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AnsTRacT
m Bém and 85~mueron iactopes of lumcim, mlS.S and
mw7 neds8

mm. and

and « were prodused |
by bombarding a Sml‘% target with high ‘encrgy pl? and Ne?0 :Lm. These '
nuclides decay primarily by alpha particle emiaaﬁ,m. Alpha decay ‘emrgica

and halfslives were meagureds An alphawenmitting fsomerdic stete was ob«,

served for ™%, The alpha reduced widths of these nuclddes are close

to those observed £m: othar s.aotanes 1n this regi.on. A uem.-c.h was mmie :

" for proton decay brauches but nore was bbsemda Sam reaulta of o Sult4 4{ h o

832 bambardmen: are preseuted snd speculations are made with ragard t@ the

 future production of the ultra-neutron doficlent B4e to Bb-neutron Lsotopes

above hafnluﬁ;; :



.emitsera from TH to ¥h

 Sm

-
o 2
£

.*%'%&Mmﬁ&f. | |
. In pmvmua papers wa hmm rmted gn the daaay y:m&’*ties a:f alpha .
’2"3'4 “This paper gives sosults obtained for gome
new Lu and HE _alphanmnimmg auelides and brings to & conclusion our study

of the ‘;alpiﬁa decsy propertics of muclides containing batween Bhw end §6w

| ueutmm. fhe dm:# presanted heve will be. {ncorporated in a future paper

' dmimg m::h the mtmazz‘s&ee of the alphs decay properties of the zave mrm

alpha m;!.t:s:wm

- R N E@éﬁiﬁmmi Details -
'ﬁae m&clid@sg L 153 and ’isui‘%, ware pz:adwced 'by t:he re:mt:ms

Smmﬁ’w an) z.um m smW' w.m ML iso%:o?es whidh were,

also iﬁeﬁtwi@d in thia atudy were pm&uaed by sindlar s*mtioxw uaim t:ha
paue 81:11% taxges: and 2 Hazg beans, - The mwkemy heavyeion linear acccicmm
was wed s the swrca of high«enargy heavy icmap D:a:tana of the targeﬁ:
aaamubly, baamemrw dagmdatmn, and the mmtl‘wd af wlleci:mm of the
activity £w nlpm parcicls mlyais are given in a prwi.oualy pubii.shed
papey 5@ 'Ihe imtopia analye:!.a of the Sm’;""L target wag as foliwss o

sat% o gaun, 87 o 1612, Sa¥ 0.72, S 149 - 0. m, S0 0~41‘3»

B?  o.06%, 8a'®® w060

Alpha particle emrgy murmts ware mde uatng 26 awndards the

:onawmg nuclideas nym (423 Mevy?, ExiS? (@.so Mev)? and Po?l0 (s.ae M«w}a

A mlibxawd pulae genarator provided addlt:wnal mints. Haifolifa meaguras .

- _mants vers obtainad by snalysis of alp!w perticle spamra reuardeﬁ at
-diﬁi’armt ti,m:s efter Mmbar@um '

Ft:om !:ha inmnait:ias of the vmriws alyhu smupa erama aectioa data

- were obtatmd ralauive o Dy"s o @ducz;imz, and mea converted e:o &bsalute '_

cxoss sections, This was dona by measuring the cross saction f,’or»nyﬁ‘) _



e

‘ absance of tharm actwi.tim ag pmhmm of 5m1% + @m and MMZ “+ Ho

pruductzi(m by tha reaat:im Bplté + Fw m&! Sm"M + Ne?0 te'ei&t:ﬁ.m‘ to that |
by Be¥ + 912 4na c«%u"a - mzﬂ The absolute cross sectlom for byma pro-

- duction by t;&m mtt:&r tuo vesctions bm ?:mam mmmed &ay Ma:mvdna' ? Fm:*
&M'i +pl? tha mﬁl‘w&ai@u pad.m*:. wan !:akm ak 166 Ma\f, wbm:e the By
CrRss smtimx was m!m as 260 ubs. For ae“’f" % Iwm tha mmzmmm

poing wes af 191 Me¥, m&, whaze the WMB aross gection han & wiug eaﬂ

- 262 e :?xw bath » rrgekions, the ﬂy"m EXOEH &e@t&m io. faaxly CORREADE
" ever a broad muga ol bﬁmb&rding enetgins. N ; S '

