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Abstracts Thé half-lives and alpha particle energios of Tb149m. Tblsl,

Dy , Dy , Dy . and Qy153‘have been measured with greater
precision than previously roported. Alpha branching ratios for these

nucleides wers also obtained using direot counting techniques.

1. Introduction

Previous work by Rasmusson and co-workers on the alpha décay propertiesﬂf

of torbium and dysprosium isotopes lying near .the 82-neutron ¢losed shell

providéd estimates of the alpha branching ratios 6£’Tb151, Dy152. and Dy
_ based on excitation function data 1)5- No information wag obtained by them ‘l
~on the alpha branohihg?ratiOB of tha 8l and BB-ngﬁtroﬂ‘dysprosium alpha'
emitters,l),y andny5 | { S

As more alpha decay data have beccma available in this region, the
neod for accurate alpha partial half-lives and alpha particle energies of these .
nucleides has beocme neoessaxy in order to study the. systematioa in greater detail
and provide date of suffioient accuracy t0 warrant theoretical analyais.'_ The -
purpose of this paper is to report on some new measurements of the alpha :
branchlng ratios. alpha partlcle energies, and half-lives of the nucleides L
mentioned above as well ag :ﬁé recently observed 2) short-lived isomer of Tblug ,

\- .
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2, Ebcpemmenta.l Details '

-  \2.1. Mode of Product:.on. o.f.' Fucleides

- The high spin isomer of %149 wag produced by bombarding a mturalv

lanthanum oxide target {~2 mg/cmz) with 121 MeV o6 ions using the Berkeley .

 heavy ion accelerator. . This energy is neaxr the peak of the excitation

© function for the production of this activity by an 016, én reaction 2. The k

.Tblsl actiﬁity vas produced by bamban‘ling a europium oxide sample enriched ‘
in Ba*?t to 98% vith 48 MoV a-partioles using the Borkeley sixty-ineh cyclotron.
This bombarding energy gives a favourable oross-section for an («, lm) reaotion.

B The nucleides DylS.o ‘ D.‘/ were produced together by bombarding;m enriched

. Celq'o oxide target with 105 to 120 NMeV 016 iona¢- These nﬁoleides are the

4 ~ products of (016,611) and (016,51'1) reactions. The nucleides Dylsz and Dyls}
were produced by (apbn) and (a;Bn) redotions on en enriched a2 target at |

g bombarding energies of 48 Me‘f and 37 MeV respeotivelyo -
" 2,2, Somple Preparation o S IR
Samples of the partio;ila,r nucleide to lge‘stﬁdi'ed were propared in -

IS '_ carrier-free form suitable for alpha-particle cbunting wvith minimuin selfe

.- absorption. The micleides produced at the’ sixty-inch cyclotron were goparated T

. from the rare earth target material using cation exchange chromatography and o

) u-hydro:qrisobutyno acid as the elua.nt. - This procedure also separated tha

o 'individual rare earth elements from each other 3)

The shorter-lived nucleides, py1.59'

Dylsl, and Tbll*9m, vhich vere
.“produced_ By heavy ion reactions, were separated from the target material by -~ ,
B collecting recoils ejected froin the target on to a pé.lladium 1ea£ oa.tcﬁer e

‘during the bombazrdment. TAfter bombardment, the catcher was dissolved in

. nitric aoid containing ohloride ion and pasged through an anion-exchange column

to remove the palladium. ‘The rare earth fraction was then oo-precipitated
'ge the oxalate with added strontiuvn oarrier-." The oxalate was rediasolved"a.x,xd '
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the oxalate ion destroyed with nitrie acids The rare earthalwere re-precipitated
‘a8 the hydroxide on added Fe+3 carrier and the Fe+3 was finally xremoved by
dissolving the precipitate in hydrochlorio acid and passing through an anione
exchange column., The eluant contaiﬁed the pure rare earth fractién in carrier=
frae form. . o |

Alpha sources were prepared by solutionw-evaporation (usuallyfvsok) ona . °
0.05 mm~thick platinum plate. Gamma sources we?e prapared by placing a small
quantity of tho solution (~10A) in the bottom of a thin‘pelyefhyleno tast fube
which fitted into the welletype scintillation erystal usad for measurement of the
oombined EsCe + §* branching ratio. | ' |
2.3, Alpha Particle Energy and Half-Life Determinations ‘

Alphas particle enargies wére measured using a Frisch-grid ionization .->v' |
chamber commected to standard electronica and a 100-~channel pulse-height _;%5? o
analyzer. The alpha particles from Tb149 (3. 95 kevl) and 023“ (4.75 MeV i _.-_ i
(averags)) 4) were used as energy standards.

