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ABSTRACT 

Uc-...r a1plm-e.."'1i ttins isotopes of erbium, lying neo.r thc:l 62-

ncu~ron closccl shell, vero produced. by 1!d 
142 + o16 bo.:1bardr:lcnts a.t 

incident energies up to 151 I·:o'l. Tho· nuclides otudicd a<"ld their 

alpha dec~ propertico aro: 

lruc1ido Qct (noV) Ihlf-Lifa fJ.pha Br.:.:.n.cr.i...~ 
Ratio 

Exl52 4.93 ±. 0.02 10.7 ±. 0.5 sec 0.90 + 0.05 
- 0.20 

b"'rl53 4.80 .±. 0.02 36 ±.2 sec 0.95 + 0.05 - 0.20 
Erl54 4.26 .:t 0.02 4.5 .±. 1.0 1:1in 

1ilpha decay fror:1 crbiu.-:J. isotopc:ls vi th A.<l52 \·!.s.s not observ-ed 

indic::."liing th.:l..t tho a.lpha p;;;.rtic1a binding energies of these izotopes_ 

are considerably higher than those for tha 84-, 85- ~'1d 86-neutrcn 

isotopeo. 

15" ~lpl~ reduced '~dtho, c~1culatcd from the results for Er -

_, 153 and ;.:.r , 'lore found to be hiGher th.:l."'l the correspondinG dyoprosiun 5 

+This rcsco.rch \vas pcrfor;ned under the auspices of tho 
U. s. Atomic Enerzy Co~icsion. 

~.t-

Prcscnt Addro!>s: licl1.aster Ur.iversity, 1Iaz:li1ton, Ontario, C.:l.r.o.d~ 

** P.rosent Address: CalYin College, Grand R~pids, l'd.chigan. 
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holmium o.nd tcrbiU!:l isotopes. Rcl~tivo excitation functions were 

obtained. for so:no Nd.1L'"2 (o16, x n) 2nd. Nd142 '(o16, v x n) re.:1ctions. 

I. TI-ITiWD'JC'l'IOrl 

Alpl1a radionctivity l1CS bacn observed for a number of nuclides 

\·r!lich lie nom~. t;:i.:e 82-nc;:utro..."l. clo::;c;d shell in the r~e c:u-th region. 

It ~~ been found previously t~t for a eivon ele~ent tho olpr~ dcc~y 

cnorey h.::!.s a minimU!:l value at N .,. 82, incra.:lscs very slu:.rply vith 

ncu~ron number to a ma~ value ct N = 84 ~d gradu~lly docre~ec 

~~th increazL~ neutron number b2yond N = 84. Tho ~1p~ doc~y 

properties of tho C~-noutron isotopcc of the elomento from Z ~ 60 to 

z m 67 have been ror~rted ~~d. for s~~~ ele~onts alp~ activities from 

isotope~ .\rl.'.;h ~! = 85 toN= 88 have been obsorved1 » 2 P},lrp5~ 6 ,?,e. 

Tho purpo::.e of this po.p:3r is to l~a:!,)ort on resul·C;c \1hich "111ore 

ob'ccined. for tho Slr-~ 85- end 86-ncutrcn isotopes of orbiuzn (Z = 68). 

of their pro:d: .. 'li ty to the 82-neutron ::::hall, there is stron& evidence 

t~~t these isotopes as·vo11 as most of the other tno~1 ~1pr~ enitters 

in tho cc..rth rcsion :possess o. st.:1b1c spherico..l or noc:.J:"-sphc:::-ical 

1
j. 0. R.:1s::nussen, Jr., s. G. ThOW.J?3on :m.d ·A. Ghiorso;.Ppys. · 

Rev. ~ 35 (1953). 

(1962). 

2
Ko s. Toth n.nd J. 0. Ruowucsent F-uel. Fnys. 16 ~ 4 74 (1960) •.. 

31'1. I~as 0 Ann. Acad. Sci. Pen."'licao ;:h ll, 65 (1960). 
4R. D. Hacfarlc.."1e and T. P. Koh::'lanp Prqs~ nov. 121, 1750 (1?61). 

5!1. D. ~-hcfa:rl.2nc, J. Inorg. lrucl. c·hc;n • .12., 9 (1961). 
•6 n. D. Hacfc.rl.:1ne, Phys. Rev. 126, 274 (1962). 
7I·!. r:umia, ?. Kr.ur.:me:n o . .-·ld A. Siivo1ap Phys. Rov. 127p 943 

~.D. t-:aci'n.r1a.:ne and R. D. Griffioen, Pr.ys. Rev. (In Prcos). 

