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.AL'P'HA DECAY PROPERTIES OE' SOME THiJ1IL11 M'D YTTEIU3Im1 ISOTOPES 

~mAR TI-m 82 .. N'EUT.RON CLOSED SHELL ie 

Ronald D. !·hcfa:danc, 
Dcpartm~nt of Chemistry, 
Mci1astm: University., 
lbmd.lton~ Canada~ 

and 

l.n"i·lrcncc Radi.a tion La bora tocy, 
'Un·7 -r'"'"!-'"'.ii ty '..,::: C<1• 1 -t .eo.,.n· ·l.., -~~~-~- ~~ ~A•~ •• _Q, 
Be~kcley, Cali~oraia. 

The Bl, .. and 85~ncutron :tsotopes of !ro. and Yb 'tverc produced by heavy-S.on 

reactions on ncuti:on-dcficient rare earth targets. T"nesc isoi;opes -v~hich t;).re 

16 to 18 net~trons remcnrcd from the beta. stability line d~c.~:(f rn~cdoz::d.nantly by 

alpha. particle em.ission.. A oearch 1vas m:.adc for. proton <.:m..1.csiou in the d·~cay 

151 152 of th~se nuclides .::~nd in Tm and Tm but: none t·Yas observed. The alpha 

systcm:ltics of alpha decay of the 84- nnd 85 ... ncutron isotopes. E-vidence <·l.:tG 

obt~incd for the existence of a long-liv~d alpl1n•emitting isomeric state in 

154 'rn· .. 

I. INTRODliC'rlOl~. 

In previous papers· 't:te h.-~ve reported rcsul ts on the elpha decay propertims 

1 2 "' of iaotopes .of the rare earth elements bctt·.rcen Th and :Cr ' $.;, $ i:'io~t of the 

resultD were obtained for the 84- and 85-neutron isotopes which posseos en• 

hanced alpha decay energies du0 to the effect of the 82 ... ncutron closed shell" 

-:rThia 't·7ork t-tas performed :}lndor the auspices of the u.s. Atom.ic Energy 
Commission. 

\ 
1:a. De Ht.'l.cfarlane and D.'i't-J. Seegmiller, l:7uc1. Phys. _53!> 4!;.9 (1961.~). 
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2 . ( ) R. D. 11-acfadao.e and n.:;n. Griffioen, Phys. R~v. J:.30, 14-91 1963 f 

~ 1 
-R. D. t-iacfa.rle.ne and R~i D. Griffioen, Phya .. Rev. ill, 2176 (1963). 

l 
f' 

l. 
I 



- 2 ~ 

The \·;crl~ ~cportcd hcrG on To end Th isotopes is a conti::mation of this study. 

i'i~c min ol1jcctivcs of this program are ttvo-fold: to provide a set of expcri-

mental alpha decay chta 'tvhich ce.n be used to study the effect of proton 

coni:tgu::::at:ion on alpha decay rates, and to obte.in some inf'orf:l.ation on the 

production and properties of ultra•neut;ron deficient nuclides. 

. . ., ~r~-153 15lr . . 1,& 1 20 '!he nuc_idcs, o~.i.JJ · and ru- •, -v;erc produced by Pr~"' (N~ , xn) reactions 

.o.nd lM-14·2 (Fl9 > A"n) reactions u,sing 131 to 195 r'!P-V Ne20 ions and 121 to lS5 i:ic\1 

F19 ions from. the Uerkelcy heavy ion linear accelerator (H.ilac). Yb154 and 

-:;?0155 . d • b s 144 (o16 ) i f lQ" . 1 .. 1 'H ~:" 016 A 
:l. t;icre p:co ucc~ y .m , :m react ons us· ng o to ~:J .. k.·~.elf .~.ens 

14"' 20 ·. 2 and by Nd ·.:. (~!c 11 ~n) reactions.· &1.ro earth oxide targets ( .-v- 2 tMJ;/cm ) of 

• .1 .._ · ' a 1:r 142 • · ll-14 cnricrlcu iso ... opca O.i: .. ~d .:1na Sm t-;rore used. Yno isotopic 'abundances of 

Relative excitation. 

functions t<Jore obt.,.ined for each of the alpha a.ctivitiG::s atud:i.~d by measttt'ing 

the intensities of the nlph.~ zrou:ps at different bombarding c;;nergics. Altm".inum 

absorbers of vnrying t::hicknecses were used to degrade tha energy o:!! the heavy 

ion beam.. :C'lc. d:"ltll of i:TorthclHtc snd I-!ttbhard t·mre uncd to. determine energy 

losses in the a1umi:1l.lm · ab::1orbcrs, vacuttm tdndcna-s in the target a.ssern.bly, end 

t-'l.. "" - t 4,5 
C...1C '"""'· ge S •. 

