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Subtota1 ,  Approprh.Uor�s Before th� 
E ,_ergy MG W!!te-r Dev,e 1 opment. 

Subc:allli1i tte.Q'S ••••• • u • � . . ........ . 

FY ].985 
Ac:tu�l 
p; 

1t967 .490 

237.956 
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D£PARTHENT OF ENERGY 
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Tct�1. Depart� nt of Energy ........ . 
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Attual 
1A 
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D�PARTMEMT OF ENER�Y 

f V 19 87 CO:NG rtessl oNAl Sr AfF 1 Ns REQu Esr 
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'l?l£l.tl 9,07 S'9b 
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H1.. 9 .. 29'b 
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-497 1e,, 7:21 
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TABLE cr: :ornErns 
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H e�v y I on Nu e: 1 e�r Pny-s 1 L s • �� . .. . . . . . . . . . . . . . . . .  �� • • • • II • • • • • • .. • • .. • .. • • • • ��16 

l DW Energy l.IC 1 �.ar Ph,y s "j t s ... .. + .. . ... fl � .... . ll' • •  'I' t !I .. . .  "R • I • •  ,. . ..  ll • • • • • •  r . .. .  !II • " 9-9 

l'o! uc 1 !ili" Theory • � . • • • • . . . • • . • •. • . • • • . • • • • • • • • • • . • • • • . . . • • • • • • • • • • • • . • 11)1 
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{Tabular dollars 

fY L9S S FY 19 86 H 19 6 7 
Appropriation Appropriation Base 

ln whole dollars.) 

FV 19%7 
Request 

Nuclear PhySiCS {N?} 
Mt<tium Ene rgy «uc l�tr 

Phystcs 
Operating Expe�se5 • •  $ 73,81oY 73.610 

s 73.131 
73.131 

s 731131 
73,131 

s 8>,000 
85,000 

$ +111869 
+11,86 9 Subtota 1 • • . • • . . • . •  

Heavy Ton rt�c.l ear 
Physics 

Operat f�9 Expenses •• 

Subtotal ........ .. 
low Energy Nutl�ar 

Physics 
Operating Expe�ses . •  

Subtotal ... . .. . . . . 
Nuclear Theory 

Operating Expe.nses .. 
Subtota 1 • • • • . . • • • •  

Cap1 ta \ Equipment • • • • •  

Con$trvct ion • • • • . . • . • .  

Tot-Al 
Operat1ng Exp�nses . • • .  

Cap ital Equipment • • • • •  

Construc tion • • • • • • • • • •  

Nuclear Physfcs • . • • .  

13,322 
13,322 

12.700 
23,300 

50.150 
50,150 

50,150 
50,160 

12,087  
Ii ,087 

8,999 
8.9� 

8,999 
8,999 

13.403 13,403 
6,702 6,702 

144,367 14� .167 
13,403 13.403 

6, 702 
I 

. 6,702 
S:l64 .47� !( !rs:J64 ,an 

63 L700 Cl;too 
•13,550 
+13,550 

15,700 
tS.7oo 

+ 3,613 
• 3.613 

IO.SOO 
IO.SOo 

+ 1,501 
+ L. 501 

16,000 • 2,597 
33,300 +26,598 

Staffing Total FTE's ....... .. (ReFerence Genera 1 Scienc::c Program Of rectfon 
OeciS1or. Untt} 

Authorh. ation : Secti o n 209, Pub l ic La 'W 95 - 91. 

!I Includes $3.100,000 Defense Prograns support of Cl inton P. Anderson Meson PhysScs 
Facility {LAMPF) operatfon$. 

PJ�b FY 1985 total ren�ts a roduettotl or $835,000 for AOP general reduction. 
c FY 1985 total d�s not lnclude $1,425,000 transferred to the S81R progt�. 

_/ Totals reflect a reduction of Sl,300,000 in F'f 1985, $2:,500.000 in f'Y 1986, and 
$2,700,000 in FY 198( for �nageaer.t i niti ative savings. 

!I $100,000 nas bten transferred to Assistant Secretary for Environmental Safety and 
Health. 

!I Total redvced by $7,328,000 in accordance w i th P.l. 99-117, the Ba14nced Budget 
�nd Emergency Deficit Control Act of 1985 {Grat.:m/Rudman/Hc>l11 ngs). 
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DEPARTM[NJ Of EKERGY 
1987 cOUGWES�DD��BU�GET R£QutST 

GEtiEitit[ SC[ENCE AND RESEMCH 
'UCU'AR PHl'S 1 CS 

011 tho�: $-i!nds of do llll rs) 

198 6 App ropri iat;: on eJ\.ICted • a, •• a, a a • a 1t1 a a 111• a a tes a a 11 a 1il i I • I j -4 I ill i1 i!1 � ! li • • II • • • '! I 'f' 

l gfW) Gra:mt-Rudml!ln reduc.ti (lrt * .. ...... " + t! , + .. ! .. .. . " . ... . . . . . . . .. . . .. . . .  • ·• • •  • . ..  

1.98iJ. adjusted, .. a a1 a a .,  a a -.  a • a a ,.  a _,  a ... .. a lil-t! I .... I 'fit 1 .. I .... • a1 II • * a  •• a • ttl • • • Ill II • • • • ... 

o IPro�,�td� a cos:t-of-liy�ng �nCiremE!R t� _a1nt.ain �·constant 
l<I:!WCtl of resea f'lc:h ac.tw1 t 1 es and hnl1 tt ut 111 zat 1 011 • • •.  * . . . . . . . 

o lmpleme"t Cont1n�ou� �1e�tron Be� �'�elerator F�cility tC�BAF) 
c. on s.tr uct i Df1 .!md cant: i nw:! R&D ..,, i ell !!iuppor t'S t � proj eoct • • •  � , • , • 

(;I l):sinog recently (0�1 e-ted. lJipgrade� �;onduc.t AGS heih'y 1on 
�belear re�earch pro9ram w1t 1000 b�� hours fer res�arch 
i'!!ll d cmrp 1 ete furn<l i ng or in it i i! 1 'or-t� 1 emenit of det·e,t>O 1"5 u • • • .• • •  

o Provid� for 4Cce1eri!ltor improveme11t and fac'il Hy BQint.en�nc.e 
projects to 111eet pragramrni:lit1 c AO&ds and prov1,df!' for gel'!@ at 
p IU';J � eq,t 1 r;ment tf! c-eet 1 aborati:lt.)' -wide l'li'U!dS of La ... r-ence 
Berr-k.e 1 ey labOrr .a to f''J .... " "''I'! !I'+ •• "' .. i • tti i .... i . ...... . . .. . .. "' • ltl"' • ., 'tl • • • • • • • • •  

o COmduct proyr� ope�ati�n� �t over�l1 fac11tt� ut111z�t1on 
at '551. in F Y 198 7 • •• •  , • • • • • • • • • • • •  , . ., ! ,. � § .., � �� " ....... i ·� ........ . i .... . . . .. .. .  . 

o Pli'Dvi de a r IJI'l f 11ers 1 t}' eCIIIpoflt!-lil t of' re:!'i e.!! rch i!lt 2 s.., of ol]er�t f niJ 
eoxpenses: mnd provide- f()r intern.atio.B�ll.)' col hborati've erforts in 
!ii o l.ar Jteut r1 no r@'S�.a rch � .. ... � . ... , •. + ••. 4 ...... � .... . . .. . . . . . . . . . . . . . ,. • 

o Conduct IM.'D til order to mi!lfnhin U.S. leitders.,ip tn aceelerbtor 
tecll no 1 Dg}" " i •• • •  ! • •  Iii • •  Ill .. . . . . . . . .. . ..... I , . .. § 'II ... I .. i • •I ••. • • • • •• ltl • • • • • • • 

1987 budget request • •i . . .. .. . � ••• , �· • • • • • • •  + , •• , ... , ... i • ,. .. i ....... . .  ., • • •  ., . ..... . 

87 

H11�8DO 
• 1 .na 
sna�m 

7.150 

+ 8.230 

+ ,q ,05 8 

+ 1,152-0 

$224.,?00 



Nuclear Phy-s i r; s 

Tne f.h.u: l CJ er fhys 1 -cs 11 rog ra suppo n.s the ba s:1 c res.euch ner;es.s a ry to 1 dent H')' and 
l.inders:tand tll\1!! ft� -da eBtdll fMturos & atomfc ihtCl<l!t ilnd tl'leotr 1 Bt�rac::t l�ons.. Nucl�ar 
pro�es!ie! hive: I!JI!Ifded the e�·al ut1oo of the un1 "V ene , fi!Jeled sol.!lr burniin-gt arnd 
determined the e l emental �Gmposition of the earth� The P�leus T$ the arena of 
i nt:erpl �y of the pr 1 m.ar .'1 fc rte$, of nlltLire -- tl'ltl:! strung r'I!Jt: 1 e�r fo.rc·e 1 the 
� 1 � t f1 ag11�t h: forl:e I and ·tnil!' we-illk to '"''e� c h!a r �tt�Cif �-s -cont 1 ,.. LIO us 1 i 1 nterac. t 
lll'tth other ·d1s<.11'·111le'S fn order to ma1nU1n the1r currelliCJ' 111 emer&�1f'9 problemsr The· 
�tudy of nocl ear phys:h:.s conseq11entl_y He-s- at tile c.ore of fundi:\mel'lt.al sc:1entiif1e 
re�e!i"�h. 

In te s tlf tr� -11t!d m1m�o�ert ne111· l'<nowl �dg:e� �nd MY.!IIncea 1111S.ti"III1lllei'!Utioo, the 
Nt�clear Ph.Ys. i es progra C:Oflt ht uos 'ta be a v 1 ta 1 fa-e tor f n /lmE!ri c a':s 1 o ng-te f"Jl 
f rwes. tfll e11t in i h te::.noo 1 o !!!1 c.� l future,. �uc 1 ea.r- kno111l edge I tee nrrli q ll�s.. 1 nstruments I 

and appl ic.atfons .are an i111te:gral part of /lmer-i (;!ll'l iOC.fcty.. These!< ser'le- as the lbiii!>1S 
for our &�ti.oni!l defenseo �1.rtlite9\Y, for therape.utic ami di<�grtcstic. ed1t.il 
itppl' t c:.a t.1 CUTS"' for gue rat. ion of � 1 .ect r� c I tj' 'N i th m ucl i!'al" re;;u;: t�n ( fi ss 1 ort llOIIf lj!lfH:f 
fu.sfon 1· th� future). arnd ror a h11r-gc a.Ad dh·�ll"seo array of appHc.athns in indust ry. 
Appro:d ate l,y 801. <Of t hfl tot a J �d�ra l s� pporlt or b�s k IHrcl el!l r rt!Sellrc 1 s; prov i·de<f 
through t1�e DG.f �c 1 car Phys t,s, pr-og,..aft� Thus, the partme: t crt' Ener!JY hills ttie 
pr i 11 ary re spons. i bi li ty for t hi� il m po· ta r:rt <� Fei!l of lha.s f,, s.r;1 en c.e and its rcl o 1i n lh 1 g h 
t eclhrm 1 ogy .. 

itu.'l broad s.copeo of th� �c 1 "ar mys h: s res t;!tu·c pri)gr� r"qu 1 res � vart e ty of 
a� eel ara.tor itc111 1 es � ex� e r J m ent.a 1 equ 1 pm!Mt 1, �lild m.anpover ski 1 h.. iH ffer.ent 

a�peds of tbe questhlns ba1;lg askC!'d b,:t sdent1 sts aNI' addressed b,\1' be� 15' of lo'" 
e.neJ'I!Jy light illflsl heavy ·ion5<. eleet�n.s.,. med1um energ)' protons. • .and rf!ht1·;1st1c 
(very lrri g1h energy� heavy 1i ens,. Add it i Olilij 1 i nfor,mat 1 011 1.s obt i.ll i rte,:J by us.e -of 
Si!co-dary be.!lm� {crea.ted by iirnping·ing primary be;;!lm5 0111 suitable hrge-t� ) of neuti"'Of!S� 
p1 nre--s ons (pi on�) � � esoncs. ( F:.aon s) .• 1.1011 s., phot .ons , neutr 1 .no�, ,md rfi.d f Met he 
nuclei •. The rtew- sc.fentffie dilalleng snow fadng tlu1c nuclr!Af" r@os,"'�f"C'.:h re�uire 
ad'llanced i!ccelerators. de�-Dgned to tprovi.de- tiTle beams needed for the rese.arch. 

Th& dG" ices n�doo fo-r <:1 't.C!-ct � oo of th�:! p.ro.du(;ts t!m 1 t ted fn nude& r re·a(;ti o.n� a 1st� 
vary wt d'e J,y. At 1 ow en C' rgi c:s ·1 s:o lf.da s.tate detecto I"S 11 a de of germ illl11 u or s 1 H co aM 
scintillation collll'l'ters using large tr11nsparcrrtt crystals aN! commCII"'. At t1151 -er 
1m erg�es., ar ruy! or wf N! pnJIM)rt 1 ona 1 c.ham be rs 1 d rHt t:hiil ber�, 1111 >i!l�til c s.c'i IIlitH lator 
�odos�opes. a�� Cc�enkov rad1at1on d�t�tors �re used. At �ll energies, the use of 
m&ynetic; SJ!<ectromE!'ters fer measur-"jn!J the ITIQfllel'iltU of oharg&� pa.rt1c.1C!'S h vaal� A 
�Ub't�nt1�l R&D effort i! de�ot� tow�rds developt�g new detect�r techn1qijes. and� 
&.1gnH1cant Co.tnlfi�tm�1llt of resoutrC>e!S i's required to develop the ne'lt detedors tihfch 
illre "��.entia l to tho :s wet::�ss of p-1 anne.d �:-;per i111eflts. Movever , in tl'le fi 11 a1l iJIDiiJ 1 ys i !i 1 

the most important i P1 g" d 'i c nt or sue c�s s. Is the COfl t.11111Uf!d presen C@ or sk. 11 I ed and 
1-agtmathtE! 'SC:1i:!nt1sts � ex.pel"i �taH'St_s am:l UJeoret14:.1a·ns -- dedliea"tr&d to solv1mg 
th� �t�r1es or tn� nucleu�. Tn� Nu�lear Phys1c� progr�m reltes upon a strQ�q 
lll'li'VersH:y componc11t to provhl'e- scfentist·s for ba!>ic uclea>r research and to l'lel p 

eet Amarica"s ne�d for manpo'M@r wHh h1gltt r.echoology sk11 h.. 

Long raJnge J) 1 a nni n9� s:c i ent i f i c. c OlllDUJJilt)' input. and' eoord 1 na U or. of oc,pa rtm@fllt &f 
En LH"9.)' work wtt h n� t I o·Bal Se; 1 Mce Fourr da.U r::m (NSF} .a.cti viti es wH 1 cont.i n ue to taJte 

I) hce through a vni et.Y of che�M� 1 s.. "11\e mo:s t. i mpoFtillilt of t hi!'s.e cha nne h ;;1re 
9·xterna 1 and internal P'IG\1 • C!'W of s.pect 1 e rr!s�anh !U'(!·rts. frequent 'S t llf'f cont.act w1 t h 
CO!jlnt,erp�rts at NSf;, anlll t no . ort Gf the OOE/t�SF INUc 1 ear Science Advts ory Comoittee 
(NSA<C). 



Program Highlights 

The body of bi o.,. 1 adge. 1 p bas. i .r;: nu� 1 ea.ll" r� �.!I ren as g r.own syst<em �tl c aHy o'ler 1: �e 

yeai"S. Old prob1 et�s han been res{]hed . �nd illt:�r� (!IJCHions ha·.·e be,en as ed. e path 
to ne'!ll kno-wle-dge .h:as had Hs sh�re o surs,rr-tses and frustrllitton-s. Some.U mes the 

1 nt ra.ct<� b1'1 i ty of the pro b 1 �ms has vi rh ill ll y st i fl ed &dvaoc�ment. In other .r;:ase s. • a 

tf:leoretica\ btEH�k'througl't or- availability ()f ll'lc� raci 1 ities or equ ·Jl ent hllS led to 

rap1d proqr�ss. Adva nced tnow1edg� of Pucle�r 5tru�ture has Dee e�hanc�d by tht 

aJval1abll ft:y oif intens� beam-s o pol ari:zed pr(ltons i!lnd detJter�ns. Tl'le U5oe- o 
po 1 iU1led beal:lS .:�11 ow-!1 ll'te. det4!!rm iflati on of spin p�r.nnn!tf! rs o nuclcta r ex'-lt"t ions in 
addlt i on to knowl eodg,e of e erg i cs and de� a.y moo es� sophist f ca ted new g a!Dni!i� ray 
spectromett!� lha'I'Y b!l'on or ore being i n�talled �t thl!l Oa kildge ��ti onal Li!b-oratory� 
at .Argonne National lliboratory, and at 1: I! L.awrent.e EK:r�lil'ley Labo.rat{]ry's 68-Irtc.h 
Cyclotron. These are h!.!id1rng to a nC!\111 �eaHh of data en the .edia�rl'i'Sil by ,_flteh 
fl'l!lclei become p1attc9r <:.Ma�eoll when s.pi nni ng 111t wary tdg., rates. •. 

lt ll'il5o long been recogn1 red t at llif!Sons. e5ope�i"lly p"ons7 prav ]de t e r:eraeJJt t ilt 
�old5o ��lei ta�ether* Recent easu�ement af the rate or p�oduct1on or pions tn nfg 
ener9.)' nodelis-nuc.1eus tollisioDs .at the Lawte11r:e l!�rkeley Li!iborator-y�'5 8-e\l'.alac. ""s 
ortc4:! aiJa1n phasi �ed t heir 'omn.i�Jre'S�nt rt>1@. At tho 8o'¥al a.c., enhanr;ed pl'oducti on of 
taons and r�duced product1on of p1oms te�te� the odels of absorption of mesons in 
rnude-ar !litter. fh sy5tcma·tic s.:tudy of tAe �nte ac.tion of bt:iiinS of free pion5o witll 
"otle�r targ�ts at the Cl inton P. Ander�o� Ml!s�n P��c� acf11tt (tAMPFJ at the Los 
Alamos �tiona\ Lfiboratory as been i r�inst ay or the L PF pra�ram .  In re(�nt LA�PF 
e��eri ents. piQns �ilve been used in doubl� c �rge ��c �n�e m�a�ure @fits to �xp1ore 
r�e'lil S.YJn�etri es in (11ucl ear exciUUM�. At �M Ko1 tfield 14e!avt Eon Research Far;� 1 Hy 
(HH HI. F)· ot Odk R 1 d'ge iNa. t 1 O�illl LBib.Ol'GtGr,t. pi (}AS ha\le IJ<e.e'l detected 431ne� i ng from 
nuc1 @-fill" co H 1s1 ons. at beam .ener4J f es far 1 OtNe r than p revi ou � ly be 1 i e ved po s s lt> l Q.. At 
the Mill !iS<� ch u�et ts ]nst 'itute of T'ec no 1 {]gy's B�te$ L i ne-.tr lte<.e 1 era tor Cell'! t@.l\, the
delta partitl e �ll .c1 os.e �s.sochtfo of pions� proitQI'Is; • .and neutron:s) ha-s been 
ea.lculate-d to 'be .a -sign1ffc.ant component of (l!Uc.lei .. And at Broot;Maven Nationa l 
J.,rtbor�tory's AUermatiog Gr�di�nt Synchrotron {IIGS}� beams Qf lc:aon.s Mve bee u�ed to 

111te new :s t .Jtes i li1 h}• pe rn uc 1 ear i ages of conve-Rh {]na 1 n ur:l' e i . The ro 1 e C)f e�ons �s 
lnlc l Claf" CuJ\S. t 1tiJ@n ts a11 d the� r Lftil i t;o iJIS. m.te 1 ear probes c.ont i nuf?s. to be an 1 . porta.nt 
.c. om DQne.n.t of nuf:. 1 a,.. phys. i .c,s res eo rc.:h. 

�;y�;�<nd thl;!' nasonic des.c.riptio:n hoJrEVI;!r 1 new the.orettco��l concept:!: lire opening the donr 
to a mor"t' prof'o una 1 �'II! 1 of uRd"l! � U n d1 !J. eut to AS and pro t.o s a I" I!' now d� Kr'1 tied ili:S 
C.OI'IJ!'O:!iiit� of quuk5o .andl gl uo,lli. 'M 'ile mesons: are tompos1tes of fl"illrl->-illnt:iqui!irk' 
Pii!i rs... 'll'�;lear tl'leori5o'£S, along w·th hi·gh ene-r9}' theo ri 5-ts • .;:�re i nll'esti�ating the 
ways 'i whicll quarl\:s are c.onfined tCJgether in ''bags11 fl}[f three to ake up neutrons and 
proton'S. A ore fund t!-ntu t heory of the nuc.E e.u force 1 !: erne rg1 119 l>,a�(!d on the 
qu�nt�m t.llroll'lodynoi'! rni-cs {OCD) f!'IOde l of q�a rks an� gh.to'ls. Th h. nr:¥11 threo ry a 1 t er:S j 11 
ev�r e�pand1ng ways the t.oncepts ��d phenorena of n�clear physics. E�ploring tiles� 
cQncepts requires fligher E!flergies than have been avllll.able to tne 1'\"uclur Pfl.,y�fe;:s 
i)1"'0gtam. � tlheory provfd� a iGrosr:opok vie'lll oJ· the "''i1.J' tll11t me.son'S �ert'onn tllei r 
binding func.tiqn 'in nt.�c1e1. /, gl1 pse into the role t.h�t q��arks play in 111x:l12'f i'� 
being pur�ued usin� electron bl;!'ams a� the off-axis injettQ.r at the Stanford Linear 
Ac�eier�tor Cente . The CCJntinuous Electron Be� Accelerator �atil1ty (CEBAJ) 1� 
Qx.l'rassl :Y d�s 1 gnoo to !:!x.!l i ne t M tf'! � 1 t ion reg I o fro pi on- dom 1 n�t@od to quark.
donrhl'ite4 effe-cts. Jt ""tll g nc· r�t · pr-c�1�e be.a-:�5- of high 'energy ele�tro!ls th;;�t will 
probe ithe qnN: stru>eturre of n 11cl eons. emhedd� in fi11ite n cl et. 

