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DEPARTMf�T OF ENERGY 

Fl �C.!IJ.. '¥!AR l9Si OONG�E SSWNAL BUDGET Rl:QIJEST 
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Genera1 Sr:1ence aM Re!ieilir"Cih �- • • • •  

Departmental Adminf$tratio� 

Alai�a Po�r Admini5tration 

. . ....... . . .. 

if' .pI •• .- 11!1 • 

Bon�e�111e Pnwe� Adm1n1siretfon . • •  

So�th�est�rn Power Admlntstrat1cn • 

�ed@�al �ner�' Regulatory 
CCiil111 s.�ion . .  H • • •• •• • • • • • • • • • •  - � .  ttl .  

�uclear �aste Fund �··�············ 

Fun-d . . . .. ... . .. . ... . . . lei • ., .... . . .. ..... . 

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 

724.,860 

7t32'2,.321 

128��o'6D� 

J,23l 

28�. 7H 

3S,744 

31,200 

216.2JQ 

54,543 

327,669 

l2:1 

3 

F'\' 1986 
£s.timat� 

I� 

1�696.2:98 

190� 512 

655,.928 

7�231,.664 

150t319 

3,245 

m.,ooo 

29.191 

195�9110 

�1.969 

499.037 

69 

n 1, Ct24 11s:2 

773�400 

Bi230�noo 

1s1 :ae2. 

.2.881 

276,100 

19,641 

2§.�3.37 

240;309 

20tJZS 

769.349 

Sll I 762 1i 664 



D£PARTHENT OF ENERGY 

F I SeAL 'tEM 19.9/ CClnli�E SS I otiAl. BUOGiEf RE"QU:£'51 

SUNMAR1 OF ESTJMATtS B� �PPROPRJAiJONS 

lin lhousa�d$ of doll�r$) 

Appropriations Sefor� Int�r1or 
MJ d iRi!! h"" ed Ag11n dB·� Swlb commf ttat;l s.: 

A1terni!1Uwe FIJels Pr{JdUtt1 en •.• • • • • •  

Fo5sil Enor;y R�s�ar�h and 
De�elopment • •+ · �·· · ·�·��•+ • •• · •• • •  

Ni;ttJ�l Pe t.ro l eum .!lnd 011 Sl\.a1 � 
R.t!s.arves .. . ·· ��� • • •  ., • •  Li: . .. . .  "' .... . . . .. ..  i li 

Energy CMs.er\lat1on � . • • •  ., . ... . .. . .  ,. . •  

Ener-g_JI· Regulati�n II� I u I,. ....... 01 n. 

frpergcl'! cy Prepar elln.e ss • •  � • •  + , .. .. ... . ., 

Strategic Petroleum Reos.errve • • • • • •  ,. • 

En@rgy Infonn4t�0� Act1vtt1�5 • • • • • •  

Sub tohl I 1' 11ileri o:r al'ld Re l.art ed 
Age ncf tU SUbc.oni!lri t tees ••••. • , ,. • u • 

Subtot�l� E�ergy �nd �4ter 
De't'e1op�d Sl.lllbco 1 t t@'�·s . • • • • • • • • 

S�Jbtotal1 DE�artment af £ne�gy •• • • •  

Permane�t e Indefinite Ap�ropr1at1ons: 

��!nt� t� st�l�� . . . . . . . ... . .. . . . . ..  � 

Tct�1. Depart� nt of Energy ........ . 

lf'r 1985 
Attual 
1A 

289�046 

1561874 

�571436 

27.139 

6�G45 

2 t 0"9 .• .550 

60,919 

4.Zl6,906 

111336:.7413 

15,553�654 

F't 1966 
Esthnah! 

BA 

3111954 

131002 

427,512 

2Jt423 

58750 

107 �533 

57,724 

9462J39'a 

ll. ()241162 

ll ,, 971.060 

570 

82ii67 

127 ,lOB 

391 oi33 

t!l i 8.-'50 

6·,044 

59,651 

11,762,664 

12,099 I• 517 
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D�PARTMEMT OF ENER�Y 

f V 19 87 CO:NG rtessl oNAl Sr AfF 1 Ns REQu Esr 

'toTAL. MORK FoRc:f 

FV1i'®!5 FY19So 
FTE CONOR 

USAO£ REO 

E�G'f L f,lfATtE� St.JBCDMII'!!TTEE 
HEAOill.iMTERS 4.96!5 4.9�!'i 
F1EL10 9 .. 1:33 '9� 185· 

WB.CCIMll'U 1TEE TOTAl.. .13. 99@, 14.1SQ 

INT£RlOR S tmCCit'it'JI TT£E 
I-£A:OOU�T£AS 1' 3!53 1.304 
'l?l£l.tl 9,07 S'9b 

SUSCOtl'l fTfE£ TOTAL 2"':260 2 .. 200 

OMNI!:I TOl'AL Ut,25S 16,350 

A'DJ.USTMalf -1�2 

A&..JUS'Ii££)1 ii'DTAL 16,.:2!59 U•t2Ui 

f'Y1987 F¥.1987 

-Fvet�o COOOR 
:REG 

-l.S .q . • 947 
H1.. 9 .. 29'b 

93 14.243 

-166- 1· 1391 
-226- 670 
-�2, .t�eoa 

-.�9'9 16,.�1 

- i9S -330 

-497 1e,, 7:21 
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TABlE lf :ONllNTS 

App r-cprt a.t; Or'l L� gu age . It' • • •  i ... .. 'I' 't' I! It' • •  * l!l �- !! � ;. t + f a .. a + � .. ..  ii .. of . ... ilil .. iii .. .. a + .. i1 .; .. 9 

S1,mmary of E"Stimates. b.:r M.ajor Jkth·it1e� . • . . . . . . . . . . . . . , . . • . . . . . . • . . . , . 10 

Pro gr dill 01/Gr'l' f,ev. • • • • • • • • • • • • .• • • • • � • • • • • • •  � • • .. • • • • • • • • • •. .• • • • • • • • •  � • •  � • I l 

High Energy IPby s 1 c s . •. + • •  +,. i .... . + i ...... I! II" .... + ,. .. li � i -+ " + .. . ..  �� . ... . iol . . . . ... ilil . .. ..  � p � 17 
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DE��RT�EkT OF EHERG 

FISCAL tEAR 19S7 CONGRESSI&��L iUDGET �EQUEST 

GENERP.l SCIENCE Arm RESEARCtl 

HlGH ENERSY PHYSICS 

1/DtUKE 1$ 

T Jl.iLE Cf CONITENTS 

Phy�1�� R�se�rth · · · � · · � · · · · � · · � · · · · · · · · · · · · � · · · · · • • w • • � · · · · · · · � · · � · · �  27 

F.ac.'ilfty ()pl!'ratiQns · ·· · · * • w • • � · · · · � · · � · ·  .. •••••• · · · · · · · · · ·· · · · ·· · · · · · ··� · · 31 

h 1 g h Energy T eth no 1 ogy • • • .. • • • • • • • • • • • • • • • • • • • • • • • • • • • •  � • • • • • • • • • • • • • • /1. 
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DEPARTMtNT Of ENERfiY 
n 1967 tbt4�1tEsst oN/lt suD�n RtQuEsr 

LU.D fMtE 
JGH ENERGY PH SICS 

GENERAL SCIENt£ ANn RE�ARCH 
(Tabular dlo11u-s in thous:ar ds. t�a rr�uve materh1 ln ,.. o1e- dol 1ars.) 

f¥ 1985 FV 1986 FY 1987 
�PRropriation Appropriatf�n �ase 

Hlgh E erqy �·�tc� 
Pny�i� R��e�r' h 

Operat1�g £xpensos .. 
�btotall •• • •  ;,. .. .... . 

F�c lity Operations 
�erat1ng Expens�$ • •  

Capital Equi · 2Bt • • • 

Con5trwct1on��······ 
.s ubt ot,; 1 • • • • • • • • • • •  

H1gh Energy Tec�nQloqy 
Oper�tfng Expense� •• 

SubtOtilil • • • • • • • •• •  � 

Total 
Qp�r�tins Expenses •• 

C�pital �q�ipment•+• 
Con�truct1on ••• �··�· 

lotal H1g Energy 
Phis.; -&.SIll • • • • • • • , • • •. • • •  

S,t�ffi'l\g 

$106*300 
[06,.3b'D 

90.,2.00 
'9'0.200 

!-106 ,268 
106'.268 

� 9 1 .215!/ 369 :1' 825 369' g25 
ss .. 7DO f:i9.9'&1\ 69 .ga,a 

U 4 tODD 55 • D4 Q 5-!).049 

1541 ,91s!fbl!/s4911l,S5s�/�/.!1'rlsl\94 .asa 

n 19a.1 
.B£9uest 

S1HI ,600 
u:S,MtJ 

1\2?',500 
7 7 I,'SDI) 
41.700 

S5ll6..,700 

FIP trou' FTEs . • • • • • • ( Referl.!nce Get��e ra 1 Sd rt! 11c:a Program 01 f"iCC:ti o 

38 .JOS 
+ 7 ,.Slit£ 
�13.,349 
32.4?z 

i ] .032 
... 1 .am 

i5i �675 
+ 7,1516 
�13 �349 

�I FY 19135 tot<Jl does not 1nc1 ude s 3. 720 I DOD trans f@,.. t'ed to the SB n� pro Qrrilm. 
- FY 1985 tot�l reflotts a �uct�on of 52,165�0� for ADP ge�eral reduct1on. 
£1 To a 1 s refl e't ,a reduction Df S4. OOO�tOOO in F'l' 19 B-5� $7 .. :5.00, 000 i 11 � Y J 986 illnd 

S8,600,0Dfl in Fl 19&7 for m�nagement 1n1ti�t1ve s&wings. 
d/ FV 19� total tnelll.lt!es $r6�ooo.ooo,•trr.a:n�fer of app,-oprflat1 on. 
EJ H H86 total red ced by S2 2;.042. 000 i n accord11n ce �,.; th r'. t+ 99-I i7 �· the Ba 1 a need 

S!!!d4]et and E!nerge-m;y 'Defi(.it Co'ltrol �t of 19a5 {Gra!m1/ �udmen/�Hhtg 5}. 
!.1 S �01:1,.000 has. been transferred to ,o..s 5i s;Unt sec:: reta ry for £n Y � ronm enta 1 S4 ret.Y �nd 

�1!11 h� 
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� f.lla'!p' R!:r&tc� l:Rl 

fltt1511:J �� 
Q:Jer-l•g � ............ . 

�tal ........ ......... 1l ..... . 

Fc�11t.r Q;:.-lill:hm 
C..ett 9 � ..... ,. .... ,. •• ,.. 

C'CJi �1 EqJip.,-,t n ••" '" o ••,. 

�t1<r' ................. .. 
:i.bt.atel ...................... . 

ttl ;#I £n:niJ 1 e;h1Q 101)' 
�'1:1' l�tg� ............ . 

SlJltallll u ............ " ••••• 

:.btutal, 111'11 EQTcJ1 f't6'P:J, 

t'-m.;r•J �J.Ct�(ll: 
Ctxr" 111Q E� ............ . 
..:411tal [QJ1� ••••••••.••.•••• 

�lrlk:t.t01 ...... """"! .. ,., t 1!1 ... """ 1" 

l.;:bl, i&pr&1 �in. ••.• 

� fn111.st1�l 
tte' 4.t 11'1; Ell8151!! ••••••••.•• h 

CI!D1tal ([JJ� ... ,.,..,,.u, .. ,, 

Co'stru;ti lJ1 •• ·� .......... . ... . 
1atll. ''la'l� ltllt.llt1-e: 

r1!Y R�h:rt --------·-.-·--· ... 

U� tf PriQr Y���r ���� (}Ep) 
{tlel'at1111) E.'IJI!!tie - ·  .... ·-· .. .. 
�tal [IJI l ••••••• ...... . 

r..:nrll".ct� .................. . 
T�l, Pl"h::r Y� 1!41. OEP� 

�d 

fY 1'£1' (aq'C$Sllll&1 � � 

Mf.�&11Btti � (Y mio ��orr. 

'S.-4� 
� 

-7,81i 
-l,llil 

� 

"j:: 
� 

Tot.JJ 
(111) 

ti �:If} 

.3X) m� il75,a;6 
5� S,IDt 

� �:; � 

�:·�· ::= 
� � 



DE.PARTI'£ NT Of Et�ERG V 
1QB1 CO�G�SIO At BUDGET REQUEST 

0 RY OF CHANGES 
HIGH EflEkGY fS'R\'S1ts 

(In thousands of a511�r$) 

1986 Appropr1�t1on cnatted,.41···�·········�·�eiP!F•••••••••w••••••• 
1986 Gramm-Ru�ri'lill"' red!.K. t ion • • •• • • • , •••••••••.•• + , • . .. .. • • • • • • • • ,. • •  • • •  • • 

1985 a.dj u-s ted ......... " . .. , ... . if •............. I I • i of! � �· ' ! .• ! ••••• !II •• ) !II .. .. I •• ill li .... A .. 

S!ll6�900 
� 22 .. 042 
"'S"�g 4 '8b8 

{] Fund1ng requ:if'ed t(l m� i tU1 n (.Onst.ont le ... el o' s:�rogratll 
aet. ii '/i .J if� !1 I if a a • a a • a a • •• a 111 a a j> I! 1 !io of a a ! • a a a a � • ,. • '* • 111 • • ,. a • 1t1 a !i ti• a Iii i II- I i II- 1i + 29 p 692 

0 Substant�lll 1'l'Ci�a!S@ 1n fi!t'ilfty Opt!rrtlt10n'S \lii'HI"ng.,,.hh+tuo + 17,79'0 
- Fi rst ol)er.;�til on of t'ND n I!W )(0 I" 1 d-e 1 us HEP. h(. i 1i tiE'� 

-- Tevat�o ccl11der & �rld'� highest energy �roton-
arTt1 protDI' c.all ider 

-- Sl.C - world'� hiyhe.s.t Blerg.v ·ellet.trcm-po;;i ron 
col11d(!lr 

- R&d��ed operatlcn of ilther HtP �ec�l rater �ap�bilities 
- Ave rage- Hci 11 ty LJ't U 1 za·t 1 on nearr the 5Cl 1 eve 1 

o Phys 1 es re'S·ea r'� at a 1 eve l c ens i stent "".; t t: e opera L 1 n 9 
1 evel cf fa.ci 1 fties<fi., ··�·." ... . ............... . . .. . . � .. . "' •••••• +• . 5 .. 960 

o Conti nba:t1on of il!dvanoed tee 11101 OID' Ji!&D fer l!!lcc'!!>lerator5 111nd 
det ec.tors. " Iii . .. !!I •• ! • ·� , • � •• , •• "' • •• • .. .. • • • • • • •• •• • • • .. • • • • • • • • • • • • • • • • • + J 1 7 30 

o Capft.a] equi ]:lllent, !idth spe-d al enp.hosB .on ne>l!:dS .!'lt Fenntlab 
for ie¥�tron 1 detectors and a� SLAC fer SLC de &ttor.......... • 3�3?.0 

o COn�tnJctiD at redwc�d le"V£11 o @>ffort ••.•••••. *····•*•••····�·•• - t6.6SO 
r Contilnt.��tiioll of fermihb {:l;!ntr.al Cqnp.rti"ng Upgnde {+U iOOO) 
- Continl,lli!tiien of con:ttructien 011 AG� Accll!iuh.tor}BoostE:!r (+1.,470) 
- AlP & GPP at about constant level of etfort (+1,500) 
- Red1u'ed r.equiremer�t;; for 'On$truc.ti on Qf T�vatron I an.cJ SLC 1n 

fY 1985 (-JO.�lO) 

1 §187 budget request . .. � ... .. .... + ........ . � •. ,. ... ... ......... ... . � ... . .... ,. .. • $.546, 700 



H1gh E�ergy Pnys1�s 

The Hi g.tt En�rgy Pbys i rC.S pro9ra.m s up,po rt.s bn i c: research whic.h s.ee k.S to di scov r tno 
·rund c nta 1 eons'tt tuent s of tter and tc under!itQnd the I ilk'I'S of �a h..-e tha '99\l'O rn 
tho beh�VlQr of �atter and enerqy� P��t d1 scoveri es ��d new under�t4�ding resu1tin� 
fr001 these activities IU'.Ive el ped hy t.fl!! fotmd.!'.lttc-n fo-r rnL.tch C)f tbe hitgh1y 
tech 11c 1 c g 1c ll1 'Her 1 d 1 n wll1 c: t. we 1 h•e. 

Jh e Depii! rbl!Emt of En e rqy· prrow 1 de !I over 90'� o·r tlie Fe de ra 1 s1.1ppl)rt ro r th1 � most hll s.1 c 
:sciertt1ftc: ende�var1 a,_d serve-s u El1Ceeut1 •e Age-nt for the n�ttome� progr-illl. 711� 
Depturtmo nt has. ros polls. 1 bH ft_y or p 1 ann i ng for the ni'lit � ona1 pro !Jr � l!irit h the goa 1 s 
o �chfev1ng a orefront and pro�uctive �rogram �nd maintain1ng a (Qm,etittve �rld 
1 eadell"sh ii p pc 5 H 'ion fo I" tM lti1 tteod State� • 

DLir1ng tl l'S Century. the rarrefrcilt (If $C1entH1c i nvesttgat1 Qm nu .advanced' to 
-stud 1 e.s o ovor rmore fun �tmonta 1 coost 1tll cnt s c· m�t'tier,. fro n: s �.arcll on mol ecu 1 a'S 
to r-esei'!i l"cll on at006 • i'!itOOJri c 11 uc:l el • t lile -cons. t 'it t.umts of m1e 1 e 1 {�roOt ems. and 
ncut.ron:s) i i:l�d r�.er�t:1y 011 eveFJ I'Or·e e]en�nh1 objects c.!ln ed q;11"rks and leptcms+ 
The fri!l".e'Hilrrk: for und'eNi .. anoi n9 (1111 na tu r.a 1 phenot1ena ln.a.s rested o tile b�li e-t t:/Jiat 
they t..ttl'l be- de:Scr i bed l11 t<t'!nns of f(]ll.f flllndllmeiita 1 fcu•tes �r'ld ;\ Sm.-:�11 S�t. 0 r MS. f c: 
cons t.i"tue-n ts of ill H at t�r. ihe '�e 1 eetrom�� et 1 c:" force desc r1 bes. hew atoms. .er-e 
fQrmE!d frcm r.ucl ei and electN;�ns and hollf molecules ;are fctr111ed frt:r'l atoms. alld i's. the 
corners tone to 11mders t�tid� ng the pe-r'i cdk tab 1 e of el EEJen:ts i< <:.hemi stry i> el e c:t roni c 
�onmllnfcat�on lind bio1 09ica1 ptote:S'Ses. The 11•flletlil: niiCl!'iU'11 lforce descr1be!i pl'oce=>ses; 
suth as the radfoactiv� dec� of un�table �uel&f and the 1ntaractio� of ne�t�nos� 
bla •strong nudear'' fo�e doser1bos how the- 'S'IJn and 5t,q.r5 proCilli;@ so ll'fllt.h energy 
and., together .-itlh the W!!'ak: muclear force .. e.ll.pla11ns ttte rel'atho abuntfiU'H!fiS or th@' 
cilE!IIliC:�l e1Bllent:s. The "graviht�on� 1 11 force describes: falli !'IQ objecth orbiti·ng 
ee1est hl bod1ers� the fonn11tion of bl�ck �le-s, amd the hrr"91! sc<,tle f�tur� of tile 
universe ��ch �s the c1u�-e�1n� o gala�ies. 

Cffit!, ac:�t of t.he recellt gre.!'.lt pl"og�res.s tn �cience llla!i be�M tlte .ccllce,ptu�l rmffieatfon 
of tne �ak nuc;: l e�r ii!nd f:lectromillgnetic ferc:es. tnto a s.1ng1� for�e -- tht!· E!'leetr'llwe.!lk. 
foi"C.". Recent r;cnc1us1w ecx.po'l't t:i�l 'llrll tmc� for tM <£9.ine{lce of tne 'W �nd z 
p.artic1 es ,. the �.arrfers of the wealc: fcrc:e,. tQgetfler with ttte ea rH ar dis<:oYeriies o1' 
Loo'e.flk noutr·al curre-nts and of partides. '!!lit M!avy qu�rk. c.cnst itl.lent:s. c.cnfi rn1 ad or 
pred1 ctioms of thh concepnal un1f1Ci!!Uom. i�o el�ct.romag!llr!tfc �l"'d �a mu::lelr 
fOI'\C.e!; c.an nolli' be '11e�d lin � nitU•rlll �y iS. dl ftl!!r91'4t �SpeGtS rOf I} S'irtg14!! 
elect II'Owa41c Fo t'te., The 1 !H9 Ncbe l P'd 1.e 1 n Pbys i c.s wa 5 .aMC� �ded to three theoret h:iJ t 
h 1 g�1 e-nor9Y p hy!l f c � st:s {i ncl tid'l ng s.. uh!i ho'fol Md S� lie t nberg fll'.m the u. S.} for thei 1r 
\'IU!rk. t:cwi!il"d this t.mific;(ltion. The e:r;perirne t lit CERN h illflich thew and. z p�rl:'icle:s 
were d i 'S"ccvered �· and f.ar w. � ch C. �tibbla at� d. S. YiJn ;de r M&or rcu i•H�d, tM 19M ttm� \ 
Prize 1n Phys1ts� included DO��sup�rted �.S. pi!irt1�1paAts. Recent exper1mefltill1 
e ... 1 dEmee eo t �� ns tan t.!'.l 1 bt ng hints thi11t mi1y s. i gna 1 (I bre.alc;t hro ugh- to nP.�V ph,ys f c s 
beyond the e1eetrolfC!ak Ulllirf1cat1on� a11d toul d !i ed Hght on the mechan1sm r'le'SponsitJ.l e 
for the u�ificat1o�. 

Thoro l� now a th�rJ of tho strong n�clear rotc:e. cal1�d qu8ntum��hranodynamic.�� 
which f5 �sed o� tne �ame princ1p1�3 as tho electroweak t�urJ. As � result the-re 
i 5 5t rong anti r.l pat i' o:� tllat the l.l.tiH kat ion o t t c s't ron g nuc hM.I" and o h ctrowe at 
forces ·into crte '"'grand u�ified" forte i·s poss1 b�e .. n�duc11119 t:l1e ntanber of lb.�J�sic types 
of farce in natwre to two. The pi� une cf na·ure �fch fs presented in terns of the 
un1ried el�tro��K fo�c�. qu�ntum tAromodyn�fcsr �nd tDe quark and �eptn� 
tc"5titu�nt� 1� cil]ed the Standard Mo4el. 



The enor ous en�rgy scal e at �nic grand �n"f1cat1on fs �nttc1pat� to occur (4n � 
de 'ived from basic theoreLi(.al technique� for ·� ose deve l OJiment the U82 Nobel Pr1 �e 

1n Ph1s�es ',oiat5 awarded to K. Wi 1son, � u • .s.. t orot1 eal physit:ist. The ideas 
1 nvohed in grilln d  unifiuti on crnt be us� t:.o ghe posstble PXPl a nations. for -che 
obiorved ex.c.ess of l"litt�r rehth� to antiiT'atter in our unhers� Other 
poss'ibH1t1�s. c:lt"fs1ng from gran.d iffcat·o.n model� are tat protons , ich \"lere 
previou'5l.)' ttloug, t. to be absolutely shble� m.:�.:; �votually dKa�·; that net�tr11'1os. 
wh1eh were prev1ously thoug ht  to be ma��l�ss� maJ n fa� have a mass: and that 
1 iO Tat ed P!1agnet i c p0 1 e s of' I:!I'!IOI"m&IJS ass. ( perhaps a bi 11 i 011 tifll es that of il p r'Oton) 
m!y ex'i st. The 19SO r·oba 1 rPr re 1n Pl'l.Ys i � was a wll rded to t ""-u u.S. "i !VI enerij.)' 
pnysicBt$. J. Cton�n and�. IF1tch. for e-xperimenta1 res e�rc vhic.h iind1ca.t�d that 
ter tai n el ementl!l processes a,re not exaetly rever"!ioi ble. Th'i� 1 ac.k of exact 
revers1b111ty. together .nt11 he mec anism invo�ved 1� proton decay. m� be comDincd 
to ex p 1 &1n the obs.erved exces!io of matter rel�ttve to anti tter in the un1verse. 
Sp cfal enp �sis in �he h1gh energy phy�1cs exper·mental prograr is f�U$ed on 

tes.ti ng various predict1ons oF th graJ'\d un1 f1 ed theori,es.. Pn:t verHf uti on of these 
predictions by the experim�nts currentl� 1n progFe$S Yould ne a truly major 
s�ientific br"eakthrough� 

The�e new contepts also n�ve profound i pl i cati o � for astrophysics. �n�re they help 
prov id� �n understand1"g of �ow t e universe evolved from t � postula�@d pr1�ord1al 
b1g bang 'tO its present state.; aJnd wnetl er be un1 ver-se W"111 expand forelter or 
pe1r,haps c.o11trad agaf tn the dfs.tant fu urc o i1!nother fireball. Interest; ng 
scenar�os of th� earl) e�ans1on of the Ul'liverse �re being fonculated w IC o�t11no 
po'S�i1b1,e �xplal"!at1ons to ac:c.oun't for the �tatter; energy and d1sorder *"' th� unherse� 
Rec.e.a. dhtovt'ri es and phnned invest 1 gat t 0111 s. 11 n h 1 9•1 t-BC rgy phys t cs �rov 1 de c.ruci I! 1 
exJ;�e ri me111h l 'i np 1ft ·to tlrle.se dev� 1 <O[pGI e11 t s. 

U!e ul t.tn,ate- goa of t.,i s. type Qf re�ea.1rch is to inco porate- tho gra\1Uat1 onal force 
1nto the frr(l elfiiQrt of unffjcationJ the eb)' br1ifJCJing all oft e w�tc forc�s irtto a _ _ _ _ 

single unified fr&:�ework. E:xactly at ne'l't insigbt will follow from t�e var C1us 
�t�ge� of � fftcat1on caonot be pr�Gi�ted in �ny detail. However, one tan tertatnly 
a t1c1pate profound changes in t�e way we thin� �bout atter and e rgy and thP 
�hy�tcal universe? a"d �his in turn -ill result in many charg@s and b�n f1ts 
ana logov� to th�se whi�h followed the �n1f1eat1o of elec:tric.i y and agnet1Sm by 
Maxwell late in the 19th c�tury a�d he wnt ica ion of matter and energy by Eln$tein 
@arb 1 n thh century. 

Progl"E:ss in high energy phj�1cs rcs.Ut(h H. ba�Cld on a tompl u and contfnuing 
interplay of �dvanc�s in experiment. t eory ano technology. �ach of th�se �reas �s 
strCJ g1y d'C!pt:l'ld nt rorr ·it� prGgres.s on the advanceme t of tM othe1' bo. 1-11 gh etuu·-gy 
p•1ys1cs �xp�d m@nt'S expafld tne horhon$ of theoretiul <�nd techn1cal JIO'Wl o�lgc"' and 
t Q rar19 of pos�ii ble e:x;pe r i ments f\. deterni nE!dl by Lac:tulo1og1cal as �ll �s. 

conceptllal capa.biiHties and nm1tBt10:IlS·. Phystcisu ff'tl'QtJentlly ha.v� ta i n'llent new 
and un�que i!!ippi!ratus llild nov�l tec:hll1Cll.leli 1 n order to ci!Jrr)' out the 'exper1 enU of 
grC!atost interest. th rcby contributin9 directly to the �dva ced t��hnolog1cal 
resourt(!S of the c:oontry. 

To P'robe into the dl!opthS. or att r a• 11lto t e do ain of Q'Ji!rk.:S .. gluons� and oth{lr 
ew pi!rticle� -- tt 1� mo� effec fyp to u-e intense beans of very �ner9�t1c 

part1e1es, wn1ch are only �vailable raQ ign energy particle accelerator$. By 
studyfng the re$!!lts o the violen� collHio soft l'!�c ac:c 1 r·a ed J)Qirtfcles .. ·it 
othe r" partic.les, in a dense f1x�d target or 1n another bea of high energy p� Clcles, 
tnrormat1o� fs acquire� about the constituents of the p�rti c l es . about t�c orces 
wh1eh a"t w1 thin and between tllem; and &bout the ttlln�for1fl.a ons ..,,t'li ch Qc.cur bet•een 
matter a.nd energy. 
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The high energy part· c;:le t.cc.eientO'r .md �ol Hdi ng biHm hc:1l'11�h·s. to 1:>@ op!.!t!llted by 
the Decartl!llernt in fY 1987 include: the Tevi!Jt.roo coll iider at the Fer 1 N'olticn�1 
A�:<:.elrel"iltor ll.abo-ratcry (Fermilab) p 'OY1ding 900 Gt!'!l om 900 �\r prut.oo-ant1prorf:cm 
collisions.; Ule SLC c:;o;lHde-r tilt tht!- SU:nf<�:,r-d Lirrear .1\(:c:;@h�r�'tor C·ent er fSLAC) 
proY1din'!l sg, GeV on ijO EieY e-hctron poshron coHh�oms; the le'v.atron superconductlng 

49n&t proton synchrotron at F&rrrJ1lab �rovid1ng pro o" beams of about 800 GeV �"d 
n1Unlercus secondla!�y beam's for fixe-d target experimer�ts; the 50 Ge'!l Hl!leat" electron 
111! cce 1 era tor lilt SL.AC prQ!v i d1 nq 1 nj eeted .bsams fOI" tfi�· PEIP s t o.ra� r� ng ( 15 GeV on 1 '5 
teV) o11nd for the SPEAR stor�g,e ring {4 �\l' on Q GeV'). in illdd1Uon to the SLC 
ment1 oned above; <tndl the 30 Ge\1' proton ·synch("utro�� the A1 hH•n.aUng Gt"ad1ent 
Sf!'i('.flrotr-on [ASS),. .at Br-ookhaven �t1ont� 1 �bor-(lltrory t(I:HU.). bclii of thes �e  OOE 
acc�1ens.tor �ente� 1provideS; b 11.m1q�e set of exp@dmentllll research c.apaM I fties,. 
compl o e-tary io tbtt <�ther-s. As an omsembl1e they pro\'1de the- faundat1on for a 
t�;.O prelte11she forefi'QIIIt 111�ti�n.al progr- iin high e- erQl' physics res.e"rtll. 

A rmljil r part of the fundf 1119 o1 the ht 1)11 rute rgy pllys1 c:s prO'gr am 15 N!�llll J'lecf t-o mEl'ft 
thC!- eli rect need s. of the accelerator laborii!ltor1cs to develop� ma:i,ti11"' .and op�ratc th� 
paj c r t�tcce 1 eri!l tor� co 11 i d iinl� b�r1 and (feted or facH Hi� s. 'The lf.M;i 1 it f es at these 
hbor,�toria:s pro�ide the primary 5ource of e·x;p{!r·mental data fo-r higll en,er-gy physic.5 
rese�rcrn i� th�5 country: about 7S� of th1� fesearGh is �ar�ied out by un1yer�ity
b!lSCd SC'h!nt}sts. l� th1-s sen-se� n1ost of the 1'UJ!Id1 ng provided to the· aer:f!,ler�tor 
1 a.borato.rte-s .also it-4lrn bo canshr�red 111s net�;.essary i'Pd1 rot.t SllpJlort to the unhll:!Nl ity 
resea rcll ,P rQ.gra s.. 

At Fe rn'i 1 ab,, e 'ldl r l d1s f1 rst sype rconduct i ng nigh �eme rgy .ar;c;.e I e ril!tor hi!S rout f rne· I}' 
QpeJtalE!d1 del hoeriMJ aoo GeV p:r(ltol1$ to sen•e a null!ber of fi x:ed target ell;po.t!!rime t!;;o 
The 1f"'Ye.tron [ projC!'Ct� M-hkh 1prol/ldC!s. th eap:Ab111t.)' for operating he 
superc.onllh!ct1ng s.yn(.htr(ltron as i!J 900 Ge'V on 9o00 Ge'V protoJI-alllt1 proton col Hdi n51 beam 
s.torl!geo r'i;l9� is .sth�u� ed for fit-H. oper11ticm for reseiiiFCn la.te ln FY 1986. The 
Tevatrt'Jtll [ l'la� lll reaqy h�d 1!1 Slucc�ssfu1 p.re-cperatlllg tes.t� Trhe TevaLroo H project,. 
s.<::hedul�d for comple-tion in .t'r !986. f)ro\'1-de·s 1!1 Jll.GIJbe of ne� Mcf pgradcd :seoondar.)' 
bea'ill em:lll'Sure-s a.111d exper1nenh1 nalls for tile fhed hl"9et r·eseillrx'h prog1rams. M.aoy 
of lhe c�pab111t1es provided by feYUroll L ar-e lllrelld.)' in oper.aticlll+ 

At SLAt, the p ri nc;;. �pal �mphi!!S is 1n re<.eflt years ha.s betom the s.y:stem iJJt 1 c ·stud.)' of 
e h�ctroo� pi)S.1 t ron co 11'1 s'l ens rlit c.ent,er Qf ass ene:rg 1 e5 bet '�!!'e'en 3; Ge Y �nd 30 Ge '1. Ill! 
f mporrtant iltX tC! ns1 Oft ot this c 3ipabi l i t.Y wi 1 l be p rt�v idea by the Sta1n fa.rd Linear 
CtllHde·r {SLC)* wMc: 1s, to eomme��:o operation ror rasellrc::h inn 19'B7., T1ds projed 
11-ars as i! ajor IQoal the dcnelopment and demonstration of the tundam4!!nU1 t:r!C'hl'liicol 
f�as, bil ay CJf �Js1 ng 11 ne.i!lt acc.e 1 erato rs -...•lt.h prec:i ie Ty c:Otlt rolled. h1 g 1 nu s.Hy. 
micron-si Zlld tleoam pulses to- jJrov'lde 4 reHllble $oUrc.e of h�gl'l 1u:m111D5lt)' •electron
positroB co-ll1s;icms. Thr! sucet!s&fll'l demQn.Stratic� . .of t�� StC c.apoab111Ues, wf�] Be a 
mllljar ac.llfe\i'�mellt 11'1 advanced acuolerato:r tachnology and .a cr H . 1 c{ll e.!lr1}' !litep towi!lrrd 
a1 fliE!'If g en erllt i o 11 of ele-ct ron� po s �troll c.o llf der� .;�t energies 'Nfl' 11 beyond t'oose wh 1 ch 
would ba «�nsfdf!'r�d f{"a:!:ible wHil d rcul i,llr c:olliiilfer-s. Successful o,perat'f.on of too 
SLC 1 fl 1987 w111 illlso provtd@' a•ocus to a p.r-evtotJS.l.Y ttme-xr;tlcred 1phjtsfc:;l11 do afn1 
grt v1 Ag tnc fi Mt opporl �n f ty 'to st ttdi tlJie :sc'i �11t 1 fkll 11 y_ tiJiwo F'tiilnt phyd c. 5o mad.fl 
pos s. � b 1@ by the illnt 1 c.1, pa ud co pi ous prod uc. t 1 on a f tt\.e "f!J bQson t 11 tlhese .h� gh e.tte rgy 
el odron-positron co11 is foiLS .at o�1errg�tC!s near ].00 �v. 

