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Los Alamos Neutron Science Center Contributions to the 
Development of Future Nuclear Power Reactors 

A. G .. ~ron. T. Hi ll. Eo. Puchcr. ard F. TO'"e.""R 
Lm """""" Nat""",1 u.baraJary 

Mall Slop I/~j. I.os "Ian .... NM 8754.5 
Ttl (1)50.1-667·.1·17.1. FlU /1 Jj05-667-9409. EmniL'''''_fllanL!lO'' 

Abs!rul _ Th~ I..,. "1",,,<» N~~lron !XU"". C.nu,(UNSCE) U a It"l' t.pallnJ_ " ... """, tamp/a: 

u""",d """ .. ,d a~ 8IJ() M.V It"h.., .. "..., '''''''''' aa:t!utJ/<JT. FJUlul.! ftutll"~ ute/lUI. " M,hl,. 
moJ,,,,'td ~,","" foe'/Ily (t...1"" C~",) wh", "''''''''IS ~"....~ Ih~TlfVJI muI UV .,""1'., a'" 
ptodlOCtd. and'M Wool'''''' Ntutr(Jll Rout"". C~I" (WNR). ~'M'" a b<z, • • pa1latl4tl 'a'l" pTC<f"" .. 
"""""'" M ... · .. " 0.1 and ... "alltwruiltd ,\l,V. 

TIl. UNSCf: /"cIII/)' "if." a .. nrq'" capabilIty la p", ... do Itl!h p'«"ion nIJClLiII .u.ur 01'" a In',~ 
o"rrlY "1-. <lKluJl"$ ,Ita, jM /n" """"" <P"''''' In au ""lolRl =t><'nmtnlal prolu,," ,h. fi .. - aM 
."1""" ~"' ... u~''''''' "'. IH.IRI nU!dJu",d /0' a mm!bt, 0/ ~II/IO' lK"lmuk. ,d.w"" for O ... e"",,,,,·ll' 
""tlor', and "mu"",W"on ,,,,hllDi"lY. 

FUSI(JIl '-,p.,'m~"" nw/:'., u .. 0/ both ,/u hl&hly m"d~,"'od spal/a'lOn "'''''011 Ip«'null a' ,h. U<J<IR 
Ctl"tI. and ,It>: """'o<l"a«d It'Ih ORUIY '1>«1"'''' al WNR. By, .o"'I"'''~ ntta.lU'~'Ii" at th ... """ 
/"""1",,, Ih. diffr,,"tlal flu''''' uo,. JO.tI"" .. ~ .. tu .. ,.d ,.1""". If) ,h. '''U(nj) "o"dam jrtM, sub_ 
Ihm ..... 1 ~1I~ll'U UII '" abo", ZOO M.V, An ~Inbora'~ d"". ""q~i';'"", $y.um " Ik>igntd UJ deal .. ii" all 
lh~ difj".,elll IYf," 1)/ bocq,~"",i '"<I~''' ~-Iom .panning /0 e"",&y dncllde,. Th~ fim ""'(JIM ((J be 
",./lJurtd ",,. " ,\'1', anJ '/oe .. ,"'U' ~..,.. uud II) imp,ow 'he c"rr~m ENDf"llJ- VII 'valual""', /',mial 
".,,11> ~avt ai,,, bUll "bt<l/lI(d /0' '''Pu Ql\d '''1' •. Imd ,h. final '''U'" M( <:<p«ud ,hoftly. 

Capm« ~"'IJ ,«/0"". n'e me",u,ed III UNseE "'lnllhe DdtCWl lor "tfwmud /1',.""" Cap,"" 
F.""romtm"/D"NCIi/. 1"1", ""/quo m"'''nt~RI'' highly <f!irionl '" <klNIIIIS ,//dOtu",O .ap'Mc C'-.n", mui 
.'''' II"" h""dl' ,uJf('oIICI"",, Slmlp/d G/ hall-Ii"", ,,. Iowa, Joo y'MI. " ~",,w.,, of C''P'"'' com. JeCl/ons 
"'~>O""'" III /aJi ,,"'""011 tlpplication, l"I'e b"" """'""ed "',," DANCE, Th' fjm ",e" ,",entem "'".I 01\ 
I, ,vp(!I. l" ",,,/ ,/" 'N.l" h"". hUll ,,,b'llltlbl jo, III/bllc,"""n. Oll,e, CltI'I"rC '1Ica,."mr.n!,< ill 1"0$'"',< 
il/d"de """ alld "'1'11. 

Th~ VII/'td ,I',,,,,, recently nllnolmcbl ,h. Global /l'ud." , r.IIUKY 1'''''''t''Jojp (GNEP i. ~",I, Ihe g"'" 
of dmll'$ Ih. '''''IIf,el~UlI "udeal/uti cyd. " .. l,d~ mlll~'''';''s pmbf"~"1>11 lUk. GNEP "chi,,,,,, 'hese 
goo !.r u,iR$/<lSHI,,,,,um 1I""le", "'''''Q'' p",...,ed by a'''' "~"j,"UlItliOIi fuel. II'M commM ,i8'''fic~J)t 
q"m";tl tJ 0/ ",iowr ""II/idOl The rrOp"<.d Mattrial, 1~,' Sum"n (MTS) wlil prm'id, 'he GNE!' ~ ,,/o u 
C<J"·'ff«"",, "'~all' f)/ ob/llmb" dOllle"i. /"''''P'''''"no Imufimil>l1' of ullvanCM Imh.<'1I~lo,j'>h fi,e//01m,' 
ami ,"'"ow",1 mottl/all , ~hI(h i. all m'p""on/ Jt~p '" ,he/utls q"tllojicalioll P'ouu, The MTS w,1I be 
100001ed 111 Ihe lANSeI.', ",,,I ",-ill 1M d,i".~ by a 1.000_MW r'{J101\ be",.,. Th. P<'<,k n."""" fl .... ;" ,h~ 
",M,MI(H' ",'0" il 1.67,<10" Ivrl,,'Js, mul 'he ,.ugy 'II"""'" I. ,;",.1", 10 ,hat of a fa" rcaC/o" ","h 'ho 
I"M"io" 0/ n hIJh-enUK) 111,1 nU/ac,ltly IJ ~~ptc,.d 10 "jnrall 01 I'a,/I 4, 4()() noun per ,£~,. F " t l b",,,"p 
"lie, Will e,..,,,d 4~ ~I )"t:''', und Ih. mdi<1II1>11 dJ1J11o.g. mit In ''''11 ""ill" 18 '/1'<1 (d,.plaumoat, PO' 
111011')"..' )tIl" nil c"nJ""rJlor, co." "t"U'N".d ID IH. $7)M /mdudll'l 2j~ toI1lmg ... ..,), .. IIh annual 
",,,,,",nl MIll &. I~' ,anI' of 16M If) SIOM. "ppror'&.ld~ fwnJed. ,he ,\ITS """Id "8m oIM,(JJ,01\ 'n 
2010. 

