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i. Introdudion

Mcilsurcmcn[s of (n.p) imd (n.(t) cross scc[icms il~ crucial fm a Imm

undcrslmling of miiny wcl]iirhs of nuclcosynthcsis. Problems of Lu~n[ inmcst in

which such rci~c[ions play ti roll include Ihc pmsiblc syn[hcsis of hcm ! clcmcnls during
[hc hig hting 1. lhc produc[itm of rwc s[ilblc iso[opcs in explosive nu~hxxynthcsisz, i~ti
Ihc mlc of [hc s prwxxs in [hc syn[hesis 01 light id inmnm.(lititc mussnuclci~,

2. Kxamp16

Rccwn[ Pxitmplcs of nwivmmmcnls of inmx[ I() Il(lc-lciir iis[r(@} ●ks which were
miidc :111.ANh[”!{ iind iii Kiidsrulus will k dcscrilxxl IwIOW, TIIU. JI +-ussion will 1X

divikl in[o sutwc.lions (killing wi[h dil”l”crcn[~Cnilrh)s or nuclcosynhr~is.

2. I Rig llwg ,V14t-ltSf).v}~lltllt*.\i.v

lkmly Ihcrc llilS tmn nlUuh inlmsl Ill IIK! possibility of ●: nll)csiling h(!ilk’y

clcmcnls in SO.cillhxl nf)llslimdmxl Ill(dcls of IIw big l’lilll~. WllCrCil\ nu~.lcosyn[hcsis iu

s~idid big-bi~ng mIMICIScffmvivcly SIopSii[ A-7, ii Ilils k.n S~CW!AICd[hil[ [ht liii”~l’

dcnsiiy illllolllc)~!cllcilics p(xsitdc in llt)llSIilll(lild lll(Kll!lS Illilv lCilll 113IIM2Synll)csis 4)1
clmcrus wi[h illiiss A> 12. Nc[work ~-ill~s~ll:~li[)nsindk-il[c Illil[ IN(NI of LhCI1OW towiids
tlCilViCr clcllwllls pl’(Rxxxh Illilillly Ihn)ugh il writ% (~1 nculrf)n L.ilplUrCS 1 unlil I 7( ) is
~it~h~.d. [ lsing prcvitmsly kll(~wll rcs(ll)ililc’t pilrillllCICr\ iiilll Ihcrnw! LT[~\ w.lions il W:LS-.

170 W;)UI(I(ltUllillillC (wcr (11.Y).illlli~.il~illC114Illill [l IL’ (Il.(l) ll’ik. [il)ll (m .-\N ii rcsullmIlllk’h
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1’1(;. 2. “llc ‘70( IIAS) 14(’ ~mm scc[ion frlml I(M) kcV 10 I McV. “I%c Solid circles ;mc

4 ‘Illc solid (Iiilllh)l’l(ls ilr(! our (Iilld Irom 1114![hc (Iilh frxm our I. ANSCI1 mcilsurcmcnts

nmilsurcmct-m iII IIIC Kdsmhc Vim dc (;rtid”15. ‘llm open [riimglcs ilrc lht invmsc d:IIJ
6of .Smdcrs whit-h wc Lxmvcrlcd using dclailcd Mlam’c. “Ilc solid curve resulted Irom

;Ivrrilging IhC (Iillil 1)1 Siul(lcrs twcr [hc tncrgy spread d t~llr nwwsurcmcn[s.



lrom our d~l[ii [CXCCpIfor IhC clli~v duc 10 lh~ MIb lhrcshold I - rcsonim~’c iis discus.scd