- ke atts
Sﬁm gamml mthod used fow assimina the il o &1{341& acf:ivia:ics gb-» -
sc:wcx‘x i ‘:.im &a‘%*ﬁ' mﬁ M'!"-% 260 bambm*émnmm the asmo a8
wgod dn oue 'smrk on m FA T Y%:) alpha mitt:m*a Mamxm af ﬁzm shm:t: hn?;ﬁu
Lives and tow ymmm At was pot wsmble o use c:hmlmx tochniques m '
identily tha a!.mmtza Anvolved oot establish parmt«-éaughmx mhtﬁmz&pm

For the &ckivitiaﬂ mam@a to !;u, piamam assigmmm wem macm o the

bamie of thelr produstion an pm&a&m of tha Em"‘% %+ F"Q rmﬂ:im and the
20

- moactioms, - The !.m;mm twe resctions cap produce. m?..i eaf the nwz.mw @hswmd .
in the $m144 + ”"9 bmbmmts with ¢he mzcapwm of isampw of Lk, "

. Sinflarly, sctivitlen ;!eme:te& tn the Bul? 4 w20 baxzham’mnm

wamn msigna& b mmdm:s of Mfamn 3.1;‘ t!wy wore ot a}aﬁmm& m ﬁ:tm '

| - Maass mtsigvmma mm mzda o t:lm lmis af s:ha msulm cf meitae:wn 3

g func,mm memmmumta. Mamzm obmimd prcviausly on tim anerget:s.ca
| of o2 » X8 mmt:iam (wham H.X moans h@wy m) in tho :mm mrf:h

resion wera wacza Lo chamemr&m the xm@tiﬂm Madma w ztwa pmesuat:im

of a parf;icu}.&r Ly or HE olphs me#viw 2t3s4



'I o b ow
A sﬂlfm + pi2

" The Sm”M

' !:a‘rsee:‘ éae ‘bombarded wiﬁh 130 to 183 MaV 319 ;éng snd several
alpha par!:icie spectre of the ézodfucts were abwin'ede.. The spectra cexit:gmeé :
a large mnnﬁer ef-vgroup's in the energy reglon qf 3.9 to 5.7 MeV, The 84;' a |
and 85-neutron iyaot;opea of vy,'ﬂo, Er, Tn and ¥b were readny 'ideﬁtified. )

In addition, @ vary wealc group was obsemd at an alpha particle eaergy of

5,63 HeV, a second more intense group at 3.54 MeV, end a third weak group
at 5.43 MeV, These activities were not seen in the smlM 0% or nalé? +

0 bombardments and were thus assigned to isotopes of luteciums

| Lul®? (By = 5.63 HaV) |
- Alpha parts.cla spactra centaiming the weak 5.63 MeV alpha gmup are |
~ shown in Figure 1. This act!.vity wag found to decay vith a half-liﬁe ef |
0.07 £ 0.02 sec. The exeitetion function for the production of this activity
(Figure 2a) peaks at & bombarding energy of 160 MeV whici: corresponds to an
excitation enetéy of 111 MeV, ('l'he excitation enezgy referred to here is the
cempound nucleus excitation energy and is obmimd by aubtmcting the Qevalue
for compound nucleus formation from the centerwof«mase bombarding energy 8). |
The peak eross section for the product:tcn of thie act!.vi.ty (based on a 100%
alpha branch) was found to be 0.07 mbe | ' ‘ |

