-lived isomer o£ Tb1 9. 
'· '· 

u This work was supported· by thou. S., Atomic EnerB:Y Commission. · . , . 
+ . . 

·Present Addrassa Mcl1a.ster Univ~rsity, 'Hamilton, Onta.rio,.Canada. •. 

t Prasont .Address• o. s. Air Force Aootlemi, Colorado. 
' ·' 

..• 

,, ,, 
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Experiment~l Details 

•. ~.1 •. ,Mode or Production of Nucleides 

The high spin isomer of Tb149 va.s produced by bom~a;rding a. natural · ' 

lanthanum oxide target (.-2 mgfcm.2) with 121 HeV o16 ions using the Berkeley 

heavy ion accelerator~ . This energy is near the peak of the excitation 

function tor the production of this. activity ~y an o16, 6n reaction 2). The. 

Tbl5l activity vas produced ·o.y bombarding a europium oxide sample enriched 

in EUl5l to 98% with 48 MGV "-~ioles using the Berkeley oixty-inch qyclotron. 

This bombarding energy givas a f~vourabla .oroso-saotion for an («,4n) reaction • 

. The nuoleides D,yl50 and n,yl5l were produced to5ether b,y bombardi~ an enriched 

Ce140 oxide target with 105 to 120 MeV o16 ~ons., These nucleidos are the 

products of (o16,6n) and (o16,5n) reactions. The nucleides n,y152 and'D,yl53 
. . . 152 

were produced by (cx,4n) and (cx,;n) reactions on an enriched Gd target at : , . . . . . . . ·I· 
bombarding energies o£ 48 MeV and 37 MeV reapeotivelye . . '' · 

2.2. Sample Preparation 

Sample a o£ the particUlar nucleide i;o 12e, st~ied :Were .prepared in 

carrier-free form suitable fo~ alpha-partiolo counting ~dth minimum self• 

absorption. The nucleides produced at the sixt,y~inch c.yolotron were separated_ 
l . . . . . . . 

from the rare earth target material using cation oxo~ ohromntogra~ ~d 

~. «•1\YdroJcyi.sobutyrio o.oid a.s the eluant. This procedure also separated the 

: .. ·· 

.·i.ndivid~l rare earth element~ from each other ;) • · · 

.The shorter-:-1ived n~cleides, D,yl50 1 Dy'l5l, and Tb149m, which were 

produced by heuvy ion reactions, were separated from the taraet material by 

collecting recoils ejected from the target on to a palladium lea£ catcher 

during ~a bomba.rdme.nt. . After b0ll1ba.rdmant, the catcher was dissolved in . . . 

nitric acid conta~ning chloride ion and passed through an anion-exchange column 

to remove the palladium.:·· ·The rare earth fraction· was than oo-preoipit~ted· · · 
. . 

as the oxalate .with added strontium carrier. The oxa.la.te wa.a redissolved '·a.tld 

' ~ 

.. '•·' 

·, 
... ' ~ : 

' t .•. . ... . 
. ·: ... ::•:.. 

·-~.·: . '• .. 
', .:· _· .. 
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the oxalato ion dostroyod with nitric noid. The rare earths were ra-prooipitated 

\as tho hydroxide on a4dod Fe+3 carrier and the Fe+3 waa finally removed by 

dissolving thG preoip~tate in ~ydrochlorio aoid and passing tltrough an anion­

exclla.nge column. Tho eluant contained tho pure rare earth traction in carrier-

£roe to:rm. 

Alpha soUrces were prepared by solution-evaporation.(usually~50~) on a 

0.05 mm-thiok platinum plate. Gamma sources were prepared ~3 placing a small 
' 

quo.nti ty o£ thG solution ( .-vlO:\} in tho bottom o£ a thin .polyGthyleno test tube 

which fitted into' tho well-typo scintillation or,rstal used tor measuroment of the 
,, 

oanbinsd E.c. + .rt branching ratio. 

