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. . the 84G auct 8S•~u~on .isotopes of luteeiUlrl, Lui.S.s end tui.SG, and 

· the 8S•· an4 86""\'lCutwoa !aot:opes of hafnium, st157 4n4 Uf158,, wer$ produced ·. 

b7 bomb!irdbs a s~144 target witb high eueray r19 L\M No~O ions~ '-'heso 

nucU.de$ 4~ prf.m;uily by.atpha particle emisaf.on •. Alpha c!ecar energies 

and halt•U.ves were mueurec1. At:& alpba•=ittina 1somonc state wae o~ 

served for t.u156 • !be e1pha re<luced widths of these nuclides are close 

to those observed for otbozo iaotones ln thle t:'fl!SiOn• A search was made 

for proton decoy bfanebes but nom wao obsened. ·Some r.eaults of a sm1M• .+ 

S32 bombardment U. vreaented. &nd epecui.atf.ona are made vf.tb regard tO tbG 

· future productiOt\ of the ultra-net.&tt'O'&\ deficient 84• to 86•neutron !.ootopes 

above hafllium. · 
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· 'J:w · Xutt-odu.c;t.tcm 

In previous papers we have report$d ~ the 4e¢4Y ~o~~tteG of alpha 

· ~tters from ?:D to Yb 
1

"293
'
4
.- ·Thi.O papu stves ~eau.lts obtained for e<ma 

uew tu and Hf :&1pb.a-cmitdng nucH.des and brinttJ to a. conclusion cur study 
. . . . 

of the ·alpha de~ propertie~.of ~clideo contst~~ b$~eert 84~ and 66w 

neutrcno •.. ~ Cia~ pt:Uetlted here will be.1ncorpol'ate.d tn .n future pe.par 

dealt~ tdtb ~. S)'Bt~t:Lcs of the ctpba deQC\)" propel' ties of the rl!U"f.t earth 

alpha -.i.ttUG• 

n. . ~~ib:tmt4l Detatls 

~ uuc1Ldcs~ tu155 and Lu156 t were produced by the reacti(ma 

sm1A4(P19 .an) tu155 ·~ Sm.144(Fl.9 a7tt) Ll.ttsG. · ~ l1f lsot(Jpli8 vhich Were,,· 

a1Go identif:Led p.. this stud;y wm:e produced by sitni1ar l'eactionS~ usinr the 

-~ am144 target aad. a ~~20 b~~ The Be~k&1oy hea~ion linear 4eeclerator 

wae usee! O.Q tlul sow:04 of bigh-~ergy heavy LOPS,.· Il¢ta11s of .. thQ target 

Ans®lbly 111 k_...cnot'a'Y 4agt-e.&it~on~ attd tho lllilthod of <:clte~t1on of tha 

Activity ftn: e.lxma Part1c1e ~l.ys~s are etveu iu. ~ previously publbhed 

papar '~ . 'the. i.GotopS.o. ~ly~:l.• ot the SmttJ4 taraat was aG fo11ows c · 

~14lJ. · ; ~~~4 6.,· · ·s 147 . 1· ~~~. .. ., . 148 0 ~ .., 149 0 6".11tl '!so 0 1., 
fol~ • 0' • to; Ul . .-., ·Y~t SJa . IIIII .all •• ~1'01 . . ... . IIIWJIOf Su\ _, .4 /#~ 

S 1.5 2 o· naOJ c:;_1.S4 o· 61\., . m • Ill" , •• ~ · • • .,(.,,. 

,· 

Alpha parti.Gle t>n~S)'lDeMura=ts ~N made uetna ,;_, ouneucts the 

fo11owina u~l:I.Clea: DJ1so. (4.23 MeV) 1, xrU2 (4.80 t~eV)3 au4 Po210 (5 •. 30 1:~GV)0 ~ . 
: ' •. . . .. 

A calf.brated pul$e ~ator provi&\d additional potutth. Hs.lf;.U,fe msasure<~~ 
. . 