From oux previous work on che elpha emitteta belw Lu » We have been
» able to acctmua.ate a cons:lderable amount of i.nformtton regardf.ng the
_ energet:ics of _H.I. xn and H.I.__pxn react_ions in the rare em:t_h mgian ’3"4.:
- To qumtizé ‘ttuiasg r:ebult:a partinet;t_ to this work, we have established that:
| ‘the exci(:ation £m§ttm for H.l., 8n reaétims end HoXo an 'reactim peak
at excimt:il;on energiea between 114 and 118 MeV. ‘Por n_.x’. 7# and H.I, ,gsn'.
'_réactipoé these ve&:citatioh funb.t:iansﬁ ?c#k at emimﬁian gﬁqrgiea botween
103 end 105 MeV. (The excitation functions lfoz losr epin wmr production

peak at significantly lower energies because of angular momentun effectsa)



® 5w

s  From our &nw""? * W measuronsnts; wo found that the efmﬁ;mf:wn
funceion for Y817 production by & F1%, p7n resctton peks ot an excitation
epergy of ﬂl’;?_ YeVy & value in gép& agrecmout with previcus vesults for the

 pame reactlon (I?:;gxm ?.E)«a . The Lu’**’s

exeftation fmézm should alse pook
at the sems excitation &nﬁrg‘jq _zwmvem ‘the exeftation function fox the .
5463 ¥eV almhea arpup wﬁmh wae swzmated.m he dua -ﬁm'ﬁuws p_eai:zs'é"ﬁ iioV -
Inror then thiﬁ:, ag a vul.m halfsuzy between the n.xe Bn and HX, Tn _
enexgien. We did observa an activicy, hovever, w&aich was oosigned to %:?:w.' |
Fw, 7n yveaation so that the only plavsible mase assimmmt for this actw&ty
is Luws ' '

Be(.auae e.ﬁ me very m: mmmuy s:hia &lph& gmum t:hvam #.a
- commamma mwxmimy is:a tim msa smmm mmuwmmam but mt em%ia
to ammm:: ﬁor t:he obsmd shma ia the msmz.aezon f\mm:ions. Yo feel that
| tha: ahift: is inéeed ma!. and 48 wused by s.he i,ucreaaing tendmcy of emoua&
auclei. s:«if' h:t.gln auguxmr mmm:m m ﬁw&m a8 t}ma eompaumi mclei and
their mutrcm wapomti.on mﬂm&a beeoma mm neuz:ron daficiemm A more

damiied acewm: oﬁ s;haae effacw wﬁ.zl bo presmxted m 8 futum papar N

o , z.umh m@u 8.54 mw) |
&s seczmr! gz:wp wa o‘bmaz'vad BE an a!.pha parm.e:m mergy of 5.5&- mvg |
This alpha group &s ymsane n the apectm s}wvm in Houm 1.. E'he ha? f-l:!fe B
for this aczivit:y wag found 0o be 0.23 % 0.93 -1 m axcimtion mctim

~ for the productdon. of this act:mcy by the mmt:im snléé 4 719 g shewn n

,Figzma %2 and m mmma !m.mg’h which ﬂenom t;lm: 1i¢ ia a high wpm mmar, ' \.
The peak el.’ the exeltation function £alls at an cnecitation mz:gy of 103 Mav

)

 which is in good agmmm with the vn!ums pmvz.oway observed for H.tq 7:1 e .

macmi«m&, (ﬁw the mbm cizmusuim of the Lnlsﬁ rmulm,) n?he mase "
£ssignmant ¢£ mw e\caivzl;y mad, th&rafcm&, be I.v}‘s& Another Lu ac:M.vit‘ya

the resulw of vmich are dosoribed M&w, hos bczem d.dem:ui.ed aa s m spﬂ.u
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isomer of Lu™" . The more intense 0.23 pec 1u 336 activity has been nssigned

to & Eigh opin isemevie state on the Dasis of the encitation function results.

| W (g = 5,43 Hev)
A third Tu alpha sctivity vich & BALE~14E0 of ~ 0.3 soce wae found at
a;n' alpha perticle enmergy of 5,43 MaV. This alphn group can be seen in o
| Figm:a 16+ The excitation function for this activity {s shown in 'Fig;um za;
The peak cross section which occurs at an excltetion emersy of 92 MeV, was
found to have a value of 0.16 md (sasuming 100% alpha branch). We have
agsigned this m;t:iiri.t:y to a low spin ipomor of Lnx‘ss on the basis of the
follwing aﬁ:_m:mmy The emit:atién fmatﬁ.m has & 'px’m’:guucad soymmetrle
o &hapré with & sherp cuts=off bm tha 'lw mmfgy side and & tetl on thé'hig'h
energy side, The same shepe excitation functions were found {n the results
2 152 producad by