7. Ihc rdio of lhc (n,(t) 10 (n.y) rii[c~AJLWC). id h<ilu~ lti g:lnllll:l wi(llhs :Irc known

CillL’UliliCd frmll lhC rr30nilllL’C piWilIllCICIXshould bC fiiirly m]i;~bl~ ill big bang

lClll~rillUrCS. TIN’ IT*U;I 4 h thii! [h~ (n,[t ) [t) (n.~) rillio is tippro~inlilicly 104 ill big tmng

k’IllpCrillUll!S. I km. ~-y~’ling bclwccm I 70 :ln~l I ~(’ is c~~~lcd 10 h il serious

rm[riclim in [hc pi~[h w hcu~y ulmcn[ syn[hcsis in tlons[imdid tug biirig models.
our 1.ANS(-k mciisurcmtnh4 WCrC I]~idc wilh ii single solid SMC dc[ccmr

suh[cnl]illg u I“tingcof a!!glCS llCiM90 dCgl’CCS, ‘IIIC dillil were convcrld Irtm] yields 10

~.row scc.li(]lls tissummg iln isolropic ilnglllilr dislritmlion. lk’L.ilUSCIIIC ~m)ss stcli(m

ithlv~ il fcw licV is d(m]n:llcd hy non-s -wiwc rcsoniulccs. this iwsumpion is probit)ly no[
v;did ilnd Icuds I(J i~n unknown syslct?liilk um.crlilinly in the rcsulls. Also. tlw prnk wc

thcrvcd ncur I .10 kr\ J(N rml c.twrcspmld lo illly known rcwmncc in ] %). l~or Ihcsc
rL’ilSIMlsWCundcrlooh a Il:CilsllrCllll? lllOf Ibis ~m~ssscc[ifm in Illc energy rilllgl? Irom I O 10
250 kcV il[ IhC KiW:WUhC Vi~n dC ( ;ru:.l”l”s. llCtiiLlsC [ht Kids~h~ nl~il~ul~~mcn[~

.tlillllhl il ~ilS pmsildc IO ~mvcr t.l(W! 10 [h’ tllll 47t solid :mglcClllplo~L’(1 iill i(Jlli?illi~T1~

while ilt IhC si~ll~~ Iim Ilicilsuring Ihg li~rwid-[(). l>ilt.k~id :i\} MMtVry in []IC cmit[cd
~llpllil pilllil.lL’S. ‘Ih nxllls of Ihcst lllCilSUrUllk’lllS mc show’n in I:ip. 2. ‘~hC KilrlsmhC
results iirt in :cncrill m ilgrccll]l’nl WIIII IIIC 1.ANS(’Ii tliilii C~CCpt Il]it[ IN) ~ilk wii~
(hmvcd n~itr 130 kc~”. “I1lc ohsmmli(m Of Ibis p~iik in IIIC 1.AN’!K’E cxpcrimcnt hcnuc

rcn]itii~s il myslcry. “T% KiIrl wuhc rcsulls yicl(l u rcac[itm rii[t~wllhin ii fmvor of IW() of

Illr 1.ANM “Ii It SLIII\ Jqlilc Iht lilrg~ (Ii flcrcm.cs in IhC tlii[ii il~ilr 130 hv, IICIICC,tlIC

I70( I1,Y)I‘() ill ltl~~’(m~.l[lsi(m [Ilill IIK ‘ fh H,(l)’ +’ rcik.li~m slnmgly (lolllillillC\ (~kcr

llilll~ lL”lllp191illUll! is 11% Impcd.



l~ndcrs[imding the origin of 26A] is im~man[ bcciimw i[ is one of [he very few

rmlioti~slive products of SICIIiir nutlcos ymhcw~ to he obscmcd direc[l y by y-riiy
~6Mg anomaly in some~~Al has tilso hccn observed indireu!!y as iIIClcscopesI I . . .

mc[coriles12. Scveriil scwm.rios hiivc been proped for the production of 26A] iind most

fidl into ~hc explosive nuclcosymhesis c~legory. The 26Al(n.p)26Mg imd

~6Al(n,u)~3Na miiclk)rls ii~ [hough[ 10 be Ihc major nuns for the dcsnuc[ion of 26A]

in some ilsirophysictil environments. so a knm ledge of the cross .sec[ions for these

rem-lions is imporlanl for iI belter undcrs[imding of Lhcorigin of 26 AI.