•$}~ we~:e obtaw• by ona1ysis of alpha pcotlcl• spect1:'4 ncorded .at . 

f~Q.I the lntonsitieo of the va:d.~ alpha group Cl'f)~S #action data 

. · were C)btataed rclatlve ·to 01lSO produc~f.ou, llud then C01.\V~tec1 to e.bsolu~e 
. ' 

crue$ seetJ.,ou., 'l"'td.s iiA$ ®no by naasur~ the cross lll~tion t~. Py150 

... 
·.' 
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,.· ·. 

' .. ·. 
·: .·. 

pt"oductton by the ~:eacttcme sm144 ~ r19 c~d sm144 + Ne20 t-e1$tiv~ to tha.t. 

by :h-141 + gl~ an~ Cll140 + N(l2o. ·'fb.~ ~bao1.ute q:::6os ~eet1~ fm:. 't)ylS.<l J'l"Q ... 

· 4u.ct;ton by ~Q latte~ t:tto t"Cul~~io:ltD ~ ~en:. •MUl:'ed b)tl.la:!:att(.t~r 1~' l"o:~t 
' ' . . 

Px-141 .+ r19 th~ ~t~~tt(ilt poil\~ WM t:ue:r. at 1~6 ~v~~ •~~ the »y150 

. cross s~tion WA$ tml~ e.c 2~0 mt> •. · . For Ca3:40 + llre20 tba .~'tW!1U.tt1on .'. 
• • • • • • • • ,• • • • l • 

~i'IJ.t vas at 191 M~V., JAb, •rc. r..b¢ tttt.SO ~o:Jn ~~ct:io$'1 haa ~ vat.ue of .. 

262 ~- Fn:: bod~ J>tl4ett~ • th~ Dy1SO ~~ #CQt~on b. ~at:r:ly ¢t:;rr.WUP.t · 
' .. ,. . '' . . . ,• . . . . . . . . . 

'' 
' . 

i'he ~~~a1. me~ us~4 fq;: us:f.sntll.i tha ·~. a1p!.ua .nct,ivittQe ob-. . ( . . . . 

~tmrVw:l tu. thQ b.~ +.7!19. and.StA144.+ No20 ~V-'~t• .'WM the s~ .r.a . . ' . . . . . . 

~ad in ~lfO~ 'Qat~ 4\M.l'b a1pbe .~t·t~s :4•; .hn.muoe ~f th~.oho-:t h!&lf• 

ltve~ .e,u<;.l tow )11et<!t.a t,t ~ Mf; ~sfd.b1e t,o t~a"' ®G:Il\1~1 tecll"O!cttWl$ to 

:t,dont!fy the ~tm~ts $.mtQ1ved .. ():t' ext. e;tnb11$b ~ant•dau~t~t" 1'Clt~~1~~h.iplh 

'e'o~ tM· ~1;ivi.ti~ Mtd.gnod t~ tu, ~1($~1: ~td.smonta .tf~re·tl4"~ ~the 

'l1-:·<'>i:2! oi; th'll:b' FQc-luetd.on .~a FOdu4tS of the 9m.144 + p1.9. rM~tton and t.be 

~b~t!v.ea. of t.b<aB(!4 &<:tiv1.t:!.~ ~ prcxluets «t Sm144 .+ 0~ '~d Nd142 .'+. N¢20 

. ~~~ti®s •.. · TllfA. lee~:~ two·.t-f!4ct1a.n., ... ~,.-;t pt.'Qduec.l. m.11 of tlit~ l\~elt~l® obs~ ·. 1 ·. ' . ' . . . . . . :. . '. '· .. . ' . . ' 

.· :tt\ .t;ha . S:m 44 
'i· r 19 ~~~te ~"ith t~ i~mecptio'D. -ot isotope(~ ~f tu~,. · 

' ' j •. • • ' • • 

. . . ·. . ... ' . ' 144 ' 20 . ·. . ·. ,:, 
· S:l.1lU.Iil1;'1.y~ ;.aet1\-f.t1-aq r,tetae;t«t tn t;h~ $m. ·. +. N~ .. bo.d:mr&lartt:$ . , 

WeJ%'o $tG:;:~e4 ~ isotope~ of )~1;U1l.\ if they ~-r~a tl(?t · ch$oi:'Ve4 in tho · 
' .. . . .; ' -~ ; 

sm144 + r19 ~.:~o"~\\tl.1• . , ... , , 1_, \ 

. . 