!:he activity produced dut"ing bombarc1:::n$nt t.ro.s collcct;cd by thc'l:1Il!llizir.g the 

.recoils ejectt::!d fr<Y.il.. the target it1 helium ~nd then pumping them through a sm..all 

orifice onto ~ collection plate in V&Quum. A zo1d-surface·barrie~•alpha~p~rticle 

det~cto:,: t~oa used to measur~ the alpha. activity collected o:n the plate. Details 

o£ this system arc reported in an eo:rlicr p~p~r6, 

~L. c~ t1orthcliffe, Phys. Rov. l.?..Q.; 1744 (1.960). . 
. :JE,. t.. 1J.ubbcrd,_ !..a't·n:enc;.e Ra.clia.tion Labor$tory Report UCIU..-9053; (1960) 

(unpublished). 
6R •. D., Hacfa.rl:::'l.nc and R~ D. ~ifftocn,. Nucl~·· !nctr~ t1etl;.ods ·.2!~ 461 (1963) •, 
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Single component deco.y curves 'Ncrc· oi,tnined by sd.ecting the desired group 

in the alpha psrtic1c opectrum. using a s:!.ngle ... channc?. · pu1sco.h.eight o.nnlyzezo .:tnd 

followir~ the decay of the croup exte:;: bonrbardns:nt • 

Ao Pr141 + ?19 and co140 + Ne20 

<'1;<1 • '0 lt.. ., . -1.9 -~ d • i .(! •• ....19 ~ .t.nc rcact~on &!' ·~ -r 1!" t..r:.as uscu to stu y the energct cs o.c tnc ;~ " <.m 

and pl9 ~ 7t1. reactions in the neutron deficient rare earth regiono Th:f.s :!.nfOT.lll::l.tion 

'1:-ras used in asa:tgning the mas::> nw-:abers of the n~·J Tm and -ib alphr. activiticGo 

Using a Pr141 target~ these reactions produce two kno-vm v.lplv:l erxttters, Er152 

_ E 153 
and '•r • ifigure la shm;s the excitation functions fm: t:..~e production of 

theBe two nucl:tde~;;. In e..ddition to these activities, Ho151 and Ho152 (Fig. lb) 

The o..bsohc.te cress sections for the pro .. 

. 1 ~o ll·, · 19 auction of LyJ.J · by ·the rcactiml Pr ···· + ;F ·- have been measured by .Ale~;:r;mder av.d 
i 

his results t::rerc used to co1wert our relative yield m.essurcm.ents to m1 absolute 

basis. ~he no:rmalizat1on poin·t tvas taken at a bO"..lb&i:ding (,mo:cgy of 166 E~f~V -viher1;~ 

the cl:oos section for D"j
150 i?roduction \-.YSS found by Ale~M>.ndcr to be ·260 r.ib 

8 
.. 

The information obtained frc:m. these meaeuroments that 'N'O.S used in. 1:n.t:crpreting 

the Tm and Yb :t'cs1.1lts was thG position of the peaks of the excitation. functions 

19 . 19 for the F .~ 8p. end F , 7n reactions. As shmm in 'Pig. la, msxima t!cre observed 

at ez.::citation energies of 117 H:eV and 105 !1t:;V respectively (the term ~!c:;~citaUon. 

and the Q-valu~ for c.o-mpol4"1.d nucleus formation calcu1.ated from the Seeger m.o.ss 

7A~ H~ Wapstra.) Nucl.. Fhys6, 1§., 29 (1961). 
n 

c;J• Al~:ander, private COO'll."'ltlnication (1963). 
9P. /i... See.ger, Nucl. l?'hys. 12..::- 1 (1961)~ .· . 
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Excitst:ion functions 'ii7ere alco obtained for the Ne20 ~ 8n and uc20, in 

luO · reactionG using a Cc · target. To conv~rt to absolute cross sections the cross 