9n. D. Hac.far1a.no a.~d n. D. Griffioen, :B-.111. kn. r-eya. Soc •. .€,, 
451 (1961). 

\ 

I . . . 



.. 

- 3 - UCRL-10937 

grou...""ld zto.te shape. It ia hoped thut a caroful study of tho D.lphe. 

decay properties of nuclides in this region \-."ill yield uccful infor.:lC,-tion 

on detailed factures of alp~ dec~ in the ab~enco of tho effect~ of 

s :ph0roid.al de f orma:t ~- c~. 

D-152 153 15~ 142 The nuclides .;..;..- , Er ar.i Er vo::ro produced ~J lid 

16 16 ( 0 , A n) rcn-ctiorw usi."J.g 75 to 151 I-:cV 0 ions .free tho 3crkolcy 

heavy-ion e.ccolor.:.tor (ful~). Sa.-:1plco for clpho. particle C."lo.ly~is 

vrere prcp~cd. using tuo diffc:rcnt tccb:.r!iqucs. 

In one l::othoJ., which w::..s u:::od for the lcnc;or-livcd c..ctivities, 

~~o.otion roc;pils cj8ctod. f:..~o~ tho tars;;t vrora thormR.lizod by hcli"!..lm a."l.d 

collected on a chart;ed :plute. Tho plD.te vo.s then placed in o. Frisch-

grid io::lizo..tio!-:. ch.<wbor for z.1;o:1a p~~iclc analysis. :i:ho t.::.J.·t;ct ~.sscwbly 

c;uploycd in those e:<:perll!ont3 i:lO..S also used in o. :1odifiod for.n to 

eloct::ro3~o..tico.lly collect recoils from the ~ph~ dec~~ of the erbium 

isotopos ir.. order to est~blish l)Lt.r.an.t-d.au.:;htcr ral:;:.tionsr..ipn. ~he 

follo:·Iins is ~ gcncrD.l desc:d:ption of tha ].)roccdm-o ...,hich ;,:u.s uccd. The 

Hd142 t~:~c,:;ot v~ brob.s.rded vi th o16 ions <md recoils ejected. fron the 

tar0et \:ere collected on a cb."rgcd pla.to as before. After bcr:!bo.:::-ir.;cnt, 

the heli~ ~as quickly puoped out of tho target ass~bly ~d replaced 

by ~ nov supply at l atw pressure. This v::..s fo~d to bo nocessarJ 

bocc.:use it \-l3.S observed that some recoils fro::n. the tc.rect •.:ere reto..incd 

in tho holiU~-a prosent duxing tha bcmbn.rdmont for M long :lS a few 

minu'cec after bol:lbard.r:lent. The electrode conta.inil".£! the t.:z.:;ct recoils 

vas then relocated to a position L~ front of a second electrode in tho 

ta:rget o.sse::J.bly which hn.d been shielded durina the bo;:lba:rdncnt so th~t 
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no tw-eot :recoils vlculd be collected. on i.t. .::. noe<'lti vc voltage •.::!s then 

applied to this electrode a."ld :rocoil!J wo:ro collcct;::d from tho clph.:~ deco.y 

cf thG o.ctivity :produced in tho bo:ab.::u-d.I:lcnt. In vacuu;n, it vo.s foU."l.d 

t~~t beta decay rccoilo could be oloct:rostaticD.lly collected froo the 

s.:.."ilple but clpho. deccy rccoil3 could not bcco.u::.e of their lonecr rur1£ro • 

. At a pressure of l a.tril of helium, alph<1 deco.y recoils ve:ro collcctoi 

w~th coed efficiency but it ~as no longer possible to collect beto. dec~ 

recoils. Particular attention ~o.n ~iv0u to insuring thD.t no deposition 

of to.rget recoils on the oloct~ode used to collect alpho. dcc~y recoils 

took pl2-0o cinco ~his vould i.'wcl.ido.tc tho r0sul tc of the "rccoil-t.:liL1.(ing" 

exparimcnt!l. It ''as found thzt if tho :prcc~tionc u~ntioncd above vera 
-6 . 