~a' A.t$~ftt41!f<il\'e •do oo tl~ ~1$ o~ the r.sutu of e:tettat!on · 

functton ~$\U'~ta. Wormat:lo'4 oh~d ps-wtously on the <mOt"geUcs . 

otf H.l. J ~ '~ncttou (wm"a:"e H •. x. 'f.IWGnt lleVJ tC'n) bt.. tho ~ar~. ~a1i!th. , · 
' ' 

'~tion were r.wc4 tq c;luu·•etorue tb~ l:ea~ttcm le$~12'18 to ttle product;lCX~.~ .· · 

of a ~tt~ula~ tu OJ;> Ht e.lpb.a Mt1.v1t1 2•3·4~: ::· . . . .. . 
r;',-,1 i , ,· 
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A. s911~4 + p19 

The sm144 target was botilbarded wttb 130 to 185 MeV F.19 ion~ tand several 

alpha particle spectra of the . products were obtatnedo The spectra contained 

a large number of groups in the energy region of 3. 9 to S. 7 MeV • The 84-. · 

and ss ... neutron f.eotopee of ny, Ho, Er, Tin and Yb were readUy identi.£1ed .. 

111 addition, a very weak troup was observed at an alpha particle energy of 

5.63 MeV, a second more intense group at S~;S4 MeV • and a third weak group . . 

at 5.43 MeV. These actlvit:tes were not seen in the sm144 + o16 or Nd142 + 

Ne 20 bombardments and were thus e.ssiped to 1$otopes of lutecium.. 

tutss C!a • s .63 l.faV) 

Alpha particle spectra containing tha wealt s.G~ MeV alpha group ara 

shown in Figure 1. This activity wee found to decay with a balf•li.f'e of 

0.01 t 0.02 sec. The excitation function for the production of thiu activity 

(Figure 2a) peatcs et. e. bom'ba.rcUng energy of 160 MeV tll'hich corresponds to an 

excitation ener11 of 111 MeV. (The excitation energy referred to bore is the 

compound nucleus excitation energy and S.O obtained by subttactf.us the Q•va.lue 

for compound uucleua formation from the center-of-mass bomb4rding energy 8). 

The peak erose section for the production of this activity (based on a.lOO% 

alpha branch) was found to be 0.07 mb. 

From out" previous wort~ on the alpha eJI'd.tters below Lu. we have been 

able to accumulate a considerable amount of information regarding the 
.· ' . . . 2 3 4 

energetics of a.x. xu and Hoi• pxn reactions in the rare earth regicm • • • 

'l'o sum:aad.ze those results pertinent to this work, we have estab11sbec1 that 

the excitation funetf.Otl9 for R.I. 11 81,\ reacdous and B. I. p1t;i ·reactions pea1t 
-~ l 

,. 
' 

at excitation energies bet:wacn 114 anc1 118 MeV. : Po:r H.t. 7n a~cl H.t. ,p6n . 

. reactf.om these excttatf.o1.1. functions p~ak at excitation en<:rsiea between 

103 and 106 MeV •. (the excitatiou functions for low spin isomer production 

peak at oignificantly lower energies because of angular momantum effects.) 

'· 

:. 
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. F~ o~ an144 '!' r19 )Ma.Q~tf.*$ wa :found that the exett$f;ibn 

functitm. fe)r Yb15S produ.cticm. by a r19 • p7n -rcact!on pe.tal.«f at $ll -~x.~t:tnf;ion 

energy O.t 117 MeV11 11 value t.n .good f.taTec.wmt with pr~viclue rosult.a f.or the 

p.~ toa;;t1Q\1. .Olisure 2b)~ ... tb.Cl t.u155 ~tc~.tJltt<:m £~t:~ .ob.oul~l e.l~o poal~ 
'. . ' 

~t tho -BlUM e:;te:ttat!on enei'Er/• I:!mrav~r •. tha c~ettatiCJ! function. fox• t:be. 