Alloth.er very d H f-erent a pp rOCJic." into ·the role of quarks. f n nuc: 1 e 1 )ll'i n he m�de 
possi b le by the a.ndem/II.�S He4!VY Ion Tra11 s. fer Lir-e proj ec.t et B NJO k� even" s flGS 
dtcelei'HOr.. TMs faci 1 ity upgrade . $cheduled for sh.rt o-f exp-eriments in FV 1987t 
w 11 .!Ill ow th� A6S to !ccel era.t� atomfc. nuclei to �erg1es M up tc. 14 M 1Holfi 
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e 1 ett:rc;tn 'l� 1 ts, pe.r atom 1 � n'ICI'S:l lilr'l a CGe\f/ftl)ltiJ). These �ilrm s �111 co 11"1 cte with ffili!iS.S 1v e. 

nuclei !llt rest fn thct hborator.v to pf'oduce ot, rdens�e n1�ch�r ni!ltter� rela:dn9J tl'u! 
cOt'lfli"' �11t eo'ilditions which pr�vll!nt the qtsarks fr�m esc::apfng From lthe1 r nucl CID ic 
bags, 

At e"'en Mg e.- eltrtl!rgiies.,, colli!i.io!ls. of hei!YY h:ms ltl0l!1d pe H f'ormathm of a. quark
ghon ph$r.lll, 1n wlriQh the qu<irk.s and ghom:s 1nte.ract freely over the 't'[fl ume &( the 
I!! lilt h·e ru.ae 1 &U!S.. Calli c ul at 1 01'1 s, s � u h t.t ng thh p 1a 5 a ha.r.re been ,& m� or t.:hooret 1 c� 1 

lllet1v1ty over the 1�$t fe� years. �1s plasma wo�ld create condttion� 1 the 
labo rilltory wloi i ch ex:i :s ted {In ly a f 'tl m n H o11ths of a seco Rd aft@r tho "1\\i !!I l8a n� of 
creat i cn� A ��ltmtna�y g11Dpse imto tni� area o1 p��tcs �111 be provfded by 
coopoerr;�the e:t�;peri e;nts ,&Jt t 1e CUff laboratory fm Ga·ne11a:; Swit2erl ai!ld. In FY 1987 � 

Cl;IH4 plillns t.-;'0 17-day ell;perimenti!l1 tunn1ng per1od!l in wllic:h ozy.gefl nuclei p6 ilitom1t 
nms s un1 1t:s ] w111 bo aece 1 e r�tec:il c energ fes up to 22 S Ge If I Atm. Am o l"'i t.aJl s.c1 ent Ht:s 
s I.JP j)llrted lly the N11c.l ear PJi!;':S t c::s P'rogram a.r1·,e l eade r:s: 1 r1 ii!lriY of t me enq::ter i emts 
designed tc capit�lize on th1s •1ndow Qf opportunity, 

Just as t1ecrry h�s m�d� dramat1e adv�nt.e$, so "i5 tne technal�gy cf �ccs1er!tors lnd 
eJ<p.cl"1mcnts 'improved.. Superco11ductilig linear �ce-elerator e'1@1TH�nts have !beef! 
cle�1gn�� 1nst�lled. afid put •nto r�sea�cb usc at t"� Argonn� T�ndem/Lfnac 
Acoe le·r�to r Sy5tem (Ali!.AS) at. Argon,ne iQti ooU Laboutoty llti:d �tr� bs1 n g hsta 11 eel at 
the Uniiversi'ty ilf LfM ington.. ew h11gh-v�H�ge capillbtHty ·1s behq 11lsta11oo at the 
Y�l� �11ve�tty tandon. A eyclotNDn �sing 5uperconduct1ng coil� is be1ng bu1l� at 
Te.i<:P.S M� \Jnlwersilty U:iing State of Tell;;;�$ funds J!lnd private �elch Fcun:di!lttcn fimds� 
A po�erfu l . new electronwc.yclotron rescnance fom �ource at the' Aerk�l�y 88-lnch 
Cyd ot rcn opeliiS the "M"t.:t for >8.cce.l t! rl!lt 1 on of .an ex t�nd�d �ang� of h!@O.Y'.f 1 on S!Pect as. 
�nd an hmo 'liJit i ve e�ct� 1 npor ion source at th-e la wrenc.e Berke 1 ey La bort!lt o ry' s 
SI.Jp-er1U LAC is; pro vi d 1 ng a d r-i!lm at ii c i nc.re:ase j n t fle intensities cf the he,avi � t 
noc le·1. Th� l}rogra ma i nu 11 m!i a vi gorou5o acce 1 e r.t�to r II&D effort to ens U11"e that its 
fa�i1 1tie� operat·e a· maxhiiLJI'I! a fic.1ency �11d sr;ient:ific e-ffec:ti'V�ness.. 

COtltfniJOu!li E1ect,rOf! Be&n A.ec::elerattJr FllciHt';l 

The higBest p�iilrity for new cons.truc.tiom in ��ic n ucle�r rese�rch in t� United 
StuteS is tme Conti uou� Electron Beo!Jm P.ccelerator Fi!�i 1 ity (CEBAF). The FY HB7 
raquo st 1 oc 1 udes !2 S.CMJO.OOo If or hi f t 1.a U o of cons tr 1.1ct 1 on p� us $6 •. tso,<:mo 1 n 
OJ!'erll!t.i ng e1CpA115 e fun d5 for c:ont.i nu�i!U on of :su ppo rti ng .-e5 e.art:.h aJl d de vEt 11 opm ent... 

Tohl estimated! cos;t of CEBAF constri,Jr;:ti on is. $2'36.000,000. 

CEBI!F wi 11 be i!l new, single-purpo!ie n111ty for bi!s.1c. nuclear res;e·i!Jr-c:IJ. Its 
C01iil:l1nat1on of cc:nt1nuous I>9An, high 1P1te S:ity, atld high ene-rgy wn 1 be llinlqtie fJ t�E! 
world.. Thus� CE6Af"s col's ruc:t-4on k"tlll b!l an t poJ>tant sup tn m.!ltnuinhl� Ame.-1cles 
PltfS 'it i Dfl of l e.ader:sih'i p hi bil:s i c nuc.l e-ar re!;;earc:ll. It "lrl'i 11 be oper�ted a5 � user 
fac111ty attract1�� a worldwide c c� mun ity of nuclear sctemtis.ts. The central 
lnS'truroont o CEBA.r will be a .h1gh tnt�11sH.v. igh dllt.)' factor eledrcm .!lccelen�tcr 
w i t.h lim energy r�nge of 0. s��*O bi 11 ion e lec;:t rcn volts {Gel/), l'he .;on s trur;t ion 
project includes an i n i ti al co p � sc ent of experinental equipment and 5-Upport 
faei, 1 t • es oc�ss Bry to peorfort sc 1 errt1 f1 c: exper1ments us 1i ng c EBAr' s, h1.gh-i)t�a 11 ty 
e l �ct'"1ln .jl nd phQitOfl �CIIISo 

Upon comp 1e t � b of �ctR'$ t ruc:t i o " , .set �l i '! t!i c�n tiruv,e! t'li g.ftlte t.he ways in IN hi ch the 
.quarks bound 1A no�tro!ls and protoms 1n-h.tQI'lC� tl� ak�IY.P 11ihd beh�vior of nuclei ,., 
determi�e how quar � inter�ct while em�edded w1th1n n�clear matt�r. a�dl te�t �uantum 
chr(lmodyna.m1c.s t!ls the fundamental theory cf the strong n ucl ea r- forte. fxper1menh ;� 
which electrons kncck proton� cr ne�trons out cr nuclei w111 yield 1 nfor��tiiln about 
'�a 'I!! rutlilrgy and momeiflt um fs d1 s. t r1 but� amo111g t't. nm:.l �011 s ( gttru�r-� c n a ro r neut runs 
and pi"'OtO'fl.s) bo••M 1nsfdet �uc:l f arid will tell us. about correhtlons llmOtl!) nu�leoos 
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1n nuclei . At. the- t1gh e11er9)' limit o'f elet::tron scattering,.. exper1m�G)t:S �r�. �o , a: 

good .appro:x.'im.ation,. only s-enSltiv@ to ( <CC s Qf e1ectroil! S.c.O.ttel'iflg frO":J 1 n d w idual 

quarks wi th 111 the 11oc J e1.. UF-�de.r the$e c I .rc
.
um $itiiPI te:s � nud ei can lb eo desc r1 bed as a 

1oose c.oll ediofl o rft 'ql)illi'k$. At eflerg i !:'!S below 1 Ge\�� ele-ctron scatter1r.g froo 

nuclei can �ccuratcly be de�cribed �� e1�ctrons scatteri g from t ! p�tons� 
11et�trons an.d e!iioms k.nowm •o be 1n J:�uc1 a1. The energy ·CI')pabi 1 tty of CESAF 'HOUle:! 
'l!'errn1l �ftlnHtative examin.at1 om of t� t.r�ns,itior1 bet ween the:!,e. compl e ontiry 

descrtptions of nuclei. 

h·f re:quested $2510001000 in FY 19B7 constrttctiom fu11.d.s is es.senti�� ror 4 t1rnely 

cons'tiFIJCt 1 Oil p.r-oje't sdledule. S(JL!CH1 t f't 1967 C.Qn structi011 act 1Y H:.h:!, will 
include: Ul �c.qll!istt.ion of the Spa�@ Rlldtat1orJ Effec.ts; Labo.r\!to:ry buBd1n'g sit� l1 
a c:cord ;Jnccl vii th Exec: lit iv� llrde:r 1 2348 t�l'ld 1 11 eo� p 11 ilil'lt.e wi til reg1,11lilt 'i o.n � 1 CFR Part 
101-,qJ; (2) 3.tc:hlt�c:t.ur.a1 an.:l ngJneering wor-t; (3) site prQparatf on illd 111t1Htics 
1Ac1ud1ng ht power distribution equip ent; {4) rehab111ta ion of exist1ng stru,ture�: 
{S) s. ttlrt of constn:ct 1 QF'I oo o e of th twflnc h which wi 1 1 house the 1 i na c: (6} 
ettlg1 nee rt ng .and design 't'Ork on i!ICC.e 1 erUor c::om po.rutnt � � h 1 hm rQ-f ri go ra�tor s I il!nd 
cryogenh;. !5ysteGSi and {7) a.tqtH sit too ,of tn1ttal co ,po11e11h of the ac,elerat<Qr. The 
requcst�d $6,250�000 in ope r �tin� expenses i� nec�ss!t� for continu�tton of MOrk to 
opti� i � dP.s 1 gJJ of CEMF '.s. tr yogen1 e ill'ld ti� 11 ref r1p(l rat otr sy-s tQm s � b�a a:m ext rac.U on 
sys t·l!lll.i, acee t e.r.a. tor cOillpol'lents,. !loG ,;ont ro 1 sy!itif'm�. FY l 987 resea reb all d 
development Mort wiil include f�brication �nd t�st'ing of prototyp�s of crit1ca1 
accelerator and c.ryoge�ic subsystems. Al$01 the FY l9B7 R&D effort wi ll include 
dehi 1 ed 11hrnn1 ng, for \:EBA.F1$ imi thl c:omp� �ment of r.es.e11n:h equipcen't .. 

Acceler�tor Factlity Operat1ons 

The tludcor Fbysics progra111, requtrcs t�� cxh.ttt"ct aJtd df1::cth� opera. 1<0n of large 
and com p l e� ��ce 1 e rator f CI.Ci 11 t1 ,e5. 11'1e<s.e 41 c 11 H hs provide t ht:i va r-f ety of 
pt"ajeet 'il e lbei!im'S upon wh·i ch w i rt111a 11y a 1 1 ex:peri m ent.a 1 nud ear res-ea rcn depends+ 
Their c.apa.bi Hth·s dct1!rn"ine 'Whtdl exper1m�nts can be p�r10<rmedl 

Sev�B 4ccelerilltor f�ci1ltfes �re operated by th-e Nuclear Pnys1es proq�am as natio�al 
f:ac:il iths. Tho�@ rnfHt 1.a�: illre mad!!! avi!lllllbh! to aH the nC�tion•s sc.ii�nti st·s on 
the ba�i� of !5�ie 1f1e •erit and t�e�rnic�l eas1bility of prop0�41s� These nationat 
fact U ties are: the Clinton P. Anderson .,e<;;on �hys1es. Fa.c.H1ty {LP.Mfl'r) "t Los A, a !11M 
NattOIIilll Ubortl't(lr-y (Ll\NL); the Bates L .near IJ.(:.:;.elerator Cent�il' �t kH'SD,C u�@tts. 
lns ti tute of 1 e(.hl'io 1 ogy (tU T) i the' SuperHII.AC/ Be't'a 1111c at la wre�� ce Berr ke 1 ey ILa borator .¥ 
(L BL); the �o 1 Uf o 1d II: ·�v y hu'l Re-s �areh Fa.cH 1 t,y at Oak Ri-d �e Nat 1 on a 1 Labor�() tory 
(OR 'lL); the B8-1ndt. Cyclotron at LSl.: the T-andern/L 1n�tc hc1 1 itt .:.t Argonne l4atl Dnal 
Laboratory ,(ll 1..)� &I'HI the- l:lcub�e MP Ta. ndem Yan de Graaff fadlity at f!roo haven 
NBt1 o a l�bcratory (�Nl)� The off-axls 1njeetor �t the St�nford Lf n�\!r Acceler�tor 
r�nt:er (SLAC) h now operatlana1 and !lie.rves tile �ati�n·:s :;c1ent1 sts .on tne S3'me btirSi!l 
as i:1i JJat i on.al f.ac.H 1t_y. UIPOO c:ompl�!!Uo of the Tiindern/AGS HeBNY lon Tran�fer line 
c Ofrs t f"w;t ion p roj �t 1 Jrle a.Yy 1 on beati!S �tee l �ntt.d b,y BID.' s A lite mating Gr<i! d 1 ent 
S.)'nc.hf'lot ro111 { P.GS} vi 11 a 1 so be av�i Ub 1 o, beg�i 11 "; ng 1 n FY 1987"' on a nu i ontJ 1 
hc.ll·ity l>a,h. 

In add1 t 'ion to i ts i nt,ei'n.! 1 res ea rc.h progr.a.� 1 ea r:.h ot tht' nfllt 1 Ofl a I a t1 t 'it i es 
a'cc ornm odat s. ma.J or 1m he.! rsi t.)'-based 11ser group resea re:h programs. I.Y pi c.!! Hy. l!·n 
outside U!5er grot.tp plans e:lCPEirlm�ntsl f.abriic.ate-s detectors an-d o.tlter 'in�trurnenUtioFl 
at the home �nst'it: Hen:� ex-ecutes amd part1ai1ly andy;z:�s. I!!:Jc.per; ent� �t tltte national 
fac.1Hty. and t��n completes: anal.)'!i-e'-5 and pJbli�at1on oif' rrtsu1ts a t e ome 
institut.1on. true1 e� .... Pbys1 e� d� r!:!e-t1_y supports 70 Ullh'Etr�it)'·bned 111 s.�r groups who 
c.Oflduct os:t or al 1 of thc-11r re�e�rc art thes-e national f.!� "I 1 Hies� 



To com11l e-ment the uat.tona1 fi!Jcil it1estt t• e Nucle.ar Phys1c.s. progra; supports on�4;amp;us 
acc.elerato� at "ali!! Unhef'S.ity, DUke Un\VQ-rsHy. Ul'liver5o1ty of Wilish1n.gtont .and 't{!�as 
A& M Un h f�S i ty.. The fA.!:ke C.yc 1 c9rae1 f, S-e rwe5o .It c:onsor"t 1 urn of thl'lee unhell"!i f U a'S {rtu.ke 
Unher:siit,Yt, Un1ver�1t)' of North CaFoHn,�� of Cbl'l�1 Hf� 1 1 and ��rrth ear.ol 1r�o��: Shte 
University) Cli11.Qd tne Trr1an9le lklhe-rs1·t.h�� t.uclce�r Laborcl orry. lrllrlile e,ach of tt.e 
on-c�t�mpu::i fac.Hi ties fu�s a:n i port.al'lt vi sito:r pr-ografJ� these il�elerator$ �re 
opot'ated principal y fO!r t � �r.es;ea rdl use of the. host. un'hr er'S 'i tyl!; ht ult.)' I juni or 
sc"ienti!it'SI and gr�d��te 'St�e�ts; .. 

In FV 1937� e tolbl of t93�330�000 fn operatfng e�penses i'S reque!ited �r opcr�t1on 
of accelerator foilciHties: .• ln tV 1987, tFl� n�tio al 1'illc115t1l!'S a!"@ .oxpcc:t.ocJI to have 
arn ·overall] tJtil1z:at1o� f�ctor of 55t. appr(l:xilm,qft:e]y the $;;Re �$in f'( l9S$+ W1tlhttl 
the FY l�B? a r.c� e-rator op�rat1 OJlS t ou 1 •. $1 I 000 I 000 is brudgeted for 9,00 bc�11 hours 
of SLAC 1 nJoc.tor ·Dpftrilltions for nuc lear research� ;u1� $8�670,000 is mdl]et�d tor 
AG:S/lal"l{!em hd H ty Qperart·; on!ii.. A.1 � o, ht the F't 1987 ope r�t i lii9 expenses r"e'QYesL 
$711070,000 is. pluned for exper1mcntal rc�earc:h dlild' nolsoo,.ooo for tllcor�tiClll 
!"e$el'!rch. With1n tlflf'!li exper'1 mtal nsearc:h total ,.  S260.000 is budgetoo for E .. o. 
LaP,..rren<ee- u 60 I 000) and t.nr1.co re rmi ( $200 I 04)Ct} Awil rd S'. 

Of the total f'Y 198.7 operr�tfhg ex..penses requ-est. $4� .. 372�.000 1s planned n ci'3 rect 
sup port to the un i vers. i ty pro-grcn� i c;: hid i n� urrh' e r-s. ii ty- based users of Acrer� �lm !nd 
i�ternat.1 onal facflitfe.s • a(:ce]erllitot OJiler"&t1�ans: and re-search at ort-ciiiTlpll'!': fad 1 rt1 es 
( 1 nc lud 1 ng HIT 1311. t·es l � a.dv.atu::� .ar;c.� � er at of' teelrno 1 o g_)' re'Se� rch at JUT� cont. i n•• iliti CJI'l 
of r"e5oeard'1 a.nd d'e•o"e1Cl]pmen't in support of t'he CEJSAF c.oosuueticm project I a,nd 
res:e·� rch by un hrer!i i ty-b.t�s-ed' theo�r1 :s.ts � 

Ad.ctH i ooal support to t!tce univ�rsi ty J!rogr.am ... in arn iEii:OUJJt c.CI1J.arablc to tho d'irec.t 
support � h �rov f dod til ro� t ha ace" hi·r a tor- t: �t'l te•�rs in ttte fc rm of seN 11::r&s. in 
51l!pport of ex:perimet�h by univers.ity 5ejenthrts and dglh·er'y of ptlrtide bea s to 
thes.e extperlmeJJts. ihe· �lear Phys1Gs p�ogram supports nurrerou� I"CSeiiJreh c:ontrillct.s 
1 JJ wni dt there 1·s substarntfa 1 cost sltarh1 g b.)' tM! unhell"$ 'it i e:s... The un1ven h ie$1 
contributions �re pro•tided by a n umber of mec�.anhms -- for e.x..umple, sarhri,es. to 
fnY"�s.tfgato�rs •. prov1 s.ton of "-tH"k SJHittE!� 1 oc61 m<H:hine s lilop tfma a:nd laJbor, c·omputer 
time , :a.nd eq'l.lir.aent .. The HuclrG(!r P�sies progr.am f!ntoLn''•�:ges stm;11 �;.ost s'hartng 
po 1t c 1 es to �t h1 eve mh.1nl!.lm util i z11.U en cf avtti hbl e Ft! de ra l lf�n ds,. 

FY 19f!!ii 

Med1wn Energy H\lcl·ear P"vsfcs .. . .. , . .  uuu • • •  .$ 1l1EUO 

F 1986 

1 731131 

FY 19S7 
Rre.guest 

$ as.loao 

i.ne Medi lm1 Ener9.)' 'N1,11c lear flelys f c:s su bprreg r sup�o rts o�r.at 1 ons and re-s euc:h at 
a�oclQr�tor fac111t1es With suffi�iernt pr1�r� bea� ��er� to �rodute pi meson� 
( p f QJI$) J.J$1 ng proj etti 1 e<s no more mas'S 1 v e than .a 1 p-h a pa rU c 1 e-s • J n ad'd1t 1 on 1, th� 
S111bprogram supports r!Uc:lear phj�·h:s �xplll'rfmli:!nt� at acc.e1e.rators. operatC!d' by othi:lt OOE. 
p.rog rasn� ( e+ g .• • Hi gl'l Energy Phys.1 -es anti 'Bu i c Enel"ijy Sciences;) and u othtr un t qll c· 
dilin!!!it: h: or Fore· WI f� ci lit i, �. 

llf.'{l nationi!l a.c:�:elerator- 1'ac.i 1 itiu ilre o�rllte-d ent:iJ'Iely under the �11r.1 £nerill)' 
s.ubprog ram�-the Clinton �. All (je rso lie !ion rPhy!i i c 5 Fa' i 1 Hy ( LAMPF) at LM Alilmo& 
Natiqn�l L.i!.boratoll'Jf artd tn@ B�tes Unear .lk.c:e·leriltcr Center oper.ated by the 
��ssathusetts In$titute of fach"ology. ihc8� .atceleratGr faci11t1e� serve an 
1nternat1o�Al comaunity of s�1e�tists 1ncl�d1ng tno'S� from more thdn 1�0 ADertc�n 
h'tst 1 h t f 0 ns I of 'Mtl r ch 101/elr m iU"E! unfver$ i t i e� ,. 
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()f th& ar;:�cel er�tc rs: ro 1r 'llfl'li eh ope ril't 1 ons �trppc rt is p 0'1' i dad IJI'Id�r ,..ed'him E'iiB rg,y .• the 
l�rgest !'uc.lear pi'Jyst-c:s prctgjftm h carrie� om �t Lli,..\4Pf. The. f.!!r i11ty i'S centete·d 
a rouno;ll a 1i near ac.ce.1 erato r 1'111'11 en � s c:a1pi!!b 1 e of a.cce le rat t ng very � 11 tE!'n:S 1:! beams of 
p rot.cns to 8.00 Ke 'I. A p r1 mary rQ l e of t is h c:. 111 t.Y U to pro Pl1 <fe 1nter� s e se oondan• 
beam� o p1cns. muoos� rJeutrons� iind' neutrinos. Th� .aibllity to provid'e 10 or more 
s.1 mul t�!'lleous 1 y ope-rat i ��rg beaiTI!i of p tot Ms. • neut roBS. pi en� , I.'OP1 s • or netrt r'i n cs 
eni!bloes. LAIIWF to be ll hith-ly c:ost-offedive ba.�il::. rt'IIK 1ellr researcl r�r:111ty. ln 
�ddition t� pro�td1�g beams tor Auclear res ea�ch , lAHPF prov1de� be�s foj ba�i� 
� teri al s rese&n: h and wta pons. de ve 'rc!Wlerrt a.t ttile WeapM:s ·t�u tr<�A Res e.o rcll ( 'W�) 
filcil fty .. 