tcl(cn, less t~~ 10 of tho level of activity collected d~ing tho 

bo~b~~ont appccrcd on tho electrode UGed to collect the ~lp~~ dcc~y 

recoils. Sp~cific details of the t~~ct asscnbly end ~rr~~c~cn~ of the 

11 +. 1 t d d 'b d . 1' 6,& co COwL~ e ec rc cs uxe occr~ c ~n e~ ~or :papers • 

E0causc of tho short half-life of 152 Zr , a faster ncthod for 

colloctinz a.Yld .::r.clyzing the <:!.Ctivi ty vas also used. 'l'hiD nothod. l1D.S 

bee~ us0ful for studyin.~ cl:p~ n.cti vi ties \;ho:::>o l'-..:1lf-li VGs [;.J.'a greater 

th~:. 0 .. 03 soc. .Dctc.ilo of thi3 :procedure m·e rilported. clsc:lh;)rc 
10 and 

o!'lly the [;'Gnercl features ·~Iill be eiven here. Hcn.ctio::J. recoils cjco~cd. 

tar0ot a3sc~bly. Tlwy ~ere then s~cpt through a small o~fico into a 

ch~nbcr under vccuuo c.djace..J.t to the tn.:cget asse::ably uhcra they \IJerG 

clo~csitci on the surface of a collector. Alpha particle spectra of the 

~~cecil s.:..::plos ,.,ere recorded at tho s:::.'no til!c tho uctivity \·Jc.s collected 

lOn 
h. 

(In ?-.ccza). 
D. Hac.fo.rla...J.e m'ld R. D. Griffioen, :C.ucl. Inst. and !·:~th. 
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using o. eolcl-::mxf.:co b;:;.rr.i.er detector. For the ohort-livcd. cctivitico 

( t 1; 2 ,:; 2 ~in), the level of u.cti vi ty ll::W o.l1o\·:od. to b-J.ild. up to .:::..."'1 

c~uilibrium vcluc bGforc recording alpho. p~icle 8pcctro.. This vo.s 

convenient for the c~oss Goction ~c~u_~onts sinco no correction~ for 

d.cc~y vcrc required. 

Tx=zot3 consiDtcd of r~c caxth o~dc~ (N2 mg/~2 ) dcpo~ited 

on o. 0.006 r;JD tltic}: aluoinu.n b.:::.ckL"'1S. :::he nco~-;:J.i'J!J! oxide t:u·,zot that 
, l· . ., 

vM us0d vo.s enriched in l!d- ·- to 93. 93;~. The otho:r ncod.;yuiU!n isotopes 

.Alu::.i::ua absorbo~ of vo.~,.....i.n.: thicknczse~ 

ucrc used. to dc£7c.d.C the e:wrzy of th~ heavy ion boc...:1. Tho do.t<:.. of 

o16 
ion.o \r.i.thin the rc.n,zo of 75 to 160 !·:cV~ the enorc7 los~ in the r:u-e· 

extr;:;.polo.tinb the range-enerzy cu_~cs for vcrious elc~cnts civen ~J 

12 
Ilubbc::.·d to tho rt:.ro earth clements <1:1d o:cyccn • 

Ticlc.ti ve cxci t.::;.ticn .i'Unctio110 \.:ere obt:::.ir.cd fror:l the inte:nsi tics 

of tho v.:l.:!.~iou::: grcup:.:; in tho ulpha ps.rticlo cpoctra after no:::u.:;.liz.ing 

to ;:;. cc::1st::cnt intcg:co.tcc'i. be~ current. The ccunting d:.:t.t::. uerc clso 

corrected. for recoil collection efficiency 1.:lhich waz fou.ncl to be 

dcp8nclcnt u:pon bombarding er.orc:;:r for tho electrostatic collecticn ncthod 

. l;ut not for tho gas SvTcepin€ technique. 

The gold-surf~o barrier ~lp~ particle detector that 1.:lo.e used 

in the gi:.s m·:coping cxpori:nonts uas m::ld.c .frcr:1 n-ty-_pc 1800 0~-cm silicon 

~cl·oporc-tcd ~t <:.. rovo::::-so bias of 20 v. The active surface .:::.rca wn.s 

• 1 
J.-1. C. ~~orthcliffc 0 f-'hys. P.ov. lZQ., 1744 (1960). 
12E. L. !Iubba:rd (Unpublished. Results). 
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2 9 Cil • Eno:-wr calibrution wo.s obtcinod frc::-1 the cly;~ p::rticlos of 

... 142 l·.a. + c!.:; i~:cidc::J.t cnarc;ico 

r-~v. 