At B� .. , Ute rc s·ea rch lf)f"OQrCI w t 1l naft:e use: or the recent.1 y. deve 1 oped •m1 que 
c i!ipab 1l1ty ()f illC.Ce T orr.tf ng h 1 gh elilerw pc l.a.rrhed Jl rotQA!li in tlhe el'lergy f'i'l!n-ge up to 
2o Ge'V. illnd iil1so of new and t.rpqradeod ��cond.ary bealll Hnes lind! �te.Gtoll"s for a JJew 
9ener�tioo af rare K�deca.r exper1�tter�ts. whtclh loft ll test cerrta1.n 1111por-tant thi!OreUcn.l 

pr edi c.t 1 Or:l$ .. 



Ttie SLC a11 d levatron co lli Q-e�'j '!!1'i 11 p r-ov 1 dt!! forefr-ont researcl'l f.a c.111 t h�s. o t tlta 
m�;xt s 11!\1 a ra 1 .)'{!'iH'&:, By tl!@ m d' l9'901S. ho.,.eve r the lJ.S. High E:ne rgy Physics. pr og ra 
will need 111 w acceh�rat{lr capab111t1e:s U' it a to remain .rt: the scientif1t front ier. 
A,tho�g elact��-�ositro� linear �ollidors snow pram1�e for t future� the 
technol og'ies requi r.;!!� for ·a .signi'fic��t 5't�P forward in IDI'ler!;IY and 'lu!!"inos1ty neod 
much deve1opm€nt amd suct � ma�h1ne �s not expe�ted to be prnctical for �t le�st 15 
·to 2.0 ye�rs. By con t r!li! t • tne U!th.no 1 oyy for a Yer.)' 11 i gh en e:rgy su,pe r condluc tin g 
proton-proto ccl1�der is 1n nand and s�eh b �chirre I$ t e logtc�l next step 1 �he 
pro1Jram. 

'ThaJs R&-0 fforts for- the future- o-f he hfgl1 en ·r!il)' phys·•es. pro1)rat.� a e bo1!llg <>�'li"'Cd 
on a large pf'!Oton-proto-n collider �·.r�tl'l

3
�n ��rerg�1of 20 T�V 'tr�llioQf'l ele-ctron vol � s} 

per �!!'am ill'd M gil 1 1 na.G 1ty � up t{l 10 c � ee r Re e.ent rt�p1 d pr(lol}res s 1 n Pili rt � d e 
phy� 1 c.s. I In c.1 ud 1 ng t l"f!! d 1 s.cc.v�r_y o.f the w �11d I part f d c s � as efllphas f ZI[Ld the! 
1rmpof'tallte' of expe1riment� 1M tJhl! a�s riln!Je up to- !ieveral TeV rt.�here ne'l!l phen�me"a are-
e:ocpected"' ·ncludfn� ne,.· forms. Qf ma·rter ,.Hh un1qlll'� pr�p ert i e5 • . A1 t noou the. 
Stamd•ud Model agre-e$- well with ost e)(pertme;ntal data� there ar� .c;rtttc:ol un.ttns�,.e�ed 
que�Horrs whi c:h colin Orily be explored at h��tler energ)'. The 20 Tev porotoFt be.a11 enef'9y 
wou1d' aHow an e�plor.at1on o� thi� now p�l.t(Hc:s d-omaiB. The new hcility would hiJV 
fm �n s-e ph}' si c.s potent h 1 for t ru 1 )' maj o i!idV �11ces. in urrtdf:lir� t-indi ng the tJ!l da e11ta 1 
na.turf! o m(ltt-er. 'L .. 'lrould Dpcr��e in oiU1 tfler9)' doQ ain Wl'tete t�ere are no ex1s��ny 
or planned facflit1es .anyw:here in tile wor-l.£11, and U. would assur-e a 11\'0f"ld comp(!t1the-
u.s. high <ener'!Jy pl1ysif:S progrM� from e m1d-199.01s f nto the ne.xt te.ntur,y.. Su(:h o!l 
project Aas botn m�� tethnic�11y pos�1b1e by the outst�nding s���sses �f the 
s.ubst.anti it1 L1..S. High Energy :Physics .R&D efforts in fiup�rcon([ucting rna'9M't 
t�chnclcrgy, demonstrat� most �pe�i'fi�ally by the successful Op�ratiQB Qf he 
Tev.nro111 'SUIH!rC:OBd�ctilng G��.gnet $ynthrotron at F'er 1 h.b.. 

lit;c.e 1 e r-11 tor R&tl re l,a ted to the ne)l.""t '9CfH� rati Qn pr'Oton co ll t clr!l'r •. Coil 11 ed th� 
Supercomd�ting Sup�r- Collider (SSC�, ��� initiated ;n ig8A. lar��ly a$� re�1rection 
of effort� from €!rlier pl�nned accelerator RiD. The 1984 ��rt ;ncluded R&D en 
t�chni cal opt to � (!JN1rUcul arly 'flltth rl:!g�ni to stJprc:rconduc.t 1 ng magntot'S). cost 
N!dl.lr;.t1on sttJJd1&s. ud a Rd'eronce �signs Study (RDS) 'idl�t:h es.tablhl'led ·t echnical 
f'eas.i bil it_y ,and d'evel'oped c:red'ible pre Hmhtar:Y e-o�t and �chedul e t}�t 'ma�tes. Research 
ilnd d eYe t op.ment "-ct i viti es i n F'l' 1965 inc 1 uded R�!) to conf1 rt11 R1DS a:s s:u pt 1 on-s ; r:.ost 
reductton �tudies: f rt�r R&D c super,ondUctfng milqnet designs. to proYide th� 
t�chnte�l b�s1s for �elcctfon oft e magnet type whi'c� would yfeld tt.e best 
per-fo1r�:�ance at tne lowest faetlh.y eMt; stud1�s to •·efine til@ d�1'1ni'tf0r'l of tne 
sc.oSJe cf the fad li t:y il!nd to devil!!! 1 ·op a cGs perf o rman co apt 1 n. zed d.es 1g,A; an a 
d�velopment of a te'h�i,a] �?te (r1teria r�port. ln FY 19a6� SSC related re�e�tch 
a d development incl udes !dv�nced accelerator R&D tQ develop ! c�s�/performance 
optimtzed dGsign for tng s�l@ct�d type of su��tconductfng magBet, to develcp cost 
ef e'the tec.'h11�qves. for hbrfcatton c( full hngtn s.upe�c:om:lvet1 ng m.agne s� and to 
cfeye1op co ceptual 5ys;tems designs. Thfs. pro-gr-an wfll pro\lfde the te,a:hnieal 
infor ation fo� �n fn-aeptn Oep@rtment�l revie� of plans a"d de$igns for �n sse t�1s 
slllmmer. The direction ana phas1s of tlte o!Jc cel eratcr R&D progrrun, esped al 1y the 
w-orlc: on :s up��on duct iilg a�ce-1 o ra�tor m fligttets aM as: sod at ed �ys te:111s II 1 n FY 1987 w·111 
d'epend on ti'le resul ts. of th'i.5 rev 1 eow. 

1'1!1 11idd1 t fOri 'to te s.e� rch ca rr"i ei!l cut us ii nq high ene rgry acce 1 era.t:ors in the- t. S.. t.he 
IOopartment's nigh !f'l�r-gy p ys 1 c.-g rogram supports experir.lents. wtri ch use the 
eavabilt't1 E'5 of un1,que fore-ign a.cee1�rators and also some C!xper1monu 'lllh1  ch Ita not 
�qui r"€ bei;'!imS from part ide ilCf:.elerators. The ros ·ar�h c.arr1ed out at tad 1 itfe� 
over .seas takes advarntage o- �niique 1�searc opport.unHies offer�d by fore1 gtl 
accel @If".!! tor ho: 111 t i es wtt kh h ll'le capabi 11 t i e:s: net avail ab 1 e h the- S. There h ;a 
lon9 nistory of suc�e�stul and mutually b�A@(1t1al internati�n�1 coo�crati'cn in �igh 
�erqy physics w"ich in�lu�e� p�rt1c1patto� by �c1��t1�ts from one r&gfon dofn� 
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:xpe r1 m ent.s on i!�:,ce 1 err iltom·s 1 n <��notnttr l"'e'Sll on. Atc-e5 s i' s; on the biJJs 1 s of the 
s:cientif-c mer'it of pli"opo.s.,l'S and without c:lttarge for use of t�e filcil ties,. The 
rese.arch ushlg part1r:les ·r-om 110111'-acceler.ator sources 1inc1udes <StUd1e� of �arj rare 
proce-5oses sucb as, the the�retki!ill.'t' pred1 c.ted dec� o the Droton. and .searc.lles; for 
neutrino mass arnd 1sotated ma�ot1c onopoles. The pro ton dec�y experiment s emp1oy 
l.!!Fge detector sys tru s 1 c eated 1n deep �n tie rgrmmd h bo rillt orf,es to prO\! 1 d� lin 
environment w1tll a Yery low 1��e1 &f b!JctgroiJM l"lld'14tio . 

The H 1987 req111�st f'or operating e.llp4:tnses h $427,500,000. The- mt�,jor fe(lture of the 
progra in n 987 w1 t I !leo tflc ftrs·t Op4!'rat on for rresearc.h of ttle prot,on�antiproton 
toll t d t ng be mu capi!l b111 ty prov� Qed by Tev�t ron I i< (I nd of t.he 50 6!!\f on so &eY 
�lettron-positroo 'olliding bei!m c�p!bi1�ty pfovid@d � th� SLC. The progr�m Mill 
also ; nc:1 ude .oper1U:1 en a d ro-soarch ut111zotiom of the rec.ently upgraded fh1:ed target 
tact1�t1�s at FQrm1 1ab , of �e BNL AGS wfth it� fix�d tar9et progr�� �n�1ud1ng tar� 
b�Oill decay el<.periments ,and its uniqtte ip enerw po1ar1 z·e-c� protoo beam. and. of thl! 
St..A'C PE' a 11d �PEAR co H 1 d 1 n;g bem he 111 t111ls. Th@'rfl' ue maj O<r t lllerementa l oost s 
ds:Socf .!ted wi t.h opel"illt1on of t.he n.er;.� wor]d forefront fe�atrofl amd SLC c.{llllider 
f ac:1 Ht 1 ,cs,. nuts a 1: � new rese4! rch up a bi 1 it i e'S rens ure a '1m rl d 1 ead'i ng pos.i t ii 011 for 
the Us. progrli!lll. lt'le reque'!it hdng!i. the�e i!JeW r"Si!liJ'ch fae1Ht1ll!; ,fito op�r-atioJJ 
and o!lctom oi'.Uites &n ovetall fac.f11ty utn1 Zitit1on level near 50 pert.ent. ne request 
prov1dcs cont1mlfng suppoit for un1vers;it}' bas�d qroups including user group f:'fforts 
at U.S. (I f'ld forf!'i g11 il,cce 1 erators j nO'R-il c£e 1 eri!to r ex: per 1 e11U,, Mid thE!creU u 1 
research efforts. The FY 1987 progr�m al!o oc1ud�s fu�d1mg for a conttnualton of 
adv.!ln!.M tee nology ��u:eel�tat.or nd dcteet,Dr R&D. 

Jl'le FY 1987 cap it i11 equipment f'l!{jUel';t 10 f $77, 500,.00[) m�ets the M Qh pi"1 ,or 1 ty fle-t!d._, 
for t e detectors t.:KttJt rsd to t p1·erne,.t f.trong r'il!lSII!-i!ir-d� progr-U�s .ba.se<l upon tll;e nerN 
cap�b111t1es provided by the T v�tron pioton-�ntjpr�to� collid�� at Fe�ila� ��db� 
Ul@ SLC ct l ·C<:.U'OIIl• JlOS:i �ron co 1 ider 111t StAC.. The ,equ � pm ent re�111e<st for FY 1987 is 
e$s�nti�l t� m�ke it poss1b1e for th�e new detectors to be completed fn FY 1�89 4nd 
thereby per 'it o:st. ,ef' ettt.he uttHzat 1on of t:Jle new U�S� H1 g}) Emergy P�yslu 
t ae 1 11 t 1 rQS be1rng comp 1 et ed i .n FY 1986 at ferm neb a111d SLAC. 

TI!Je FY 1987 request for CO' s,truct10fl funds fs. S41.700,DOO. nlts p:rograu 1nduclcs 
co1l t'inued work oo up.gr-adi R9 of the eantra T c:OGput 1 ng cap a Mlt ty at re r1fi t lab 
($14.,151.000) 'JI!Iic.h h reqtr�r-ed for the analyS<'h of the l,ar-ge \'Dltme of ne't4 physics 
data 'em i ng flf'lorn the Tevilit ron progra ., to c.ont 1 n lile con'S tru11rt i Ofl< of the AGS 
Accum�lator/BoDster (It BNL ($3�500�000) �nd to �o�p]ete construction of the SLC 
($976,000) ,/lind Te'IUron I {H67,000).. Ftmd:s are a1so requested for li.cc.e1erlltor
lmprov �nt Proj�t:t:s (AlP] ($11111�(}�000}, a11d for fie.nt':!tll:l Plant P'r{llje-tt:s (GPP) 
($11t200.ctOO). 

The A!P projecU .are E!'Ssent1al on illl annual lewe1 of effort basils for rr.ainhtnh1g the 
re 1 HI b'i H ty llnd e Fn c f.e cy .. as IN�H as tl'le '!id ent Htc e ffeciL 'i veness 1 o'f the ex is.t i'ng 
acteler�torr fac�liti�s. Heeds for AlP funding �1 11 in�rease in FV 1987 �t� the 
major ne�to� fa.cflities com1 ng into operation at Fermilab ii!Jn<f SUe. GP'P projec;:t5o .a,r,e 
re-qu f retl to �ee:p the gener., 1 ph11 t of the h bo rat ode 5 , i nc 1 ud in !J b>J f 1 di 11 gs � 

Ill t f1 Hi it! s 111nd l"l)fldS � 1"' v 1 a b 1 e oper�'L 1 ng CMd ft l on. ltle H 'I g h Ei!l�rgy N!!f':S i c� prog rlllm 
Ms tne il't!'5<�ns.i bil tty to provide for tJ! fun GPIP n,eed� of rtho- mul t.t-progr"' 
Brook lla\',en 'Na til ooal L aboratoll':)' as \\"e 11 as tho lie ,of the s, hgl e-pu rpose 1 a borato rt os. 
Fermi li!lb i!Jild S�AC� 

The Hi91l Energy :Phys:i 's progf'i'lm is. de5criibe-d in terms of t�r-ee sL1bprogram5-: Peysic.s 
Research� Fac�liity Oper�tio�s ar� Hfqh Energy Technology+ Althowqh these th�ee 
functions. wi th:1n t e pr-ogram ar10 d1 s.cus�ed liS �eparz.te s.ub-p1rogritms, tn(!l.)' are not 
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irtdepe11dent-. hen h eoup1 e(.fl to the o!.h er h."Q and ci!lnnct aUt se:p!rilitely.. ne 
clo�e 1nteraet1on �nd dyna i� nntd�e of t ese t ree s�bprogra & �� r�qu1rc th�t som� 
�djus ent 5 among th� be �ermitt�d durl g th� �ear 1 order to ensur� the most 
Clffiect1\'e program �nd the b-e:st u$e of over!ll p�rogr� · unds. 

The H,gh [ er�y Fn)s1ts progrin supPQrti n erous univer� ity �es��rc �ontr�ct� i n  
wh1 <C:h the� 1s s ttbs ta "t ia 1 t.Q:St sha ring by tb:e 1,m i •ter:s i ties. T'h e  un ive r 5-it i es 
prov1 de tn�1 r contributi oms i ll  a number of �YS.�o such a!i ,p811't1lll !illlhr1es t!l 
1n�est1gators� provision of laboratory space and mach1ne &nd e1ectro�f� shop 
f;�c.il iU es , computing Ume and/C)t �quf @nt" a d direct -unding C.OF'Itrfbutfons. fQr 
servl c� ar.d equ1 pmelllt.. Tha H1gh E111H'�gy Phnics progra. entollro!ges .such cost !:h!r1ng 
pol j de-s to ach1 e-'t>e max t m mn uti 1 hat 1 on of ii/Va Ua b 1 e F'.ederra 1 fl.lnd:s� 1" .;:�Q'di t ·on. 
tnere is. cost s:hi!!irii111g i A nu::r.Mr o ei1Cperi ment·s by 'foreign. pu 1C"1p&nts., 1nc1udir.g 
�ub·stzmt1�1 c.ontr1bull::ion'!: to mo��jo� det�tc:ws �uc dis, Lhe Japan�se &ld ItaHan su�port 
of thE! to 111 de-� DE!teoctor F'acH f ty ( CIOF') at re � 11 t"Jb. 

Physic.s Re-s.eijrc 

D
_
perat in g E x�en:ses. ..... . . , ... . ... ...... , • •• ,. , , • 

FY 1985 

$106.300 

F'f 1986 

_\;106.US 

FY 19'a7 
il!gLI@St 

lill6�6o-O 

The Phys. its Restei!J rdl � ubpro gr111m i n<;.l udes the sliP port of un 11\lers 1 ty- !nd' 1 abor·� �or)'-
tJ�s-ed res.ea!r-t-h groups or the pl amriog, prepara ion and ll.·eclftion o xpcr1m�nts, and 
forth� nea�ureoent. �n�lysis� interpretation� and disseoinatio" of e�per1m��ta1 
re� ul ts+ It a] sa sup.pc rts the res ea rc of un i v er'5 i'ty- and 1 abc ra tory�ba.sed' 
the.ar�t1 ca1 pllys1c1sts, �nga�ed in botll tphenomenol'ogiul and formill1 i!!lrea.s. of 
t heo r�t:1 '" 1 s.t l.ldy. 

ExpodtM!nU. 111 high el"lergy p ys.ics •genenlly re quire tb,1! use o-f 1ar£1e partic.le 
ijCc.e 1 er.ators .. tog� her ""1th c Ollpli!X deted ion �pp!lr.!i t.lil-s, to st�;�ay I he re!:i ul ts; of the 
collh1-ons or h1gh � C!f"9Y parUc1e:s� lihe DOE-supported acc.e1er�tcrs and experimen·al 
fad 1 iti es. i!lre lo-c.ated ;rt three (t!'ntral hlli>r-atories. 'M ere. they a.re l'Jde 11.'11!11 hb1e 
to ctval i fted s.cienti·sts on the t.asi:s of the s,t,l�nti'filc mor-iit .ijnd pro 1$e ·of ttte1 r 
resea rctl projec.ts.. ilobaut 75 per��nt of the r�surch d()ne with thE>S.e cent.r�l 
fild 1 itie:s. is; perfor-med hy unher5ity-ba-s.ed phjs1.ctst-s. Uecau�@ of thl!! sH:e and 
co plexH,y of � t)'pfc�1 high energy physi cs 'expel"iment� U!iers: from i. nur.tbcr of 
1Jutit�tfCII'lS. fr�quently collAborAte on .a giiven expe riment+ Trnese res�e�rc.h teams 
t�p1ca1Ty jn,1ude � mix of phys1,ists. eng1n�ers. t@chnicr�ns, mAd gr�duate student�. 
Aftetr it i"·E!:Sed rch p ropes m 1 to, the l.a bo ra.t 'Cllr)' h ac 'Oil tad, tno rt!'!l.C!a rc te-ams 
participate 1n th@ d�s1gn �nil fllbrtca.ti on (If detectors ana Jlrov'ide rn.anpowe.r- for- tl'le 
expe-rtment during the data-taking pha.se at Uta 1aborat{lry. There i:s ust��Hy 
s. 1gl1 Hi cant. h11teract 1 on lind ass i s.h nee. lfrOCJ 1 abo r.atory s. t11 ff � and us of l.a bo rat ory 
s11pport fae·111ths, tor eilich @.xj}e.-1 11t.. The e:nt:i re proces;s. from coBceptton of he: 
e;xpe:rimefl!t to pub11ut�.on o results, t,Yp1c&11.)' ta es up to five years if n-o 111ajDr 
��w detector 1s �nvolved; if uajor det:ec.tor de5ign an� fabt1catto� 1s ���olvedp th� 
duration �a� h� sev�ral yearS �onger. u.s. user group �artic1pation f� �xp�ri ents 
uti 1 i z1 ng urrhtue c.ar,oabil it ht:s alld opportl.ill1 He-s mt fare· gn l obnrat o i es sue h as DES'( 
( W'�!it Germ.any), CERN ( 'Wes. ter11 Euro1l!e) •. aM K!EK ( Ja paR} i !i A1 �o. supporte.d. 
StiJdies of same of the t porta.nt lfunctameFJtal prob1 em'i in �19 nergy phy5:ic5. are 
bei "9 c� r r-i od .out 1n expE! ri meng 'ldi i c d.o mot ; nvo 1 ve tho US@ of b I�� E!IH!riD' 
ac.ce 1 e-rato r!i. W 1\i 1 t? experi 111 llnts to �ea rc ror �rot on decay cu�rrefl L 1 y rep!resent the 
lilrg�st or the. non�acceler�tor e:<l)eri"el)h1 cffortos., tnere .:�r� othe expedme11t:s. 
both pro,po St:!d u.d 1 n operaJti on 1 including s,ea rclttes for free quark's;. m aJg��t f c 
mon�po1esa neutrino m�ss, and n�ut r� no-l ess double beta �ecay. 



Theoret i ca 1 res�llllrch pr.ov 1 <les a froll'llePHe r!k for �Anders, hndi ng the: res.�:� H� Df 
ex: peri me-11 t�tt too .and pro vi des sug!!JeS. t 1 oo s for now me�s U'rem�nts i m JMrtMt fo1r 

a dv l!m: em etl t of und'ersta 111d i 11g. Expe f' Em en t� test e,; 1 :sting theory , aJid pro Y1 ct� tlle 

l)as1.s for ex ltensi o11 s , rev1stoi'IS and lllU>dHicstioo of the. th�of'et1r::a1 rrame�10ri: and 
urJdeqtand1ng, Betause �f t1'11s. S'tiNmg i"ntarpla.t between. a"d i"r�terdepet d�n€:e ·Of� 
c-�por1 ental and tl\eoreticl!!l re�e�1rc.h., experf e t�l hind theotetfclll fleseanll groups 
often WGrk. cl oselJ tll)gether. Htgh er�ergy theeretiical n!'soarctl prese tly IS a stfon'g 

focws. QIJl the d'evelD'pment M a \mified des:criptim'l of tno foorc.es 1n nratt.tre tllreugh 
u�rte r a. H zed �uantW!.\ ne 1 d theot1 e..s� Aq 1 ncr1'!:as ngb su'-r;es s hl t l:'er�d i,_ th81)1f'!it 1 (.il \ 
rQ-sea.rcb is t e US@ and de-velopment ef llll1"9�·su1� c. pt! 'hl!JI·.ac;iHtfe.s to explGre 
nliiTl eric.�l soluttorts of canld1dt�te theories whiich are not a··enabl e to analytiic nethodl�. 
alon1,1 with the d·D¥ lep11ernt of mere powe-rful n ef'U'.al aM a M bti c::"1 tec:hmiques.. 

The Physic� Rese�r'h Subpragra· �1�� tncludGS an O�t�tand1ng Ju ior Inv�stigator 
prl()\jlr.a�� J�h;�b pro11des. ·r-eseilirl!;n suppt)rt 'far o"tstal'ldi ng u et�ur�d iHgh l!nergy 
physicists llllho tglltt other�i se- htr .. e to l�av� tile ftcld dLI� to lack o a"ai lab liHy of 
perm �nent ��ademit posttion$. Thi� s a]l p�gr� f� very importint for entourag1�� 
sonu� of tJle bo-st yo·YI'lg sc.f·enthts. to r a in fn his field' o reS:eD.rcb. and thus be.or"!i 
i rn porhntly 011 the l eng N1ng� w f U 1 i ty of t e fie 1 dl. 

r e· FY 1987 bud get request of $1181'6{10.000 for Pt.ys� c:s Research 1s necess�ry to 
maintrah the capabn Hy o 't 00' unfrvers1ty alld laborator.)' roseiu·ch gra-.ps to 
p�rtlc.ip�te eff�ttv�ly tn todby1s more complex experiment�i particularly thDSe using 
tlhe nePN C.;;tpa bj 11 t 1 e'$ �t Ferrn 1 lab and S LAC; ·to prov t de a 1 eve 1 ot e ff{l rt r�a sorr1My 
mat�hed with the pl�nned level of fa�il1ty �1lilGtion; an� to �intain the 1mpor�ant 
t�eor@ti�al r��edrch a� n�11-ac��l�t�ter higb �nergy phy�ic� �esearch �rogram�. 

lli 5-trfbuUon by FGci11ty 

FY l!i185 

tenmi NBtton�l Accel�r3tor labor�tory (Fe�il�b) $ 9�603 
8•rouki'I.D.w em Nb t 1 en a 1 h be ra:tor)' ( 8 N ) ,.  .••• u ..... liE* 7.100 
Shn ford L i neill r t.cce 1 e rater cen·t e r ( SLAC) • • •• ..,. • .. u � 106 
ArgonPJe f(ilti on�l Labo:r-�tory (A! ) • � . . . . .  . . .. • ... . • • 4·.920 
ta�nc.e BC!!rk.Q1ey Uboril:tory (Lilt) ... . ., ..... , u • .,,.,. a�"uo 
Unhon1th�& and oth�r Agency I!..Aboritertes �u. ,... . 65..r.Ji1 

Tota � Phys; i e-s IRa:!:aareh. ,. • •  ..., . . . . ...... .. I .. . .. . � ••• • ••• $lor6� 

Fer111 i1t10n.a.l J!.r;:celeratr;�r Lrabor.�toq 

$ 9. 382 
6.9S9 

10i8l.S 
4 .• 787 
8.4M 

�5.�38 
"SI06.26B 

FV 1987 
lite-guest 

s 10,.300 
7,150LJ 

H�900 
5 .. 300 
9.,200 

14.300 
$118,6.00 

111 f'Y 1987 $10, 30 0, 000 'iS: request elf or- tfJ Iii 5oUppcNrt of he Fermi 1 a.b ins heu!i.e res. arr-ch 
effort. Th"3s l cYeol wnl pe.rmiit conthmed p !)'sics: re5earc:h dlCtiviity b.)' fCI!!rmthb 
s.c f -ent i sts t mo�tt of wh1 ch is dont! b cc;to 1 h bor aii:i 011 IN'i t h un vers tt.y-b�sed grotaps flf'O 
across the co t.mt r-y. rn th fs, modeo I the Fe nn1 hll sb ff pa rti e1 Pil.1 te 1 n 1'0otofrofit 
tesei!rc;:h �tti1e sijJjt�l tan,;ously prcytding a cr�� ili1 suppoi"t. ar.d lhhoo furu:tion for 
�he fi.Y' unhe.rrsfty I!J.Sei"S of the rflnni hb illtH it.1es. A majQr focus of their 
re5iea ret. cfr.a ru fll1 n b@: the tm1 q,ue ne'lll opp"O rtun1t 1 e� or fh:ed ta rtg f!t rB:!ie!l rcn 
bec;:ominrg i!IYal]liJible \'l'li.l'l C.Clfnplet101'1J af the- fuH Set o� beii.'IS a11d tug�ts JJ'I"'O't'1d'ed by 
Tent ron H comst1r-�dicP1j a d for coH fdinrg beam re'S>ellrr:h lbecomi' ng av.iHabl e with th 
"on Te����on collider l�ci�i"t1es. 
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J1te major 1 fn@S of �soarch to be �Ut$ured by fermi lab sc1 ertt 1 s.t'S in F'l' 1987 wi 11. tle 
�e�rche� for new partfc1es? itudte5 or nuel�on structure ��� t.onst1tu�ts. and 
ell:ploration Qf ·he electw�e<Jk fcrc9 through rtetJ r-11no 1nt("rat.t1on:s. The 900 G.eV 
C'fllp� b 111 tY of t e s.lilp er t.onduc.t l n3 syn�hrotron • 1 rt c onj un 't i Ql1 with t l:lc u pgroilo(l)ed and 
Itt;: I!,' fii ;xed hrge L exper1mentl!ll ffJ.ci 1 it ires; • a� we 11 j;j� the 11ew p r-,(Jton- ant. i p-rot on 
rt.t�llid i nljj be&n (,81pa b111 'tJr � Will rDffer lli!ny ihi gh1y pi'O(Tll :5 i fl� r'leW �r'ld UP'l l que 
opportun i t i o£�S for n71 s Qa rc ll advance-!;.. H'ilij or expe r'i en t s w1ll stliid.)r 1 W and Z 
prod ucti oJ' and :seal"ch-es tor n etJ pl1e1,1.vmenC1 'n c 0111 111 ng beiffi e-xp>er1 m@n't� � the 
propQrt1es of jets of particles proauc � d with �19h transvers� oment�: the di�o� 
spe�trum resultin� frOm energet1L protQ� collisioni wi h a fi�ed target� the direct 
productio� of �1ngla pnotons 1� hadronfc colli�ions; the �har�cter1sti�s of 

nt�fa·eti CJ'I\S of nli!ut r ·nos �t. thre h 1 �h1lr e ne rg.h!s now o¥ra; lab 1 e � th{l subs t r�<:.t\.1 r-e 1\1 f 
nru.c.l e-ons u5 i r:�rg t :e supe r-c OJI rjuc't 1 n:g 't�i c.a.go Cyc 1 o.tron11 B:19neot i c spectrometer; and. the 
c:reillt; on o �I'! a d' and ne11v 'i er q ill.rk st a tt!s b.)· p otons and :111adro M 'in E!!X.per i ments at 
new ig er ener-gies.. ll'he! roq111e5oted funcf� ahio indudo s;upport for tlla Fermilab 
t.he:cret1tal plnysic� research pl'(lgraD_. inchldi11'll � SNH effort htlich explo�li !i:he 
i nt rf ac.o N!9 ion bet we eri .a!st: roph)' s1 c: s Iii! II h'i gh energy phys.1 C.$. 

B·f'IOotha ven ff111tf on a 1 La.bo ratory 

1 n rY 15187 :S 1, 600� OCO • s r�gui red! for the a r re5eill r-i;h 9 rnups.. The I'IE!search 
t:i)p.;:t.bil i 1es at tne A6S ll1"1e unique. 'Since no at e10o acceierator c:overs thi'S 
1 ntenned tatrC' range of beam E!fler91f C.!S or prov1 de� �1m i la r bc.ams of high er.e rgy 
polart U!d 11rotons. Major r�:sea�r·el'l tnr-ust� dur1n� FY 1987 'M111 !be tit.e s.tudy of the 
'htcrilc t 1 OP'ls of po 1 �rf zed be(IJI'l� Qn both un po 11 Q ri red and po h ri .zed t.a rgets ut 1l i z-ing 
the Illig ene-r�y 'POla.r-i zed been .;:apabH ity at the ltG.S., ;ii sea.rch ·or ne1,.1trino osci lla� 
uo�·rs. and a progr.aJT1 of �l'l:llOvathe studies of li"are K decays� t(ost ot this worli: w1 11 
f:Je performed at the AGS i n c.o 11 a !bora ti oo wH Lm i 110 rs.i ty ba.sred groups. A 
ctrnp 1 en;e11l.!! r"y program of theoret 1 C:l!l 1 rQnil1ys.es cf expe r�mtmh 1 r-esult-s and more for;;: il l 
1!' eore·tical st:ud1,2s wi l1 �ho be pursu�. 

ln F'r 1987 Sll. 900., ooo Is •r-e quC!�ted or sup1po rt or sLAc J)hy s 1 cs rf::seill1rch gr(mps � n ll 
firs e;.:,perimerrt.s at t.he 11ew SLC foilc'i 1 ity """f11 ll"l'g1n 'N tll the I..I.P9i"'Cided �rk H 
detector� The SLC experi�ental progrilm will initially co��entrite on stud1�s of tne 
ZO and j't� de-c:l!ly des, PEP is 1expectec! to operate illt ill ne'l!rl rere,(lrd hiqn 1 umt!'osity 
1 n FY 19a7 and prc.vid'e ex.te1lent oppo-rtun'it 'es ifor nerw dt�coY"eries wit tfle upgraded 
TPC d&toctor. H1g�or procfsion exper1monts 1nc�ud1ng pree1s1on m�surem�nts. of 
ele�tro���k as��tries ijnd p��ticle 11· �ti as w111 be emphis1zed. Anal�s1� ot data 
from t e SPEAR detect�r {Mbrk III) �ill continue concentratiP'lg on st�tes in tt.e Psi 
reg 1 on to obt a h' a mort�- d�tll ned 111"1 dB rs Umd i ng <Of cha nnod quart: matter.. The 
tlrteoret1eal Qrorgrr:m a. St.Ac lncl udes prhoen�neno1 ogitd .studii!!s. u ... oen iiS. studies of 
fun dame nta 1 i ss.ue-s COP'l c.e rrr1 ng propert. i es a· tha tJ.a s.1' fones • the c-anes t 1t u nrH of 

t �r and the un1f1eat1on Df for�e!i� 

�on�c ��tion�l Laboratocr 

rn Fr 1987 $5,300,0�0 is requ sted or the ANL phy�•�s reioarch program. ANL 
��ienti�ts w1l1 be pa�ticipat1n� in the ana lysii pha�e of e�per1ments don@ w1tn the 
HRS detector �t PEP. They arlle al'!ia playing a: maj.or role in tr.� s,tu(iy of pr-O"t.Oiii� 
�"tl�roton co111s1cns �tt1 the CDF d�tector At Fermilab and preparatfon for u�e of 
th@ po1atfzed proto be at Fe no1l�b. They a1�o are maJor part1ctp�nt� ?n th� 
Sauara.n H n\�cleon d'llt:i!IY e�p�rtrru!nt •. T\le .r..Nl pnystchts t.o' 1abcrate cli:�!ie\y · n these 
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111c t. h tt t 0>� wl th 1.1 h ra rs, � t.)' resee reh g ro"ps. illnd I· to go-thEtr wt th the " 1 q1.1e Af.ll 
hbcrator.Y eapabi 11tii1S .. provide ttn 1rnpcr-taJJt ta,hnical 5-CrYiloc base tor these 
group5.. TI�<�� 1119� ene r9)' tkleo ret f ca 1 phy$! h::·s group at /I.NL fo cu.se� oo t�t? stud,)' .a.'fild 
fonnulati on of phelil0tleno1ogfci!U .1110dell!i for strong 1nter<tctions.. 

