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ABSTRACT

New alpha-emifting isotopes of erbium, lying ncar the 82-
neutron closed shell, veroe produced by Kalqz 016 bonbardments at
incident cnergics up to 151 MeVe. The muclidos studied and thoir

alpha decey properties are:

Maclide  Q (HoV) Half-Life dpha Bronching
2122 4,93 £ 0.02 10.7 £ 0.5 sec 0.50 + 0.05
- 0120
B2 4,80 £ 0.02 36 +£2  sec 0.95 + 0.05
.
ET‘SLF I+.26 ;t 0002 L!‘os i_ l.O min . ———

Alpha deczy from erbium isotopes with AC152 was not observed
indicating that the alpha particle binding energies of these lsotopes
are considexably higher than those for the 84=, 85« and 86-neutron
isotopes.

alpha reduced widths, ca lcu;ated fran the results for Er152

153

end Zx™77, were found to be highé than the corresponding dysprosiunm,

"Phis reseaxch was rerformed under the auspices of the
U, S. utleO Energy Conumission. :

Presont Address: licliaster University, Hamilton, Ontario, Canade
" prosent Addresss Calvin College, Grand Rapids, Michigan
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ho_mlum and terbvium isotopes. Rclative excitation functions vere

142 (016 T }#2J(016

bob uﬁned for saze Hd s X 1) and ¥4 p x n) reactions.

I. INTRODICTION - g

Alpha radioactivity s been observed for a number of nuclides
waich lic neaxr. the 62-neutron clooed shell in the rere caxth region,

3}

I{ has been found previcusly tha% for a given elemeant the alpha decay
energy hes a minimumHValue,at ¥ « 82, increases very sharply with
neut‘on number to a maidmum v@lue ot T = 84 ond g*uauully docrezses
with increas sing neutron mumber beyond ¥ = &4, e elpha decey
propertics of the Cl-noutron isotopeg of the elements frem Z = 60 to
Z = 67 havé»baen roported end for some elemeﬁta alpha activities from
isotopes vith ¥ = 85 to ¥ = 88 have bocn obsorvea.1 203,455,657, 8
The purpose of.thls peper 18 to report on resulis which were

ob%tzinad for the &=, 85~ and 8é~neutron isotopes of erbium (2 = 68).
A preliminaxy report of thess results hos been given earliorg. Becausei

their proximity to the 82-neutron chell, there is strong evidoncé

that these isotopes as well as most of the other imowa alpha emittexs

stable spherical or rear-sphericeal
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ground state shape. It is hopcd thet 2 caroful study of the alpha -~
decay propoeriies of nuclides in this region will yield useful infor»gtion
~on dotailed fe tures of alpha decﬁy in the absence of the cffects of

herozaul deformation.

II, SXPIRTENTAL DETAILS

The nuélidcs'ErlSz,_Er153 and Erls# ware produccd by Hdluz
< : s .
(Olu, x n) rcactions using 75 to 151 eV o' icns from tho Berkeley

heavy-ion accelerator.(ﬁiléc). Samplcs for alpha particle enalysis
wvere prepared using two differcat téchniqucs.

In one method, which was uced for the lenger-lived activities,
reaction recoils ejectod from the targsi wore thermalized by helium and
collectcd‘onba charged pla%te. The plate was then placed in a Frische
grid dionization chambor for é pha particle-énalysis. The targctvasscmﬁiy
caployed in thecs ekperiments wos elso used in a modificd forxm to

electrostatically collect recolils from the alpha decuy of the crbium

3

isotopos in order to estzbdlish a parent-daughver ralationships. ke

folioﬁixg is a L,c_*lezx.l descrintion of the proccdure which was uee&. Thé*
4 ta:ga* wes bomber ded with 016 ions and recoiles ejected fron the
target were cqllected on & chargéd plats as before. After bcmbaiiment,"
the heiiun was quickly pumped out of the target sscmbly cnd roplaced

by = nov supply at 1 atwm pressure. This waﬁvfound to bs necessaxy
because it was observed that some recoils from the target were retained
in the helium prosent during the bembardment fof as long a3 & few
ninutes after bombardmegt. The electrode containing the tarzet recoils
wvaes then relocated to a position in front of a second electirode in the