1so 140 ~o s section c<E.ta of Alc:·:ander for Dy production by Cc + U~'· ~.ras used • The 

nm:l'rla.lization point v:Tas 171 HeN boobarding energ-.1 whc:pa a ny150 cross section 

value of 262 mb was obtained by Alc?.andcre The cross section results for Er152 

~ .... .,..153 ... 151 "15"h nna Jj,.. a~c sho1m in Fig. 2a. nnd for Ho - and Ho- ·· in Fig. 2b. The position 

of the ~~:ima in the c~:citation ftmctiono for the Nc20 , Sn and t'!c20 ~ 7n reactions 

correspond to e;tcitation energies of 120 MeV and 108 HcV respectively. 

The results obtained for the production of Ho151 and Ho152 by H.!. pxn 

reactions arc also sh~·m in order to point out the ucefulness of these results 

in providing e..ddit:i.on..'ll d.D.ta for deducing ~ss assignments .of netf activities~ 

Both Fig. 1 and Fig;. 2 ohcn-1 that for H. I., ~m and U.Io, p?.n products:> the in~ 

dependent excitation functions of icobari.c pairs (e~g~ Er152 and Uo152) peak at . 

tho sam·3 encitation energy in the netttron dc;;fid.ent rare earth region (Er152 has 

a very small ~+/EC branch to Ro152h) 3 • The excitation function for Ho151 is 

151 , .. 1 151 actually a sum of the Er- · and Ho··.:> excitation fUt."!ctions since Er "" is not 

e.:n; alpha emitter. For c~::runple, one "'V'ould C}~pect that the excitation function 

1"'"' for the production of Tm.""".:s by a H. L xn reaction ~i'$.11 pe~k at approxi!l'Lilte.ly thG 

same excitation energy as that for Er153 produced by a H.I. p(x•l)n reaction 

B. Na142 + r 19 and Pril~l + l~e20 

The form.'ltion ·Of Tm.161 compound nu'?lei by tid142 + F19 and Prl4l + Ne20 

r~actions produced· three new alph~ a~tivit1os whteh wara not saon in the Prl41 •r 

F19 or Ce1L}O +· l;~e20 bo!ilbardmen:ts. On this basis, these activities were assigned 

to isotopes of· thulium •. Figure 3 sho-t=.rs alpha particle spectra of these activit$.,cs 

produced at different bombarding e.~ergies. In addition to these, the knot-m 

alpha. emitters of Dy:~ Ho, and· Er were also observed.,.; 

~lS:I (Eo; = 5.11 !-wV): 

.. 

• 

J .. 

\ 
'. 

\ 
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The highest CA.1crgy TLl! a.lphn group ob;;;ervcd ha.s an alpha particle energy of 
. 

5.11 ·r 0.02 H,~v and dccnys ~lith a h.a.lf-li:Zo of J . .,5G ::;ceo 

Conchtsi;;c evicloncc for this mass a.asignnl:?.Ut we.o obtah1ed 

£;:-om c::c:tto.tion fttn.r:;ti.on dete. Fig. 4.. shm.,;s the c-..:-r.c.itat:tcn function for th1.s 

In both cases~ the ~_,xcitn.tion 

15 1• 'l'm- "'" (Eo; ~:::: S .. Qt~ HcV) 

1 • ,.. • ·0'!0 154h Figures l.ca .and 5a ;;:-espcctively e.nd are aoe .. wc; :un: ·-~ 

r~ucletts • 

4 .• 96 MeV) 

below 15$ !·'!.ri!V nlso gn.we an indic.a.tion of a we.nk alpha group at the same positiono 
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lU! alpl1a particle spectrum showing thi3,activity can be oecn in Fig. 3d. The 

alpha particle encrg-.1 of this activ1.ty iG 4.96 MeV and it decays 'li7ith a half .. life 

of 5 sec. 'l'hc half-life tvos obtaine.d from e.n .::malyois of alpha particle spectra 

taken in a series of timed sequences after bombard~cnt. This experiment clearly 

ruled out the possibility that the 4.96 IvleV group was .:1ssociot:cd -v:ith the decay 

of the 2.98 sec Tm154· activityo. 