T Q o h�r a'teler�tcr facllity entirely supported under the ��dium Energy subpro�r� 
i� ·the Bate:s CICC.@'lerator fac:il i ty. The accelerator 1s ca�ab l� of prcdw:: 1 rtg �1cctron 
beam� of �'ell�nt �u�l'ity at emerg1�s �p to 750 �V. Tne Bate$ nu,lear �ea��� 
progran emphA�1z�s 1'11gh f sol�tion nu�lear $tructure studies with electron$ and 
studies &( ·tJii!! mrmtu· d1str1bu ion of neutrons and iiiTOtons :ov 1ng 1a1s.idt! nudC!1. 
B�te$ is tile pif"emier facilH.t h th.a l!i'Orld tor nu�l ir struct11re stucli.Ps; 1 nvoll'ling 
high res.o lLtt 1 on � lect ron sc.a t to r1 n g. 

The lti !!lh !Energy Pilys1cs celectroo &ccelerator at the SUAforrd L1 "ear Accele-rator 
Calltt:)f {SLAC) t-s JIOIII' also operated on a part-tlrnE! b.;� sis for nuclear- physics rres.earch 
LJS 1 ng, !:11'1 l)ff -a� 1 5 'SOU l".;e and i nj e� tor. SU\C 0 per at i on S 'f cr 11UC 1 ear resei1! r ch are 
su PJIOI"ted un-de; t lite Me!G'i un Energy s.uBprogrillll. I ""FY 1 9>8 7 1 900 be hours. Are p 1 artll't@d 
for �ucle�r reGe8rc�. 

Re$eft.rch· llcth'itie!> in medium ener"qy ��tl�i!l:r ph,ys.1cs rarn<t)� over an extrfm�l)' broad 
sehctSo o-r t:op1 c.!.. lnc-lttdlng S1.1.idi e'S ot; 'tN! fun�att�ntal s.·,,tmtatr-te!i of niHUr'ei 
distr�ovtio� of el�tri� .;�arge ��d ma�netic fields in�ide nv�lei; i�tera.;tions of 
proto s, me�on�t and neutron� with nwc\ei; neutrfno �sc1 1 1ation� �nd t � neutr1 nc 
mass; 1n�&ract1o�s tet�en nu,leons; and n�'lear structure. 

AA ult1maroo 9�811 of liH nJJclettr phys�ts 1'S � canpl2"te d�sc:r1pt1o!l oft -e fwndallH!ntal 
part1cl@os. �nd force� c nature-. RE!C{!;f 1. 1,Y, theore't.'lica1 dt:!s,ri pt. ions oi tlH! 
el�tromagnetf� �nd �al for�e� have ben �nifie�. fhis ��� that the&c t�c 
$eE!Tl1ngly disparate inte,.actions �ve beel'l 5-lito'"f! to be djfferent ani fe!itati-ons of 
the S.Mli! t b111'S fc '' E! 1 ed rrowei!J k.1111 force. This repr.es�tlts ll! og·j .tJ nt st.ep at ong the road 
�awards t�i!i ult1 ate goal. 

The e1ectr"Ok�ak intera�tion a�tull!lly has thnee PBn'ifestations: the fQmiliar 
el��tromagnetfe 1�t�raet1on. t�c cAargod ��k l�t�ract1�• t��pons1b1c rot b�ta d�t�, 
!i:li'ltl ttte neut ra 1 we ;:�r'l:: irrtert�c.tiioJJ rec::ent 1 y d i s.cove-red 1 n noeut r1 no s·cat t !:!r-1 ng. Onec of 
tM cost stl'iki ll.!J pr edi d icm� cf tlile 11's:tand.ard model" af the el eetroli-e-ttk 1ntera,tion 
'lis that ira lila �1ast:h �tattE!r11'1g cf electron-typ-e neut rinos from e-lec�roms, the 
cn�rged and n�utral -�ak t�teractton� will destruttfvely fnterfere so tha the 
prrobabil ity of suer, sutt.er'in9 wi H be les-s th.a,n that otpoctcd 1 f nctJtra1 �a� 
intenct'iolils: �ll'e I'IDt present .. Ho-wll'el", pr'lior ti:l � recel'tt LAMPr e;epar'flle'�t 1 tl'le 
e 1 i.&t 1 c sutt.etii 1119 oF e 1 e-ct i"OJJ�t.)lpt:! net�tr i nos from el ed rons had n{]t been obsel!'wed,. 
mos tb bGeaus� Uumc t1 av� been t) 4p.pro pr1 ate SC�u rces cf the-se neutr i Pl!IS.. ( �'ote that 
lileutrino-ele-c-tron elastic. -scatterin� 1s u extt&.ul,y rue pt-oreess..) .rtt the LAHPF 
bl!.am lltofP (! strm1g source of eledrr-onwtype nwtdnos.). "�.;le�rr r>hysic:.fsts mol!rtted a 
l4rg� e�per1ment to dete-ct the elasti� scatt�ring and mea sure the interfere�,e. Th� 
detect or is a 15-ton saoo .... •i ch or s.c:'inti Tl.!ltiion counters a111d fl<!sh dt�mber� 
specff'ically des.i gned tO d@'tii!'C:t tho r�eot 1 e1cctron rrOCJ (!1a�t1c 'SCat.Ur1fll.g �11d Ul 
d1 sc r'irni��te �!!!itlli nit hillrC lc:grct�r..O proc.es:s�s. (}J r1119 t h:! f1 rs 1: r-un of IK! experiment 1 
I. 15 x 1.0 nev·trf nos pas; sed through tll� apparatus aM 20 neut r1no- e lect.("Orn e 1 u t 1 c 
sutterh1g events �re detected. lh1s. nunib�r agrtH!S �1th th� s.U.rrdatd del 



p r·od 1 ct ion with d:est nrr;t he 1 te rf�rer11:e.. Thi 5 experiment: pives t hie trRJY for t'liiG 
othC!r ajor llletJ rfno ex:perimenU In pr.opillrat1on at LAKPf. ]n F'Y 1987" fi)(@Ciilttoo of 
neutriJJo e.xp�r?men·ts rwt 1 l have a high priitl)rity wiith1n tlit! ofleraH ILAilPF resctan:.h 
pNlglll"aQ* 

The nuclear forte be'tlfi:!eri pra·totts and llteutrcl'!5 (Jltlcleons) 1n at iit mrcle.f has long 
been w d�rstoGd to be dODfnated � the ex:cman� or bound mesons� wit tha pi�son 
fo� pion) being by f�r the �st important �n dctc 1n1 g t�e nature of the n�clefir 
f orc.o. P1 0'11 s can a 1 so be prOdvced 1 tr1 a 'free st!)te,. ilnd their properties ca,; be 
di �ect ly m el!!illred,. Wh�n tJ frf!e- pi 6M wt tn a11 energy of a Fe-w hundred r-11?\f f n tctrillcts. 
vi th a n Lie l eon 'it of U!A '(Inns ill ru1w pal"t:1 c.le n� t lile de 1 ta • Th� prop� rt 1 �s of 
th�se farticles are well des�ribed �i thin � t�eorettcal frama.or� of q�arks and 
ghmn� ; the rH.tClt!OiirS �:ori'lta1 n tbtraQ q11af1h eadl arnd the nes.ollr!i are c��posed of qullrk
i!.Jltiqll!!lrk f-i! ilrs .• . In t

. 
hi:!i framework. t-he de1 tal has a part.1ttula·rly !i1mp1.� strm;.ture, 

CI{)Se1!f' r�lat�d to that of til rntc.l6'01il� it ��;ollsi�h of tt.ree 'ql!lark!!ii but: w:itlil � simjJ1 e 
r��rran��ent of �uar� spi�s* lntroclu�ing � fr� pion imto �m �tomtc nucleu� th�s 
can change t� qu,;�rk structl!lre of thn rmc1eus &1d penni't'; tile eli:ploritUon of quark 
effacts wfttl ii n ttu� many2 body oc1 ear -sys ten. Reccont work by a co 11 aborati on o.f 
unirter�dty and 1 �borlli'tory s:d.ent1srt.s u�:tr19 UJ!IPF has prcwMed JJew i ,._f!JlrJllaltiiom on how 
tnt-r1H:Iuct1on of a pion into a nuc:let•s modlfi.es; the qlllark. :s·troctur·e of �l!lt 111ut.lt!�S. 
[Ill r l i er elCperi rnents had i 11di ci!lted th�t the f ntl'()dll(; t1on of tM p� Olil 1nt.o the rnucl12a1r 
medium 1eads to two pos�1b]e react1on proCQ1Ses. A fra& pi on �ay be reem1tted� in a 
pu·oce!'SS that s.o� to occ.ur pr-ir.tari ly i� tlle cut er frfnges of the· LJdeus where a: 
delta h f.o.I'TIIed em on� of the nl!ldecn� cmd !iubs.�q�liltly d&:ays back �nto a. F"IUC1f!OP'I 
o!IJJdl ! p-1 orr1. Al te rnat h'� 1 y I tho pi on ay s 1 fllply d1 s aJJpea.r, ab-sor beet 1 rt the se.a1 of 
bound ptom: 1fl the nucle-ar m dil.D I ghing up its iliSS anm ·enerqy to nocl,ear 
e.il.ci ht f on. � �n i!l bsQr Jilt i on pro-<:e$5 a ho $t.arlt$ 'Ni th a del h t pe.mllfl] s 1 n .a reg 1om 
o 'f hi gh.e r rl.uc.l er:m dens 'i ty rvrt her ins f de ttl e nuc hu�s" wMrr<E! thte: de 1ta 1 nit@'i"ll-tits l.'fl tn 
ot ho r mile lcons and eve "t ua 11y w rns back i n"l!o a nuc.l eoo wi thGut ever r�retni tt ii ng a 
free p�o11. It hil.d been thQir9ht ft�r a 1Gng time that, in ;m �b.sorpthe 'interacUon� 
t� delta MJuld 1ot�r-e�et �HJJ oJJlY o111e ll'thcr r.utleoo wlt.lil the ortgfnal er1ergy g.f tiF• 
pioo eventua.lly :s.he�red amo111g ronly t'IIID final nucleo s. Tne recent l..AMPF �rric; m,s 
Shom that, tn hi!!·llv,:Y nutle� • th� nllml!!e.t of llluclet::m� FJart'lictpat fng fn a pfon 
absorption reac.tiolll 1s t.ypic1111ly rcur •. The quark substructura orf nudeons h sho g 
itself AeriB', bvt a · ull expl.am�t1<0n i5 just beg1nn�ng tG !(lfnorg�� ln n 1987. 
1 nvest t gat 1 Qiri� of 1: he Whys f n Mi 'i en pf on s. 1 nte ract with 11� lei a!fi.l:i st lMil t�e� of the 
fonnat:ion .and mot11on of d Hils tns1icro nucl eoi w111 contin1.1c to be a 11,_,jor- t erne &f 
LAMPF J'esearch'" 

fhe user!i Df the fad 1 iti�s of the MlT-B.ates U 11ear Ac.celerato,. tcn·ur �re. oogC�g:cd h11 
� systematic $tudy of �uclei!lr dyn�ics by �xploiting tne tnQwn properties of the 
� 1 e< trooa<Qnet i c field to probe· tile Cilet.a1 1edi behiivi Qr of ru1c.l et! r dJ,i!lrges. a11d �;.ur r-ents • 

TN!! ele�t rQm!gni!!Uc ·f1eh1 �s. C8it'r1 1:!11 by h�IQ� energy beams of el ,ec.tr ons and photons of 
h1 g.h i nte n� ity and pree 15 i or� to nuell!!.a r targets 1 o.eated 1m tw p rill ti pill exper1 ent.ll] 
area5 ,  The !IUcl�ar i�teri,tions �re 5tudied by m�.aBS of a ccmpl�x of magnet�c a�d 
other spect�ometer systems which detect the scattered electrGns aAd � ot�11s and/or 
tile react1 on prod ucts �tn1 ch i nchde ptotorn:s � mesans , deuterons, and i!Jl pha pa rtic.l es,, 
Systell$ to (jetect neutrGilS: iU'(t h1 cle<vel<OpmMt. B.)' �e l<t!!cU 9 tllli!! ell'l�l"gy of the 
1nc1dent beam ind t�e d1reet1on1 en�rgy, and nature of th.e d�te�ted rehction 
product-s.., 1t 1s IKJIS'!1ble to 111ns�r 'l!ffth gre�t specificity q11estions about different 
aspm.s of n Lic1ear dyni!RlicS. The d;;�ta 'thus obtained provilde tP!e: least amb119�0tes 
Lasts or bnp gufd�rnce Forth� development or nvclear theory. �t the upgrade of 
ox.p!!!rt ntal fa�111tfes lit B-ate-s. lli whol.@ new c.l,&c!>S of stLidi,es lha!:i begun. The:s.e ,are 
broadly dhthguhh&d by tlte de- ect1olil Qof a strongly fntc:r!F"aet1ng partlele 1n the 
ffni!l state, sooretil!'les with aJJ associ ttbtd 5Cattored le-ctron1* Where-as. oar11�r 
�tu1U es were. concerned prim ill ri ly 'tl1 t 11 Ue d 1-st ri bYt1 on in SPitC.e of flue 1 ear stat i oo Blry 
states, these neW progr�mS are de�igned to stuqy, a ng other p�o��rties� th� 



mom�rrtl,lfTI dii!it"r1but1on o nucleQn:s lllOVil1g ins ide nudeiM ln a s't �y or ell:!ctrcn 
1C�t��r1ng rom carbon n ucl ei 1 seieDtists h�rk1ng a Bates have ob��rved 5-gnificant 
liepi!lrturas rrom th'e QXpe,htions of a s1 g1e nm:.loi)n k Kk-out pic.tu1rc and -see 

evtdence for �errel �ted two-noc1@o� mat1an. 

lll.e best qut�ntit.atthe meMllremenu for wst1ng the theory that p-rotons and -r.eutrons 
arc do up of q�arks come from precfsfon sc�·terinq experfments c!rr1ed aut with 
v�r1ous higm en�ryy beams of o1�ctr0fls cr muons. Resu1ts of th�se pre�i s to� 
scatteri�g @xperime�ts ��VE given detailed fAfQ· at1�- about the qu�tKS a�d their 
t'lot1 OITI 1 s; <fe the- prot on and neutron. &le(:f>At1 y I the- Eu ro1pean Muon to 1 hborati Qn 
( Ejii.C) at <:ER us.e-d muoo M ams to born baird n 11c 1 ei s p�11 n1119 t he peri ooi c. Ub l e freD 
h.)'-1::1 rogfll to w r�11 f 1,1111, ll:e 5 e-!lr-1:her s ob�er't'E!d t at the h1 �lrl eneri!JIY muons sc.a ttered 
dfffere-11tly fra=� tlfle q�ar:l:� boulild irt5oi� nucl�f tlil�n fl"'om tfl;e\ quark:s ir1 free prot.ons 
illld ntlltroi)S... This 1,1mex:pected obS!@!rvat�(t , ca1 l,ed thtt EHC e-ffec.t .. tlas been &�er-ifiied 
'Wlth hi,gh J)red s1 on by r.tOre r..we11t 'Nt!rk at CER and {!It the Stanford l. i near 
A��lcrator Center. Sever�l di fferemt t�eoret1c�1 models ave been propes�d a 
exp��111 the C e ect, such �s {1} �n 1nere��ed size of t"� tnreerquar� bag 
tntJC1t!Dn) th1 '"  t.he GH.!eleu!); (2) thf:' e�eh.tence of :six�qubrk: bai)s wHI;!jn he nu:deus:; 
(3) enhanc.�nt ef tfte n her of p1 ens w1tl'l1n � I'IUdeus j, an� (�) conventtortail 
nutlear �tructure �ffe�t� from omentum an� bi�di�g anergy di�trib tions� Sinc.e ��ch 
of ttJ�r.e the-oretic:i!l1 -odeh '�.tn ex pl i! n tlrle e:;: hti ng lrectron and mwn dat.,j it is  
i o rtant to test wit li1 fu rt her exp eri meats. the d Hfe renc.-es i dell tf ned f n tfle Y"i! li' � ous 
I'O(fe ls. A set of canp 1 amee1ta ry nu:c 1 ear p�-s f c.s stud 1 es U'5.11 Ag mea 1 enerro- and h 1 '91'1 
er�e:r-gy pa rti cl �!i a.s prob-es Wi ll inYe5 bi g1 ate p en omen a ari s ilil.g rr the 1 arger var-'f ety 
of conft9u�ation� a�ailable to qu�rks 1n �@aYy nu�1 �1 a� c�mpared to conrtg�rat1o 5 
in 1nd1vidu�l �ucleons. 

ln F'r 1987,. tss,looo,ooo 1n operati11g expl!RSCl:s is requ@'stt-d ror tl'le Med!um Enr1·r-gy 
�utlear Physics subp�gr�. The cDSt$ Df fac i ] ity �pPratians at the- LAMPF� Rev�lijC 
88. tes., a d SLAC htt. -1 ilt i -es requ 1 i<f! fl2:t. of the· FY 1 �j Med � £nergy Nuclear Physics 
r�equ�s t. In add 1 ti 01'11 a '5o up port ·1 p g ll.lle oper at11 on of t lle a cc;� 1 e ra t  a rs. t hEm!e 1v e:s ro 

th so oper-t�t1Qns c.osts i.\'lso prov·ide or th Nintenijln�e a11d operation of SCl'-CMdary 
beam 1 i n.es � eajor s pectr-ometer :sys tens� �nd other permanently 1 nst �lllea expar-tmerttal 
<13G1JiJDent.. llhe r-em�ini ng 3SJ e t e bud�et $1.Jpport� emits. direct 1.)' ;aU:rilwtable to 
exe<:.ut 1 fig ind 1 v 1 duaJ11 ex peli1 ml!!nts I sup porrt of p! rt1 c1 pat1 ng I"GSC!<III">Ch sd ent i st 5, IM[) . 
in s�pport of the CaRt1nuou� Et�ro� B9am Acceler�tor Facility con_truction proJect� 
4!JAd advilnced .1ccehm:ste IJIRY�ics. shdies .. Of tlrle- toU.l llper�ting el'lpens.e5 request in 
n 198i I $2S � 2SS I 000 'Ill 11 1 be! for dh-&t �up�1)rt ot' un1v�rs.1ty re:�H:�a II"C:h prQ9rams .. 
lncl�ding the SOuthe�5ter-n Uni�er�it�es Researc.n A��o,iation (SURA]� In addit1on, 
llll..!C.h 1nd1 rect S.UJ!port B pi"'V.lded by the. aueleli'ator fi!lc.fl Hies �t -wtttc rr'IIJCil of tMs 
research 1:s performed. 

Too operat the- LAfl' PF he i1 � i t:J 'i h fl' !.987, $42' t 920, 000 ·is requi red • Th 1 s ct ill 1 w 1111 
pe<rmft: l.AAf'F tc opetd:t.a 28:00 ba4lm hours for resear-ch.. In add'itfon to t""ese- ope,ro:
t1ol'l$ CO$tSi $10�900,000 1� r�qu1r�d· fQr t�� COAOUGt Of r@�Garch Qt tAKPf by l.os 
Al i!L"l)s; sd eJit is ts �nd by Dill ts ide us or gN:tt.tp� 1 1-nc: 1 ud 1 ng un tva r s 1 y groups.. 