I. Inln!ducllon 

"1""" los Alomos Neu."," s.",,,,,. C .... , 
(I,ANSCE .• hen ~'OOwn as LA.\\Pf _ LOI 
Ala>noo ~lC>6n Phy"c. I'x,h'y) rompk.rd If, 
roM'''''''_ "'" u,ly 1~70s. p!()1I,d,n& If' r,,., 
bum ,n 1972 I,. pi ..... '0 pro_Ide: un"!",, 
OflpOItURO!"" ,n funda, ... nc~1 'csun:h of 
meJ,"m--e""'11 """lear phys.",. by ""III,,,, II. 
800 MeV ptOO>n beam to I"oo..ee ocrond .. y 
IWhCIeS SUCh ... """". eo.r ... k11"' ,ho< nr:aIlO 

prov,de . n '"'e,..., "",,'ce of neutrons, .he 
o«e"r.~'" wa. de"l1""d .rd ronSl"",,,,d '0 be 
eap>bie of ooc.I.",~n! both PO<"''''' . nd 
"" •• " .. hyd,ot~n 10'" .nd of ~Ii.'",' n& ,I><»e 
boa"" ,,, mul"pk .. "",imental .T<"-S 

"multanw.o.I~_ 

",. Cum:n. LANSCE larou, 0< ,100". on 
Fl" I It WH de"W"",rd a • • NatIOnal U..,. 
F. c,luy ,n 2001 , and u. I<S<>Tt'h prop"m' h •• 
.'poIndI"d subwn"ally. In ,he 2OOl---1OO1 



,-
I' ....... ~ "'~r.,. 

t·"., -, - - - ---- .. -...... ' _H ... ~" __ ... -.. ~- ,..­,,---,.,_.- -.,,_. , __ ,-
--, ! .. 

,~ 

j ........ ~ ..... - -.,­--'-'- -
t ..... ~.-~ •• "~.~- •• -.-_ -'-'--- --~-. 
---.~ ... 

.... _ .. _ •• _ •. 7_ ........ 
-, ... _ ....... . --.~~,- ~ 

! I~ l La",.., of , .... L\NSCE ,,'ott (,..,1111) 

'-'1''''''''"[ I""food. 'htlT .. o:e "ttl" 1100 U<tr" 

"~,,, dLRln~ .. tllch 0". 3:10 c'""n~"fl" ~= 
." ....... !Cd dWIIIl1 ~OO dt). uf ""', ra.:,LIY 
.opc<~_ Tilt 'Of' ... ",hdlt) ,,( thr Ix<hl) .. 
.m 800-M"V I, .... , lk.·.,<It .. ,,~ "",,em mal 
.... -uk .. ' ... hoIh ... ",M< hyJ'Of<"n """ aoo 
!""'''"', A, r<'st,,, It.: occelt .... ,< ... {'pI ... up 10 
LlS u_' or 11· ""'" ... "h 1"'1"" btan, t,m,r.g 
p.t~"''' ,,,.(..bl,, ,,~ 3 "kit. '-'''ti) "r 
, .palltl<" .... 1 I"'''&f''n'' .. rhlce "'<'1 ("",io.)' 
~Ica<. ~"" up M J'OO 11'\ (11 P""<>" be,m!lld a1 

100 M.V t", '''~''f'C ",,,d,,, ,,,,n 

I "",,' :de lh.rt m..lJ<~ .'1"'""","1>.1 ...as 
,I.., \10,,,,,1 Lupn Jr. N<~trun """"'''''! (.cn'cc 
ILl),. (",,!\It,). rhe W"~I':"'" r.,Ulrun Rc""ch 
,I'.'M</ I'""jn) , ... 1 'he ['IUI"n ko.ll"~"rh) 

I'Klhty Iplhd., '''''.e 1I",.l~ 01' Ih~ ">'=1 f,,:II,ly 
In IdJ,,,,,~, I""""" sn .. ~. ('" 1(.(1 M~V """'I'" 
l'fod".I~,n '"'" .n ~, •• fu' UI~, Ctlld :O;~~lrun 
r''''''"' ,"'" fc .... ("<>.loll.,n,.1 ph~"". 

fllt LuJ.n CO"."" " ..... ,pall.",," neW"'" 
p«"J",e<) h) II", ~OO' \j,V H be.m, 'Im"'~:, 

""..-I."""" ,~ proJ"", ,'IM. IhuIN[ .'''~ 
o~"h<rn\J 1 neW"" •• n ,""- III"\' '0 ~.\ "n~o. 

1''''n.\"I~ f,,, "",,""" "'"L1<""?, "Lld l'" .,,.) 

_.-, 

._n , .... 
.:::::'''' 

'.-." J , 

-

'~. 

nuci<-:3r "','''IC< I,"""rch '!be 11 bo ..... '" ,",crled 
,Il10 ,iIC I'ro!oo S"'Ul" RIBI [},SRI ,Iu, 
c","",,"'SC> ,Ix: 7';0 "".Ioo~ 1"'1><-< frQm the 
Iont:Zl ..,.. ... '21 ..... '0 I:S ..... do pull<"S 
IF\\"ll:>'11 al , lale of 20 liz. TIle: rrotoo be""" :II. 