We hiIvc ri]ciisurcd :hc 26Al(n,p 1)26M: md 26Al(n,q))23Na cross scclions from

[hc~ill energy 1050 kcV id 6 kcV rcspcctii cl} ] 3. Most of [his energy range hiis not

been cxph~rcd by previous Illcilsurcmcn[s. Wc nirrnalizcd our diiM [o [he Ihcrmal energy

mciumrrmcnl of Triw[vc!trr {’f {J].’4 for [hc (n.pl ) rcau[ion. With this normdizolion, our

datu for [hc (n,q) crow sccmm :Im in good ;I:TM mm with [hc inverse mciwrcmcnls of

Skclmn cl (Il. 15. Our rcsulls for [hc (n,pl ) mws smion m-e shown in Fig. 5. The
miln)p!lysic-ill rcmion rillC C~llCUlilld from OUr rCWllS is ilpprOxinlillCly il fiwlor of IWO

Iiqwr [l)ill~ [IN* mulls of ‘Ihmucr rf d- ill u+mph) si~idly rclcv:m[ [cmpcruturcs. The
s[mr~wof [hc diffcrcncc lw[wrcn our rcsul[s d ~hosc of Triiul\ct[cr (JI d. IS unknown

~“N(n,p)t%’ rcticlionill Ihmlgll il simililr diffcrcncc Wil$ xccn f(w IIL’ I 6. our msu]ls

c(mfirn] [hc qmwltilion ol” Skclhlll CI d. Ihtil I!X (n.(q) chunncl is iis impotiimt us [hc
(n,p 1) ~.l]iinll~l for the ksh-uc[ion of 26A I in c~~losivc cnvironmm-ns. Our results iIlso
till in [IN?~il~ in lhC d~llil for lhC (nQp] ) rcil~.li(m r41Cill 10WIcmpcralurcs L.hilrilL.tCliSliCof
lhC A giillll I)llil!ic in slnrs.
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I-W. 5. The 26AUn.p I )26Mg* rcrluml mm wclion from [hcnrtal energy m l(Ml kcv.
Our ncw LANSCE data’3 m shown as open cirdcs whcrm the d~ta of Tr&m ctlcr III

d, 14 arc dcpimd m solid circles.

Allhough dlcs promss is mainly tnought lo produce mosl of [hc clcmcms huavier
lhim iron, IIccr id Pcnzhom3 sludicd the con[rihulion of the s process [o W ~bundancc
of Iowcr miiss nu~.lci nciir 4)Ar. (hc result of [heir ~idCulii[ion wm h (milinly [hc
Wciik componcni (f) [hc s

!
roccss can account for mos[ of the olwcrved -% abundww-c.

Ilowcvcr, Ihcir resuhs for - % i~~ fiiirly um.cr[iiin in pilrl lwciIusc cross wiions for [hc
l’~Ar(n.a)-% 1 had nol hcn‘6S (i.e.. %’l(n.p)~% ilnd -rcilcliotls IIlill lCild dircclly 10

IllCikNI1’Cd illd So l)IC hid 10 rely 011Ihcorclicid Cidcultilimls for IIIC rC&lCliOllrillCs. ‘I%C
&J “l(n,p)-@ rcmlion ralcrcduclion in the indicillcd by our mcasurmncnls” may

% CillLlllillCLl 10 IX synthesized tly IIIC S pf(XCSS.signi!icimlly mmduccIhc umoum of
‘rhc muss flow in k region uffccling Ihc ilhllndwlcc of ‘6S is Ct’Mll@iCillCd by