Tile r€quest provides S9.2{10.000 iln F'l' 1987 · 01r tl'le LBL re-se:arch programs to ma1nta1n 
an approx.1fl'lote 1 y eons. t.a nt over a 11 1 evo 1 of' .act 1 w 1 ty. llhcc!le flllnds are r�q Ult re-d for 
part1 d,PatftJn of tlte LSL researcb groups 1n experi elllts .at SLAt. Fennlilab and otlliler 
hborato1ries.. LBL sc·ierntf!iits vi 11 phy i!i majo.r role fn the nrst expeorjme"ts i!!lt. SLC'� 
1.1:sfng t:h" upgra{led Mark U mag.nllUc doteetor. L8L phys a liead 1Mle' h t o 
P-xper1r.rel'ltal prog�r at PEP us1ng the T1rne Projedi on Cbamller (T_r.c�. Groups of 
physfc15U fr-om ILBL il!re also pl i!l.)'1ng irnpo,rtant roles: in ooth DajDI"' detector 
fa<:;11ttf�s, lit the 're•tatron c:on 1der. An i port� t p�rt of t oe i..BL progrmn "is it e 
Pa rti c J e ba toil CcH1 t&r. v.t f c:h ·1 s the �on lj" such ea.p.abH 1 ty h l c U.S. and khi ch 
pr<Jw ii des a v;;� 1 u ab l'e se rv1 (.fi! f11rnc:t jon for tho U.S.. v lild WOJ'l dwii de h il gh enaf'9Y phy·�d c s 
ccmrwn1t ht s .• Ml)d �st S;�Jlpo rt l(o r M gh �enctrtb" as.t roJ)hys 1 es 12xll"el'tm�lllts h 3 �gte-e 
K�l �tin back.g1ro""d riHI1at1on. st�p(!oi"I"'Ovlli d�tC!.c.Uom ar1d observ!!!Uon. tlnd Uwd1es of 
compact s.tell �JJr objects .a ret e�ee·ted to ,colfltinuc. These experilmotrh prcvi do 
important data 011 el eraelilt.ar)' process·e!;' a11� c011plemeBt other 1Jo1g� energy Ill ys.1es 
ex!IM! rtmel"'t'S. Titeoret 1 Cd l plsy:s i cs at UlL wi 11 coot tR� tt} 13Dp h,as i � tne 111 'le!ti gmt iilPl 
of e1 ementary p.a.rth:.te interaction� I the fund(lm '1Ul1 st�uctu're of' matte-r"' D·nd topics 
in �dv�n�ed �c��l�rator p��1cs. 

Un her"' 1 t 1 es. a11d oth 01r AJJgnc...t la bo rator1 �s. 

The Ph}'Sics Rese�rc.h reCQwest far FY 1987 proYides $74.,300 .. 000 for the 5-IIPJ!Ort of tne 
unh•ers1ty-lba.sed ex:!Dedmental and tlrteoretica1 res>ei!lrdl grol!lps ttnd for l'l i gh energ;' 
pllys 1 C'S re-s ea reh Pt'Og1rams .,.t Ute loi!E!'S. LabOrU nry, Lo:s A I o:s Ni!t 'ion� 1 L.abo ratory 
( LAI'q, L Oak R � dge flat i ona l laboratory [OR NL}. and Pa c 11'1 c No rthwes:t UbOII".! t,or 1-es: 
(PNL).. TM s aTtOUI!t 1s requ1 red w pel'fll1t tJlese research groups to parttciJ!'illtil!! 
effec tively ills users i!lt US. iiccele:rator hborat.orieos and ur:dq"e foreign fac:ilit1es 
t.o perfann campi ex. ·forefrcnt fixed tillrget and collid·hlg l!leam �xper-fme,.ts: to perlonn 
oow forefront non-ac.celeratot"' �xperlmerr1ts; to cOF'lce1ve ln'i:d te:st 'innavitive ideas for 
tile next gencratio� of ox�orimentsi ��� to carry out theor@tica1 ��d ph@nomenolog1ca1 
ilfl,j!lyses, 

l'he Pep11!r-'UIIent SIJj)PO rts .app ,.ox 1m a tc 1 y 11 S expeitm.entil 1 and 155 th eore t. i cd i gh energy 
phys.iC$ r�ie�rc� group5 �t 90 u�1vers�t1es across t� nat1onl as �11 a$ the re$e�tch 
el'fort.:s a.t �es � lA�l� OIU�L and PNl. DOE trni .,.crs1ty-b-ised h1gt. ·en�rw �Xp@·rt entll!l 
groups llir� engJ�g.ed im IOO.Iil,)' orefronli:. experhrents i various s.tage-5 of �N>�Jil'1!'5oi1 
col lectf ng dt�&m 'l"rom t e u�s .. i!icceleri!itars at Br�Lt Conen� Ferai1ab� a11d S IICi and 
a ho fran [urope�n aecc loll"' a tor-s at t e turope�n L� bo.ratGry for Part i d e  Ph.Y s. i c s (CERN l 
{l.lld the D'eutscnes. Eldtronen-Sy,chr()tr(lfl (nES'I') I fi"'OJ the Japanosa TRlSTAHI raJc111'!:.,y 
at KEK. llnd fro non-acce'�eruor :sett'hlg:s (e .. g .. "' dee-p mine5 for proton det:.ay). SucJl 
well-eoncehed and car-efully executed ct:x,pcrt l!nts pro·dd� t..ne b�os1� ·or procgress tn 
1:he fie 1 d. 'Hle tnoo Nl!t 14;;;�1 pro gram 1 nc 1 udfts a vat f e t.)' o act 1 v f t f e� r111n-gi ng frorn 
a bst ra ct thee ret; cam cc ns·i deration s to p.henof!'leno 1 ogi c.a 1 s.tud i as • Th i ·s II() rl hu: 1 ud�s 
development of J)-01'1-el!'ful mettmds for ca1c;�,o�1�tiing htt ice gauge formul aUons otr qullntLII'i 
ch.rCDOdyfi&m1 cs. and for pred1ct. i  n{): ILhe resLJl t5 of ele.ctrowe,ak interacti'ons and PJodel 
���t1catfon theor1�s. 
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faeil"ty Operati�h� 

Operating ExpE!nses�·· ......... *� • • • • .... . .... . .. . .. . .  

Ci!IP i t a·m Eqtt t 11m 11'1 . .... , , .... , , • � , • , . .. . . .. . .... .. . . . 
Construet1onr.•ii*••··�··········�·····••i•�·� 

Total F?tt.il iity Oper,at1on'9 . . ... . ..... . � . . ...... � 

fY 1985 

.nn. ns 
58�700 

114.000 
's3.iiS,t4Et 

fY 1986 

Sl7S�O'.lS 
69]'984 
SS,049 

$301)�128 

F'l' 1987 
Request 

5213,,00 
71,500 
4!.700 

sl32�6oo 

f' a.:;: Hi ty �erat ian!: :S IJ PJ>Crrts. tho NP.)I .;u;.ti Vi'IL'i es: Fe"qu ire� to ope flli te � m�d n t.a 1 n I 

equip, i!!rKI con'Struct the high energ:y act:.elerat<;J.-s� colli<f1inl!)l be.am Udlfties, 
12xp or{m{ln t1! 1 area$ , sewnda r y bei1I11s , 1 a rge ul t1 �user detector f.ac.fl it i es. • and 
central cQT�utfng f�cilitie� which a� essential to the pursuit of experimenti!l hig 
energy p�:s i c s. res�a.rr-c h. 

n I9S5 

Ope ril!lt j n q [xpen s.es. . . . . . . . ... . . . . .  , • • •  ,. ••••• "' • • .517 2 1 715 

FY 199.5 

$17$�095 

e opera t i F19 relCpf!:nse<s port 1 oo o fa c.il it}' {Jp era t ions pro vi des funding for tile 
i!ccelera�or dnd expert ental r�c111ty cp�rat1�g ere"� a�d suppo�t p�rsQnncl, the 
e·het ri e power� and the e:x�endi!ibl � mi!itell"i a Is lind �u JJP He'S req� f r�-d ro-r tiH!"S t! 
;;�ctivitie$ which are c.oncenttrrU.ed .!It the th -ee DOE 1<11g energy �CC!!l arat.ar e@nte:r'!i 
� oc a ted at Br • FermU a b Md SLAt. Th cs·o ace: aTe r�tor f "c. i liit i es; p NlVf de t e beam 
t i f·or- the res&arch wort of lll'OSt of the high energy physics. expe rirnent i!o 1 res,e-arc h 
'!JirOI.:III s 1111 ·tJte U. S. ,. 1 "' lyd 1 n � ma AJ 'lltlo rec;eive: thei r d i rect nese:J rc.h s.uppo rt F ram the 
NaJt 1 o a 1 Sc:i enee Fo t.md.at; on (NSF� 1 Tille a<:(:e 1 erat or aru:l c. a 1 H ding beam he H 1 t 1 e'S 
reqi.!Ji red for rese�I"'Ch 1n high ener!Jiy pnys.ic's are lar9e •. com,ple:r., �lid �xpens1ve. 
tieFJc.e, Uey ar-e few in number a:OO rl!.re operi!t•ed .!It tentriJl locat1ons as (Jil:t1ona1 
f�c111t1e� wh1cn ar� mdd� ava1labit to those phy�ic.i�ts Who$e �se�rch proposal� are 
j!Jtlged tQ hiiiVO: ttr.e bighe!5t _s,r;ientific ,pramlise andl mer · t •. 

Th� �amp�ament�r) �apab111t1�s at the threG accelerator c��ers prov·d� t�e es�ential 
v��1e� 1� types of particle be�� par 1e1Q energi e$ a�d beam f�tensiti�� fo� a 
pf'MiiiCt he ll. S. li9h enngy physic.s pr"Ogr • At Fermi lab, the supe�c.o11ducti ng magl"'e't 
Tc�a ron provides i�tens:e beams of �rotons with ener�1e-� up to 800 GeV �nd v�r�o�s 
types. of secondary part1�1� ��'S w1tn tho high Bcrgies �nd hi�h intensities �eed�d 
for fo.r@'front fhed tar!et expe.riment.s ·I ln 'f't' 1987., the 900 CeiJ ()n gao GeV protiln-
i11 tip rot-Qn �Hiding bemn fi!!r.:iiiit.y pn'l'idetl by T·ev�tretn I w111 be 1m operatfon for 
r�s.e.'!lrch for the. t'f r!it t1me:. At B L, th AGS prQ!V1ans. proto111s w4th enefi)ies up to 30 
GeV i th� primary �e t �ig energy�polarfzed proton be�ms. �e.:::onda�y p�rticte 
beams .  and nGutrino beams� for use i� fixeD target �Kperiment�. At SLAC, the two
mile 11oeir- ac;.c.el�;:l'ator pPcvides both E'lE!c.tro11S l!nd t!=OS1t ·0ons at afterg ei up to 50 
GeiJ, for Hi�h Energy P� ysi t$ reS·e.!lt"tfi .!It the ne,.� St.anfon:l linear Collidt'r (SLC) (SO 
fie v on so Ge\1 L the. P£ P !ito r.8Jye r1 ii'log rae1 11 t,)' (15 Ge\t o-n 15 fie\!} and the SPEJl.R 
.s.tor.J�ge dng hcil ity (4 Ge'l on 4 Ge\') ., 

]n FY J�67 there are �ajor incremental costs �equired to 1nlttat� o�rat on for 
re�e�rch of the new Tev�tron �roton-4nC1pracon col11dtng �am faci11ty at Ferril�P 
and of the unique new stC e 1 ectron-pos ft rOil ct> 1 H der- <AI pa bo11ft.Y at SUC� The ftm di ng 
r�que:st fn FY 1987 wi l l  provide- for tnese 11ew n�@d'S '"nne perrtitt·ing �n average 
ovlfrall U'tilhat1on le�ol for �p faci1it1e-.s nei!lr t e -50 p.ercent level. Goc-d 
utii 1 · zat ion of th-es-e new rese·a.rch c.a.p ab i H tie� 1 s. e� s.ent i a.l to a wo r 1 d ccmpt!t h 1v Cl 
pills it;: on for the IJ. s.. pra grm. In or-der to s.uppo rt t ! fit� t te>ee rc.n ut n 1 :il:.1 t1 on a f 
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these 'lt;rtrQo ��w world forefront �.apabll1 t.�es at Fte'rmt h.b 41 d SLA.Ca. opHIIIt1 Ofll of tt.e 
AGS. at I'J.N'L� err the PEP and SPEAR (21"-'ilities a.t SLAC I and of tM! fheoa target 
fa.c 111 ties at Fermi U b! W1ll boe reduced .. 

Qperat1ng E�pcnscs 
Vi�tt1butioA by Facili!x 

fernni 1 ab I I t <ti i + � II § II � I • • • • !!I ! • • • � ,. • 1t1 • Ill* • • • * I + li IIi l'ir • 

BNL� • •  , • •  , • • •  ,� · · � · - �·· · · ·· �·��4•••·•··�·· · · · · ·· 

SLAC • . ... i . ... . . !! .. I • 4 • •• !! if 'f! !! ... . ll.t (II • !fl •• ., • •  Ill • •  ,i • , • • • • 

L.Bl. ito 1 ., • • 1 .. 1 111 1 •1 • * W 1 if • • • • • • • IIi •· 111 • • •• • ii >il io * ti • I• I I "' I it• 

OtMor • . ... .. . . . ltd , .. .  , . .... , ill .... li • • • • • • • ••• •••• • • • • •  

foul F'6d 11 ty Opera t f ons •••• ., ••• � � • •  � • .• • • • •  

Fenmi Natio�al A�(el�rato� Labor&��X 

n 1985 

$ 63,268. 
35' S.65 
601635 

7 []{] 
2!1!047 

$171� 715 

f\' 1987 
F-v 198� R�LJ�!it 

s 84,536 $100.1700 
lS�nG 38.400 
49.783 68.600 

718 800 
4;�:34B 4�900 

sus.®� "$'2H,t;OO 

The fV 1987 request for raciUty 0p(!:rat1i(Jns u. F�rmUab is '$100.700,000� Tiler� are 
majo.r 1 n-c.rt:! ntal c:osh at FemHa:b a�ssoda ed with fi rs.t operl!�'io for re;S�?Ilr'dl of 
toe �fhl forefront le 'l.atron c.GH i d�r fa(.1Hty. I·nithUon of tnt! c.ol Hd�ng b� 
exp@r i ments n:�qu 1 rm ope rat1 oo o1" tJJ--e new ant 1 prot·on source i t lit" s 1 s ill m(lj or f � c11 H:y 
in Its Q'to!n t19iht .. t nc.l11d hg a COtrlp 1 elC target tad 1i ty af!d tl!I'D mew storo!lge rf llg 
aJC:c e 1e rat ors • ihe s,uperc ond uctt ng rmag11l:!t a cc� htr.a tor 111'1 1'1 boa opo rBJtt!'d aboiJt s h 

on·eh.s for re seillnh 11'1 n 198 7. {lperat 1 O'l of the ent 1 �e expanded sequence Qf 
iJC.ce 1 e•ra itOf'.i at FerJ�Iil i'd) [ Coclcroft�i111tcn pre.<N;ce 1 e rat or., l'i nac. ·t booster.. a in ri 11g I 

!i>U'perc ondGctii ng Tevatron ,. ; ng and .!I flit. I proton �ource stotrage r1 r.g:s} iNH I �qll1 re 
$€-0� roo.�ono. The n l�'T pro:gr - is exped.edt to ; n<::lude three 'I!JO'f'ths of op.er-ation hi 
tim fi :c:@d tar!;l@t re:Sfl'illf'('h mod� lit en·erg1.es 4>1" itbout S{l{]l Be11 energy , a111d tiU1!!£! JiD!tbs, 
for co 1 1 ; dhg l:aeiMI res eil rch + rn addl1t f oft <�llo1.1t o:ne mantb wf 11 be re.qu 1 red for 
c Mn ge-·over· and '!it.art up i!u:ti vi t 1 e�. Ope r·a t ion ilf the habQrata'I"Y" s e:x.tell$1 VE! set of 
se-condary beams� fixed target {jetecto-rs. colliding be� lllet·ec;�or:S iilM 'wntrilll 
c uti111g f,nfHtfes wt 11 trcquh� $40 .. 000,.IJOO+ D!l.lr'ling operat1 0111s for t:he fix:�ill 
tlu"9et ,proqri11!l, �bout ten secondary bee:n 1 i ne-s vi 11 pr.ov ide il v� rhlt.Y of 1 nt<ense 111 oh 
energy pi!rt1ele bea s. tor rasear�h USE!t and i1l�olllt U different ex:periments iN: 
e·l{peceed to UkcdnU. The F'emflab f"ix·ed target researc:h prograin frn n 1987 vU 1 
exploit the availability of �e,ondary patticl� b�� of higher energies and, in n�st 
cases� �1gher 1�tdn�1t1�1 tnan �re avb1lab1e �ny�ere �1�e �n tm& world. lt i� a 
1.\<orld uniqu al'!d truly fo�front progr wh hh has hlgh pr1<Jl"ity within �he national 
high energy physics progr • T�a co111dinq beams re$e�rch prcgr�m �111 p�cvide the 
first d.11 ta for the Jle'1lf Co llf de r �teet oil"' at F'�rm1 hb ( CO'F) ,. ilt'ld s. imuH�IIl:eGIJ!i ly fol" 
three Qther sm�Tl col�1�i"g bea� e�p&r1ment�. Th1s w111 provide the first 
exp1 Ori!tion of sub.nuden phenooen.t nea r 2000 r.ev o�;oll 'iStoJI e11er�1es •. 

� r oak i!lven t1at, or1 a.l l �lilorato,!l 

J n f'"lp' 19a7 $3B� 400 � 000 1 s requeli te-d fc r -ope-ration ()'( thi: IIGS a�nct as-soc 1ated 
e1per1nn1JltaJ fac1 Htie'!l. n11s will result fn a Sl;l!Tlewhat redll.l�ed \el/cl of operat1 en 
relative to FY 198!5 .tlld FY' l9S6. Of thfs Ollnt. $]9.,Sflll,OOO is neede.d for 
.!Ieee� erator operations and n B 1 9GO. 000 � :s IHHM:IE!d rot exp�r i'menta 1 f 41 ci '11 ty 
oper;;1tions. Tit is wiH !wpp.ort abolllt a sh: month lt!'¥el of acMne. a�rat:ioA'S I Tlrle 
n !9.87 op�rat'5ng pNJgr� 1s expeeten o to oo dfvidCld among 'Slow extFllcted bei!fll 



oper-atian,. polarized proton beam opetaHon .. d:nd fHt oxtr�ded bQafn op�rat1o11 for 
neocri 110 e:x.pe.r·l�nh. During the s1o.,· !beam opgrat 1 Olll> .. appro:c:1mately eig�t 
experfme�t� w111 be takfng d�tij simultaneously. �phasizlnQ the hfgh priority r�r� 

a Dr. doc it.)' e:Jo! peri ml!'nt�. Also i nr.: 1 uded 11:re 1 �a.se costs, for- the CIID/ CA'K ccmpute r 
sys.tem. In addition. the- AGS wi 11 .also M. �nted for nea·q to res4!ai"'ch 

let"� 5 funded by the nudel!r llily:si cs pro.gram. 

St�nford Ltn�ar A£cel@r�tor Ceot�r 

.$6S.:600 .. 000 i!l. 1rill:ques.ted in FY 19:87 for Fitid 11 ty 0p@'nltfOJI5 �'t sue. Of t�e r�q'UeSt I 

$40 •. roo� {)00 is for t 11e operrat 1 on of tho 1 hu�a r a cce 1 erato r. SLC. PEP. �nd SPEM.. i!Jnd 
5-27 .. 900 ·� 000 i !i for the cperatt1 0111 of the @'Xpe rt et1 t a 1 .are� s .. do- e.c.tor f�c H 1t. i es. i!Jncl 
the centf'�f cC'Cifllpr.Jter fac:njty r1,-,.ch��ting 1ea:5>e- CO!St5 for the laM 3Ct8J-� and 
wpgrcu�crs).. There- a� ajor inc.rement.al costs at SLI!.C' i FY 1987 to bring the 111\)rld 
forefro:rt SLC c.oll'id""r int:c fl r·st operolit.tol'l. The ltnac prosentl)' op�r�:�.tes mo�tly lit: 
60 pulses per se(ono for inj�ction i to t�e PEP aBd SPEAR eo111d�ts; ho�ver� 
rese�rch operat1on of the 5lC feGu1r�s op�ratfon �r the 11"a� al 120 puls��/seco�d. 
Tr.is i c.rj!!.ftS'M pulse �ri!lte te'SIIl ts tn a 1arge ineri!la�e in power usage .anli 1 n tbe rat;e 
of k.lynrcn ano thyratroo repl a�ell'ents. The-se eHeds ci:Elbined .,_,; th t rap idly 
ris1ng electM c �I" rate-s from loi'APA (nea.rl)' 50 IP'ercent fr(iiD n � 985 to F''T' l987J and 
the need t� putc ase some po�r from PG&E during 120 pulsesJse�o�d operation, resu,t 
1 n the 1llrqt:� u:�c:renent.r�l� wst for S.LC op�rat 1 on. JlH! cul"rent plB�n Is to ope rat@ t�4!' 
linear accele��tQr for H1gh Ene� �hy�1cs for about si� monthir D�ring tho 2-1/Z 
�tms for SLC coru�issicnfng th� lf"a� ��uld operate PO�tly �t 60 �mlse�/second. 
ktlile during Ule 3-J/Z rnonthSi of pnysfc.s resf:!,arc 'Nith SLC ft Wo!}Uld' operi!te rnostly at 
12{1 pvl ses/sec:ond, Rese1rch utili Ziitf<:ifl o·f the SLC. ,.n 1 require opera.t1cm of t.he 
upgraded �rk ri d to� or and th� a�so,ia ed coll1d r exper1�Rtil h�ll. Opfir�tto� 
of PEP h e:.:p ec ted to 1'011t i nue at lili ghe.r 11Jll1'f nos 1 ty with .m imp rGvedl TPC d ete.:. tor. 
To permit fundinQ for the �omm,ssioAing ond fi�t oper�tion of SLC� opera io� of the 
S P'EAR And PE II' Sot Drage d 1'195 1 1  be .s 1 gn H 1 cant ly re�HJ C@'d 1 n FY 19S7. SPEAR wil 1 
lrefl'la·1n a.,.;a11able for use by tM� :Stillllford S�chtotrol'l Radi�tion La�orilltory w.n1ieh 1� 
supported �.)' the Basic Energy Sc1�n�s Progr�m. 

Li�lofre'Al ce B-eN: e 1 er t abo rilltory 

The reques provides S80070QO or support of L8l's particfpa 1on 1n the operation or 
t1 e Ti e Projection Chi!J'"Iiler {TPC) detector fad lit.y i!.t PEP. Lal pf'1:lvides n.gineers, 
c�vter sc1entl�ts, technici�ns. and phrsfclsts �o are responsible fDr reliable 
operut1oA or the JPC. 

h• f'f 1987, $4.,9001000 i � requested for 5pE>ci'al process spo!lres and c.c.n110n us,e stores 
f nv�r�tor i es .ttl(! other �pee 'i 111ll.zed ad tvt t 1 t!� to meet .re-qu h'E!'Ile nts for e ffed i ve 
Qperat1on of th a&celorator labora or'c�. An �deq�at@ c��lement of spare� and 
spec1aliz�d �plaeerne�t parts 1s esse�tiil to a�o1d un��ss�r1 disrvptio�s tot & 
operiti�� schedul e in the event of 'o"'poment fa"l •re�. �e$e very �omple� �nd 
Cld\'o!lnced lt.ec.hn-ology hci T "tfes equire many compa enls that are ot aff-the-5ohelf 
H{!ffi$ but 1wst be cu� tom m8ide: in ad•li!lll e.e � f they ar� to be read 11.)' .av� I hb 1 e when a 
rep,l �o:;""ent part ts. 11eeqed. lrt F'Y 198.7 ther� are 1 !'cr.ei!lsea ne'�d'S to provid� adequa � 
�pares supp:£Jrt for the Ae>�o� facHit'lie$ at Fem1 Ub and SL�C� 
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FV l�B!i 

C11pita.l Equi f'!'ll!'nt .... , .. . ........ , . ... u .... . �.. .. . $ 5S,700 

rr I987 
ftelguest 

� 71,500 

Capital E'qttJipment funding is, re�u� r-ed to provide the s.eco11dar.v be&n Hne c:onpone.nts � 

pill 1"1.1 c lti!� detect 1 on iiiP4tillffl t.us. I portable sb1e-ld i ng I 9 nd data ;;!Jili:' lY$1 s 5-YStEflls: e5o:!'ii�nt hl 
to do hf gh q111a 11 ty. forefront hii gh energy phy:s i c s e:cp ef'irnents.. rt f s. also re-qui-red 
for r�pla.;:>e�D�Ilt Df ac!!:eleri!ltor a10d detector fiel(:i 1 �ty CO(Jlpo.rter'lt$ th.U: have ll.tlll'll Cllrt. or 
b-ee om� ot-�{1' �te. A p·rop!:!r c:omp� �ment o detec.tetr !o �JICI sec.oooa-ry 'oc;am!i i :5 rt:i.'S'f!Fltii al 
for effectiwe uti]iz�tion and o�er�tion of the ajor high energy physics atceler�tor 
and r:olHdfng b.:!r!lm fa,ct1Uies. ihe �r1d f'o�h·ont detectof"'S requtl'll!!d o.r• more 
effective rut 1l hat1oo of ·t.h�J n and �rn1quo re-se.arf;il cap.a:biiHt1es of both tfu 
Tre\'atron a.!ld t:lle SLC collidcrs havo total CO$h 'In the Yilcinity of $50 ; llion ill'ld 
require about iYe years; t:(l fab,-h:a e� 

1im&l.)' 111trodtJeti on of nell' l:l-Q.i!ITI and de·tector ca.pabi 1 Hies, an-d the �g1.11larr uplflratHn� 
oirnd rnodifi cr;�tion of e:xis.ting� c.a�abilitie:s� fs essen·tia1. The large sule of tfie 
equfpm�nt required for h1gb energy p�s1c$ researc1 S$St� 1� i11ustr�tod by a fQW 
ex ple5,::: ril tytPital SQC:Ondrllr.)l bel!m Hne <:iifi t.il.nge fOOl :U!ver�l I t!lfldred feet. w a 
mHC! or mor·C! 1n l�ngt� •. ,and requ,ir@'& W.iU'I:i b�i111 tr�1:1·sport� b�N�m s.h�:p1·ng and contrrol 
elements; �he port�ble ihfelding re�uired aro�� dete,tor5 �nd t�rg�ts can 1n�olve 
array� o-f hLir'l dr.t:!d� of shf e 1 d1 n g b � ocks 1ft! i gM ng as. much tiS 10 to.ms E!'&eh ; 't e ana ly:!:i fs 
ma.gm(;!itS in<: or po rated in dre:!!ted1 rOn system� �oe·i gli �ta n,)l tons ; htge Crft 1 ori fl)(!ters ot 100 
tons or more af\e not LmCQIU'IIOii'l � a�nd E! e c.t ron i c.s s.tsten.s 'Hi t:h hundreds of tttous.a.rwd.s of 
d'arta clta111neh are typically requirod for major detectors. 1t. Urre span of as much a'S 
five Jears is ofte" i��olved from de�ign� throu�n fabricatio�t tD i�$tallatiom1 
c 1eckot�t t aoo op]erati.gra of these large! .systems. Ex�mpol!;!s Otf spe d fft: iitBJ.$ of 
equ1pm.::!>nt Memed 1ncllld'Qr b!e' transpcH't mlignou r!IFld le.rge .ana 1ys.i s m�gnet-s r.or 
d�t&etor syst�s: prec1�1on regulated �oW@r supp11es: par�icle beam d�agnost1( and 
coRtrol sy-stems.� electron1 c �nd o�tfca 1 �tactors with' prsc.h1cn s�aUa1 and tim� 
!f'"e5oo tut1 an� M gh � rec.1 s tom <: a.l orimeters irt.O tra tki ng r::hGID�rs. fa.r c.Q H 1 d 1 ng bea�a 
(il!!tec.tor:!'ii; lhigh :speed .!nd larqe voliUJJl:e datil! proce��1 ng sy5tem:s: speci�1 c:ryogenic 
c ll:!Jl'OI'IE-nts for H q u 1 d tryd NJgS'I targets �nd supercolild uct:i 11 g devices.; and ll host (If 
:!:ipec 1a lf z�d � 1' ec.tron t c s. 11J1 d ot e r � t ems o 1 a bo,rat ory s:uppo rt e(!;1J1 pment.. 

In fV 1987, S77�50D,ono �5 requested tG �et th� rnost urgent capit�l eqvipment needs 
of �:he progr ,.·Wit 1 puth:ul �r emphasf s o.n the m!lj�r 1!Drld forefr'oot de�Ct{)lf"S 
re qu 1 red' for a deqt.hll tl.i uti 1 flati on or th m����· eoll tdi fl'£1 b�Uii rc11Qll rc:h capab 11 f tiers 
(.ooi A'!J in t(] operation at fe nni hb and SLA.f... Tfl e need$ for tne D-Ze ro d'etect.or fetr 
tne secon<i exper1 :.ental lrei'J at tlile Tevatron eon rd�rt tlnd for the rl rst fU'Tl.)' scoped 
d\t!itoc tor ro r Uil':: s LC ( t hi� SLlJ) � a.re g1¥ i:'!n �pC!'C. �a I E!np till$ 1 s- to ma k� U J!IO'SS i b l e 'for" 
t�esc aew aeter:tor5 to be c.�pl�ted 1n FY 1969. At re�1l�b 1t will be nec��sary to 
upgrad� the firs �ollldiog beam detecto� (CDF) and to wpgr�de the �e(.o�dary beams 
arntl det·e� tors: ll"SrqjU i· ted for �,x:per 1imell'l E:s us S ng the fixed ti! rge-t upo!i b � 1 it i es � At S LAC 
it will tie nec=e:ssary to UPttMe til� 1PC det·elcterr tor se-cond glil'lerat�<-n exp�r1meflrts. 
At ilNl, t'llleorr� are maJor cap1 tal a-qu1 pt'ellr nee-ds r-eht<Od to tha hrgO! nre kl!Gn decay 
d teetors� There g�C �lso eeds for unl�er5fty users* for �on-�'celerator 
experi6ent�, r11nd For U.S. participation 1n internat1onr��1 c�llabnralive experiments at 
uDfque foreign �e111tiea. 
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H gh Energy .P Y'S 1r:: s. 
s�mm�ry of c��1tal EQU�pme�t by LaboratGt) 

f,e nni li!b . . . . . ... . ... . . . ., , . . . . . .. . .. . . . . . . . . . . . , . •• 

BNL • •  � · ·· · · •••••· · · · · · · - · · · ··· •••••••••4••+ • • •  

SLAC . • . •• • � · · · · · · · · · · · ····· · · · · � ··•· · • · · · · · · ·· 

LBL •• ��···� · · · · · · · · · · · ·•••••�·� · · · · · ··· · · · · · · · ·  

ANL +!• • ·· · ·· · · · · · ··��··i · � · �-·� · · * · ·· · · · · · · · · ·  

Ot er DOE ll!lboratori·e� and lmiver$Hh:s • • • • • • •  

Ge! nHa 1 flu rpos.e £qui �n t ( SNL) • • • • • .• •  + ...... + • 

Tot a 1 Capita 1 Equipment • • • • • •• • •.• • • • • • • • •• • • • •  

Fermi t�at 'i o a 1 A.cc:e 1 �rat or L4J borat orr 

FY 1985 

$ 27,540 
IJ. ·"-'97 
9.070 
1. 730 
l1 C?BO 

10.·583 
3,900 

$ 58,700 

F l9a6 

� 31,115 
4,978 

14�552 
1,436 

N7 
13,422 

31734 

$ 69.98.!:! 

FY T987 
Rei!uest 

$ 30,500 
5,200 

21,000 
1.,600 

100 
14.300 

4,200 

1 n. soo 

I F'r 1987. $3().500,000 is �equ:e�ted fer cap1tal equ1�ent for the feno�rihb progrlllr.. 
l'fe�� or f'l' 198 7 :pragres.s. on tAt! D- Z�«= Cil 11 1 d 1 ng bee.11 de.t ed:a r Mh f c 1 i'S pl � � "ed 01· 
comp 1 et 1 on in F Y 1989 a.ccoun t ro,- n 2. SOO. DOO of the r-equest� lin ot hctr �or n c-d 
($B,15cOO,OOO) ts ror the secondary beam ]1n�s and et@ctors wttidl G�re e$sent.hl for 
good ut111zat1on Gf the Fermil�b Fixed t�rget �csearch capabilities. The reques� 
also 1n'1�des $3,500,000 for upgrades to th� CDf 'olli�·ng Beam detector. 