I """"'" ur up '" n5 uA. tbtft l Ull ... I'lh, 
... ,'" <:OiII<>d 'i,I" -Iu.-.s:"e" ""gd. ",.Ih I ~"H"P 
and N.:l.uuer'"t ",oJeuI'" 'r,lem '0 ~".., .. 
h'J:h pe.tl. ",,'uron 1]0" n." """"""" ... 
.,,11'''''''00 10 W'''' t>e.> .... fo< "~ '" "-,-.,,Ico. 
nirhl 1""'" 

k~lCd,., III< LUJ'" C.ntu" '''I'I'''''W h) 
I,,""-'m'"'','k''' ()11 I! n'gh! p>d" llul oJlo", 
nc""un .... ''''mg ""'''''''<m<nt, "or "",,,--.,,,1, 
$0,'.""< >nd ent''''''''"r. I'~)m<' "''''"''c. 
dleml"'), •• rlh "''',IC< >nd !ruIo.,!-)', ,,,"_,",,,1 
I.>.oIogy, ~r.J oD<>dc."", m111e, ph~~",'. In 
aJd,IK'n, Ibtl< a,e Ih,,,., !l,g'" p"''''' 
,ns,w",cruc.J [0< """lion r."d .. :u '-<",r>Cc .. nd 

II.n'm"''''~ 'l0e<0\"''''''V' 

n.., Wto.1I. f-a .. ,l11Y " l"m"u!l), u>C<l f", 
pO'Ie."" appllM "".:1." ", .. ""e ,no.! /u< I<"<Im: 
(I( ",m ... ",od",-,,,, J ... ,cn !n ""ul!<>" .,.,"" for 

"od",") L'Of In,,," ~'I><"nr''''n'' W:--R "" ... up '" 
~ Il<\ N II toe.&,n ,/0." " .. h"l'l""l ,,"" blH>.bed 
ber",. "".I.n",," "-' 8''" > rul"'-"~rul« 
""l'"UMn uf ')p",Tt) 1 S J.b (1h< pLlt ... 



"'par.",," CO" be odJu,ted b."d On ,"" 
I eqUlr,m<-nb or rxpcltmcn" j. The ruls<: "MI'h " 
approwlI.,dy 125 T'I (FWHMI Ncutmn e' .. ,!:) 
" dClo,m .. "J "' ",ing fl'ghT I" ,h, "",wec" 10 
.nd 90 mcte" Ion~. U_,,"£ """,-of-llol:hT 
"",,,"ren .. n,,_ T~-= pY l"" are ",I"""d ""I of 
'he I nd",du~1 m'CL(Jp ul,., Ihat for m the 750 1_" 
"m,o,,, pLlse" 

WNR h" TwO e'I"''''''''"tal "",s t"'U u", 
th.: p«>,on .... m. "T"@<';!",,,d>'fo,geI4" 

Talg'" 2 ,_, • I",,_h.ckgnound .coa "OIh 
""en filHh' p.,h, thal con be co,nfigure.-t ,,, 
,ui'P",j , ~'<k ,,"y "f e'p"runenl.1 
,",Trumcr.""on A I..,od Slo""n~ no",'n 
Sl"'CI'"me'~" " CUflcn,ly ut1h,e<J In f'"K>n 
"">SS'S<;d",,, 11lC .. 'u'~n"'n" of ,","n irlo ... mpb 
"-, _,mall a, 10 n~ At the WNk "T>rg,' ~". the 
heam ,,,ike, " tLlnll-"en ",~c, p".h"',ng 
""""0"" w"h """t,,1 ~oc.gl<' (mm .tx,", 100 
leV '0 ,bm'e ()O(l \1cV. TI",,,,, ~Lllr1'O' Ofe 
c"l li m,,,,d to (,orm be.m, tor .-ox filgh, path, 
>Lewmg (ho .... ulIon <.Our.-c ., ,ogle. IQ 'he Id, 
Il.) '" flgh[ fKI rd'''''e u) ,I>< Inc,de,,1 be,m 
Jire",,,.,n "I 15.30.60'nJ 'Xl degr"",. Rc><~rd, 0' 
,he Wt\1< " .up!"",.,1 by • ",'I< o( fi'gh, p>th 
10,"u"",n1OlIo" (h>t all"",. m<'Sur~mc"[i 

I""",d,n¥ n,,,,It,, d.,. ' 0< rnd,,,,-'hc,,,,,lr,' , ,><1 
",,",oph~"c>_ 010'" >ceI,on, lOr ""uLfOn,"><I""~ 
,,,.,,TlOn, un >eTlmJ" '""""1"'" fj,,,,,,, <tu'>'. 
"""""', "nc'n 1'"..1"""0". (roglnenl mas< and 
neuUun ene'gy dlS,,,butlon,. plopt'll,c. of "",le, 
'" aCl!e<J ,I,le, (" ,,.,mo,,"), t.",-I:<.Jy 
"".,,,,, ,,on. '''''h .. J>-D ",al'e,,,,~, reart"", 
'Ioolc, tOI lheo,y and fIlO<!.hng, ".:I clceTloolc' 
cornf'On,m' ond ,y"cm p'rfurn',lnre ,n ,.d i.,,,,,, 
en' "O"m"r~< 

Tloe Proto" I<a<l logl"'phy l'ac il "y (pK"J) 
ptO"des a uniq"" capabIlity f'" «00) 01 
d)n..Inu" 1""" ...... u,mg Ihe 1""''''' t.:~m and. 
,"og"""" Ie,,, 'm.g i n~ ,).t."" Re,aLl><l protons 
,Olefl,-t Ih,o"~h oolh ,he wonll """lear I.>fee anoJ 
the ClcctfOnug ... l(c toree, (fOn,"lI,,1OIl 
me,,"'cmml> ,11.--.", " multonow, Im,I~ 'ng "oJ 
determ""""" of ma,"".1 propeItIt> ",'h ,'c'y 
hll\h "me "'~Ul;"n' _ I'or pR"<i. ~() ns.-'"oc H' 
t.:,rn pul"", ,,·lth arPr(HLm"'c ly W· p""elc, M< 
. p.ced In "In<' at ",'e"dls p • .-.Jetcmuncd by 
C'p"",,,,,n( fequ'rt:men's 'n", brum I, (he" 
"me" fO >!".c 'e>! ab,cct> dur ,ng ,ho dy ... mio 
CHnl Tmn<mll lc-.i .nd .,:>."ct<d prot"'" a,e 
111Ia£od by" mJgn":I~ I<n, 'ystelTl ond ,ecOlJe<J 
hy ,"me,as Th" ,,,,,hn'G'''' ~1Ie< m"lti fr>rne 
'><!'ogmph. 111." ' p;,.".lIy rCioh< (e.,ul< . ","h 