SCvcriil Immchings. so ncw nuulcosynlhcsis ~id~tllil[i(tns il~ IIcc(Ic(I 10 fully :IS.SCS [tic

illlpilCI of our ncw rillC. I;urlhcrmore. the s-pmccss CdLlllilliOnS of Itcf. 3 were mwlc
wi[h i~ncxp(~llcn[iill dis[rihuti(m {d’ exposures wlwrcns it is now Ihougtl! thi~l [hc wcilk

Compolll’nl 01”lhC S prtwcss Ivwllls in il single t’ap)sllrc I ‘7. of IIlc rClllilifllnS UnlllCilSUllXl
- J6S several ~ppCiW 10 IN2cross sm.lions of illlpOrlilllL’C Ill Ilw s pruc’css pr[nlucli~m ol

illl WllilhlC It} dirtx.1 1111’ilS[lrClllL’lll S. ‘IIWSC inc-lmlc !!IC -loAr(n.u)-%. ‘7AII n.a)~%, id

.MKJ(llay)J is rlmill.li(ms. ‘I”IIC lllllllCilSUIld W ‘1(11,~)-{7( “1 lCiWli(}ll is iil!ii} ~Cf_y illll)[lllillll

1~~.illlSC it tlMllptll% [Iirct’lly wilh Illc .Ml( ‘1(,].[})~f)s l~:uli(lll. Sl#l\lit-ill IIIIXICI

(.iil~.lllil[i[ll]~1‘) {)1”!hc rillitl (~1(.IOSS smlions Ior ‘()(.1 il[ .~(lkcV yichlcd (nT} (I],T) 2(1. AI

Ihcrnml mwr~ly, our rlvwlls I(qxlhcr will] Ilw -!(l( ‘1(11,7)37( ‘1 lllL”ilSlllt’lIhCllI% [~!” R1’1”. I ~

yichl n rnlio cd’(n,p)/(n.y) 5x 1[) 4, (w :Ihoul .l(NHRI Iinlcs slnnllcr lh:m Ihc Itwtrcli(’:11 rnlc



H: .30 kcV, However. !hcrc iip~iirS to be some disagreement iibout [hc value of the

mmxd 36~l(rr,@7~l cross seclion. In Ihe mctisurcmems of Ref. 18 this cross section

u M found [o be O[h - $)(M25 b. On the olher hand. [he cross seclion was measured 10 be

~;h< 10 b in Ref. 19. A direct mrasummcnl of ~hiscross seclion iIl thcrmd energ.. seems

~ca~iblc with currcm Techniques and is highly dcsiriible in light of the present lurge

~xcrtainty. A direct mci~surcmcnl of this cross section at tistrophysicul]y rcleviml
.mmpern[r.rrcstippears very difficult if it is as smiill m the skuistical model calculations

:nclicate.

Wc hil~c been investigating techniques for cxtcndirrg the mcmurements 10
:\ol(}Ws with smaller moss sections andior which urc only avtiilablc in low cnrichmcm by
~<ing dc[cctom which i]llow lil~gcr silmplc sizes id limg~r solid angles. The gcnerid

+qmtich wc i~rc pursuing is 10 cover as L-lose 10 4K solid imgle iis possih]c imd 10

=L.omildtitc sitmp]cs liirgCr !htin the 0.S cm diiimclcr si?.c of our previous I. ANS~E
-Icnsurcmcrr!s by pltiuing Ihc dckdor rJirc~.lly in [hc incident nculrorr hctim. The main
~ OhICnl 10 he ovemwrne wi[h this tippr(]ii~h is the potcmkd Iilrgc incrcme in beiim-

l,luced hit~kgr(~uld ~vhic.h iiriscs when Ihc detector is plil~cd wilhin [hc ncutrorr hi~m.
llc firs[ ilpl~rtJilChwc huvc lricd is to usc il p;irilllcl-pli~[c tiol.lpcnsiltcd ionizti[iorr

:!lmnhcr. [on Chilm~rs hiivc hecn used by [hc Ihbnil group for (n.p) ilnd (ma)