Sucmajy of Cagital £gu1pment Request for Fenn1lab 

Detectors fOj Effect1Ye Util l�tion of Tevatron ! ............... . 

Dalt! ro til:! teet or., .. . . . ... i • I .. I. ' ' ' .. ' ! ! .. . . . .. .. . .  " . .. .. . ... . . . . .. . . ... . .... " 

CDF detector upqr�de �- � · · · � · · · ·· · · · · · · · · · · · · · · · · ···· · · · �··� · • •4 

Detectors and Secon���Bo�m� for Ff�e� Target Proq•�- • • . . . . • • . • •  

0@t.tc ors. 'for fh;ed tilil"get experfmen"h._. .. . .... . .  u . . . . . . . . . ..  . ..  

S co:ndary beam line compon�nh and s�1�ldtng • • • • �- . . .. . . . . . . . . ... . 

Base Progr�m @8dS . •. •• .• . • . .  � . r w ••�,�· · �·�•• • • • • • • • • • • • • • • * • • • • •  

Acc:@l rat or �lated equi J:(llent itens . . . . . ... . .  u . . . . . . n . .. . . . .  . .  

Svp port equ;; r;m-ent for expe r m�nt� 1 prog tam • .. . . . . . . . . . ... . . . . .  , • •  

Genera 1 COIJPUt i ng equ i JDen • •  � • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • •  

Teclmi cal .support a.l\1'1 s1 tc operations equipment., 11 .• 1 �, • • • • • • • • 

Total, ••• , . ,.,,.,�!!• • · ·· · · · · · · · · ·· · · · · · · · · · · · · · · ·· · · · · · · ·· · · · ·  

.. 
•. 

r:v 19-67 
Reguest 

! 1 61000 
1�7500 

3 500 

$ 8,500 
a? too 
1,800 

-S 67000 
1,00!1 
i,�oo 
1.700 

900 

s 30:1>500 

St1vecral ne'!W and 1,1pgri!ded dete�tors. eed 'to be coop1e ea �nd bro��.�glllt int:o operation 
d r1ng FY 1997 ror th@' fh:e>d target program. The re-quested t4,700 .. 000 for fixed 
tar�t dete�tors "'1 des $1.200,000 for �pprcved exp�r1ments fn the Neu rfno Area, 
$2.100,000 for experi ents 1n tn� Proton �r a . and Sl.400,000 for exp�r1ments tne 
1'-'l!son ll.r�ll.. 

Sever11l se.c.ondary be.om 'line Fact11t1es. I'ICeG to be upgratJ'ed with �w te-thr'l1ca1 
com�onents. in FY 1987. The majo req�1reu��t� f�r ��co�dQry be� transport 11 !S 
includ� m��net!. control sy�tem� and 1�strum�ntation, cryoge 1cs ror he 
supereoonducti ng agnats. and sh ·el-ri:ing . A totilll of 19�800,.000 1s re-rtu�sted for s.och 
secondary beam equipment. of hnlch t G n�jor efforts or. �w �eruns wf11 1 clud� 
ca.pletion of the hyperon�� {$700,000). tne polarized prot� b�am (!60G.D00) and 
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Vhe �leW h11gher enerS)' piion be� in the t-l:!so Area ($.l.3001000' .a.nd the .P"r.oton Area 
(:SS0011000}.. The r�rnai11der- {]f the r-�,ques.tilkl funds w1 H be. u-.;ed for u,grad!I!:S tG :about 
ttve �xistin9 be�. 

ih'O miU<Jr C()lHd1n!) boam dct;cctor5> (one for eac.h major 1rrterllction llaH) ta.r� being 
flllbr1e.!'Jted a· fQI"iniU.!'Jb to eo dvct r-ese.ar'h at the unpl'lece-de te-d r·e�cti OP1 ellergie!.i 
�(Meduled to beoo� avail�ble for the f1rst t;� ldte in 1986, �hen �na 1eY4tron 
croll ider becarne.i operati anill � The ColT fd'�r [Jetector bJt Fenn1lab {CDr)' bC!'ing 
a$5embled �t the B�Zero intera�t1.on region of Lhe T�vatron �11 be ready for re5eQrch 
op�ra t 1 en near t lte em:! of J:"'t I98tL It wi 11 p rov fde tile f1 rst stud f es l)f nel!i' physic.s 
.!it r-eae.t �on �ne rg i II!!Si 1 n, thl:'! 2000 Go V ranq,e. Tn.a .$3:; 500.000 �qv'*"te-d for CDf i n 
fV \987 w1ll provide upgrades �hos� ��ed is in�i��t�� � e�r,� pre-o�er��lhg 
exp�r1�nee. Fillbll"'1 cH�on or t::l\a s.oc.om!l coH 1dtng be dete-ctor. to be ins allied at 
tOe DftZero 1�ter�ction reg1on of the l�yatron� ��s i 1ti�ted in FY l9B5. The 
$12'1500�000 IN!QUe!ited in fY 1967 for the D-Zero co111d''inQ b�Him <letecto.r 'lf1l1 p@'nn1 t 
m�jo r progress oo t h·; ..s det·E!C: tor ,and 111 Ill rna 1 n ld 1 n aJ selu!dtJ 1 � t !'lat. makes 1 t pos,::;i b 1 e 
for tne o ... :zero det-ector to be: comp.hted h11 F'r 1989'. 

The num�ro�s �nd te�hno10gicalll 1dva ced occeler�tor and cryogen1c syst� �t 
Fern11ab reqtJit ro rephc- nt Ha111s ot capaaT sqLr1pmo t 1n ordor to aint.a1n good 
op.r:rit1ng condit1 on � for the J"\li!Pht n" of .orR out arnd flbsolete units. It�ems 
needed inc:lud·e component:s of th{!l pover, vll'lcu , 'RF. ci:lnti"Ol:!! 8Jld ci"))Ig,Emh:; .!ly":!>t<E!m!i. 
EoQui r;nent 11eeded' for t e R&D progril/l'l$ is. tncluded h this utegory., A netWQrlt: of 
$mall emulators and microprocessors� to provide �ere effi cien �coess by users to the 
Fer, U�.b centr�l c�cnputtng complC!'X. 1s also requ1rcd 1n n 19-87. ihe requ�st �·lso 
S}F'.CJ'\'1des fo,r tfle startd.ard'ize.d elec:tronics modules fllld other iiten� of support 
aqu1 fi""CMt provided frCP ill central;� pool f�r ex.perirnental users. .. t!JS 'Nell as fo1r 
teGnrricill] support �n d Sii te operH tons equ i �r�ent $Ill: 11 I!� mach1 n� toM 1N!-phcemen·t.s � 

BrO()HJB.ven tUrt�Onlll laboratory 

The Y 19S7 roquost of $5�200.000 orB inelud�s $4�700,000 for n0ed� of the 
ongoi ng AGS p h)'s 1 cs pro grant. This 'f nc; 1 ud'�s Sl., 000. ooo for .detect. i (Ill eql.ltf.(Tlent if,gr 
the BNt p hys; cs ll'esearch gri>UPh ill maj o� part of �d c ; s for the rare kaon decay 
expE!'rimeds; U, !00,000 for �ompon ents for seocQndiJiry beam 1 ine DJ)�i f;tcl!ltion5o � 
$300,.000' ror controls and h11s.trunentation In war'lit�us rparts Oof tliu! ILGS C:OIJI!lexj, .! d 
$300.,0.00 ror tne instrumeotat1011 pool wt11ch pr-ovfdE!'S modules of sta:ndarohed 
e 1 ectron i c apparatus whi d1 are av�'l hb l'e to � 11 JliGS u :s er:s 1Qfil the bi!51 5 of need. 
The remi! i rn i ny1 !!iVO, 000 f s. for equ t pment 11�d'ed Ito !;llJr!pOI"t t e ar:f11an ce,d 
a�cela�ator R&D pr�gr��. 

S�anford Lin��r Acc�ler�tor 1Cent�r 

llto requcs.t of $21�000.000 i1A F'f 1987 h rcqutr-ed to meet �qw1 pme<nt ttecas rehtM to 
the SLAC lt�ear accelerator. the SPEAR amd �£P �torage r1ngs, the ��soc1al� 
oJ�.;per-imeP1tal detectiofl hcillties� \'IOrl: Olil a f111ly sc.oped. detector (SlU} fo.r u�-e at 
SlC I i!!Jru::l !he sue adunced il<�;;celertttor R&O pFogram5 •. 

The: request includes $14 • 500.000 for progress Ofl the f� rst full-sco.po SLC detoc:tor. 
the SLD, designed 'SpecifHally for experir;Jents "t. SO Gel/ 011 �D GeY. This detec�or 
wn 11 inclltde h1gh re-sa1uttaf\ a1or1 .etr.)• .,.nd rex<:.en�nt SJ-ilrt·o::.te identf'f�c:dioo over a 
1 � rge s.o 11 d ll ngl o � as ...e 11 as t �e a b � 11 t.)' te� 11d�n It 1fy short-1 h'C!d IP" Fit 5 des by the 
m@�5ur nt �f the1r p�t 1 n�� prior to de�aY� The fY 1987 �equest fs needed to 
ma:i tain i sc:.hedule th�t makes it po5sible for th1s; s-tate-of-the--art det·ec:tor t.o bo 
C.Oillp1et�� 'jin fY l9B9' .. 



lne t6.500.000 reque�ted or o�Mer a,tivit1�$ fncl�es cor�l etion � the modifi�atio� 
of the PEP lattice for increased Tllmfnos.ity iirid ur-gra.d1 ng ll'f the TPC detector. 11.1 s.o 
·-j nc.l ud ed a Fe i nor pg r�d es of t e M:ul U detector fit S LC. Ot e r ��eeas to be lllEt 
fran Uds. reque.st. 1 nc lud@. �1..1 i pment .,�eds 1 support of SLAC 1 s a�d v� c:e d a�c.ce l e r-ata r 
�se�rch and d�v�lopment effctt, 1 -clUd1�g �ork on advance� concepts wit pot�Bt1�1 
i!lppl1 Co!!Uoo to ·futl.tt@ U ear col11ders; 1mprCJovements to tht ct?ntta1 croput1 ng s.ysteift 
and 1ts asso,iate� netwo r�, �nd 9 aer�l laboratory �upport equipncnt. 

baw�n�e 6crkelex L�bQratorx 

A total of $1,600�000 1$ requested for c.apitat equ1 pmen� needs at LBL 1n r1 l�Bi� 
TRe �hy!ICS r��carch program r�qu1res S�UO.OOO for lh@ suppor of exper"merrts at 
SLJ\C 1 Fermi 1 ab� andl for a dol:ible beta-de,ay exp�rir:.el'lt4 Thii! a.dv.an(.ed a.c.celerator R.!m 
effort r�uires $5GO,OOO fo� equipment �lated to LB�'s efforts on �ntiproton 
c.ool ingit on very high ti<t:!l d superc.ondu:ctfn9 accelerator magnets, and Of! speci i!il 
purpose c OilpLit 1 ng d'Ev1 c:� used ht �t! rfo rm1ng o.rb1t ttac):'hlg ta 1 C;trU ti ons for &dvanced 
ollcc&lerat<�r dcs1gn. there 1s. aho a nee(l for S2.0o .. ooo or equfp e t 111 5uppott of 
tme advanced detector development program. 

Argonn� �t�on�l laboratory 

A tohl of !7001000 is. reques.ted for �NL capit.al equiWJent nee{ls i 11 F'l' 1987. Ttli5. 
equipment wnl �upport ANt's pam-ticipi!!tion ifl a �teriety of e:cpel"i ents, includi lll] tne 

£!w po,}.!! r1 �d proton bel!m e.Jq)(! rim-en I: s 4t lferm'l1 ab .5nd the So ud din IJ p m-oton d.E!Cil!l.'f · 

ell:per i me.wt •. 

Dt er DO£ L il!lborat o 1"1 es .l!ind U ni ve rsit i es 

A tQt.al of $14,300.000 h rrequest,l!d to lfiG@"t th� C.a.Jll1tllil <f!qu1 Jmlt!nl need� 01 othC!r OOE 
Hlbora.tor'iees. ,a.oo univer-sitie5o. The :513�000,000 reque�ted for un hro f"'S 1ty programs 1 n 
�Y 198i 1s required for e�perimental detection and data analysis eQui�ent. Th��e 
fund� s.wpport the major appar·ll'tus eeds oF t e expe.-iment.jJ]l liesearc.h programs of the 
1uni �ers.; · y users fer- e_�!,pe>r'imrm U at U� :S. and rortd gn l!C.C� 1 e r�t or l.aborr.!l tori e s. •. und' 
for non-a o;c.� lrernor exp�l"lments. such �Hi iearrc.he-.s for nuc: 1 reon dec.ay 1 �teuer1 no 
os�i11aticas, do�ble bet� decay. m�gneti' �nopol �� �nd 5tUd1as of¥ ry high ene�� 
process.� produced by C{]Smi c ra� i ati on. 

lr.�duded in he $13�.000.,000 al"' Qjor 1!qu1��nt �eds ($6,5-0IJtOOD} for us�r groups 
part 1 c.1 p8lt hmg in e 1 ed: r-on-posi hen �on 1 d i ng b-eir.ll e:w:p� rt:l'l'lflt'lts p r-es,en t b 1 n t f! 
preparation sta9e at the LEP faci11ty &t CERN, ;� electron-prot�� �olliding be�m 
relCpE!rr b:Jerrits at the Ge:rmill'l IIU A fa c:111 ty I and at t -e TIH SHin co l1i df ng beam 
rt!xpert ment a 1 prog r at kE:f.( 1 n Ill a pan. 'fner·e are need$ u 2! 51}0. 000) for" Jl/Oil-
acceler�tcr e�per1ments such as the pro�on de�y saarchcs w�ich a�e op�rated 1n deep 

if\cs. in�r� are cfiirect ·funding needs of the univ��ity programs ($11200 .. 000} for 
a�paratu� for e�p�rime ts utili�l�g f1xem t�t�et and col l i ding beam t;�p�bflities at 
Fel"'llfi hb; for e-11.pcrimcnts .at the SLC and Pl:rP Co, Uders at SLAC; for utili zatiom of 
th� M� i .nten$ity c.apabiHty of tile AGS .at BNL for ileutrfno o:scilla� on, rrllre kaon 
de(:i)y' �l!ld poh�Mzed beam experi ents.. On� 1 i me COmputer requi�ment� ililterfa.c:i RIJ 
canponents. a11odr p.er1plilerals I "'filch are M fnU�ra.1 part cr experiimental de edor 
�ttems, ud sma-ll co1J1>uter �ystems used 1n �c.anrnil'l'!! 1 easour1 ll91 and data a�al,ys.is, 
a� llho req.u'ired by the uni· .. ersity exrPeri e�t.ijl groups . • In acid1·tfo.n. theor,et1cll1 
grou�s. b�sed at univer$\tie$ �ave a re�uireme�t for specfal comput1ng ca��b11Jtt for 
SOO'Ie 'tYPI!S of tlrleoret1t:m1 rese�rdh such as Ti!Jttlf;e rgilluge t::alc.ulati ons. fhe�e Mtl!11� 
requ i re ssoo.�o. Al�o 1ncludad 1S S2Jooo,ooo for � �infr e for d!ta redu�tion for 
the LEP l expe�i�ent. 
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The Fl' 1!1{!7 requ-est aHo inc.lludes $750,000 for equi11meflt needed h11 SUIJ',port of tbe 
ad'lri!Rced .tl:l:;(.elerator IHW efforts illfld $550,'000 fer .nme$ lrillboratory for detet:tor 
components to be u s.ed h exp e rf mE!nt s. a.t the ILE'P fille-111 t.)" at CERN .• 

{.)eneral Pur!Q_se Egu'immt (Bt�l} 

Tne High Ener� Phy$fts prog�am prov1de$ fu�ding for a•l gener�l purpo�e equi��nt 
r�u� rements at BNIL. In f'f ] 5187. "«I 200.000 h ret�U es tedl for th h 111H 1p urposil!' 
equipment I r,�hi ch 15 e!isenth o tine proper day-to-day op6rattons at tJho Liliboratory .• 

lnduded are ;;�1111 the need$ of th� l�bQr�tory• s. serY i >t:e an,d SU!PPOJ"it dhi s1on5. centr�l 
5:dent-H1c �uu £1 facn tty and central !inops. i!IS �H as. 'eQU1�J:.elill reqo1red to 
res po i to l'lea lth I safety.. seeuri t.)' I anci eM 1 ro�nt ill 1 nead s. It h � mpo rUM thllt 
obSolete and li'Qirn-out eqt,JiJ:mi;:nt. 1be repol ;:u:ed in Ol'der w ,procnte P.ff'lo�;lent 1 S(lfe 
h bo r111tory op!:! rat 1 M!ii • to 1 nc reMe prod111d i \' Hy 1 itnd to illvoid 'hi ii gh "1 Fit ell a nee CJosts. 

F'f 1935 

Coost ruc.ti on� , • 1 • 1 • � . .......... ., •• • , ....... . ... . . .. ,. • Sll4 I 000 

n 1986 

s 5510�9 

F't 1987 
Request 

A t.ota.l o f S4l t 700, 000 ii n co ns;t r oct i on fllliiH:li fl g for hii gh enerw phys-1 �s proj ec;:t s. 15; 
requested �n FY 19S7. lt� p�ojects. are= 

F'Y 1987 
Project Title Projett f\'o. --'R_e_,g._u...;_e s_t_ 

Tev.atr on l {Fermi 1 i!lb � ................ I .... I + + ........ I Bl-£-2� a 
SLC {SJLACj • 1 •• 1 'I' o •� !!'to o' o• t 1 � 1 If' 1 !!' 11011 "''' 1 •·• 1 o t 1 8iii..{Rsl3l 
Ce11tral Compu ing Upgrade� {Fe, illlb) •• • •• • •• •  85-R-10"= 
AGS A.c c.umu-1 at�o r/ Booster I Bfll J .. .. . . .. . . * . .  .. . . . . 85aR -lOS 
Ac;(e l e rat or Irnp rovement Proj ect:s (AlP). • ... • ... a7 -R -101 
6eMral Plant P�oJects (GPf) . .. .... .. .. . . .  � .  • .•  • 87�R-102 

s Jn7 
9:76 

Hit 157 
:3150:0 

11�500 
U,2 00 

rlf1 t  ron 

·Total 
[stiNted 

CGS.t 

s s�.ooo 
115.400 

.ZII,.lDO 
2fi�4DO 
lliOOO 
11,.200 

1ii e .C�11s:t rue t 1 on req ue'! l includes fund'i ng to continue ttle upyriJde of � c::efltra 1 
e�utimg e3pab111t� at ferm11�b and the AG) Accumu1ator/Booster at B��. For 
compl�tion of T�v�trom I and SLCj aod f� a(celeratQr t provama�ts afid mediric�tioms 
and genera 1 J]hnt pt oject s. l!lh f d1 are needed 0111 an .aon t•i 1 bash to rrta � mta1n t � 
C! f'r 1 c1 �mr:;.)',. I"� 11 ab 111t.)' I lid $d e:nt i fi c e ffe<:t i veness of the 1 � bor�to ri e5. I 

Te'f.atron I 

Tho T�e'l'atron I �rojec.t at F'.eraJil.ab- wi 11 provide the fo!id lities M!eded fer a 1000 G"eY 
en 1000 GeV p�ton��n�1proton colliding be� cap�bi11ty. l�ts w111 be acconp]1shed 
by prcdu�i"g f"ten�e counter-rotatiog beams of protons and a�ttprotons 1n the Energy 
S-<Jver svpert:onduc.tilng nagnet ring and' lbr1ng1ng tht'!Tt 1tnto colH ston ·to pt'{lduct:! .!!!rout 
2000 !:leV of reac:tion enrermr� tbe highE::i!t .ava1 hble 1n the 'l()l"ld� Sp€!�H1cally1 tlh� 
pr-oje-tt t nd ud�s r 1) addH i oJUt1 refr i ger�r oo a,nd ri!lll'i o fre-que-nc.y .ac�e 1 ori!U ng 
str'-!cturos so th(lt t iEn�r'!]J1 s.av,�r rh'lg tan operatr!! at :woo Ge\f fo,r p,rota�J-
a:n t.iprotQn r;9l H di ng be(lrns:: 2') ��� arrt 1 proton sourc:& i and ::n t.M1:)o expt!t f mli!11ltfl1 ZJ reoG·s 
s.uftab1e for det.edo.-.s t:o study the resu1 t:s of 'II r:J high , ncrgy protoo�ant1proton 
collisie>!l!i. Ttle $367,.00(1, .requasted fi'IIFY 1997 1s the ·f1Ml projQCIL flllildiA(I. 
Addit1cna1 details are provided 1n tne COnstructfGn prGje�t d�t� sheet. 



Sta�fore Lineij r Col1ider (SlC) 

The St.C proje.::t at SLAC,, Wil11 prov1de; 1) systans for p.rnducfn� i ntense eled.run i:!ind 
pc:S1tnll'l bunrel'le-s; '2) sll'la.ll storage ring �'"� beam puls� compressor to increase the 
den-sH,y of the electro cmd: PQS.itron bunc.hes; 3) two s.emictrcul'llr· �rc::s c. :smal l 
aperture magnets1 hou��a in apprCtpr1ate @nclosuras to briP9 t�a 1ectrcn a�d pos1tro� 
D.eat�s into hei!l&-·a �::o H 1 s ion!! ; 4) '!pee' a 1 fO'eW'S in g iY!ite"tS ne a r th-e be�m 1 nt e r� ct ion 
po'i n t.. hldud'i n 9 t I'll! n�c:t!:s-s IU'Y hous 1 ng a1111 associ i!ted e:<oper inent� 1 ha H aoo s. b!gi ag 
a.re.a; and & ) the 1 ns t rtin4!Fl t &�U Oi'l Mtl c:o111 tro 11 sy�tans to operate these sy s eQS. 

fh� sLC proj,ect wilT accelerate beams of electrons illnd po� H .. ron:s '!iimuHaneo,us1t 11'1 
the li near �cceletator, �eparat@ th and tra�sport t� t�rougn two �i,ir,ular 
arc1 at the end o the li��c �nd then bring than into head-on co11ision. Suttes�ful 
deve-lopn'ent of t.he SLC will pro�ide a.n essential tt_emi}Mtr.tlt1on o 'th� t!!CJlfl1 Cill 
fe<l�i bi 1i t}' of the nell 11 near (0111 der coli tep't, 1!ih i cl'l is a. c: rtt 1 cal st-ep tol'lll rd 
futur-e ,co�t effective el(ten�ions of eiedron-pos1tron reillc.ti>On �n rg1es beyond tJtte 
c8J(1mLm ,t:m�.-g,y praet191 with �1rcu1.a.r e o l111d-ef':S� In addH1on, �ell >Completed in 
1980-,. the SLC � 11 !;Ia!! the f i rst e 1 ectrQ<n pos. 1 trron co 1 H d'1 n g be lim s.ystm� hi the �r-1 (j 
ca,pable of i'u;hievin.g enrergy of 100 6eV in t e center--cf-nass �ysta:J amd l:s 
e.xpocteD to IPri)duce C:O'pt ous quantiit�res of ttle recently d i sc.oYe-rred 1 rrtte rmerl i ate '-\ector 
Boson (Z0). one of the ��rrieri of the ele,tro�ea� for,e. The det�iled study of the 
1.0 h oru!· � tho � 01r. exc.1 tfng areas o phyii es rcsa.arch ind1e�tod by pr·esent 
theor�es. �e p�ojec� b�o�ftt� in a major way f�om th� us� of t� exist1ng 2-m,1e 
l1nac a,_d stt,pporttng f.ac.il ities. tr�t SLAC. The S976,000 reqJIIeste>d in n 19S7 is the 
final prGjec.t fund n9. Mditi-onal dehH s are pr-ovided in the i!onstrvc.tion projed 
data shee • 

S'i g:n'i i ca �t 1.)' u�g rade� cen>t rill colll)ut ii ng ca palbi 1 it i e!> i!n d capac i t,y i!r-e ri:!qu 1 re-d at 
Fe nni ab in a rder to a,cc Dllllllldate the dat.li. b c.qui:s lit Hm r�t£!S req111 i rred 'for fore ro11 t 
exper,ments with ·the new !"e:Se�rc.h flldl1t1es bee: 11119 op!!!rat1ona1 with comp12t1on o 
the Tevatrct� eo11-s.t�uc t. t (1(1 program"' The FJI"illli r.)' source of thi s requ 1 r f!i'll&nt 1 s the 
antipr�ton-protog colliding be�ms eap�bi1ity cf t�e Tcvatron� and the t� mador 
�s�ocitlted new lifetector facilit"e!i.. This new rese-arcil progrm wj11 gene-rate 
un pl'i!tedetrted w ltme:s of dUll raqu iII" I ng extt:! u h• e ana.ly s. t s url comp utat 1 Ol'l h1 order 
to &.l'ltrac.t th� important plus'lcs r-csYlts.. Ei..p r1 nts usi11g tll fglu�r energie-s; jJJ.d 
p r<odu.c.e 1.!'-h ln-3 g her dat.a r-i!! es tna n pre vi OLIS 1 y experi en t.ed.. Ef feet ii v e Lit i ] · za t i on of 
these< new re:se�rch f�c'i 1 � �1es relljuiT'eS �ii!lni f�cnn�1y i roved coo.putfng t�'P.tbi1 ity a't 
Ferm11ab. A. rt.!cent. stud.)' emp ill!.1z�d the lllli"��nc,v ot thll central c--omput1ng tjpgrad� to 
me�t the�e need�. 

The· total �t.1 a ted cost ot thB pr,ojce.t 1!. $24,100�.000. iha pitlj12ct '!liaS jn It a.tel-d 
with $2,�sa.ooo 1n FY 1986. The eon�ete �x &rior struct�re � tne b�1ld1ng 1� to be 
�C�Omp 1 et ed '!r'ith t ose f11n ds" The U ill; ].57 t 000 req u es;t ed i 11 F Y' 1�87 wi 11 pe rrnit major 
progr��� on thf� f�cf11ty, inc1ud1ng complet1on of the buil di ng �nd the a�qut!.1t1oo 
of much of tne �dd1t1oAa.1 ce�tra.l pr�e$s1ng u�1ts .. p@r1phera1 data stora�e de�ict5� 
aJnd � nt:e rf aeos. to us,cr termi PI� 1 s. The F'l' 1987 r-cq uos t. 1 -s essiln · 1 � 1 to perm t 
comp1et1on of tJie I;.Q:<puting upgrade 0111 iJI time s;cale- appropriate fo.- effecti'i'e 
reseo!Jrcll output frQill the Te•t.atron, Final funding is planned for F't 1988. Additiona] 
det�11 � on this proje<.t lire pto•dded 1n the c:Gnstrllc::Hon project datt�� s.hcot entitled 
"'Central Canpllt'iDg Up9rad�" (Project �. 86-R-10-!'l) •. 



AGS Ac� u1 ator/B�ster (BNl) 

The �ccUPu1�tor/boostor t� a 1 GeV tn�ermcdiat Injector to the �GS wmi�h will 
ptov1de a cos;t effectha enltaJ1c.eme11t of the capabH11iE�s of t�e AGS. fQr high efl:ef"9'Y 
phys1cs experfmenh an<! i!ilSO for- heavy hm resrea�rc.ll. ('It: w1 H i·Bcr�Z'IS.e the 'S,pace 
&harge limit of tile AGS:�o �emlttfng the inten:siity of protolil lleClmS tCI be 1nctrei!sed b.'f 
a fattor o,f ,q �(to 5 x 1{}1 pr-otoo5/pul5e}: 1 m:reas.e the 1ntensU.y for pglar"i�ed 
protons bJ• a fac.tO'I" of 20 (to a bout 4 x 1011 proton�/pu1 'S e) IJ.)' pe rmi ttii � tlle
accumul�ttQ� of �any lina� PY15es 1n the boo5ter before 1nj�ct1orn 1nto the AGS; iAd 
will pro't'id'e the albi Hty to hclly stri p .and "cc.eleratc hea\'y �(Ins l1P to 11.as.s 2�0 for 
tnjett1an iBto th� AQS. 

fht:! Jnc.re�sed proto bedll int-enslt.Y wUl be' iltJC.tl"emcly valu�bl'e far fmportalilt rare 
kaon decay 1tudi �s; �lid for med i 1B!1 energy ne1.1t ri no stud!h:s. for t,t.M clh the- t\GS 1 l> ill 
world 1e.!!dhg fildlity .. H. �n1 also perllit �.imulta:ne-o"'5. opertJt1cn of siOlrf 
e.lCtri!icUon and r'lli:!it extr.! Ct1 on :syst.e.:us � thereby pcermittiing neutr1M @'l!:pert�,ts to 
Dper<PJtiD' .sim.tJl t.�neouslly !Hi til other �xper1ments and ccons1der�b1y enhi!in'-hlg the cost 
ll'ff�ct i vene s s of AGS oper(l·ti-on�. The i ncrna.so In t ntMs1 t,)' for" tPle �nil que- po 1a l"'hed 
prot.on c;apa b'ili ty of t.Jte P.GS is- e$p�ci a� 1 y important for e,;pe r' en'B l!t 1 a r4]e 
manentlrrn t ri!n:sf.cr '!!!he-re ev·eP'lt rites. fall otr r.a.p i dly. The ac.c.wnulat<Jrtbooster wiH 
also axtena the lleav_y 1o ca.pi!ibi Hty of tho AGS to ioos l)f mass roo (gold) cazpar&d 
to tho prE�ellt 1 imH: of 111�ss 32 {511.1lfur). 

The TEC ll ·r Ule project 1 s $215 �· "00 1000. The p ruJ N" t 'l!i'ill s in 1 til ilitelll wt th :$1 � QJ.S, 0(110 
6ppropr1at�� h1 !=l' H.l8fi� $3.50()'.000 1'5 N!quest-cd 1n FY Hl87 to eon It 1:nu� the project. 
lihe rlEI11&1 n1 r1g fundlng l:s seh�du1 ed for f'l' 1!188 a"rJ FY 1989. Add1Uonal di!U1ls em 
th1s proJcet a� prov1ded in the Oonst�ctioA project dat� �h�t entftled •AGS 
Aewmu1 ator/Boos.ter" (j)roject fl.o .. 86-R-10-5,}. 

Acc:e 1 el'll.tor I:rqu·oveme nt Prrojeet s 

A total cf Sll.SOO.ooo. wh�ch nai11tafA� all ippro�i ate1y const�nt overall level of 
effort. fs required for A'celer�tor ]mprov ent Projects (AJP) to be dfstr1butQ� as 
fo 11 oL¥s. = fe rmli li\1 b ( $ & i 901);. 000) ; B NL ($2 � SOO. ODO); .a.nd SLAC ( $ j.i lOO � 000) • A I P fu11ds 
ar roqufred o" an annual ba�is to pro�tde �ss�ntiaJ mod1f1c�t1o�s. and upgr��cs of 
t h!:} ex ht1 ng ac•OQ l e r111t or and co 1 H dt n � beam f aeilt t f es filii" the p�Jrpose of 
em�uring th.ei r �cier�tlHr:; effec:t heneess and i mproving their operating 
eca� �and efficiency. 

His l'lecesSuJ to provide 11e-'N Qr oo::llified research cap�billit1e-s. on short notilc.e 'In 
order to �ccomGOdate the special n�ads o �� hi9h p�iorf� �xperfments. Tbes@ 
changes ilre often reqlli red o� a t'ime 5-c:.a 1 fl' ��t�c h shorter tlttan the norma 1 tw to three 
.)'ezn Fed@fll1 bl!ldget cyde� Ps 11 consequenc:e,. AlP ftt.indls are eS5ientftll to penn"it a 
raptod and f1 e-x1lb1� res pon s-e e:ne-mthl to miH�t the most. orge111t of such Mads 11nd 
maintain a h i 9hly offoct1ve p�ograQ. 

Ther,e �re spec;hl needs for AIP fln1dS i!t ferTD11Bib be-cZJuse af th� vf!ry hrg;e sci!l!e a:nd 
�c�� or the labo�atilry wh1cn tncl�dC!s a ser��s of saven accele�itot�. storAge rings 
and pr-e-acc:.e1crator-5. a!i r,;�ll �5 tho extended cryoqeni�;:s f�c:1l1t1 5� beilln xtra"t1on 
S.,)'Stcms1 s.ec:ondary be� Hnes .and e-:<perimet�hl facilitie,s. aH of wh ·, ch eke up the 
t.Oll'C> 1 e-� Tent ron h(:1 li ty. Aho in FY 19fJ.7 there '1ft 1 1 be add it i· on a: 1 llC�e1 eri tor 
filic111t1es reCJui rh� 5ve� fviild5 at th · SLIIC 'omplex fcHowing completion o·f ti-n�· SLC. 
Add i·ti onll 1 deU 11S on tfle A1 P need� at each of tM three ac.c.e t�erator U Bora:tori es 4f'le 
prav i d'ed in the c.onst rudi on j!l r�ject da a sheet enti t l eod 11 Acc.e l.t! rt!tm· lmpr-owemeflts 
ud IJ<bdtf1 cat.1 ons'1 (Proje..:.t No. B7-lil-101}. 