Because of ~he 'low intcnsity of this g~oup, it was not possible to obtain a 

detailed excitation functiono Qualitatively, it was determined that the 

e~tcita.tion function peaks at a aom~vhat lor:1cr bombarding energy than the 5.04 HeV 

Tm154, probably around 145 HcV t..;hen produced by Pr141 + l-ic20. Alpha decay energy 

systematics do not favor the assigr~ent of rm155 to this activity because the 

cliffercmc.e bctvteen the .alpha decay energies of the 85- and 86-neutron isotopes 

of the elements belo;:v- thulium have consistently been"-"' 400 keN..- This) and the 

fact tr~t the activity is apparently produced in lcrv1 yield (a small alpha decay 

branch !-J'OU.ld give the same r~sult)) suggests tha.t the activity may be due tO a 

low spin isomer of Tm154• The energetics ;of the qualitative cross section 

measurements aloe ind:i.cate that this is the most probable ttssignm.cnte Similar 

:cesults 't>tere obtained for the production of lo~~ spin is~rs of holtrdum by high­

energy ... heavy-ion reactions2. Ho152 , which has the same number of neutrons as 

154 ~ . . ~ f> 2 
Tm. , ~s a loi:1..g ... 1J.vcd a.lpha•cml.ttJ.ng isomsric sto.te • !!ere the difference in 

alf:ha decay energies of_ the two states is 70 keV vrhich is close to the difference 

of 80 keV observed for the Tm154 case. 

156. . 155 
The 84 .... end ss ... neutron :tsotope:;J of ytterbium, Yb . end Yb- . ~ \~ere produced 

by sm141~ (o16 , xn) reactions and Na142 (Ne20, xn) reactiono~ The encrgeti~s of 

the o16 , xn reactions have been studied in previous work on Dy, P.LO~ and Er alpha 

emitters2 ' 3 and infor.mation on Ne20 , xn 1;eactions was obtained from results 

present:ed above on the T-m alpha · emttera ~ 

,, 

:.~·· 

·I 
! 
i 
I 
i. _, 



'~ 

I 
t 
;j 

t 
:I 

' . 
i 
i 
I 
~ 
1 
" 't 
J :: 

'l 
-~ 

i 

.f 
::I 

1 :, 

~ 
~ 

1 ., ., 
J 

1 
'l 1 
~ 

i 
·I 
.li 
fJ 

t 
' i 

' ~ l 
' l 
~ 

! 
I 
II 
:I I. 
I. 

I 

I . 

' 
I ~ 

'.··· 

~ 

\.. 

.. 7 -

f • • 11 • .. - 1l•f: _t., 016 d 'liT .14·2 , Alpha particle Gpe.ctra. 0. sc.tr•n.ty co _Gctcu j;:l:0!11 bn1 r" T an ~.~a. -~· 

Nc20 bomb:?.rclmcnts wh:tc.h form. Yb cortti'Ound nucl~i' shmr~d tv:ro ne1v alpha groups which 

h.t!.d not been seen in bombardZl'~nts -;·1hich produced isotopes v.p to thulium. (Fig. 6). 

T11cy lvorc therefore o.3signcd to 'isotopes of Yb. From e:::::citation function data, 

they \.;ere shot,rn. to be due to Yb154 and Y"o155. 

YbJ.5!~ (Ea = 5.33 £;IeV) 

011e of ~he Yb ~lpha crrd.ttcrs has a~ alpha particle energy of 5.33 MeV and · 

decays -vrith a half-life of 0.39 sec. As in the study of the Tm alpha emitters, 

of t,hc e'~citadon fu.;.1ctions for thin acti,rity 'idth those of known sctivldes in 

this ;.•cgion. The activity v7as produced tt·10 cliffcrcnt w·e.ys 3 the first v1as by a 

1'4 "b2 ~ . 
r- _u. (ol6 ) -· • o..... d '· "'"' 1 1 '!\~d 1 ·· l'r·:r,,t-0 ··n) ,..e-ct·' on ,;)lil • , ~m rca(,;t::t. .. , :an tnc .,cconc oy a. ~·· ... ~.... , ·"' ., c:. ....... 