better lh;!n I·mm ""CU"'9 v"n~ "'Jn~1c> 01 up 
• . , til) pWcm' Th'ck 

Ov", lIM' 1"'[ 20 )-el", LM,::'(,F 11.>" 
suppor!<d th< lru. Alan"" R.d,olS/Mope I'ro~r>m 
by '''Miallll~ [argo< matcn"I<, (}fi~lnally 0' 800 
M~V and no"" a( 100 ,\leV The l\.01upe 
l'looucllOtl Fa",hly (II'F) ~WJe<1 """ .:ompltle<J 
H' til<: f.1I of 2003 and " 00"'" fully op"ra'JOnal 
The f""day ha. ~ "ew t.:.m I, ,,, and the 
cqu' plII.:n' f~qU"e<J !<> dehle r il)(\ ~t~V rm(on 
he.m fr' ,m 'he ",",,,'& LAI\SCI; ,ce.I"",·" '0 ~ 
tlC\\ 'ot~ct ";1(".., de' lgned <1'''ClII''~l l y '-0< (he 
l"'>d'''''' "n of 'MIO""tnpcl The IP!' .... '"' 
dC<I &oc-..l to "l"'mlC ,,·ltl).,~, 1I1{1"""''''1& 
<thc-du le<J belm dd,,',,), of pmton beam to "rh", 
~' I""''''''n''l .",~, a, LANSeL In [be 11'1" 
pmduc'ion I.1r&< ,-, "'" $<'~mc:nttJ lr.tO dJfforen, 
p,,>dut"on "'g'ons ."d m ... "al< fO . 11 0'" 
opllmlle<J prod"""on of ""0,,,, tld,m,."",,,,,, 
rile IlCW f"",I:!:>, 'bercby p,,,,:!u,.-,,, a wld~ raol'" 
of ,"dlol""()r~' f~f [llCdlOJI d"&""",,, 
"ca'n .. n" ~nd ,e,c""r", ,"se.rch 

111. P ia", for 'U""II\"'~ ,ho: u", facdlt), 

The LA!'>SCE occe le,,1Or pro" ,deJ ,I>< r"" 
&00 MeV proIon ream ,II Juno of 19n ~'"". 
'hat IIm~, II. ""."on h.. o.olvcd, but 
,"'pro"Ontenl< '~ 'he phY'IC.1 mt'""ruc'"ro h". 
n(ll '.pt !'Xc ""0 .''''"'''1> «'I"lfoments tor 
oper."o" at an oecc-pI.b!e I •• ·.! of f<h.h,l"y 
(he' (he p'" ",,,_,-,,1 y<.f>_ wo<, h" been <Ion< 
to defi ... ,I>< . Iemen," oj > prO)IXl tle<C" ..... )' 10 
""laIn ,d"bk: operot lfln to< Inc ..... " ",,'crol 
de<:ad<'. . S!l«,f,",lIy.. LA"I~CE 

R.fUfb"n"",m (LA.'iSCF -R) 1',-0""" ,. pl.nned 
'h" ",,,I (mprove fac,lo,y 01"''"''0<'' · Tn.;. gool, 
ore '0 fephce 0< ,ef'Jrb"h ,y"em; (hat (II hale 
.0 Imp""" ot 1~% 0' Ifc"e.OIl 'c,",b,l,ty, (!) to 
(ncr •• ", ope""".-..I ef~" I "n<y ~y cl,m",," ing 
"",,,e, "f "'""" p<J1Il' r",ILLee thot h,,'~ ~ 'ng 
C'l1n'~lcJ tLme' ,,, ,cp' ''-, "'" 0) r~pl"':c 
~ull''''''n' lhat" b"l'"nJ It, prcdLckd cnd·of-ILf" 
"nJ dlirJ<:ult 'tl lno,nrain, 

Adue"ng ,Ju, ,c'qu"e, fel' l .. "n& rad,o­
flc~uell<y <qu lpment to ,dfl.,·. high «h,b,lu)" 
Jl1d P""' IJ,ng ndequ'te 'pafc conLp<Jll<nl', 

roVI,cln& h.,dw>re ar.:l ""jt"'.1re m tl .. 
"",,. Ie"".--.r coo trol,. dOl, 'OqUl,Lt ',,", anJ tlmon g 
$)'''~m' ,Iw, h»" bel'QI"" ,,,,u,lIy OOh­
tn.11L1l:1lnable, lef"tb,,~"'g ,nd "pl>Clog 
Y,",ULlm, ,,()()I,n~, and m.~oct I"'"or ,ul'P,"e, fo<­
[he ,cuk,. ,,,, .nd ream-tran,fer 10""., .nd 
fclu l b"h ,nn and ,mp"" 'og 'he l><dm_d',g,.""e \ 



'l,tt"" .... , .. 'r ~,110 ,cl"~"~",,"Q' "I ... j .... ,'. 
" • ...,.,... ....... " VI'" h. ""'feu< ,I>< II !>e.m 
,""'''''', b} ....... "" ,.f t .. " 

LA.'~ It ",,11 _'"'" "",&111)' ~XIO\I .u>d 
"', .... ,""<"< • peron:! of ",,"n )""". k:'M'''& In 
:008 \Am"1 tlus time I "''''-''F rac,ht< ",I! 
" ........... u"'" "",'nl~'n< hy 'n<\.llltn& """'1"''''"' 
J .. ,,"; .. bi:dukd ,"':.1: ..... 1\ .... " ,"O,"pl~. tho: 
"'1<;" .... 1<1 ~ l.A.\SCio ""I Iu, ... b<cn p..,<co"Cd 

~nd "'~ II~ the "',,' <It.c~ allJ bC)"ollJ. 