Gene ra1 IP h ��tt IP r-oj ech 

G9n e:ra 1 Ph nt Proj �.et s ( 6P'P) 'rur:�d'S are or upg rad i 119 • CKI � f1 c a ti' 011 ; and improvEment 
of the �en@r �l libor�t�ry plant at BNL. Fermil�b �nd SLAC. GP? f�nds �re requ1red 
for proj �cts s.uc: h i!S uti 1 i tf.es , $,U!}port bu i 1 dlf nis , r-o.a ds • s�Qps • orH>1 u r i re 
fig�htirng ci!pl1billity. etc •• � d, aH.no-1.11gh �rna11 c001pareQ" to the c.a.pitali�eo' �i}T� <Of 
t� pli!IJ\tt, art e�senti.al tQ eeping tt in �ffir::1ent operatin9 c:.oMditiorr. The FV 1�7 
ii'E!'qUest totals $U , 20ottooo f<Or eA !!!pJ?ro.xima.tely const<Jn level of 6PP at the 
-ollmrl ng labotator1�s; Ferth1 hill ( $'3 • .300 •. 000) •. BM. (�6, DUD.OOCJ)., i!!�td SL.AC 
[ Sl,. gao 1 000) • l.t 1 ·s not�d d at at BNL the 1'11 gh Energy P: ys i c:s Pro g I"'� has he 
re$ponsiflH ·it)' to provtdl! fl.lnd�n.g for i1111 o "the- GPP needs Of thB mr,�Hi-progrl!im 
hbol'".,t"(Jr.,Y. llddHJo.na1 det-ails arc provided in the con:st.rl.ilctioo project dna slu!!e·t 
@ntH led I '1Gener�1 Phnt Proj,ecB � \'art OUs; l0cat101ls· (Project f1.'0. a1-J;!-l02) * 

n 1985 r't 1986 
F'r' 1987 
Request 

Pro.gr�s: r II far ·front SCi: eat 1f1 c tf'E'Seaf"c'/t h strong 1 }' lino"e.rl to ad1Yan'C'Il'5- 1 !1 
te�hnology. The perrionn�u1c:e. c::�paMl it.)' c.f rthe. facil1tH!1 and lnstrunentatiol'l 
IIIY.aihble to 're!e�f'Cher:!. offe!ct� tile at.H i t.r t.o mi!ltf: s �g:1111 f c.aAt adv.!JJJces, 
Develo�eJI'It M now accelerlliltor and detector upa.bil itie$ and of new b�ette r typf's. of 
ifi'Str-U�Jentatfon d-epend' not only iQrt tl\e deve1opaeont ilJ!-d 4!p,pl1cation o1' nel<f 11dvarn::ed 
t�'nnolo�1es b t a so frequently requi�es extens i on of tne unnerlyiAg scf entif1 c �nd 
en g1 nt!eri n,g prh11::11pl es. Rt!search in h f gh ener"Qj' pliy�i cs tequ j r-es s r;ce o the ;o�t 
comp1e� and tech�ologi�lly adva�ecd research fa,1liti�� �er b�ilt. The dcve�o�nt 
of applicable 5-tJpporting tee no logy not oJJ)y im response to tme nee.ts of resg.arc.h 
but �tBo in lmt1r:ipl1Uon of tiH!In iS .!In �ssentHll feature to the OOE suiJport�d 
progr� iB hfy enerqy ph��ics. 

Jh@ H1gl'l �erg) Technology subprcgr�n h�5 the spec1f1c goal ot prov1d1ng �ne 
tedmologfci!l lrtas.e for improving the sdentific e-ffec.t1YeJJes�. reHabfHty and 
eff1e�ency of exi�t1ng tat�litte� and for �xtending the $�ientific '�pabilit� of the 
e.Kper1 rnent al re-s e� rclil pro gr 11m h ro tJ!IL new co c:�pts 1111d ew, a dvl!lnc � fl!lc i 1 itt e:s • As. 
>�� byproduct� �r ct�rriea out rtmder the 11igh Ern1rgy T�c.lu10lo� IRS£1 s-.tbproiram 
fr�quently pu�h� forward or opa� up �ew t�n�oiog�(�l front1ers. tnereby 
em1trli but 1 ng sign 1f i ca l'lt 1 y to the 1111.t I ond t�d mo 1 ogy base �nd to ny spe.c H � rc. nei!dS 
i� other �re�s of s�ie ce1 techn�logy �nd nedi�jne. ln order to $USt�in a effec i�e 
t.eckmoTogy ltlD erfor:t �h-at ts ootl1 re:$/)M$ive C::r;;r tt:Je I'IIJ!!;!ds o .jlnd stimul ates tite 
b�$ic physic5 rese�rdh pr�grams. It is nece�sa ry !lso to pursue � vigorou� 
theor@!tical reseilrcll ,effort tnto tbe ptrys c-s al\d �RgfneQr1 "'!li pr1 c'liples u d@-rly ng 
the conc�pts �nd op�t.ation of the$e fhti1"tie�; to �ond�ct forefront R&D in select d, 
prom"isin� areilis of appllt..ab1 te.c.hnolo.Q)'; to d�ve op >!lod p ove (!I org1ng 1d'!:!liS and 
ooncept$� �nd to tr�nsform these 1aeas an¢ �oncepts fnto p�ac:tical d�v1ce� aBd 
�ech�iques for u�e 1n p j�tcs resem.-�h 4nd elsewhere� 

The High Energy Technology subp�gr� is $ bdfv1de� into two ajor area�= 
Accelerator R&D and E�p��im��tal ficility R&O. Th f1rst is con,er�cd with the 
production of partjcl� beams and tr� seco�d with the u 1117at1on of thnse beams for 
phys1'C:!!i re-;e,ar�h. Sped f1 tllil ly, .!cc�l�etator R&1l is concerned wi t.h the �c:iem::e and 
te<::hno1CJ9Y fuMamentill to eh<�rge<JJ part tel� 8iccelerato�rs 1> co-11 i ding bei!lr systernS � beam 



�xtr-BJct 1 on. and pr1 jp&U.)' �a transport s.ystems� ! ts �M 1 f � to de1re l O>f' fi@IW llro d 
1 p rc't'ed con eapts � techni ques .. .and d�'l'1 ces of direct app 1 t �lilt i o to tJu!t ac(;e-l era ·1 oo. 
s t o�age,. Md t ran �pon {If part t de be :s ·to be us� forr �rob1 ng ttut 1 nl'e MilOS. t depths. 
of m�t·eer andl cnerg,.V. Th� �lkl ����{)dl.llcts a·re 1particle beb111s of hii9her energy� 
itu: reu ed 1 ntens; Hy., ) on ger rtore-d 1 ilfet, me, greater br' gh:tn es � {more pilll'"t i chs par 
tmit t rilllsverse ber .are:.) � 1 c M'i:!'r co-st and '!J!I"r!at�r d1 v er-5 ity. bper 1 tl!fl'ta 1 faei 1i ty 
R&D ; s concerrred w1 th the- u f{l�ts � secondary beam t;ra nspc rt �}'stems�· d � t ect i orr� 
�pp�r�tus, and da�a pr��ess1ng 5Y�tem� dir��tly in�olved in the phys.1cS e�er lm� ts. 
h focu'So� on devel optllg r�e� e�nd im prowed means ·far get'lr!rati ng, spl httng, .and 
tra sporting �e�o�dary pa rt i cle �eacs: � trnwent�ng amd devet�ptng new t)pe� of 
i nstrumenU'tion requi ed for deUct.hl!J and stu(lyi 1'9 the 4;-harit(.teri !;iti cs of P!lll"t1d·e 
1nteract�ons produced �n �xp�r1m@nt�; �nd nn dov4 s 1ng �d�anced processing tgch�fques 
for- l.he �oUi!di-or� atu1 a.n�lyst'S of oa.u 19ather-ed in experimenB� 

While t�� p�rpo�e ��d thrust of �h� technology ��D subpro�r�m is t� ens�re arnd ext�rnd 
�h� technology D�s� v1t�l to th& progress of �gh en�r� p�Js1c5 resea�h� tme 
.-.e�ulu G't' thE! �dv.a.nc:ed Q.&(l �ffort f·l't!:quontl)' fhld s1grl1 icii!nt .app\1cat1 om 1'11 other 
�cient1fi' and enqinee ring d1$cipl1ne$. ih�s. advan�e� in the unde�standing of 
eh� rg@d part fc 1 e b!Q.am tech no l o9Y IJ.a!;e c ontr 1 buted to the d·e'lle 1 op51en·t ot h 1gh power 
rad f ofrequency tubes. I c 1 ec.tron m1 c ro-se opes .. scmiconduc. tor- 111'41 nuf act tu·e. ar:ui :�o:-ray 
s�tii"C�s. Still!lda!Mhed. 1 n:stri.Wnentat on 'iYSt�ms $po.nsor·�d and d-s\l-elGp�d by th.1!i •1gb 
cnorn1 ph�s1cs program . sw'n as the re,ently completed FASTBUS, have become national 
and internatfor�a1 :st4!1'1d'il•rds tJsed 1� O'll'l�r �search dfs.cfp-Thtes. in�ustrhl proces.� 
c���rol !nd �rt1f1��4 1nt�11igence. P��t�rn recognition methods develop� for 
bubblr! chamb�r 5ocan 1ng f,n h1CJ,h OMfQY p�y�1cos were 12�S.c.fllth1 1n tM: d.e���lopr..eflt -of 
Co!llpute1r �s.isted lor.�ograp�y (C.AT) :ic.anne�""S. SuP'efCORdUI;.thtg mag�et tec.fmo'logy ana 
Piilttertn r�ognitioo met cd$ have been appHed to tile no1'1" t�uclcar H.agnetfc: �es.oma·r�co 
( PWIR) devices 'totlt t cb i!l'e exp ect!d to re'to hrt i Of1 f ze med1 cd dh!J nos:t i .;:s. 

The IH!Jh uergy Techr�ology R&D activiUes are c.ontJentrated pri arHy at fhf:l ooe: 
suPFort� na•iona� laboratorie51 altno�gh an important part 15 �arr1ed o�t � 
un i ve l"!i i 1: � e:s • otli1!t 1 abor� tory lind no lleprc ff t i rn!.:t 1 tut i 011s 1, (lil1d i nd'u$t ria 1 fi rrns. Thll 
F'f 1981 roque.s.t or �95.,'500 .. 000 for- the H1gl'l Ene-rg.v Technology Stlbprouram 1nclude� a 
progr&n of R&O stud1�s in support of upgrades to �jnt�fn the scie�tifi� 
effec:tiYenes� Of ex;isti ng acc.eleri;ltor � �n1lfding beiitm,. doetectGr and nxperirncnta 1 

acfht1�!i � fn s.u-pport of ongoing cQmstr�c:tfill'l projects.; an-d to develop v�r_y adv.anee.d 
�on�ept5 and tec��1ques �th p�tentta1 appltcatfon to futwr� �cce1er�tion �Tid 
detection fllciHt1e.s. ihe. FY 1987 r-eqU'e:!lt hu;:ludes. contfoued R&D $tYd1·e5o on 
supenonduc.t.lng ffii'tgJnet:s 1'or atc:�l orators �no th�1 r optimUation for futt�re 
41CC@le-r�tors 1 f'lChG111'g mater-hl s. d'e'l'f!olo,Pili�nlt� cr.)'O'!fenics �nd mant:JUcturabB Hy 
studie-s. Also inch!ded are rrtagnet s�ste:ms nudies -sud1 as ncuum � i�m:str.tn;n�-ntat.1o:l'll 
and control sy�tems� and the effe��� on t h��e sy�tems and oa the magrn�ts th�aselva�� 
of opermtinq a series of ma�nets a� g system. rmportaQt ��celer�tor ph�si�s studfes 
include no11-linear tea d.YnMn1u .l  botlt anfllyt.1c.a1 a.oo b)' tr111c�ing ,, �rtd the produ<;:t fo, 
�nd matnteMance of bri ght , low emittance be�ms. 

The s. tud1 ill":S on s•Upoi!!t"CO.Btll uc t 'i ng rn 8Qnet� :tnd" s.y:st em:s �d thei r opt i m�fza ti OB a fie a 
Jtfgh priority r.ee.d for th4: futur� vhibH 1ty of t:he progr-an. ll!C' l�S. broall;througli •n 
su pe.rconduc.ti ng 1:1 aq et tech no lo-gy� r·epres en ted most dram �t f c:a 11 y lJ.y t hi! s: l.iiLC:ess ftJ 1 
oper�t;o� o the lev�tron, �ig11tr1e$ that no fyture nigh ener� proton or hadron 
ac r:e � e rat or can co pet f t 1we ly be built alliy where wiitkout tl-..e u�e of 5-Upc rcona1uc't1 ng 
ma.gru�t ti'!C l'lnol �· FLJ rrthl!'r I e 1 ec·t ron a( c:� 1 er.a.to r:S 'l!l'i th c.e.pa bi 1 i ·1.;1 es s1 gni fil c:ant T y 
beyond t ose of th.e SLAC SLC atld the CERN LlElP ach�ne wfl r�uire new .;:�·cte1e-r-ator 
techniques afld methods whi c.h ere expected to re(flltre maoy yc�trs of R&D be-tore coe�tng 
to fn•�tifWI, ntuS1 .ally new frofltier ttiq'h energy .ac.celer�tor for th@; nl!!arr ltut�Jre h 
expected to r��ire the use of superconducting ma�r�ets �nd R&D Brtd opt1mizatfqn of 
UJ�se magnc::t:!: 1or ruturrC! fac111 t1 es has t.ig pr1 ori ty,. The re:>LII1 ts nf the- ,j!.Q\I'aAced 



a..:.r:::eolerator R&D progr$rn f·or tbe nex.t generatitm p�rti cle '-Qll ider t.hrough F"r 1985 
llfill pro \It de the t e.::hn1 ca 1 1rn orrtJ at 1 on ror arr t n· dop th �p.a rt Q !'I t� 1 r&\f h� o·r an .sst 
type fac 11 ty. rno se l"t!SL!l Hs c�n ht' expe-eted t.o hi!ve a s tro.rtg i mpa c. t on t�e 
d1 rection �nd emp-lila-sis of tile n 1987 R&1l !iotlldies particularly i 111 t e- a·rei!j of 
iUpercondlJ!:;:ti"g ma!Jlne'"s and syst s� 

H1sb Energy Te��nology 

�ermi Natfonal Acc@1�r4tOr L�boratory • • •• • •  � · ·  

13rookn �ven t4l t ion a l La boor �t�tor 1 . . .. . . . .  , . . .. . • • . . 

Sta(lfon:i Linear k'ele!fator Centcr . • •  ?�u• ·u .... 

Ar;g:orme t;Jat i oni!ll l-ilbO ll"ilt o-ry .. ·• n ........... . � ...... . 

Larto�rence Berkeley La bo r;;!lto ry •••. • , •• H • • • • • •  u . ..  

Otller DOl 1abor�t�r1o� and un1¥�r�itie�---�··· 

FY H85 

$ 27.735 
19�305 
16,585 

1.681 
8,190 

161,7 0 4 
s 90� 2 00 

*Allocations. tentat h·e pe11di ng dlep.artmenta�l revie·,o� of sse. 

Fe 1 'fMtt on 111l Acc:o 1 {!If a tCJr Labor a t1:1 r y 

fV 1986 

$ 2'3. 360 
181'956 

51$09 
l.436 
7 • .850 

:21 ,351 
$ 88.�62 

� 2.4. 9DO 
20.?00 
16,400 

lr70n 
8,600 

:23.700 
£ §5�501}* 

A tot�i of S24,900,aoo 1� re�ested f�r Ferm1J4b in Fr J�7 for t���oTngy R&�. Of 
he fY 1987 reqLCest, SHi�200�000 1s for illcc.eler�tor R&D. �nc SB.70fl.OOO is f1)r 

e�eFiment!l faci1itt@5 R�O� 

Operi!t'iGII of the- SIJrperc.ond!lcti Bg agmet riin� as a praton-i!ntiproton colliider 1 n .a. 
tot�lly rrew e"ergy regj� js schcdyled to baqjn late i� fY 1986. An ��tens1ve A�D 
pl"agram to llnder:Stand an.d opl:.1 he tme propertie'S iiJ\d performance Df the- uat.iproton 
50Urce alld of t.hc:! Tevat on as a storagl!:! ring ll-111 be r-equ1rftd. Prop;ert1eS: o'f the 
ifevatlro� OJ!'er.ati "g w· th slmul unoousl}' ci'rt�htfng be�ms of proton5< �nod antiprotons 
will be studie� wttn the object of improving reliability, effictency �nd lun1noiity. 
The operaUOnilil chlilrliC.trerfsUcs of the a.ntiipro'ton source w'i l 1 l!ilsa be :studied v1th 
tile a 1m of ilmprov i n9 o .,rc rG� 11 per ro nnall'!ee a l'fld 1 UtR1i no-s i ty of the co 1 Hdc r. �ro·t ot_y pes 
of a� i proved lens for t�e ��t1proto� target, of higne� freq��AC$ ��ochast1c �ooling 
!_ynems j lind of tliq'her c.�pabiliity instrum�r�ta ico alld .;on rol sys·t ms wi H be 
hbricUM and te�ted. R&D wi II be '"'r,ri ed aut to 1nvesti�ate ways to i nc.re a se the 
br1gntne�!i. of th� a�ttproton so�rce, and on ne f�asibi1fty of� ptre-bo�ster to 
imp rowe the bei!1"1 i ntells fty of tfte Tc-v.atrron. 'ft&O oP adv .. m c:H te-cfl o 1 c9i e� fo-r 
ice;e-��MtOI" .!1 d col II idi g be systes;15 wUl also be t.arlf'ied out. 1!!&0 on impro'i'ect 
sup@'e&nducting gnets, cryost��s and systems �11 contin�e. 

As Fermilab beg1ns to exploit the �et�aren ea�a�ilfties m�de �va11�b1e by com�1et1 � 
� ""�tro,-. � .a.Jl d rr I titl!!r-C! wH 1 hE a sp cia 1 roctJ.. fn tM �x" c r1 ent.a � fa' i H t fes �All 
prGgli'am on tile dewelGJ;ner'lt off hf-gher perfarmaru:e be.;Jn tf'ansport 1 target1 ng a· d beam 
-sp1 1tt1 ng app.i!irati!J.s: .!lnd on ,mipr-Qved pl'lltrt.kle detectetrs for exper"iment:s t:o 5r.OrE! 
effad iYe-ly ll t 111 :m the M 9 ho r �ne rgy fhod t� rg�t N:!Sel\irc h c.apa bil · t i @'5.. R&O 'Nt 1 1 

b� needed i� �upport of collidfng be�� e���t1 ent� ��d detector�; partfc�larly he
he"' 0-Zero d�tf:�tor. ltn'PN>Pierl t d9ger fng ·· e'hon j q ues , c OltPIJter software aod .sped aT 
an�l1n� gra�hic$ c�pabi11t1es �111 he dewelope�. An i�rt�nt cvrr�one t af th��e 
efforts 'tlltll be- Rt.D aimed .at lTTlJ)fOV{!tncnts fl'l COJJIUter techllique-s. and 'S)StE!!:l'S. Mor-e 
adv�ne;ed sofboare for d.!ltll col lecti on ,, data r-educltion and yri!phi cal display a 
r-es�1ts, · l1 be .-et�uit--ed. FJrogram will also 1nchlde stu-elias to deve1Qp i!dvance,d 
detector tt�nce-pt-s. 
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B r.Oo.Jr: hl!lv en N 4t ion a 1 labora to r,t 

The rY 1987 requ��t 1 clud�s $2U,200,GOO for technology R&-D at S�L. Of this, 
Sl7,400.000 f5 for acc�l�rat�t R&U, and $-2,BVO •. ooo !'"or ell;perimental fac:flities R&D. 

he acccl·crator R&D reoli!lted to the /IGS has the go:�l of maintai Ai A9 a11d imprct�tng tht:! 
operat1 ng ef e-et 1 v�ness � nd t � sc h�nt i fi c c4pll b i1 icy or the AGS. Thf're 'r>li 11 be a 
s.pe'Cial effort dir"< ctt'1:l towilird achih1fl!) a m&jor increl!ls.e fn AG5 :!lcceoleratedl beam 
i lllten s lty, and i rnp.rov etTiertts to t lle po 1 a ri zed be.r.� .c ap,llih n 1 ty� Adva ncrl!d RID on ew 
acc-ehm�L(Jr conc.epU and tr echrnol og1es wi 11 also be pursuced, w1 th pil•rt1ct.dar erttJJ'hasts 
0111 s toot C!S o I s� pe rconduc; U ng te c:hno 1 ogy c iliP ita 1 hi ng Oill BNl' s. Mp rt he i nt tf11·h 
iiiNl:iJ.. 

lhe e��erf�11tal fac11ttiQ� R&D will focus on new detector and be� l fne developments 
iliimed primarily n 1mpro\11ng t.he trf'1que r.:ll�bilities at the AGS ro� polarized beam 
experiments, low energy ne rtrlnD studte5, a1nd rart! kaon d�C:�.)' proc�sse$. The progr 
�lso 1nc:1udes an ef fort � developm�nt o� advanced �otattor e:ontepts . 

Stanfora l1n ar Accc1�rato� Center 

A t oh 1 of $16,. 400. 000 is requened 1 n F Y 1987 rot tQC hno 1 ogy R&D iJ t 5 LAC. The 
fY 1987 roqucsL 1ncludfr� $B.600,000 for sup port of �ccelerator R&D and $7,600.000 for 
experiDPnh 1 hcil i ty R&D. 

Ir1 fY 198 7 the SlC pl"oj ect wi 1 I be broug t � n to ope rat 1i on for research : support i og 
R&D will conce�trat� on optim1zi�g performa cc and re11obt1tty �nd improving 
1 urn I o� 1 ty. Spec. h 1 a rea s of stl!ld.)' wi 111 1 nc.ll.llde derr B 1 or�u!n it. o� methods 'ror enhi!lnc: i ng 
positron h�am 1nt.ensU�.!f; prtiblem.s of st ability of high current m1cro-n·s1, t�d be 
pulse-s lin the linear accclcrllitor dur1ng acceo]eriltion; beam tri!lns port to focus th& 
be'c.D$ of e 1 E: c.t:rons il !ld pos f .ron'S to a � t 1\Y spot lmd bring th(!lll i ntn he<�� d-on 
collision; methods to control and analyzo t�e co111sfo�s of the very igh inten�ity 
101uon-�1 zed elec:tron <trld posiltron pulses i a�d d4!'Ve�o�nt or te1:h 1ques for 
aceel@rat1on o pol�rtzed elec:trons. 

The oalan ce of the accelerator Rao runas �fll be directed t�r� i�prov nts 1n 
performa�ce. P"�eliabilh.y,. alld op�retfn9 eff1ctency of the linear �cce·leratof ilnd th� 
SPEAR and PEP colli d ing beam dev1c.es, and toward ad�anced concepts. Advan�ed concept 
R&D aet1�ttt� at SLAC will include develo�nt of high gradient accelerattng 
structures. develo�"t ot veri h1g� power pulsed radio frequency 5ources. 
theoreticDl and experimental studies of n�w· l!lnd adv�nc.ed con�epts of linear 
acc�1@ratot s9stems� de�el oprrent of �dv�nced beam nstrumentat1on and control 
devices, ond dev�lopment of s,ec.ial bea transport syst@ms for mi�ron sized beams. 

bperlrr.enhl fadlity R&D at Sli.AC t n F'l' l.9S7 wt 1 l be directed primar'i ly tOf(lla1rd tho 
de...elo�etlt of �dvtfinced detec:tQrs for future ID:per1ml:!nt� �t the SLC illll<f PEP. 
P&�rt1ctJlar enpha�h will IJe placed on R�D in ���pport of the SLD �et�cto1r. 

lawret'lc e E! e rite 1 ey l.aboratocy 

A to al o $8,600,000 is requested in FY 1987 for technology R&D �l LBL. Of this 
amoun • ss.soo,ooo fs to be used to support adv�nc�d acce1erator RAD, including 
stl.ld f es of very hi g f h��1 <I sup�rc on duet f ng mllgnet s; co 11 abc rat he � tucH es w1 th 
Fe ihb and ot ers OJI st:ochastic. cool1 ng ethitiques. and III'Qrk on novel acceh"ator 
concepts sue as the two�be� elec.tron accelera�o� concept. 
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The e:K�erimentd 1 fac. i 1i tie� RID requeS-t or t2 •. SOO. OtlJD is to s uptP!F''l deve 1 o �:ment of ;;� 
adron calorfme cr f�r a major proton·a�t1proton expcr�m nt. at fermil�b� �tudies of 

adviinc.ed dr!t�ctor-5 for use w'lth linear eoll iders in coll abor�tion w'ith SLAC: �rt to 
1 �rO\•t! the perfo-m�ance o experimental ii!p,paralus n SLAC and Fe i 1 ab; .and i!l mlljor 
- n h:i .;�t i ve for t e dev e1 optJe nt o t ad vt�ru:l!d detector conC.@p ts: ut fl it: i n g the sptl:c::h 1 
expertise of l.BL -n th:i s. a rea .• 

,. 

I; total of $1,700,000 is l'lequi red for ANt i1n F'f ]987� l)f that Cl'fiOUfllt � �7§.(1�000 h 
fer a�.;elerator R&D and .$9SOt000 1'5 ·or e:x.,per-tmMta1 r.ac11 it1�es R&O. 

lne t9� energy acceler�tor R�D at AN for FY 1�87 I� expe�t�d to b� dire ct�d 
pr'ina rily tow� rd:!l wt11rk Qifl illdva cE!cl ,eccelerd tor ooneep t s:. P'llirttc ul a rl y oo the so.
ctl H ed w k.ce fie 1 d dc:l vices� 

Expcr1meJJt.al h�lli Hes �&.o is e:xpe�1.e-d t>o concentrate on re�eo!Jrc� and de"e1op-ne.nt: 
for MW types .of partilele detedars.: furt er develo�!'ts of the CDF � an-d the 
deve1o���t of new typ� of pol �r1 2e d t�rget�. 

Other DOE Lab0rator1e$ �nd Un1��rs1t1es 

lfl FY 1gs7 1 $23.70�1000 h reqtr;es ed to -support atfler- ad"-·�nc;:ed techno log) pr-ogram�� 
Tl\t; reqllJ�t: pI'() 'I' ides the i AC rea se requ'i red for t he Sll!.l R Ms es ent r,1nd .an i ncr�A$.€ of 
a bout $411)[] • DOO e;u h for a dvam::ced detect a r <111d o!Jdlt,·lll c:e.m acce 1 @If oil tor R&D. The 
wrk under this p.!lrt of tlte te.-thMlQgy RJ[) subpF'OtJF' 1� t�rrit'!d out by 1ver:s•ties.� 
1ab.ortJt-or1e-s and 1 ndu!itry� Thh J)rogr p�sontly S111pport5o contr�-c:ts wl th l!bout 3Q 
1n�t1tu fo �. The work co�ers a verJ bread spetir� of topi�� related to 
a c£ol e l"!ltOr$., � o11 i d i, g bel'lms .;�rtd dete(:t or-s.. The rr..;ll"k in� 1 ud e-s s;t ud i e� to irnp rove 
u ptln and {]pt 1 mi z:e pre1ti ou sly av.:� i lab 1 e techn 1 ques. aM tllOSI2 'lllhi c;.h 5 ee � to develop 
e:nt1 rel y ne1!t te!-c:hnique�.. � p.�r-t. of optfm12dUon o·f a'l'ai 1 i!lble tKhtdque'S I @-ffort 
t nc 1 ude'S work on s li!Jerconduct 1 ng m.a.gnets � 1 n c hL<I1ng m{!lterh 1 s de.Ye 1 !lpt.ent I 

c:.ryogt��1es 1 a!'ldl 11\iU'I'Il'faeturilil� tecMniq.Lies; otli!el" magnreB systen!i. such as; ... aruU!'II� 
ii nst rument iliti on and �c:oJJtro 1 sys. t ii!lll5 ; ilnd i!iCt:.e �era tor phy$ f r.:s !lop 1 c:s s��lt ill!i no111 i near 
bt!.!lm dyfli!: iin if'lcluding bei!m-bE!llm effects., studies bot!\ al'la1ytfc41H.:y .Jnd by tN1.cUng1 
aM thi!- prt�d uct 1' o 1 � nd � 1n ten an C1! of brig M. lor.,� Qfflfttan c.e be:i!.lflS .. 

There are also slgnific:.ant needs �r advanced detector R&D to dc��lQp detectoTs that 
ean extend the range of 'inve�t�gflt1ons at present fo!J.ctlUies and operate effectively 
�t fut1r aceolerator� and co111a�rs. R�D 1s needed to develop radt�t1on haraen � 
detector syst.e�T�S <:� nd e l e-c.t I"'I'li cs whi en c:�n :itJ rvi ve in t 11e high Ntd 1 at 1 on e ny'i ri"Dnment 
ne�r the col li der i�teraction po·nt �t higR 1um1no!i1�; tr1�ger1 9 5�tem$ and dat� 
retluct 1 on sys t er..s to 11 and 1 e the high event rat,es � and tee hn 1 qbC!& fo I" p�tte r n 
retognftioA �nd t[me tagg1ng a�d trackfng of tomp1ex1 A1gh mult1pliel�y. ov�t1ap�tng 
�"'"""ts* 

-!!!itt! 1s �JJlso I} str·ong need to dC'I,Iel op new ae;c(!1erato,.. techni�ues.,; �1 en dtrhes. from 
tn� n�cQs�tty of opt1mit1ng t� co't o� cGA�truc�tn� and opera�i�g the l�rg�� mod@rn 
a cr:;(! 1 !rater- and '-O 11 1 d1 n g b�aJTt fa-t. H t tf as. W)J 11 e t.he r-e are 111{1 k:�Q'III'tl phys. ks or 
te�hnoloi)l rcasom; ·�o�ey prMient �ce.o1erat16 t�chniq�cs; c.anflot be extt!ndt!d to much 
hf9her �rgies t�an fa!iljtj�s no� operati�� frr plann�d. �he stz� �nd assoc.iatee 
co�t of ill'•lich higher �nerqy facil ·t1es bas.ed on knot.o.fl t@<C:br�ol olll:f COUld become 
p roh f bit i 'Ve-. 
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As � con��quenGe, reso�rces �� bei"g dir�ct� t�rd df�co�er1A9 aAd d�veloping new 

coilcep,ts. of chilrrged pau"'U c:1 e .�cc.el er,;� tion t llli!t are rnore t.ost effect 1>/Q a•1d 9 fve 
1gher fi n.a particle energtes in dev1ce� that are $JT1.!1Her a�d r>ore &fler�gy efficient: 

till an ex.1 'S t 1 g onf!os ., Re-pr es.t"n't.at he 11 n@.s ot t'ese.ardl 1 nG htde co 11 ec ti ve �t hods. of 
par 1 c.l n acc:e 1 erat 1 e.n,. ·� J};e fie 1 d a��: c.e 1 era tors� 1 a-s·er- aeco·ll a rn ton Gt � 1 er:::·trGns • 

the or 1 es. o non-1 hteu cynarni ''!i ., eo 1 hdi ve effect ililld SPilC.C ·Chiiii">Qe 111<!1ooed 
plilenomefl a • very n f gh fre-quency and" h 11 gil arm.re r f"a� i o fF"equency sources. i and very high 
ft�ld supe�cond��ting m�g·�ts. A nurnb� �f these proyr�s are re�ching the point 
wh�r� signtr1eant exper1��nts and prototyp� Abi�cat1GR �� required tc verify 
predict"ons and gu}de fvture R&D 5tudies, A �ubstanti�l effort i11 t�1i area 1� 
r:; i"H i t.ll to raa k.� it po!!is f b h to p ro'V'i de' t e required future high er.ergy ph}"s ii cs 
acccl�ra'to,r ancl m:.pcr1rn�i1Ul 1',ac.ll 1ty c.apa[)11tt1� f1n a c:ost reff�ct:hi:! ·rul,!t. 
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llEP'ARl tn Or EtlERSY 
1987 CONG�ESSIONAt BUDGET R £QUfST 
CONSTRUCTIO�fOJttf oAtA SHEffS 
GE ERAL �CIE�E AND �EstARCH 

HtGH ENE�GY PHYSlCS 
(Tabular dollars in thou�aOds. ilarrat1vt! t.�rial in w ole <1ollars.) 

1. THie tlnd' locl\itfon of project: Teva'tron t. Ferm1 Natio �1 :Ike: h·rator 2. Project Ro.! 81-t-218 
Labor�tory, Batavia; Illinois 

3. Date A-E �or) 1�tf8ted: 1st Qtr. FY \9�1 

3&, oa te ph)• 5 i ca 1 construct; or1 st � rt �: 4 tf1 Ot r. F'Y 1982 

4. Date Constructi� ends! 4 h Otr. � 1987 

7. F�n� cfal Schedule: ""F'i 5 c:;a 1 Y.-a r 

19Ul 
1982 
1983 
] 984 
19815 
19�6 
HB1 

8. Brief Phy�1cal O��-c�r1plfon of Project 

rl Is prOJI:!Ct provides for; 

A tJt iior1 za t 1 Gn 

$ 2,.000 
18,00(} 
L81000 
20,001) 
21,300 

"1,700 
0 

5. Pre111 Ol!l� eos;t PS. t lm'£1Jt�; 
t.e-ss amount for PF.:,J.D� 
Net co�t est1m3te: 
Oa�te: O�tober l9B4 

6. Curr�nt co�t estim�te: 
less amount or PE&O� 
�t eost cst•mate� 
Date: D�tob r l9SS 

App ropri .at i OilS ub�fgations 

s 2�000 
14.100 
18,000 
20,.000 
2l,l00 

8.233 
:367 

$ 2,{)00 
14,100 
l8,000 
20,000 
21.300 

8; �3:3 
357 

$82t 5"00 
0 

sM. 5oa 

$84,000 
0 

JM.ooo 

Costs 

$ 1,211 
�' 182 

11,8�5 
29.517 
l9.,794 
13 ,ooo 

4,451 

l. the ll"Odfffcation or h· �UpE!rCortducting Teva t ron iC.CPlerator- l'lllCJ �0 that it C;)n be IISfU illS a I TeV proton D I 
TeV �ntiproton colliding-beao storuye ring; 

2. t 1.«1 ex.pP.-rl en ta 1 ill!' u. to prov ·de fiic i H ties f 01r c;, ilnu 1 ta I'IC!ou� 1 th energy �hys f c s e.xpef I m� n L::. ; an-d 
l. too c.of\s.trm:.t1 on o 4loll all 1 pr-oton production., cooling ��d iiCClfllulat1 on �ystem. 