:m resuJ.to (Fig~ 7a) £or thia ect:b'it::y sh\Tw-ccl that the peak cross section. occurred 

at an cmci tat ion energy oi 87 1-icV. In our previous ·uo:d~ 'lili th Ho and Er isotopes, 

t-ue o1n:er,red tbr:J.t the peale cross section for the o16, 6n rcsctim.'l \'7as "-t """' 05 MeV 

excitation encrbf, a value very clo~c to that observed for this Y.b :activity. This 

1. • 1 1.5!-~o result st~angly suggeots that this ne~1 nuclide is pro!Jao y Yb • 

A~···~ 1 . f "'. . , cbt~~.·.~~~-- -~~o-. t~.~ ~ri142 ~ ~~_20 1:~\.iaJ.t::t.or..a support.: or tn:t.s l!k'lss ass1.gr.mGn' -vms · '"'·;.:~;.;a ·"' .... ••"' A.'"' • ~'"' 

rcsutts. !!er~~ the c:.:cita.tion function wh5.ch is ehovd'Zl in Fige Sa, ~~as co:t::1parad 

't-Jith results prcv:i.ously obtained for cell}() + 1k20 and Pr
141 + He20 • The position 

o:e the poa.l~ of the e::t:::itat:l.on function tv-as found to correspond very closely to 
i "0 

~:hcri.; !'>.ad he(:rn pi:evi.ouoly observed for a ~jer.. , Bn reaction.. This res:ult :ts con-
' 

sis tent ~lith our '!MISS aosignztcn.t of y~lS4, 

of the l!. I. p~m products (fig. 7b and F:i.g. Sb) tr.aking usa of our previous obscrvs.-

tion of the similarity of the energetics of isobars formed by H.!. •. , xn and B.!.~ 

p(x~l)n reactions. For both the Sri44 + o16 and Nd14·2 + l~c20 results, tho Tm154h 

e"l':cit.!ltion £unct:tons pocked at. v.ppro:::tmately the same ei':citation enci'gy o.s tha.t lor 

t~. ' • . '!... • .1 t ~.n.15l;. 
il~ aCCl.V'l.ty t·TC 11.-:lVC @..SSl.gtl.Cu 0 l..&J • 



... ~1.55 (E = J..., 0! 

The e:;ccond xo alpha activity that v:as obser-Ved has an alpha particle energy 

of 5. 21 l!GV and decays with e. :half· .. lifo oZ 1.65 sec~ The asnignm..-:nt of this 

F5 . · 1-- lSl, e.ct:l.vity to Yb J 'tva.s rwdc by a proccourc a.'1.<llogous to tnut used for Yh , 

!il!lking usc of c1-:ci.tn.tion function data fro.a previous -vtork to identify the ret:tction 

producing the acti~~ty. It was first produced by the reaction sm144 {o16 , xn) 
' 

Hhcre t!1c nl9.::d.roJ-ttn cross section was ob::;ervcd at an e~citation energy of 76 T!icV. 

In the rare earth region, this -.-ras fci.!.nd to be a characteristic value for o16 
i) 5n 

,reactionso 

IT&T rT .1£~2 t. 1!,": 20 • 1 .1- i. • d 1...'. II • .J!t d tV.. •"" ti .:~..1c )•Ci. ., .~.~e ~ oc<:m.ParUl.i..cnts c!l-$0 proauce t~u .. s act.:.v.~. y an .. uc cxc:!.~,.a. OL-" 

function for this mode o:Z production is sh.mrn in Fig. ·Sa. The peak cross aection 

wns oi,ser11ed at a11 eJ~:cit.ation. encrg-f of 106 ]'Lsif. From our Cc14° + Ne20 and 

?r14l + Nc20 results~ the Ne20, 7n reaction cross sections were folli~d to peak 

at cxc:i.tation energies of 108 .,nd lOG MeV reopcctivcly. This Yb activity must, 

