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bhclaar da- M* in ●atrop~sico rq fro9 nmtrom captura cross
sactions of ● mmbar of oabla or naaestabla mcloi to tieay ad matron
bindi~anar~ tits for highly nautrorrich uuclai. LAIWF ha tits pot-
tial to contrtkta significantly to thaac neds. W nu Loo Alws M9u-
tron Scattering Cantar (IAMSCE, ab Wit./PSR) offors world-cluo capabili-
ties for mutron capturo ●tudias up to an PlaV or so. TIM ●ttldy of alclai
far from stability could ba utandcd into ●OM ragiona of ●strophysical
Intcrast uoins ● proposad Ea-jat cmplad uss ●aparator systa8 ●dth ●

targat/production chambar in tha UHPF - stop ●r-. Spacific ●xaq)las
of Possible studias ●t aach facility ara pruontod.

INTRODUCTION

Nuclur data nosdo In ●strophysics hava ra~ant ly baan outlined by C.
J. Hathau@, 1‘ 2 ●- of which appaar to ba tractable uaiq n- ●nd proposod
~pabilitlas ●t HF. Two main approaches ●rc dimuss~d hero, tho firct
using tha oparatio~l charactcristico of LMSCE for noutrorcapturo cross
●action atudim, ●nd tha ●acmd involting pos-ibla studlcs of hish17
nautrorrich nuclai ●t a propoaod Ha-jat coupled orlina uss ●aparator
●ystem.

NEUTRONCAPTUEECROSS SECTIONMEAS~ POSSIBILITIES USMC MNSCE

Neutron mpturo crooc sactiona ●ra unmaaurad for ● numbar of stabla
nuclai of Intarcat in astro hysico for c-procas nuclaooyntllasio calcula-

i~n 7% 7%, 7~u. and 9%, iootopically-tiou. In particular, for
●nrichad sa=plas ●a ●vai&bla; but ‘no crosm-saction =am.mc9nts hava
baan roportod. 2 In addition, vary faw nautrorlmducd rsactiona on long-
livad radioactive nuclai mar stability hav- baan studiad. TIM nautron
burst intansitiac ●vailablo ●t IM!3CE ●rc ●bout 104 largar than pravioualy
wailablc. Thee@ intanaitias will ●lla tha maasurmnt of captura ratoa
in rdativaly small quantitiao of stablo tar~ct material and ●ro cuffi-
ciont to ovorrida th, mtural decay ba~round asmciatad with lo~livad
target iaotopas.

The layout of LANSCE ic chouo in Fig. 1, ●nd tha ●urfaca nautron
currant is plottad varauo ●nargy in Fig. 2 for ● split uranium targ,t with
tht neutron b- lina viewing a modarator of watar. At tha intmd~d
opaational ●arato currant of 100 @ f~r LAN!3CE,a nautron intansit

5
for

● 10X cnar~ band cantcrad frcm 100 ●V to 1 MN la ●but 8 x 106 n/cu s at
a dictancc of 7 m from tn. target. Th6 XAM!CEdalivars puloes ●t a rata
of 12 es. Assuming ●n Invaraevelocity-dopand-nt captura cross mction
for a nautron ●nargy raqm from 1 koV to 50 kaV ●nd a value for th cro s
s~ation of 1 b ●t 10 koV, tha ●ignal rat, 10 ●mtimtgd to ha 2x1O-17”,-!,

* Uork supportad by tha U.S. Dapartnnt of Brmrgy.



1 . Los Hams Neutron Scattering Cantar layout. Proton ctor-a ~
at upper right, high current target ●rea at lowm c-tar, 10U
currant target ●ma laft cantar, and control and data cantor ●t

upper laf t.

wham B fc the rumbar of ●t= in tha oupls. If 10U ●vmita/day arc
.oq~~~ (f-. early 4. 8aEM d.t..tor), th~ samplao can h u -11 so
5x10 stou, or 0.9 pg at A-1OO. This IS ● trivially SU1l s~lc sisa
for titablo (Icotopicalv anrichcd) CUIC1OI. Eowcvar, for radiouctiva
~, s ●Qla this siza is difficult to obtain, avon for lons half-kLfa
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Mg, 2. Calaulat*d neutron l-a apaatrwt
fra ● watar ~gratot btrnm a
split doplotad urm.im ta~at in
tha ●ntrgy ranga 0.1 to 1000 kdl.



Eowvor, ramonablo cstimtu cm ba -h for Lb protmbility tht ~
pa -11 pilo up into tha capalw~ W* r-. 8aah outsmtu
indic.ste that mch rnlhr Q16S ●ims, of tk ordor of 101s ●tm W
k adeqtuta to obtain sigeal-t-backgromd rati~ of bettor thsm 2 to 1,
with 8 corraapoding pmalty in c.aptura datcctia rata (tha uapta.ro rata

is linu~ly dapmdont on ●qla ●lso, WMIC tln ~raud ratq dw to
pile-up, has ● high pouar do~). In practica, wo upwt te b ●blo
to maamtro capture cross sactiom for sc Mny ●s 2W uwtabla t8mLml,
pmdi~ mail.ability of •~lu.