CONSTRUCi J Ot• l'A.OJ ECf DATA SK[E rS. 

1.. r t1 e lind location of prohc.t ! ieva�r�n 1. Fenni t(at1icnal Jl..c:cel@orl!tGr 2. Proje<:t 1'0.: 81-E-218 
Laboratory,. Batavia, 11 l1no1 s 

B. B r1@ f Phys 1, CiT Des cr i pd on of Project t c:1:mt i nued) 

Additicn-ij,l satel l" te refr igerl!tor� lire requ1red to operate t'he S\IP('f"t.Cnduc.ti'ng Tevi!ltro!l riing near he full ener'!l,.:t of 
t ieY because supercoBductOr$, as they approaoh ft.!ll magnetic. field, >;o�i ll axe h� transition froa the 
superccnduct1og to norm�l �tate wi th decre��ing �aunts of energy rlepos1ted in them,. Tbu5. extr� coo�lng w111 
prC!\I�nt que111chos of tfl;o S'�perc.ond�t�;t1ng ring at u11 enerqy •. Add1t1'ona.1 r( c;av1t1es. {lnd othi:!r sp�cial d v1c. s ar 
require-d to .siuul hneous1y .!It eel erat� and store pr()t:orrs ht one odi rec.t'i on nnn .antiprot-ons 1111 tile oppo si te di red ion .. 
and to cptim 1 z.e he colli:ston c::ont•�urat I on. 

Two exper1m� tlll areas to nous� �gh eie gy phys i c s c.ollfdi�� be�a detectors wtll be 8n integrbl pdrt of tn� 
Fenn11ab ��tn R1n� tunnel. Th� d�s1 of the e�pertmeotal �rea� �i11 allow the rap 1d efficient introductio of large 
detectors 1nto the De!a s. io aGcompl15h this_. t.here wil 1 be separate detector asse bly �reas.. lh@o projeet �ho 
prcv1d�5 an ove.rpass, for the conventional magnet ring1 to defi<Jct tt over tl'lc d�tector at on r;,:f the e�per1 e-ntal 
.areas. 

The Ferm1]ab �ch�e for product1on mnd col1aet1on of �ntiprcton� uses the present a�celerators, up to 4nd fncludlng 
the ain ring wr;went1onll1 ma:gnet �ynchrotro. plus two i!idditioll�l new storage r·ng�. The ffr$� of these 1s c 
dobunehor r1ng. oparat1ng at abo� 8 Gt� enPrgy� � ch wt1t Mave a large accept�nce for antiprotons and wfl1-b usc� 

o d'ebwch tlil beam as tt c.cme$ from the antiprotoo product jon tl!rg.et. n�&!' �econd rtng ·1s the ac:c.umu1 �tor wlrkh 
wi 11 b� used for cooling or th-E anUpr-oton lb@anJ after 1t emerges fro tile debuf!cher .. llfld foT a.cci)I!I\Jl.at1 ng the 
o!Jntiprotcns� The term "cool i ng of ll p11�ttc1� �al!ll" l'li�itrts redtlc.lng the energy spreid of the be_ . This cc;Jolinq is. 
pllrt1cuhrly important for rpr�uc.1ng �n acc:eler�tor quality beam fro�n ttJe dilut>e bea of :secondary particles 
etJJ9ft.Jing from th@' anttrpr-otoo production target .  The ac.cu lll at·or wi H collect the a_mti protons flrliNI about t�n 
tnous-a!'ld t�urge-t.�ng �;ycle�. Jt t.l'ten incll"ell:!ies trnei r den�1·ty b}' stochast1 e coo11ng l!ll'flt1 1 t�c antiproton bcil! is 
intense E!flouglt to- transfer 1nto the l�atton r1r:u:�� 'Idle� it w111 be aecel era d and b�c�.��g;ht into cQJlli s1 on with a 
r:ounter�rGti!ting proton bt>am. lheo proj�ect includes <:on5trudion of the debJ.mc.her ring. the enclosure� for- the two 
f"ings. assoc.iatcd beam transport �endO'StH·e� and the hrget station. 

The researc.h detectors requh•ed fo,r ��per1m4;lnts w111 be funded as c.apital equipmePlt iitems. The 111ajcr de-tec.tor for 
the B-Zero Area. g be h19 fa or t ca t�d ovo r Lhe p.ori M frca fY 1981 ttl rough FY 1986.. Subshnt. i � 1 p a rti ci p.a t ion and 
financial ass'is.hnc.e 1S be1n9 t:Ontr1buted by the Japanese., artd aho by Italian 'o1 hboril!ltors. n e total DOE fumjiog 
contribution for th1s dett!ctor Is curr �tly pl an'll d to be about S35,000,000. llcrl: on a major detector for tbe Oa 
lero Area be��n in FY 198� Effective analysi s of the large vol�mes of data to be generDted by the TeV I w111 
req re an upgrading of ferw11ab <:.omputing capmdty lind cap-ab111ty. 



CONSIRUC1'1� PROilECT DATA SHlETS 

1, Tit: l e a11 d ] oci!lt. i 0'11 Df proj �ct.� Te\' ilit r-on I. Fe rm1 l'4a. t 1 ona 1 11Ceo1 e r1rt or 2. Pro] ect f£5. : 61-E -21 S: 
Laibo ra tory., l!ilt aw hi.. 111 i noiis 

9 + PU.-pos.e! Jus. t i n c:�t i 0111 or ,. e(f Oil" 
I 

illld scope of proJect 

'llll11m prot-on ... .and aFJttproton$ are s.tor&l in tie supercondructmg Tevlltnm �ng mnd broug t into collision"' theo 
t@act1on e ergy avi'ililable for particle producthm wt11 M abotJt 2000 �'!/. This h almost !itO t1l u gr�atr!r than the 
react1oJJ energy wlric.h is dv�iltJbli!! �tt f,l!! i1ilib ��!�hl.'fl 1000 &:IV proto�1s. st.r1ke a fhl!d Ul"gct"' ahi,Qugh tihu intgrac:tion 
rtrte!> of the collidiin'!l be-om'S ar<C! mm�c lower th.;,n tnose o'f tne fh:e� urget progrilm. T"h rP.ilct·Otl �enu�'J'9.Y will be 
s.ufficie11tl,ir tdgh to proouc.e 'I:J o W and Z i ntermeniate vee. tor bos.o.n$, whi c:h a� the ''-rriers of the we(!� Jloclearr 
fore�. 81� to �tudy th�1r �ropertfes� The data frG experi eflts done at Ferm11ab and at other high energy 
aC-c:e 1 erato rs ha:ve '5hD'IIII1 th llt t be proton �hl'tH!S as though t t w� rC!' ad� up o t CQnst i'CJ on t s. P111U exp t 1 nee hu 
r.le�rly denonstrated t at extending p�rltGla phy�fes 1nv�st1gat1ons 1nto now. m�ch hig�cr ra�ct10fl c��rg1es Mas 
pra ... en to be oif im1nens-e !ido.M1·rk 'ia1 lJO. A co. petl'liog sci1Jntifi c: expac.tl'!tioA is the lit.:o11hoQd or dhc.ovodng 
toUll:; lJ�I�ll.[I�Cte<f p henortH!fHI ;r this ne:!o1 'f40 rl d record reillc1: ion ener'!l)'. 

W. Oetails of Cost Estim�te 

m. Eng hu!!e-d n�:,� • dC!� 1 gJI'I 41 nd i os p�ti on ,_it 171 o C()nst rl!.lc.t i an costs.� 
b. construction tosts�·�•+•��·,····4····�···�···!·�···········�·�·!' 

1.. C.onv ent 1 ona 1 con5 true t i en If> . . .. .  '", • * • • •  ,. • ��� Ill . . ... .... . ...... . � .. .  , .. . .. ... . . 

a� Experimental arc�s�····�··-�·�*·••·•···••i+••+•+·�·�i·�·· 

�- k1n9 �nd heam l�n� m�ing •••••••••• �··�··�····�···�··�·� 
2:.. Sf1 cc �a 1 t a .;i 1 1 ties.*' 1 � 1 •• , .. , .... . . , , • •  , • •  , • , .. , ... .... . ... ... . .... . .. . ..  . 

i! + Anti pr oto.n source . . .. . . . . . . .. , . . . .. . . . . . .. . . .. . . . . .  , . .. . .. .  ., • • , . ., • 

b , i\cce 1 erato�- compo l'lt-"t s ........ , •.• 1 • + • , .................. 1 ... � ••• 

c. Cont 1nget�cy 111t �{)1; of above CQs,ts ••. , • •• ••• , 1 ••• , �, •• •• , . 1 ...... , ...... , .. 

Tota 1 ., • •  ., • ., • • . . •  111 •• , • •  ti- ••••• il• ....... 1 • 111 • t + 1 1 • 1 1 •• !II , � •• If � •� 1 .. iiii � 1 

Jl, �tMod of Perfonmbnc@ 

f.ll.tJQO 
] '> 700 

2g,'500 
12.300 

I ten� ·CO'St 

1241.300 

35�000 

Tota1 cost 

MO.lDO 
50,]00 

13 600 
lR4:i1blf 

Dc:s1go ol fac:11Hies '!IIHl be by t� operating c.antrad.or and slllbwntr.a.ctors �s appropriat.e+ TotE ex:temt feasi b l e , 
�:oos t rud i on iU1d IJfO.( u r(ttnOtl w111 be aCA:.OITIJrl l f s,hf!d h_y r :w:ed- Jl)r i ca c.on tr� 1; t s awarded on the bas 1 :!j; or c ompeti t. fve bids .. 



CO'NSTFIUCTIO j PROVECT DATA SIIEETS 

L Tit\ e amd , oc:aH Ofl .of proJ e·c.t; l(! �a tron l. r�rmrNit 1 on� t Ac(.� 1 �ra:tor l. Proj,ect �b + : 81-E-218 
hbora't<H·y. Bata v'i .a , f l 1 t no1 s 

12. funding Schedule of Project Fvndtng an�ther ket�ted Fun�ng ��u\reneni[ 

FY 1981 fY 1982 rY 1983 F'f 1984 f!Y 1985 n' l9Sti FY l987 

.a. iohl project costs: 
I. To .al ac111t) cost!: 

(.a) Construct1on 11ne Item •• * 

iohl facil ·ty c.osts •• ••.• 

2. othGr project costs� 
(a) 01 J"-.t!'C't ftJD operating 

cost 5 DPC�!>.S ill fY LO 
conpletc con$truct�oo .•• 

(b) CapftaT equi�ent io 
s�pport �f Ri� •••••••••• 

Total ijth r proje�t co�ts 

Total proje�t costs 

2' 2'21 7.000 l.07S 0 

1 B4 �ooo 
s S4.ooo 

A8.,.I63 

(Items I z. 2).. ... • • • .. . • • S4 .o53 $ 7 J687 l25 ,.B:t5 $51,136 $27 !087 $14,075 � 41451 _lll'!.J,04 

b, Tat a 1 related iEtCreffl@lr.Jtilll 4!Dnual funding r�qut rE!ffief!t.S ( es. tim a ted 1 i fe of' p!'loj.ct: to years) 
1... f41ci 1 iity op rat1Jlg co!its •.•. 1 ••• , 1 � ••• �. i ... i ., ................ ., ••• ! • , •If . .... i·• ..... . . .... . . . . . .. . . . .  . 

2. �r09r�atic operating e�p�nses d�reGtly relat�d t� t�� fa,il1tY······•··•••�·•·*•····�····· 
3. tapital equipnent not �elat ·d to constructiOfl but related to the pro9ramnet1c 

effor-t 1n the r��e::tl ity. •t•lt•iillltll•r••••············ .. �······ ... iiil\ii••lir••··············•§'+:i··· .. •• 
4. G.PP.. A I P progr it ·t 1 c: co-sts .. ! .. . .  ., .. .. ......... . ., ...... ., . . . . . . . . . .. .  + ..... , .) , • , •• ., ••••• ., •• •••• , , .. ... . . . . . 

Total otner re hted annual fundi 51 requirement'S . ..... . . .... . . ... . ,, , ... , .... . ... .. . .. , •••••••• 

*R(! rere11 ce item 13.. b. for oxp 1 anat i on. 

S- 3.000'* 
2,500 

J·.ooo 
5o00' 

1 ��n�n 



1. Title �'ld lg.yhon of pro]e<;.t: T v�ho11 J'., F nrt1 l'fatlOJJill kc�l�,-at-ar 2� 'Project tib.: 81-£"-216 
Lobor�tory. Batavia, 11l1no1s 

13. Narrat1vo hphnatlon of' total Project Fund1rny llincf Otlh�r Rehtelf"FCJ dT'n"'fR�qu1 N!fllen,<£5> 

ll. Total project funding� 

1. Tot a 1 ·rr.c. H 1ty cost� 

(a) Constr4�tion 11ne item ��plitJtn�d in item� B, 9 and 10� 

Z. 0 �er Project Fundtng: 

D1rec.t R&D opgrat 1 1l9 costs · S.tudl� o !lti)CJla'!it1c cooli111y techniques w'IH .;.on inLm. R&D on th� 
ant t 1pro ton J;�rC(hr�t i on target '!J'S t B1l � nd th� .!1 c:c: lfiluhltor ring "'re 11011 f n progrfls s. R&D on other 
e 1 anent s of the proj eo.; t , to �pt � 1 ze pe rfo ffiloi!PC4t and m1" hn hQ tl � costs Of .., .. ,. i ow s sui:J sy s. te s... 'tli 11 
co11 ti niJP. t h rougn tile- late stages of' c1:1rrstr uc t 1 em • 

(b} Ut 'Cr projc<:t�rC!l8ited cost� - Ttle items inc.luded in thes.e CIJ>!it.s. are ITid�nC'ts. JlCIWI!I" $�ppliies. 
e1��tronics and other general equi�nt to suppGrt �.2�a) �P�V�. 

b. Total related �nnual funding requirements - Tt i� as�L�d that afto� ievatra� r �orne$ into operation 
approximately one-.-hlll'f of Fel"'l!ilab ac.c:P.lerator opera ion� tim '111111 b tor co1H.c!1ng be�ms� lnis me;�ns h!llt th� 
fix�cl u��et e...:J)or1 on all af1!as wi H not ln2 oper.!lttng rOilE:!-n!!.l f of e�c:h JE.ar� Dur11lg the col Ud1n!J b�am 
Qperat1ng per1od. there llli11 b� a net redl!lctiem of p0wer cnnstiJilption at Fer Hab cH about 15 .He�&watlt:s cmparP.dl 
to F'Uiillinu full time tor fixe.li larrget exper-irnents.IJ whjclh carres.p�mb to a s.avin9s ot about �3�0001'000 overr sfx 
mont lils at cu rrent PO<lole r ri!lt e$ � The proC}r-��t1 c effort 1 n the f ac 11 11 t}' w111 J·eq1i1 re G!Jlp rox i100te 1 y 30 i!JOQ1 t-1 on a 1 
p�Gple, ;�nd addiitional milterial and st�pplies �re req�ired to effecthely oporot& tM fa.c1 fit.)•. The 11cq1!Jisiition 
01 r'"t!S.ebn�:lt dt!h�Cttlt� or Tev �t r'Dn J wi 11 be rna de with c.ap:it.a 1 equ 1 p�nt. f wncls • In the future� it h 
ant 1 c: 111.ated tl'liiit. rna.] or d'e tec:t!:l r 1Jpg rad es 'lri 11 be requ 1 e!il alum& e11er y thr�eo yeo�:rs. GF'P �JJ d Ill P run ds t�i 11 oo 
r���rod as ��p�r1�nt� tn op�r tfng the new antiproton source �nd uti11zin9 the Tovatron &s � stor�ge ri ng 
1ndtcat�$ sp�1fic atGa& Wher� fmprovement' would be mnre benefic.faT. 
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OE:PARH'HH Of ENERGY 
1987 co»G;cs�f��L�D���UEST 
CONSTRUC I 0 l'Jb U EfTS 

GI'NERAL suE tiCE 11 NiJREsEAAcff 
111 sk n�ERGY PHYsIcs 

(iabuhr da11ars \n �thounnds. Nor-rat ave material irr ,,..hole doHoilr�.) 

1. 1'1 £'1,. .aM loclltl'on or project: �taJJ1o�f"d Uneu Collider (:SLCl 2. ProJect. �. 84-Eif·D3 
Stanford tt� �r Acc�l�r tor Center (SlAC) 
Stn n ford, C:J\ 

l. Uiit PtliD initrned � 2nd Qtr. n l 98r� S'.. Pre vi oos c:os t e$t i mrtteo: 

Ja. Date p l.V'S1 c�1 C::OI"l�tt'LJCtloo S.hirts: ls.t Ql:r, r\' 1984 
Les!i �o.unt For PEAO; 
Net cost e�tfma o: 

Date� ()(:tober l9Sl 

4. Date Construction ends� 2nd Qtr. FY 1987 6. C111rre11t cos t!S't1mnte; 
less i!!.lllount for 1>[&0! 
t.et e�st �:s i mate : 

$117.672,000 
2 , 272,000 

$115.406 .• 000 

7. 

a. 

Fi��ncial Schedule: tlS(.i!l, fear �u fior 1 za dons 

1984 s 32,000 
]9135 601 �0 
1986 21.924 
l987 976 
foul $11S.4if0 

Brief Ph�sic"'l Desui�tion of Project 

Appropr1atfons 

$ 31,000 
60,5 {) 
21,924 

976 
�n�,4oo 

Date: No�an�r 1984 

ObTi gation s 

� 32,000 
150,500 
21.924 

97� 
u [5,400 

$ 23�094 
'9.552 
39,0UO 
311/!iill 

$11 s. �00: 

The �LAC Linear Collider (SLC) is a ne� type of ele�tro�-pos1tron colliding b�a� f�c111ty whicn �s �n f portant step 
to ward redud ng the CMt of very M gh energy e 1 ect ron- po s1t ron co 111 d f ng �atn de vic� to perm i t t!.x te-nsion o the 
upper limit 1n ener� �oove th�t vhich �� �� p�esent j1seally fen�ible. Th� SlC w11 be ccnstructed on non5 
government o·llffied property lit the. Stanford Unear Accelerator Centf'.r (SLAC} wMch f5. lo-cated oo S an'ford Unhn-rs1t}' 
l)t'Operly. Us operation is bas� on the acc.elerlltion� in tiN> lin.ac, of clfli 1•lte se posH.ron bunGh lind an intoos 
f'lec.tron bunc to �n�:�rg1es. of appro.xjmalely 50 SeV each. At the end of tbo H 1J.C, the two btmcho� are injectf'od hi 
opposft.- dilrectiinns into t� ru·cs of mdgnets • arrh1ng at ill c:oll Bion point 'tllhere an eftecthe ?nt�ta.cc I on E!fler!l)' of 
approx mately 100 Ge� ts ach �vcd. Ate� t e collision poiJJt, the p.arti,le5 are di�posecl of dnl not used again. 
IJ.eCllllSe th� bea ts kl1ied only once, the 419n�ts fll th r1 ng can n11ve mall ap�ttur-e and,. hence, I ow c.ost. Compar-ed 
to !) tor ago ri 11 gs. tile s 1 ngl � pas.s �on hfer s:yst oper at�;S at a re htl v 1 )' 1 O'M �pet 1t 1 on r.!l t e but 1m01 kes up f n1 the 
1ow r.ollhio fre.quency by th� �t.remely high current densities 'N �ch cilln be achievf'd at tie coHhion poiot. 



). fltie and location of pro]e<.t: 

CO•STRUCTlON PROJECT OATA SHEETS 

Stanford lfnear Co11ider (SLC) 
stanford Linear Accelerator Center 
Stanford, CA 

z. 
(SLAC) 

Project 110. 6Z-£R-133 

6. Brief Phys ical Description of Project {cont1nued) 
The main conponent$ of the SLC are the energy upgrade of the SLAC 1 inac; a transport systecq from the end of the 
tirtac to the saall apert1.1re nagnet arcs; the mtlgnE!t arcs themselves which includes the special focusing systems 
required near the 1nterac.ti0tl point: the necessary beaJn housing; an experinet�tal hall and su.ging area: a high power 
positron production target at the 2/3rd point of the lfnac; a positron booster; a transpo rt systea fr()lt the positrQfl 
target back 'to the injectton end of the linac; a htgh peak current elect .-on gun; two small storage rfngs. called 
damp1ng rings. to reduce t� em1ttanecs or the ele-ctron and posftron beams by Nd1at1on d"mpfng; puis� cOCIIprcssors 
to re<luce the length of the bunches In tOO storage rings before injection back into the 11no.c; and the ne<.esury 
1t'lstrumentat1on ami conttOI systems. 

Since the Sl.C Involves a ne'lt type of colliding be4A system, tts operation f8d tile function of the _various components 
are <!estribed belo...-. A bunch of posHrons c.onU1ning afsroximi!.tely S x 1{) parttcles is injected into tile SLAt 
linac.. A single intense electron bur1ch, also of 5 x 10 p artic les, 1s injected into the Jfnac approximately 20 
ml.'ters beflfnd tht posftroo bunch. A. second ehtctroo bunch is inJected behincJ thl.' fir-st intense electron pulse. 
This se-cond electron bu.nch is u"Sed for the production of a new positron bunch. The ffrst two bunches are accele� 
rated In the Hnac to an energy of about 50 GeV. At the end of the lfnac a splitter tal:e.s the leading inte-nse 
pos1tton aod the f1rst electron bunch ai\CI starts the111 around the two �t.�g�et arcs tn opposite dfrections. The 
function of the arcs 1s to transport the electron and Jjos1t ron bunche!. to a col\H'on area .,.,bert they col\tde 
head-on. ln the collision ar�a a collectio n of special lenses focuses 'the be�s to a cross sec� ion of about 2 �tcron 
dtaAeter at the collhion point. After the beams pass through ea� other at the collision point they are di$pose-d 
of and not used agatn. 

The second electron bunch, which travels down the 11nac behind the electroo and positron bunches, is def lected out 
of the linac at the two-thirds point an<1 is directed onto a positron production target. Positrons from this 
production target are boosted to an energy of around 0,2 GeV by a short section of 11nac and transported by a 
separate magnetic-optfcat systu bact to the injector end of the main 11nac. There th�y and two new electron 

bunches from the electrOn gun/inject1on system arc boosted to an cnc.rgy of approxi•ately 1.2 GeV and put fnto 
dampill.g rings. In the damping rfngs the she of the beaDs decreases through synchrotron radtation damping to the 
appropriate value for re-injection into the ma1n lfnac.. The daap1ng time ror positrons ts Jotlgt�r tl'tan ttlc approxi
mately S •11liseconds betwef:n pulses of the coil Mer system and. t.herefore� thfs ring aust sto� two bunches 
s1uu,tantously. The positron bunch ""'ic.h 'na\ been sto�d for the �Otlgest t1111t ts the one whtc.h h ejected froa the 
di!.mping ring and injected into th� 11nac for the noxt pulse. Ourfng th� t1me the .2 GQV pos1troo bea. is traveling 
bad: to the injector �nd or the Hnac. the htgh current electron g..�n produces two short pulses of electrons. 



1. Till if' ar)d loeat 1 G'Ili of proje-ct: 

CO SlRUCTlDN PROJECT DAiA. SHH1S 

StanforJ L1 n�n Coll f(ler (S(C) 2,. 
Stanford UMrn- Acc.C!le.ratot· Cantc·r (SUtC) 
Stan,fcl"d7 ICA 

Thes� ;are tli•e.-d to a rl'" i ve .at the 1 nj ector ju$. t � rt,er the .2 IJe.V pas i t ron blliith. .1\11 three bund1es of pa rtic l es a�e 
t'lcccl�r�t.od ln ta111dffl1 ·through t I? fir�t tOO til of the linac. to 1.2 f.!1'V energy� The posit ron bunch h 5Witc:lJ (f to the 
JIQ$ it roJl da11 ping 1'11 nog illn.cJ the two e I �c: t 1"01"1 baneh&s t n to t � I! 1 @C: t ron d.a p t n.g r1 nq� At t h� �u tt or ll'le next cyt 1 e 
m1e or t� posH ron bllllll ch es. and Ule' two e 1 er;.tron bunt-he:s ill re �x t I'" ij ct ed from the da11 ping rings... tcmpre-s.s<ed' 
larn�ltudtnally Loa le�gth of abov l mm aBd injecte� fnta h� 1i��c• Tni� otal �roc�s5 ;� then re����d o�er n�d 
0'1er aga �n 41 t the repe-tition l'i!Jte of the 1 i n.;�c. 

9. P�l'"f08�. Ju�t1f1catfon cf �eea for� and Scop� of Project 

Tho SLC l'la:s two go�1!'i.. f1r$t., it will deve1op and s.erve .ifis a first test of a �tev c.olhdling beal'l te(:tmiique. Thhi is 
a �,., ·t 1 ca 1 :s · OJ! to W!)f'O ill<: hi oy t ng {ll ect ron-posit ron co 1 � is. ions .Qit ur..h h 1 Qher centftr-o f -mt� s.s an ell' !IIi C!j; �t 1 .n_.or CO$ t 
rter J:eV than the tethnologry IJSC!tl up to II'!!)W -� that o1' the Colltd1'M'Q tl@a Storagl! R1 ngs {(BSR}. S.t!!t0f)d� t.M SLC 'lii11 

Cit incl'"eillse the center-of-·mus energy �vo.ll.JIIle foil' el�tron-po�itro experl �nu by .a f41ctor o'f about trnree �bcve thl!it 
tn no"" avaihbl� illt e;xis.ting el1ectron-pasH.ron CBSR1s.. ltle �htively h'N cost of th� SLC1 itself, 1s itC.hhtvt!'d by 

vtrtve of the uct thi!t � uses tlrte exh ing 2- illll' 11nilc� 

Th · h1gl �t ooer� el�troRwpo.s tro111 eoll 1diJlg beam storage rings no11!' in . ..:f s. te nce are the PEIP P ·ojeet at sue and 
PElf�. A t1 t. fiapl'Ju rg., l.fes. t r;eii'�!:'MY wfth C.Qnt.e r-o -mi!I'S s enerCJ i es of a ro�Und lO -110 Ge 'I IM!'�pec:t 1v 1 y. The next �tep Fl 
d rcul a r co H i d.{:!rs i � the UP ac; hhte. no• be-1 n9 bu 11 t � CERr� p }' s 1 c h t!i llind eng f nee rs 1 which vn 1 aclili eYe a 
101 ilX i um cente.r-uf-lllA:!;St ene rg)'" or ii bllut 12tl fa! 'i. 1 n � t h1 l,y with aniv�nt f on a 1 I'"Mio frequency (A: F) and subsequent 1 y i!l5 

M gil a� 2�0 Ge 'I w 1t s.u�.e e 011 dLJ� tf n1) Rf. rheo ve rs. • o.• wu e011 "�nt 1 oul F! F B. est f t�t ed tc cost abm..l t m M 111ron 
SwBs Frunc� in 15181 \'olu� •. hOt fm:l ilifh1{J 1abo.r <t!I!.U. 

To order to m., k.e use or the e)d s. tin� s 1 ng 1 e li nll� .at sue, th� s LC ihas two �rc s. 'ot magnets to guide the e 1 ec:t ron .i'J.nd 
.positron bunches iin different dfrecticns from th� lifili!IC to the co11isilofl point. At th phllBe.d SO GeV bc1111 ooergy 
l�vd t.l\ll s.yndu·otron r�dht1o.-. �1tt.E:!d � tll�s� mllu;n�ts has a n��11'l(ble effed Of1 the toti!l power req��Ji�d to 
oper�e the fac1�1ty� � 1 1e �]1o�1ng 1t tc be b�$ed on a Singl� lin&c rather than t•o lin�c�. 1'is project will n�t 
only prqv-1 de criti cal l nput fc r a, new 11c.ce] er.at:or te�;.hno 1 cgy., whh;ih promh s to reduce c:os.t:f. for futu rc g12nerat1 OJI s. 
of aleetron-pos1tron mach1nQS, but wtll also eontr1�uto to a b�tt r ��d��tand1�g or tha p��s1eal world through t � 
1 port.anil: new experfments: whi !::h ft. wi 11 !Mii::e pa$S'ibl'e. 



1. Title and location of project: 

COI�STJI:UCTION PROJECT DATA SHEETS 

Stanrord Unoar collldor {SLC) z. 
St.anford l.fnear �ccelerator Ce.nter {SLAC} 
Stanford, CA 

9. Purpose, Just1ffcatlon of K�ed for. and scope of Ptoject (continued) 

ProjeGt fb, 84-ER-133 

From recent research. a new theoretical concept ha$ energed which interprets both �he �cak an� electromagnetic 
forces as different manifestations of one basfc force. Thfs concept is a form of gaugi:!: theory; the si11plest form is 
the •standard •odtl" of �1nberg and Salam. All of the variants of the 9augc theory have Cfle or more tleavy 
particles wh1ch inuract with the olectron .. polttron �ystetn fn the sa.mt: basfc way as doos the ordinary zero mass 
photon. It 1s the interaction of this heavy gauge particle (2°) and its charged companfons (w+ and W'"} that 1s 
re$pons1ble fo-r tht propert1e-s of what ts called the weal: 1nteracttoo. The gauge theor1es ha\1� Md such success 1n 
ex.pla1n1ng appar<ently unrelat<ed facts that they are �!'!rally bellev�d to� cor-rect. 

The SLC 1s designed to have_.A.total energy large enough tc copiously produce the neutral gauge particles. resulting 
tn ma(ly hundreds of events Per hOur. 11te decay or tltese ZO•s 1nto quarks. leptons. and perhaps other more exotic 
part1ele.s, �ill ghe a vut amount of infomation about a broad spectnlft of basic physics qvestions rangi� from the 
nuaber of elementary building blocks which make up our world, and to tht condlttoos 1n the early universe when It 
was only a few seconds old. The ttrst evtdetlcr for the gauge parttcles has bem found at the CERN antfproton-proton 
co111der, but production r.!ltes are so low that experiments on thts machine can give only a small fraction of the 
important, detailed infomation th.at can be obtained from the SlC. 

Funds f o r  detection apparatus to be used for high fl1!ergy physics elCper1aents with the SLC are includQd in the 
capital ttquipment bOOget. Equipment funds are �ing used to upgracre an e.xfstillg detector (Mark. H) prevfously used 
for lower energy experiments at P£P and for a. new detector designed spec1fically for SLC physics. The Mart Tl 
upgrade {SIIH) will be coapleted in FY 1986 so as to be available for physics research �hen SLC comes into operation 
early 1n FY 1987 .. Wort on the new detector. c.alletd SlO, 'liaS 1n1thted in FY \985. SlO is el!.pec.ted to be completed 
by f"Y 1990. with a tout OOE cost or about '-4�. 



rot�STRIJCT ION Pfl.OJ ECT DftTA Sf' ETS 

t. ti"Eie ilrlCf loc.a\Ton of PI'OJec:t: St�nford Lini!.!lr Co1 l 1 der Ulf:q 2,. "--ProJ&.tNrii. 811eER�f33 
Stanford 1..1nPiilr occP.l eriJt.Qr Cflnt"l'tr- (SLll.C) 
stanford�. C)' 

111.. lleta11 !i of Co!it Est1 . te 

Total Cos 

fl. ENl (bclude!i pre:v1ouS11.)' funded Pl.fl.tit £ngineerfng 8· IRHgn 
ED&I) � 201 of construction co�t�. 1t� �. · · • · · · · · · · � · · · · · • · · · ·· · � · · ·  

B.. f;onst ruction Ccst � . if'! • ! !- I!. '! • + .  !- p . .. . . . ! • !tl .. .. ..  !" ! • • •  '! -! .. -!1 • •  ! • of .. ... . Ill • *! !' • •  Ill . ... 

1. Site lmrk. uti11t1,e!i, ilnd "Structure-s 1 chro1n!J a) ·l!xp{!rt ental II�J1l: 
b) to111der Hous1ng. and c) L�n�t�llt�er conm�ctlon w n�ls . • • . •  $ zs,soo 

2. Accel rator compon�nts: ijj Electron and �csitrG" Scurces; b) Energy 
U:;J!}irad'i?;. c) Collider Arcs� t��nd d) Focusin.gt D.mpillg ilind Control 

Systems § " !f " i ... ... .. .. , If , .. ttl • � !!! • oil • •  ! ... , • , • • • •• • Itt • •  Ill .. . . . . . . . .. . . . .. . l!l • � • • • �!I SOD 

c� Stmndmrd £qu1pcent (Cranes] 

u. Conting�BCY � appro�?m�telJ 

. . . . . .. . . . . .... . . . . .  +• · · · · ··· · !11 .. . 111 . .. . .. . ... . .. . 

14% of above c�ts · · · ·· ·� · · ··�· .. · · · · · · · �- · �  

£. T![)tal · · �· · � ··· · · · · · ··)· · · ·) · · · · • · · · · �· · · �· · ·) · · · · · · · · · · · · · • · · · · · · · · · · · · · • · · ·  

Btl,OOO 

400 

14_,500 

$USt4'00 



COIISll<OCTION PIIOJECT DATA SKEETS 

1. THit 1M 1ou£ton of pi"'O]Kt: S£antor4 ltnear COHICJCr (SLCl 2. ProJec-t liO. S{:(R.l3l 
Stiafotd Llntar Accelerator Cen ter (SLAC) 
Stanford. CA 

11 , MethOd of FerfOf'U nee 

Destgn or conventional facilities will be actomp11stted by subcontracts. Design of uc.hntcal oonponents will he by 
the op•r•ttng contrac;tor (SLAC). To tht t�tlftt feasible. construction procurersent and 1n ltJ1lat1on '11'1\1 be 
accomplished by fhced-pric.e subeontr•cts aweNted on the bUts of c�etithe bidGing. 