To ()per-ate htC$ in FY 1967, $o.a.40.JJIJO is required , �n(! in add1t1on $31110001000 is 
ntqufred fer tme ca-nduct or r search dt Bates by HI sct�nu sts o�nd out5i� t�s.e-r
g�oup5. Ope r-�ti�n o tP@ SlAC �u�lea� phys1es 1nJQCtor a�d asso�iijted experime-ntal 
�.ll"ea req11i.res S1 [J 800 .. 000 in F'l' 19'87 .. wft.h an addi tiona T Sl, :2'(10_.0 00 bl!!i �9 bucfgeted For 
suppor·t of cuts i d.e groups us I ng t t! faci 1 'ity. R&D a c. t1 v1 tf e� by Sl.IR:A 111 .c; upJ'Qrt of 
t e GEBAf pr-oject wn 1 �qu1 re S6� 2 s.o, oro ; n FY 198 7 .• 

Me-d i11t1 energy •1uc 1 ei! r pny:s i c.s. res,ea r .;� 1 i r11;.l L!d 1 1'1 g the ��.Jni ve.r-s. i"ty c t(l)pon'l!'n t. 1 u� I ng 
k,ilans fran a ser:n�rllted sec<mdi!r-y bea.m at the Brookhave41 ASS lri11 ct.ntfnu-e u llln 
important tompo n ��� t of th i � subp ro�r.s: ann Iii 11 re QUi re s,3. &00, 000 ; n ope r�t f ng 



�xpen'S·e:s in F)' 1987,. Other tiedi Ene..-9.)' ac.t1v1t1�s; for f'i' l9B7 incllllde: re$.Ei!irch 

1rt u A 1 que Fore1 '!lJ'l 4C I H ti I)S � 1"\P.S.e.trd; 'LIS 1 ng pG la rued, t .!g� p�otoos (It the 

�at f on a 11 :Sync rotliol'l L � glht Sc:� u rce {r�SLS); advanced ac1:.t!! 1 �rat or re :.e�rch .and 

develop �111'1: prl)jects at the NaUGnall 'Bureaw of S'tiUJd.ards� :JI;IT .. �n.dl LAN�� �nd Ferfll1 

AL¥a.rds. f�;�or i: he-se r���arch ect l'l; tie� t IS, 99 0.000 1 '5 reque$1!: ed � n F 't 1 �7. 

FY 198fi 

$ 50 .• Ui0 

FY 15181 
R!Qwcs.t 

! 61,700 

The '*tav.Y lo11 Slu:bprcg,ram swppGrt'S ac.c:eleratOor fac;.11 itie'!i �nd rese1u·.cn pr-ogrilims tbllt 
t::over ill broad ran� o·r top1es whi ch �re c u rrent ly expillAdi n9 o�r kmowhdg� illbout the 
properti�� or nuclear matter. In c:oThb i nati·cn .. the-se fadHt1e-s based at fii!ltio i!ll 
l.aJb()ratorie� and maJor l.mhers1t1e-s pro\�tde bea of atomfc nw;1ei ri!llng'hlg in ass 

rorn 1 ii tlhi um to ur2ln1 um at1d 1n onaf'9.)' fro 41 few ,JI'.i::!\1 to s.everlll hundrr:H:I thcusaml � V. 
m gene.,.at, eilch ac4:.e 1 er;e�tor c. ern pl e;x. pruv t des h�ams: and a:.tpar-�11'11Rillt.a 1 fa c. fl1t1 e s f�J�r 
1 n-house re5earch grolJ11s a:s 'l(e� 1 IU a nati1onwide comm.:mit,y of sciedisM ��.·ho travel 
to t�e "host htboril.tQJry to eonduc.t t�efr rf:'se�rch. The pr.;.gra.o IDiilllkes u�e o·f untque 
prope�ties �f heavy 1on beams for developing re�earch in s�c diverse areas �� 

h: roscop i c n oc 1 ear prcpe rt i es., rni!l&rb�cop1 c A uc 1 ear t nto1ra r:t �·on s.. and sctaJrehcs fo !" 

exotic phi;!JS"es of nuclear iltt.er predfct�dl by th�ory. 

Jn late FY 1986� l�� landem/ABS He�vy Ion Tran&rer- lfne construction project at 
Br ook.h�w 1:1h � t f ooa I Laboratory ( B�L} w111 be t::oop leted. J n fY 1967. '""'�' lem enut. ion 
of ras·earch progri:!ms to 5t udy relath'i stic. hea'ly iQm colli'sion$ with Uri.$ new 
faeH 1tji tn a prev1ou5l.Y inaccessible eru!•rqy re-g1 me i'S th1:!! higt..est pric,rity in tme 
Hea�vy len subpr"Qogr<IU:I. Un�· Tr"imSf�r Une cou(}1 es thi!!o BNL Hndern �lld Alternat�nO 
u1rrlid'ient Sync.hrot r"on {.Ms) acc:l!'l1!riltor·s to p�rov1cle llc.av,)' 1on il.m� � to cme�g1c� of 
H b111fon elec:tron vQlts per a.tO'I'IIk 1ma'S'S IJlnit ( GeV/ A H 1J} f·or i'lltomfc JlUr:;l�i Ufl to ati!ISS' 
3.2: AMU {sulfur)., Tid� AG.s./ Tll iideni (lie i1 ity w i H pr1)\' i de lbel!lm s �ppro.xt m.U:eJy :s-e,. en 
tf es rnore enerrget"ic Ulan ha,ve beeJll !)reviously ·ii!YB'il.able �nywhere in the wc·rl(j .• 

Research programs in FY 1987 �ill all�w scient-�ts to enter thE r�i e �f eneFgy �nd 
rnl!s.s dernsi ty whi-ch cou1d lead ·to tir-e pJ·oduct1 on of �tates of 11uc1�� · i!ltter whidl 
ha11c navcr bllr"!lrc bl!.cn obs:llrvcd. In FY :1987, the cmv4!1llofJmant or dctoctors �ltd 
e>;pertmental progrl!lms i!IJt BNL ,mien were beg,un i11 F't 19815 rr.�ill c::ontinue. First 
�x.pet1ments '1!111 1 � performed during the 1000 hotmii of be tiDile phnn.ed 'for FY 19874 
Effort w� 11 be givE'f!' to the de-Yeiopment o-f the a.ccel.c,rator compl�x so t ll!t t1t un 
J)Ji"ov1 r!! tli e 't.'cDJr 1 �ty of be s vi th cha rac:t e r1 st i t:'!'i �tet::e!i.$.1!1"Y to 5u-ppo rt. the p r:t�poscd 
re-s.e-ar eh p rc�.rr s. Botb th(!' res I!! arch llnd ����ce 1 e:rllt or pro-gu $ dr01ow hen i1 y on 
prev1Gus experie"ce .nth �eav� 1ons at lowar @nar9f�� and on ��rf�n�e rrcm Hlq� 
E11-e r-gy P�y $i 4;5 program·s. At 1lit'l(r.f':JJcc Berte 1 ey La bo.,.at o ry {lBL) a ._. t gor-ou:s re searc.h 
ll rogram on he <'II 'I}" i em coH is i a s wi H cont i Tme 11t i 11 :z:1 f1 9 bea s 'With as'5·es up to 23 8 
A't41lt turan1 Ul'l) and @Jiergfes LIP to 2..1 GeV{{J.�1U rtcm Ute SllperHUAC/3ev�11ac i!!t.Celerlltor 
.;ompl ex.. The Bev�hc: rernall'l� �iqu:a h11 �t� upab111ty for pr-o'¥M1ng Mgt. energ_.v 
be i!IIIIS of the �a._. i est f1 uc: 1 ei. 

lie r:y 11.c:t h re-s D'a reb p rog ram:s ut 1 1 f z 1 ng 1 ow��t ener1).)' t��ea·, v I on beams ( S-2 s, 1\ie IJ 1 AMU). 
art supportoo by c p1omg"ta.ry far:iHUe:!i l!lt Arg,onne· Wtlttc: i!i1 Laboriltory� Oak: Ridg4!' 
Nat1 ont��1 Labor�tor_y� i.IJJd lawrence Bt4rteh�.)' !Laboratory (ANL, Cit L. lind 1..6t). At Aftl,. 
th& new ATLAS fac:illfty w1th fts SUJH!Itecnd�tfng 1 tnac: vf11 beg1n fi!Jll oper"tion in 
FV 19�6 �nd provide med'i�,m ma.ss he.avy 'io11 boeam·s. �i'th very pr.eci�e e.ner9.)' a�d e;�;ceHeunt 
tice profil� for u�e in a ew genreratf011 of expe,.1memh. ltl& �lifiald HC!avy Ion 
R�search Facilf�y �t DRNL is � st�te-of�tme-art tmnd� ac�e1eratQr (designed to 
Ac ieYe 2'5 illion volt! on t e teJlllinnl) cmJlp1ed v'iitll tile �II: R:lidge Isor:;hroncus 
C,)'C lot irOn. Th (! Ho 1' Hh!l d racn tty prl)v1 des prec1 s i Oil bENilfl$ Mid (I Vii de ya riet.y C!f 
projedUes. The LRI!. Ba�Incft Cyclotron s. uppl ies beams of 1 i-ght to medhtm ��nass lilettY.Y 
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on5. lt� ca�abf1�ties hav� beaft �nhanoed s1g�1ficantly by the recent ac�ition of �n 

E1 ect ro Cyd otron Res o !HU! r:c ion �o urce. fh • s 5-C:ll�r�� pro.vi des i! ill ra ij.d s.e 1 ecti on of 

hi gl11y cha rge4 �av y l o" spec i e5 �;.M ch ca,n fie ac<:e 1 era ted to rene r� i e s. appropr h. tii! for 
r:lt!Clt-u s.t!Jd1es. lhi5 h�·lity ·;;!$ CIJITipl-emer�tary �!:he tMde;J f.a.dlfties becl!luse-. 
unl1k:!! llhR .Atl. and Oii:Nl fac:i11tie$, the 88-[nch Cycl otron II.ISe� JMl:s.t'ive ·ans 
thro�ghGut �ts Q�c:e1er�tion �yc1e. Each of these national l�bora.tory-bi!sed 
�cc�leratGrs 1s o�orated as a national facility. P�cess to �chi�� time �nd 
ex;pe-ri mel"lttll eqw i prnent H: o,p!!n tG l! 11 qiJJ !!.11 fhd !: c I �nt 1 s t s 011 tltc bl! !.1 s o·r propo !i a.ls 
r� .. · i ewed for sdeilt1f c mer-a .aJ1<1 nctll'lic�l feasibility. IJI i!idd"it"ol'il to e n�tiorli.!l 
laboratory ae·eelentors. �ute-of-the---"rt fllciTities �re sl'uH·ed �&dth the low Ene-rgy 
Nu�1ear �ysfc:s s bprogram at three 1versities--�ale L�twersity, Uni�ersfty �f 
I...I!!.Shi n'!JitOfl � .md Tex:as AiM liiJ hers Hy. Each of t tte&e a-c.ce lll ra tors pro ¥'1 des 111 
t.l)'!' bt n.a t 1 on of 11 ght ion and heavy i em beams.., and e;K h of the tbne u 11i ve.r-s. ity 

.a:c11t t1 C!S 1 s bei g IIJl�r-ade-li · o p rott 1 de add1 t 1 on a.l rosea rch c apa b f 1f ty. f!Se 
proj ccts. em<! the ros ea rch that. they 'Hi 11 ke �ss f b 1 e C! re di s.c us sed Yn<l'e.r low E'ncrgy 
Nuclear Pmysics. 

Thll' heiii'I'Y ion beams ro these acc.e l era or fac:i lit i es. are 1.1se d 1 P1 a '"'i de range of 
11 uc l' ei!lr res£!lb.rci1 progr� • At one extr.em.e, �avy i o reac:t i ens ��;.a 1'1 frCKiuce a br"�oa d 
s pe' t r!.ll'! of nuclei �ttit h prec·is.e val u�i of e-tc:. ita t 1 <On el'lerg� il!l'fld in g 1.1 a,. 11l0111en tlll"ll fflr 
systematic stud " �s of the prc;tpe rties of n4Jclef near ttaeir ll'!ormal �round sutes. At 
anot.h�l" �xt f"��, he! llv.y 1 on (:0 1 1 f s 1 On'S ci!!n p r-oduce_ for � bri ef instant !ili'Ja 1 t �ount s 
of �uclear matter ilt te peri!itt;Jres- and d'e!'ls�ti.es far fr · those of normal stable 
rmc 1 ef. 

Many fa• ref ront '5;;occtros'-Op f c it 1.(0 1 $ of "u' 1 ear p r.opert 1 res r::onc.e., � ret t e on t!xpe r'irnents 
hat ml!asure tl1!!- �hape� of nuclei as thei r angular mcmentur� and exc.itat1on t:!m�rgy .are 

enang�d. lb1s ar�� fs �urrently undergoing a r�nais�an��;.e �s � re!$ult �f �wor 
improve:-�mts in G!Jpqbil hi 5, �110 sophi'!lt1 ca:t1fln of new o�:m!l ra:; lllell:ectfo11 
f.!ci 1 ii:t: i es.. At OR NL. st tidies of the 9iUJiffiili ray doca.)' of tl'le 61a nt Quad r �pole 
ResMal'ioe hu led to new 'ii nforrni!lt1 on on tb� $ h.;:�p.es i!irtd str l.IG t u re •o 1 Dw-lyi ng E!x.c:H ed 
�tate-s � a varh·l}' cf nuclei . Thes•e resonances correspo!'ld -eo a �art1ctJ1arly s.1mp1B 
da�s of n'-!.c.lear e:w:c1Ut1 o s. WJJ1 ch ar1�e from 1atrge sea·� eo os.::il htion� of the nvcleil!r 

surface. Pred se stud i as of tih 1 r cmc.o)' cdes g h·e .���ew ins i g n t s. r n to t e und.er 1 y1 ng 
structu e of the e�c·ted nuclei. Utt11z1ng Stlp�1sL1c«t�d n�� gamma r9y dete,tor 
ar-rays� �cientBts ilt LBL have b�n �b1 e 'to e)!tena their st�Jdtes of t.he nu.cle.ar sM.pe 
transit1GIIlS "at occur at high �pfns .i  thus llr<l'ddiing� sen:tlt 'i new tt-s.ts for nucltH\r 
model s .• 

Recent pro�r •s s, at lawr€!OCe Berke 1 ey La bo.ri!lltors' s. ae�· a 1 v<: 1 nc l ud.es tfta (l,t! 
exp.erime./l't.�l detem1rnat1on of tire compre:s:sib1l'ity of bot nt�cle.ar matter b)' stlldytn.g� 
Ue €11i'i :S'S 'ion of pi o.ns fr� co 11 f d t ng n IJC 1 e111 r systens . LIBL -scientist.$ a 1 so Jff.adc tht!: 
first tnC!a Sill r��l"'t of nyd'radlyn- i ca 1 f1 ow effeds in l'tuvy ion con iSi ons.. Re-4;el'lt 
e;�<p e r1 me rrts hava used the Pla s:t i c Bill 11 det eo:;:t(l r to detect and' measure o•1e Of1 e 
hundred particles sim�lta�eou'�J em1tted When n�c�ei �c:cel&ratQd co h1gh ��er�y 
collMe .,;•til\ ntJt;;lei sti!lti o ary in t @ laboratOfJI.. These. prayrams maT I< the beg 'n.n1Jlg 
of qu.arn t1 tat 1 twte :s t Ud'i e:s to dete mi roe tho equa t i oo of �tate of hot 1 de r.se nuc.l ettr 
matt&r. It�·!;.,� a rei\ of th1 s type is ess ent'i a 1 for prott1 d1 n g t h� o'l(! ra ll fr&ne-'ND rk 
'Iii th li �; c;l'l expe r1men t.s at h • ghe:r ener-g'i es {-im l>f ph nned and' 1 nt a rp.re ted •. 

Infom�ti'on on th cqt:J.a-t1 o o·r stU.e- for nucli!ar ('Mtter provides the f�put noeessaJ�y 
to th� th�oret1 c.�t ode's: of ste· lar C1'V01 ut on 1ttad1ng to supernGva e;Kp1os.io"s 111nd 
11 eutron 5-ta rs. 

In fY 1987, the fi rs t part i c 1 e bftom� "'" tl'i <Jf!ry ht gl\ en:e.-gi e-s ·n be-come .av.a Ha b 1 e a.t 
BroGk:tli!tter. �tional l�boratory. Sroo¥ha•ten' s Hlndem/AGS fa(.i 1 ity 'Wi Tl del 1\•Qt b�i1111� 
o� m.1ds1 a� assi�te a� �uHur (ll'l'.leSS -= 32' fl. ) t!ll1d wHh ·energies up to 14 Ge'l' AI'! • 

li'Je ext. renE- nut 1 eu co d iti ons �rea ted' U5o 1 ng thes(l beGllls miJ,)' yi e T d the fi rst 



fdentHiable rre-h:x.at1on of the quark co-.. lftnement c.ondltio:�s 1n nochl!ar atter. The 
f1 rs.t major heav,y f en �xp�t ent at the Rrookha,.en facility iis bued Oli .111 s,1 Ag1 l!aann 
m�gn�ic svect�cneter �th high-�ult?plic.ity tract t n� dl'ld pDrt1cle 1d�nt1f1cat1on. 
Ch�ruur1st·tc.s of hot de�s.P. nudea�l" matter 'N1H be GbUh11:�d by measurement of 
effe·c:t1,.e ten�peratures and re111cU on Cri"'(IS� Sf!'et1 ons.. fl. se-c.ond major experimen't 
involves. a Time PrCJj<E!cUon Cbiimbor llnOUilted in " large vc11111e ii'!}. et. lliis 'S.)'Stsn �s 
des:igned to naa&ur& C!SSIDDt1'ally all chi!irged part1c.les �em�rg.ing from eollh:IQns to 
1 ook. ·for rare- events t �at VQ'I.Ild 'ij ndi c�te the on s.et o1' quark dec:o llf1 nement .. 

At energies of tens of bi 111ons of electroJJ \folts per iltcm.ic. a:i!'!iS un11 t and Bibovc� 
nellvy iCfl G·ell'ltrilll cclli s1 en$ lliilY create an l!'ntfrel:; :new fcrm of' m.,t.t�r caHed a 
quark�ghJon plasma. At suf ide lt.ly h1gh lt:l!mpl!ratu.-es and densities;, U: 1s expe.c.ted 
that the nucleon� wh1cn �� th& �Drmal con�t1tue"� of n ucl ei will d1���lve 1ntCJ � 
pluma eonsht1n.g of th ir intelf'llal sl,lbs.tructuress thE!' qu�rks ud gluon5. Thb 
plasma w111 then rapUly f!xpend .and doc:ay 1 Bto l.arge numba1rs .of more lfanHi.ar lliOCl ear 
cons t ftuen'tS--huc1eo s an It ntes Oi115<. A '1'11 goi"O\IS. tllu;�oret i (:�·1 effO•r"t i'!: und�r WJY t.o 
specify the experimental s ignatllreS of thf'!: sUte o' nuclear matter. lhes.e 
theo rt!!t1 C.!ll stud t @IS · 11 gu 1 de• rcxper1 m&llt'5 1111 c1 h ti ng11 h lli ng d'ecs. i red eve t s from roorre 
prol1 1c baekgro�Pd pror.:e�ie5� In �ddition to tt�ir v�1ue tc basic nuclear re$eatth; 
rprcse- t and p1 anned re.search on pr-c�rt ·es of lttot, den:se tJde.!lf' phS[ij<1'!i Hre be 11lg 
'fnc.reiil$ingly rellevant ·for undersUndh1g hov Cil.llt untv{!'i''!i@l llehaved in ttlf! first 
irtshnts after the �'Big Bah51.11 

At the S111per- PrQton Synchro·tron {SPS) at CEii!N two 17 dl!y rur'ln1 tig puf"tod:& a.re phnlu!d 
�·i th E.D lie\/ /PmU !nd' 22"5 GeVJ I!J'�IJ be or' o��e111 �Hi lllru). r.Ltc l�ar Ph)· s1 c.s-su�ported 
set.:! t. h ts a ro luad � "9 part 1 c. i pants t n sever a 1 CERtj &:<peri ments '.Yhi d1 arr<;: des i g�d to 
get a first g1 imp� (!If the ev t dence of 8 pha�e trilnS1tion of n ut::1ear mf!ltt.l!·r to ! 
qtJi!rk.�gTucn pTllsma. These new re.SellrC:J efforts imto1 v� luge col hbor�ttoos 
hvo lvt ng Ul\l h'�rs tty and mat 1 ona 1 11 abo rator ..Y groups frOOi t "" Uniited States.. E:uropo � 

�nd J·apa.n �n..;J frotn both the Nuu:;.lear Pllysfi;:s \!Ind. H'igh IEnelf'ogly Physics C.QITIJm.mities. 

The high est pri •or it}' effort in F'f 1987 - li1 the tfeay y lon tte 1 eaf' Phys 1 c:s s.ubprog rr.n 
will be ini t it!ti on cf he-lh'y icn mtc1i!!i!!r I'E!�eD:rrth M. the- PJlS. The iHei!lvy lon cperi!litfnQ 
expen�cs request inelud�s lS�670,000 ror AGS/Ta dcm fac.111ty op@rattons. n� th� 
l'feiiiVY loR to- a 1 reC{I es .. ;. US. 600.000 supports r·e$e.arch act i �it 1 e:s ; the r€tll a 1 oi 119 
.$38,,020�{)00 request 'is '!'or faci l'ity operaldo-ns. AlSo in�l ud'ed ii:s $2,.000i000 for 
l!l!ilvano:4!'d acc-!!lerator R&D lilt Br&olll�ill\'en �lt1Ma1 l.abo.rartory fer ttte he-avy f(]n program. 
Tis �cGele�ator R&D prog�am ts &xp�ted to deff � th� parameter� cf � f�cfl�� 
dedicated to prad�ction and examir.ation of t�e quar�-gluo� plasma. Of the 
12'3�·680,000 N!CJiUeU. ror res�.!lrcli'l fu111ds, $6,'515tODO i$ pTilnrmed as di1rect S:IJPPQrt t(l 
u lil1 ve N 1t 1 cs • ;\d d1 U OM 11 un 1 v�r:s Hy S'tippo t 1 s pr--ow i dE!(j t h nuJg h the nat ii ana� 
lt�borQtories. in the foJ'Q of s;ervh:es ' " sttpport. ,of i:!Xpcri.l'fl(!lnts and prov1 s.�Ofi o-f lbl!am 
t1me� 

Cit tho $3S, 020. ooo roqu{! s ted ro I" B.coe 1 etat or fut 1 Uy ope.r i!it i cnrs , .fl6t, 5<11l1 000 i 'S 
b�,:�dget� or operati Olil of tl'le Seva11ac; $9.610,000 1s l"ieques.te-d ror opert�thm of 
Brookhaven's Tand�/AGS ace€lerator complex; and S9�31Sa00� is roquest{!d for 
ope�t i Dfl of ATLAS, the 88- m nth Cyt 1 ot,ron �� aJJd tto 11 f1 e 1 d. For ft(! 4v,)' 1 c:n ope t-tl! t i (f.ns 
a It .acce t er� tor f., c� lit i es d Ya 1 e Un ivers f ty., Te J�;a.S M,., Un iiver:s it.Y, iJIJld the 
lrn 1 ve-rs1ty of was M fl!Jton � $1, 49 5., 000 h p hnned. 