Half-lives were obtainéd from alpha decay ourvés which were in most
cans single component. Particular care was taken to obtain Vexy’aocuréte
 'ha1f-1ives for nylso and Dy151 because of tﬁe usefulness of these mucleides
for nuclear reao;iqn studieé. ASingie component alpha decay curves of these
| - nucleides were obtained by measuring the decay of the leso and'nylsl groupes 1n
| the alpha part:cle spectra of a sample .containing both aotivities. The data
obtained were then analyzed by the method of least aquares with each point weighted
aocordlng to the statistical unceriainty of the measuroment.

2.4, Alpha Branching Ratiocs | |
| The alpha branehlng ratio, which is definod in this ‘paper as the ratio
of the alpha disintegration rate to the total dieintegration rate, was obtained
by measuring a simultaneous alpha disintogratlon rate and ccmbined B + E.C.

’r-

‘disintegratlon rate.
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'l‘he alpha countor used in the measurements vias a standard 2n geomet‘ry

flow counter whose_voounting officiency was periodically chocked using alpha Tk

) a particular time « zoro from an alpha dooay gurve. These decsy curves vero in
ea.ch oose single oomponent with a negllgible background oontribution. ’ RIS
‘The. oox-respondin.g B + EsCe disintegration rate was obtained :lndireotly!':" f_f

'by measur:.n{" the absolute photodisinte gration rate. The nuoleidee studiedy | -
becanse of thcir position on the neutron - defloient side of the beta. ata‘bllity

k]

| llne, decay mamly by K-eleotron oeptum and pos iton emission. A b gamma.

detection s,ystem oonsieting of two shielded back~to-back NaI (T1) 9ointillationa o B

. crysto.ls connected to photomultiplier tubes and etanda.rd slow electronics wasg

o ueed to detect radiations associated vith positon a.nd. K«-eleetron eapture eventa.

L {
. The output of each of the oryetale were mixed and fed into a tube. 5 The " ‘

R resolving time of the electronic s'yetem wag 2 8GCe To minim:.se the ba.ok@ound.

Lo _: pulees whose amplitude oorresponded to less than 30 kev enere:y were rejeoted. e

; well m the eentre which wo.s 1 2 om in dmmeter and 4.7 cm deep ( Ha;'shaw ‘l‘ype

coated with a layer of A1,0 refleetor ( 20 mg/cm ). ‘I‘he other crysatl wae a

, 3
3.8 cm X, 3 8 en flat, type which .{‘itted over the well of the la.rger crystal m

: order to oomplete the lm geometry.

'I‘he efﬁoiency for deteoting positone and raxe ea.rth K- Xraye was studied

24»1

usmg a Na. _ afanda.rd wluch emits positon a.nd Am which has a prominent 60 keV

ga.mna ray, “and ener@r olose to the.t of the K- x raye of the ra.re oarth elements.
22

'-y 'f/a :mtio i‘or Amzlﬂ'

‘i"‘ »be Q.39.3’ Q.OZ.{ The YA ratio for the 59."6 keV photona emitted 1n Iun 41 alpha.

_stande.rdso The overall detection offio‘ier_tcy was 't_ake’n 48 52% The alpha

’_ dcounti'f‘:'g rate of @ meaeured &liQBOf of.a sample to be measured was obtained 'at'

» where. photons greater tha.n 30 keV were detected, was foxmd to

One of the deteotors was’ a 7.6 om ¥ 7 6 om crystal containing a cylmdrieo.l

12AK12~816) . The almnimm wall around the wen vas: o.e i thich and this vas SO

S
The

The syatem was found.- o be 76"/ efficient for deteoting the Na. activ:.ty. 'I‘he Lo
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decay was measured by Magnusson 5) to be 0,359 )¢ There are, however, a small

b 241

frootion of gemma rays above 30 koV in the Am decay ascheme in addition to tho‘

main 59.6 keV group which could sli ghtly increase the Y/a ratio for photons above . -

50 keV. The value of 0.39 that we obtain seems reasonable and is an indication

that the detection effioienoy for rodiations in the range of 60 keV is oclose to

IOOp for our system. '
‘The problem of estimating the overall efficiency for deteoting the ﬁ + B,C,

_ branch of the nucleldes studied in this work is partxcularly dszicult because the

decay schemes of ‘these ‘nucleides are not known. In each case, the enexgy available

for BT+ E.C. decay is suffioiently high that a camplex decsy scheme would be

expected. In our mothod for detootiﬁg the B™+ E,C, branoh, the greater the

multiplicity of cascade gamma rays per deoay. the greater is the efficiency for

detecting the decay event. ~ On the basis of our measurements with Na22 and Am

and considering that, for the nuoleidoo studied, the B + E.C, daoay scheme is

probably complex, we estimate that the overall effioienoy for detecting tha ﬁ + BiCo