I"" r .. ,,,,,, cro<i ......... "'" ""'.,'"" ..... " .. al 
I. I'<.C"F Of" , ... ,oed <ou, ~l '''0 d,ff"",", 
«rc<"ncn\.ll ',"' .. ,,, .... ,n (lfJer 10 ~I"'n 10 
d .... ·aJc. ,·r ' .... 'de"ft( <>e<J'lOn """'n 8y 

lhe .",'>'. ""',,~h.« U"'~""«l Ic'~',,~ '" 
'·l'. ",~ ... h ........ ...w-d.' OIl~J.V .IIJ 'mm 

1!oO k\' It) :'OIl Mcl' 'l lle ,,,,,,,,,,r lI'ght 
.... 11Ind (TOFf "use<l '" *'er ... ~"", the ,nc,dmt 
to:UIfI'n ....".r~ Fad, c",",nd <0" lhe 11'1('". t... 
on tdrn"".1 and """''' ,",101'':r.,len' Ib,> 
:ocqui."";JII 'pltm ,n , ...... L' .. ,-..I *><1.""", 
corrrbtoOn ,"'"", Ea.:h dll>. ..... U""K." ,},·e.n 
t< ,nt.,,,..,.ed b) • ~'f"..J frum the !'PIC <tunnel 
obo>e. '" """'bold The r~'" I'f'IC "p>al""" 
dJl'~~ to llle Ibto ><qu,,,oo,, "y<:cm (DAQI b} 
f.lSl CIII",",'''n>lU'~ l""""·p;,r ..... , """'"'e..:! on 
lhe m..mber A be:tm p",k-<>tr tor the ac<:,,""''''''' 
I"",tdrs Ihc .... 1 "&1'11 fur lhe TOI 
m .... ' ... mt ... ~ ,d.",. a'"'",, ",.... ~f 1M 
PYle P'''''''' r«toUod;>nd ..... -.I hJ d<U."fm"", , .... 
neutrO" """,-<>f.IIJ~t. The l'PIC pc./!.c ,,",';hI .. 

31>0 ~ r.:.. uch ~""" >.."Id used II> 

j,; : r~ m~"" .. ~ f,>,"", ",,", $4'"'" 01 "'Np '''''''' C"mp:>red III ,I-.... b'l!)FIB Vl,nd w.;-II)!.-J J 
~ .. I.., "')"; 

""",bll',", ",ca'"'"'''orul " ,n" llJJ'lJ'l e''''e' 
.n<! ,he W!">'R f.l<,',I), " .s r<!$ ,bl~ \0 ohl.,n 
'Ilosion ,-r(l!.S >("\;tH>lb from 0 0 I .V '0 ~ ~ I.\,. 
""II "n ",o,l:or) "' 'he I ()l )00 ~eV 'ert<)l, 

Tile I')SIQ" .ltn" .,~ delO,,<,1 u,u'l £"' 
Itlk;~ [»t"", ,,1... IQn",',,", "h,tmlle" 
!'rj("S) 'fh<'" .-IIOn,l>:" .,. n'Ul·".I)· u,od "' 

tlu, 10011'''". at ,L'le"'m t1'~h' poth, of W~~ . 
.m" "t<. <\"",,,bcJ .., d.",1 'n 11.... .( he PI'K, 
.,~ '"",bl<>. ""y '0 ,'!>Cr,lIe. re,,,!,,n, ,,, ,"d",,,,n 
,I,..,,,&<, ,." IIIthl)" cI'" ,ont r,,, 111 ''''" do'"C"un 
\ .. "h.. "",....,,"' ''1 [u,,,.. " ,',e .b.l", ", 
~''''r."''n.''~ be,,"«" "'P"""'" (!ton, """,,I 
J .... ·3j ,,,,( (n "j.r''''''''"''1 oeMII .. """ fr~&""'ntJ 
\ h' ~I' le.c l "f se p"",,,,',, he,,,C"" 'h~ lwo 
p,"""'. 1)'f"."' 00" lJc ><:h ,o,",",( h~ 01"'''''''''1 ''''' 
~""o '!'I"'n~ ,,><I to. pr"'~,e ,n ,110 d,),,,lIet 

d,sc! ,m",," IleT .. ~n f,s,,,,,, frognl<'"t> "nd OIhCf 
ch:t, ted jllll,"'" 

~'''''. ,he n",;o,,,,.,,,,,",, ,,"~r , 1"'1"<'" 
.""'S} "'··"m :hc,e Ole ,"'OJ' l)f'C' <If 
C,.·I<."(IIO", to' ", ... j,d., '0 to,> .1I.1(v", •. There It ... 
b;.'('n ml .. 1t ~fhl '" f<d,~·t"~ tile ')""nt:lli(' 
"""c" .. nl,~' 'nl,,,, I ,,,,~tI ",' Ih~ d,ff."tu 
C'<"I<.~lIon, '" <>nit< 10 '1'P'oach . l'1. I.,·el ,,( 
u":e""".')' Impru,emoe" '" ,t>< dOl., 
"'qu,",,,,," "sttm ,f)AQ) ."" J""y'" 
r",,:<d"re h,\\'o been tr..J. ,,, ""h,<,~ 'hI> level 
of f'I"''''U" 0,,,. " .... h inlp"-"",,,,,n' "a, ~ 
"";d,f,,',,,"" '" tit. l),\Q ," ",der ' 0 me"UTe " 
'ypo nf b.o,j,f,ounJ .'all.'d ""p.oround .'en" 
The .. "'m" .. ., ".usrd b)' ,10" r.ommn, tmm 
Me I'''''''" pu l", 0""" l'I'P,ng "lth r"l """",'Tl' 
hUIn a ,,"" pul", ~)' u<tng ,n '""''',''''c 
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, " ,.' 
I'" ,I 1"11< '11<:"'1" lid "ou ""-tion "')\, 0' 0 'Ot'" 10 "'II r~."" 00l lh'l tho d.l. n«<ls ,. . II< ,,,,,,,,,,0<1 
I.~ I"""n e,<nh tiOIn III< (lOI" ""'l.In ' .... ".)n btl 01 '''I'u "Th< ev.l""I'<lnS ho,"c b«n mo.lll,.J m 
"" lu.lo the '"" '~II"nal'Qn 

., 

10'> 

, 10 10' E" (eV) 