-obtained for the low spin isomers of Thmg, Ho and Ho

2,9,

aimiiar heavyefon reactions The poak of the excitation function io

~ 10 MoV Yover than for the activity we have agsigned to L™, mis s
conalstent with the x:'asums obtained ém: the %%9; R and Halsz. Lacmer
pairss The peak cross section for the production of this sctivity is mich
lover than ene would expect for 5 H.Z. 60 veaction in t,hia reglon, (Sce

digcusgion of !L‘;'mg results below.) This too, is eanatsgené with prem
results on the production aﬂ low spin taomera by heavy-;mn rénctwﬁa.‘ - A1l

of these obaewatziona can hest: be explaingd by agsoigning this acezvity toa
155 '
I.u

LI

'm epin deomey of

B 54 i ye?0 - T .
© Hafoium lsotopes nmtha B2«neutron ciwaﬁ shell @ére p?oducéd by |
bombarding a sml%4 térgez with high mérw Ne?0 ima. The Blr-neutmn 'isot:opé. |
mws can be pxoducad by a He, ° S:s zeaatim@ A cereful seerch waa mda ' |

5156

for alpha dgcaw ‘mi.s mclide wag mspocted to have an alpha mticle
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_energy between 5.75 and 5.85 MeV. However, up grb\;pé_weré obsesved in this

energy region when bombardments were made over o range of bombarding emergles

considered to give the optimsm yield for this ‘Mﬁ:&*—:ity. Most likely, the

144

reoson the sctivity was not seen in the Sm + He?® pombardments was be=

cause of its short half=1ife, Ttw e:zhort;em; halfwlife sctivity which can be

demcted in our experiments is 0.03 :'scc.  On the ba.aia of the predicced alpha

156

decay energy, the halfelife of Nf wey be ag short as 0.01 sec.

At the lower bmxﬁ:érding energies (130 to 170 MaV) two alpha groups

144

were observed which had nm: been seen in the Bn~ -+ p1? gtudy, - These

activt&i&a were assigned to ifsctopes of Imfzai.mm Broitation function data

137

showed that they were due to ﬁf and Hfua

| nfm (B 5. 60 HeV) o
One of the Hf alpha groups was obaewed at en sipha pnxfticle eﬁex:gy
of 5.68 MeV and vao found to decny with a lmlf«lifa of 0.12 - 0.03 Becs
Thm group can be seen in the sgpectra ahm in Figures 3¢ and Sd. .. 'I‘ha )
reftation funcciéa for the production of thié'a'etivit:y' by the reaction
PR L }:u.,zo (Figure 4a), has a peak cross section of 0.2 wb at en |
excitation energy of 105 MeV. This cuergy agz:eeu closely with values cb—
.gerved for H.X. 7a.react:£aus, which,ma'as that thia acuvity te due to Hfm.?@
158 (2, = 5.27 MeV)
The aecond Bf alphn group has an alpha partic!.e energy of 5 27 Hev
and demya wzth o halfwlﬁe of 3 & 0‘5 sem« This araup e cl.early geon in

the apeetra shown {a Figurea 3¢ and 3di - The excitation function for this :
-aetivity f.a shown {n Figum 4a, The crass mccmn reachau 2 mm:im value

of 2 mb at en e:ér:itatién? eneryy 0f 92 MaV, ?x'avﬁ,ous rewulta on the mwduction -

of Ho,, Er, and Yb 1aotopes showed that the H,I. 6n reaction peaks at an

_ car.cu;at:i.cn energy betweon 86 end 38 MeV f.’m‘ thum uuaudam 2 "3'4 One woul.d
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bmabmrdﬂ.ng tima is ahmm in Figure S. The Bf

expeet that the Nem, 6o excitation fum:t:i:m to pmduee wa? would peak at

a iitele higher encrgy because of the higher neutron binding encrgies in the

B reglon arvound Bfﬁ&a The results obtalned gbove, thevefore ,‘ ave consintent

with the mass &aaigmnent of Hﬁwa to this gotivity.
. &n alpha particle spestrim taken with a larga detector fex a long