The acc�ler.!lt�r hci 11ties. lorllose ope.ratlioos. aore supported by the Heavy tofl! subprogram 
1!11 .. tJ ptcv·1d�' unfqtre c�p�bi11t1e� for fundamental researdl in ot elf" Held� of p-bys1c.s. 
lmpo rtant re.cent examp1 es he 1 ljde illtcm1 c. phy s1 C'S 'Stud� e'!: o t' one-e 1 ect.ron 11tan� for 
nuc·h!·i ii� :a11� illS oranhnn al tht' l'!onhc and studU�s of the be avicr of llighly 
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10111 zed illtom5o at law velocttfes 1,1s.i ng a oov,r!l ac.t::el er.u:ion-de.c(!l ore�tiol'l mo�e with the 

t Mtl tandM'!Is at BNl.. Nuc 1 ear fra'[mel'lta t 1 oo .s too i es �t the: Se't'oii 1 ac are p f'CYl d1ng 

trnpor1:ant dt.ta fortE' tnterpre'tillt1�Fl o_f "-OSrnic-ray �sll1ts. Hea'w'Y ion i'Jccelt-rator 

fad 1 itt es. .a 1 so ll.;t'o'e ·f po�rtMt. il pp 1 cat, �11s f 11 b1 0111ed1 c. a 1 research .lnd um.n11 eance r 
tl1erapy. Be'Ui111ac hCB.'iJ lon beams ar� vsed to evalu�t·e the et'fe-c.t1veness of �E;!avy 
101\<5< 1n tlo:;;t oyinfj hlilmM cana:er- cell� whi h do'! BQ m1 n11111 do!! age to 1ntt:!l··ven1mg 
nea1t� cf.:!ll s� ThiS. rese�rch 1s; suptpcrt.ed .i!ind D>GI'�ged b}' the r\i!iti CJI1CI1 �ncer 
lns:t1tute and' the Dep.art ar�t's �uclur H!i!rlitttnB 1\pp-lic.ati�ms subprogr� 'n the 
Bi Qll ogi ca 1 lmd En vi roomenta 1 Re!ie21nh ptog rdms� ( fl.11 fi!c 11 Hj' ope rat 1 on s c.ost s a f 

t.h@ Bli!vltllt�e, includiirng tho&.e for b1omed"c:v.1 resea rch ,. lhow ver, are supported b.'f h-e 

Nuc. h."!' a r tlys i c!i p l"'i09ram .) 

FV 198..5 

$ 12,087 

FY J 9B7 
ll:eguest 

$ 1.5, 700 

lh 1 s slllbprogr-� emplrlas 1 ;re� ·e:<per"i m errta 1 1 nve.s ti �li' t I ons of nuc 1 e� r st r�c.tur� � f1 uc 1 n r 
dec�y p�rame�e�. and low en�r� r�action �echa�}sm�. The$ studies a1�o in�l vde 
genil!'ra�1 tes. t s (}(' fu nd.!l e111ta 1 ttl eo r1·es and �ym rnet.rri es 1 as 'Me 11 Ills more spec 1 fi c. <1111d 
deta 11 ed s ud i e� cr. re" cti ons 1 nvo hea in s. te l l 11r i!JJUI cDSJmo 1 OIJI i e 1J ·or:es.!.es. 

Un1iv�rs·� t.)'·based .-.es-eart::r. i 5 .an iimpo-rtant lfei!ltl,lre of the low Energy subpr�gra � Tn 
PI' 1987. 34� of ope ri!lt i ng, expenses is ;p la rmed for dli rect s wppad of l!.ln; vers fty 
rcso�tch. FY 1981 mar � th� 1nlt1e�t1on of r@1Carch pr�yr�m� �sQd o� m!jO upgraa�s 
at each of N�clear Phy�jc�· fo�r �edicated OB-�amp�s e�ceelerator f��il1tfes. rh�se 
upgrades fnchJdE! m.!ljor ilddi ti(iins lilld improvece!llts t.o the ace,e1ero��tar -at11 ·t·ies �t 
tine University of Wuhfrlgton .and Yale U!11her51t.y1 .a, nC!W boos-ter e.)'cl otr011 at Te�o.as 
A&�1 Unlve.rslty� and ll1g ���t�n�sdt,.Y' polarii.!E-d 1011 '!:0.11rce!i i!lt Duke lfn i v e rr-s ity i!.nd the 
lll11hersH:y of Wasltif!gton, 

�cle�r rei�rcn a� th& untw�rs1t) of �shin9to� w111 be 9rebtly !it�engthened when 
the ne'i!l supercanduct1ng l i nac. boGster becomes a'lafl abli! 1n late F"Y 1937. in@ boo!:b�r 
has. bt!en opt 1m U�d for the acce T entt f Qn o:f H girt ion$ a11 r;il heavy i 011 !i �p to about triloS s 
6 0 Ar1 U. 1i ne'lil' pol arhed 1 Gli :sou I'"(@ wU l rml! ke pos sib 1 e a wf d2 v a r iety of h ig� 
preciision particle and photon uyn etl"'y cu�a�Uil'C".1C!i1t5 for pi!!tity !fiohtion !itooie!i, 
e 1 ect romagn�rtJ c mul t i po 1 e-m lid ng de te-rm f nations� a11a hos.e po 1a rf za t 1 on mei'IS ure.m� t s 
whit� are :sensithe. pr-obes of nucliear reacUo me.cha"isl'lls.� The booster will also 
m��e tt pD$�1b1� to generate pul sed . mofloe�ergeti' 11eutron b�am� which c�n be u$ed tD 
study the E2 1$0�ector �tant res�nante an� otRer high-lying reson�nces 1� @ vQr1ety 
o nucl e'i. 

The tls;ilra.de O<f tfl-e 'l'.ale facility., sc eduled 101· Wnip1etian in Se-ptembe r  19<.86� will 
provide �n sub�tantia] increase i� t� r�nge of ion enor�1es �nd �sses �vail�ble for 
e�p@�f ervts. The <i!Bt1�tpatQd �1m�m t�rminal Yolta�ge of 22.5 mi l li on vo1t!i w111 

He 'it .POSSible- to St:Liey propett1e-s··,af ud1 hei!iv1er Rtr4;1Ci!lr S.}'Stern5 l!rfth ntgnerr 
ex c. H.at ion en er gi e-5 and more aJl9'"' la r mo�en tum. To d ist i -nglll ish more pro-d sc l.Y b!lt �o on 
elattr1c ABd m�g�etic tri"sit\o�� 1n he��ier n�cle1, a mini�range-type le�t�n 
�pe-ctr-a ettl:!r is und� r de·o.� e 1 opm e11t f<:�r OJI • 1 1 nc dkoc.t detectii Olil {)f conv e r s 1 a 
electll"olls.. 't'a.1C! t11ho pi ans to constr-l!lct i1J ":sfli con bo.x" dt:!tector"" COII1Si'S ;.,� or a 
l�rge solid-an�le arrat of se it�nductor ch�rged-p�rti�le oete�tor$� i�b will be 
i115 edl to :s tud)o the e:xd tat i CIA s peetn.�m of hc·a!'IJ uc 1 �f by c ci n c. i �ences bet. wee, gam a 
ra_ys.. 

C0mpletio111 af the tD�3tr�ttOJI of a K=500 super�ondu�til'l� c�clotran at T��as �!� 
University 1ate in 1986 �111 p�nn1t exp�nslon of ex��·mental �a�abili£1es �here . 
ThiP lila� cyc1o-tron, '1t1'i ose c.onstr� ti on h.n been funded by the St!!te of Te Ka!i a.nd the 
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p ri v�'te We 1 ch Found:D�t1 on. 'N1 H be u.s a� fll ono or as a ne-a11y-i on I n.1cctor f lilr t't:le 

e-x; s t1 n g t=14-? cyc1 ot rol"!. The energy ra:JJ ge tht ·wi 11 be �de G.t;C@'S.S.1b 1 e by COLI p 1 ed 

operllt1�f1 Clf the two cyc;:l ot l"'on-s wU 1 prot�ide uniq1.1e opportun1ties .at Texas MM. For 
example� H ,.,;n p.emit t.he production of a h'igh-resohml1on pohrized neutrroil bea "! 1n 

the 100-160 Me11 r�mge ·tbat can be used ttt ithl�stigilitEI' (n�p) chilii"I!Je E!Xthlil:nge ree��t11on s 

lil'ld to determtne Gil1:lll'!!I" -Tel1er m�trfx elemef'lts. Tiley w11l l!r.tph.asize nuclei that are 
eandidates for dollbh!! !beta� deuy whh:.h prow1de Gelfl·stthe te5<ts. of filon-z;era neutt1 n� 

mas S@S� lhnc neu t roo beams wi H 1111 �!I lbl!o used to cteterm i ne t l1te pa.r ete rs of 
neutron-pr<Oton s:�tteri·mg in thE! 80�160 r�111\l neutron 1energy reg;ton 'wOOr-c few reHa:ble 

mei$ ur eruents exist.. l1ie .ava1 hbH 1 ty of hi ghe"r ener91 ,al phlli part t c. le be-allis. 1 2'CI0·-300 
Me \I, w1l1 grea tl,y , . hdlleill' studies. of !Jl a At res ooe.n cc-s allld wH. permit tne r:; re-111t f on orf 
rare .. U lli $hb1 e nucl1 des thiit ll.'r.'e 11oo.t belli!! .availab-le fGr stud1es heretofore� 

' 

flh(! lltgh-intens1t)· polarized 1oo sourc� at the Duke Unft.rer!dty llCOQlerilitor ·rae11�ty 
wH 1 pro vi de am ; nc re.il s.ed ; n tensity lh.t r:an M! LIS@d Ito grC!a t ad\'ant.a.gl:l 1 n th:c 
current experf entd1 provr of measur -emts udng polarized protn11s� de�erom$-, and 
polari .zed neutrons, P.olariize:f edron e:x.peri entst wh1 ch use 5<E!COI!IdliF.)' bum!! orf 
neutr<�ns derived! from rei!ctton:s induted by pool ad zed df!flte-roos, w1 H 91"&atly be111ef1t 
fr001 ·the more 111tense beimls g,f deuterons madil!' ayajhblt> by t�e' !j;O!.IIrc.e, EstPec.ially 
�nhom��d w1l1 he the rese�rGh us1�g �o1ar1led ne�trons 1nc1�Q�t on� cryo�en1c 
pola.ri' zed target� TI\E! eff>P.Cts of neu rolll�m cleus spi f1ss.pi11 force� that ilre Of'le of 
t h� af n obj e& t:s of !'tudy <Dre pre.d � cited by n oc 1 e<� r t�1i!Oif)' tu be much smaller thafi tfl e 
�p1n�i'ndepe dent force�* �e of tne "ew sour�e s ould redt�e runnin� times fort esc 
oxp �d m rmts b'y a. ftict or o1 !0. Tests of fundament� l sym met ri' es,. s:UI;h as paf"i-_y 
r,.oru�e rvatf on i!l"ld t �"e reYfH .. sal f rwa r1clru:4! I a r>l! a 1 so , ,  anllecd IllS f ng the poll! rUed 
t 1!1 rget and new po 1 i!iri zed 1 on 5 ourc:e� 

Tl'le �onvers I 011 (Jf' h:rd I'Oyen to he 1 i'Lim t.y f'lll'cl ear f 1�5 f on 1,.. tlite deep 1 �ter1 or of the 
sun i5 be1i,eYed to be the primary sour-r.e oF sohr e er-11-y.. rtetltr1nos ilire the on1_yo 
particles that 'es.cape dfre'-tly 'from t'h1:l solar tntoMor • .find tltu!li tht:!y provide the 
o�ly 1 m�d1a� probe �t t�� deep fiAt er; or of the �urn. h unlque e�pcr1m�nt by 
Rro ol: ha !fen scf ent 1 s ts � s p 1 oy1 ng a oeh 1 o rf ne det edo r des fgned to measure t!lte f1u:t. of 
n-eut r-1 nos fre«� t � stJn, discovered' that the n �mber o n-eutr 11 no-t nd.ucM eiJ>i!.nt!i is 
ab<J>�,iit ,ill hc::tor of thtree loJNet 'than (In!! expects from mode1s tfilr��t correctl.t r·eprodluce 
oth�r propert1e� of the 5Wn. T 1s ohservat1cn 1mpl1es �1th�r th�t wed� not have am 
ii.!(lequate undorstaM1n'!J of th� na.rt:ur"e of proces;$e5 or c.ortdiUons lns1deo the s.un .• lind 
hence of ste1la.r p-roc�s.ses in .genera11 or th�t we do not llave art adeq,wte 
wnd@rst�nd1ng of the rnevtrinos. 

An Au9ust 1985 report of the NSAC So1 � r �Butrtno subGo mittee discussed sovcr!l 
�1terrtgt1�e e�pcrf ental �pproaches or g,bt.a.1n1n� iner��eG tnformatjon, 1JJelud�ng 
t�� �apture ot n�utrinos on ga11tum-71. JrntermallOni!l collaborat1�e experime�t5 �rc 
being form u1<rted tD res.ohe this solar 11eutri no pw:z::zle, 

'll1te lo�-ener9)' nochuu· fltlys.ics s.ubpr-ogram aho supports 111ght.-1on research at thB LBl 
S8s1nc� Cyclotron� ORNL� lind ATLAS, At t�e 86-I en Cyclot�nt light nuel&t �r from 
� hbi H ty i!l'l"e studlie4 w1 th an on� 11 n� as!i an ,a 1y� � 5 51yst • r111c l ��.r s.d ent ish iJJre 
�@art�fng for nucle� near the proton and neutron li it� of p�rt1c.�@ �tab�lity that 
me�y d o<e.ay lby m�w rlld1 cacti v it fes sueh as bet a- air! h,;vi!!d' t'llo-·proton decay� .All: OlJ k 
Ridge� phys1c1sts n·t! fhveS't'tgabng the meellimtS:IliS by which n�Jtle·i in·e· excflt.eo into 
giant rosonafllce state.s �l'l"d the propert;es of g1e�nt N!!HN'Iance states.. tit ATLAS. 
,. !euc;h teams are usin9 pi"'Ot(ln 8Jiod 'otlt-er 1 ight-ion beams to d��ermfne el ec.trow� 
fnter11dfon pllil'.!l eter-.s ; 1"1 mrdei. fo� e-,;a.njl'e• i'l high�pre(.i5iorn 11 as�r�tm·t to $btd}' 
the vedo r l �c u p l h\9. eoo1 k��nt!i �"' o+ to 0 F.f!ro� det:(!y will be UndQI''Uk.en u:siin� tile 
r��ta" t 1' on UB{ p ,n ) !:U(. 
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Ifi FY 1987, :tH,7()0,000 in operu:i g exper�se� is :requested fo,r the 1.4)� E"mel'gy 

subprogram. or thi� total, tt��O�OOO fs nequested or sol�r �e�trino rese�rcn and 

$�., 285 � 000 t 5; bud get ed tot rE-s.e�r-c 171 an� oper.a.t ions at tn e feu r cedi �i!ted' oo--campu s. 

�ccelerator fad litiies; Ito. penn1t them to m!!ke pr.odueth•e u:se of tlheTr exp�nded 

c�pab111tie$. For ot�e� �n1�er�ity-b�sed r��car,h, $l,017toou fs r�qu�sted. For low 

oner� nucle�t" ii"�Sei!'r(.h �nd facility operations. il:t the fi'.Jt1 onal lBibOrilltoriei .• Srr:a.11 

Bus i ne.ss. 1 1 nG'Iat i e-n Reo sea rcJ1 , and tho La wre.n.ce M d Fe rrnt Awe. rd:s • $8. :1398,.000 1 s. 

�wested in FY 1987. 

FY 19S5 

Nt11:l ii!<fllt" ih�Q!l • • • •  + , , ••• , � , • •  * • •. • • • • • • • • • • • • • • • S 9� 300 

FY 1986 

� 8,999 

FY 1987 
Regues 

� 10.500 

�c.l ei!r- �by� k:s de a h w1 th plileru:ilcena submf c ro:st.op1 c 1 n orrigi n. l,t is the ref,;u·e 

part1 cular-ly dopende:�t Qf1 theo ry for thl!- 1 nt:�ll"protatlon of experi111ental es.ults.. 

f.bn 1-.po·rt�otly. the field i:s moth.!!te:d to- con�ide:r many new e.xc.U.1ng exl)t:!rhn� tal 
possibil'"tie:s b���d on the 1de.as generated and developed by the�r1st�. 0�@St10RS of 
how qu ar k �ubstruct�re o the nucleus m1 qht be manifested in e�p�r1ments at t�e 
planned el,edron mac'htne {CEBAF) Oil" hO't.i a pha$e transition to the qu.arrt-gl uon pU$m.!! 
would be seen in hi�h eRergy heavy ion calli$fons ane f�st two of t e exGft1n� 
m�w d1re(t1orts. 

hi�! 1«1 c 1 @a r T�cory sut>prog·rcr� h s.b"'ng ly 11i1te a c.t i v e: wi t h � n t.h tee r!xp-er 1 me ta 1 
NUJ;:1e<�tr Ph_ys.tc.:s subp ogr.�: Med1Lm Energy. Hea\1'.)' i0t1. and lOON E!ilergy. MaJor tneory 

ffart� �re !i\&PIII'Qrtedl �Jl each of the institut'"o s 111t 'Mh'icl'l the N'uc.lell tr  P )'Sic� 
�rog l"illlt1'5 natf on11l acc.e 1 'i:!!'r .a tor fad 1 1t 1es a:re 'S 1 tad: vas sac."us ot ts 3 ns t 1 tute o1 
T&c no 1 ogy, Arg.ontJe Nat 1 ot�� ill 1 la borat(l ry. Bretotfb.�YE'I'l r� ti o� a 1 Labor4!totry.. Los A 1 amcr!i; 
Nn. i 1:1�al L.i! bornory. L��re ce Bef'kel ey t.ahor.aila r}'., and Oak R idge .ati on a 1 Labor .!It i:JT y � 

In add.ttion. a hrger nll!ilber of "the,oret1cttJ1 m.1clear pll"lysic.iis;h �re supporte(l �t 28 
uni'ilersHleS. across tile n11t ion. In FY 1987 :t< :S5,7o5�000.t '55" of the toh1 amount� 1 s 
bUd<Q�t�d· fot' d�rf!Ct :support or mlht:!.rs.ltyabrtsllld mue1ear tll�or1 program:s. 

At t:�e he<�rt of II'JUch of nt�c1e;;�r theory rese.arc� is; the OIIJtleGr fi)Gn_y-ho(jy &�robltm. 
Althc�h cruc1a1 breakthrough� thi!t allowed t � development of! theory of 5trDng 
1 ntera c. t 1 Of'S. oc c.tt rred three de ea(fes ago. on 1 y recent \y hmG- 'the te ci'LB1 n 1 
dHfh:L!ltl es been suffi cil 'ent.]}' D'.l'ert::001e to all ())I sep,arat:i on of t111D • bood.N al'd JJ ree
body effects in n�clea� �at�er c�1��1�t·ons. fh1s. a'hiev�ent o�cur�e� through �ars 
of rf'"!.ve.1oJ:ment of m.1th�ati c.!ll t echniques. by "theorists i and t�rl;}ugh th<e< iincneasin<g 
�.ct.<t!$:� to ��.� pe rcanptJrte rs by t e nucl e.a r theory c�"i ty . 1 n F'l' 1 985 over 1000 hours 
of suporc:o�ut<f'r- time was. ade atYa11ab1e ll.t tr.e MFE uomp1uter Center at lhermor'l� by 
Energy Re�earch"$ Office of :Sdentif1c. C0'!19llti1ng foil"" nuclet!r p�yslcs resea.ren. and 
mer a th��� 2500 hours wi 11 be a 'Ia i 1 i!!b 1 e itt l h'�ermore a11d art s�rn at Florid a State 
lin hers H.)' i n F'l' 19186. 

Speci�l relgt1�it� has been tou�d to play a mu�h ore tm�orta�t r�1e in �uclear 
matter a11d proton .. nucleus �c.att.e-rirng thaPI pre,..fouly oxpec:t�. Rec:o�t r-c-slllts � n 
Au<tlear th�or:v show 1: flit, h·en &rt 1o�� energ� es the tri!!ditional nonrel.ativi:Sti r. 
mrc:leon- uc:1� potenth1 W-!1.)' be better de5cr ibed in terms of a trehtfvist'"c theory, 
Effe-cts or v�ry-s.hQrt� lh r!d par-t.1et C!•ZIIi'l t 1 part t c 1 e p�1 rs a.r� ne"�<� p �nOl:l@nll pted't ct,ed 
by the flehth1n.1c. t:k!eor}'. These effects. are �speciall.)' 1mporta t. tn the 
ca 1 c 11l.!ti o-n af anti protoos as t.h ey reaet w1 U1 stab 1 e nuc 1 ei • A.n other rapidly 
d�a1op1�g aspect cr nucl�at·m�ttEr theory relat� to n� ear a�trQ�nysjcs. 
Kn·ow1E>dge of the nu�:.lear equilt1ort etf 'Stilitt:!. in par-t1eu1ar �no C:Qc1Jlif!s.sfb-111ly of 
n�c1e-o!r matter 1 detennin·es, our atl'i1ity t.o unlll'er-shncf c.oll apsing stc.r-s .as t.hey c.on-sUJ"'o 
aT 1 o tht!:1 r nut 1 ��r ·fuel. A> t taphy� 'i 4;:i!i 1 ca 1 cuht ions require that nuc; 1 ei h;;�·� � ij. 



