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ANGULAR DISTRIBUTION OF NEUTRONS PRODUCED BY 
, 40. and SO-MeV Q PARTICLES ON A THIer,;; TANTALUM T.ARaF.T~ 

William W. Wadman 
.,',! . 

LaW:r~llCC P...a<lia~iolll La'bo~:a.tory 
Univer~ity of CaUfornia 

Berkeley. CaU~orni~ 

, May' 1964 ::' 

ABSTRACT 

Tho' angular 'dhitribuUonoi noutrouQ bas been measurad fQr 40- and 

SO .. MeV (4.1.2:i; 0.4 and SO I1ld. r(flspGlctivGly) Q, .. partic;:le bliiamB on a thiel, ele .. 

n"ullnt~ltantalum target. Th@ meaGurement on'lployed six dU'ferGnt types of 

thrlliGho14 reaction chatGctors with thresholds ranalna from 1.2 to 1Z.4 MeV. 

l"he detectors were spaced abQut a dng 30 cm. In cUan1. c:on~G1"ed. about the 

The targot was contained whhin Q. Faraday cup In o.-der to measure 

th.e to~l boam current. High voltage a.ppUed to a. &uarc1 ring which precoded 

tho cup wag u~ed to suppress socond&ry ol13ctron emhsion. 

wbUe bol~g watched by clo$od .. circ:uit tclevir.don durlng tho aUgnn.'lent. 

The irra.d1atoc:l threshold detectors were analyzed with Q 3-1n. -diamX 

3 .. in. -long NaI{Tl) crystal and a 400 .. c:luu'U'"lol puhe .. !lelgbt analy~Gr. The 

rosulting data clearly indicate the ex16tcuilce of a prominent lorwar<l-diractecl 

ne\1tron flux. The lorvnu;'d pl:odomlns.ncG 18 m.ore proilounced in tho h1~h0r ... 

tl'u'Elsbold"'Glnorgy detect-ora. The ratio of the 70· to o· nux d.GCrGQlhHll with 

the ElU(U"gy at which a detector' .. rEla.c~lon Cl\"(UiQ ~Gction 18 in ita maximum 
, , 

region. Thb type 01. (:ompar~son is lnflu,",nced by tIle ahapeG 01 the croliJa 
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The total .fast nt3utror. yioldw.lIl calcula.~Gd QP£n'Qxin~toly by u£li~ 

the SSNi(n, p) 58Co .-oaction and 'that ~~n~t:ron!lUX which would be n@C06&&ry 

to i4chi4lVG tho mQa,s\u:e4 activity, ~nd correctin.,z !orthe anl,ootropy of the 

~easo'Q4il.bl. when comp&i"oQ with eata of AUen et ~. . , ' . 

. ... , . 
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I.IN'I'RODUC TION 

Tho angulQ.r cUstl"lbution and yield of neutrons xl'orA 40. and aO .. M~V 

~ particlos aas been studied with several tYPEIS of thA'<Ul'1lbold detectors. The 

e:~q)Qr1mQntQ WG:tG PQ:o."iQi'mcd Q.t the BGIo'I(eley heavy-lon UnGar accel.ra.tor a.nd 

SS-inch cyclotron. Data were obtained for application to the caliin of a high­

efficiency local neutron ihlelc1 for each accelera.tor. 

ll. TP.J."C EXPERIlV.JtNT 

The experiment involved Do target of Q. GoloctoQ material, a mGans of 

rmaasllring the bea.m particlo curiO"ont, the selected threshold. datGctoiO"S, a 

davh':G t~ mount the cotectol"G at predate1"minQd p03itions. and ~ mOlana to 

GUl?pro~G tlii0Condary emission eloctronca irot",j;'l escaping t."lo c\,u:ront-meas" 

uriili device. Incorporated as part of thG accolCllj,'ato1" beain pipe assembly, 

a q~rt:; or ph.oophor scroen waG mount0d to .ulow visual oOlllorvation of ~"* 

beam shape a.nd. centliill"ing du.ring tune .. up. 