I tr I r ~c ~",~,~,~ oms< ""I~'ft ''''T'!, u. f~I:" h' ' I I 11._ 00l ,h;., "'" d>u """"I> I" l>t _",,"' Ie<! 
1tJ, h" .. 'n ">t"',. I",", Ill< O.OJ '" '· ....... m" ... I.'n k,d nf '- I'u Tho~' . Iu.oln)ru lLo'c ba:n rn....!.r,nJ ~, 
,,, .. ,, .... ,II<: • ,1fI1)""nal"'n 



modlr"'.tlOn 10 ,he D,\Q ,. " """"hie 10 
:occu,.,cly mea,un: and fit ,b.. mdground_ 
""'>on In Ft,. 2. l<>l~'''''r ,,"h Ill< E.' <>FIB vI" 
and JENDL.].]T """Iuauoo<. ~ .... o"lIe ..... ,,1I 
dearly r .. ",. til" JENDL-],J .... Iuahon in !he 
IWlR""I.-M , ............ '" reg""', H"",._. abo"" 
fi";"" lIIncsllold ,be dati .,,= 1><11 .. w,th ,he 
IiNDFIII-VI .vall •• flon. TIle measuremt'" <±ot. 
t .. ". been ...tHnmed 10 ,he EXDFIB-VII 1lf0J«', 
and • new e~.lu.'ion "h"'h IS in bon", 
Ipeemelll "',Ih 'he m<nure .... n' ,.,11 _ .. In 

lhe "1f",,,,1 r.k.o~. 
,-- ", The prehm,,,,,,,. r~JlS obwna:l "" ' 1'11 

3rd '''''I>u Orc shoo..... ID Figs. 3 and 4 , 
re$p<C".ely. llIe ....... ,"ll ~. LO be cot<tCted 
rot ~ 0.01'" co .... m'nIDOfl of "'1'11 tn the 
sa"",I... 'file " ' 1'1>(0,1) ."". 5«OOn "'25 

foct1llly rnuwred and tbe 'esul, ",11 be used for 
.1It ron'e<:loom.. The rofTec1101l .... 11 >Iron;Ily 
Ilfect !he result," ,her .... , 'evoo. bur will only 
rflonte ,he resuh In the ..... erol"ed ,""""",",e 
,.,,011 .. IIh • ( .... prn:en'- llIe ENOF e"oI~n 
0( lho ""l'\I(n.1) I:I1U =,00" i •• 'H"ea, 
.... mple 0( the problem obo<n«I lOr .... ny..,.,· 
fi ... 1e ""nor acun>dc,_ llIe .'-0"""0" .~hibo,. 
on 1III-p/l)'SM:'! ~'Iql" in the .va, ... ord fiuion 
em .. ",,"On" 10 keY. probably ('Iuied by 
.noons!>',,,,,,,. btl"'ttn n'ltuUI.menl1 
perro........ ,. tI .. ...t.-We.hold and .bo,-.:­
~Id "'pons Sua: ,he .~p""me",.! do.,. 
<ct oq>Of,td her. """ "&hi t"""'&h the 10 leV 
,e glOll II eloall1 ,...m •• , th" ,,,,,,,,, .. ,.ncy. 

V MIll .... I. TOOl Sta""" 

In J ...... ry 2006. ,he US ~rull.nl of 
[_10' I,_need plln, f,~ ,to GloI>.>l Nuclear 
Enert.)" 1'.,,,,,,1">1,,1'. "'hICk .... l. ' 0 red""" ,he 
" •• , of Rudelr prohfera"on ,,·",Ie 
~'muh.n.u .. "Jy expand,ng ,he "'" of Buck .. 
po""" """ld"i<lc Om""! 10 Kh .. v,ng .11<.><: 
pl." ,he de""lopmtnl of I cto.cd ...... Ie., f ... 1 
c)'<"k " ·h,,,. spen! f ... 1 from ..... 1 ... re.o.clor. IS 

rtt)'(lcd. 'o$Ul"n, '" ""',. effeet"'" uuhzltion 
o f \be ...,.ld ' . I,mlled " .... nmm ,e.oour= and a 
"~nlr.c'nl rt>luct"'" ,n.!Ie .oIu"", of h,gh-I ••• I 
r>dOOlK"II'''' ",· .. Ie 

R«:y<hng 'p<n, f",,1 , • ..,IVfi "","""UUII& 

m,,,,,," "'''II,de. (Np. Am aoo Cml ,n f.st · 
$~''''m ""de .. "'K!<n. Wh,1e ouch ",,,,,IOn 

"",. exi"ed lOf O •• r h.U a ccn'ury. ,hey II ..... 
r<)I ' .... (h"~lIy bun desitr>ed to "'''''''''1. 
mil",," ""'Miles (MA·,) Thi~ f"nc';on ~u;,es 
,h. d •• elopmcn, or new fuel fo<ms Mnt.'Nng 

"lIn1f",. ", ~".nut ... of m,nor . ",,,odes ,1l":11 C'n 
,ur''''Ye h,l," r .... $p«uum 11<"",,", O"e/ICC 
(>10" "'em). QuohflC.""" of """'- rucl futml 
.. 011 rcq""" le>(,"1 ,n prOlOlyp'c OPC<:"" 
Unfor1 ...... 'dy. only • r".. f .... ·'P""'rum 
,,,.ad ... I"'" r""ih"es •• i" .rouoo \be .",,"ld. 
Ther •• re no fas! """1On euntruly """,. ,,nl'" 
the US,\ •• nd lhe •• IIKS' • new re",1OI rouId 
..l>On>bly be ' .'''"''ltd 10 btl,ft Opn"1Ol! woukl 
bt lO .. canb Ihc.nd of ,he roc~1 ~_. 

RccogDlz,,!& 11M: rw<I '0 c~bsh I domcsII< 
rlS!.Sp«tIUm lind,.,,,,,, ~bil"y. In 1OO:'i ,he 
US Coagcn< appropn.tcd funds to d<S'ln lhe 
Mal<"tlili T~ Stauon (MTS)., lhe!.of; Al.mos 
~eutron ScICna: Ce ...... (LANSCE) .. ,th,n Los 
AI.""", 1'1' 1.",..1 UOOralory CLA"l.). The 
""",.,.y 1"'''''''' of th,. foeilllY ,..ilf be to 
, .... di... ~.nd>da!c MA· be.,,"l: fuck .nd 
daddm~ bting de..,1oped und .. Ihc Glob.al 
Nuclear Encru POI1" .... I"p_ The HTS .. ,II 
d,ffer fn:>m .11 0Ihcr r .... -<p<:e1tUm irnd .. "on 
fatih'O£< 'II tho,,,,, not • ....:-lear.....,1Or Rolbcf. 