12. Funding Schedule of ProJtd Fundtns and Oth�:r R:elated fui\CiinS11tegiJirements 

Pdor 
Yaars - FY 1984 fY 1985 FY 1936 rv 1981 lilll 

A. Total Project Co5ts: 
1. Total Facility Costs: 

(a) Construction line ltem ••.••••••••• s 0 123.094 S49,SSZ S39.000 I l.1&4 SllS.400 

!�l 
P(t.O • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  2.272 0 0 0 0 2,272 
Expense FuMded Eq�ipment ••••••..•• 0 0 0 0 0 0 

d) Inventories ••••••••••••••••••••••• 0 0 0 0 0 0 
rotal 01rt-et Cost! •••••••••••••• t.m 23.094 ' 49.55z 39.000 3.7$4 111.672 

2. Ct,ber Project Costs: 
(a) RIO Ni!'Ce$sary to eo..atete 

Con'$ t r-uct i Ott ••••••••••••••••••••• 0 9.867 6.713 3.1:16 0 20.316 
(b) Ottter Project Related Costs: 

(1) R&D Aehttd CapfUl EquiJIIH'f'lt . 0 412 300 350 0 1,062 
Toh1 Ottler Project fundtng ..... 0 tb.279 1,013 1.0186 0 Zl.Jtl 

Tohl Project Costs (Jtens 1 ' 2) I Z.Z12 U3.313 S56.56S 10.086 s 3.15• 1139.050 
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]. Ti t1 e oiPld 1 �rl t i on n·f pro,iKf: 

CDNSTI!iJCTIOH PROJECT DATA �Ens 

St.iiiford -Lfnear eo'1, fiieor ( stc1 2. Pro]oct �/1). a4-ER-133 
St�nford l1ns�r �eeolQ��tor Ce�ter (SLAC) 
st �n ro rd. CoQ 

12.. F LlruH ng .S cnedu 1 'E! of Pruj�ct Funding and 0 the r .Re hted Fund'i nQ Re:qu � recent-s: 

13. ()the r RP.lated Jnc.rem e nt.a 1 r.n mr� 1 C£Js ts in r'l' 1986 do ll.ars ( E'S t i rna tOd H e of' proJ act: 10 .)'£! ars-) 

l. Facility Gperating c��ts (inc.ludin� 1n,reme�t�l po� ��stsl • · *· * · �· · · · · * · ·· · · · · · · · · · · · · · · · �  S13t600 

2. Proqrilll:lm�t 1 c ope r-�t 1 n g -e�p n'lle:s; di 1'1 ctl,)' re l.j!tc;1 t P the a c. i U ty • • .. .. • .. • •. • • .. .. .• • •. • • • • • • • • • • • .. 2 t'5;()0 

3, ·C�pH!Iil equi JX�ent nr;rt related tl) constrPJJttiQn b�t rehted to 
the prograiTirrlil·tic effort in the fa£.i lity u •• +->. � . ... u ... . . . ... ·� ... . . . h. . . . . . . .. . . . .. . . . . . . .. . .. . .. lljQQ 

4 .. Gfl'P or ot�er (OMtruct.ion rehtfld to progra:vmlltic e'ffort in the facil it..Y ......... , . . .. .  �.........
. 

400• 

Tati!ll lfe.l i!t:ed i !lcremenl.!ll anr11Jt!ll CO'S�:i ilil fY ]936 doll>i!r'S •t!•i • .  i io • I+. i il il i • •  • 1111! i • • • • • • 11J • • 1•  • • • 111 

13. ru1 rrat1 Y& EJ(e,T a nat f on o ( lou 1 P roJ ec: t F 1'n�f nn ml'ld O·t.he r fh� l ne<t flllil'id ii ng Regu ·�r-eoents 

A. 'iutal Fa·d 11 t..)' 

(.a� Const rue -on U �e lt·em {rttJ narri!>t fve requi l"'ed) 

$1'7 .ooo 

{b) �£60 - ln� SlC is a totall� new \�nd or coll�ding beam system. and alt�ough tn� basic t��hnology 
1 n '10 h@d h w� H tJI)deoru ooo. til@ pr�j o-ct h.!! s b�fle fHed1 1m me-asurtJ b ly f ron1 P1 ant En,g'i neerbg all'd Oe$ fgn 
(PE&D) fundfnu t� DD� ffrmly est�blish c�pG�enL costs �nd cQnventio"�1 fa�11ity 'O$t5 and $C�edu1es. 
The p�oject was prov1ded w�th $300�000 Gf �E&n fund1n� in FY 19&0� S750.000 1n FV 1981� 1907.000 �m 
fY 1S82� .!lnd .$:315.011)0 iin f't 1003.. IliJe F'f 19.80 IPE&D morrJey funded a prr-olfo1 Mtry geo.logica3 st.udy of the 
sit�. prel i 1��r-y �unmel �nd experf�ent�l hall desfgn. �nd lhe study of alternative site la�uts. The 
FY m9Sl PE&D hrnoin!l Wil'!i �11 oc;rted to rnorP deH11e-d :strucurral oos1gn (1'tth· I' Qf t.he li M(;/collider 
Md conner:'thrg hnnels., Jn ,JI!Irne· 1981, SUC re·t;,td 11100 e.ho S r'lfC $ of iJJdo,r Efl!)ine(:rtrrg .as all A/E fi m 
ta perf�rm T�tl� I aAd iitl It des1g� on th@ SLC project., In� FY 1982 and ft 19�3 �E�D tundin� 
:S 1.11p ported COm p l @t 1 On 0 f Til 1';1 e ] iind pllrt 'i.i!IJ] TH I@ U dEs. i.gn far �lC CQR¥4;l!nt i OC'J a\ ht.i H t 1 l}fi. 



I� 
0 

COMSTRUCTION PROJECT nATA SKEETS 

1. 'thlc an""if 1o,at1on of pro]e·d: Stanfor'd Unear C'Ellta�r ( slt) 2.. PNJeet r+o.. 84-Er.t-133' 
Stanford Li ne�r Accelerato� Center {SlAC) 
Stanford. CA 

13. Narra.the �xpJination of Total Project Funding �nd Other RE!htledl r�_md'in9 Eoiu1 re!OOnt� (oonUnued) 

(c) Expense Fu nded E�uii�J:�ent - no111e ilntkipi!;ted for th1s pro.i�1.. 

�d) Inv-entor1ei - flO 11AWtmtorhts .art! anth:1pated for thts project. 

2'. Ot hctr .Pro·j t!t l Fundi Ag 

h) R&tl Ntces sa ry to co mp 1 ot ·- funds pr�rv1 ded , n High Energy Phy$ i c.s Res ea �h. llcee lerat or Jms�a reh 111M 

Dev.e1op�rtt. 

(b) Other Reoht�-f'undtng Provide tile (:apihl equipou�nt artd plant undtng needed in support of the R&O 
of1'ort. 

B. ToUl Reldted F1,mding Reqt�1rements: 

The prog.r -art.ilc.!illy useful � i retime of the faci Hty is. esti ated lO be about 10 years.. 

1. F�ciHty operath1g co�t.s , lilc:lud Ule 1ocr e11 al costs of mcc�lero!!tor DP-erati[}flS, expe�iment·illl C�rea 
operC!tion5� and related research and development efforts. These �est� are for satartes� ele,tr1' po�or. 

a"tcriah allld su�pl1t!s. ,;1th tht! domh!Ant c:ost element befng the ·eleetrh:. ,po�r cbarg(!s. 

2. flr"-ogf'(llrn atic �or-at1 ng EJI.pcn505 01 rectll.)' Relatod tO the- facility - t is �es.ti ate h fo,.. h1g,_ eJJergy phys.�oCI 
research to tl I p�rf'oli"r::'ed by s L..AC 1 n-lilou se physi d st s. orr p y:s; 1 d s t.s: f rllfi the user C:.CK!mtJntty. 

3. cap1tal Equipment R�lated to the Prog����tf� C fort 1n th� rac111t) - thfs e5t1mate is for gcne�al eap1ta1 
equip�nt n�eded to �upport researdh at the facility. Jt -ill prov1de for upgradfng research det�to�. d&ta 
re<e.o rdi n-g ann ana 1 ys is ins t rum entat f on and D1s.ce 11 aneous 1 abo rato ry t B:!lt ru111 ents. lt do�s. not provide for 
any ljor detection sy�tem, 

4. GPP or Other I:Qnstructioll Fle1e�te4 to Pr-ogr-am attc EHorl - this estimate is " gener�l •level ot effort" 
rt.flfch 'l!fould pr-ovfde form11"or s.tf'ucturos and utllltty �xtens1()nSi as wen as modiflc;:atiOI"'$ and 1 pr.o\le• nts 

(A1P) [}f the f.ac1 Ht)' to ma1ntain 1U sdent1 f1� effectinnes5 and produdivity. 

5. Dth�r C()StS - no n&rr�tive req�lred. 



DEPARTMENT OF ENERGY 

l9R7 CONGRESSIONAL RUDGE1 RE�UEST 
t(jf8"t�OCH'bN PlRQJ E C'fl'lAlA s Eti s 
==t'E NI!RAt !.tIE NC£ Mltf1£stliiCH 

HlGH a�ERGV PHY�ICS 
('fabul�r do11ars 1;n ho !ioaJJCI:S� l'farrat iVQ �t�riill ' " whole doll illf'S.) 

1. f1 t h!' ¥r1i1l 1 ocnti r;m crf ll'roj e ct = Cenfr� 1 Canptii i ' l!Jpg r8ide 
F'erm'i N�t 1 em� 1 Ar;ee1erillt.O r Labor-a tory 
6a t.avi il • lllt no1 s 

J. u�t@ h-F wor inrrt1ated= l�t Otr, tr=1ga6 

3ill. Dote phy!i 1ic<'ll con-struct ton s. ta�rts � 2nd Ot r. rr I 900 

,q. Date cons. t rwct 1 on �nd s � "tl) Ot r � FY I '988 

Author i z'it1 on 

198.(5 
1981 
1988 
Tohl 

S.. fir1 et Pt])s 1 cal [)en.r·t pt; 0111 of P ro·j e4:-t 

s t31900 
0 
0 

The prOpO�ed pr�ject i� cumpr?sed of two parts: 

�. I' rev i ou.:; cost PSt 11;Ji(!te � l2J I 900 
Less aaount f�r PE&D: 
Net Co!i t e-st 1lfDII te : tP.l, 900 
IJU P. ; rto v iJilb� r 1 9 a.4 

C�rremt cost e-stimate! .$24!tl00 
0 Les:!; ot1nt fc r PE"D � 

�t cost esttmate: 

oa t·fl = Au1!just l 985 

db1 i gafi ons 

$ 2'.96S 
I4.Hi7 

fi - �? s 
s 2Qd'b 

tt� I roo 

$ 2 .• 000 
91000 

U�lOCt 
na.160' 

&1) ThQ acqu1 s. H ton of a major eo puti ng up a !:tty' and c:apl!lbfl H)' ul!)gl,.ildc. 1 � llld 1 "Y" 11idd1t 1 o�H'J.l cer!'t r� l IJ'i"Oce$ so·rs. 
Cldd it·iona l d f s�:; .a d t<ll.pe � to.tageo dev f ces, Cll'ld ,ufd1 tton�tl � t·l!r he es to sup port tmth online u:ser te rl!l i nals. 111nd 
ac.C(!S s to. SJI@C:1 a 1 purpose data �roees sors de':.1 '!)netil fo•r he part •l u1 a r rre qu 1 rom -n t s of ht 9 h t:�n�r 9.Y phtsd c s d� t 11 

ilrti!!lys 1s � 

b) A buHdin!J l'D house tll� upgr·ade[j central c.omp 1 �g sysb'!m and !<;tlpport f.'f'rsonnel. 



ctmSrftOCTION PROJECT OATA SttEnS 

1.. lftle and lor;.aticn or Pf'OJect: Central Coqlut1ng UJ'gri!lde 
Fe.rmi N'BJti OM� 1 Acc4!!l er�t or La bor�t o ry 
�atavi�� 11l1no�� 

9. ft'urf9s-e1 Jt�stitic:�tion of rte d for; cuwd Scope o·t ProJect 

a. Central ccm_pdt1�g Sy�t upgrade 

Fe nni lab • s. ceml ra 1 t:Qmput ii ng fac"ility serves i!l vi de" vari·,ety cf �ee:ds � the J�a.for o!le;;; beill'lg the an illl ys: ii !i of data 
fl'(lm exper11Q:lents.. theorni(:al plwsi<:s c::alclllations;. a�cele-riilit•or ctcs:ig11 c,aJculati(lli!S:. and s re5>s: analy!Siis: a111d 
mllgnetii c fi � l d CiJ 1 crul at f on s used in the design of illgneU o!ind other >equ i Jlfllent. A 1 a rge cent ri! 1 caoput 1n g 
hcf11ey hills pr.o�V�n ttsol If to be thl!l cros't C:O!it �tf1'ecthe solUit.lon to tl'll!'-s-e compuUtr�{l needs 111 tenns cf l'lliirdlware 
i!lild softw.are :swpp.ort. wtiHz.atlon of peripRaf'(l:h; • .and f1e;xjbi lfty of r;.ompwtt!lr conf1g ra.Uons. ih@ Fen111lab 
c:ent ral cooputh�g fe�d Hty repr-esents the only najor f.acH flt:y of this kind ""tr1 c.l:l h a.e<:Q'S1:1ib.te to t'M!! U .. S. 
u:n i vers.1ty part1 ci pants fn Fermi l ab @�Jq)E! r�ments: fDf the Clfilll .)'� 'i !i of the i r datil, At pres-ent tlile fer�i hb q!nb·a 1 
CCIIJ1)Ut 11 51 fa c.111 ty (;Ons 1 sts of Ul re-e Cybe I" H!io CCDJ)uti:!r s,. A h�!i!S e...porclto!!!Se cont I" lid for addit I cna 1 hard wo re 
will tncr�ase the total �pac1 y to the equ1v�lent of �ewen C�bor I7�'s 1� the per1od fY 1984 - fY l98ti� 
However. an evaluation of tbe projected c�1p�ti� load �s lndic�ted that anGthar 1ncr�ase 1n the conp�ttng 
cillpo-ci ty tOf' at htiliS"t � falctor- of five wf 1 1  be needed 1 n FY 1986 - F Y 1SS7. This 1 nerou� 1 n 1 oad h. pr1 mar 11.)' 
due to the li!� ;;td-dit.hmal dat� ifna.lysl!i requirements of tne nev c.ol Hdiin.g 00(1111 d'etec.tors for- l'ey.atrcn J� The 
computer SJ'Stem liJJgra:de requested �"' WI U mce:t tihe�e nf'if' Beem:!i, .Jr'ld wi � 1 be dlosen to provide the :bilsis for 
groll'th dur1 ng tho t"·em8:1Ddar 01' the ]98tl's �s thf!' acceler&tot I i'ltenstt)' 1i_iprcve$ illl'ld the exper�ment$ ar� reffned .. 

h� Ewfldtng to house �pgr!ded Central C�putin� System 

S'i nee 1973 Fe 1"1111fl a b; s centra 1 f;4ll!'put 1 ng system 1 U.p� 5to rage., and Dl'l·- 1 i rne computer aa f mterumce have been housed 
1n lli1:sliJI'l Hill�.. &rm'llt:fi't 1n s.ubs;equer.t .)'Ea:rs; !'las lilow led1 to a degree of cDnge-.s.t1on whiCi h seve.rely affec.t1ng 
tM eff'ider.cy .and relhMHty of tt.es·t:! openJJt1ons. Since l!ldd1tinna1 �p!Ge in riHa.on tell ta house 2dd t'ionill 
c001putbg hardware 1s un.av11:i hbh!1 �t h �roposed to mwo tiht'!Stl rftlctht'ttte� to � �epl!rate b�11ldtng spec1f1 cally 
destgnred ro·r t.his usa9�. �er& a wtll also be rruch easter to. provide !)lf'OJ)er sac.urh.)' ror t Q very ''i!Jh v11lue 
equ 1 pment �hi dl 1s i "vo l ''ed .. 



CotjSTHUCTII:m PROJECT IJATA SHEUS 

1. ra1e a11d loc'!ltion of project: Central Compt�ting t.pgrBJde: 
Fermi r�ati on� 1 A.:c:� 1 c rat or L�bora tory 
s�tavi�� lllimois 

.a • �n'!J i nl!"-er'i ng , desi �n "mf 1 ns pf't;. t ion at 21 3J <Of Pmc11 ri'D!r'lt and 
TJJstaHbt h>i'l (Part �) and 10,61 of ccn�t,n�&tiorl co-st-s (hrt B ) , • • 

b. Con�tt�ct1on cost��•••••••··�····�··•·················�···•4•4·�· 

1. T�pro�ements to fdr'ld �nclud1�g ro�d. parting & la�d�c�p•n�··· 

�. {lui 1 dii flg • •  � •••• • •  * • • • • • • • • • • • • • • • • •.••••• • � •• • , • 1 .............. . 

�,. Basic S.tll"l!lrttll r�. . . • • . • • • • • . • • • • $1,800 
b.,. iH'ed1anf cal . . . . . . . . . . .. . . . . , u u 1 �000 
c • E1 {1-Ct r·1 ca 1 • • • • •  � . . . ..... . . � ••• • � ooo 
Ill. CM•tf:lyf ng 5y�tem t Fl ev� tor). . • • 100 

Jrlll lit 111 t 1 es; -t= 11 ifo I ill � � <!1 Ill! + 'fl "'fl • • • • • • * ,.  • • • • • • • • • • •• • I ill I I Ill I I I I II I I I ! + I lfl I •1 

4. Proc.u ret11e-nt. , • ·� , ... , . , , . . • .  � . . • . . . . .  r. • ·� il • •• i .... . * •• + •• • •. (f! !I " • 'fl • •  

5. Install at i 011, .. . . . . .. . .. . .  �· . . . . ... .. ...... " 1 •••• 1 "' ifi ,, , • , " • • •  , . . .. .  � • • • • •• • •  

Subtot.tJ 1 . . . . . . . . .. .  If • •  .,. ..... � +. ! + ! • � , . .. . . .. . .  ��� • • • • • • • • • • • • • • , 

c� Contin��ncy �t approximately 11� Qf t� abov� cost for Part A �nd 
15J or Part B ••• '* * + . .. . . .. . .. . . . . . . . . . .. . . . . . .. . . � • •  Ito ,e • , • I!! '!! ! � , !! • ••  " • •  

Total rstimated CO'St by Part . . . ..... . u.++IHt+•··········· 

1 ota 1 Est 1JOated Co'St. , . ..  ��� . .. . . . . . . . . . . . . . . .. .. . . . ..... i •• •• � , .. . 

i. PriJlj ect""""Jt'lij";" � So -R -104 

J'.;:�rt IB 
BUilding 

fart J\ 
Ctlq)uter 'Upgrade 

Total cost Item Cos.t Toia1l CO'St 

$ 300 

13.500 
200 

na�ooa 

1 .wo 
Sl5 � 5'1)1) 

s :30[) 
6,400 

s 700 
6.800 

7.000 

1 ,. 10 0 
t s .. sm 

$�4,100 
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mr�SiRI!IC'TIOr� PtROJECT 01\Tl SHEETS 

1. ri t 1 e and l<Jcll!t 1 on of pro] e(. t ·: Conttrif""Oomput i n9 Upgrade 

tr. Method of Pel"'fo nnanc:e 

Fermi �ttonal Acc@leratot Laboratory 
lataY 1 � .• n 1 t111oh: 

�s:ign <Of oonv9t'l't1onal i'llnd '5pEK-iv1 fact11ths w1 1 1  !)jo tiie ope rat� i'IQ contrador. l'o the extent fe��ible, 
const ru(.t ton • pr« .rreme11t"' i'llrtd ins ta H a tim will btl ac comp 1 is hed by ( i xed� pri c.e stJbe<Ont rac.t s a. WI!! rded on t'ho ba.s1 � of 
�omp�t1tfve b�ddfng. 

12. Funding Sc Ded'ul e of P roj �t fuAdi ng and other Ri:!l a teet FuncH ng R·lii91J'1 rements 

FY 1'5186 FY 1987 

a. ioU1 li'roj ect costs 
11.. Total facility CMts 

a. Co�structtan Tine t·tlfll • •• • • • •  Ill • •  Ill $ 2J{]0[] $ 51',,00{] SB,lOO 
2. iJth�r pr-oject cos.t:s 

ill. b.htill)g equipment relo:eation . •  u 0 so 50 

To-t.al pr()ject co-sts ............. , • , " �� . $ 2,000 $ 9,.Ql5() .SlJ.l50t 

b. Other relateG an�u�l funding requir�Ant� (e�t1mated 1ffe of proje,t; 25 1ear�) 
ll. BuHdiog ma1tmtenanc.e and Qper.;�ti'lg cost (inchd1ng pMror) .. .. . . .  , • • • . •  , . . • . • , • • . • . • • • . •• . • , • .  ,. 

2,. Prograntmat:i·c: oporaUng e:xpen�es d?rectly ri!-htedl to the tcnputiing fatc:1 1ty ................ . 

3. C�pi U1 equiipment 1110t r<t!l6tea to �construtt1oo .but relate-d to the pr�gr�ati'" effort 
1 fl ttl@ l:ll:pl.lt t n g fac.111 ty • e • • ill • i • til 111 .. of I ito"" i ., 1P i it • • r. i • • •• •1 • • 111 1li • • • • • • • • • • _. • • a •• 1 1 !II 1 • • 111 • • • ., • r. � 

ll.. GPP or- other con!itr uct 1 oo reT atN a progril!rol.it 1 e flffort 1 o t�� ·rae 1 H ty .. � � .. . .. . � .. •  ,. .• ,. ., 
Tot aU re lilted a.Ri'lll111 funding r·equi f'efllE!n 1: �..., •• � .... ,.,. . .. . . . . .. .. . . . . . . . . . . . . . . . . . . . , • ••• • • • • • 

Less; co:sts a5sodilt�"(! �th th� c:,peratiolil ot the e)!iist ing (.Oinplllti ng fae11 'ity 1n its 
pl"e5.enit locilt1oo . . . . .. .. . . .. .. . .... . . . .. . . . . . . . . .  !I• . �·· "" . . .. . . .  �· • • !I!>�@ �oils •• • •  le . .. + . .... . iir• • •  

Net f�crcmomta1 �n�u�l costs res�lt111lg fr th� const�bct1oh of t�c �ew b�ilding an� the 
operation of th:e upgrl!ded cornp�tilll!Ji fac.i 1 ity . ... . � .. .. . . . ., , • •  ,. . ..... , . . . . . . . . .. . .. .. � ••• , • • • • •  , . . . .. 

$24.100 

�DO 

!24.,200 

$ 600 
12.000 

I .500 
0 

1'T41 • .1dd 



C��STRUCTlON PROJECT DATA SHEETS 

1. Title and �oc&tion of pro]Pct: Central Comput1�g upg�ade 
femi Nat"ion.!ll Jl.t:cel erat.or Laboratory 
Bat�vi�. Il11ro1s 

Tr.Narrathe E;xplanatiort of lotlll P o.i�ct r.und1ng i!'Rd Oth-er Relate:cl fiJndfng Reqtl'i 

" • To tit: 1 proj eet costs : 

t. Pro]ect NQ .. : Ett-�-lu41 

1. C.onst rue t I on U n� It �m ( N'o Nar rat f ve Requi r-ed) 

2� Ot:her pii"Oj ct CCI! 'S 
a. £x 1st 1 ng equ it �P.nt re 1 oc.a t i on - the ex 1st i n9 comp ut 1 n 9 eq i pmPn t: pres n t 1y l oc.at: ed in w; ls.on Hill 11 11411 

be rc·l oc ate-rl to t lile new bun d i ng o�s construe tIM 1s COOl p 1 ed,. i!lt an est i mate<i c.ost of S l 00, 0()0� 

b. Tota l relllted 4lllnudl fund1ng requ1r nts. lt is est"ioated tie raclllty wilf be used 2b year'io for Hs 
progra111niltt.1 c pu l"f\05 c. 

1. Faci 1 ity operM 1 ng costs. rhc major elements cctmprlshlg th� M u.al op1m1t i ng� custs ar(! o�ectr1 c.1t.Y for 
11 g tin g a"d a r r co nd H 1 o 1 ng , n{lt.ura 1 gils. far neat i ng and' I abo for eustoo I .a 11 a'!ld m.a i nten.il n(.e. 

2. Pro-gra .atic. operding expE!'liSe� dtrf!etl,Y rel.n d' to the hcfli:ty, The estimate given here is b.t'StJd on r�he 
f.o:;t of t� p rog ramna t 1 e, E'ff.Or't ,preserU.l.)' be1 oq proY i ded far the ex·i s i g he il i ty., 

3. Ca.JJ1 tal �?quiiJ¥tent not relillted to construct1 Ofl �t rehted to the pro-graiMliltic eFfort in tl1e fllcfl j ty. Tilh 
repr.P.se !'Its a11 ;t�p prop r-ate fund� rng I evQ 1 fo.r ((lint: ral c ornputer sys tern enh.anc ene 11t'S .• 

A� 6PP- No narra ive required� 

5. �n ral- Tno net. inc.rementa.l co-st -s to operat he •P9itlc.fed hc1lity (Ire shown in item ll at 14.200.000. 
ThE! pr�-sent Ferm1lab central tcmputing hc;:iltty iS curre11tly operational 1n its WHs1m Hall l o-cation and lri'Qu!d 
1ncttr an ii.TUH.ta1 ex;pe-nse of about $.9,900,000 in FY 1986. These costi 'I!IOVld COfltinue •f the upgrade 'l£re not 
undertaken. The i nc l"'i'fllP.nta 1 c&s ts cove-r it el:! � uch as add 1 1 onal personnel, haNfll\-a re and software oa I nten.n.nce 
tharge-�. t:u�todiC�l,. maintenance, ilnd n!pair neod-s forth� bu1ldi11g, e�s �11 as \rl:ility cost-s. It bS been 
assoo.ed ha thf1 f'lectrin power c.c.st at h "'W acflity wiH e' partially offset by nv1 ys at W�hon ffilll. 



1. � Ai�umula�or/BOQster 
Rro ol'dtn en rtJ t 1 onal UllbOr.!l tory 
tlpto11., "t 

1n who1� dol1�rs.) 

"3. !late ,,_( work fn1t1at�: h,t Q£.- •. n 19"§6 S •. Prewi ous cos. t e s. tilf)(l te � non a-

3a * D.;! te phys i n1 c:otts.t rue. t i om na rts : 3 rd Qt. r.. f'Y 1986 6. C�rrent cost �t1m�t : 
less �unt f�r PE&U: 
�t �ost estimitP.� 

Pate= J<a}• 1985 

$£6,404) 
0 

R. 

fis•COil Yaar Autnor-1 za t i 0111 

1966 $ 2,000 
�967 24i!JI(H] 
Jgp..a 0 
19'89 0 

Ari�f Pb�sical Uescr1�t1on ot Pro.Jut 

!Y!ero�rf illt f on s 

I 1 !lo9115 
3�500 

16�085 
�?900 

Obl ",rations. 

$ 1,915 
3,'500 

16.085 
11.9'00 

s 1 .• 100 
3,500 

12.100 
9.700 

Thu �cumu,il.tortBooster ( NB r·i "9] is � r.ijjpid qt. ling syn.:;hrotr-on th>at acts ·iJ<S a booster "njector t.o the Alt(lillat1ng 
Gr-adient Syncllrotron (A6S) for bot !'I proto s and huvy tons 11111d as an �.tCI.J:JIJhtot .!lnd injector for pal.ar-i ze.d protons .• 

?roton$ and pol�ri�d pnbtQ�$ lfill be i�jett�d lmt� the A/B r1111� at 200 MeV from� e�1sti"g lin�t �nd ���elerat�d 
to 1. 0 Gt>V for 1 nj e r.ti 1)1\1 ii nto t h� A,G�.. IHeav.Y i oms wi n be i nj E.! c. ted into t� "I R ring ,and i!tcce 1 E!ra tP.d to a rnax tm 
ener·gy 'lllhidl depemds Dlil thi:! particlllilr heiJiwy io, then stripped and injec.ted into the AGS� The triln5fi:!tl" 1i111e to 

Cllll'r.)' tflr.! heav.}' 1 ons: from t li!C! 'fandC!m Vf!D •OO Gruff to tile AGS 1s und�r col'lstruet 1 on illllld w1111 b"' t1 n H>h M dur-i n  !1 
FY 1!1185. 



CONSTRUCTION PROJ ECT OATA SKEETS 

1. Tit I e and loc.e�tfon of project: AGS Acc.umulator}tiooster 
Brookhaven llational Laboratory 
Upton. Wf 

8. Brief ¢hySi cal Oescript1on of Proj�t 

2. Pro]e<t Ko., 86·R·I05 

The Ac:cumvlator/8ooster will have a circumference of 201 meters whict"l is equul to 1/4 that of the A.GS. This will 
allow efficient. synchronous bucket-to-bucket transfer of beam from the A/8 r ing to the AGS. The balance of the 
aachine fs destgn�d with the objectfve of makfng it simple. relatively fnexpenstve. capable of accelerating protons 
to about 1 �v. capable of accumulating polarhtd protons. and capablo of actelerattng heavy ions. 

The lat.tice chosen is a FOOO arran9ement with bending magnets 11issing from every other c.e\l. \he Accumuhtor/ 
Booster w111 ut111zt> .separated funct1M magnt-ts. lhfs wfll a1n1ml� end efft.H!ts fn a 1att1ce which has Sto"<:h a small 
packing factor. "agnetfc ffe:ld eyc11ng n.>qu1 rements a.re up to 4 k.G at. 10Hz 1rate for 1 GeV protons and 12 kG at 1 

Hz rate ror heavy tons. l'hc htavy ton acceleratloo as�ct 1s the dettrm1nfn9 constraint un th� magnet 
specifications. The pollle r  supply requireaents for both cases ore <Jlmost 1dentic..al. The tune and aperture of the 
ring are chosen to avoid depolarizing resonances, to match to the admittance ·Of the AGS, and to be flexiblf! enough 
to acco«�modate research and develoJl'ent of devic.es and techntques for the acceleration and storage of polarized 
protons. To cover the ion velocities of appro)((mately 0.04 to 0.875 of t� speed of Hght. the rf system consists 
of three cav1tfes, one for protons and two for heavy ions, each covering a different frequence ran ge. 

The A/0 ring will be housed in a ring building located in the vee fonacd by the junctfon of the 200 I«'V 1inac 
buf1d1ng and the old so MeV lir�ac bui1din9- This is very close to the AGS i n.:lectfon system Md near the end of the 
transfer line from the Tandum. The existing 50 MeV linac building will se rve as part of the A/8 r-ing enclosure as 
well as house- &.11 power supplies necessary for th1s project. It will also serve as an assenbly and stagtng area for 
rim) elements prior t o  11'1SU1lation h1 the tunnel. Most of the ring will be 'located in a tunnel to� constructed 
north or the 50 HeV lirtac bu1lrltng, <Jfld \wo penetrations wfll tnable the rem�11n1ng 75-feet to be fn the lfna.c 
bufldlng itself. t:'or- most of the ring. the: str-IJC'ttlral contrete and f1ve feet of earth· fill wtll provide the 
necessary radiation shielding. 



COr•sntUCTION PROJ£CT DATA SHE TS 

1.. HUe .rmd'locat1on or prcJcct: ACS ACcLnUl a tar/Booster· 
Brookhava Nat onal Labor�tory 
Lipton.. Y 

1: Purpose. Justif1catlo for, and Scope of Project 

z. l'roj ect NO. : Btl-R-[05 

The ActLm�httor/Booster will i prove the performlllneQ 111nd c,wab111ties of the AGS �or (1) norme1 proton operation .• 

(2) operl)ti on with pal ari ZEd protons end (3) Of)(l'ratfon wtth heavy fans.. In each of the-s� three· oodes of operdlttoo. 
th �n<=.reased capabtl it� tw111 h�ve d1 rect an� i�hte benefits by ak.h1g nce:ess�ble areas or sc1�.-1ce r1ot pr.evtously 
ac.cess1b1e or by stgn1f1eaW�tly fr"rPasing the dati11 <:alledion riJte for Ule exp�et1·mef!tal progr alrei!Jdy pie}nnlld and 
under�y at the AGS. 

(I) hor�l Proton Re$e3rdh 

When opeNting for norntl pfoton l'\lsearch1 the Atc.lilflu•htor/Baoster wil l be 111sed to dCC@!Ieriite protons. to 1.0 Gc'i' for 
f nject; on f n to the A.GS. At present i nj e-c.'t ion i-s at 200 Me Y. I n,i ect 1 ott d. t tf!@ n1 g at energy !to�Tll i I'C r � se tho 
s.pa<:t' charge lt ft for the dr

B
htfng benm and re'S11H. 1n an 1nerense of thf' el(trac;:tcd proton beam intensHy by a 

f�ctor �f four to about 5 � 10 protofi� p r pu1sa. 

For ovE"r tNO d t:ildes the Alternating Grlld'ient Sym:hrotroo hill� prod111ceod a steady now of fmport.al'lt p ysics. 1ncllud1ng 
mt�jor dhcoveri(IS SIJCM as CP vialatiof'l; the mu(lfJ l'leuttrtno� the!- ,c..tt"!)a 1 nu s . too J/Pst I aJld tl\e fir!i.t c.ham�Pd huyon. 
Toda.)' tlilh R1il,h1fU11 h sti 11 the c.ell'lter of e 'iigorous re�search 11rogram . 't'l1 th P:<p ri nt� stt.�dying qua.11t1 
<;hrllllodyn.amfcs. 't'h the s�� rch or gl u�ba� 1 s and hard sea ter1ng e;xclushe reactions, searc.hing for neutrh1o 
os.c.i lla.t jons. tmd p1..1s hi., g the 1 i�nii t s Qf the lllD's t cm11l et<l! t1ie-orry I qnntl.lll 1 o�1.rodyn 1 es I b,i nuels u1ri ny th(' 'w'ac llltnn 

pol rizatiQ"• Tn preparation �re studtes o c�tremely r�re � dec�ys vta fla�or �hanging n�utral c.urr�nt�t Whic.h 
1,robe beyond the standard mod 1 to to-$ t Yery high ene-rgy t eor i e� U k.e �u pe rsyrnmetil'"y Md t.ec: hn 1 coLor. Tho 11l c r�_, se4 
beam intensity prov1d@-d by tllP IU:"tmuhtor/Booster wiH en illll'lle his �flt1r· progr but 1s of 'SpQefil f J.loHanc tQJ 

the rare K decay mc.pc ri ont.s. 