A.. Threl'.lhold Detectors --

old, r0actlon cross sGction, and hall lifo. This b Q. pa.rt of a set of criteria 

Elsta,bliahed by Ri~gl@ i lor the liiel~ctioil of 29 uiOabl@ reactiona involving 22 

d.iffG:i;.·ent isotopes irOl"A i7 different elements. Table 1 suu1.m.arizea the 

thrQiilholcl dEitectol"s and their variousproperti@1i as usod in this worlt. 
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, Reaction Calculated P¢~ Product. botop'll En<u'syof Energy of, 
threshold . cross h:r.lf ... (0/0) c. boam 'I-ray of 

(MeV) soction ' u'fGl UG@d . l"Q3,ctant 
(barns) (M@V) uoea fo(:da.~ 

i~ (M,oV! 

5~ 58 ' °Nl( n. p) Co \i~1 ' , 
0.556' "71. d~ys 67.S 40, eQ a.Bi 

59Co<n, c.)5,61vin ' 5.4 0.1 '12 2.6 hra iOO . SO 0.845 

45Cu(n, p)65Ni ,4. '1 , 0.035 ',. 2.6 hra 30.9 SO' i.S 

.27 Al{n, c.)24Na 6.7· 0.243 is hrs . 100' 40 • 80, i.S7 

203Tl(n, Zn)202Tl S.5; 2.78 i2 days, 29.5 80 0.44 

i271(n. 2n) i261 9.5' 2.02 13 clJ.ly.1iI iOO 40. SO' 0.65 

,eJ,SW1(0l,2n)57Ni, i2~4 0,.25 ' 37 hra 67.S 60 1.S6 
«Iti ~ II 

-~''''-
. . 

, ,}:J"or va.riOUI\'; !oc..~nical rea-lions. it proved. lmposaiblo to UQe a.ll th,e,,. 

d.etectore for tho 40 .. M(iV 1"U:l.. 

aSB0r.wly WQ.G mountlilld with the taraGt position (.\t th~ cantor of th@ ring. ' 

VI LUi this a:r~a.ngGmOililt ,the dGtoctor~ Ii a~ular location wag known to • i'rO. 

, Tho t.rget l'natQ:dal was 6~d0C2:@c;l on thG b~.u .. h of information by Tal 

ot a.l. 2 for .. tarfjet. oi relatively Q.bundant 1'leuh'oal yield. and. of AUon ot al. :; 

.. 

{J 



.. 

Tl1Q t,'u's@t wa.s ~d.~ 01. tantalum. and mea.sured 2.5 In. in d;.ar .... u~tQr 

and O~25 In. thick. 'rhio dlmGns10n was ad(J~l'uatG for Gtopplng tho CIt particlera 

and IOil c:over1ng the end 01. th$ copp@rFQli'a~y cup in which it waG i'A'lounted • 
"; . \ 

I 
"' "i 

Tho Fataday cup was c:on$t .. ~cted of o:l.."YSen",i:t:eecoppert'ublng, 
,; , i 

t/8~ln. wall, 2.SMln 1. d., ar.l.d 4 in: long. ThQ cup was £aat~na4 to Ul.e mou~4Ung 

·D~lJ . .g;~ with 3/4 .. 1n. -h':H~g 8tandoff lnaula.tors •. P;;Q<:0ding tho QUJ? by3/a in. and 
. , 

on tlu'Qle s~ndof! inQulator;; was a i"lng oftbe i'llilIDO diameter and i.5 in. long. 

To thb ring w.as applied .. i600 V, ~n ord(u: to ~upl?ref.ia sQcondary electron. 

eml~&lon from the target and Faraday cup to avoid an bACOl,'i1;"0ct beam-c;u;n"oiult 

iineaQ\.u,,;Qmont. 4 . This l'e(Luc0d a acatto1i1ng fAnd ~bliio~ption 1,)1"oh"',);1 which woul.d , -

be lli'G'U;Hl.t if we, used a l&u:gEt l'llQiinet to perio;tm tlla same 8Up?:rosslon 'un~tlon. 

Accuracy ot this metho41s h\li.t~r than rIolo/" (l\beolu.ilfi. The bcaa, .. u CU1":r@nt an<1 

high voltage were led througb coramic i0ed e t}.l"ougns bl tho n'l.ou.ntlng flange. 