”m

© Ybranch is 0. 90 % 0,10, )
. To obtain the absolute photodxsintegration rate, a groas photon rate decay

ocurve was obtained using an acourately measurod portion of the sama solution used

in preparing the alpha. souroe. - The dacqy rate was measured until an assentially

: oonstant counting rate was obtained. This was then subtracted f:om the gross ¢

decay curve, For the Tblu9m measuremont, the decayAcurve after subtracting a-

constant background was a single oomponent corresponding to a half life of h.} nin,

a valwe in excellent agreement with that obtained from alpha deocay measurementaa.
The decay curves for the other nucleidos studied, after background subtraction,

- showed longer-lived components whosa'ha1f~1ivesvcorrespondod t0 known isotopes of

Tb and Dy.  In order to obtain the most acourate resolution of the desired component

from the gross decay curve the following method was omployed;" " An iterative procedure -

was used tovsubtraot the background plus ﬁhe contribution from other aotivities

until a single component decay curve was obtained which was linear { log counting

e ~—
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rate or time) w:.thin the statistical uneorta:v.n‘by of all the date points and whlch
yﬁclded ‘the identical half-life obtamed from alpha counting results,. | From this
ourve, the photodisintegration rate at the time gzexro used for the alpha dacay
 measurements wag obbained. _ | - - - | S
| . The poseibility of interforenoe from Dy and Tob a.otivities not yet discovered
E with ha.lf-life values near those of the ones measured in this work vas oonsideredt
For 'I'b151, 152, and Dy , this possibility soems to be remote becsuss all the
nucleides immedia.tely in their mcinxty have 'been studied and none has a. half-life
‘which would interfere bwith measurements on these nucle:.des. To prg)vide,a check
on the poséibilit& of interference from unknown a.ctiviéies in measureménts of the
sﬁorter-livéd nucleides, comparisons were maﬁe of ;'eéults 6btaihed using éamplee
produced at different bombarding energies. ' Ir an interfering activity is present
and 1ts exoitation function is dii‘feren‘c from the nuoleide being studied. the value
| of. the alpha branching ra.tio obtained will be different when the nuoleide is ]
produced at various 'bomba.rding enerﬂ'ies. Within the statistiozzl uncertainty of\
| the neasurements, the exporimental Values of the alpha branohing“ ra.tios of Tb149m .
_ﬂvDy and Dy a.ppeared to be unaltered by 10% changes in bomba.rding energy. o

coes

The expression used i‘or the alpha branching r&tio 11.. S

E <«L : \/
DR Y T R |
r XX /
2"{ LY ’ ' ,: ’ oo L S ..*_,\.n .MAy‘__...‘-w-l""'*"'"""’_’M/P

where ( A.,“ alpha counting rate at . = o - .
C*‘.“' photodisintegration counting rate at =0
Q4= 8alpha detection efficiency (0.52)

£, = - photodetection efficlency (0.90) R L
.“%!_ . ‘

c NN '\/Y = . volume of solution used for ganma counting ESRE N e
V. = volume of solution used for alpha counting .

It is assumed that -“C'Y is équivalent to the posii;on plus K-ele-ctron'.oapture -

counting rate.
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For 'l‘bl)lg Dy152, and Dy153 s dupliceto sanmples for alpha and garma '
' ._\countins-‘ were prapared e.n, the initial octivities of each measured., If
satisfactory argreenent was obtained between samples, the measureuents of the
decay curves were ‘begim using ong of thems For these nucleidea, only one
determination of tho alpha branching ratio was mado. For the shorter-lived
" nucleides, Tbl’*%. .Dylsos snd D.ylsls at least two sepmte'meaeuren%enta of L L
time alpha branching rotio were made. The averége valuea of the meaaummexité T

‘are reported in tablo 1 which summerizes the reculte,

. - 3 Résuff_a ‘
“l’he ;xlpha dooay ‘curves from which half«lives and alpha Smnching rati;s' -
B - ware obtained are shown in figse 1 end 2, The gomna decay curves uhioh wore
used to obtein the B'+ E.C. branch are shown in figs. 3 and 4 The fina.lv _— . {

- values of tho alpha particle enorglos, half—l:.ve': and alpha branching ratios |

‘ara sumnarized in table 1.

