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L Introduction

Cosmic mys penctrm the lunar surfaco and incomctwithb hum rooks10 prwhm bulb

radionuolidosand stublcnuclidw. Productiondqlh INMIICSfor lcmg-livedmdionuolidwproduccci

in lunurrocks w nwwxl Mng Accdcmlor MassSpmmctry (AMS)OFor II IX@bdur

mdionuclidothosopwluctlon dop!hprdiles CWIh Iutapreted to givenucstln~lu lbr IIWsohw

protonflux ovw a lime periodchsractorhd hy the hdf Ilfcof thomdionuclk!ounderwdy [1,2],

This mrdysls ls possilduif and only if b dl thocross wwlhm for lhc i:lkrudiom+d uIIcosmic

ray pmticlcswith all elemeuts ibund In lunar rcaks w wellkuowmh pmdco, 1110most impotirmt

wws .wchIM tw.wlcd uru Ihoproton prvduotioncross scdkms, bwuw 98% of wlur wsmb rq%

nnd -18-}(tiof @uAlc cwnic ~~ysmu 1)1’OtOllS.

TIMcrw swtions thr thoproductionof lon~dlvodrudiouuclidcswwuwy diflkult 10 IIIWWUU

bob ho dovolopmcntof AM IUILIAy inIOWM yMtX hMS di)nllhxmtprogrwi km} Ilii\(lo in

dolwmillil)j} 11W+3Mwlllld WINSSAOIM [3, 4Ji

(Jxygcn ml siliconm @or wuslhmts cd’hum w&, Wu IIW rqwtod h,wty ‘k!

pwhwlion crw NMkMNfrom O ml N 14, 5] [h’ IIIIOIOUanorgics2S “S00MoV,uud (l(p,xjlOIJo

I’ronl51{■ IW MtJV[tiJ, lhim w ptwcnt now mcusurwws fw lk WJSS wlhms t J(1M)14111C,

()(~,x)”h, Sl(p,X)t”13q S1(IM)hA Si(p,~)’’’A~, IUKI$Jkw)’’’iNu t’10111JJ:~u- s~w MoVi

2





arwlysisof Bo requiresa samplepmpurationprutocolthat yields a sample rda[ivoly ticu of horou,

au hwbaricintoiliirwm WithonlyRIbwoxcoptionathis pmccdutu producedboth Al md Bu

satnpks frooof intorkrhg species, In those ins[auceswhereh~torfwxwoscrontorlproblcnmk

uuulysesmpetitmwwtvmcnts werepcrfonmxic

*~ti ‘k arudysosfor sow of thu silkou dioxide turgetswurwuitidGtit thd

Udvctsity of A&ma awl [&oresultsrqortcd (6]. All allwr [argotswcrontudycd nt tho IAwronce

LJvornwroNationnlLQboratmyAMSFacility(JLNL) [7] with the chomistg tkmotitSuuJose

Stats Unlvcraity, Both ‘OBouud‘Al uumsumnmntsWeuuAdoutilizingh tNlklXduwctrw. l~nr[ho

‘h nwwmroments(hoboronbuck~ronntl1srwhtccdby using n thin 1UAvarfoil as thomranoc

whxhw for tho dlYdX dcuxwr. For mostof thu unulyscs6% of lhvCOUIWJMxwmulrdodIu [hti

‘W qwc(ru~ltIwoIutilhu(tidto boroli rtwi:f ions In IIM 1hum, A comxthm im,rwdcmu “dirty boron

Mimk”, which ittpropumdm LIJW is upphd h all lustruwws,



inlbmls UMSUWMULHmwvor, OVdll under thoSO COIIdilkMIS,most CKMSSCOtiOIMWOfO

monWodto MCsdMn 10%.

Results of ho tw cross section nmamuwonts am shown IIIIUgums1-6 ftx thocross

soodons for Si(p#”Rq Si(p,#AL Si@,X)7BC,WPJ)”M, O(p#Bc. a:d O(PJC)’BtZ*

new ~ am oouqmredto thosein lIM Iitcraturoand In mostoii, tho iI~nont is q

sod 13,8-2S],

& wcusdon Wtd condlkaIM

Thesohnuhtk)ns ate IJuukUSh& thh ttw~ohi md Slllkll! UirgOtstackstOtiuiti both tho

productionofaowrons within lhostink and Us acattig of~ulons oul of the W& All

ImtWuus MUdcuignmlm Includo a dlrocl mcnsummd d’ tho number ofpntnns t.tuqh n target

stdr, with mndtor Ma used as art addhhmd ahcok, ‘llIcm wqxrimontul conditions allw u

rhnplu ddulkm fbr ti)e crow scclion. “1110Inajmhyof IhonowClws soo[ionvuiucsroportcdhero,

~mo well with Lhooroassootionsmemmd ovordw Pnstdocuie by ulhonl[3, 8,91,

Pmluclkm depth pmfiilvsof cwumogcnlc rsdiuuudklw IMUUWIC41In hmw rooks w hn

undyud to giv~oaimatos ti th Bob proton flux ovor n rho puriwl chuructcrizcd hy lhu IHMW

of b rudiwwclideUIAMI wdy [1]. AcGur~toW lmwi~ CIW rwctioi~mwuuuwnuw d UU[ha

rolwant ptt)tou~mhloth)n Uroa#Gcoliolulm Oamtuid h roliublo dmutOs of tlluW&rptwtuuflux