ThoSG wl1re connact€ldto app"'opdatQ olectrical connec:toX' ... 

of thEl be~m was detei'mlneQ viMual1y. by uno o.i a. pho&phor-coated Luc:he 

plug !ltt@d over tho (lnd·o! the btiaan~ pipe fOl",the 40-MoV work done at th,E) 

-hoavy-ion Una~"4 accelerator. ana a qU&J:tz plato with Gtchod graduationo at 

thG S8-1nch cyclotron tor thG CO .. MeV worl(. Both wo.·e oblllervod with ro .. 

motoly controUed closed-circuit televhlon whUtiiI thG bEH1~m9 woro being tunod 

for position and' shape. Nt-or tho sha.pe waG m .. c;lo GmaU enou~b and tho b03m 

. wag contered.the-visual ap?\,u:atus wau r"moved and t11& Faraday cup with 

the tal'l.tiUum targot was bomblil.:rdod. Tho D'ee-m cu."r@ut was th011 maxbrJ.zed. 
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A quicl( s6ccmda:;y <:h'i)ck. of Gtfny blilaffi walii'.n.1.<le 'by X'lllImovln.1l the hiSh. volta&e , 

£:rom tlhl supprOSSOl" :ring an4 obfP~i'ving the ring wl~b tho bltograting o9Jam .. : 

c'UX'.;.'ont el(lH:t:rQmet~r. ,U no boam cur:ront could he observed tho loads werlal 

~;f.ltu:t."n'id to tbeh" norm.al (!()~i.gura.tion and the ring with thQ thrcH.lhold de­

tGC~O.·~ wnfJ mO\1nt~d ,..nd ac:o\u·Qt"l.y POQit104l¢1d about the tarGet. 'I'h01'Qalter. 

i;l10 intogl"s.tlng E.llectromel':Qv WaG r~u0t li.lld the bombardment proceeded. The 

. h~am .. (:urreilt va:de.t1on was ccmata.ntly ob~G""Qd by tho oPQratol"a. Long .. , 

t@;;nn vad&l.tlono WQJ($ h01d within S%.alt)1ouih ;;!lol't-tf>trmvarlat!oflo-o£ loaij 

tll&Ua. 2 ml~lJ.t~9 WG:r'l) "fa much: a.i ~Oo/'q. 

111.. ANALYSIS Oli' THEDErrlt:CTORS 

The 1r;radiat~d threshold. d0tectors W\i#rli) counted w1th. a 3 "in. ~dialn 

. X 3 -In. sodium ioc'l.ld~ (Nl:l.l);crYliltal in a matched window con£1!i\lratlon,couploQ. 

,to a 400-channel puls@ .. h(!)!ght .:ll.nalyzG1". ThJ.&ii Ii?il:lctrometer was c~~~bra.t:Gcl at 

loast daily with a i37 Cs or ."Or<. 60U1"Ce. Thepulse-beight ana.lyzor was h.ous~c1,~_ 

in Q fully ab .. condiUoned and hW"'l'lidlty-cont:.·olled rOOM. ' 

Th<a Na.l crYlatal waG mountedinGid~ a c;;\\.ve r.~ade ot &loUd blocl(ti~ ,of 

~ .... 1\Hu·p,mt1no.· (Serpentine is a r...atural mlnera:lmatedal that haG been found'to 

, ',' contain VGloz,,/ little U any radi~~ct1';ity. 5) 'l'~~~ 'bl!l.ckground countlna rate inSid.~/: 
~h.G cHill'pentine caV4i is 450 countg ?Gl" mf.nut~ for the ~OO~Chatlllal backgi"o~d' 

.,' ., 
, , 

E.c1-1 threQholQ, detector' was count'hi"at: 3.0 cn'1 .bom tho actual face'o! ..... . 

The rOGu.ltantV-ray gl?ectr~' were ulilod during tnGi ]reduction ,. 
{, ;.' . 

.... 
i;1 

. ,~ , . 
,( .. '. 

" 
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IV. RESULTS 

Thel"eduction of 't-ray "-1pectra to neuiron density and en<n"gy interval ... 

was performed in (iHHilEmUaUytb,e following ordel." •. 

The appropriate ,,-ray @n@:tgy pnoiopeakG 'were QolGcted. in .;.ccord&ncG 

w.ith the product oltho reactionln tbe tl:U"0sbold detector. The counh .1n 

a~L)ropdate channels of tho apectromot<llr readout WGl:'@ aW"Amea. 1110 that tho 

sarno energy int'iu:val waS used lor each 'I ray of a Siv@n onel\·~y. From t.'1.e 

gummod photopeak were subtracted both the backs round and the Compton 

QiQtribut10n iron"}. higher .. energy 'I rays in thQ spoctrum. i, 6 
., 

The total counts in the. photopeal, W<iU·O corr~cted for d<ilcay and Batu .. 