5 .• 63 MeV .alphc. g:roup lfh!t:;h we ~~poct~d to t'W:! due. to_tu15S xu~alta·..- G MeV 

l<nf'Ol' then tbic.,. et t'l wlu.e tm1f""'f.:tty betwee.n tha tt.I., an and H.l~ 1n . 

®ergiGs. Tr1e did cba~ mn activ1.ey-, bowCW"Wt wbich was .c,oQJ.gned t;O; tbc 

·. r 19 ~ 7n 1:a~ott.cm co tb.o.t ·th~ only 1)lausibl13 mae agu}:f.snment fo<J;" tld.tiJ aetiviey 

is Lu155• 

lecS'Wlo -of t..~ very low inten~ity of thi.$ alpha St'OUPt there ta 

ccmstdera'M.~- ~t'ta~ty in~ crotut $taQtiofl. flteasur-~ bu.t not' eoouzb 

• • • < • 

the shUt i,$ tn<l¢ed real aud 18 qaused by the f.uc=eaoit.'Ja tendency. of ct.mq')ound 
I • ' 

nuclei of hip an$ut.:r f.l~Gtl!Otltum to ftceiou as thee~ ~otl%p0~ nucl~;L and 
\ 

their Mutt:ou evaJ;,oratiou. product$. oocoma mor:e. neutron deflctcnt .. ·A u~n:e 

de~:tled aQeOtmt of tllCSel effects Will be preeanted Ul, a· fut~e paper •.. 
' . 

. .. ' . ' . 

.A :$e¢cmd'a-t•1' Wt.r.ot)serve.d at tm a1p'ha ,_,artic1tt -ergy of s •. S4 MeV.-
- -

!this alpha·. :Stoup is F.esent .in ~· ;:~tro.. s~_ t."'l J'!~~ 1., .. 5.'ha half'-l:tf e · 
• • . t . '.. T \ ' ' ._ 

for .thb ~t-.tvtty wns fqunt;l. to be 0 •. 23 t o.m sec... .'.~:be oxeltati<m tunctf.qn 

~0?.:" the ~~tton .of tM.$.a~ttv1t~ ·by· th~ ::-eaq.ttOJ;l Sn\144 + )'19 !D shOW"n tn . 

. F1gttt~l2a tttt.d ~ · labelled tul56h wht~1 d~q"' tb4t f.t f.~. a Mgb t)')ia. to~~ •. 
!Cha ~~~k Of. the excttt1tio1\ funQtlon fa11t at 4'llll mi:.ctta.tloa ene-::8)' Of 103 MeV 

Which. U f.~ S~od .f1St*~es=nt with t:bG value$ px't-i.VI.OU$1)' Qbtc~d f<n: ,H.%~ ,·7n 
~ I • ' 

~eactioUt·· (S~ t;be AWre 41.ecusd.on of tho tu15.5 ·?:etu~lt•~) The.JMsc ·. 

m.ssigome~t of thf.o tt¢ti\rity ~t• the'tefcn:tit be t.u15.6 
t ·. Anothor: Lu act1,.dty; 

. -

the· 2rosulto of wbtoh at"o c:tcsctrlbed be1ov t · has. btea td~tttted 110 a lor~. sptn 

' .. ~' . 

I<• 
'•. 
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isomer of:.tu156.. The :trore intens$ o~il Of.tC tu156 Mtivtty Tla$ bQe1.1 assigned 

to 4 h!~h epiu toomertc. etat:c em the b&Dia of thG Clte!tat1<m function ?:OS~lto. 

tu156 <Ea • 5.43 l!eV) 

· A tbi'rd Lu a1pl't..a I'Cttvity with a b.GU•U..f¢ of~ 0\)S oao. wae found a.t 

en alpha particle enarBY of s.43 f:£aV.. t'his fl1pb.a. aro1..-p ®n be I'$G~ tn 

i'isure l<t.• lJ:bQ exe:ltatlon f~t:ton fat: tl:ds activit)" !a ebown !r;. Figur<J 2a. 