the pntnll'Y 00""''' or """""'" '. >po!!'"'''' """'1OnS nduced by dirtttill& 800-l>leV proIDlI!I 

"RIO • ruagSlen wI". 
For n<Mly thuc ~3de>.. the LA..'\SCE 

..,.,1e .. ,U1 ,cli3bly dd"crcd I IlIA of800-l>l"V 
proI"'" to plOll prodllCl,OO target. In ,upfIQI' 
fundame .. ~1 "uc~r ph)""" "'per,,, .. nl1. While 
me LA."SC£ acccluo.t'" hi" COnt,,,1Ied to 
deh .... 800-MeV 11- be:lm to <Kho.- wt"t.. lho 
I -rnA prooon beam hu not been ""Ill...! .. ,,'''' 
WOO_ The IXl£ .. plaoo,ng 10 ",[um.", lilt 
L\NSC£ .... lcrator >0 thot ,t ~.n co.u,""" 10 
,,,Ii ably deh."" beam for.notIIc< 1"-0 decades or 
more. Thi< ref ...... h"",nt "''''51st, pr,m."ly of 
"'plxill& '''''quoted po ... r "'PJ'IICS lhal de",""," 
r,>diohqucDCY po"'o< 10 Ii.. ac<:clc!atOf 
<tr ... ".-, On<e "'fwb!<hed. ,he LJ\;'<SCE 
aceel""'t'" .... ,11 be ca~ble of d"h<-crill& 1-35 
mA or 800-MeV prot""". 0< 1 os MW of protO<! 
beam. 10 the MTS_ 

"The b.a ... configura!>on or the MTS l.Ug<:! 

I)·stem. depict...! ,n Fill"'. 5. co"',," of I .. " 
,poll"1011 "rg'" ,.""",' ""I"",ted by I r",,1 
i"..>oJi,,1OII reginn The 'r,ul.hon W"geI>"~ ... 11. 
1\;"",'" bIocb of I"n, ... en cooled by hquld lead­
b,.",,,,11 outee';c (PbB,). The fu<l ",.>oJ .. ,,,,,, 
""ion" 2 em .....Je and ~m hold ~ 10 40 fuel 
p'''' .• ""h ""h." acto,·. fucl pellel ... d he,&hl 
of 12 em_ "The pul"'" .alure of ,he pr"'O" btam 
.110 ... , .It"m.," belm ""I"", to be d,rtt,ed <>nk> 
r. .... 0"". lhon lhe orher. 'P.II,,,on ,"'",I ,n • 
.1r.,gh'f,.. .. "nl l nd d ;.-...:, TTUnn..-



,,' 

FI,"'c ~ II .... "...r.JUf"'''''' "f ....... ~rr.!. w"," 
.. ",mbI) 

T .... tn, .. " rN ..... nf ,,,,' 'f"'\u,,,,,, utl" 
.a'k"" .on.! ~'or ","'" tho bum pulin b"" ... n 
,ho:m .. Iou :o.~",'e ne3fly untfoo-rn "11'Jc ~'<hl"'l 
IItYlnifl nu~ '" ,ho ("'" ,""".aooo ""100II, .. I .. "h 
"h",.:d 1101""" .... [,,,, ""II~""~ IIOteI •. 11K 
6 ........ "'" .,...." dl""bld_ 01 "'" """'". 
n~. h ....... ", .......... .al < ...... WJCl mod-pl."" It 
",,", ... do< r.~. pod""" """~ oil< =,,"111 PI' 
bth • ..,,, >p.>lbl~'" ....... '" ~ .... ,.., ..... 'The 
pul n., , .. ,un d"""'y ,n 1M Ioplll ....... W~f 
.. lotte "~001 "r I/o: <'1<\1''''''' &ft «".ded rho p".l 

n., In ,he "' ..... """ "''''' ... I tl1,dO" ""'" 

" n, .. · nc'IJllOOO <pKtrwn >I .he I"'~l 11., 
1""""-'" In ,h<. ur><JI~"on t~I")n I. "'mpllod h' 
,I>< "",,'fu'" or. (h' n:aclOl In hgurr 7. The: 
f. I I.!"'~ (I>iN:n fOl c,'n,I""''''" .1 ,1'>1: 
I'fOIIU>Cd Ady~""ed Burnt. T...c I( .... ,·w (.\IJ r~ ), 

"hh .. '-"".lIIly ~...ItrJ"'", pn:-<:""""lalll1 
Ik"Cn nlC M1S '1"<"""'" It 'I''''. _,'m,L;" '" 
111.01 "i ~ f .. " re;oo, ' '-'f, "'''~ 'h<- ool.1"."" ", ~ b,V 
C"""~ ,.,1 .r.MO 10 MeV,,,", ,ue",," up!O "'" 

'''''~<''' 'IUU \ t.," ""'_ ~nl"'~ 1 "" ,m1) 
"I~II ... . ", "n~' <>l,h" h,,,, ucru wi" ~I.II 
iorio.", "'0.1 .... 10.'" '" 'ot<d< l"he I""~ nil, 
"""'''''' h ••• bout 6(l "me< "eo'" iorio.", 
r".J",'~'n , ... In """ tl\o~ ,b.ol In. f ... '~an,.,. 

.. ... .... "."'.. n", 1c,~1 I,.,. !loot 
fcfl,<ld ............ "'......to tNt.." <""t;tIli) _, 

c--.denr"", .. fuel .. .to! ~ ..... ~ .. fw 
~ .. <oo" .. ho~ <"""""',.",_ 1>7\):) """"~ Id 
bot:hMm < .... Ic.tod II) <"''' .. ''k .... '''. Tlot '"",",,' ,~ 
hll .... -Wn-pn*Xypoo: l>Oj ,UCI(I< hel,,,m 
",odUC1JOf1 ,n ,'''' M rS mll,l .,., ,,,~n <.,d~1 
.,.,....odera!lOn .. -hen Ifr.tod, .. """, Ue ",",Iu<m«i 

The spoJI:011On IM(!C!> rons,., ur .. II 118 em) . 
.... ro ... (2 I elD) lunasllln rio," ., .... N .k'"1 
\he du .... ~"'" of rrt- bum JlIOI"~.'''''' "Tho 
pI ........ , out tlua 14"' mm'" ~ r. ..... or.! or 
the WI<". and po"'-PfOJl<""d) Ilud ... ", .. ",d 
doc Nc~ Sq>oi,w"l!loot pI .. fl."c I ""I>-"''''~ 
rooI .... cIu. ..... lI The r'- ...... klOh>cO Ole 
xlj""'..! .. IhIlo ............ 100 Ih;N ,lor 100..:>, n~, .. 
Ill< ,""""""" .,..f~ " I",,,,,-d ~ I(X)\\""",' 
.. h ... h ~ D." ct.al .. ..,., .... docnnaI h}<iI_ 
c"f'""olnycf .... ""Il, .......... . 