.,·ation. A corr@ct1on waG made 10." the abund&nce. of the 'V ray for ~h@ decay 

scheme for each type of disintegration. 7, a The ioils were wGi~hed befo'ro . 
. ' , '.' .. 

of th0 thresbold isotope present. Thls allowed the results to be put in tel'ma 

01. i,,02,X 1022 a.toms o! the threrahold r@act1~n iSQtop@, whQm weight was ap' .. 

pUed alii a factor to the laotope'o density. This procoGs normalizod all data 

,. 
In both accelorator beam alignmGimts. circumg;tanc0S were such that 

.. . 

. I ~ 

w~ had to a.ccept an oUast beam. lfortunatcaly thh was only a horizontal 

displacolnont. This offg@t waG' corrected £01' by calculaUng the nux denlGity 

for tho different ra<11.1 involvod, uslng the bi.Yerso ... Qquaro relationship_ The 

actual angle at which the throshold dot/iilCJtor lay with rOiiped to the new bca~n 

center ie Lncorporated 1il the ~ta. The 40 ... and SO"M0V irradlatioA'l. ratOG 

were norm.aHzed ~o ~ .. ~A rates. The data WO)."Q corr,u:tod £0;;' counting 

gQOffilUtry and total absolute efficiency £01" thB 'l1~e 01. 'the N.l crystal. ~"'1.'&.Y 

ene ... gles, dbtancQ of tllQ sample lrom the Cl1'ystal. and ;aln?,l& sh;~ and thick ... 

ilQg8. i4 



. of, c:omparieon;, how~vel.·. 'We W(lll'~ lnt~u'Qst~d mainly An the laborQ.tory 6yG~<lU;1.'l, 
. ~ 

". 

It is conslder~d that Quch a tranAiorr.n.&tion wou.ld not be alimeanlngful in light 
.... 

,,1' 
,d@grada.tlcm. and pootproductlon ilf.iutron acatterlng andenQrgy degradatlon 

pdor to detection in thethreih~ld dGte()tors~ . Lastly. the .rolative malHi61il of 

the target and proJectile nuclei c:a\UHi a relatively Amall change in the ti"iU1Q .. 
I . • 

~ 
formation from the lab to the e.m, system. ' Hence, the data will bo considerGd 

,oj' 

only in the laboratory tiya.tlttm •. '; , 
, . 

In ol'der to attempt an intercompariH;on of the relative neutron nux 
neC0Si.1a1'Y to produce tne Oblihu·ved and corr~eted activ1t1~8 foX' ea.ch tYi?$ o£ 

threshold Q0teetor. a broad. &si'umption was made. On th.a ba8is olth';" calcu­

late(\ hl~hafijt value 01. Z'ea~tion crose 1gection £o~ the desired l"oQc.ion. 1 a 

:ratio to Oil0 barn We\1!I uf?ltertt~h"Gd. 'a.nd all data. were correc::ted accordingly. 

T.hoa ~'elil'Ultant infori.'A"u1.Uon W/U arra'llJie4 in thG oloder of the ene:l."gy at wMch 

t..'le reaction cro,;liI-section pea.k. oceu ... red an(l was fQund. to be generally 

ac:cQptable, 

A. Nauh'on Flux and Angulnit DistribuUon 

Th.e neutron fiux for @~cn threshold aetElc:tor was calculated in th~ ac· 

ceptEilQ man.."ler on the bash. ot t~t01l.l absoluto activity and cross section. 

Th@ plots of the ~ngular dlstrlbutic.m of noutrons .aro shown in Fi~FJ. i 

and 2 fOil the 40-MeV and SO-MaV CL-part1cl~ bombard."l1@nts.respGctivElly. 

The plots are of tl1G calculQ.t@d neutl'.on flux as a ~Unction of laboratory angle 

for t.1..@ vadous thresbold QotectorQ "liH1ICi. In tlllGll").Qnnel' of tH'C'HU)ntaUon, 

mora (i)asHy l'Gcoghlzed. ' \,{hon on'll campa.rOQ the, data accorcling to enel'gy 
l, 

, , 

.' 

v 

.. 



~ ... 