Hhic~ 

produce ico·co?CS of the . 8 
to hol.-:::Lw. .. .:.:::~ci tJ:t;icn 

i'tL"lcUc::J.s irc:::.·o obtuir.oJ fo::: tl:csc ucti :rltics .. In e~ch c~~c~ tba 

fl'o::l 

d.uo to isotopes of erbium. .AC.ditio!l8.l rcsult::l '"~re obtcin0d. \:hlch 

assi~cnt~ w~ alGo obt~ncd. Thc3o rcs~lts arc discuoscd bclou. 

~ . .., .ll:-2 
C.Ltrr:tn~ .!.-~l1. 016 'ho· .. ·o,.,_-,.,1-l""~·J.."' ...,,. v,..-• ..;o,.~. ·.J.."'c·l-~r.."~- o16 

7 -..; •·• ""'""-V•• \.J_.I.,oJ fo....A.t.t~ (..!..J,.~ ~a) •• ... """"~"'•V 

1-;: 
..,I o ?c:.~lr."! ~'1 f1...Yld P. J·lso.z-o s Ln~·:l ... (;ncc l\~di 9.. tic:n. L.::.bo::3. t o::y !~ol:-o:"·~ 

UC;l1- 952!~ (u:-._r:'.l.t>liz:;hcd). 

1~ ( ) •\• D. i:·~:1cfurl2r.c s-.. d D. \1,. Seegmiller Un;u.b1i~hcd Ho~ult:; • 

··· 15c,. ~~. Si:-::onof£' e.r:.d J. H .. ...Uc::.::::-:.nder, 1~:-rrc."l.cc Rud.ic:ticn 
L:.:.l.::.;:c{'.to::cy Report UCIU. -10099 .Rev (':i'o Tle Publi~hci). 
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the ::r:;co.Pil"lg teclli"1iq_uc fo~ collecting the roc oils i'ro::l the to .. :cs.::t. 

dc::ccyo \!i th a half-life of 10.7 .:!:. Oo 5 soc (Ficu.r.a 2). 'J:'hc p8ck of the 

e.:.:ci tc:.tio~ fu..r.ction for this acti vi-~y (Figo..:.:ro 3 1 .. ) falls ct u.n 

o:!:ci tdio:n or:..orc.r of 85 :·IeV vhlch i.:; very clc::;c to the v.:..luo of 64 l·~cV 

. l '"' 'l f t\-.!"' <J l~-1 (016 6 ) •.r.-.151 t• 1 ~-'· t prcv-..L.OU:J y o .. ncrvcu. or '-' .x 9 n •• .., r2.::.c l.Cn. _cau.J.l"lg o 

th.e hich spin iso::tor
8

• This ::m.zgc::;ts th::..t tho 10.7 cao cctivity is 

produced. by tho sc.me ty:._)G ::::oacticn v1:-.ich vould yield 
l r; ') r:·.,...- ,1'-._._ the 

\:hich ..._,ere collected olcctronta.tic:D.ly <:~.::: :rocoil:> ll.'O:::l a tl>..ir~ sz:mplc · 

of the Eowovcr~ bcc~u~c of tho cho::.·t hclf-lifo of the 11-.80 EaV 

erbium clpl:a activity, it •·:us not posziblo to use this tochi-ll".:,UC. i~GOp 

¥' 152 l!tS the alpha dcccy C.c1.<Ghto:r of l!.r is .Dy '.:1hic1-:; .1n tho bc.siG cf Dlph.e. 

cloca;:r f;'!'..O'I:f:-7 systeraatics, is not 0x:pect0d to e~:.hibi t a wcusurablo al:pb.G. 

dcccy br<:.r..ch. 

r: 152 •• o , l~s pro·..riou.sly been ot~died and. it has been sho·.r..: "tl1:::.t it c:d=>ts 

. 8 . 
:vcl.r .. ..Upha decoy frcr. both thG grou.J.cl ~::.nd. 

stu.tcz l"l~Zl bcc11 observed. 

' t t ' d t • ' ' •r 'll:-2 \i<l.S C.C OC OC.. US a J/l'O UC • :ln C!'.LO .l.'Jil 

in the p:::-cnc::.co of tnc 10.7 sec orbiu.,"';l ~ctivi ty shoved th::Lt cost if not 
.-( 16 . 

all of tr~s cctivity is produced directly by ~ 0 , p $ n ?ouctioa. 