2.;. Alpha Particle Energy and Half•Li£e Detor.minations 

Alphas part~clo onorgios were measured using a ~Tisch-Grid ioniZation 

chamber oonnootod to standard electronics and a 100-chtl.nn.el pulse-height 

analyzer. The alpha particles from Tbl49 (3.95 Y.er) and u234 (4.75 MeV 

(averago))4) ware used as energy standards. 

Iralf-1:1 vas •·rem obtained, fran alpha decay curves which "':were in. most 

oaaos single component. Particular cara was taken to obtain ver,y accurate 
150 151 I . , 

halt-lives tor D.r and D.y because o£ the usefulness ot these nucleidea 
i 

for nuclear reaction studies. Single component alpha decay curves ot these 

't 

1\ 
I 

I 

nucleides were obtained by me~suring the decay of the n,y15° and n,yl5l groupes in 

the alphapartiole·apectra. ot a sample ,containine both activities. The data 

obtained were then analyzed by the method of least·. squares with eaoh point weighted 

according to the statistical uncertainty o£ the measuramont. 

Alpha Dranching Ratios 

The alpha. branching ratio, whl,.ch is dofinod in this paper as the ratio 
~ . . 

o£ the alpha disintegration rata to the total disintegration rate •. waa obt~ed 

by measuring a simultaneous alpha. disintegration rate and combined :P++ E.C. 
t . 
' .. 

·disintegration rate• 

~f 

' 

I 
!f 
It. · 
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. T,he a.lph<'l. oountor used in tho measurements was a stonda.rd ?n &~omet-ry _ ': · ... 

:: . . : flow ooimter whose counting etfioienoy ,.,a;o periodically checked uaina alpha . 
. . . . \,. 

. ,··.-.:' '.' 
: .. : . 

· .. : .~ 
o< 

•:'.!. 
.•.. · ~ !· 

atanda.rdse Tha overall detection offioio~oy wa.s takon as 52~. The alpha : . ·.,·.· . · . 
.. t 

. . . . . ' ' 

counting rata of a measured aliquot ot. a. sample to be mea.mired was obtained at.· . ·' . . 

a _particular time • zoro from an alpha. dootW gunQ. These de cEq curves were in ·. . · 
. ' . . . . ·:-.,: 

each ca.se single component with a negligible 'background contribution. .. 
'·• 

. .. . + .· . . . .· 
Tho. corresponding~+ E.c. disintegration rate was ~btained indirectly 

by measUring tho a.~soluta photod.isinter,\l'ation rata. The nuoloide~ atup.ied 1' · .< .. 

. because o£.their position on the neutron • deficient side of.tha beta stability·· 

. 'line, doc;zy- mainly by, K-electron capture and poaiton emission. ·A,: 4n gomma 

·. detection system o~nsietirig of two sh~elded ba.ck~to-baok Nai {Tl) oointi1la.tion_ ... 

cr.ystals connected to photomultiplier tubes and standard slow electronics was 
. " . . . . ' . ' ·. 

·.used to detect radiations associated with poaiton. and l{ .. eleotron capture events.·· . . . . . . . . . . . . . . . . . . . . . .. . .. . . . .. '.': q . 
The output of oa.ch of the cr,yatalq were mixed and' fed. into a tube •. · . The .· .· 

. ,· 

· Naolving time of the. electronic system wail 2 · soc. 'l'o minimise tho 'background• · .. 
puls~m whose _amplituda corresponded to loss than 30 kaV_.ener~ wara: rejected. ·:.:-~. · 

. ... ' 

~. .. ' 

:;:-:•-

.,, I' 

·-· . t·~ : ~=:::~:~ 

. ; ' ·.' •. ~ 

• l._ .. _,.-; 

"'· ~ . 
__ j '_; .. ·. _ ... 

. .. -.-
. ~· . 

::. 

. . -~ :::.·: _. 
., . 
.. .. •( 

.; ·· .. ··: 
. .• . ~.::. . 