target cssenbly which had been shielded during the bembardmeat so thov
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a0 targbt recoils‘would.be collocted on it. 4 negative voliage was then
applied to thié,electroﬁe and'rocoiis.we:e‘collected from the alpho decay
of the activity produced in the-bomba:ﬁmcnf. -In-iacuum, it was found
that beta decay recoils could be electrosfaﬁicaily'collected from the
s:mplé but'alpha decay recoils could not;becausé of thcir longer rangé.
At a pressure of'l atn of heiium, alpha decay recoils were collected
with good‘efficien;y but it vas no lonzex possivle to collegt beté decey
recolls. 'Particular'dttention'uas givea to inscuring that no deposition '
6f target recoils on the olect:o&e used to collect alpha dccay recoils
took place since $his would invalidate the resulis of the "regoil—mi'king"
experiments, 1t vas found that if the precautions mentioned above were
token, less then 10;6 of tho 1evel.of activity éollectcd duringrthe
boabardnont appeared on the elcéfrode used to collect the anhﬂ decay

<

recoils, Spscific details of ths torget asscmbly acad arrangement of the

- ¢ollecting electrcdes are daescribed in eaxlier papers .

- .. o e LD2
Teczuse of the short half-lifs of Zr—~

s & fastor ncthod for
collecting and analyzing the activity was also used. Thig method has
beca wgeful for studying alpha activities whose half-lives are greater
e - s v s . . . 10

thox 0.03 sec. Detalls of this procedure are reported elsewhare™ and

the genexral f{catures will bs given here. Rezction recoils cjected

nl

o)
<«

from the target were slowed down in halium &t 1 otz pressure in the

[&]
ct

target assembly. Thsy were then swept through a small orifice info 2

PR

VACY Wexrd

cr

zaber under vecuun edjacent to the target assenbly wheras
depcsited on the surface of a collector. Alpha particle specira of the

recoll samples were recordsd et the same time the cetivity wes collected

luR. D. Macfarlane and R. D. Grifficen, Mucl. Inst. and Meth.

(In Prezs).
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tsing a gold-surfeco barrier detecctor. IFor the shorit-lived cctivities
(tl/2;£2 zin), the level of activity was allowed to ild up to an
cquilibrium velue before recording alpha perticle spectra. %hic was
convenient for the cro3s section measurcamenits since no corrections for
decay were required.
Torgets consisted of rare carth oxides (v2 mg/cmz) depocited
~on a 0.006 mm:thick alumiren boacking. The necodymivm oxide target that

) ibko i ,
was uscd was eariched in lld t0 93.93/%. The othor ncodymium isotopes

g E3 ATt

. . . . - s ~ -f
were preseant in the following zmountss I )9 2465 2T, 2.995%

186

= .
+f . ~ . .. .
; 0.297% and Fd s 0720, Aluminum absorbers of verying thicknesses

were uscd to degrade the eneryy of the heavy icn becm. The deta of

)

1 s o o e omes 1
Foxrtheliffe were used to convert range in gluminum {0 energy™ .
016 3 Aithin th A T 75 % 160 V. oy 1oss in th ey
iong within the reaage of 75 to eV, the encrzy loss in the rare
caxrth oxide torgot was estimaled to be 5 leV. This wus obtcined by

extrepolating the range-energy curves for vorious elements given oy

‘Hubberd to the rare earth e¢lements and oxygsen™ .

of the veriocus grcﬁp; in 4he alpha pariicle specira afier normalizing
Lo 2 eonstant integrat@d bean current. The counting dutza werce also
correcied for récoil collection efficiency which was found to be
dependent upon bombarding enexrgy for the electrost#tic collecticn methed
-but not for the gas sueeping technique.

The gold-surface barrier alpha particle detector thatl vee used

in the gaes sweeping experiments wes made from n-type 1800 ohm-cm silicon

and operated ot o reverse bilas of 20 v. The active surface zrea wos

7‘1 ) N .
“*1. C. Fortheliffe, Fhys. Rev. 120, 174+ (1960).
12 | -

“E. L. Tubbard (Unpublished Results),
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xeitation function feor thic ectivity was obtained. These resulis were

A

. . 8 , v e
reported in an carlier pancr . The yileld curve was found o peak a2t an

-’

excitation energy of approximately 62 iV end it feirly closely parallels
the chupe of the cxcitation function of the 10.7 sec crbiwa activity.