A <n .... '21 paBmtl<'l tno ,,,,..,,.,.., 
me1mntf.al onod .. """ d.a .. ,~ .... or""",,""""" 
".....,h .... ornod"o",,, .. lie perb ....... In ",J<o 10 
JoChlC'" mod" ........ mil .. 10 IIoIt "r 0 t:w 
(Ca.,.,,-. !he ruel d>d ccmperl'u,< _ be 
<_"'!cd , ... , h,n • 'i'OC,f'N 1Q1 ... ntt . ...:I 
'fTad,."Oft tc"""".'urc> up ,,, ~50 C mU$l be 
A"",nabIr ,n .... !>ITS -rh .. ""'Iu,,,,mut" , .. ) 

d,fh"u" '" ..,hoe' " ... ,nl .. -:u," U ,be '''''' "'_ 
.......uno.. An., ron .. dcfl~1 • .... mIx< <A ".l<""'" 
"9""<IS. !'bal 1\0. bttn .. lKlod '"' ,1,0 c._ 
b !he '"" fuel"" .. no .. coob.nt <Joe<, "'" IU<I 
n<Jl.'ocmucally .. 'M .. at .. 0< ..... , hu a hll~ heal 
, ..... 1 .. rooff""' .... lJld .. IIquod 0 ..... Ilfj;C 

'.mp<rao= .... '" h Iu> !he d'..d., .... res '" 
"'" 11<0",. loq~od .1 ,oom ~ .. ( """"'''''' 
<nee: heabnl OIl loop P'P'''!; _ compont""l. 
roqtI""'l xu • .., "'),p rooarol on n:d1lOC 
COl""""' . ...:I prod",""" ''''£>0 ., ...... ",-."'" 
('I'ooun. PoIolUum -21 0 .. a~ alplla ~m"l" .. -n~ > 
1J8-d ""II-life. lJld Ionu" ... ,IS rttea .. d",,"1 
hlt·"",,,,,,1 e"cnl> ... ,1) '"'Iu,,( IP.":"! "I<"~" 
!(. ,he des'~n of ""ely 'ysl"m. 

1be ~1&h h"~l ".",fe. coefficocnT of !'\lR, 
II,.,,,IS Tbe I;lm d,,,!, IS ,d"""tly "' .. 1-)0 -( ! 
.nd p<NIo,;'>h!e ""hm "O'l Thul by mu''-In~ 
tile ,,,Iet.nd .'Lllkt ",mpn~'~'c. "r tile I'I-B,. Ihc 
r",,1 dad ~IJIIICf"I""'~' a", I"~" a~'nl d'~ r ... 1 
PO" 1Ie'lIho oho<tIJ to< ~"" "n '" ... ,h." JO (" _ 1 ,", 
r",,1 .:bod ICmpaa,urc .. " lie oont,. ~kd b) 
;IOlJ""""' lhe YbR, ,Ilk! ",,,,,,,,, .. 'ure 
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hl~'~ 7 N<~"tlrle ... ' •• 'ptClrun,;w ,II<; !'<,l 
II., "' .. " .,'" -n ,he ",ad,.,_ oorot "I , ... MTS 
,,, .. ,,,,,,,.J 10 ""', ,.r. b ... "' .... 10< (All I R~_ 

lbc I>e.lm 't"'I V" ..... h "",11:"_,,, ... gel " 
15 .m .. "'" b) 6 "m 1.11 A "".rly un'(OI'm 
,'<IIrem de~,,') ,,'-er tho k~n' <jltII1\..-h,.",d b) 
""""Ilt. ''',.,' b,e:llnkl ,,,,,,,,, ,,,,'1) 1 mm "'de 
~, 6 1I'.m h,~h. FWIl\I, ,"Of lb: "",1m 'JIUI 
J'''''R>M.l>. H" Ie,"',> In. I"'lk nIOe'" <lcl\!.<l) 
<on ta, K'" "' 7S II.V, ,n' (j,.r, f,ltndl, )·c ..... ,"" 

\n S '1 "'P«'''' ... 1lI""'.:( HOO 001'" " ~ "",m .. "".ro' of' J' m \ ,,,. OM'''' ,0<1"100" d"'n..Il< 
,n 1'91 .' In) .• f<!III",I""",O""'" >l<d ,IL., I> (he 
<aJ,n~ , .. ~I.d.,. ",",,,,,.1 f~r (he (ud pin 
\>.""'"~ .rod 'lilli,,,,,,,, , .. ;<:1 ho."'''"r .• , ,10" 
, .. '''''' <ltn',,) " r .. k"'.,,,,d '" 1><.' ,I 
d"r' .... ""'"" p:. ",0'" Icl'"" hI, m."·,.,,, , 
,"no,lo" IJr~" " !I,e ISIS r .... ·, .. ", ., 'h, 
"''''1><.1.,," AI'I'k,,," \...01'<0""') ,n ,he Un"~ 
KLl'¥'It.," ."'S I"l'i,,,.,j ,,';0 d" ", 01 11 ~~, d,,,, '" 

-
• 

· , . 
• · " o. 

•• 
•• " 

,,.., fIJI"", of ''''"'''''')\'1'1<:, u.."j '0 to"'""'" 
plJTC k'"l"'ral~re" A' ,h~ !tn.o 01 'tl,I.";.,, .. ,,!. 
,t.. lart"' "" "",fOfr.UO& "",,,fll<I""il 1 "0" ,,.., 
an" "I"'",J m,n ' mum I' fe 01 ,Il<: '''l:~' 15 
urcde.-I '0 be (, ,,~,n'h,. hut 'hc. ~'pt'-I~Mn" 
,ho, " ~,II root '<'l""~ ",o,e ,h.ln . ,u n",,1 
«p l • • 'emenl 
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