,. -~ :.: 

.',··r·' .. 
One of the d~teotors was. a 7t. 6 . om * 7. 6 om ox7sta.l.. 'containing a. oyl~drical 

. ' ' I. ,' • . .• ' • ., ' '• • ' ' '• ,, • • ' ' ', ' ·,' • • ·, 

· ·; .>'~::well ill. :the ~entre wh:i.oh was· 1.2. em ·in ·diometer: o.nd 4.7 om .deep ( lia.psha.w 'l'y;pa · .,_, · ··) ·· 
..... ·:.· ... . ,_ . •' . ;.. . . : ·... . . ·. . . . . . ·.:: ·. (. . . . . . . ·... . .... ·... . . ·. . . .. .;· .. ·.. . . 

· . ::· ;·· . l2.AKl2-Slb) • . The aluminum wall around: the -..iell was, o.a ·llllli thich and this was . . ··· · · 
. : .... > :-··. ' " " . : .•. ~ : : ·. . ' ,. .· . • ' •• ¢ • • : .. ·, • : • • • • • • :. ' ', • ~ • . • • '.• .' . • 

• ·J .. :.- :, coated :wi~h· a layer or' .1~12~3 ·_refl~otpr·_i _2o ~cm2).;;:. Th~ other c_~sati -~:e. .:· 
0 • ~.. ." ' • ,. .. • • .;·· /!' .·.' 

· .:.:. -3~8 om x ;.a em flat, type which £1tted ·over tbe well ot tho larger crystal in :. r · · ··· 
. ': . . . '. . . . . . .. :. . .· . · ... :. . ' .. · .. ·· . . . . . . .. . ;. .: 

:. · ~:- . , o'roer to· complete the. 4n goomet%)'... · ' · ... _; ·:- . · .·. · · :' · ·· · 
. ~ ,::::.:'(:\'-:': .. ~ ·. ;~~.~: 

: .. ~ ·· · · .. , The efficiency for detecting pooi tons. anci rare earth -K- · XrS¥S was studied 
'~ ~ • .- . , • o , I , , 

>· >: using a Na22 ·. standard which emits p~siton and ~241 ~~ch· ~~ a ~~minent 60 k~V 
··: .• 

·> . gamma. ray, and enerCY close to that o£ the K· X·-:ra,ys ot .the ra.rG·. earth elements~ 

:::_'-_'·~he -~ysteJ!l:wao.found·.to be 76%~t:~o~ent for de~ecting· th~·-~a22 activi~y.-:_:: The~-
.. . . : . .. . ''-. . . 

- y/cx r<l tio fo~ 11m
241 ,- where: photons: gr~atar than 30· keV \-tare deteoted 11 was found. 'o 

. ·.~--::::·- be 0~39 Ill ·0.02. The y/a·. ratio· fo~-·~h~~S~~~-~e~ -.~hotons··:~tt~ ·.~:~241 . a~p~-.::: 
• • • • • • -.- u • ._--·~---_ ·.-:·,··: __ ·.~.~~.-•• --; __ ._ .. :·~:_.· • • -·.- • - ••••••• (:. :. - •• • • • :, • ,:_, • : ••••• )~L- , .. . : > 

-~ ·. , . ,·~-:~· .. :~·~/:· ·.·:-·· ? < ···'\ .. <:_;· ~.z:_ '~. ' 

.. 
'. . !' ;~ 

/ ~. ~ ..... . '· •· --·. ··-.. 

. ·r . .. 
~· ~-:-
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decey vas measured by l1n,gnusson 5) to be 0.,359 ).· Thera are, ho,-revor, a small 
1: • . 241 
fraction o£ gamma rays above 30 koV in the Am decey scheme in addition to the 

main 59.6 keV group which could slightly increase tha Y/a ratio for photons above 

30 koV.; Tho value of 0.39 that we obtain seems reasonable and is an indication 

that the detection effioiencr for radiations in the range or 60 ke~ is close to 

lOO~ .for our system. 

The problem ot estimating the overall efficiena,y for detecting the ~++ E.c. 

branch ·or the nucleides studied in this work is partioularl~ difficult because the 
.• . 

decey schemes of these nucloides are not lcnown. In each case, the energy available 

for ~+ + 1i'!.C. decay is sufficiently high that a complex deCG\1 scheme would be 

expected. ' + In our method for detecting the ~ + E.C. branch, the greater the 

multiplicity of cascade gamma rays per decey• the greater is tho efficiency for 

detecting the decay event. On the basis o£ our measurements ,~th Na22 and ~241 , 
' 

a.nd considering that. for the nuoleidos studied• the ~++ E.C. decay scheme is 
' 

probably complex, we estimate .that the overall effioienoy for detecting tha $++ E.c. 

branch is 0.90 ± o.lo. 