This ocuggests that the lov spin H isomer is formzed for tho most part

[¢]

by the beta deccy branch of the 10.7 sec erbium activity which must,

: e 152 . . ' = 152
therefore, be due to Zr 7", The direct formaiion of the low opin X 5

section with e meximum volue ot an excitatieon cnergy approxinately 70

~

¥eV, This ig 15 MoV lower then the peak cross scction for the hish spin
o iscmer. These predicticns axre baced on previous resulis obtzined

v

for the prciuction of iccmer poirs by heavy-ion-compound-nucleus

reactions in thic rerian™ .

pexity of G+, it is reasonable to expect that the bata decoy bronch would

preferably pozulate the low spin iccmeric stato of Lo

iscmer and the pesk cross seciion for the low spin o

solely to the beta decay of Ex™”7, it is possible to caleulats the a2lphz

. . 152 . . . . . 1
brenching ratio of Er 5 from the relative intensities of the I ond
+ 0.05

ot 92 (low spin) slpha groups. 4 value of 0.90 0. 90

The second proninent erbiur slpha activity thet was cbscrved has

]

sn alpha particle eazexrgy of L.67 MoV (Figure 1) cnd e half-life of

&

for this sctivity was obtained

©

§ + 2 sce (Pigure 2)., 4 yicld curv

Wl

T
8!

which vas fcund to peak at arn cxcitation energy of Tl eV (Pigure 3 ).
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IV, DISCUSSICH

It vould bo more neaningful %o defoer a detailed discussion of
the alpha decay properties of the erbiua isotopes in relation to tho
systematics of the other rare earth alpha'emitters until the study of
a2lpha decay in tho higher nunbers of tho rare earth elezents has been
conpleteds We can, however, mention scme observations which refer A

specially to the erbium isotopas.

Aes £L1l7hn Docay Enerries

Theso firast commentsArefer to the variation of 2lpha decay
energy with mass mumbers This was found to progressively incrcase Qith
~deereesing mass number froa N - 85 to I = 84, In our experiments,
thouch sufficicnt oxoitation energy was aveilable %o have yielded

 soue Ertl eng possibly a small amount of 0

» there wzs no cvidence
. of alpha deczy from these nuclides. This indicates that the clpha
decqy'qnergiés of these nuclides are considerably less thon for the 8l

152, end is consistent with results froam pr°c1sa Retatclc

neuiron isotope, Er
- measurenents of the lighter rare earth nuclides which show that the
alpha decay energies of the 82- and 83-neutron isotopcs are much lower
than the valués for the 8i-necuiron iuotopesl6.

| Anofher obsexvation concerning-the alpha deéay energies of the
ervium isotopes is the relhtxvely saall difference between the alpha

L kev) md the muich largor

‘decay enorgies of E:
difference between Erlss'and.Erlsu.(sho kev)o_ These difforences are -

observed to a somewhat lesser extent with the 8&-, 85~ and &6-ncutron

' 16L. A, Kbnig, Jo He B thtanch and Ao B. Wapstra, Mucl. Ihyc. .
31, 18 (1962) . ,
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isotopes of dysprosium where they differ by 170 and 400 kev9 reapcctively.
For the nuclides below 2 = 64, howovor, the alpha dccéy enorgioa of 8he,
85~ and 86-ncutron isotopés for a given elemegf differ by approximatoly;
‘the some amount (fUSOO'kev) It appears that this change in the
differences in uhO alphsa docaJ enorziea of noighboring isotopas bccins:
at MZ = 66 vhich sugzests that it moy be cssociated with tho structural
‘chango vhiéh ocours betwceh Z e 64 end 2 = 66 wvhors thera is cvidenceo

of 2 minor closod proton shelll 2

B, Alpha Reduceod Widths -

192 ang £193

Alpha’reduced ﬁidths (62) vore calculated for Er
fron the experimental rosuits using'the method of Basmussenl7. The

" 2lpha roduced width is defined in the following expression:

A e8P
n .

* where A is tho alpha decay constant, P iz the barrier penctrability and.
h is Planck's constant. The muclear potential used in the calculation
of P is tho sum of the coulomb potential, the centrifugal potontial and -

the real part of the alpha-nucleuo potcntiul given nyla

_Llaga? 23] __
v (r) = - 1100 exp {i 0.574 eV

. 4 value of O, 091 KoV was obtained for the redaced width of
Erlsz and O.lp MoV for E:_53 assuming42-= 0 « <waves only. These values
 ar0 a factor.of 1.6 to 9 time° hiéher than fhe corrﬁsponding isotopes

of holmium, dyapr031um cnd torbiun which means that ulpha decay is nore

173. 0. Rasmussen, Physe Reve 113, 1593 (1959).