De Search for Proton Radioactivity 

The nucU.des reported in this work a:re far on tJ1e neutron deficient aide of 

the beta ntaM.lity line. Proton binding e1;lerg5.es of these nuclides arc very small 

and some of them may be proton unstable. Of the nuclides studied above, the Tm 

isotopes offered the best poDsibility of observing proton radioactivity, bec~use 

odd .. z nuclei have lm.:cr proton binding encrg:teo. The Seeger semi-.ompirical l!'ass 

formula gives ~153 ~proton binding energy of +0.727 MeV and Tm152 a value of 

+0.,423 U::;,v9 • ~o b~~'\l'igC:t proton unsta~1e ':rm toot:O).'HH~, ~eeord:lns to tb!s Mss 

fot'W'.Jla is 'Em150 (Qp = ... o,;228 l-IeN)~ Theca, of co-ur:3e, reprea:eut lare;e extra ... 

polations £rom behaviors ncar beta stability and are, therefore, subject t~ eon•. 

siderablc uncertainL7• However, the ~so fot;roul~ doQs reasonably well in p~~ 

dict:tr.g the alpha decay energy o£ Tm153 (5~02 11cV com,.oared to the experimental 

valua of. 5. ?.5 HeV), so that t:her¢ is some evidence for the VG.lidity of the mass 

fo~~la in thia region~ 
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'5" 1"'2 The lighter Tm isotopes, Tru. ....... and Tm .:> , appeared to be the most prO"..uicin.g 

nuclicl.cs for the obscrvsti011. of proton radioactivity in this study~ Because of 

the effect of the 82-ncutron clooecl shell in suppressing the alpha decay energies 

of the 82 .. and 83-l1~utron. isotopes tl1ere ohot.>ld not be e.n.y competition from 

alpha decay for these nuclides. The smllA + o15 rcact:1.on using 7.52 HcV o16 ions 

t·7aS used to produce thecc nuclide::; b<:!cause of the higher cross .section for o16 ::- p:m 

reactions in the ncatron~dcficient~rare-carth region. This energy should give 

close:! to the m::~.~d.m-u.m cross section for 'Im152 production (sec Fig. 7b) and 

probably a significant cross section for r~151 • Particle spectra were obtained 

ove& the energy range o£ 0. 75 !v!eV to 3.Li.O £-leV and the results arc shown in Fig~ 9. 

No groups observed in. this region ~rhich could be attributed to proton radioactivity .. 

The 1:~ackground in this rcgi.on -v;as essentially due to the low energy tails of the 

intense rare ca:::t:h alpha groups. 

proton group in this experiment iD equivalent to a cross sectiot~ of 0 .. 2 mb if 

the activity bns a half~life greater than 0.04 sec. and decays 100% by proton 

' • ( <f A•• i'L h 1£ 1• 1 •! 0 02 cm:tss:~.on act:;.v .... ~:z.cs vl cu a .. l."vc.s ess .. nan • sec, cannoC.be detected in 

our m~per1mcnts). 

In order fOi: a nuclide such aa Tm151 to have a measurable proton deco.y branch., 

the energy available for proton decay must be at least 0.6 MeV. This ~·.rould give 

a proton decay half~life of ~ 10 sec •. (an approxim&tc formula for calculating 

pr-oton decay half ... lives given. by Golcansky vras used to obtain this valuelO) .. 
i 

UnfortUJ"l<ltcly~ in our expcrimo.nts, the ·ba
1
ckground due to beta decay pilc ... up U8.S 

. ,. I 

very high below 0~75 MeV ~o that the sensitivity for detect~ng proton groups in. 

the critical region. bct\.;(2cn 0.6 and ,.75 l1cV lUi.s very noor01 .. \ 

rl. DISCUSSION 

A. Alpha D~cay Encrgios 

TI1e alpha decay energies of the 84· and 85-neutron isotopes of Tm and Yb, · 
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when co!1lpared '{r7ith the corresponding iGotopcn of Tb, Dy, llo; and Er, ~hoN· that 

the alpha decay energies of these nuclides are ·a linear function of nuclear 

charge for conBtant ne~tron number, An expression for alpha decay energies 

can be derived from the! SCl!'J. .. empi:r.ical !!l.'lSS fo:ct11Ula which shO'iiS that alpha de• 

cay (;ne:rgy and Z are linearly related H N ia held conatant:. 0n.1},. in the. region 

of nphm:ical nuclei, however, does thi!il s~em to be borne out e::pcrimcmtally .. 