1:he pe~lt Cl'.'O$S section wht~h <l¢C~s at nn eXQ1 tat~Cl\ ~ermr of 92 MeV~ was 

found to have a vatue of 0~ 16 mb (asteumitlS 100% alpha branch)" rle h4va 

assigned t:bis $Ctivity to "' low spin tr,:~ of tu.156 on tbt1 basis cf the 

following ar~\'l.tlh . ·~ excitation function bas $ pronouncecl asymmetric 

shape with a ohup eut•oft on the tow eunl'Q" e1de snd a te.t1 on the hi~h 

en~rgy Side., the $ante shape. ex.c1Ut1on functions were found in the results 

. obtained fo't' tho low spin isomers of !lb149 • ao151 and ·Ho152 produced by 

efcll11ar bcavy.of.on rcactiou 2 ' 9• The p~ of the ex~f.tat1on function ie 

.-~ 10 l!eV lower tlu\n fen: th$ .. acttv1ty WG ha.va uate;ncrl to tu15611• tb:ts :f.s 

ccntd.ste.nt with the l:'esulte o1Jtatned fo'J: the tb149 • & 151 attd no152 t:aomer 

pairs. The pe$k ~roeo secttQn fo~ the p~odue~tou of thie.act1vity ie mu~h 

lower than on<a would expect ft:tr a. H.t, 6n l"OAct1on tn thta ,.-cgian, (See 

Cliccus$1cnt of Jlf'158 ~esults bet<N,) This too, ts coutstent with p~cvioue 

results em the produ~tion of low spin is~s by heaV7""iOft reacti<>no .. · · A11 

of thase oboervationo can but be expl:d.nod by asGisnins this D.Ct:f.vlty .to a 

· Hafnium isotopes nesJ' the 82--ut;ou o1o.e4 ~tboll Wrt\l pt-od~ed by 

bombarct1ns .• s.144 ta'"ge.t wf.th blah etterg uo20 !ou., \'he 84•ueutrcn tsotopo• 

llf156 • ~ be produc~d by • Ne2~,. 8u 1:eacts.on.' A cuefu1· ~earch wa~ mada 

for m156 alpha decf£y~ this nuclide waD CKpac.ted to have m alpha ~ticle 
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ener8y between 5.75 an4 s.ss MeV. However. uo sroupe were observed in this 

energy region When bombardments were ~WAde over 4 'l:'m.lge of boanbardiug 6!UergioG 

coneider~d to give the opttmum yield for thts •ctlvity. Most likely, the 

reason the activity· wa:a not seen tu tbe Sm144 + lte20 bombarcb.Gnts was be• 

cause of its short half• life• 'rbe ¢;borteet halt•U.fe activity whieb un be 

detected in our exped.men.ts ts 0.03 ~sec. On the ba.ds cf tbe predicted alpha 
· U6 · 

decay energy 11 the half•U.fe· of llf ma.y be as short au 0.01 sec. 

At the lower bombarding energiea (130 to 170 ~lV) two dpha groupo 
. 144 

wet:o observed which had not been seen in the Sm. + r 19 study., · These 

activities were assigned to isotopes of hafnium. Excitation function data 
157 lSG showed that they were due to Hf and Hf • 

H£157 (Ea • 5.68 ltfeV) 

One of the. Hf alpha groupa was obacrved at en e.1pb.ai particle et\ergy 

of S.68 MeV and VAG foUnd to decay with a ~lf•life ot 0.12 t 0.03 $ec. 

Tbio group can be aeen in the spectra show. 1n Filures 3c nne!' 3d. Tltc 

~:citation funct~oa for the production of th1a activity by the reaetioa 

sm144 + Ne20 1 ¢risuro 4a) 1 has 4 pcalt cross section of 0.2 mb at au 

excitation energy of 106 MeV.: Thb energy agt"eee closely with va.lUt1s ob-
. · U7 

.eerved for H.t. 7n reactions; which meane tbat this activity is due to 1If ~ 
·' 

. 158 . 
. Bf <Ea ~~~ s.21 MeV) . 