'•5oft" �ati on of sti!Jte ( Yery �S1l!f compre�-sed) 1 n order to ooullleo bac::t fron � 

gra\�U:�t1ona1ly dr-hen iloplos.·on, creat.tng a sh�XIc: wave ·thllt ml!ly lead to a supernova. 

e.:«plo!i � on .• R�sults frcm high! en@!rgy hoa'Y',)' ioo re:ollhio11s, h�vl:!r. ind�c-i11te that 

�utlear mmtter f� very �h�rd.· ln�s d1�p�rtty le�o� to a dt�t1nct. unresolved 
s.ci ent 1 ff' d'ii 1 E!{1111la. 

AUegpts w undcrst.a!'ld now qu4fks.o; gl uons. and their inte·riiicUons dlte �ne tile 
mak�up aoo belila'l'ior of nuc:h!!t wfll be c. <�;e.ntral tner.J!! o Jluclc:.ar theory 1n FY 19e7. 
The bi!i!iic liPderlytng tt:Je�ry Qf qua.r;,; !l  '15, kAoWfl to be qvaPlt. cllrcmodymam1 cs {QCD) but 
the 1m�lcmcntatioo of thfs. tne�r� in the prcdi�tion Qf propertf� of nucle1 ii 
c:taal1E'ng1ng� rn t'Jll exp.c!dm�nts. so far. CVJar'lk5 htlvrl:! b<!ol!nl fot.�nd t09e.ther or�ly ;, 
tri�l ets or 1n quii!lrk-ilii'!U q,l.lart pair-s, never alone. The t'heore ical tmp1'ici!it1on o f

_ thCit experimental re-.s1111t h tllliit qullirks .!!11'1!< wnHm�d ilind c;an never be hoht�d. An 
out1tand1ng probl� of �uclear and bign-energ) theory is how tQ gen�rate sudh a 

co�fin·�g force f� qco, ou�r�nt dnv�loprnc�� of qu�rk ode1s incorpor�tt�g 
1p�eillorneF"'olcgfcal c.onfi11en�11t prov i des p�ysi c!l fmstgnt .ud suggests that a · ull qu�r� 
des cri pt ion of nw: l e f will �went tia 11.)' be obt.a i ned.. 'Nu;r; 1 ear ihe<:�ri' stS; br-1 ng tftei r 
part1cular e:<perthe 111 man,y-body pnys;iic:s to the probhra of llllld'ei'"!ltlll!lding Fr1� the 
tbehiJY�or of quFk!ii iJJ a nucleus of mllny noc leon:s d1f er-s from the beh�vior of quiirh 
1in a s1ng1·c noutroo or Jlr.aton .. 

A recent intll'igu1nq re·�uH fJ'I n:pc.lear tbeor.)' Hi that at $ufffciently lhi.!lil 
temper11.ture il.rtd pressur-e a. nudeu!i can ch�nge r;;f\ara.r;:;·ter f em behlg primt�rUy triplP.ts 
or ;quark.s c.onltn�d wftn1n nwclooms into a qlla.r-k-gl uon phase. Thft ant� rg nuch s 
bee�$. in ef·feu. the coflfiniP'!g re�Jiion1 'll!'itll the quiJ!rt:s rele.;�sed from the 
1�div1dual nucleon to fo� g •quark-�luon pla�.� Such i transit1on is �redicted to 
occur tn nuclii!'.Us-nuc.h.IJs (haavy tM)' rr1acUons at &uf1'1c1e-.liit1,yo h1gh eml(!lty,)'� Ortr! 
prob11 tJhat 1:i. cu�rrmtly dlalleng1ng ithoorhts fs to deltera·i ne an ��xp·cr11mental 
s; f gn.atu re of the pM s.e trans. it ion frcm nucll ear matter to � qmt r�- gluon plasma. 

I� F'f 1987. $10�500,000 1n operating e.HJpcnses h rcqut red for t<ltlc:h·ar Theory to 
p r-ov i me the eHE;!fl t h.l unde rpi nn ii mg of theory for the new e-xper-1'mentaJ 1 n i't 1at h·es 
d1scus.5edl ea�rlier 1o the f('ed illn En·e·rgy"' l1:!o!ivy Ion,. .uod l,<Qw E!lergy subprogram5. New 
and b�si' theoretical developments caP'! point thQ way to new e�per-1m�mts And ccmp1ex 
experi��nhl res 11l t5 mtt:st be iP'lterpr-eted al'ld under5otood 111 tems of fund.amtrntal 
th�ory. Development Gf QCD 1ntG � prec i s.e� IJUllntiUthe d'escrfption of tJtile 5"trOt'l9 
n �.�t 1 ear or-ce � and then into a quan t 1 t.Bt 1 v e de�cr 1 ptt on or "ut lear ; .ntera ct i ens .and 
�tructur� is indeed a worthy thallenqe t� auclear thoor�st�. 

FY 1985 

Capital Equipm nt · � · · · · · · · · · · · · · · · · · · · ·· · �· · �  S 12?700 

n usa 

$ 13.403 

H 1'987 
Reque-st 

,$. 16.000 

CilpHi'lll equi j:ment f" nd 5 are �eo (fed to �ov 11!1{:! tor· 1 nst ncen tat 1 o li to- imi!)rO'ie 
performanc-e of �clear �hysf�s accele-rators for p�rt1cle dete£t1on sy�t�s. ��d for 
dliU acqui s1t�on jlnd! I!IMI,y!its systems., Tlle:�oe funds are ess@nthJ f·or effec:tive 
11tilhatfon o the national! acc.clcratO<r hc:1l1ties operated by t twt:lear � ;Y5o1C!. 
prog ll'"am •. �Iii FY UB7� $14,77'0,.000 1n progra�t�m��t1e (;l'llpHtlll e-q1.11pnent furnd5; h re�11ired 
fof' �c 1 @ar Pl"ly!. i cs rMell rcn � n'i t ht i Ye5 and for ma·i �nhl l'li311tCQ of the o-v-er .all 
produc 1 v 1 t)' crf t.ll r�I.IIC: ltHlt Phys'i cs p4'Dg rao'" ln ad'di tf()JI I $1. 2JO I OOG is Nt:IPJ�� t�d 
for gefl'er�l purpose e(Jiutpment at Lilwr!l!f'IC!l! Berkil!'hy lilborator-y (LBL) � fQr 'llltlich the 
Nuclegr Phy$1Cs prog1� has laboratory�de lll-d1otd respan!iibility. Of the 
SE .Q • 71 o 1 00[} l"i!que�ted for programati'e c.ap•t ta 1 ll!qu � pment, $4, 1500 .,000 1 s requesteG fc r 
RrookhoJJ'I<I!!n � t � o11i!ll llt boratory ( EJ.NL) • pr irl'i!l rHy 1.n support of bellvy ion nuc 1 ear 
rcseill:reh a·t the A&S; S2,..6JO, 00[} is equested for Los Al i!fllClcS r�at f onal L� bo,rato�ry 
( LANL) in Slilppo rt of lJif�PF �:x;per'icents am� accre 1 e rator ope,rati o s 1 a.nd $2. 84{] 1000 B 
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plaroned for �peri.ents and op�rattons at t e la�Tente Berk�l@� Laboratory {Beval�c 

ami! 8.8� nc cyclotron}� 111-e lf��hlng H .. 7oo.ooo i's. bud�l!'!tcd (o,.. the ATLI<S fa cit ·ty 

i!it Argo.rule- �lttioni!l La.horat.ory C ANI.}. 1;.ne Bat�s linear Acceler�tor Center at the 

Massachu�ett� In$tttut� o T@c��ology (M[T)t tfie Hol1f1 ld hea�y Jon Re�e!rch 

F;H:H; ty at O!ii k. ilt1 (ig e NGt ion i!il labordltor·y ( ORWL). and r� c le,;� r Phys.i t'S pros tams at 

Du Ire Ui h�ts Hy and the- Shn ford U n I? a r A�ce 1 e ri1lto'"' Ce11t e r ( SlAC) � 

Kuc1ear physi�$ res��rch requires '�refully pre�red be�� o p��Qn� .. �eutrons 

antiprotOI'IS1 p1o,ts, hon.s� ml.lons. phot�m�. electrons, &nd ea.ss:1ve nu':le1 {sucil i!:S 

oxyg:en1 stJl furt iron� g�old� and l,rran1um) .• Detution illnd interpretat1on of tM 

results of coll1�1ons of t�e5e probes w1th target nuc1ei requires sci�mt1f1c 
ins.tr�.r�enht1'on at tlhe Um1ts {If precsen'lt di!y technology. [A oi!ddi'li::ion; the nel!l 
sd en ti f'k qu�os tt OM be-1 ng as led jlire mare di s:ce rntng 11:nd t.hus: r<eQu i ro QJCper1 !ller'lt s of 
g re<tt.e r sop 1 st.t c.a t 1 on� /lin e;x.ijf!Jp 1 e of th'i s oau rs. 'in the' ·f1 e 1 o!.l! of r-e lat i \ll s • c. hea.•tJ 
1on nuel�ar phYs1�S.1 wne�e large, f1n��gra1n� d�tcetor sy�te� mu�t be construc.teu 

·to c;onfront the c.�l ex:ity o E!l'lerget1 e heavy icn re&�ctions llll rNb1dl nundred$ of 
fra�ents. are produad 1n .II! s 1 n9lle .col 1 hi on. 

At Broo�h�ven Kationa] Laboratory� tte iand -lAGS �avy Io� Tr�ns.fer ine 
c.ons.trud'icm pro.j�tt 1� cruUng the oppo1rtlil"H)' fOf' �11 exc.Hfng experittental progrnm 
fNHh U Ga'I'/AttU beam-so hea\'Y 1on5:. � lrt - �;:le beams��� m!SS.1ve liS s.ulf�tl' (Jl I}Jtt:m1c. 
mass units� will be available 1n late FY 1986 from l� �lter"�tfng Gr�di nt 
Syllchrotron. i111oo comphntt'!ntary l.arga experi'l!lent5 !have bee111 apJiroved far r11n ing .• 

]nese experiments are de$igned t� provide tme first broad ioak at t he p y�1c� with 14 
G'e'J'/Mll hea ... y ·alll be.ams at the AGS. ()qe ot th� ut1lii.z'@S a s1F�gle-illnn agnetic 
s�ct:tt::tnot,�r �it.n h1gh-mlll1 t 1 pl1 c1t.)' tradfng cha1J/b.er5 and p�rti cle iaent1fiic�t1on 
d�tll!ct o -s • Thi!' pr1 illrj" goill1 h to dotermf n e effective temper;;�t11.1re:s rea<:hed in 
centre1 nuc1eus-nuc1�u� ccl11'Sfons 1nd o as !ire part1c1c produc.t1 on crou '!loc.Uons. 
i n th� otwu-d hem1 s phert:!. llfle run11·1 n !l of th1s SJ'St (Tot a 1 E'St il ateod Co-st ... 
:S4120010GO) W1l n be COOlpj ted in F� 1987.. The s.�ond rn�jQr appro,_.ed e)!perir;tent 
ttHhes a U e projef.'.tion e;tl.amber lfl'(ltlnted in, the ,ex;isUng Multi-Particle 
Spe-c.t rOI'IIe'ter maJgnet. The object he of t B �x pe r'i il!l'lt Is to :r-23:S unl! a 11 �hUI]ed 
part1 cles emerg1ng 'rrGm c�ntn1 c:a111,sions ot' noclt"t. Anomi.llous �ehvfor rill 11 be 
�earcb9d or in the obser�abl�s as �n 1ndteat1 on of qua� deto�-,���t effe,ts. 
CQlllP 1 et i o" of u11clf ng or ttrh $1. 300 .. 000. BXJ).eri mt:�n taT snt em is p 1 a 171ned for F'f t 967. 

At Los. Alati'los Ucn.!!l Labor.netr.)', a nt:!U'troo timt:i-o1-fl1gl'l f.ae1l1t.y fTEC ,.. ssoo.ooo. 
$550., 000 h pr1 or yc(l rs and $ 35.0 I 000 t n FY 1987) a1"d a m�gnet f t �po r:. t ro: ter ( TEC ,., 
$1.100�000; H.oo,ooo iin FY 986 a111d !600,000 in FY 1987) o!IM! eelled lis �rt of an 
t"!.i!,{)i!Rde'd h�ldl�tit: nocleon-n�JC1 !Oil !lciJtterhlg re!.e:3JrcA program. The:!lie 'imp-r!l-venent:!i 
Wil lli Nke IJ'OS'Soible � complete dotem11il .atietn of the hOSII"lri•Z.ero ll'lliC:1eon-nudeon 
st�ttering amp11tudes as a f11nc.tion a ene� and angle* 

At La Wf'.enec 13 rke 1 ey L.a bo ri!Jtor.y. .a lillrgo soH d-an� 1 c dot'l:lC to ·for the p'l'oducts of 
energetic tte'i.liVY ion calli:s'ions i'!i needed� Tne JTii!Tn phy!ioic.� i:hrust of this detector
�111 be tr� stu�y of ceRtral heavy ion c.Dllisi�ns �P to tne highest Bevala� enel"'gie$+ 
W1 th th1s de!I1C.e t-1\e equa.tfon of s.hte or ntlcte<'lr natter can be well s.tud'ied1 sine� 
1t wUl be po�stlih:!: to meuure simul ta eotJ'Sly m11n,Y inter�:sti 11J hydrod_yn,��mk 
Rl roper 1 es of nuc 1 .a r matt r I SlliC h �s compf'>D:s. sUd l i ty and: th emil 1 c;.on due. t1 v'i ty at 
high press;wl"es i!ind t�e�r!.ltures. A !i-Y'itern bi.l$eO (:Ill a tirre pro-jei!!'ti on chamber i11 
�onjunctiom with a ti eeof-flight arra� is plam111�d. The device (TEC = �2�10D,OOD; 
$300.000 1m t� I9a6 and tl.Soo,ooo tn FY !987} will p�nD�t corplete �ve 
reeon1 t rttet f o� I en a b 1 t' t e acq!J 1 s. U 1 Ml �of d�ta w1 t good stat 1st 1 c s. s 1 n c.e 1t can 
operate at high �au r�tes:,. al l (l'o\1 p�rticle ide tific.atfon -or p.-otons., p.ions� i:oon�. 
and 1 il.m'l:>das , url hllve, go�d two -pill rt 1 c.le �epl!lr !'tit 1 on. 
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At ArgGnne N�t1o �1 laboratori. the �JT/B�te$ l1neijf Ac�eler�tor Center , �k Ridge 
tatio111;al t.abo-1"atary, a.nd tne St.&nfor'"d ll:'l'l!lllr .Aeccluato·r te:nter� capiti!il e.�uipmer.1t 
funds are requested f{]r .!1 v.l!ldety of nc�ds which tnrelude high performalilt:E! !Jllmma� 

ray det��tors, high pr�sune gas targ@ts. sp�ctrDm�lor magn�t� and dete,tar 
systems.. t�e· lllfgJr�di

. 
g of c:�J>mp uter ��t s fo·r data ,acqui!s1tton ""'d �n�ly�rh;. �Ad 

·or snt�ll equipment items fer the op9rat1 on of the 8C.C.�11erator f.;!<�;il1tlesoi 
Completion of ftmding for a high-intensity �lllrhed 1o.n source at the T1rhr�gle 
�iver-s.it1-es Nuc1E!'�r Ullbor4tory {�tee 1Jn1vers.�ty} 1s plannoo for FY l�S7. 

me ��lear PhY5i�s progr�m h�� responsfbi11ty for �rov1dirn� all o1 Lawr�ne@ B�rkeley 
liillb'Ora.tory's. gaAeri\11 pur�!:e .e cqutpm .. ont. F(lr efftc1enl o�rrll:t1'on of the: il!IOOratory 
ph11t i!lnd for personflel safety , obsolete eqv·p ent m-.,'St be !"lephcf!!d.on a .cont1nu1nrg 
b a s.h . h n l9S7 •. $1 .. 2'30 • .000 ·hi re.qunted '!for aH r::11ptul 4l!!qll1'P'ment that �s. 
requfred �t thi� laboratory and is not �e�ific to ��Y o�e prog r�m� Examples 
1nclude�. spectrum .anilll.Yz.rrs, and �orona cf6tf!oct,ors f.or the � r ectroJJfcs �.ng1 neor1niJ1 
g:rolll.P, f'i ·1m thi ck:ness measy ring 'ii nst� ent.i fo-r the ma&han1 ca 1 s:lilo P5, e•qu1 pm ent for 
CGMp utereAided Elilg1neer1 ng. radht1on deUi!:Uon equtPQent for LBL1s enw'irr-ommenta.1 
h�.t 1th and sa fet.)' service gNJUJli'S"" a U.N n: 16 -w 5 o-r work s.ta t1 on for tlhc 'i nformat 1 .on 
�erw i c" ll � r.oup, a pret i s i on c rilne- 1 oad pos 1 t 1 .orH!t for the Jill ant a d tad lit 1 es group .. 
lmd 111 ¢�-speed nom i :rnpact p r 1 nt-er sys. t�s for thC' acc.ol!lli1t1 1'119 IJ!l d U n.a nc1a1 man �g ement 
grm.1p. 

IFY 199'5 

Con:s t�"'�uc:.t i (lfl lti i .. . .. ... ... . . . . . . ....... . . . .  ,. • • •• • • • • $ 2l, :aoo 

rt 1986 

$ 6�702 

rY 1987 
Requ�t 

l 33,JGO 

The t.ot8.1 FV 198.7 request If or i;01115> true t 11Jn fu111cds fof Nuc 1 �a:r fhys 1 cs. fs $33, 300�000., 

N.Ucl �!lir Phy!i t C'S 
Swmary of Colnstrill�Uon 

(Doll�rS tn TbOU!iands) 

Pro;,ec;t Title 

Cant f n oovs IE1 �ct.ror• Be Ac ce·l e.rat or 
Fa c. 'i 1 i t)'! • , "., , ��� •• • •• • •• 1 •• • •  !tl • •  ·� * • • •  1!1 ,, , " , � • 

Ace@ 1-erat 01r lrnp.r,o'l'emer�ts. a.n d 
r-t�d1 ftcations., .. . • • . . . • • . . . • • . • . •  , .,, !!! 1!11 •• , !II 

Generi!rl Plant Pr-oje-ct:s .•• • • •• """ . � •• ,. ... . .... . . . .  . 

To t.a 1 ., ,. i ., • • • • •  ,.. , !.1 '" • • • •• ,. '!- , "' •• ,, .. . . .. . . . . . 

Projec 
Nurnbe-r 

B7�Ra203 

81-111.-20<! 
87-R-202 

FY 1987 
Reque-st 

$ 25 .. 000 

4.3.00 
II ,QOO 

$33.300 

Total 
E$Umated 

c:ost 

$2.36t000 

4.300 
4,000 

AIJthor� zat1on and apJJ oprhtiOifl ara n!'que!ited to initiate eonstruet1om oif' t� 
Cont1ouo-u-s l!lec:troo Beillm Accel�rat.O'r Fllc1 Hty (CEBAF}. Re-5-eardh a!'ld c:tevelo��ment and 
AI E ttdivUies for· tfle C£AIIF" IW'Il-ject are no1t unceor "'a.y to bette-r define the I!JI"Ojoe;t4s 
sc.opoe, s.clledUl e., and tGUl C;O$t. ilhh eHO'rt w1 H !Provide the techni ,�l b?�$fi 
fleces'SiiiTJ' ror , nHia iGJ'II Qif c:ons;truct1o {]n a cost effa,c.ttve �c:l'lc-dule fn FY ]987. 
irbe cE BAF project 1 s tile h1 g �len pr1 o rl"tj' com s true; ti 0111 proj ec:t far bas f e �uc 1 ·ear 
� e-ar,ch1 ilr:! tha Uili ted .St.!ltes. . \:EM�··� run1 Qtlil!' coobini!!tion of c;.ontinuous bem. trj�h 
l nr te!'Sfty .. and h�g� Mergy rw1l � prcv1de the op,pcrtunHy for studytng tile h�Qly 
un@xplorod trans1t on between the nutleo�-m��on �� quark-glu� de�crfpt1cns of the 
oJUd Yr torte. ll.(.ce-1 rat or Im provarn@nt and Genera i P·la l'lt fonds ,ar� N!oqf.l.l ired h 
ty 1987 1n Olf'der tO meet the d'emanefls or fron't � eJ" J1 tJ� lear !"<i!JS,t!!,t r.ch I tO ii m prfl\!e 
ef t c i ency of � c'i li ty operi!!lti O-"!io, and to ,ma i nt ad .n IH gill shn�a rds of rpor-so111ne 1 safety .. 
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Coot1 nuous n�ctron Beam A·ccel eri!tor FacU tty 

In n 1'9'S1. $2511000.000 i$ rr�u�st ed o s t11 rt construct 1 on 01' CEBAF •. Up�· c omp 1 et1 on 
CE.IM.F 1t(f 11 eillture an .t!!l �cuon i'!ICt�el�rator C::OJOp� ex capaMe of d�l1�"'ring "int"f1S:e. 
co ti n�o1.1� bei!.iTS 'in t'tte energy range f on 0 .• 5 t� �.o b11l h);ll el�cVClfl \IOlts (�'il). 
The intens�t.)",. energy r�nge. aili\d conUnuous nat1.1re of Ci6/!.F1s beams wlll 'rMkE! tih s 
-.aci 1 ity umm8Jtcl\ed 1n the �r1d .. 