1.5?’,1&1 and Lus®

mf-ivit:iea
wmm mm mu very mcminem: ;*.ra the spectm ahc:fm in Mgwcess 1 and 3 are

mre clearly seen in this spectrmn. -

IV, Discusaion

in o::der to relam the data :abs:ained fn this mrk to a?;pha dacay
tham'y the alpha b::anching ration of these nuelides ore necded. m estimte
of alpha bramhins; mtwa wae a&tatmd by edopting gross leg_t‘i;. -va:men gazz‘
these ml&é@sx baged m,_daga;y dr.ta for neighbar?.ngnﬁclmea : in this iégiaﬁ

and using caleulated eptimates of the beta decay ensrgics of these nuelides.

knelysis of the data for Dy, Ho, end Br alpha emitters neer the §2=neutron

shell chowed that grogs log £t values grouped sroumd & value of 5. | Talﬁiug

this as the gross leg £t fer the nuclider reported in this study end using

8

Qu+ values derived from the Beegor mass fornuls ", ve eat:imﬁmﬂ beta decay

half-!.ivec end from the nbsemd halfelives "ebe;aimd approzimate alp&a

" branching ratiom The e values are gf.m in Tabie I which also sumarizes

the cxparimnml rasulta. ‘

B, Aloks Rgdtzced Wi tgg

- Alpha roduced widths (%) are pmpart:ioml to the. prob‘.bllity of
alpha deeay after the alpha decay energy and angular momnt;m depemdcnce

lms been remmd. The exact definizion of B? and the mthod of micuimioz&

. :.s that g:hmn by Rasmagsen 103 The raduced widths which were cz_zlculamd :



- weing the experimental alpha decay cncrgiéé end aéx:mated alpha balfelives
are given in Table I. | o N
These reduced vrﬁ.dt;ha heve very much the same values 88 thoge fai:_ the

' uggnm? 84w to BGGe-noutron i@mpee. In a vecemy papsr we Emva saleulated

mlative reduced wwt:hn botween 2 = 5!5 and 2 = 80 for a cmstant R o 82

nevtron nunber usmg maduat; wvave functi oma devived fxcm B caleulations u

Thepe results chow that becauge of the cffect of extensive configuration

mizing in this reglen, the alpha decay transition metrix elemente arve iiftle
affected by the addition of a few protons aud a mearly constent alpha

roduced width has been @lculataé between £ = 68 and 2 o 78,

The Lu and B isotopes reported hore are probably the msat neutron=
deficicnt species presently knowm. They are very _c!.o.se to the rvegion of

155

proton instability end, in fact, Lu™ " may bs proton unstable as well as

1.155

alpha particle wnstable, The Sceger nass formula gives & proton

binding energy of 0424 MaV which may be a valld number since L¢ 1s within
50 keV of giving the eorveet alpha decay encrgy 8 ' |
- Some particle speetra were obtained over the cmergy range of 0.5 to
3 MeV but no proton groups were iobmmda The low energy tells ef the
intense slpha groups af the Ha, Ex snd Tm activitics made it diffiguia to

obsarye very wesk low energy preton Sroups.