~he lo~·r 
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c:-:citc:tic::. function for thic D.ctivity wc.n ob'Gclncd. Tl:cso rc~mltn >.fore 

e::::ci tation energy of a:r;pro:d.n:c.t0ly 52 HcV ~d it f::irly clo:Jcl:,· p-'ll"&..llols 

the eho.pc of tho mccitn:~ion :1.\mction of tho 10.7 sec c;;::.~biu.":l. c.ctivHy. 

IJ·hi::: CU[,'g'CdG thc..t tho lou spin Ho1 52 
iSOTJOr io fo:r.::cd. for tho !:O~t pc.-v-t 

by the beta dec:::.y b:..~~1ch of thG ::1,.0. 7 sec erbium c.cti Yi t~r ;:hich :::m::;t ~ 

Th.c direct fv~nution of tr .. e 1 • ·- 152 
"'·' ·~"'.J... n <;o __ ...,-..J "~J:' - "'-"' 

. b 016 5 +' . J.!:O:::.cr y an , p . n r3uc ~:~.en 

EcV ~ Thi.:J is 15 I'·!oV lo~:cr th.:n tlw ps-ak croso scctiol'! fo:r:- the r.ich spi."l 

for tho p:rciucticn of .icc::::cr p:.irs by hcu.vy-icm-c~pou.YJ.d-nuclcu.s 

" n 
t ' , ~-. , OpO rcac 1.ons l.n cr~:.t.c :cc_sJ..o.n .. 

rn-·..:.:·ity· of 0-:-, it is ro.J.oon.?.blo to c;~poct tho.t the bat3. d<::C2\f b:r:-.J...YJ.Ch \-IO'-lld 

... 11 1 ' t• 1 . . . t t ... ,.. 152 
pr01Cl~.:'.) ~r flO:;?:: U."CC ne OiJ O[JJ.:l J.SO:I1Gl'l.C G 8. 0 Ol llO • If it is 

~:r0152 J. .. ~. ~ ... , ·."- rr 152 .... .., ........ ..:.:: and. tha per.l~ eros~ section for the loN spin .u.o ci.uc 

~ololy to t~s beta d~cay of Er1 52 , it i~ possible to c~lculate th8 alp~ 

br.;:.nchil'l.f! ::::·atio cf ~152 from the rclutive intcnsi tics 

A \i·aluo of 0. 90 + 0.05 
0.20 

1,:;:;.:;:, obtai::od. 

r:-ho second. pror::J.incnt erbiu:r. r.lpr..a activi t;;r th::t \·!2-S ob3c:r."Tcd ho.s 

36 ~ 2 nee (?isure 2). L 7lcld curvo for this ~cti\~ty vo.3 obtGincd 

vhich m:.s i"ctwci to :poa.k at an oxcitatio:r. ener::sy of 71 !'leV (?icr~r\) 3 ..l). 
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Thio co::;p.:::.:-c8 .fovor~b1y \Jith c. vduo o.f 72 I·ieV p:.::-evio-u::;ly observed. foz-

<·h..,.. P llr1 (016 5 ) H 152 t· 1 d" ... t"' ..... ' . . 8 -...... r ~ n -O ro<::.c ~on c<J. :~.ng ... o 1~0 1uc;u ::>:ran l.:::o:acr • 

. 6 b . al .,· ~ 1', .,...15 3 for tne 3 sea cr J..U.'ll "' phc.. uctivi·~y _.., ......... • 

1L:.9 1Lt.c 
the beta d.oc~y duuc;hter of Dy- · , '?b- ·. , h2.s 2-!J. z.ly.;hc. b:::-c.nch uhicn he.~ 

been ive11 c!>....:z2.cteri zed 
1

• I:1. order to clGtc:::-:.:inc \:llethol~ the 3G :::oc 

l --
crbiuw. c.c-ci vi ty i3 due to Er-:> .:>, ullJC1:! deco.y recoils \·:ere electro-

stc.ticclly collected frc~ c. 

" tL · " •·• 11-9 l o::- nc pre :J c:r-.c c or ·.:: D • 

collection cf recoil::: fro~ 2.·c t·,.;o . . ' ' o16 b b ' l.:".:.Cl.G.CP. 't '·C:1 ·:.:..ra.-

ing cncrgic~. tl10 the 36 sec c.ctivity is 

v.:lluo end the 10.7 sec ,.., 152 
~r 

Alpha C.cc.::y recoils collcctod. .fro:l 8:::Z•plcz ::::~ this bo:::.b::!.:r:dir'.C encrc;y 

~:hlch 

( ' .. ' )1~2 '+ • .:. !l .. 