1'he oacond Bf alpha ~roup hao . An alp~ particle energy of S. 27 !-leV 

and decays with a half• life of 3 t ·o.s sec.· This group 'ts cleat:ly seen in 
' ' 

·the speetra shown tn Figures 3c a.nd 3d• · The excitation function for this 

activity iB .shown in FigUre 4a.,· 'lhe ct:oso sectilltl roaches a maximum value 

of 2 mb at au excitatiOn: euertW of 92 MeV~ Previous reeuita on the production 

of If.o, Er, au4 Yb isotopes showed that the H~l. 6n reaction peaks .at a.n 

et>..Cf.tl.l~lon euersy ber.we.eu S6 eel 88 1-Scl~V lor ~hoao ~~oucU:.c!es 2 •3 ,4 •· One would 



• s ... ' 
20 ' ' us ' 

expeet that the Ne ~ 6za ~d.tat~cm ft.tneti<m to produce Hf : would p~al~ nt 

a. 1itt1~ higher e1.lergy b~eatt.Ille of the higher neutron bind:f.ns energies in the 

. · resion around Bfus. The results obtllin.ed above~ .ther~fo:r.e,· e.ro eonsictent 

with t.M •as Mn!a:ment of att~8 to· this actt.vity • 

. An alpha particle spcctl:um taken ~1itb a. Larga d~teetor for a long 
157 1SS . 156 bombarding time ts ehQmt in Figure !?• The Hf • · tu. and Lu. c.etiv,.ties 

wbi~hw~ra nQt ver,r prominent in tba spectra ot~ i~ Pl~~~s 1 Gnd 3 ~re 

more clearly· seen in this. spectrum. 

lti order to relate tho data ()btaiued h thie ~.to t~lpha decay 

theor,- the alph4 braru;htng ratioo of thette nuclides ere needed.· J:.a estimat:~ 

of alpha ln:anch!ng t"Atioo was obtained by 4d.opt:in.t; l;rooa 1otJ It valuen f.o~ 

these mv.:U.des bused on. dcc:ay dr. ta for nd.ghbot>U1.S rruelicles · ~.u. . t!1:b reBiOtt 

ttnd using calculated eot!wu:es of the beta decay e.net~gic:.s of these nucU.de~'h 

f..nalys1s ct the &ta tor Dy.t no. and. !r elpl1a emitters ucar the S2•neutron 

~hell shmred ,that tP!'QUS los ft vatuee grouped. ftrour..d s. value of s. 'lald .. ug 

thio as tho srooo tag ft tot- the uuclf.dco ~ported in th!.s otud,- ~nd uatng 

~+ valuea dutve.ct f-rom the E:eesar. ucs fo%;14U!.a 8, we est::f.w1tad beta (!ecAy 

half•U.veo and fr(JQ ~he observed ha1f•11vc~~J obtained t.lppro:d.mate alpha 

· branching ratios. Th~se values are gtven in Table ! which also eumm.artr:ea 

the.cxpertmcntal results. 

n~ ~ ... Rtdueed YJ'J.sita · 

. :. · ... : Alpha 'l:'~dueed widths (~) a1:e nopoxotf.~l to the probability ot 

alpha dett\y after tbe tl1pha d~ay enArgy and angular lll.Ome.utum clepemdeuce . 

lulo bsen ~ed. ~e ttxact · d43)ff:rd.:tiou of &~ and the mth~d ~f ea1eu1at1on 

is that glwn by naswss&".n 10" 'rhd r~duced widtbo which were calculated . 
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UB:f.tll the cxpet'~ta1 alpha tlef!ay cnergf.es emd estimated a1pha half•U.ves 

are s1van in ~able x~ 

Tbeae reclu.eed w.t.dths tuwe very much the same values ·aa those for the 

Ughte:- 84• to 65•neutron isotopeth h a rec~t pop.er ~a have cm.lculated 

relative l'~duee4 widths botween Z • .54. and Z a $0 for a conatant N .,. 82 
. . . . . . 11 

neutron 1lt1J'ilbor using pt"oduet wav~ fu.nctione d.ed.vtad fr• »>S calculations • 

The~e results sr4W that because of the cffeet ~f oxt~ive eonfiguration 

mixitta ~u this region, the alpha decay trwit1.cm. matr~ ol~ntc at:e l1ttl~ 

affectc..d by the at:kU.tion of a ft!!V protono and a nearly constant a1pha 

reduced width has been ealculated between Z a 68 and Z o 78. 