• the 40 ... MEIV data appear .-ealiH)nabl@. One might ElXPIQC't Q la:rgGl' difference 

bl\)tw~H?ln- the data io~ aluminum and iod.ine in light of a.'l1Q obliervatlolllof tbe gO­

Mey bdormadon. The uncertainties in the valuEis of tbQ reaction crOSG 
,. " 

Q¥ilction and t..'\e r01ation of each foU· s neutron flux to th.t pe&k value may 

introduce t\n,c(u·talnties that ranao over e factor of five.. (SGQ Apl?liilncUx and· 

Fig;;,;. iO and 12.) ConvGrsion irom photopea.l( countfil to neutl>on flux is con­

Iddored to be "~5'1o witll th@ exceptions of t.~,a copp~r, ioah-lel, andthaUium 

(n,4n) cUr.ta. The cO'W."'lUng GtatiaticQ £or the photopliilaka vary iron'). 0.29 to 

3.930/0, oxcept for ZOOT1, which vary from 2.4 to 37.9%. All vali:'iationg affect 

i:he endre Qet of tlu:'GQhold d.etector data, and do not chance the Ghape of ~G 

The relative dillltrlbutionra of neutron; as! a function of Qngle a.-a plotted 

in FigQ. 3 ana 4., Tho pola~ .. c:oo .. dinat~ A"GlatloJlIij of .aU ~a d'iltactorg are 

butiol.l than tllo thr@Ghold emergy. l'he lr$lation betwoen any point on t.."'e .. ela­

tiV0 plots and the flux ploto l of Figs. 1 Qud 2. is easUy dGterminod eit."lerby 

dl.-~ct comparison or from tbf,i) multiple of the 0°· fiwl: and the :r:elaUVG value of 

Fig. 3 or 4. 

to indicato fairly good .ugraom<imt between throGhold. do$tectors in term& of the 

+.iloerzy for tho highoQt v~lue of reaction crOGG G@CtiOl'l. Strong evidence is .. 
b7.dic.tad hGr~ for agraomorit witll ~'1,o. motl'loda of comparison 4lnd raduction. 

. , 

Ao sl10wn 1n Fig. 5 .. aU ratios ?£ tho foils fall on a al3miloga~it..ll'Unic Uno . 

except for the thrQQhold detoctor which. would be most ,Ti.~ronzly affected by 



, " 
.< . 

r- r.I So.. . 
scattE'Jr~d neu~r~nG.:;)~NHn, p,), uCQ in thQ S,O-MeV calil/$. Th@ 40 ... MQVGca~"'. 

,tedng problem waG cQl1Gl<l~r3.bly 1Q$9. ::, ' '" . '<, 
. , . . 

.An intfU'Gstinij poin~ to note is tho h).~lu6iioiil of the 203Tl(n,4n) ZOO'll 

:reaction vahuu; obtaialGd from tlle GO .. MeV bomb •. u·um@nt. The calculated I .' I ., ,. , , , 

.. .' . -' '. . I 'I. ~'."': 

... B. F'a~t NClutron Production 
"i,l 'j 

I , J I , " • 

Ul;ilng the low -energy nic:~el reaction data for the total integrated. 

flux. ) one' can c:alculQte theapproxl~t0 ~Gt'~'nGu~l'onyield tl~t 'relliulte~ from 
, . ., ' .' . . '.~ .' ; . . . i ' . ; ~.' ,j' 1! : ", , '. \ 

each bombardment. Knowing the htradi~tlo1\ dlatance of tS em, and the ctllcu. 
'. ".. \ . . 

latGd noutron aWL 'QQ a' functio~ 'ot anale, \~n0 can treat the data In'terffia .;£ 
, . ~i I,,, . 

the inverse.square relationlllhlp, and the emhlilon (a) can b. evaluated. . . . , 
, 1 

For ease in c:&.lcwatlngO, tll.i c:ha~G of.thodopo. of neut~on' £lux a~ 

a function ~! angle was cono1<lered to be a ~lmpl~ e~?onential.' alil\o~h the 

datil. dJ.'g cUilplay a sU;;ht vada~lon. AccoUnt~~ for the va:dation wowd ~ot 
, ',!'. • . f ~,. , . 

clange the :re;ulta~t 6 'by more tlUH? '5%: ' The Gvalw.tion foilows, 

: I i. 

( .. , , 

Q a . r ~(9)~Tl .. 2 Gl~9db .. 
,l' 

, , 
, 'II 

• 2" ~2 J . ~(81.1"'6c1~ 
. ' 

I . 