To obtain tho absolute photodisint~gration rate, a gross photon rate decay 
{ ~ 

curve was obtained using an accurately measured portion o£ the same solution used 

in preparing the alpha source. The decay ~t;~.t~f was measUred until an essentially 

constant counting r~to was obtained. This was then subtracted £rom the gross 
' 14 . 

decey curve. For the Tb 9m measurement, the decay curve after subtracting a.· 

constant back~roui'ld. wa.o a single component c.orresponding to a hal£ life o£ 1+•3 mint 
, 2 

a valua in excellent agreement with that obtained from alpha decay moasurements , 

The decay curves for the other nucleidea studied, after background subtraction. 

shm>~ed longor-lived components whose half-lives corresponded to known isotopes ot 

.. '~ : 

, .... ,[ 

·~ . 

Tb and Dy. !n order to obtain the most accurate resolution of the desired component · 

from the gross deo::l¥ curve the following method vas employed. · ·An iterati~e procedure 

l-tas usod to subtract the background plus the contribution· from other aotivi ties 

until a single component decay curve was obtained which vas linear ( log counting 
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rate or time) within the statistical unoortainty o£ all the date points and which 
. ' 

yilelded •the identical ha.l£-li.fa obtained from alpha counting results.. From this 

curve, the photodisinteiration rate at the time zero used for the· alpha dec~ 

measurements was obtained. 
. ) 

. The possibility o£ intart'orance from D,y ond Tb actiVities not yot discovered 

with half-life values near those of the ones maa~ed in this work was considered• ·· 
I 

For Tb15l, ny152, and Dyl53, this possibility seernt'l to be remote beoo.use all .the 
. ' 

nuoleides immediately. in the~~oinity have been studied and none has a-half·li£e 
. . ~ 

which would interfere with measurements on those nucleides. To provide .. a· chock 

on the possibility o£ interference from unknown activities in meaourements ot the 

ahorter-li ved nuclei des • comparisons were made of results obtained using oamples · 

produced at different bombarding anergies. I£ an interfering aotivit,y is present 

and its excitation tunotion is different from the nuoleido being atudied.tha.va~ue. 
• li 

o~ the alpha branching ratio obtained will be different when the nucleida is 
' 

produc-ad at various bombarding energies. Within the o~a.tisticnl uncertainty o~' ,_ .. 

the rneasu~e~ents. the exporimen~a~ values or t~a alpM. b~anc~~ ratios of ~b14~ •. 

ny_15° and :Dy~5l appea:red to bo unalte~ed by lo% changes .. iri_-~mb~~ ~~argy. 
The eJ.."Prassion used for the alpha brartching ratio · _1: .· 

1 . · · · · · r· 
r 

d.. 

where (;_a 

('r_"" 

_JJ_J-co 

.. 
..R..ya 

Vy •'. 

V.;... -

,. . 
~,).. :·· 

~J. c..,.. 
- +-
£_. .t... 

;A y 

alpha count~ng rnte ~t d o . c 

photodiaintegr4tion counting rata at 8 o 

alpha detection efficiency (0.52) 

. photodetection efficiency (0.90) 
. ···\!. 

volume of solution Used for gllliUil.a Counting c=·. -~;\~. 1 · 
. ~ . 

volume of solution used for alpha.oounting 

. . . 

~'"'"" ~·~----·~ ..... , _ ..... .._...-# ---

It is assumed t~t '·cy.is equivalent to the positon plus K-eleotron .capture 

counting rate. 

.',. 