c. ~areJ! J!g,r. ~en l'WMR.?Jr.S!~ 

~~ Lu and ~· l$Otopes reported h~re ere probably the uoot. neutron• 

deficient species presently knownQ They ara very close to the reston of 

protoc iustab1U.t)' auct. lc fact, t.u155 may b111 proton unstable ae well as 

alplUJ. particle ucstab1e. The Sce,sar t:ll1~S .fOl"llllla stves tu155 a proton. 

binding CDergy of •0.24 MaV which m!.lY be a vaU.cl number :Jinae lt ta w:tthin 

50 k.ev of stviaa .tbe ccn:rect alpha decay eDQt"t;Y 8~ . 

SOl:lG particle epeQtrll\ were obto.tuod over the enorgy range of 0.5 to 

3 MeV but. no proton poupa were o'bserve4• The lo-.1 eners:r te.f.lB of the 

intense alpha SX'OUPS of tho Ho• Er and Tin activities made it. difficult to 

observe Vet"1 weak low C'n$rs1 proton ~ps. 

n. i~~~ ~~§3J ~!mb!:S:;~;utron ~eaton sbGv~ u.:m.vm. .some ~sults of .. · 
Tho problem. ln. $t\l.dy1na the 84- and SS•neut::cm alpha em.f.tters .shOve 

hafnium presently ties 1n the production of tbece twcU.4es in sufficient 
. . 

quaut:itieG to WUl!CU't-c their d.ecay properties,.. We 901"$ able to Qlttend ow.o 

study ot .tM deccy of tho(Jo raueU.dc$ to as hit;b am hafnium ~¢a.use of tho 

cpecta1 cu:ab.lU.t.-y of tbe 'D.GUt1:oa•tl~ff.cto't;l.t ta.reec nucteua 111 Eh:a14t.,~, ttowwer, 
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·we have fottnd liO cvaU.ttble ·rdect!on whi~b could be expected tQ give any 

. re.asonabl~ t:.l!'oso Sf:t~tion for: tlMI product lou of the· COt'reapotf.(llfll .isotopes · 

of the el~t.G above bflfniumll raeee nuclides may exhibit >. unus·ua..l dtlf;ay . 

properties. for -1!3! 1 tbl 84<-·au.a $5•neutr= tsotopcm of ta. 'l'a157 ad 

· l'al58,_ are proliabl7 proton \ttlStablo u well as c.tpha. pru:ticle wotable. 'nt..o 

:if;lotopectt w~SS a~ w159, ms.y Olthibit tho 2•protolil de44Y ~h:f..cl't hss .beein. pre• · 
d1eted byGoldanskr 12, 

As e. fiul ~~nt to 4et~e vhather any nw tuformaticn could 

bo obtained near the S2'""lleutroa <::losad ah.Gll f~ the elemouta .above HE~ w 

bombardecs' ot;U:· em::tclted Sn-.1114 tarset with high cu~ (200. ~o 300 t{.aV) s32 

;ona in .~d~r to ,detennint1 wMtber SJ~ of the S4<o- aad 85•ueut2:tm i.sotGpes 
. . . 

between 'ta. and 0$ coul.d be p:ro&M::sd. the alpha partie!.o · ep~c~a of th~ 
· 1SO 151 152 3 153.4. 155 

products showed that ~e nuelid'l!~ »y , tio _,. Er · • ~. Tm $.1\d Yb 

wore preducad -in ~d ytetd a.t: _300 l'AeV ~uding e.n.orgy. · tha )1ields of 
154 . 155 6 157 . . . . ' 

tb • Lu. . . • an.<t l1f . .. 'tfere ~'4Di4tlrab17 ro4uc(ld, but stiU. xoeadUy 

dat~tible, _A na-t ~lpt1a ~p w.af.l o'bs~:vod at art alpha parttele energy of 

s. 7$ &V. \'bEl yield ~f' this acU.vit)l' ani! 411 the others dete~ted a.t. SOO ~klV 

dropped sharply 'C\.1ith ~es:-oastng bombard1tt3 ener1:1• Ye can only speculate 

on the .ortt1n ot the s.?S MeV group bec~UJ!I$ of t:hG lack of more infomat1m:a 

about it. A poasib1e explanatioa f.g that 1t arf.eea frcm the dcaca;v of w160 
. . 

which should have an alpha pa.rt1e1e euerr.;y around S .-7S ~feV l_f the 

oystemat1ca of alpha decay anergies eontinUG ta a regular manner above ut. 