Z·:oV' -.;hc:co thG lc·.;e1 of the 36 sco crbiu::: activity is rcclucod. by ::;. f;.:ctor 

~h9 
of 60, no Tb.l. · >·!.:.:.S detected in the clph2. c:poctru:1 of the :recoils fro::1 

cl:plu deco.yo ~t the 103 !·icV bc:J.bc..rdi:r:g- e1;,cr:gy~ o:1ly tho 36 sec crbiu:J 

.,. m· 14·9 clr;h.::. c;r:cup lw.s sufficient intcn.si ty to l'l.ave produced the level o.~. ... o 

... 153 ' . ' . - d . ,.d142 ,._16 
1:0 '.uu.cn l.S proCLuce J...n ~' + u 

C "n ..,, "'O ·"o~ .. -. 'i'.·'-149 ....__ ~o.J .:.. -·~l _ u n.s 

lf..~9 . 
c.::ncu:-.t of Tb · C8!1 "be fo~:::d. from the clph2. deco.y of tb..i3 nuclide. 
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142 1 b"' , 1·? 1 ( 
.. ~ "'"h ···1 ("'- .. ) ""' 1 t' .._ '' ;.·.·-'1-"- (r."'C~ scc"'.lO.."l io:::;- "o .:.''- v ~:; n l'G:lc .. ~on r0-:::.. ~vo ... o .:.no-~ u , 

1 ')28 
0- .. 

0
12 

+ r~~ctior.:1 is 

16 
~~tio of tho o- ' 

of 

possible to cQlculcte the 

r~tio of E:..l53. ~- OQ05 
0.20 

'\-12..G obtc.in~d.. 

151.l. 'c.'-,.. ' ....... 

io:::Ls :l.nc:Lde:nt 

c.t 

4.15 !·:cv r:.lplu p::-2-'ticlc cnc:rt:;,-y l<lh.ich d.ec2.ys ' . .;i th e. h(.).lf life of L:·o 5 .:t. 

Previous 

.. Gl6 I .••. 
"GfiC , ... :. n e:~::Cl. "'CS:~~O:l 

' • - ' A • '~ • ~ 1'1 j • • .., 15/+ c:c:n:wn 8..1.}1~13. . .:;.c 1..l. Vl. r.y l.S !:!!OS'\; l. r..e_y aue 'tO .::.::i:' .. 

Pl·cof th:J.t thi:J ccti vi ty is due to J~rl5l1- t:<:s obt~ined f:ro::; t!:.:::; 

cxporir;:ents \·Jhere clphu. dac~:r :recoils were collected frcrJ sc:.:::plcs 

p.s..!").:.iclo ::;p::ctr..::1 of rccoil3 collected frc.::i t!-.e c..lphQ.. activity of 

s::.:nplcs 
, •.. 142 ' 16 

prvducod oy .::1<1. + 0 bo::.b.:u-d::lcnts c..t [:...'1. il'lcidcnt C<'.ergy of 
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po;;:iblo .: .. ,... 
vv 

Tb.G :rG2..::on fer this io tl1:.:.t 

..... 
J.iiO 

tl:c 

r~,-. ...... !""'"-·7 -... .... u-v...., o 
16 of th·3 0 0 4 r.. c~.:cit3.ticr .. fm~cticn 

for th0 . 016 ... to inc~ct~scd. 
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IV. D!SCUSSIO!i 

It would be mora :co.aninJful to dofor a dato.ilod diocussion of 

the alpha dec~ proFertios of the erbium iootopoo in relation to tho 

aystemutico of the other rare earth clpha omittors until the study o~ 

alpha deoey in tho hicher nu::1bcro of tho rare earth elc:lents h..a!l been 

o~pleted. Wo can, ho~over 0 ~cntion o~o observations vhich refer 

apeoially to tho erbiuc isotopes. 

These first co:unonts refer to the vo.riution of cl~ha dcccy 

enerGY vdth mass number. This Wa.3. found to proarcosively increase with 

decreasing mass number .frO!:l. U ~- 66 to lr ... 81+. In our oxporimenta, ·. 