Tnc 85 .. neutron isotopes of Tm. and Yb ~..rare undoubtedly produced in our 

c:q,eriments but no alpha decay branch w.as detected for th~se nuclides. 1-io large 

alpha decay hindro.ncc factor is exp;:.;ctcd so that the reason for the apparent 

small ~lpl~ branch of these nuclides can probably he attributed to competition 

from E.C./p+ decay as a result of a significant lowering of alpha decay energy 

Comparisons of our (l:-g?.crime~tal ~t values uith thosa calculated by t4c 

Seeger x:w.ss formuln shot·s that the Seeger £orw.1la gives very close values, The 

Cameron mass formula11 is not particularly useful in this r.egi?n because it pre~ 

diets that the 85:-nc~tron isotopes should have the maximum Qa 'i7hereae the 

B! Alpha Branching Ratios and Alpha 1\cdueed i-lidths 

It tvas not possible .to obtain direct·e~~perimental, values of alpha branching 

ratios for the '1m and Yb alpha. emitter$ because of their low yield and also · 

because the beta decay daughters are formed directly in greater yield than the 

parents. Some information was obtained on the alpha. branching ratio of Ybl54 

from .~ study o£ the e\lpha decay of ru:158 to Yb154 't~b:i.ch indicates that Yb154 

he.s essentially a 100% a.lp11ll branch12• 

!n ord~r to obtain som~ estimAte of the alpha branclting ratios of the Tman4 

Yb alpha cmitterG., beta decay half-lives were estimated using previous data on· 

11A .. G. W. Cameron, Can. J. Phya .. a, 1021 (1957) 
12 . R. D. Haef.arlane 1 unpublished results (1963). 

J 

•• 
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the 24- cud 85-ncutron elphn.-c.:ra:ti::ting iE>otopcs of Dy, Ho, :.11.1d Er. Using the 

cay nncl expcrimcmtally clcte:~:t'1!2:1.ncd half-lives and alph.4t branching r.!!t:i.QG of these 

nuclides, grocs log (ft) values ·Her~ calc:ulated. Log (ft) values grouping o.rouud 

In a:I.J. c.::ses, it t.>'as found that the calculated bet£~ i:mlf-lifc vJ~o l.i:i.1!C.h larger than 

tho experimental ~ .. ralvop indicating that the ~lpr. ... :':!. l}ranching ra.t::ios ·Of th~.oc nuclides 

a:r.e close to unity. Estimc.ted alpha branching ratios obtained from. the. calculated 

... 2 • • " d I: 1 1 • • 7. • b '!:">-- 1 - 13 Mf 'l Y. II!' o · an.~~-: t:nc mcta.o o.c ca. cu ... at:!..on J.S t~1.a.t g:s..vcu y 1.'\.a;.-.;m.t.s;ocn • !t1c o · for b'!e ..~:m 

Th.corct1ca1 co.lcula.t~.ono of r~lat:i.ve reduced widths using pure single particle 

.., . ' 
tmvo fuoe:ticn.s shm,;r that large fluctuations in o~.. can be ~:s:pected, depending on 

' 

shC'!ll is bcfn.g fU1ed (in. mu: c~Gc the hlt/Z t'>roton s'hcll) o2 .3hou1d ho.vo a. m..1.:d'J1I'Jm 

value uhen the shell is lu~J.f ... f:i.lled (Z = 70 foz- t;lte hu/2 proton sho.11).. Expe:ri .. 
. ~ . 

mentally 3 ho:·;rever :1 o"- for. the S4- and as-neutron. isotopet.l have been l;'CB.Oonahly 

conr.tont for Z = 00 to· Z = 10 ,. except for a ··.·slight docrease at Z = 66 .. · If -vmvc 
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functions derived from residual pairing force calculations are used, fluctuations 

_in.calculated 82 are essentially washed outl4~ .The constancy of the c~~erime~tal 

reduced widths for the 84- and 85-neutron 1isotopes clearly demonstrates the role 
! 
I 

of the residual pairing force in the alpha decay process• 

1ltzt~ D~ Macfarlane$ :I._ o. Rasmussen and ~i. Rho, .Phys. Rev. J1!, Bl196 (1964). 

J.· 
..... 

I :: ,. 