Feasibility scudics laadi~ to ● proposal of ● Erjat coupled orllna
uss •~parator ●t -? ●ra convinci~ that ●uch ● system would protido
uniqua ncw apabilitic~ to study Sroud-atato ●nd decay prmrtios of
nuclai far from ●tability. Soa of the remits of thaaa sttdlo.s wara

3 Esmlltially tha only w8y to pro&corqortcd at the TEIUMF-180L Workshop.
significant awuntt of eodi~ss, hi~ly noutrowrich nuulci is throqb
hi~h-mmgy protominduccd flmion. At LAHW, using our propouod Ea-
jat/ISOL cyst-, m astimta that most of tha noutrom-ich radioruclidw
froa AD60 to 160 ●nd uith T

Y
~ >300 w could M produced with ● Y1OM of

>1000 ●tom/s. Thic rawlt ● bamad on our faaoibility cxparimonto, rce
sonabla croo-sactiow ●stimtoo (basad on syatmtico), and tha follwin$
●smmptiom: 800+aV protons, 800-M ham currant, two 1~/cm2 urmi-
targots, 60X ●ctivity tranoport efficiency throqh tha Ec-jat trmmport
limo and 1X mast-separator ●fficimcy.

Also, with this facility, wa utiuta that sufficlont qumti~fao of
-srooparatod lo~livod actititios could ba colloctod for neutron car
tura studios, •nmmi~ cross ●cctlons of tho ordar of 10 mb or largar.
Collection tires of a day or so would :rovida s~los with 101’ ●tou.

I’h lo~livad camplcs could ba collactad parasitically duri~ tha ctudy
of short- livad nuclei throush us. of a -m coprator having ●dquata usc
rmga at tho collactor plain. From our ●nalysis of ●wpoctad croos se=
tious, w p%adict that uny nuclai C1OSQ to titabillty in tha WCS ra~o 90
to 130 could ba collactad for neutron capturo ttudict.

Tha MS- separator ●fficiancy ●ss-d is voq conocmtivw in tia of
racant upmimcw ●t othar Es-jot couplad aystm, Tlm uss sapmator
●fficimciac roportad racantl.y raqo from 6X (for ●ludnum imotqm) at

g E8-jat/ion owrcechalk Rivarq to -1OX (for ●lkali itiotopas) ●t Kyoto.
coupling studios ●ra continui~ ● t Idaho Wational Bnginoaring Laboratory
(INEL) ●nd at Minx, and ●ra crnncing ●t L 00 Alamoa. At Mains, dkallna
●arth ●fficianciaa of 4;6%, ●nd pramxlywhm ●fficianciaa of 3-42 hmv~
baan raportod racmtly, ●id at INBL, ●ificlanciaa have l~rov~d’ ovar
valusrn roportad in hf. 8.

?n ●tudyitq n~utromrich nuclal far from stability of hporranc~ to
astrophysiw, thra~ typoo of data ●ra d~sirsd (in ordar of dscroasius
priority)i tha nautren bindi~ ●narsias (found from b~ts d~cay •mr~a~,
for UMW1O), tha beta dacay half -livas, ●

f
d tho dim~ributiono of ●nar#ioa

●nd SPIES for tha lowar ●xcitad statco. For tha oparatin$ conditioaa
ivm ●bova, cross sect on- of undar 0.1 pb ●ro ●xpoctsd for tho nuclai

\%~~ la~d, 129~.nd10~; l,w.Wr , ●outh ●ctivity should h ●vailabla
to Uka half -lifa -aour~rnnto ●nd, possibly, crud. beta dacay anorgy



dqs. Thasa posaibilitlu alona ●ccount for aurl.y ●ll of tha noclai
with Aa92 cinglad -t by Math-s wharo critical noclur &a u. Meded
for ~rocam ~tionb. i

b addition to thaso ●~dfiC ca@i~ti-, tba bjat coaplad moo
sapuator ●yst- -Id prmldc ● gmoml com~ of us- ●nd ●lmntm
mar ● major portion of tk roglon of bound mclai, allwlng ●ccost to
tirtually hundreds of nncld far from ●tabili~ not ●-labla ●t ●qy otbar
facility. Dapad.iq on tha proparty to h dstiminod, ths total mmbor of
tired nucl

G
wt yot studied, ●ccamiblc by ●palbtion or h.igh-mar~ fio-

●ion Cf 2’ with T
$&3

> 300 M, or production cross SQction greater that
1 pb, r~s frm to mar 700 for tha basic ground-state proparti,s
of ba.U-lifa ●nd Msoo Tabla I ●mricas ttm momfty of our current
ignorana of nuchi far from stability ●cc.ossiblo by thasc hi~-ana~
ruations, d-pita o--r two dacadcs of prolific ow~na ●Miu. of thou
ntulai ineludcd in Table 1, m axpact that miqua SCCLJSS to ●bout half
would con f ma ● E-jot caplcd MSS saparator at LA2iPF.

A conaptual hyout of tha propmad system is shoun in Fig. 3. Us
Ifita •~ vho ●ro intarostad in tha poaslbilitios for thcm or ralatad
SM1OS to contact us to provida an uprsmion of tiornal intaraot.
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Layout of tha propmad on-lima
●hming conc~ptual ion optical
StU@.



‘?&-rich BaUtrOrd9f lclmt
?roporty [ (P.f)l [Spdlatioa]

moo 281 436
Ralf-lifo 170 198
Doca7 ●chem 243 630
tipin-parity 300 484
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