althouch .sufficient oxoito.tio..."l enorzy va.s c.vci.lablo to h:lvo yielded 

scme Erl5l 01d po:::oi b1y a sm.all £ll:lount of Erl50, there van no e:vidcnco 

of alpha dec~ from these nuclides. Thio indica.tca thnt the ~ph~ 

dec3Y energies of theso nuclides a.ro considerably loss t11..:4"'l for the sl~­

noutron icoto~o, Er152 , and io consistent with restilto fr~ precise ouzo 

mea3urcnc."l.ts of tho lighter rc.re earth nuclides which ohoill that tho 

cl.pho. decay enercrioo of the 82- and 83-neutron iootopcs are wuch lo\-:cr 

than tho values ror·the 84-neutron iootope:J16• 

lmother observation concol'lli.rlJ the alpha docey enercics of the 

oroi1m1 isotopoo is the relatively SI:J.all difference betvcen the alpha • 

dec~ energies of Er152 ~~d Er153 (130 kcv) and the much l~gor 
153 154 difference between Er and Er (540 kcv). Th0se differences are 

observed to a. SQr.let-ihat leG:Jor extent 'With thG Olr-, 85- and 66-ncut:;.~on 

16t. .A.., KBnig, J o He E. Ma.tta.uoh and Ao H. Wapstra, Nuol. !1--..yc •. 
lit 18 (1962) 0 

~: . 
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isotopoo of dysprosium whGro they differ by 170 and ~~ kcvp rc3Doctivoly. 

For tho nuclidos bolo"r Z .. 64, ha\vavor, tho alpha dec~ oncrcio!l of a4-, 

as..: <md 86-noutron isotopes f'o!' e. ziven el~Gnt differ by o.pproxi:.'ltl.toly . 

the a::uno .::mount ( fV500 ·lcev). It appears tha.t this chaneo in tho 
( 

difforonces in tho alphA doc~ onoreioo o£ noiahbortna isotopoo boeins , 

u.t fV Z ... 66 \-;hi eli SU&l'Osts thn.t it mc..y bo c.DSocin.tcd with tho struct-v.re!l 

· olw.ngo which .occurs botvcan Z ca 64 end Z • 66 uhoro thera is cvidcnco 

of' a minor cloood proton sholl1 ' 2• 

D. .Al nhr-. RccJ.uccd 1:lidths 

. . 2 . . 152 153 
Alpha reduced widths (o ) \;ora cclculated for Er ond Er 

i'roo tha cxparir:lental results usi.ni tho method of Rnsmuoscn17. Tho 

alpha roducod width io defined in. the f'ollowinz expression, 

where A is tho clphu doc~ constant, P is tho barrier pQnotrability and 

his Planck's const.:mt. The nucle~ potential u::icd in tho calculition 

of' P is tho ::.um of' the coulomb potontialt tho ccntrifue;al potontial <md 

tho real pz.1."t of tha clpha-nucleus potentic.l. given o-,r18 . · · 

V (r) •- 1100 czp {- L~- l-~~5~:/}] 1 HeV 

A vcluo of 0.091 I·1oY vas obtained for tha reduced "'idth of 

. ~152 ru'ld. o.l) HoV :for Er153 a.smminz .1, ... 0. Cl .. :,; waves only. These v.:::.lues 

~o u factor of 1.6 to 9 t~cs hizhcr than the corr~sponding iaotop~s 

of holmiUl:lp dycprosium Lmd te:rbiun 'Which means that cl.pha decay is mora 

17J. Ov Rancussen, Fhys. Rav. lll, 1593 (1959)~ 
18o. Igo, ~. Rov. Letters l, 72 (1958). 
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c. brc~ in tho [J.l})ha doocy o.r.c:."CJ cu.::.. .. ro At Z ... 0;. \lhlch tho:r intcrprotcd 

o.3 bein~ duil to D. mir..or clo.ood choll ~t Z .. 6tt1 ' 2• Thir.: ide~ received. 

Nilcson '«hich ehova a. sub~tz:...'1tio.l v~1.erc-J' (;&p bot·.rccn the d
5
/ 2 r>roto~·.· 

level, n. level which iz ;pra::a;.nc..bly cc::1plotcly filled c.t Z ... Or• cr.:i tho 

nc::d• lcvol, c.."l. ~1;2 ot::::.ta19. r..ddit:i.o:w.l c:.tpcrir~~nt::U :mprort fo1: this 

p.:~..-ticW.ar lovel SOi1UCnco ll.:l.3 bean obtuin~d. frc;.n th~ ob:::cr;.:;.tion Ol 

"49 151 , ~26 p 8 
lo."t$-li\"ed. iso~::Cl .. ic. otatas for ~b.1. • Tio . ~d :uo-:1 o 'i'ho c::1~le~ 

l .co ~-2 (' ' i . h , -.: . ..- ·'1:i tor'·,im*' r~2 (Q'ollr9) ,r-:_2 (l·'n,l;D) va ucs o ... u .... or ayc:p;-o:J U."".l~ • o.-r.u.uo1~ ~ ......... l v ... ..u -'J 