\ 1{’. Discussion

]
|  Usaing the alpha. bra.nchnub ra.ﬁ.oa and half-lives obtained in this work, : ’._ ) ],;
| . the correaponding alpha partial hn.l£~livea were oalculatod. These were then used ;l,[
- to calculato alpha reduced widths (62) vhich gn.ve an indication of the relat , ;,;[
R a.lpha decay probability after the energr dapendence has becn *emoved. S is : | . | ’?»
‘V | ‘, defined by the exprossion S '_ o . o f? |

AT

| vhere A is the a.lpha decay consta.nt, P ia the barrior penetmbility factor, e.nd h | :{:
"'. is Planck'_s constant, Barrier penetrabilit,y factors were calculated using the "'
method ofvﬂasmu:".sex't 6). To account for eleotron soreening effects, 0.02 Iv'eV wag
added to each ‘qf the alpha decay energios 2 + The caloulated valuas of &2 L are
. 1isted in table 2 Except for 'l’bl F9’“, the mduced vidths were ealculated assuming 'f“. ;
K 0 alpha waves' only. For Tbl Yom "y the reduced width was éalculated for an /( - | o

. ~alpha wavag wthich is the lowest possible Kawave if the posi:ulutcd alpha decay cchome
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r—

of this nucleide is correot 2), This scheme assigns the motastable state to

1+5 ground state. The averago

\ \

an h11/2 level which alpha decays to a d5/2
value of 62 for an even-oven nucleide in this region is o,oa. The low value of
3.6 X 10"3 for the resduced width of Tb149m indicates that'alpha decay from this

1#9 ground state

nucleide is conaidarably hindered. . The reduccd width for the Tv

alpha transitiona ia a factor of three larger than that for the metastable state 1)1“

It is interesting to note that 62 for Tb15 has approximately the same value as for
149m

_ The rcducéd widths for the dyspéosium and terbiﬁm 18§%Opeg-ar6 somewhat

smaller than those observed for the corresponding gadolinium, holmiﬁm and erbiunm

nucleides, These differences are probably related to structural changes

ass§qiated with the filling of the ai/z and h11/2 profoh states. Theore1;:':.(:8.;1,.~

calculations are currently in progress in order to determine whether the low- Values'

of the alpha reduced widths of the terbium and dysprosium isotopas can be accounted

)

for by shell model ox pairing model effeots. }

We would like to aoknowledge the contributiona of Dr. John Alexander
-4
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Table I.

Sumnaxry of results

*

\

i
[
3
i
i

Results from this work -

.- L

i

-6 h

~ Fuclide t1/2 E_(ileV) _a-branching . "f't V2 - E_ (meV) | a-bi:g%%g'ing
pL4om B.3%0.2m | 3.99 £0,05 (2.5 0.5) x 10~ | %3 2 0.2 3.99 % 0,03 -
19t 1724050 | 3.42 % 0.03 (4.8%0.5) x| 19k1n | sk +000 3 x 10
pyt?° 7.éo «0.10m| 4.23 £ 0.02 0as# o'.og_ B 7%2n h.21 % 0,06 -
py!o? 16.0 £ 0.2 . | .06 % 0.02 0.059 * 0.006 19tbn 4,06 + 0.04 -
Dy 2 2.3%0.1h | 3.65% 0.02 (5 1) x 107 2.3%0.2h | 3.66 % 0.05 2 x 107
ny'?3 64£0.2m | 3.48 0,02 (otos)x100 | 5t05n | L0k 4 x 1075
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Table 2. Alpha reduced widths for Th and Dy alpha emitters

8
68 x 10
N
AN .

v
Nuclide / Alpr(xge:?'rtial ‘Half-life '-. : 62" (Mé?)
- qptom 1.0 x 10° 506 x 1073( f= 3)
S 1,29 x 10%° | 1,19 x 10°3( f= 0) |
| , . | | \ 462107 (fu3)
oyt 2,40 x 10° . 0,017 ( f= 0)
't 1,85 x 10" 0.0720 ( (= 0)
Dy 92 1.68 x 107 0.0392 ( {= 0)
pyt93 0,096 (= 0)
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‘ . Figure Captions. ' | - ‘v .‘
Figure 1 | Alpha decay curves for Dyls end Dy 151 i‘ron whioh
| N the quoted half—lives were obta.ined. AR R J’-
Figure 2 = Algha decay curves for Dy 52 Dy153, and wal 'sed.‘ o
in obtaming half-lives and alpha. branching ratioa. f ERAE -:"(i.{ . |
| Figuxre 73_ | " Photodisintegration rate decay curves for A.) Tbll*gm a.nd B, ) oL
o used in obtaining partial widths for B + E.C. decay of these '
nucleides. freoo o v
| o | L
Figure 4 L Photodisin{;égration rate decay curvés for A.) Iiylso+ Dylsl ‘
| ' B.) B2 and ¢.) Dyt used in obt;ming'p'a;}tml widths for
¢ y R
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
‘mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed 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 contractor, 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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