---
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. i~ounti,r.s waro prepared M-.1. tho initiD~ o.ctivitiea ot each moe.nu.rad. It 

satisfactory ntsroernant '~as obtninad betwoen aa.nplcs, the measuremonta or the 

decay curves were begun using on.o or then. I>, or those nuclaiclori, only one 

determination or tho alpha branohint; ratio wna rnooo. i'or tha shorter-livod 

nuol~idea, Tbl'-t9m, _nyl50 1 e.nd Dyl5l, at least two sapo.ra.te maa.auromonts of 

the alpha. br"'QJlching ratio wol'Q made. 'I'he a.veraga values o£ the mea.ouroments 
•. 

are reported in tabla l which summarizes the ronulta. 

,,. .· 3· RoGUlto 

The alpha dooey aurvos £rom \-Jhich hal.f•livaa a.nd alpha. branohil'l(J ratios 

waro obto.ined o.ro shown in .figs. l and 2. Tlle &lll'!i.nlll doco.y curves whioh wara· 
+ . . . . . . 

uaod to obtain tho 13 + E.c. branch aro ahown in figs. ; and 4. · Tho .finnl · · · · 

. values or tha alpha. particle enorgioa, bait-liven and eJ.pha bro.nohin« r.a.tio~· 1:; 
1 

are swmnnrizod in t3.blo 1. 

>"-~.t 
'· 

Discussion 
Q 

' . 

Using the alpha. branohi~ '·ratios and hali'-livos obtfdnod in this work, 
. . 

tho corrGopondiilg alpha. partial lw.lf·livea "'!oro oalculatod4 Those wora then usod 

to· calcW.ata alpha. raduced wi~lths (ci) l1hi~h give nn indication o~ tho ~la.tivs ··: 
. .. . ·, 

It is 

defined b,y the o~preasion 

J~f' -A--· 

whore A is tho alpha decay constant; P 1a the barrier ponetrability·tactor, and h 

is Planck's constant. Barrier ponetrabilits· tnctora waro calculated using the · 

meth?d o£.l:W.smuosen 6). 'l'o account for electron screening e.f:focta, 0.02 MeV was 

added to oaoh of tha alpha. decey energios 7). Tho calculated. valuaa or r}- are 

l:i.atoci in table 2• · .. Except tor Tb11f-~, -the .roduc~ widths ~ra calculated ·Q.Ssumin5 

9..._,. 0 alpha \1~Voa only. 

. . 

'' 

... .,, 

. '•{ 
l~ 

1-
, "'·- . ~1!. 
J,. 

11-
4· ... 

'It 
it . . 

!l;f~. 
! 

r 
jJ 
if 
if· 

'II 
, . ~ .. 
. 1 .. 

:1. 
!t 

'· 
I· .... ,, 

}t 
. : 

' ·i-. 

... ... . . 

~ . ·. - . 

: "," ·:' .' .. 

· alpha. wave, which io tho lowoat possible J... -wave it the poatul.a.tod alpha d_aoa1 cchoma 

. ' . ' . . ' . 
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of tbis nucloide is correct 2 )~ This scheme assigns the metastable state to 
\. I 11+5 
an ~l/2 levol which :1lpha docuya to a d5/2 fu ground state~ ~e average 

value of o2 for an even-even nuoleide in this region is 0~08. The low value of 

6 ~ ~ . . 3· x 10 for the reduced width of Tb indicates that alpha decay from this 
. . . 149 

nucloide is considerably hindered~ . The reduced \ddth tor the Tb . ground state 

alpha tr~ai tiona i~· a factor o£ thX-ae lar~r than tha.t for the metastable state l). 
. 2 . 151 

It is interesting to note that o for Tb ha.s approximately the same value as tor 

'l'bl49m. 

The reduced widths tor the dysprosium and terbiUm iaotopea·are somewhat 

smaller than those' observed £or the corresponding gadolinium• holmium and erbium 

nucleidea. These differences ~e probably related to structural.changes 

associated with the filling of tha d5/ 2 and ~l/2 proton ata~es. · Theoretical 
I 

calculations are currently in progress in order to determine whether the .low values· 
. I 

of the alpha reduced widths of the terbium and. dysprosium isotopes can be accounted 

for b,y shell model· or pairing.model ~£foots. 
.. 