18, 1g0, Puys. Rev. Letters 1, 72 (1958).
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_favored for the orbium 1sotopes. A posaible quaiitative exploans ,ioa"
fo: this is a3 follows, In tho carlier work of Hzsnusson and co~wer: \049
"en tho galodinium, terbiunm and dyoprosium alpha cmiticrs, they ob:orved
o break in tho alpha decoy encxcy curve ot 2 = €4 which they interproted
25 being due 10 & minor closed chell ot 2 = €4 ”2. This idea rccoiféd '
suppord froa the proton lovel soquonce cehome projsued by Hots tolzon ard
Nilsson which chows a substaniial cner y £ap botween the d5/2 proton’
lcvei, a lovel which iz presucchly ccmpletely filled ot 2 = &, ani;tho
next lc§o1, an hll/2 statslg. sddivicnal experimental support for this
particular lovel ssjucnce has bean obteined fram the observation of

=
0y 4-1*9’ }'Iolﬁl and 30‘32 o Tho smullex

long~lived iscscric. otates for
values of 62,£or dycprosiun, holmium znd teﬁ%ium [62 (Tblu9)<62 (DyIEO)
(g2 (Lol)l)<6 (& “15“)jlcould be the result of sismificant differences
in {tha proucn rerd of the nuclear weve functions of tho initial and finsl
ctates involved in the ulp'za. decay procoGse 45 more protons ere added
4o tha hll/z levsl, houwevsry those differcnces would tead to boe

swaller and 23 a rosult tho reducad widtha would be expecied to boceno.

-

larper, Further vork in progress on thulium, jtuorb g lutetiuwa and
hafnivz dlpas enittors near the 82-neutron closed shell ray indicute

nore clearly how,éz varies as pore protons ere added boyond I = &

(22

The rasults. obtained on the erbiunm alpha emitters are swwmarize

~in Tadle I.

: 195. e Lottoloon and S, G Ai;ﬁson, 1gle Janske Vidensiab
Selskab, ifate Fys. Skriftor L, Fo. 8 (1959)s '
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Yuclide q, (V) Helf-Life  Alpha Bremch 6% (lioV)

Ext9% 4,95 £0.02 10.7 £ 0.5 see 0,90 ¥ O
B2 480 £ 0,02 36 x2 coc 0,95 092 0a3

E}‘.‘l% 4.26 j‘_ 0002 li'os i'- 1.0 min Aadadad -

T L e
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PIGURE CAFCIONS

Figure 1 alpha porticle spectra of holmium and erbium isotopes produced

l
vy mal*2 4 otb

at (a) 151 MoV incident 0*° enoxgy,
(b) 136 MeV, (e) 119 MeV and (d) 201 HeV, Those spectra
~vere recorded under conditions of continuous bombardment, N

collection, and counting and correspond essentially to the

equilibrium level of activiiy.

. . - I
_ Figure 2 Ailpha decay curves for Erlsz, Er153 and Erls*.



Figure 3

Fiéure &

Figure 5

. containing Ex
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Hd142 + O16 excitation functions for the production of
(2) Eﬂlsz, Er153_and Erlsu and - (b) the high spin isomers
of Holsl 2nd H0152. The yields are'corrected for alpha

154

branching ratios with the exception of Zx™” . The cross
scotions are in arbitrary units but ths relative velues are
as shown in the firure. %he yield scalea for (a) and (b)

are the samc.

Alpha paxrticle spectra of alpho recoils collected from seamples

153 and Er154 produced from H4142 + OL6. For

~
=z

spectrun (&) tho beabarding enorgy was 103 eV and for

 spectrum (b)) &4 MeV.

! .
152 . 16

4lpha partiole spectra of nuclides produced by id 0

16

a2t (2) 103 MeV 016 energy and (b) 92 HeV O enexgy.

Samples were prepared by electrostatic coliection of tearget
recoils. DPombardzent time was 2 min and samples woere counted |

for a 2 min period $ min after bombardment,
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