CONSTRUCT!OX PROJECT OATA SHEETS 

1. Title and location of project: AGS Accunuhtor/Boostcr 
Brookhaven "at tonal Laboratory 
Upton. NY 

9. Purpose, Just1f1cat1on of Heed· for, and Scope of Project (continued) 

(2) Polar·ized Proton Research 

When oceratfng for polariZed proton research, the Accl.l!lulator}8ooster wtll be used to accUI'Iul ate ZD-30 11nae pulses 
ror subsequent injection into the AGS. This w111 fncrease the extracted polarfted proton beam intensity by the same 
factor or 2'0-30. The polartzed proton beam intensHy wt"licll fs avaihblo initially at the AGS will be <!!dequate for 
the inH\al round of experhtents, bitt the follow-on experiments will be limited by tfle eva11able beem Intensity. 
,._,,, hi9her intensities ar-e required to fully explore the physics of spin-dependent phenMena at. AGS cnergfes.11The 
J\c.ct�mu1ator/8ooster� with the present polar-ized proton source� will result in a beam fntensity of about 2 x 10 
protons PQr pulse. 

The AGS has been mooifie<l to allow the acceleration of polarhed protons. Initial researc.h operation at low eoergy 
occ1.1rred late in FV 1984. The polarized proton bean: intensity which is available initially at ttte AGS w1ll be 
adequate for the initial round of experiments. but the follow�on experimei'Jts w1ll be l1•1ted by t.ht- a.v&flablt beam 
intensity. The projected factor of 20 improvement will substJJnthlly improve tM qual tty and cost effectiveness of 
the presently planned experim!ntlll progra.. afld allow consideration of oow P.ltperf�tents Wre ttwt increased be001 
1ntens1ty �uld be esseottal. 

(3) Heavy lon Research 

When operating for heavy 1011 research, the A.ccumulator;Booster will accelerate partially stripped heavy ions frcm 
the existing Tandem Van de Graaff. The ions emerging ff'(X!I the Accll'tlllator/Booster will have sufficient energy to 
allow them to � fully stripped with high efficiency before injection into the AGS. Because of the vacuum system 
coos1deriltions tt\e AGS can only accelerate fully stripped heavy tons; the maximtlll energy avatlable frOm the Tandem 
itself is such that only light ions- {sui fur and below) can be tully str1pped. Ute transfer 11ne proje<.t �ich is 
presently underwe�y will make available at tfle AGS beams or fully stripped Pttgh energy heavy tons- up to sutrur. The 

Accur.uhtor/Booster coupled with the lancJem wfll � � tefld the heavy ion capabiHty of the AGS to 1nc�ude heavy 1ons up 
to gold. The accelerated bear. intensity of 2 x 10 /pulse for fw, as an example, is a factor of 10 greater than 
presently ava11�ble at any other �ach1nc at �nerg1es greater than J GeV/amu. For the particular example of Au. the 
accelerated be«n intensity Is at the e-a.lculated space cnarge limit of the A/8 ring. 



CO�STRUCTIO� PROJECT OA � SHEETS 

1. n t 1 e andl OCilhOIIl Of pro'j cct : AGS k CIIITluhtor I Boo ste}r 

lO. Ueta11s of Ca$t Estim te* 

8 ook�aven �atfonal Lahor�tory 
Uptort. �'I' 

a , fm;thi@'Q d ng w de5. i gn a d i nspec::t ton at 31 � of construction 
tO$t (17% of caov��tion�l 'onstr�ct1on and 33� of speclal 

Item Cost 

f.aci lltf�.!i} . . . . .. . ,., . . ............ .. . . .. . . . . . . • . . . . .  .- . . .. . . ........ .  �, ... * $ 
b. Con�t rue t 1 on Cost ....... ,, . � , �- . .. . .. . .. . . .. . . .. . . ..... ... , , ••.•. '! , •• • • • •  

1. DorwcPlt; ona l c�ns t ruction� • .  , . . . . . . . ... . , ••• • ••.•••• • * • • • • • • • 2 •. oou 
Tunnel and IJ 111ttcs . . . ...... . ...... . ... . . . . . . . . . S 2,()00 

2:. Spe-d !Ill Fa c 111 U es. and flcce 1 era, tor Syst Btl • •  � • • • • • • • •. • .. • . . U • 900 
r-1o g 'rrt 'S e w ,., e e i I of I + f ifl .. a ·• • • • • • • a a a "' • • • a io i a +oil a i1 .. 5 t 6[]0 
Hagne po�r supp1 ies............. •• • .• • • .. • • .. • 2�600 
0 her Systems . . . . . . . . . ........... . ... . . . .... , • . . • . 6 .aoo 

c. Contingency �approximately '0� of 6bove co�t . . • . .• . ••• ••••• _ 

Total restilm4!ted cost'S ••• • * • •  * • • • • •  * • • • • •• ••.• •• , ..... L • • •  

*Ruad OB Canpleted Conceptual De�ig111. 

11. Method of Perfonmance 

rot I tost 

$ 5,100 
16,900 

4.400 
il6 ,400 

Bui lldfng de$fgP1 will be on thCJ< basic; of 41 negotiated AE COFJtraet and its. co strucUan wl1l � oo ill eomp tlt i�ely 
obu I nt.-d 1 l.llTP sllll con� ract • Des · gn. ass emb 1 y, and te�t 1 n-g of th� s p�ci a 1 fa c 11 itt t!oS a1 d ace e l ell'" a tor "Y"'tfm will he 
done by the S;f.o!lfr tH tne Brook.have Nati oo�1 Litborator-y, Comp-onent put�. �.to 1er� v C! r pos.1bl , wi 11 be falu·i c:�t� by 
1 ndustry under f1ted,-prrced c anpet It h'ely-ohta1ne(P procureoent llC 'I o s. 



COHSTRUCTIOII PROJECT DATA SHEETS 

J. Title and locatio n of pro]ect� AGS Accooulator/Boosfer 
Brookbann !�ational Laboratory 
Upton, NY 

12. Funding Schedule of ProJect Fuodfng and Other Rei�t�d Fundin9 Rcguir�m�nts 

•• Total proJect costs fY 1986 FY 1987 

1. Total facility costs 

(a) Cor1Struction line i teo. •••••••.••.. s 1,100 $ 3,500 

Total rac$llty costs •••••••••••••• s 1.100 s 3.sno 

2. Other project costs 

(a) R&D necessary to comp-lete 
cons.truct ion •••..•••••••••.•..••. 200 200 

Tou I other project costs •..•••••• 200 200 

Toul projtet costs (Item 1 & 2) ••••••••••• s I ,300 I 3,700 

b. other re-lated annual funding rM�u1 rements (in FV 1987 dollar-s) 

z. Project NO.: bt-�-toS 

FY 1988 FY 1989 lotal 

$12,100 s 9,700 $26 ,•oo 

S12,100 ; 9,700 126,400 

!00 0 500 

100 0 s o o 

$12,200 s 9,700 126,900 

1. Fecility operating cost$ •.•.••••••.•••.•••••••••••.•••.•.••••••.••.•.•••••••••••.••.•••••• S 1,100 
2. Capital eqv1�nt not re lated to construction ........... ....... .. ,........................ 100 

Tot81 related annual funding require.ents ...................... .... , ...................... $ 1,200 



CONS TRUCTior4 PROJECT DATA SHE EiJ"S 

L ntie and loclitrOfl oi pr-oJect: A'u'S'}!CcUJJI.Ildtor/Boostetr 

�. Total PrQj@<L Fund1ng 

1. Tctilll f�cilHy t01tS 

Brcok.h ave r�i!li on� 1 Laboratory 
�ton. INV 

(�) (-Ocns.truction line item & c.�tplafned fn It s. 6, '9 and 10., 

2. Other 1projoect (:os;t !i 

�- l'r53ect No.: Br-R-105 

(a) R�P nece!::Ur� to eomp 1 �tel conr;tf'(l(;t1 Ol'l - i nc.l udes cleve 1 opm E!llit o1' beiDn tfiStl"um en cat 1 on. �ont ro los 
concepts and comput�r soft�r �t � cost of $50n,ooo. 

!-! � b. Total related �� U3l funding �qu1remeb 5 

1� Qper�Hng cost� - nuro �"to�1H he an annual re:quirement for .!lddtt1<lf18il FTE:'s w1th addit1ooal 111�t rhl s . 
'S upp 11 es cmd s.upport services. �� s t�ci i!l ted M'i'th the phys.f cs p roqr�m .. 

2. tap I u 1 e�u1 P:,t'ol'lt Jlot re 1 at erl t:o c.or�!itri!Jct ion but lt'e 1 at.od' to tn program m�t f· e c: f o it � n the fad 1i ty - Th se 

equ1pmel'lt fund� �1 1 pn>Yfde continual utili.ZAit·o gr"Owth of tl\1! tae111ty through tJtP accpJ1l'1t1a o1'� n�w 
dett!Ctors llllon·tori r�g t>quipment. and control� 1 pro\l<lfiH�nt .. afld general purchase capital items for the 
opcrat1Bg program. 



otPARTMENT OF Eh!RG� 
1913? CO'fffiRESS iONitli.ttl'OOmE�ES T 
ctJ�Hiuct or� P�OJtct tlAril srE1s 

GMJtAL S:CiENtEA'Mb REstl\RtA 
�ttA EMERGY PMYSftS 

(T!Lbufllr dolllH'' S. 1n tllok!sand"s. Narra 11ve ut11'1Ur1al h1 w ole dollats.) 

1.. T1 tle e�l"ld lacaUon, of pi'IOject: ILc:celerdor 1mp·rovenertts and nodi fic.:��t1 ons .. 
various loea ions 

J. Dft:tl.' j' "l 'fiiOrt hd 1 a tP.a : l"S.t Qtr. FY u.m7 

3a. Datu phys f c� l' con 5o t ruction s. t�rh • 3rd Q 1r. f'r' 1987 

�- Date constructton �nd�: 2nd Qtr� F't 1989 

Filsul 'feillr 

HIS] 
UJ8B 
1'989' 

Aut her 1 zc it_ i om 

sn.soo 
0 
0 

-e.: lirl �f p hys i .ca flfi;!5CI' i pf lDn r.tf P NJjer::t 

J\fptoplf1 ott a 11oS 

$11 isoo 
0 
0 

Z.. Pr.Qj@'Ct ltlo.: 87-R-101 

�., Pn�v1 ou-s eo-5£ Es E imn:fe : 
Le�� ount for PE&D: 
Net cost s.ti Bite: 
Oat E! = 

6� CurreBt �o$t e�ti�te: 
LP.ss amount ·for fiiF.�-1'1� 
tfet c:o:s t estimate� 

Dat·s � iHiiy l985 

Ob 1 f• g�t 1 ur'I'S 

nom!' 
II'IOne 
none 

lll.SOO 
0 

This project provi de:s for 1 vari ety of i :nor mooH f cat f o0n s.. i np rovem•eflt !i al'l� ad!lii t1 on 5o to t e D.l!j or 1ht g 11 Lmerg-y 
p.art lcle .acr.eleri!,toor'51 coll1d1h9 bem dev1cfl� and .t:.peri eotal hdli'ties .. Funds of this type are- fi)C'C�s-sary oo a 
iBn�al ba$1� to ma1At�1n �nd Improve t�@ �ff�etiveAess of tne:SP fa�i1it1es� Th� fund� req��sted. �1ch r�pres�nt 
1 tfl5S than 1 per(:'fmt of the por�$ent v.!l 1 Lie of t lle govc,rnm Bn t•s 1i nve-s trn r:nt i B these ;;u:. i lit i e:s r JJr-oduce a s.ubstant i a 1 
return 1 n terns o·f more cost ef ·ecU ve operati-on and gr-.eat cr" re s.eai"'c h prod uu:t h 1 t)'. 



1. Titfe ��a lOt�tlon of project: Acce1�r1tor �ro�ements and �11Cat1ons, 
v.a.r1om;. 1 oc irti ons 

a I IB rl ef fil ij � i c..al Oesc.r Hi\t1 Qlll of p rojf!Ct (!::ont 1 fiued} 

The 'rollow�ng aro � ples of tbe m�or U s o'f �rS\ to ll:>e porform{!d t�t thfl 'll'lrr110trs 1outfotJlS.r 

'B rco1c have A N-at 'ii Dfll1 le� bor.aton • . ..• . •  , . .  Ill. Ill .... . . . .. ., • •  ., • • •  ., .. . . . .  , • • • • • •  ' •••••• • •  rtl ' Ill •I • !11" I !I •• I• I • rl • • •  If !f •• I !F I •• ·• $2 I lsco.ooo 

f'und$ ilire req�t s.ted for mOdif\�:ations� impr(iVf:lflents and .a.ddttiol'il'S to the Alternat,ng r:JtaJdten't SyJIJcttrotron �1tGS} o!lnd 
its relate� e:w:periimenul Uct11t1es. Uem!i. pl ann�d 1nc� ude� ReiPl i.!Jcement of prCtacccleoratori wfth a ntgli curremt RFQ 
ac ce 1' e riltor: 1 m;h 1 ht1 o.n of � tri!lilrSver!>e and 1 ang 1 t Ud, na 1 da mp'i ng !i-ySt em; upgrade of tba 1 i nii(. 1 nj eeU on '!IJSt · ·i 
!,ijpgu de of pri Dlli!l ry proton tar-g;et st�tt 1 0111! for hi gtt f rH:.f!n,s 1ty, beam !tM e 1 d, ng, and iJ provemeAh to tho AGS col\t ro � 
systi:!IJI* 

Fe ii N'a:t�o11al Acce�C!>rator Laboratory .... , .... u. h . ..  , ....... ....... ..... h........ .. . . . . . . . . . . . . . . ... . . . .. . . . . . .. .  U·.,9DD,DOO 

Funds N!queste.D i!lfle f>Or modtf1catto�s, illllpro'tem&nts �tid .,oditions to the fermil�b accelerator fi!dlitles: (�flich 
indudlos the lime,..r .!lcceler.ator. booster syn.chrcrtro-n,. .a1n rtng� Te��trcn cAd ��n1t1�roun !0-Qurce ring'i) iUI� t-o tho 
s�1 tch;-�1rd • be ac liJiJest U�t f ac111 t 111!:&. !ii'Jdl expert rnuta 1 .areills •. 

Mo-tHfici1Jtioos: to tM acculer-a.tor hci 1 Hies are expected t.g include� Lm'll b("ta magnQt �nd powor st.lpply sy!l.teo 
lmprov ents incal"porat'h19 ttJe- �mpro��ed stJp�r(.Qflducting Dllfl!lterii;1111S now avi;'!ri hb1e: upgrade of tlhc Cryoge-n'i·C 
Accelerator fBcluding 1mpr�ved magnet and cryogeni c system�: ac(eleri!lwor control s  1mpiOV��ent� to provide ror m�rn 
s.opnhtic�ted control systems. for tlhe Aae·ler.a.tor compiex, 1 cludimg th� Unac.,. Ba�5.ter-•. t-!ailn IRing, Tevatrcrn ana 
flmt1•f)NJtron 'SOurce; inprOt,tedi i1Jll5otr -ento.tiiOIJ'I Ul COJICl' With the 111!1CI"f!;;!Se(J OOm.and:!! i!ldE! on the t!OC.C;eleri11tQIJ" �ystem by 
!lint i prot ron product i· on • eo 1 Hdi fiH.J beaa operations ar.d fixed t arrget ope rat"i on�. 

M�dtfi>eatioos: to the experimenhl f.;�c.· htie5o are e11:pectc<JJ 'W l!lcl ude: U,pgradtng of bei!lm 11ne Cil'illgnosti�;s irtdl 
cont1rol S,YS.tems and bei!lm 1 'II !!Ia tllllprov.�e ts �nt:hldtn;g ml!llgnets.. power SLipphe:s and en'-los.ures to iCt-0111 odatil!l' 1111�rw 
beaml1nas and t:!.KJ'E!'r'iment�; add1t1oAa1 'Shhldfng ·foil' th@ sec:ondary be-ati MC1osures fn tile experi eNtal area; 
Jli"'O'I'i's1o,5 tor SC!COndat:v lbe<J .ener'!W ����gri!Jde· and �od'ifh:ations to PJ'O\ilde- 1 IJN:I'I'(r.d te�t boam rac111He-s. 
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Co:MSTRUtTION PROJ£Cl 'DATA SHEHS 

i�n o proJect= Actelerat�r i�prQwements and �diffcations, 
various 1 OCillt i 01115 

2. P1rojec t No. : 67 -I;! - UJl 

Staf'ford line-;H' Ac:c.elerator Centrer (SLAC} .. � . . ..... u ... � . ..  + .... .... u ••• H ,. .... � ........................... .. ... . .  $3..100,000 

Fund� ar� r�qu��ted to odtf1eatfo��. 1 p�v�m�ts a�d addtt1o�s to th� stAt 11�Gar �ccGlerator &Rd PEr colliding 
beam fac111t1cs. and to tlile i!!i5ot.iated1 e'lo!perimental (.ac·1litie-s. JtPms now plcrnn�d fol' F't' 1�7 1nehrd�� Prowidt! for 
lflt'!Pl<Jcement of sub-boosteP' Tyst ens .:md i!i"S!lociated morlulator"S w-ith mi c:rnwave soHd-.!ih e amplff.1 ors; pro.vhleo ro-r 
extended If II) ill( �!UadilliiJO lg 1'oc:us 1 ng 'to c. ant ro 1 on�� t arn:.e swowtn;; t m pN>v@ s.t.�r1 ng a!l d pos 1 t 1 on mo-nf tors; ; ap rovements 
necesst�ry to produce po1 .arized el·ectroM .and contro1 vel't'iCilll .:md ilorizont�1 po1ari:z: �ttoo; J)M'V1de up�t<'lde:! to 
1 nstr t1e11tation �nd wnbo1 sySti!llls to i111prove OIPI!ratiog eff1de,ncy., 

9+ Pu�pos�1 Justif�cation of Keed for, and Sco�e of Pr�ject 

1\tti!l e rl!ltar i mpr oveim:!Atfi arQ QS.S�nt fa 1 oo all anntJ a l ba�h to m.a 1 nt�:�irl the· !.llort term oper,il t  ing eff1 c f ency and 
re 11 aM 11 ty, and the r.asea rch r1 CJI.i bH1 ty of he lh1gh energy C! ec:e1 rat<Or"S. c:.o1 11 c11 ng bel!El sy!it�!i .lnd re hted 
P.xperirnental hcH 'ft·ie�. t ereby ro afnta infng or enhnc:if'l.g their' levA·l of sc:jeotH1c �ffe�tht!'nl:!'!l.'S and Jlroduct1vilty. 
Jt.esParch i1dn11c.es �nd fad 1 ity requ1 renents 111 high ·P.nergy pnys; f cs oc:c.ur illt � rapid pace: further. nch rm;.@ar,ch 
facility i $ 111 uniqiH� asse�bl age nf very spec1 alf:ze<l, h1igh technoloqy c.oatponPnt-s. Cmlse·qucntly. tOOt'·� ts a 
�:ontfnuimg need to odify f.DJt1 I I ties� freq uentl.'r' Ctll r11. si'IOrt tine sc..illh�·., in res ponse tct research needs ana to r-esp.ond 
to proble s tti111rt c:bn 111fftct. �1lc re1161btl1ty. t!t(1dency �nd economy of oper<�tion on ill t�1111e scale short.Pr thaJJ thC' 
,.:or mal t. wo-.)'Ci:l r bwd-get c,y.;: 1 a. The re-Quested a ceo 1 .er-a tor 1 p ro'-'umCJnt'S and od H 1 cnt I oo� w111 prow i de great�r 
·fl .l'1bilH:y for expert ental 5etups, in�;:re�$ed perform!)noC:e leva-h. (IJI'ld inc.r 4lSe� serY1 ccBb111ty, l:hreby decre.;)sing 
faci llty do \linti me� irnproYiAg !he- prod11ctiwi y, sci enti fi( effect ·veness a:nd cost effe�tive,.e!5s of the U.S. pro4)rll 
in :Hi g.h Ener91 PtJy s 1 c s.. 

Si nee eeds .md priorities may c anue) ot er subprojects ay be subs.t1tuted for s.ome of hose 1 h!ted. so.rae 01' t!flf!S(! 
vt 11 be locr!J t E!d on OOIII'-Gove rriment O'I!I'Jied property. 



CONSTRUCTlot• PIROJECl DATA SHEETS 

1. TftTe all d 1 out ro of proj e( t : AC cc 1 er4tor fmp roveo:er'lt s i!nd lllOcfH 1 eaH 01'1 s • 

various lota•1ons 

To. tiettdh ()f Cost Esflmillte-

z. Pro3eet �-� 87-1-iol 

a. En!J11"1eer1ng� <J!es·i!Jn tiilld inspection i!nd component. aS51!13bly ud 1n!itZ1lhtian . . . . . . . .  � . . . . . ... . . . .... un SHA.?OO 

Total Est imated [:()$t . .. . . ... ••••···, .. � . . . . ..... , • " . . . . . .. . ... ... . . . . . . .. . . .. ... ** . . ....... " • • • •• ,,.,. , ...... , .... $11.500 

1he e-$tim�ted eDsts of the progr�r;ys at eaeh J,abormtory are pr.el1 ini!iry and,. 1n g�ficral, tn<ltcato the ma�nitude 
of Clacll progra • 

11. Method of Perfonaance 

llP.silgn wi.H b� pr-tmarH.)' by contrlctor staf1'. To tfll! QXt@Jit fea$1ble. coqstructlon i!!nd vrocure!llent will be 
ace om p 1 is hed by U x�d- pr1 ce subcont rae ts a warded on the ba $i � of COl'! pet 1t he b fdd f ng. 



aPJd 'location of pro]ec.t: General �lan proj�cts, vllrlous: locations 

3. Date ,1\-E IIN)rlc. 'iil'ilitiate.d: 1&€ Cfr. FV !Ylfl 

Jii. 11�tP phy !ilCCll COfiS truet 1 etA 'S Ut't �; 2nd Ot r. FY 1967 

4. Dote Con�lruct too ends: 2nd Otr. FY 1989 

Fi seal Year 

PriQr Ye�r 
PrQjects 

198.5 
1986 
1981 

X :o:x X>! X 
10 • .200 

9,.957 
ll .. ZOO 

8. [! ri,E:! f Ph.rs i c11l Desu i pt 'ion of Project 

s 4.040 
2,800 

0 
0 

FY 1986 

2�300 
4,600 
2,10() 

0 
$ 9,000 

i whol donars.) 

·�Prpject No.; 87-R-102 

s. ·fi"revious �ost �r.t · te: none 
Date: non� 

�. current cost �sl1mate: $11.200 
LPs.s. atrl()llnt fo P E&D: 
NPt cost st1mate: 
Date: May 19135 

cast� 

t 0 

'l 1 t:t£)0 
4.800 
21;noo 

no,2M 

ter 
FV 19R7 

$ 0 
a 

3,057 
8.tiCO 

u 1,657 

0 

These projet.ts provide far thf' an_y m•s�:cllancous alt�rattt'Nls. �dditio s, mndHfcations� replace. E!"nts, and non.Njor 
construct f on requ1 r-ed at t.n� Brook aven Nll t 1 ()n� 1 L.l borat or y.. F P rmi 'Na �; on a 1 ll.ce(! 1 e rator Laboriltory �Pld the St aflfo rd 

tnear A.cc.el er-a tor Center hcilitiPs,,. GPP pr-oje-ct'S focu� on the !Jener� l labor<� tory hc.11 tt 1 es wharoa ... AlP projects 
focus on the techni c.al f�cll it1es. 



CO��UCTlON PROJECT DATA SHEETS 

1. n t 1 (! and loeati on of pi"'ject: G�nera 1 phnt pNl]f:ct-s t vrari ous I ocati c:H•s z. PrOJe:ct No.: 137-R-102 

B r.oct: hl\t,en Nation a, l�b 0 rat or}'* • . •. . • . . . .  If) tel • • •  ., • •  Ill •• , , . . .. . .  * i • "' i ... I f .. I ., • • •••• jj • i •• i • •  i ii I I if i •• it ••• <fi I .. I ,, .$6 .ooo 

Bu i1 dt ng llddHi on - A lterP'l at f ng G.ra.dt a t. Syndl rot r0�1 . . . . . . . . .. . . . . , • •• • • ••• , .. . . . . .. .. . 

l.o.later Controh .. g1rade - Alternnti 9 Gradient Synchrotron • • • ••• , • . • • •• • • . • •. • • . • , . .  .. 
storage BIJi 1d1ng CoAstruc.ti on - Alternating Qrad1 ent S,Yncttrotron. , • • •• • .• • • • • • •••• • • 

Water S}' s. tern lmpto'l e11t s. - A. tter nat1 ng 6r adt �llt Syrt'h rot ron • . • . •• . •  , . . . . .. . ... . ... � 

Applied Scf once laboratory conv@rs1oo • •••• • •• •• • •• •• , ••• 1 • •••• • ••• , . . . . . . . . . . . . .. .... . 
rH:rea$ed Pi;1wer Supply to Experim:entiJJ l.abDriitory • • • .• •• • • • • • •••• • , •••••••••••• • •• • •  

S.!!n it ary Syst Ex tctn$ ion , Pbase J . . . . .. . ........ . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .  . 

Asbestos RenO\' a 1 to Ya ri ous Fa c111 t f �� . . . . .. . . . . .. . . . . . . . . .. . . .. . . . . .. . . .. . ......... I .... .. 

Construct1on or Safeguards and Em�tgen� Serv1c!S Ou11�·�g ••.•. . • . •••• ••••••••• � •• 

Cl osur� or IF·o rn�er l\18 st e ot <Spos.a 1 51 te . .. . . .. . . . . . ... .. . . .. . . , ...... 1 ••• � ••• 1 ... .. .. � •• 

Cmmuni c..at ian Sys tan p ro-tfetrten t. + I .. t I • •  i .. . . i. +I • " I •• � •• • • • • •• i ... . ... . . . . . . . . . IIIII • •  !II . .. .  . 

Co s.tructiori of Supply �nd Mitterioi'lll 'Wareflou.se, .. . .. . . . . . .  , .. . . . . . . . . ... . . . . . . . . . . . . , • • 

Replacement .of VatClr Main. Phi!I:SE! rr. . . .. . .. I I .. . . , • • • • •  , •• • • •• • •• , ••••••• • •  , •••• •  , .. . . .. .. I .. 

\Ia r i ou:s Pr ojec·ts ne-ss than n 00,000 eacll} ........................................ . 

$25G 
2{)0 
350 
250 
150 
300 
900 
800 
500 
lOD 
200 
900 
600 
300 

ferrn1 National Acce-ler111tor labor.ator.)' • • • .• • , .. . .. .. , •. •• � .... . . .. . .  , • .••• , • ••• • • •••• . ••• , • .• ••• • • • •• , • • • • •• • •.  S3.300 

1Ma111 R1 ng Road [rniJrD\�aTlle'-tS • •. ••• , • a11! •••• i .ti • •  ., • • • ••••• I lit .... ' +• � .. .. I I ... I fl!!. ,, ! "'I .. '! II!''. lEiO 
Si:!n1ce Bu11d1 ng lmprovern�nts .. . • . . .• . • • • • . • . . , • . .  ,. • . •... , , •.•• +,, + • • .•••• + .. .. .... "'....... 500 
Ut 1 1 i ty Imp roventent s . . .. . . . .. . . .. .. . .. . .. . . .. , , •. . .••• , . .. , .. , ... ..... . .. . . + , ... � .. . * . . ... . .., .. ;6.. .• • • • • dt5D 
Add1 t 1 Of' to Ute Ex;p(!f 1 mont a 1 Are�$ �rat 1 on5o r.enter. • • • • • • • • • • .. • • • • • • • • • • • • • • • • • 800 

t>1eson Det cc:to r Bu i 1 d 1 n 9 lmprovCJllont5o •• • •.• • ••• • •  ,. .• • .. • • • • .. • .. .• • •. • • • • • • • • • • • • • • • • • • • • • 4·50 
Irnprov ellellts to I ndu5ot ria 1 Ou n di ng!i ., • • •  , • • • • • • • • • • • • • • • • • • • • • • • • • • • • • .. • • • • • • • • .. • SOO 
Var 11 ous ProJ Kts ( less thlln $100 .• 000 oa�h} ••• • •••••• � . . . .... .. . . . .. . ..... ., • . . • • • • • • • • 250 



CONSTRUCTIO� PROJECI DATA SH EiS 

2. P:ro;iJect 1\'o.: 87-R-iol 

t1'. El' r1 f P1hys 1 ca 1 0 esc.ri pU on of ft'O>j c.t { cont f nu �d l 

Stanrord t 1near Acc.el P-rutor Center, .. ,,., . . .  '" . .  ., .. .  � . . , . .  "' . . , , .  . ... . . . . ... . . . .  .., . . . . .. . ..  " . .. . .. . . .. .  ., . .  rtl .  � . . . . . .  .Sl.9DO* 

StalltQrd Po!iitron Ele.f;:ti'On P&.)'Wletr1( Rl n9 trest l e ropU .. Cf!inC!rltr � • •.• • • • .• • • • • • • • • • • • � 100 
Replac. �nt of he�u:hl!h v mtilllt " ng illnd 11ir cond'ittoAing �qlli1J)r�nt.�···············� �00 
Re.plat:.el'llll'nt of .,tJt water !>ys !:Em pi p,ng . .. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. .  , • •  ., • , • 200 
R�p l acemerrt a f roof i 11 g �t j or btl i hl1 JJ gs • • • • •  ., .. . .. . .. . . .  ., • •  ., • • • • •• • • • •  , .  • • • • •• • •  ., .  • • 3-UO 
r!lddit1on to �'la11'1 Cootr-o1 Butldi g . .. . .. ., . .... . .. . .  u . .... h . .... .. . l .. l . . . ... ,..u• • · · ·"'*·· 900 

9. f.!!rpose; Just1 jcati.On Of Need for� and 'SC{tpQ rOf P'n>,H:1ct 

Ge,ne rit 1 plant p�'>oject s .:�re requ f r�d far t e �(Jn(!orl! 1 mill1 n e-n�,n::ta- 1 t'!Od if 1 cat hm i)nd imp rovattf'nt of the overb 11 
l il bora tory p hnt �nd 1 ncl rude m1 Mr new co "s. t r�cu on I c:� p1 till 1 a 1 tc ri!lt i OflS and add tt 1 or� s � i!lll� 11mp rov t.':!11'11�nt !i to 
bui 1d1 n gs. and wt t 11ty sys t· !i. TJ:Ie'S'C are stmrt. tem pr'Oject" lrrltlos e time 1 y ac(.1;lmp11shmErn t is es 5enti it·1 for 

ma1J"Itahil1!;1 th · productiYity, ]ncre.!l�ing the orperzrtioni!l {.0st effecti't'enes.s� llind ensul'iRg that. ne-cesSI!ry support 
�er\'1 cPS are- av.a ihb 1 e to the re'!i�.a rch pros ram at tlu� Dll£ •Oiflll ed rfl:c 111 th�$. S1 n ce � t iS dH fi c: uH til dl1!ta it ther 
mast urgently' rneeded f'tQh$ �r� .tdviwce, 11 t0flf:11'1'Ldrll'tj l'valtJcttlon or �fJtJ h-�nt.!l .and pr1or1t.if'·S. tl'l� res.ul H1 
acfditioo�, df!l et ic11U I CJnd chc1111ge5o to too c.urrently phmned svbprojects.. rio sfgnifl 'ant R&D program is ant1d1Jj.ate-d 
a$ a p�r�uis1t� fol' design and c:o�struction of the subpr�ject� un�r con�ider�tion. 

The Fu11 cis Nl qtJe<S tc-rJ fo II" r 'f :1!.987 il re osU a ted .a!!O fo 11 ows; 

ilrooJchav.e� �t1onal Laboratory • • • . • • • ••• � . ... . . . . . ... � . . .. . . ............. . ........ .. . ........ . 

F�li"'l1 iNllt'itm�l At::celll:!rator Laboratory . . . . . . .. . . . . . . . .. . . . . . . . ... � •• * . . . . . . . .. . .. . . . . . . . . 

Stan foDrd l1 f!Eti!l" k ce 1 e r-<�tiPr Center . ...... � •• � 1 .. , ••• , . .... , • •  , � . ....... , � •••• , � • •• • � ..... � .  

Total [stima·ted Co-s.t o��• •  . .. ,!!! , .  :6 . . . . . .. .  , , . . . . . . .. ... . .  � .... . . . . .. . .. .. . . . . , ��� . .. .  ., • • • • • • •  ., 

$ 61(100 
31300 
1�,:900 

$11 ,2bll 

sJ�ce n�tGS �nd priorities 1 ey c�ngcl other �uhprajeets mqy be substituted f�� those 1t�ted and s� of these mat 
oo 1 oc.!l tt!d on rron-Go •ta-r �nt fJN ,.e<l prOopcN�ty. 



COHSTRUCTION P�OJECT DATA S�EEIS 

2. iP'roject '�. : 87 "k-=1 o-r 

10.. Dctta1 h of Cost Estimate 

See d�s.t ri pt 'i orn,.. it 8. The' '!!Sit 1mat,ed' �ost.s are pr& 11 m1 nary and • 1 o g�ne!ro!il � i l'ldi CCI t& tb-1! g R·� 'trude of ei11d1 
program. The$e costs t nc:l tidQ emgi need ng , de-s 1 '!Jrn Md' i ns;pect f on� 

11. Kethod of Perrfonnan"e 

Oe5i�gn �H b)- COFJU'actor staff o-r Of) tlhe blll:!iis of negotiiated aF'cMtectse-.flgine r contracts .• To the ·extent 
fea.s.ible.;. c.onstroctHm ii'in<l procur�nt \ii1H b@ a<.C:m'fl\1sned � firm fh.ed-p.,.i,ce cantrat.U �nd �ubt.t�n.trtsct!i n tl'le 
b.!l s. iS o�r competH. hfe b14ld1 og. 
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