, ' . 
(' 

,,' . 

'I .:" 

[' . . '. 

".J 



• ,(:I.) , 
, : I 

1 " 

",<1'··, . , .~ : ,1 .:" • t 
'I. . ~ j'. / . 

, , ,wl:u.u."e 
, / , . / " l' \ I '" '>'", .,. 

:: a i5 em. 
.',; 

'. I 

t ,I. 
~ ca, 'n/cm.,'1. ... "QC • .,u\" 

, ; r f',' 

6 .. ana1Q from inlOlidont beam (racUang), 

fA III' 0.9356 fo:t GO-MeV 0. on T:. 
I": t 

CQI 1..02~ io'; .. 40 ... MoV Q. on TQ~ 

~k 'III fl~ conliitant, mlnirnum value oft. c>. ' 

'and e 1. Oil anglo blillyond which 'l>k (axiQtGl (f.II ,60 0
). 

'The total omhGion in t0rma of 4w GtEHi."adianQ'io;;- t..~1i) work wiUl 40-MeValpha 
, '. , . 

, , 

~ beam ~n tantalum W~G evaluatGd as a • 3.0X 1.0i '1 '0/ a®c"1J.A. Botb valuog 

are ;.pp~oxbr..ato, as t&'le r.aetb.od of detor;.ni~tion wa.s the UG0' of tl1'ill 

5&N1(n, p) reaction. The thl."e~hold. 0.01 of ~h.e ptOalt rGac~ion c.-OS" "'HlcUon 

onergy, is' i.1 MoV: Th@ resulh should be accurat<i» to * ZS%o 

In comparing tllC$ two p~u·ta of tho lntQgrs.tioiil in oq;uatlon (1). it wa~ 

noted that for botb cr.-partide onorgiea; a~p~ozdmQ.t@ly 5510 of tb" total om.is­

sion. p;uJIlH/ld tl1rough tb,6forward two Gtoir~uUQ.nG. Thli ratio of ~<il Q'13 (0m1s .. 
" 

, ,iactOlt'y aG0mGd to os that off".-ea by' Harvey, 110 which deals with ~'l0 :r:aaction 

Q for (a. xn) in. tantaluul. Apparently tl').~ (ao in) ;r(1)3.ction has a very small 

probability beca.u~·~ tha ro'quit'@G ene:-t;tv is ernaUor than tbe Coulomb barrior 
" , 

',"':'-:-" 



of thG system, Nilliutron production becomelii ~vidant wit..~ alphas gr@l1i.t@:' t.~3.n 

tiil.bout 20 McaV. The p:1roductlo:t, threohold is~ho abOUil: tho enorgy rG~lon'o£ 

. Co..2n) i.t1'lf tAnt3.1un~. a,~d s<:> th~ "x ,incrG:u~oo~, Q$ it is cotl.trollcd b'y tha. energy '. 

avaU~blG in. the c::omp~uu.d-nucleul\l system. ~ i.'. 

In cQmpQ.dng tho !o:;"@li:oi,ng with th030 data, on@ data poln~ for neutron ,-1 

yiold for thi.ck ta.rgGts, was foun~ in Allen 'et a.1. p 3 and c,lthouah it ia a.n , ' 

0~:r~P01.,.t10n.r. :it, tends to c:onih,,"m th@~xplanat1on by Harvey. iO F1gu1"G6 

(ijhows tho throo total .. noutron .. yiold 'points as, a function of g. ... particle on<u'gy. 

Abo plot~(g)d l::.'ti.n S to i productton-lneroase UnG 'through the 50 .. andiOO.MeV ' 
, ~ -, • < ' .' • • 

I ' 

" , .. 

, I 

I'! •. " 

•. 1 /"',. 

APPLICATION OF RESVLTS 
" 

,: ,:', " 

, , 

\, " 

Ghi@lclin~ configuration for the two accelerators mention0d., The wo:;:l( pre-

sont<i1ld h(o);rG waG at-oldiGQ Gimulta.n~ously with Attenuation charactc:riGtica for 

, \ 

, ruHilQeQ~o! Ilhioldinz was d.at~n·i.l11ned for 0° ana 90°. 

OnQ of the critG.-iQ. for local sh101d1n~ 01 the, sourC0S of nGutrona 1nan 

exp0rimlintal cave ttl} t.'at ono ;:nan, of avera,&e otrongth, be able to move it. 