The' problem in studying tlfw B4~ and M-muﬁrm alpha metm above

_ hnfniwn prosently ldes in the production of these muclides in swffiﬁiem:
quantities to msm their deeay properties, Wa were mbla t:o cu\:t:end mw

study of the decay of t:heaa muciides to as h:&gh ap lmfnium becauze of the

- special stability of the n@uwm.aeﬁwiwﬁ ngat nucleus, Sm Ml’ However,

D Alg&m gasgg in the SZwHam:r«m Reglon above Halniunm. chma Reéﬁlta of 7-



e 10 -

‘we hava found m' available 'éaacﬁiim which could be expected to give any

reasonable ﬁosn section for the production @i’ ﬁim'- em:mapendmg .i.mmzma .

of the olements above hafnmng T‘nesz». mzclidea may evhibit > unusual daf:uy

"px:@xaercf;ms, Por mmpzea tha B4+ snd 8S-neutron i%topam of ’Ta, Z’alﬂ aad
: Tai-’a, azre m‘bably proton unstable 28 well as alpha particle m&able. Tha
| Vzﬁéémméa f}!?ts‘g mﬁ.ww, pay exhible tﬁm 2«3::&2:«3& 6e¢ay ﬁhich hag b&m émw'
‘dleted by Goléemsky 12, | - o

bs a finsl merimnk to detamim whx,t:har any new iufammmn could
bo obt:aﬂ.md BOAY the !Bz-meut:ma elosed ehell fow e%ae a?.emexzta ahove ﬁia we
bombarded our enriched Smrt tazgot with high mcmzy (200 to 300 MeV) 5°2

iema ﬁa arﬁez' to ﬂm.amme wzmthe:r some of the §4- and B:o-ueut:ron isompas

botween Ta and 08 eould !_:a pw&meé; The elpha ;mtﬂcle apwc&:m aﬁ the

. . ‘ 153,4 . 155
products shewed that the nucelides Dy 150 153;_, Er!-’sz’sa T znd ¥b

were praeduced 4n md yield at 300 MeV bombarding energy.  The ylelds @i’ _

i, 1-»5;6 and Kﬁm

“e Ho

were considerably reéwa&, i'rut sgill z‘eadi!y
deteetible, A new aig!w gr@up was obpexved 2¢ an alpha partielc ena*gy of
5475 mv; The yleld of this secivity and &1l the others detected at 300 MaV
dropped skarp‘.ly with d@cxéaamg bo;:sbarding energy. We can nnly.apasulam
on the ‘@rf.gin of the 5.75 MeV group haéaguw aﬁv the kléck of mowe information

ebout it. A possible explanation is that it arises from the deczy of w60

which should have an alpha perticle emergy avound 5.75 MeV 4f the

systematics of alpha decay emergles ¢ontinus 4n & regular msnner above Hf.

For thi.a energy eha half-?u.fe of t:hm' izotope way be as hﬁ.gh és 6.2 aée

which is long enough to be detected by our method of recoil collection. .

Im:emstﬁ.ngly. the aipha decay daughter of WMO is l:he efsmautx«m iaotope ’

of Quf, HE 156, This isotope will have ¢lese to the same alpha enez'gy as

169

W so that tha group obzerved at 5. 75 Me¥ may be’ éus to A ccsmposita of

the alpha decay of thess two Lootopes,
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'_ We. feel that for the future, tha gt atm’:aﬁtive mdes m‘f pwdu::tim .
of the kigher m&mberz: of the %neutrw isotopes wi.ll iuva?.ve zbe uge of

| high energy “aupcx:-hzaavy" fons. Por emsmple, it should be pos@i‘-ble to
produc;e w1$$ in gmd yield by t;bm. veaction 3284 -(Krao, ,6n} wl‘se. A xérga'
'nmber of Y"ultra«ncutron deficient” avelides 4in t:his region should he

80

accessible when high energy Ke!® and Kr bew& bewme available,

mmmmn@mm

| ‘Iha authm.' mmz.d nke to ac!mwladge the ki.nd hoapimuty e*ctended
to hﬁ by Profaaaor I. Perimin aad ?mfessor: e 0, Raam:saea duri.ng his
at:ay at Berkeley. Re is alao mdabt:ed to Alb»tt: Chf.orso fcn: his cone o
tributions telaking to the experimontal measuremeuw. Th@ asaiatama of
the Hilae permmel':l.a gratafuny ackwledged. This Qerk was perfommé

under the auspicaa of the Ve 'Se Atmnie Enargy cmssion.
Il x ‘,‘,«.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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