-Ic:lsurcmcn[s ii[ [hclr pUISCd rcilci{lr for scvtwiil yctirs*O, The miiin problcm wilh these

x lc~w~rs is [hill lhc bciull-itlduccd bildtgrtulnds incrcil.sc rapidl y w ilh inurcasing nculrorr

~r-rcrgy wilh IIW rcsul[ thin mCilSUrCnlClll ilrC lypiCillly Iimi[cd to cncrgics blow il fcw

~rV, Mo%t of [hc hilckgr(~und is duc 10 Ihc initiid burst of high energy pilfiklcs id ‘y-

Ti,I\s which pilSS lhrm.rgh lh~ dclm.lor ill SI1(MI Iimcs. ‘Ilis in[cnsc bLlrsl ~im Cilusc [hc

~.~;llllplifi~r illltl illllplifkr 10 SillUr;llC ft~r SCVCrill Imndrcd miLmxc(wrrL!s mtiking

‘lCil\UrL”lllCIllS inlpossihlc during Ihcw limcsm
>I illlll(lll~ll il ilppillTnllY hilS ml.IIIC idcn [Jf ii t.fJllllK’llSillCllL-llilllllXl i:: nn t}ld Onc-

%x.n used lx!low ill il while nculron souruc. In ii ~.om~llsii[cd L.hiimkr. on ci~h side of
I !lc \igllill ~lil[C [IKII’ ilrC C(lllill VOIUIIICS lh’fillCd by p]illCS ill Cllllill hilt (Jpf)(W$i[C VO][dgCS,

7?K” Sillll:~lC is l)liK’Cd 1111. for CXillllplC. thC ~}lii[c which is [l~~gillivc with rCSpCLU 10 Ihc

. . gnill lllillC. I ICIICC WIICI1 illl (llm~)) or (11.[1) rcw.lion (wcurs ill 111(’ SillllplC il nCgiUiVC

~,)l;lri[v %i~ll;ll is indmd ill IIK” Sigllill lZlill C. Ill LXWllrilS[. pillliL.lCS which pCllCIrilll! IIIC

.-nllrc L.llillllkl imhk.c :11]111.t~killl:ll~’lyC(lu:ll 11111tqymsilc polilri[y SigIlill S. IImx.c. [hc.
;I,llrll[iill[~ l:lr~!,(.l);l{.kgro[lld fronl IIICilli[iill l~il[]] burst is ~rCitlly rcdu~.cd. liilrliCr22 Wc

Jfi( “[(Ilqp)J~S ~.r[lss smvitm wilh ;I-Cp)llr(l011 ;1 SUC.LTSSI”[II lllCilSllll’1111’Hl 01” IIIC

. l~lllll(sl)~ilt(m(l itul (.hiud~cmritl i .ANS( ‘1{,

Ihk.illl$l” lurllwr Iiruc for IIIC dcv~’l(qmkml illl(l USC(d. Ibis (lclm.ltw tlilS nol Im’n

..Ii ;Iilill)lc ;I[ 1,AN,S( “1; wc tt~)k II I() 01{111 .A whrrc kinliliir lliit.k~!ro~ir]~l proldcms :mc

,--Ikt)llllll’rL*tl. Irl I;ipi (1 WC slltnv rcsulls td” {mr first illltmrrlpl :11 it Irll”ilsllr”(’rllcrllt)l [Iw

:‘( l(n.(t )1”(’ ~.rt~s set.titm Ilsin}! Ibis L.llillrllN’1, lllS1l’il(l (Jf IIW l~lJiCill limit (If il lkW lilmV
u L*wrr~. ,itdt. [[I Iliilht’ Illt.ilsllrcrlll.ll[s lt! ;IS hiy.h ils 2 McV, ( “tlrllpnrc(l 1{1our prrvitms



I. ANS~E meiwurcmen[ u<ing H solid st:ue dc[ccmr. these new rcsulls reprcscnl ahou[ a

factor of 30 incrcilse in [lx produd of smnple siz: [imes solid angle. Larger increases are

possible by using larger ham diameters iind’or multiple stimplc pla[es. We w-e s[ill

analyzing lhc diItti from r.his experiment. One interesting result so Fir is Ihat lhe

f(MWiWd:13ilCtiWd asymrrmi iippC:U% 10 b fuirly Slllilll.