'· ' 
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TABLE i 

SumiD~ry of Results 

Estim.-'ltcd Alpha. 
~N~u~c~1·~ld_G ____________ 9a~N~,C~~-1e_V~) __________ l~ta~l_f_·_l_i~f_e_.(s~e-·=~) _____ B_r_sn_c_h_i~n~~~·--Ratic __ ~o-2~(~_1c_V~)--*-= 
Tml53 5.25 ± 0.02 1.58 ± 0.15 

m 
154(" ' h • ) 5 17 + 0 Q? l'm. h:t..g Sp:!.U . • - . • -

Tm154(1m; sp:tn) 

Ybl54 

5.09 -J: 0.03 

s.47 ± o.o2 

5.35 'i" 0.02 

2.98± 0.20 

5 ± 1 

..!.. 
o.39 :.. o.ol. 

.. : ... 
1.65 0.15 

0.90 

0.85 

0.98 

0.90 

0.066 

0 .. 091 

0.080 

* Calculated assuming ~ ~ 0. alpha wave emission only 
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FIGiJRE CAPTIONS 

Figure 1 Excitation functions for the reactions a) Pr141 (Fl9 ,Sn) Er152(.6.), 

and Prl!}l(Fl9 ~7n) Er153 ()7) ·and b) Prlt.~l(F19~9n+ p8n). Ro151 (Q) 

and Pr141o~~l9 ~p7n) no152h( 0)· 
I 

. 140 . 20 152 El:citation functions for the. reactions a) ce· (Ne- ,8n) Er- (b), Figure 2 

and Ce140 (1~e20 , 7n). Er153(q) and b) Ce140(Ne20,9n + p8n) 1~151 q:p 
. and Cell}O(He20,p7~) Ho152h(O) .• 

Figure 3 Alpha particle spectra taken from the Prllt-l ::1:: l~e20 runs showin.z th~ 

. ne)f Tm alpM. emitters tak.en at bombarding ene~gies of (a), 195 ~1eV, 

(b) 178 ~!i:eV, (c) 159 MeV, and (d) 138 MeV • 



,... ! 'i:ot .• -· :.,. . '·:-. \.. 

FigurG 4 Eitcitation functions for the reactions a.) Nd142{p19 ,8n) Tm153(,:1) 

and Nd14·2 (F19 ,7n) Tm.154h(yr) where Tm154h denotes the high spin 

isonK~ro Figure 4b shcr;vs the e:tcit~tion functions for the reactions 
-

142 19 . 152 142 19 15" Nd · (F- ~9n ~t· p8n.) Er <tl) and l':M.. (F ~p7n) Er --'((')). 

Figure 5 Excitation functions for the reactions a) Pr141(Nc20,8n) Tm153 (~) 

and Prll~ol{l>k20,7n). Trrl5l~h(V") and b) Pr141 (!~e20,9n + p8n) Er152(o) 

and Pr141(Ne20 ,p7n.) Er153( ()). 

6 A1 1 k . . 142 20 h h 
Fi~v.ro ~P~~ particLe spectra ta en from the Nd + Ne runs s.owing t e 

n~~ Yb alpr~ emitters. T11e aolid points refer to the scale on the 

. left and the squares to the scale on the right. Figures 6a-d vrere 

taken at bombarding energies of 195, 183, 171, and 145 MeV respectively. 

Figure 7 Excitation functions for the production of Ybl54 a~d YblSS from sm144 

(o16 ,h-n) reactions and for the production of Tm153 and Tm154 from the 

same compound nucleus. 

Figure 8 Excitation functions for the production of nt54 .and Yb155 from 

' 1l~2 20 . ) . 153 154 
Nd (l~c ,~m reactions and for the production of. 'l'I:t and 'l'm . 

by (Ne20,9n+p8n) and Ne20,p7n reactions respectively. 

Figure 9 Petrticlo spectrum in the region of o. 75. to 3.4 ~ieV of activity 

collected from the reaction Sm14t~ + o16 using 152 1-ieV o16·· ions •. 

· This spectrum ~;as taken ill order to determine whether proton and 

delayed pr.oton ~mittcrs could be detected in the neutron-deficient 

rare e.:u:th region. , .· 

·-

.... 

'· 
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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 con~ractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any inf~rmation pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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