'/tor this ener£W the ha1f•U.fe of tbf.m. · f.Gotope may be as higb as 0.2 sec 

which 1~ long enough to ba detected by our ~~hod of recoil collection. . 

Interestingly. ~e alpha decay daughter of w160 ls the B4•nautron isotope 
156 . . 

of Bf • Hf • This isotope trl.U. have clcae to the same -rlpha energy aa 
~ . . 

W 0 so that tho group observed. at s. 7S MeV may w· due to a composite of 

tho. alpha d~ca7 of thcso ,two tDotopeg. 
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l7e fael that for the futu.r~ • t!w mo~t attrac::tive modes of product:ic.1l 

~f tht!. higher ~ern of the 84-neutrcn isotopes w1111uvolve the use of 

high en~n.4gy ·"super-heavy" !ona. l'or e.xamplot it ohould be poseiblG to 

.,rt>duea w~~ in scod yield by. the rwaetf.on sr84 (Kr80 • 6n) w158• A larg~ · 

number of .. u1trs.-n~ut:ron oeficiant" uuclidlll~J iu thie reston should be . 

.a~cessible· when hi8h emersy t~7S a~ Kr80 beams bccma¢ 4\Vailabl~h 

The author would Uke to act~ledge the kind hospitality e:ttcnded 

to him by Profsa.cor ·t.· Perlman end Professor' J. o, Rasmussen during his 
. . ' 

stay at Berkeley •... Be :Ls 411so indebted to Albert Ghiorso for h:l.n coa• 

tdbut:Lona ~ele.tz.na· to the exped.mcn1tal measurements. t,ne assistance of 
' . . . 

the IUlac personnel is sratefully e.ckncM1edgl9d, This work was performed 
-· 

under the auspices of tha U.)S •. Atomic E11argy Commission. , , 
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' . .• ' . :' 144 
Alpha pnrt1e14 apeetra of soee of th~· products of the Sm. , + 

p19 reactitm shtt'¢Tit:13 tho ~ tu alpha emitttlt"r$.' SpG~tra 

va.r~ t:cltcn at bw...War<ling euargf.es of (u) 180 l:ieV, (b) 166 MeV 11 

(e) 15S M<lV • (d) 144 UeV,. !ha elosed 4.'li.~clos. ref~ t.O. the 

t$~,.o on the 1oft an~ ~'tG histogram to tho vcale on the right. 

kc:ltat1on functions· for tlt.a production of (a) tha 84• .lnd 

SS.;,.ncutron isot.O~ill of lAJ. and . (b) t:bG eorrespondint; 

L1;10topes ·of n by tho reaction sm144 -.. r19. 

<:" Alpha. p~1:Uc;le spe~tr.a of some o£ the pt"oducte of thG. Sm t~.t. + · 

t~l$20. reaction o.'howit13 the nmr l!f alpha .emitter$• Speotra. 

~ore truten at bombarding· en~rgies ol (a) 195 !leV 1 (b) 183 MeV • 

(c) 171 MeV, (d) 159 ~teV •· 

... --

86..-n.eutton i$otopea of nf' and (b) the 84• ... an<.\ 85-~eutrou 

laotoper; of tu, by the rea¢t1Qn sm144 + tia20• •·: · 

' ' . ' ... 

. Alpha particle apectrua of cc;me of the products of . th~· srrl44 + . 

l'lt:l20 reaction taken at a 'bonibarding energy of 171 MeV~, This 

spectrum shows tho ver)r weak alpha groups of tu1S6 • ,Lu15S 

. and Hfu7 •.. 
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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 Commiss.ion: 

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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