The ac�·e 1 erllto r comp l e.l!. will cons ht of: a 1 GeV s.u pe c. of! due ti ng 1 f near aece 1 e rat or 
(Hnac} w idl 1s •sp1i into two 0.5 GeV �i!Q ents. ;  a belm'l tr(llllsport. S.Y5tem to gu ide 
tM Qlectrrul be� � from o11e se-gment t.o tr.e otlier- for up to four •en plet� pi!i!is.e'S. of 
ace;:� 1 e rati all'l t "ro ugllt the l1nac to att� in a ma:x i 1ft �nc rgy of .ll Ge>\1 at .a df!s f gn be-am 
currenl ctf 200 mf c I"'ampere s ; c.:ryog,eni c S.)''!i t.ll!r.a!i i!.nd N! f r- 1 gC'!:rat or s to su J}po rt o,pe f"at 1 on 
or the superconduct1ng 11n�(i Q baam trans�rt sy$tem to deliver the contfn�us beam$ 
o·f' eh'!ctronSi frm th@' 11M.� ·eo the (t.J.l,Perillte'ntal haHs; and instr�enta1!:i� �nd 
c:o'l'trol 5.}'5t:t'fTIS f.or tbe i!lo:reeleratur c;::�:�&p1ex. The br:::cel eri!!tOr w1ll :S•i:!r\lh:e thr.ee 
ilnde-pe,nder\11;, -exp�ri ental ueas--t't.D buHdtng� for axp�r1mClnts vs.1 ng h1gJ! intensity 
e1,ed roo be.flms .and a sma 11 �I" a �a. p:rht.a rH y des 1 g11ed: for- eli: peri me1J'ts v 5o i .ng photom 
beilns .. 

ittc CO'f v�lllt 1 on a 1 e:onit ruct tOil ne�e<t forr the. �ci H ty Yii 11 i Ac ll.lde tunl"!e 1 'S to hr;.1,1s e 
t� sup erc:oJldi.Kti ng 1 i nac. • be transport s.r s tens1 a11d1 be<iUll extra c.t i Of! �:t5t ems ; 
bui ld1 "9S: for acceler�tQr cyer;;�ti oni� r; rYQgeni c ��.Jpport systeJ:�.s � nel i liT! refrigerator 
system;; 1 exper imenhl a r"Ms, �m1 g.eneral o:t'fi coe/H ght lllbOrlltO iy s.p.ace; be,illl1 dumps; 
ud lilt i1,'1 tie!:.. lle rnelid t off 1 ce, 1 al!lor�t OrJ', .!ll'ld s.ho,p 'SI:HtC:e wn 1 ll he bl:l prov i d� d by 
ren-" bi 1 t tilt i 0111 of ex 1 rs t 1 1"19 structi.J res . 

l11 ad'.Q1 t1o.n to thf' ac:t.el�t'ator c:�l ex and biJ1ldin.g� to nouse the re:searc:lh 
.flctlvH"ies, �hh project )!'ill also prGVide lin fnithl cc:apl,ement of e)(per1mmr al 
oe-qu'i !X".d!nt toO C!Xp 1 {)1 t t.M carplllb� 11 ti es of the acce l erd. tor. lih 1 s. equj pment in� 1 ude s. 
several l��ge speetromet@rs. a� d�ta ac�i�tt1on a�d anal)�1s coapute�. 

FY 19.97 acthtti l!'s 'Wi 1 l 'include� acquisitfofl of the 'Spate R�di;;.tion Efhr;ts 
k�borato� site; re��bil1tatton o ex1st1ng stru�tur�� o provide s pa ce for 
hf)r1c:i!itio and tes;tlll\9 i)f protot.)'p�s; sfte pr�pillrat1r.m .and ut.1Htf�'S e.xten�ion ; 
�eta1led de$1gR of ac��le��t� con�oneAt$i helit� refrigerator�� and cryoge�i� 
$ys.tems i archltec.tur.al ilind! mg1 eering wo k; shrt of canstrudi on 011 one of the 
tunne h k� i ch will' house th-e l1 nac � all'd acqt� h J t � oo of 1 .mg l I:!! ad canpolle:Qts of the 
�c�eler�to�. lo a�oid de1QY5 in lQter yeijf"$ 1n i"st�1lat1on �nd t@stt�g of acc�l
erato� cODponeAts. lhoso ��t1v1t1�s should OCLUr in FY 1987. 

�cec1�rator Improvements a�d kodi�icct1ons 

ll.ccelE:T-"tor fli!.;11H:1es hav� c.onttnoous need durirwg their operat:ifllg life for s �H 
nod 1 1 c::a.t i 'llns or upgrades. to an ill I'! c� the-t r perfoi"'Dff.nce or rE!-"S ea rch use and to 
huprove reliAbilitY ;arnq ef 1c:lienc:y of operatien. In FY 1987��> .a total Of .$4.30{1.000 
h requ �st.ed or these d.ct i" H: 1 es Lfnder Aece 1 �a tor 111 i'l'I"'O'f(!Jnants at1d M; rt tat 1 on'!i. 

At �gonfle ttaUon·811 Laboro!ttlry, $950.,000 is. reqvesbed for a ne-� posHhc �on lflljQcltar 
for the ATLAS faciHty. This inje.c.tor., ld!ic� '-!ses a Mw t,)l'p& of supef'condllct'iing 
r-e:$ om <!tor. wi 11 pro-vi de i 11 creased beam c 1mr ent.. wi 11 f mprove op�rat i og r� 11 � b11 H.)! [} F 
the fac1l i ty. a d wt 11 prov1 d� haav'i et m'S g; heavy ·i 011.5 t.o beqi n re �ei!lrc h in the area 
of quantum electrodyn�llics.. 
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At aroo�haven Hationai Labor4tory. $500?000 ts requested for a new AGS bean line to 
transport heavy ion beams frm t.he accelerator to experimental stations. This new 
bcilm line will have the high va_cu-11'11 capability and sens1tfve fnstr- U��entation 
necessary for heavy ion nuclear research. 

At the. Lawrence Berkeley laboratory, $1.000,000 is needed for proje-cts at the 
S\lperHtlAC/ Bevalac and the 86-Jnch Cyclotro n. 0'1. the SuperHllAC, drHt .. tube 
quadrupole mgnets lOll be replaced. These have been damaged from runnfng at the 
higtl fields needed to focus very heavy ion beams such as uranfum. A s�ond project 
is an tnt�nsity upgrade of the Electron Cyclotron Resonanct ion source at the 88-Jnch 
Cyc.lotron. This will be accon:plfshed by rah1ng the microwave frequenc:y of the 
source f r0111 6.4 to l4 GHz and 1n<:reas\ng the microwave power level. 

At los Alanos National La:bor�tory, $1,500.000 is requested for LAMPF. Work !rill 
includ� ffnal 1nstallat1on of an optteally P\IIIPed polarfzed proton source �md 
improvements of bea:n lines in the Nuclear Physics laboratory so that h1gh pr1orlty 
nucleort-nucleon scattering tl(perit�tents c.a.n be conducted with polarized beans. 

At the Bates lfn�ar Accelerator Center, $350,000 is budgeted for two projects which 
are part of the polarhed electron beilll e�tperi�enta.l progran: a high voltage supply 
for the polari zed source and a device for on-li�e measurement of be� polariJat\on in 
the e.xperir.�ental area. 

General Plant Proj&cts 

The Construction req4.1est includes \4,000,000 for General Plant Projects (GPP) at the 
lall.'renee 8crkeley Labornory, the Bates t1near AcceleriJtor Center IJt MlT. and the 
lAMPF fadlity at Los Alilf!IOS llational Laboratory. At these laboratories, the liuelear 
Physics progrc1111 has re spons1bf1Hy for 6PP funds which provide for minor conventional 
construction such as building additions il1d a1terat1Q.nS, and other improvBnents as tell 
as improvements to land and utility systems. A total of !2,600.000 is requested for 
projects at the La'Nrenet Bar.keley Laboratory, including the replaceqent of an 
emergency p0�9r system, replacement of roofs ()1'1 three btJ11d1�s t building lldditions 
for light labs, ancf ���ajor electr1Ul equ1pment rep1acenent. At the LAAPF faef lfty. 

$970,000 1s planned for additions and impr�veme:n.ts to tM Kuclear Physics laboratory 
for nucleotl ... nvcleon scattering experiments a.nd to the beam stop for �a\: 1ntera�;:tion 
�xper1ments with neutrinos. At 8at os, $430,000 1s requested to complete the upgrade 
of the accelerator cooling system and a microwave ltnlt to the NIT campus c011puters. 
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O.EPAR1lfENT OF fNERGY 
1987 COrfGRESS!ONAL BUOOET 

R�a�[?i CONSTRUCT10h PROJECT bJTA s 
mERAC S't I EKtE MJf1l ESE�dl 

NiitLE �R PR'fs tts 
( TC! bu hu do lla.rs in thot� s,i'ln:Js 4 Na rr at h o rn;;�tor 1a � In who 1 e dol l .!! rs.., ) 

1. tltl and location or project; 

3. bata A-t �r�k irntT�ted: l:;.t Qtr. fr 1987 

la. Date phy-s1c:al c.ons.truct1«rn starts: Zlld Qtrr. F't 1987 

.11. Oate co nst ru r.t ion e I' cit; : 2nd Qt. r. n 1989 

1, rinanc1al �cneaul�: �heal Year 

9R7 
USB 
1989 

a. Brief Ph�h:al De5cri�t1on of ProJect: 

Avtliorl Ztlt i oo 

7i �.300 
0 
0 

Approprfat.io s 

$ 4.�00 
0 
0 

5. P rev 1 ous cost est 1llflaii : IJOr1e 
l.e!>s amQMIAt fttr P£&0 � r�OKJe 
Net c: o-st es Oma te: None 
[}at&: 

6� ({lrrent c.ost PS.t lm4te� �4.,300 
Les� amount for PF.&O; 0 
ri'et c o�t est i te : • 00 
Date� 6/86 

0'6111 gilt:i ons Costs 

l 4,300 $ 3.000 
0 l.JOO 
[} 200 

Th f s, pl'oj e<:t provides or addi t f on�s; 111 odH f cat� ons., ah � ·ifn�towe enU to ilj or researc.h c1cce-1 P.-rat ors Ml d dn e; lllll ry 
exper limen tal fllcillt i'es. The requested und's i!ll'e nec�ssary to m.t i nu in and • mprove re 1·· a bi 11ty and etff c 1 ell) c)' of 
oper6t�ons and to provide new ex�r1mental c.a.pabilitf �as r..equ,lrel.l or exe<:Ut1on of plannP.d NtS@�rc..h ''r'CJ.gra�tu. 



CONSTRUCTI�M PRO�ECT DATA S�E TS 

1. TH1e a-nd' loc�ttoo of proJed: Acc.elem·ator imp.Nl'V•Bn�nts. and 
III.Odlt rtcat�ons .. various lo.cat1ons 

a. Brief 'Pny:;ii�aT"'Oe:;;;uiption of ProJer;;t (c,odiP1ueiJ) 

U st ed b� 11 ow arl7! tlu! lab ora o r1 "'s a:.rui a da-s el"t pt1 oD of �ead1 s.tJb proj �:t : 

}lrgonne �tfonal laborator:LlATI!.A5) . • • • . •• • •• •• • • . • • • • • •• •• . • . • • . • . •.• . ••• •• . • . •• • •• . • . •  ,. • • . . • . •• . . ..... .... !i �� 

A pGs1 the ion injeGtor wi 11 be in�tat1ed .iJit the ,ll,rgonne T<iJJndem/Li n�c Acce1er.ator System (ATlAS) fad l iity, The 
1njeetor w111 t�rt1Hm a c.omplil'!'tel.)' new t;-p� of ·Su(terct�ndluc't1 � re!icnator especially develop�d t.o at:celera:t�· very
low-vel octty iDJI'S a:nd W1 U pro\ltde 3. mi l  11om YO. lit'S of �£Celer.at'ion.. Pn .!I:S'Scciated cryO>genic. systeo and beam Hn� 
are part of the project., 

Brookhilitelil Nat i ooal 1!. aborat.ory (AG.S/Ti11JJ¢em}. �.I .. .. u ... . .. I ....... i u.;; . .. .. i .  i . .. i ...... . u. n • • • • • u • •  , • • • • "' • • • •  "' � 500 

ilrls s.ubprojec.t prov i des for a new AGS beam 11ne for heifV.)' 1oo e:w;p�irn�mh. D"i,pol'C i\1\10 q • adrtlpol c agnets� vat:trl.lln 
S.'fSteas ,. !itr1 e 1 d1 ng, secur1't.j' g.!ltes 1 ll.Tid n 1<g�l 1 se11 s. 'it 1 v e be,am i nstr•.ne�t4!t ion a1re ; oc:l uded 1 n tne project. 

hwrefiC IBcrk�le:t hooratory (SUp@;rHILAC/IB·E!vlil�.es-lnctr CyclO'ti"IOn) . .. . . ... . """ . . . .. UIO u. � ........ .. u�. •· s. l ,000 

This. subrprojeet prov1des for the f'epheement o.f �bout a11�thi rod of the- drift-wbe q�.aldil.!!pole mag;l'et5 in tile 
pra�trippcr sccthm of th4!! Supoii-IIU.C. 111� ne-w ·t�Uadlil.ipo1� w1 11 use i! nev technolcty based DJI rare.ei)rth parmaiJent 
rn�gnet�. �es� rna�Bets w111 nave 2� greater fo�l.!!s1ng strength than ex1-sti-9 qu ad rupole gnet�. 

Also.� tlhe t1tkctll"o.n Cyc1 otr&.n R�!io11ance (ECR) source ,tJt tlhe 88mJnch Cyclotron wi 11 be upgr41ded toy r�hi1pg 1t.s 
ope rat� fig fre�tJ�ncy fro 6.4 6HZ to 14 Gift. New sclelio'id ;911et-s dnd i!l new octupo1e mi!�net. Pilli 1il be construc.ted a� 
i n5ti!Hed; a 1� GHz kJys:tra� w1l1 be tnst.alle.d� 



CONS�RWCTlO� PROJE�T OAT� SMtEiS 

""1. Title 11nd foc.!!UOfl ot"prOje-c.t r Accelerator lmpro'l'e!lH.mts and 2. ProjecL �,. B7:Ji-"2Dl 
lfiOO 1 f1' c;,t 1 OliiS ., 'II iJil'1 .OU!ii 1 DC n1 OP1 S. 

los Alamo-s kat 'I oniJJ 1 l.abo ratorL( LA�F) .. 1 .... 1 � • 1 ... � ,, 1 •.• 1 • 1 • ,, �. 1 .. 1 1 • 1 ,. • 1 .. 1 .,. 1 .......... 1 .,. 1 � 1 •••• 1 •• � ....... * ... 1 $ 1 'I 500 

Thiis. s.ubprnject prov ides for the i n!i t.!ll htion of <'�' opt kally p11mped polarized proton �Qurce in the Cl fnto11 P. 
�nder$on Me�Fn Ph�$1�!i Faet11ty1s 1njettor �o�n. thl� n�v $OUrC@ ha� a peak lntens1ty of near l y  100 times that of 
the �xisting L�mb�shlft �ource. 

Add1t1on� ��d revision� �o the pencunent protan beDm l�ne� tn the r�cleon ��ics Laboratory ane pro�1deo for by 
thb �rojed. These ind ude ill fourr-maynet lbellm swinger systea at: the 1: i me-.of� f1 ight fadl fty w'hic.h will ,pertt!1 t 
Yilrhtion of the inddent angle of the proton bellm i!Jnd � new pro� on bem 11rne to sen ice the nev Medium R.eso1 t ion 
StJectrometer� 

An J5olat1�n Cor� TransformEr 1s needed to po��r the new pol�rf� e1 ectrcn $ource at Bat��. Also. for the 
polarized e�ecl;,-on be pro!JI"�. constructlon of 111 �1 Eer SJ>edt�ter in Sat�s• South Hall is planned .• 

9. Purpose! I JustHicillti-on c- t�eed for., and St;:O,J!e Qf IPI'()jed 

Argoonll!! r�at ion ill lt1bo:r ortor;y ( hTLhS) 

The new positive io" ioj�tor will iAcrease the beam intensities and proy;d� better oper�tion�l reli��111ty fo� 
ill mo!St a 11 i oo s pe.ci es. no�' a c.ce 1 e rated by A.TL/l S. The f lilt ens ity 'inc rl'!il �e w1 H be es pec.i a 11 }' gre,jjl1t. ( WU t f mos) ftJor 
pf'ojPct f1 � �LI(: h illS: the t-il 1 ci um lS ot opes tha.t �.-� d f ff ilcult t4) produce wi it � pre��mt t�ndf!fll 1 nj ector. 



CO�STRUCTIO� PROJECT DATA ShEETS 

I. Tftle and l"oca·tion af""jiroJe.d: ACt_eletator 1-pro'V{'ifiMl� and 
odi fc�tions. variolls locat1o s 

9.. Pl!lrpcse;r JJJs.tifit.;;�tiofl of Need for, and .Scope of Prl!je.:t�{ont1nued] 

Bruo h�ven Nat1omal_Libor�tory (AGS/Tand -) 

2. Pro] �ct N'o. '87 -R-20 1 

The fi�W fi.GS be lfrl'le 'i'li 11 tr11nspo rt ht!h.)' io ooam� ftrc:!n th �ccelorator- to ctxp riment Stilit1o s.,. lt wj 11 have lhe 
Aiglh vacuu. c..a.pabiilH:y .&.'f!d s.e·M1thi! in�tr\mer\tatton ,,eces.sary for hea.�y ion nuc1�ar ll"e'Soear"h,. 

La�rence Berkeley Laboratory (Sl!lperHrLAC/SeviJihc- 86-1 ch Cyc:lotron} 

A major 1imttat1orn in t e 4bil1ty of th& SUp�rHltAC to tran$pQrt high mass beams fffcie�tly is the los.s rate due 
to dim! aged qu�orupo H!s 1 n the prtost r1 pper s�t 1 on. The existi ng d rlft tube quad rupo 1 es -were or i 9 ina l'ly des 1 qneod to 

providf> the high st field gradfe11ts. poss1ble wUh the then-current (1970) technology. Sfnce the �ddit.1on of lht! 
ABL£ 1nj�ctor th��� magnets bave bean run at the highest possible c�rrent levels tn tr�nsmi the hfgh mass beans 
(e.g. 7 gold, ur!.'l'l1um). Th"s has resulted in an �ntl"eased f.&.ilure rate ror tlie &ged mgnet� alld rMuced 
t ran�mi ssi r;m through ttl e SuperH UAC for t.ne hi g he s. t mass be-am� by abo Ill '50'i. 

rt-e 1h1 gh�r RF frequency 1 A the El octron Cyc.l otra;� Jlesonanc:e ion so urc:e at. he aaw 111 cfll Cyclotron wfll all O'N 

eff1c1ent 'ouplln9 of mi,rowave po��r to higher density plasmas and is expected to increa�e he 1nte s1t) of the 
ven• higll c:harge �t9.te fr;Jn$ $Ut:ll a$ Nell1+ �nd Ar16+. lt!lk1tt9 ���l!her c arg� stat�! wit :suffic.ient inten sity wiH 
s1gniffc<'lntly increase the ener§fes of he�vy ion bea�.�ts from the c.ydotronr 

Lo� Alamos N�tional Labora�ory (LAHPF} 

The! opt1c�ll.)' pumped pol r-lzed proton sot.u·ca and i pro'tement of bE:ilfll lines in t fo!udenn Ph,ysi·t"s laborator"y will 
pro�1� capab1li� for ��cut1on of high prt�rity ne�tron-protOfl and proton-�roton s�attering expar1 nts. 



COt<STRUCT!ON PROJECT DATA SHEETS 

1. fhle and location of project: Aeeeltrator 1nprovements and 
.od1ffcat1ons, �ar1ous locations 

9. Purpose. Jt.tst1i"icat1on ot N�d for, an'i �cope of ProJect (continued) 

Massachusetts Institute of Technol ogy (B atts l1near Accelerator Center) 

2. Pro]t"et h:i. 87-R-201 

The lSOliltion Core Transformer now powering tlte polarized source is oo loan and a permanent one is need�. Before 
coincidence measurf;tllents c<tn be pertonned In the Souttl Hall, ft is necessary to bO ab1<' t.o determine the �a111 

polarizatton as 1t 1s cfeliv�rN on target. un of a Holler spectrmetor is a convenient an<l conventional method 
for obt.afning this information. 

Since need5 atld pr1orlt1es may change, other subprojects may be substituted for those listed and sou1e or these may 
be located on non-Governmcmt Oktlf!d land. 

10. .!!ill.11 s of Cost fnimate 

a. Engineering. design. 1ns�ctlon. construction, procurement, component e:sscmb1y. and 
install atfon • • • • • • • • • • • . . •... •••••••••••.••.•••• • • • . • • • • • • . • • ..•••....••••••••..••.••••• , •..•...• 

Total Estimated Cost ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

11. Method of Pcrforiuaoce 

�sign will be by contractor staff. To the extent fC"as1blc. constructton and ptOCttrement will bO ae-complislled by 
fixe(l .. pric-e subcontractor awrarded on tnt basts of coopetitiVQ b1ddlng. 



OEPART�ENT OF rNERGY 
198 J CCHIGR£SST'OiiAL BOOGH REQUfST 
COMTROCT lON PI�OJECl DATA SHEETS' 

CINtRAC StTEkCt ARO R£S�A�CH 
konn.R pfl vs 1 cs 

(T�bola� dollars 1n thousa ds. Narr�tfve aa�erial in who1� do11ars.) 