A secnnd tipproach = e have tried is to usc the scintill~mr ZnS mixctl with o[hcr

chcmicids as ho[h the umc: and the detector. This work wtis inspired by a rcpon of the

mcimremcnl of the %1 n.p)~5S cross scc~ion by POKNJV and Shapiro2~ at ii leild-

slowing-down spcutromc[~ by using ii tictc~’mr mi.de nl ZnS mixed wi[h CT14. In our

experimcn[. u layer of 7.nS 25 nqg/cm* [hick wiIs deposited from ii wo[cr soluthm onto a

0.06

r“
———.....— —~ 170(r,,fl)14c

LJ.05 Compensated Ion Chamber Data



(Icid Ihw protdcrns cncounlcrmi ill [hc highcsl cncrg~t% As iI rcsul[. [here were very fcw

~x)un[s in the spectra ill Ihcsc mwrgics tiuc [t) Iurgc rcsommces in [hc aluminum. .Hlc
third iir~ii of difference is ill abou[ I MI IwV .vhcm [h I. ANS{’E dii[u are higher [hilil
Wil~CnliUIS (’! U1. Pcrh:lp\ Ibis diflcrcnm is cmJsccl by i~ rtwmtincc in the Unnlciisurcd

39 K(n.(~)36Cl or 33 S(n.p)33}’ ~il~ti~~ns. The mtijw protdcrn encounlcrcd using ZnS is

[hiil [his scin[illillor is ilppiUCnlly ~~iiili]blc only iI\ a powder. so although the rclalivL.

light output of ZnS is large, it is difficult m ctdltil ~hc Iighl flom [hc powder. As ii

rmul[, d]c pulw height resolution is very poor. A x’~ cd problcrn is Ihil[ we htivc so filr
hccn Unihk 10 ovcrcomc [hc llCilll time problcm awxixcd with [hc ini[iul Itirgc tlux of
high energy p:miclcs withoul using :i f:lirly Ihicli tlllm m the bcarn. However. Ihc ovcrull

pcrfornliin~~ of the dctccmr was ~nc.(ltlrilging iltd u c hope to pur~ue this idrti further hy
ckploring the usc of dilfcrcnt chcmicd rnixlmcs for the dc[m.lor iind other mc[hods of
(lccrcilsiIlg Ihc dcw.himc prddcms.

Our fu[urc pluns iirc clotIdcd by tlw un~wn~ln fu[urc of I. AXSCW id ORE1.A.

Also, :W il result (}f ncw silltiy m’guliltit)ns [hc cx~rlmcn[ill r[mm where [his rC~ilrCh is

undrrtdwn ill 1.ANS[-E is iniicc(?swiblcwhile [hc tw- is hcing dclivcrml. In tiddition [hc

cxpcrinlcntill room is open for ill mtN lvbw Imrs ii dd} during Ihc run cy’clc. ‘Ilcsc ncw

rules ililt’c ~.iiud us to sus~ml wrk (M1 LIcv~li~:ng il hii.riunl Iluoridc detector [(~
llWilSUrC (n.’y) cross SCL’tilms for fillli(}ilLV ivc %tnlpl~%. If these difllcultics ~iitl be
ovcr~wnw tlwe is a rich Iicki of ncw ln~’ilsllrcrll~nt~ (II’ in[rrcst [o tlu~.l~iir ils[r(~physiCs

which couhl hC ilti~.t]mplishd ilt I. ANs(”F1 iiild ORII .-4.
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