(f} (lio151)<o2 (;,:l .. l52) J could ba tho r~oult or oicnii'ico.."l.t d.ifi"crcmcoo · 

ct~tc5 involved in tho .ulpha daco.y proccos. :.::. moro protonc e.::o <J.d:.lod 

to tl:..9 ~1;2 level, ho·.:1ovu:rp thoaa difforcncon '..'auld tc.r:.! to 

c~allar ~d es a rc$ult tho :rc~ucad gidth~ vould be ex?Cctoi to b~cc~o 

lm.·,:or. Eurtho:r vo:rk in pro,;1rc~s on thuli'l.l.O, yttorbiu:1~ lu·l;otiu::L ~;l 

r...afniu:1 nl.pha €:wittoro neo.r tha 82-nGu.tron closed. 3holl n2..y indic:::.tc 

IlOro clearly how f} vm:-iec ~ ooro !>rctonn a.ra oodcd boyocl Z ... 61;,. 

Tho roo.ult3. obtainad on the erbiULl ~phe. eD"..ittcr& .:u-o su:.: . .--:.t-;.rizc:i 

. in Table Io 
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TATILE I 

/ . S~~J of Results 

/ l!uclido Q. (I-1eV) Ecl.f-Lif'o Alpha. J3r~"'lch 62 (l~~cV) : 
,/ a. 

/ 

... 152 4.93 ;t 0.02 10.7 .±. 0.5 CCC 0.90 ... 0.05 0.091 ;:..:::: 
- 0.20 

Er153 4.80 .±. 0.02 36 .:t2 CCC 0 05 + 0.05 
•>' - 0.20 0.13 

Erl54 4.26 .:t 0.02 4.5 .:t 1.0 min 

\kl 'wJould like to thank Dr. J. ~ucxandcr and Dr. G. Si=onoff for 

their contributions by \r;;.y of inl'or.:::c:tive discucdons O.."ld ~w.co c. Corum, 

assisted in dcvelopinz the experimental oystetl used il'l th.i.:::: ..,;ork. The 

co-oper~tion of tho Rilac personn~l is gratefUlly ackno~lcd~ed. 

Pigurc l ~lph.:l. p2.rticlo spectra of holmium cmd erbium iGotopcs produced 

b nd 111-2 016 :J .... + .;;.t (a) 151 HeV incident o16 
enor&-y, 

(b) 136 HoV; (c) 119 HeN and (d) 101 HcV. Tho:Je spcct.ra 

ucrc rocorded under conditions of continuous bo~bu~ent~ 

collection, <md counting and col.--respond essentially to the: 

equilibrium level of activity. 

FitrllrG 2 Alpha. decay cu...-ves for E1;-
152, r:r153 and Er1 5'+. 

'.'. 
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.Fizur~ 3 Hd142 + o16 exci tat:l.on .i\mctions for tho production of 

(~) Er1 52 , Erl53 nnd £r154 and· (b) the rdeh spin isomers 

• 151 . 152 of Eo ~~d ITo • Tho yields are corr~cted for alpha 

br.:mching ratios \-ti th the exception of :Sr154• The cross 

oootions aro in arbitr~ units but th~ rolativo v~luao ~a 

as aho·~ in tho fiL~o. ~he yield ~cales for (a) and (b) 

are tho scm a. 

Ficure 4 Alpha p~ticlo cpectra of ~pha recoils collected froo samples 

containine E:r153 :md- Er154 prod..uccd frc:n Hd.142 + 016• Per. 

sp~ctru.':l. (a) tho bc::1b<:.:rdine energy vas 103 F.cV and for 

spectrum (b) e~~ !'rev. 

"'i 5 ,.., ~... t· 1 J co 1'd • d b 71·d
11

1- 2 + o16 
~ gura A.pu~ par lO e opoc~ra o~ nuc l as prouuco y • 

at (a) 103 l'~cV o16 energy c..."'l.d (b) 92 HeV o16 e:"1orc.7• 

Srunplcs \.tore prevarcd by electrostatic collection of tcrc;<Ot 

recoils. Boe1bardment ti'll'.e vras 2 znin ar..d sG.rJ:ploz 'Joro cou.~ted 

for a. 2 min :period 5 min ci'tGr bcrtlba.rdlr.ont. 

·.: 
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