1. Tl th� l!nd' 1ocl!tloO of ,_.ro.iect � General plant pro-Jech 
vbrious loc�ti�ns 

-3. tf.Jte A-t' ... urk: inftialed� ht Qt1r. f.Y }i$87 

3a. OatP phy�ical cons ruction sta�tsr 2nd Qtr. FY 1987 

�- Oat� construction ends = 2nd Qtr� FV �89 

7. FinaAcial Sc edu1P 

Pr1or Ye�r �rejects 
1�}85 
�980 
1987 

8. Brief P ysical Descriptio� of Pr�j�'t 

Ob11gations 

:u:x 
$ J,500 

3.35-1 
4.000 

FY �98S rv 1986 

$ 2.300 1 100 
800 1.700 

0 �00 
0 0 

f, l,l(JO -, t.5on 

2. Projet:t tfo •. 8?-�-ZO£ 

5. Prev10ous cost estiml!lte = • ·� 
Les.s amowrt for fJE&O; Nune 
Net cost estimate: �QOP 
Date� 

6. CurN-nt cost �s.tfDllte: 
1.PS. S ifPCltl t or PE& D � 
f�t CDIS es.ti ate: 
IN!U�: '5/85 

.osts 
After 

n 1987 FV l987 

$ (] s 0 
1.000 0 
1.000 I ,551 
1,000 

J :tooo i 
3 ,0(}0 
4,551 

$If .o'O'b' 

n. f s. project pr&vi d �S: for mi nor 11e w con� true ion. ot or cap ita l m 1t en t'i on s and add· tf om , a 11d for- t prov e11t s to 

lad� bulldings1 and utility s.ystcms. Whc� app11c.!lb1e, tne reques.t aho inchdcs t �cost of 1n·St>illled capital 
�quI pm el'l t f n te-gr a 1 to a s11bproj ect. No s 1.gnifi cant R&D program B &nth: i' pat� a1s a p r requ f s 1 to for des i gri lUld 
co.ns t r•1ct i 0111. 



Cot�SiRUCTION PROJE:Cf DATA SHEETS 

1, Title ano location of project� General p\ant projects 
variou$ locations 

B. Brier Ph,y!ikAl Oe!icriipbr:.t of Pr·olect ((;.ontlnued} 

i. Project NO. 87-R-202 

L a.WJ�nc.e 8-er e lex Labo r,atory ., • . •.•.. i ., i • ,., •• • • , • • •• • • • • • • • • • • • • •• •  I .. . .... . . ...... + I + + I I• •I i •• I •• I .. I i • I •• j • • • • •  Ill • $ :2 I 00[] 

Re.qufrements inc.hlri'e: R �lac.cmont of th emor�ney power �ystem fn the Bufldil'lg � ccmple:��; rnpl,iJIC �nt of roo·rs 
on Bu H din ![IS 71).\.. 77 and 88 ;o e :w:t@ns ton of t� e �er vt c� !f�rd adji:tcent to Bui T di ng 71 � an �dd 1 t1 c 1111 to Sl.l f1 dl1119 14 far 
1 ight lab$� new s.wlltc.hhtg st.at1 oo, fa dcr cab1�s .. a:nd r�conr1guration of emel"9eney JilO�r switching for tho Upp�r 
Hill a.rea� ana rephc.Pm>rtt of PCQ hsul ated ·uansfonners tn SuHcUnrJS � and! 508. The l.awranc.c lB rlcele.)' Laboratory 
(Ber"k.el�y. Cal iforn'il1) h loc.ated on non-Goverf1fllent Ol«<M property. 

Los Ahrnos NHionil1 Lilbor�tory (Clinton P, Andersor� He.son Phystc:s Fi)cilfty� ... . .  ,. .u ..................... $ g7Q 

This proj ect inclUdes 1mprov�nts to the LAMPF Nucl�A Physics laboratory to pr pore ror an !�p��ded experimental 
pragram involving th n w .. htgh-1ntcm�1ty pohrU.I\!d b{!&n. SpecH"ic requi�e ts inelud.e� a _, 11t ·rloor, add1tionll1 
coo11ng water and ele��ical power� added radiat1� sh1ela1n�. a counting area to service � ncv mijgnetic: 
sp@ctromete>r� 4r1d a longer flight p-ath and ne�W shiela1ng for t.hc n utron t1me--of-fltg t fdciTity •. Aha; mfnnr 
a�d1t1on� to �nd codifications of t e m�in baam stop are n�eded or conduct of neutrt ·o experiments. 

lifnssaduusetts Inst1"tute of TechA0101f.)'JBat�s Umear Ac:celer.Hcr Cen,te r) IUoUihiuououuouuouu• $ 00 

Requ1r nts 1nc1ud�: Upgrad@ of t� ac:cel�r�tor cooling system by r�plac�ent of a deteriorated evaporattYe 
cool�!' &Jd � mh:atowawe link bet�.Een tile Elate-s i!Rd the Ktr ��mpu$ computers ItO penrrH higher dllh tr�flSmiS-sfon 
rat· s.. The Bates lf A�� r Aec� 1 e-rato·r Oente r ( Mfddl eton 1 Ma s.saciHJsett sl 1 s 1 oc�tc-d on WI Oh -Gov•t! tfiiJient owned property. 

9. Pu rpo.s.e .. Ju Sit i fi u t ton of r�eed for 1 and S c:ope of Pro-ject: 

Proj ec.ts at tne Lawrence Be.rk.e 1 @,)" U Mr·oJ'LOf'}'. t 1\e LAMPF 'fa c: 1l ity at os A hmos Nat i ona l l.a bora tory. afl d at the 
B�tes L·inear /l.c:c lcrator Cel"'tar at t:he M!SS8-c:hu�eth ln'Stitute of Technollogy arc nec�Cl d to fmprove erfict�ncy ,n.nd 
producth' ity of these 1 n s U 11 at t oos and to as su rl:! cont 3 nua t1 on t) sHe and re 11 a b 1 e o�ra t i OR$ for bot n J)&rsonn al 
and ir6tru--ent�tion. 
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COtiSTRUCltoN PRO,JECl UHA S�IHiS 

1. l, h! .!!!nd I Ocl!l tt 011 or 11J f".Oje�t ; G!!!.lli!'ri!ll rpHln t �roj ects 
v.ariotJ:s 1ocatton� 

'9. iP'urpo:seol Ju�tifi cl!ltion o+TNc-eod fo,· I .!!!n.d §e Qf1 Pffi�c£t. ( co'lltinued) 

l'hE! dB t r1 but 1 on of run d'S l*eq11 e'St.ed fOif" f't l 9�' iS � s fo H O'lil s; 

2. Project to. 87-R-2�J2 

Liilwrenc.e Ber�eley Labor.atory •+•••• IY · · ••��'••+••• �ti••••+ ••···· �·.,•••iiil ... . ... !tl ..... · ·�····· · ·  • • *• • •  • • � �:� ••••"' · ·· ·· · le'l  S 2,600 
Lo5o A lamor rta 1 on a l I.e! b.o r.a to.ry ( .l\n(1:!r'S em He5 en P!llys 1 u Ft11d 1T ty) • • • • ••• • , • •• • • • � • • • • ••• • • • • • • • � • •• • • • •  � • 9 7 0 
iMai'S'S.achus.�th Ilf\st itute of Ted'mol(J.!lY (U.ate'S linear i\cce1er�tol"' tentf!r) . • •  � • • •  1 � .. .. .. � • • • • • •  1 +......... . 1\�0 

Tot� 1 Est iaat ed' Cos-t ...... ...... . ! � � ! • • • !• • •  'fl II .......... I •• I . ........ * • * ! " •I I " I • ·• • • ! Ill • •  of! • I •f I !I i! I + .. I ... * .... f ! + ! + I .. ,-4 ..... ""oo'""'""'lJ 

Sirl�-e n: ed"S and pr1 o r1 U !: RJI)Y char'! gQ. othctr :s: ubp roj e-ct s Pa.)' b s ub.st 1 turted ,or thMf!! 1 hted alf!-d some o'f t ·ese mlly 
bP. •nc�ta� � non-GG�e�nn�nt owned property. 

10. OetBtJ� of Cost Est�m�te 

see deser�ptlon, 1t 8. The es,ttmllti:!-G eosts ari:l p�·ul1 fna�y itl'!ldl t111 '!J.@Aeral .. 1ndltcu.e tli'le magn1tudtl! of e·!ieh 
[pragr;;lfll+ These �Costs, ·hll'; lude e�g � ne!cor-i lil9 ., d�s 1 qn • and 1 n5pe�t i Olil. 

J L. Hetlmd of Perfonnarnc;:e 

Design Wi 11 be by co •tracto-r staff or on the basis of fle!)ett1uted archi"ted-eng111eer c.ontrads. Ta the el(tent 
f'E!i!lstble., umst�ructj[m �rtd proc.urC!Jlent will be .a.ccan.pHshed by f1 m fiii(ed-pr�ce co tri)cts. ,a,nd subc.om"tr-ach on 'the 
bas1s of competiti�e b1ddfn9. 
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I. 

3. 

3a. 

4. 

7. 

8. 

nt le and Location of ProJec t : COntinuovs Electron fieam ACcelerator z. Proje-ct No. 87-R-203 
Facit ity ; Ne wpo rt News , Virginia 

Date A-E work initiated: 2nd Qtr. FV 198> s. Prev1ous Cost £stlm a.te: l«>ne 
l.ess amount for PE30: !�one-

Oate Physical Construction Start: 2nd Otr. FY 1987 Net cost est1�te: tione 
Date: 

Date Construction Ends: 2nd Otr. FY 1992 6. Current cost est I mate: 
Less amount for PF.�O: 

S236,l00 

Net cost estiaate: 
oat(':: 12/85 

financial Schedule: Ffscal Year Authorization Appropriations Ob11gatfons Cost 

FY 1987 l2J6,000 I 2S,OOO $ 25,000 $ 14,000 
FY 1988 0 65,000 65,000 42,000 
FV 1989 0 65.000 6S.OOO 56,000 
FY 1990 0 55,000 55,000 58,000 
FY 1991 0 26,000 26.000 45,000 
FY J 992 0 0 21,000 

Brief Ph�ica1 Oescri2tion of Project 

The Continuous Electron Bea111 Accelerator Fad 11ty (CEBAF) 1s a single purpose, basic nuclear research facflfty to be 
located 1n t.'ewport �ws, Virginia on a Sit-e wllich includes the land and buildings once occvpfed by tit�.\ Space 

Radiation Erfects laboratory (SRH). southeastetn lklhetsftfes Research Association (SURA} is expected to be thQ 
operating contrQc.tor (hiring oesign, constrtKtion, and later opcrat1ons phases of this project. The site for chis 
facility will he FP.derally owned. 

"' Cost estim!te based on December 1985 preconceptual design report. 



COI!STRUCTIOU PROJECT OATA SHEETS 

1. Title and [ocaHon of ProJect: COntinuous Electron Bellm Accelerator 
Fac1ltty; Newport «ews. V1rg1nia 

2. Projec.t No. 87·R-203 

8. Brief PhYsical Description of Project (continued) 

The accelerator rac11 1ty w111 1nc100e: a 4 billion electron volt (GeV), high intensity, recirculated continuous 
beam electr� ltntar accelerator (linac); experimental areas and equipment to conduc� basic nuclear research; and 
butld1ngs to Muse the accelerator complex and its operations 4nd naintenance activities. The radlfty will possess 
a cofl!ple3ent of eqv1pme.nt for initial experiments and support1ng f.olcflftles to exploit the capabllfties of the 
accelerator. 

•> l�provements to Land and Conventional Construction 

lmproveoents to the site w11l 1nt:lude svcl'l ttems as drainage. roadways. and \lle extensfon of vtilitie$. Support. 
factltttes for tile aceelerator cOilple:x wfll be housed 1n both 11ew and &:x1st1ng structures. The Virg1nh 
Assoc1at�d Research center (VARC}. an existing stngle·story structure located on an adjacent site owned by the 
Commonwealth of Virginia, will provide research and admintstrat1ve offfces. Title to VARC will rematn with the 
Co mttonwealth of Virginia� which by agreement has made it avo1hble to SI.RA indef1nltely f'or CEBAF' use. The 
Space Radiation Effects Laboratory butldtng_, will be renovated to provide shop ar·eas. component test and 
assenbly areas, laboratories, and office space. Support strt�Gtures include: (1) housing for the 11nac.. 
recirculator magnets. and beaa Unes al'ld (2) buildings for the- end stat.1ons, refrigerator, control center. an<f 
accelerator service functions. The SstEl buildings a.nd a svrrounding 10 acre site will be ac:qvired in accordance 
�tith Exe-cutive Order 12348 a n d  tmplementing regulation 41 CFR 101-47. 

b) Accfoltrato.- System 

The central rese.al'ch tool of CE6AF wfll be an electron line;:,r accelerator. It w111 consist of 4 1 GeV 
superconducting 1 fnear accelerator split into two segments. The segments wi II be connected by a r�1 rcul a tor 
system to transport the electron bea:n from one segment of the 11nac to the other. Four complete passes of 
acceleration through the linac will provide an energy of 4 GeV. The accelerator complex will also incluck!: a 
bea11. extraction systeB to extract thre-e continuous beaas from the linac; a tJeam transport system to take the 
thtt>e bea11s to ttlrl"o l"xpcrimentat halls; a cryogenic system inclOOing helium refri_gerator. liquid helium storage 
vt-Ssols, and clfstribution lines; and instrumentation and control systems for the accelerator coaplex� 



COHSTRUCTIOH PROJECT OATA SHEETS 

1. Title and Loc.atiOCJ of Project: Continuous £1e<tron Beo!rl Accelerator 
Facility; Newport News, \'1rg1ni:t 

8. Brier Phys ical bescr1pt1 on of Project (con£1nued) 

c) Ruearch EquipmC!flt 

z. Pr·oject ti). 87-R-203 

The accelerator will service three 1ndep!!tldef'lt experhu�ntlll llreas. Research eq-utp11e.nt will include .�n initial 
complea�nt of experimental 1nstturnentatfon and other support fac111t1es neceSSAry to perform scientific research 
us1ng CEBAF's lrlgch qvaltty electrOI\ becuns and secondary photon beams. 

9. Purpose, Justification of tleed for, end Scope of Project 

C(8AF will be the only facility in the �rld capable of producing ell'Ctrofl beoms .mtcl'l s1nultaneously meet the 
crfteria of h1gh (':f\1.!1"9.)', contfnuous beams. and high 1ntcnsity nect!'ssary to advance the rrontfers llf electromagnetic 
nuclear physics. CEaAF h"s been identified as the higOOst priority new accelerator for the u.S. nuclear physics 
program. The unique combination of beam param�ttrs available at CEBAF wi 11· Wtak.e it a fact 1i ty of unpar<11lel ed 
capability, and the research at CEBAf wtll enabh the U.S. to maintain Its preea1nence ·in thiS Important area of 
nuclear science. CEBAF's electron l1nac, w1tft fts capability of providing intense cont1nuous beAmS at c1ny energy in 
the range of o.s to 11.0 GeV, fs designed to study tM 1ar9ely unexplored transition OOtw(!en the nucleon .. mesmt and 
the quark·gluon descrfpt1ons of nuclear matter. l.n part1cular, 1t wtll study tOO oxtent to wMcll Individual 
nucleons (.tlange their size, shape, and quarJ: Structure in ttle nuclear rvedium. study how nvcleons cluster In the 
nuclear medium, and study the force which binds quar-ks into n...cleons and nuclei at dist.lnces where this force 1s 
strong and ttle qullrl: confine�aent mC<hllniSin Is 1ml)ortant. CE8AF's conttntrous beom wi II �nake it possible to observe 
one or more of tM rea.ct1on pr<>duc.ts In co1ncidP.nee with the scattered etectron, f!nsurlng th.)t t.hese studies can be 
carried out accurately. The broad spect�n of physics accessibJo at CESAF ensures thjt it �1l1 become �nd r�qa1n 
one or the Important scientific centers in the world. 



CONSTRUCTION PROJECT DATA SHEETS 

1. THit ind to<ulon of Project: Continuous Eleclron 81111 ACulerator 
Facility; lewport Mtwl, VtrQtnta 

10. ht1lh of Cost ESti.a.te1 

1. Conventional ConUrvc.tion 
at Jpp.-oxlmitely 22'1 of i t� b.Z • • • •.••••••••••••••••• 

2. Ttchn1ul components at approxfmately 28S of Hen b. 3 ••• 

b. Construction Costs • • • • • • • . • . • • • . . • • • • • • . . • •.•.••••••••••••••• 

1. lMd and Lind Rights (/l.cqu1stt1on of thCP 
SREL site) • • • • • • • • • • • • •• • • • • • • • • • • • • • •••••••••••••••••• 

2. Conventional Constructfon •••••• , .•••••••••••••••••••••••• 

a. Accelerator tact11t1es •••••••••••••••• • • • • • • • • • • • • • • •  

b. ElCperiment.il fac1lft1e:s • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

c. Support fac1 tit fes • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

d. IJ'tiltties and site pt"f'p.araLton ...................... . 

3. lechntcal c�nents . • . . • . . • • • • . . • . • ••••••••••••••.•••••• 

a. Acceletitor co.�ts • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

b. Researc.h equi�ent .•••.•....•••.•••••••••.•.••.•••.•. 

c. Stll'ldlrd [qutpt�tt�t • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

d. Contlnttnc.1 It IPPf'O.Xt.itely 2'51 of aboYe c.osts, 
excluding ttfll b,l ••••••••••.••••••••••••••••••.••••••.•••• 

Total Est 1Nttd cost • • • • • • • • • • •  

* COst tstlmate b•5ed on oecf'lllbfr 1985 prec.onc..eptul1 dts1on repol"t. 

2. Proj ect Mi. 81-R-203 

i 10,800 
21 .sao 

s 6,600 

1,100 
49,800 

15,300 
10,200 
15,700 

67,000 
30,400 

97 ,coo 

lotJl 
Cost 

s 3B.Joo 

14&,900 

1,900 

189,100 

.6,900 

$235,000 
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COkSTRUCTIOk PROJECT DATA SKttfS 

1. ft t 1 e and l..ocat 1 on of Proj Q&t-:- ton 'hwous IE:l C!C tro 8edll P.c ceo 1 e r�tM 

rae111ty; ��port Naws, V1f9infm 

IL Co'fotliod ofllar-formiloce 

EJe.s.1glil. eonstruc.tion. and ·m;pe-c:ti c" of tbe f.aci lity wfll bo dono by tt.e �rlrat 1 "Ill contractor, s1rbcorrt1ract"in·9 w1 th 
anNE t':ontli'ae·tor or des1gfl a1nd B g(!ne-rilll contractor ror constructtom of th.'l!! convention11l far:il'it1es. lo the 
t1x.tcnt- feasible� coos.tnctiotl. procurement� and hstillllatfoD 'ii1ll bf! acco plht�d b.)' fi,�eed-price con�f'a�;ts and 
s�UbcoDt rCJ c:ts a wa rrled {In the bas 1 !i of ·c.o111petit he b-tdd1 ng. 

12. Fund1B� Schedui� �f P�j@ct Fund1��nd Othar Related fu��'�g R�guirements 

iJ. Totral p roj ec. t cet.s t 

1. 

2. 

Total fad 1 i ty c.os t 
.!1. con'! ruct 1 011 

11ne U.em • • • • •  

b� PF&O� •••• � ••••• 

foul ad 11ty 
.east . . . • . . ) ( . . • 

llt.l,e• proJ�c costs: 
R:iD I'ICCt"SSilirY 

to c 171p let� 
CQnst rllt h on • • •  

Total othe-r 
p rcJC!ct co'St $i �. 

Jct.a.l pN;Jje-r.t 
C.QS t .. 1 • ·• � + 1 • • •·. 

FV 1984 n 1985 F"t' 1986 n 19S7 F'f HSB 

0 $ 0 s 0 $14.000 �42�00() 
� 300 01 () 0 

0 $ JOO $ 0 $14.000 S42�ooo 

$ 1!000 � 3!500 $ �2787 s 6i250 ! 612'13 

$ 11000 .$- 3,500 � 4,787 ! 6�250 .t 6. 2'13 

$ 1. OCHl $ 3,8110 $ 4.787 $20,2:50 HS.£13 

FY 19139 fl.dture 'l'�af'!'i Total 

:$.56,000 Sl.24j000 $236.000 
0 0 300 

.$56,000 $124�000 $:2'.36,300 

$ 4,500 $ 0 .$ 26.250 

$ �?500 .$ 0 '$. 26,.250 

$6Dt51JO U2ll ,000 $26l.550 



CONSTRUCTION PROJECT DATA SIIEETS 

1. Title and Location or Project: Contfnuous Electron Beat� ACcelerator 
f'aciltty; tt!wport liews. V1rg1nia 

2. Proje<t r<o. 87·R·ZiJ3 

lZ. funding sch�dulc of Project Funding and 6iher kelated Funding Requirements (continued) 

b. Other related funding requirements (F'r' 1986 dollars) 
1. Annual facility operating costs including in-house research • • • • • . . • • • • • . . . . . • • • .  $ 27,000 
2. Mnual plant and capit&l equ11)Hnt costs not related to tonstruet1on but 

related to the progr&lttllatic t'ffort in the facility • • • •  , . . . . . . . . . . . . . . . . . . . . .. . .. 4,000 

Total other related annual funding requirel!ents • • • . • • • • • • • • • • • • • • • • • • • • • • • . • • . • .  S ll.OOO 

13. Narrative Explanation of Total Project Funding and Other Related Funding Requireoents 

a. TotaJ proJect. cost 
1. Total facility cost 

Ell.plafned in fttm.s 8, 9. end 10 
2. Other projects costs 

R&D necessary to complete construction 

The CE8Af' ll nac wt 11 use sufl(:'t<:,onduct1ng r.adfofrequet'lcy acceleraUt�g eavfty technology to generate high 
e��ergy continuous electr-on bea111S, The R&D fund-s will be used to design, evaluate, and construct prototypes 
of the t�chnic.al components which are essential for meetin9 the design gools for the facility. 

b. Other related ful'!ding requirements 

1. Annual facility operating costs upon completion of construet1on 

Thts 1tem include-s t� cost of an personnel employed by t h(' fac1l1ty for 1ts operation , •a1ntenanc:e, a.nd 
in-house research, together with electric power and 11ater1a1s attd services costs. Approxl11ately 230 
m1Sn-ye41'$ of effort annua lb wf 11 be re-qu1 red. 

2. Annual plant and �pftal equi�ent costs upon conpletion of construction 

This 1tem includes capital equipment needed to mainta1n th(' research capab1l1ty of the facilfty to meet 
evolving research requirenenu as well as funds for accelerator improvement proje<.ts and mtnor 9(!neral 
plant proje-cts requ1red to ensure tts c:ontint�ed h1gt! perforuanc:e. 
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