' ' 

We would like to aoknowledgG the contributions of .Dr~ John Alexander 

' ~ and Dr. GabrieliSimonoff, who assisted us. with aame.o£ the measurements and 
. ' . 

Professors 0~ L. Keech. and T. J. Kennett for helpful disauas:lons, co-operation 

of tho groups at th~ .Berlceley sixty-inch cyclotron, the Hilao, and ·the Health . . 
Chemistry is also· tr.t:ate~ly · apprGoiated• 
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lfuclide 

Tbl49m 

Tbl51 

D.v-150 

D.rl51 

n,y-152 

Dy153 

--· 

Table I. Sunnnary o£ results 

Results from thin work 
t l/2 Ea (HeV) 

4.3 :t: 0.2 m 3·99 ± 0~03 
' .. 

17.2 ± o.s h ,.42 * 0.03 

7.20 • 0.10 m 4.23 : 0.02 

18.0 * 0.2 Ill 4.06 ± 0.02 

- 2.3 :t o.~ h 3.65 :t 0.02 

6.4 ± 0.2 h 3.48 t 0.02 .. 
. 

.. 

. · . . , 

-. 

-
' 

a-branching 
ra.l;l.O 

... 

(2.5 ± 0.5) X 10-4 
. . - 6 

(4.8 Z 0.5) X 10• 
• 

0.18 ~ 0.02 --
0.059 ± 0.006 . 

(5 :i: 1) X 10-'f. 
+ -5. 

(3.0 - 0.3) X 10 

. 
l 

\ . 

. .. 

' ' 

4.3 ;t 0.2 
.. 

19 * 1 h 

7~2m 

19 "± 4 ~ 

2.3 :t 0.2 h 
5 ± o.s h 

~, • l 

3·99·±_0.03 
. 

3·44 : 0.10 

4.21 ± 0.06 

4.06 ± 0.04 

3.66 ± o.os 

3.48 ! o.os 

.. 
a-branching ... 

ratio 

-
3 -.;_· 10-6 

-,. 

-
2 X 10-4 

4 x 1~-s 

·• 
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Table 2. Alpha reduced widthG for Tb and ~ alpha rnnittera 

·• 

Nuclide·> 
... I . 

- Tbl49m 

Tbl5l 
,. 

Dy 150' 

nyl51 

nyl52 

.: ny-153 

~ ' 

. ' 

. 
Alpha Parti&l'lial£-life 

(oec) ·· 

l.O x 106 

1.29 X lOlO 

2.40 X 103 • 
. . , .. 

1.63 X 10 

1.60 X 107 

8 
~.66 X 10 

""-, 

' 

. ' 

( 

E}- (l1eV) 

3.6 X 10_,,. ~ • ') 

1.19 X 10 .. 3( ~ • .0) 

· 4~6 x 1o-' <t.. ,> 
o.os~ 7 _(,~ • .. o) 
0.0710. '( £- 0) 

0.0392 ( ~- 0) 

o.o196 c~- o> 

.... . . 

.. 

.. 

. . . ~. . . 

. ~ 

j;· ., 
, . .. 
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Figure l 

Figure2 

Figura 3 

Figure 4 
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Figure Captions. 

Alpha decay· curves for n.r15° and D,yl5l ~g which 

tho quoted half-lives wre obtained.. (:: > .. r. '·­. ' . 

•' . 152 153 151 . 
Alpha deca,y curves for Dy , Dy , a.nq. 1'b used 

.; ~ . . 
in obtaining half-lives and alpha branch~ ratios~ < ; t ; ,. • ... 

·. ' .. 

,· . . . . ~. . )..... 149m . ) : 151 
Photodisintegration rate dec~ aurves .for.A~ Tb . and B. Tb 

used in obtaini~ partial widths tor ~~+ E~O. deoar of these 

.nuol.eides, 
'·I . 

{ ' 
' . 
' 

i 

Photodisintegration rate d~oay curves for A.) n,y15°+ D,yl5l 

13,) Dy152 M.d p.,) Dyl5} used in obt~ining parlinl widths tor •· 

+ P + E.C, dec~· .. . \•. ·' 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com~ 
m1ss1on, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expyessed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contrac.tor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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