ThJ.il 1:\i.lq,ulred th,at the large attGnua.tor~ be conGh"uctQd Q£ several indopend. 

Gntly movable pioc~u;. 
. .,' , 

, ' 

"cn;w~rd i?l"e<lominauc~ 01 th<il hi~ll .. enGlrml n~uh'on compOnel'lt '?l"offil?ted a 

I:Oki.tat1VQ dGsign of the Ghh,tl~ conil&uration, that ~g s.bout 3 £Qot thick in tho 

forward dlroction and i,£Qot Q~ 90·. 1"140 mQlaS waa copaidol"l7Id to bG cUvlded 

in~o throe parts: a cyUndor ttl fit OV~l' the Faraday cup, and two d1Qca of 

is in. o! concrGt~ to fU a~a'ln9t tl1,G ~nd of. tho cylind:rical shield. Ea.ch would 

' .. 



'.1 

. " 

canto:.' of gravity, an~ nai'i:OWOi.>:' at tho i::ont to allow Oi.l~@Elt of whoels and 

the t .. ~m<i to roll pa.tly into the othor i;:am4JG.·· Th~ sh1Qld foi' n1.idGtrQ;:un ' 

co1l1r~1I7;.to:r1lJ and 1.01" ~rg@ts cneloliJed in ~m:ia.U apparatus conDlst!i# of two h~lf 

cyUne~u's which •• 0 brought togethGi" from ale opPQiillta Gi~s . 01 UlQ b(i)aln 

. p1po or, Gltructure., Th~UG ohi(!)lda aho will "Ofi3t on tap~r~d iramo ill Guell 3,/j 

tl-.. OOG i'n,~ndonGd pivvlou"ly. ' Obviously -.he tAp!\ll'Ir must bo oriQnt~H;l to pOi"mit 

tnQ ~;wo \to tit togeth@J.". 

R0B1ulti of actual tcst$ of tl\1ii.l1iJ@ &b.iGldco~1$ul;"at1on0 will be obtainGQ 

durb1g tr.o lalland'wintGr o£i964,' aQdinZo.~t1on will blil published sh.ortly 

f· \ 'r 

l . . , 

;" .. 
, I 

I, 

.:' . 

", 
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lflCHJRi: CAPTIONS 
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. ,Fig. ~ •. J.ri.gwa:, diilltdbution of, nouh'OIU; !.:ornth~ SO .. IVl~V, o..-particle 
.. ; 

, '. :,' bOtt.l.ba.l."dil\Ont of ft, t."'1.ick~Ei.talwn ta"i~i., . NI1JUh:on £luX at 15 em 

,; . ~9 a .funCtiOl',. of labo.·atoI:'y angl'i\ l.ornlck4til (n t pl. copper, lfUumluUl.'l).. 

cobalt (1'1,0.), thalUum h1, Zn). locUn,9. rucl~(\l (n. ;t~')f a.nd tha1l1un~ 

(n, 4n). i'~actlont3. 
. . 

Fl~.3 •. Angular c1iitdb",tion gf nou~ .. ons l;:or.a the 40 ... M~ V Q.-partlcllii 

'l,)o.lwal"4ment. of A. . thick tantalurA tQrg~t •. All detocto.-.& llt.,,·e r"';u· .. 

. n"lAl1:li1\ld toO·. 

, . 

bomba .. di""'~nt 01 a thick tt.ntalur:n tArgot. '.AU dlatGc;:torlil Q.r~ t4o:r-

mal1z~d. at 0·. 

lTi&:. S. Ratio of 70· neutron llux to O· n(llutron !lux leu both th. '~W .. MeV 

and SO .. MiClV a. .. p.u.·dcl~ 'bombardme'nts of ~a.ntalum. 

Fii. 6. Total t'4Ctutron production £0: SO .. MeV, 40";M~V, and SO .. MGV 

0. pa;rUclos on tantalun1. (30 .. MQV c. Qata. i.om ,A,UQn ot al, ) ami tho 

8: 1 ~·a.do lino pl,o'U~'U:l th:rou,h tl1Q 50 .. and iOO.J\l.ta V ano:r:gy pob'\ta, 

, I 
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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 informa~ion 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 tise of any infor­
mation, apparatus, method, or proce~s disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" iricludes 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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