Wb! Illlidu.’110po~lwi Ill Illwulurlnfi(IlclmOlmllthil ciwll Ik!dli(mll (Nor 1110pllrd dc4!udo i!i

cvhbnt fmni l~i~[)rmi “(i,MuuyCI’tMEZdtJtIti b!u ULtW kau muILsllmti by IuM’U tituu vw

ildu~m!mhllth’ChlIh#IO,Wh!l~~l~slfit~lltlW1llt#I‘i~lCNOVJdU4NWI II(IW bO Urd Wi[h LWlltitklrWfi to

got how olltJ.tnutoGof thoUoiar~rottllillUXl’mtlltiloUdWll pwl W #lutlulll Yulut’ Cyclutl,

(:lUNli t&diUllh t[Jr tllb ~JIUlhlChll or ‘“ [h hIOkIW -t ,%] MoVhJWOOIliyMcUll[iyht%ll]UKUtUUl$!Ai

UIUImuohuunrtu thocuthunludurmr noolionsttrml hy NiHhIimJIdIMI [t) iutuqnct ‘“h Iuwmxl

h hllUU 10Uk.68ti I % ‘hMO l’!!f~!llf ‘“lh! Ct’(MUlNI.%:[hl llklllllllli~lll(dlill (dillliHllh! fh(l ll(dhi[i[~ Ik)td



by Nishiizumi [26] that b crosssediom assumed t’or ‘“llc pmduotionat low cnorgiciswore

wrong,and fiupporttbocase for a sofi solarprotonspectmmwiti relatively few ldt:h-merj;y

protom over tbc last few milliofiyears.
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13abloL Cross sections for tho production of mdionuolidcs from Si targets.

P1’don EUer&y*

MeV

500

400

300

200

157.3*1.O

14KM2.O

128.7L2.O

128.0J2,0

127,!WL0

127,W.O

97i3,0

87,4M.O

77U2A:.5

67A

(-j&g

65,6

65.2

61,WLo

59,0

58,7

5ti,5&4#o

52A

50,2

44,5

{i1,Ij

29,8

si(p,%)7Re
11111

5.7s-0.43

4.2SW.32

3.!M.3

2.9W26

1.41io<15

1.M.O.15

1.19M.15

;. 11:14),34

OJmO,16

O,W.Q14

0,7s10, I3

0,6GW24

O,sl:.1.o,lf}

O,W,().203

0,41+(),1Cl

0,31A0,15

0,s40,105

sl(p@’”Ile
mh

0.S.54UMXH

0,39710.029

(KNY2’1’omoI59

01 14:(),0()73

0,066MMW4

o,062i,o.Oos

(),045100044

0,04W),W.M

0,023;L0.W20

0.01910.0019

(),011W.(X)I3

0,00WLO,OOI2

0,00SM),0005

OJ.)O(I!W,00W1

0,007/!:10.0009

0,cloOWMM02

Si@,x)”Na

mb

17,711.31

17,5*1,29

17,5*I,3 I

15,1*1.16

16,1~:1.45

16.Ii.1 ,46

16,s41 ,49

17.9,1.0,99

I(i.N:tl.5:1

IKI-I-IKI

I!I,9A1,N7

2s,5:1”2.4

‘x),()~“IM

M !MLolt

22,()!.2,()!4

I(;,MI,!M

11,(MI,09

11Iti.!.o,12

St@xj*Al

mb

1lL7kl .09

2( J.LJ:l ,1 #

22,1A1,3

‘24.&Ll.44

32.6U.54

7,9,1i2.22

32.3AI.M

34,(i12,64

:M,4L2,”16

:K8M,(11

43i9M,M

47,04%57

S(L5:k2,8’/

S:!,()”14,()4

!;I,:LIJ,04
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Table2 Cressswims for the production of radiouuclkles from O usingSi02 targcls.

Prolon Energy*

MeV

500

158,!H.O

149.!M2.O

129.WLO

129.9M.O

tjg,gj.’J~

89.913.O

“W,9A3S

69m9ti.s

67,4

64.84A

5!)M4

O@)%

mb

10.2KI.77

10.3W77

11.MO.S5

10,3M.77

6.82W.63

7.1lMMi6

7.3MI.69

(i,27Ml,5(i

7.5’/Ml74

7,2S:I:(L68

7,66io,73

7JWL(),75

O@YC)loBc

mb

1.1810.068

0.952A0.058

0,712HA046

0.5643,048

o.51io,05”/

(),42.Jj”J’J44

0.44M,047

(),xkli),m

0,27iM32

0J3M.02

0,21J.(M37

0, I840,022”

0,01%~Mow

o#oo7~HtMM)8

0,005’2”10,0(104
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Figure @ltblW

Fwuro 1. Si(px)%c; emxs are m shown or we smaller than th @td symbcd.

Figure 2. Si(p,x)%AJ;errorsarcas shown or am srn.aliorthan (ho plottd symbol.

F@ro 3. Si(p~)7Bc; crrom are us sltowu or am tmwller than [ho plo[[ed symbol,

W.gurc4, Sl(p,x)zNa; crmrs am as shown or MCsmdor than ho ploucd symbol.

Egurc 5. O(p,x)’OBq emors mu as shown or arc smdh b k plotted tiymbol,

PJgure6. O(p,x)’Jlo; errors am a.sshown or ,ammallcr than chcphmtcd symbol,
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