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DEPARTMENT OF ENERGY 

FISCAL YEAR 1988 CONGRESSIONAL OUOGET REQUEST 

SUWRY OF ESTIMATES BY APPROPRIATIONS 

BUDGET AUTHORITY IN  THOUSANOS OF DOLLARS 

FY 1986 FY 1987 
Actual  Est imate 
O A  R A  -. , ". . 

Appropr ia t ions Before The Energy 
and Water Development Subcomnittees: 

Energy Supply Research and 
Development ...................... S 1,701,351 1 1,254.131 

................ Uranium Enrichment 1,549,015 1,210,400 

General Science and Research ...... 659,059 719,517 

A tan ic  Energy Defense A c t i v i t i e s  .. 7,292,405 7,481,852 

....... Departmental Admin is t ra t ion  235,676 139,509 

Alaska Power Admin is t ra t ion  ....... 3.245 2.881 

Bonnev i l l e  Power Admin is t ra t ion  ... 404,329 327,659 

Southeastern Power Admin is t ra t ion  . --- 19.647 

Southeastern - Cont inu ing Fund .... 4.028 -- - 
Southwestern Power Admin is t ra t ion  . 29,180 25,337 

Western Area Power Admin is t ra t ion  . 195,842 240,309 

Western Area Power Emergency Fund . 147 225 

Federal Energy Regulatory ....................... Carmission 45,107 -3,465 

Nuclear Yaste Fund ................ 499,037 499.000 

Geothermal Resources Oevelopment 
............................. Fund 69 72 

Subtota l ,  Appropr ia t ions Before the  
Energy and Water Development 

Subcomni t t e e s  .................. 112,610,490 $11,917,074 

FY 1988 
Request 

l la  



DEPARTMENT OF ENERGY 

FISCAL YEAR 1988 CONGRESSIONAL BUDGET REQUEST 

SUFMARY OF ESTIMATES BY APPROPRIATIONS 

BUDGET AUTHORITY IN THOUSANDS OF DOLLAR 

FY 1986 FY 1987 
Actual Estimate 

B A B A 
Appropriat ions Before I n t e r i o r  

and Related Agencies Subcomnittees: 

A l t e rna t i ve  Fuels Production ....... f 2,775 1 --- 
Clean Coal Technology .............. --- --- 
Foss i l  Energy Research and ....................... Developent  309,389 251,402 

Naval Petroleum and O i l  Shale 
Reserves .......................... 13,002 122.177 

Energy Conservation ................ 426,187 149.679 

Energy Regulat ion .................. 23,423 23,400 

Emergency Preparedness ............. 5,750 6,044 

St ra teg ic  Petroleum Reserve ........ 107,533 147,433 

Energy Informat ion A c t i v i t i e s  ...... 57,724 60,301 

Subtotal,  I n t e r i o r  and Related 
Agencies S u b c m i  t tees  ........... 945.783 760,436 

Subtotal,  Energy and Water 
Deve lopent  S u b c m i  t tees ........ 12,618,490 11,917.074 

Subtotal,  Department o f  Energy ..... 13,564,273 12,677,510 

Permanent - I n d e f i n i t e  Appropriat ions: 

Paynents t o  States ................. 629 705 

Tota l .  Department o f  Energy ........ 113,564,902 $12,678,215 

FY 1988 
Request 

r4a 
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GENERAL SCIENCE AND RESEARCH ACTIVITIES 

For  expenses o f  t h e  Department o f  Energy, a c t i v i t i e s  i n c l u d i n g  t h e  purchase, c o n s t r u c t i o n  
and a c q u i s i t i o n  o f  p l a n t  and c a p i t a l  equipment and o t h e r  expenses i n c i d e n t a l  t h e r e t o  necessary  
f o r  genera l  s c i e n c e  and r e s e a r c h  a c t i v i t i e s  i n  c a r r y i n g  o u t  t h e  purposes o f  t h e  Department o f  
Energy O r g a n i z a t i o n  A c t  ( P u b l i c  Law 95-91), i n c l u d i n g  t h e  a c q u i s i t i o n  o r  condemnation o f  any 
r e a l  p r o p e r t y  o r  f a c i l i t y  o r  f o r  p l a n t  o r  f a c i l i t i e s  a c q u i s i t i o n ,  c o n s t r u c t i o n ,  o r  expansion;  
purchase o f  passenger motor  v e h i c l e s  ( n o t  t o  exceed C121 22, o f  which 1 8  a r e  f o r  rep lacement  
o n l y ) ;  [$708,400,0001 $814,498,000 t o  rema in  a v a i l a b l e  u n t i l  expended. (Energy and Water 
Development A p p r o p r i a t i o n s  Act ,  1987, as i n c l u d e d  i n  P u b l i c  Laws 99-500 and 99-591, s e c t i o n  
101(e ) . )  



DEPARTMENT OF ENERGY 

FISCAL YEAR 1988 CONGRESSIONAL BUOGET REQUEST 

SUMARY OF ESTIMATES BY APPROPRIATION BY MAJOR ACTIVITY 

GENERAL SCIENCE AND RESEARCH 

BUOGET AUTHORITY IN  THOUSANDS OF DOLLARS 

FY 1986 FY 1987 
Actual  Est imate 

High Energy Physics ................ 5490,440 1499,679 

Nuclear Physics .................... 172,527 217,043 

High Energy and Nuclear Physics 
Program D i r e c t i o n  ................ 2,092 2,453 

Subtota l .  General Sciences ......... 665,059 719.175 

Less Use o f  P r i o r  Year Balances 
and Other Adjustments ............ -6,000 342 

To ta l .  General Science and Research. $659,059 $719,517 

FY 1988 
Request 

$566,598 
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DEPARTMENT OF ENERGY 
FY 1988 CONGRESSIONAL BUDGET REQUEST 

GENERAL SCIENCE AND RESEARCH 

OVERVIEW 

Nuc lea r  Phys ics  

The c e n t r a l  o b j e c t i v e  o f  t h e  Nuc lear  Phys ics  program i s  t h e  u n d e r s t a n d i n g  o f  t h e  i n t e r a c t i o n s ,  p r o p e r t i e s ,  and 
s t r u c t u r e s  o f  n u c l e i  and n u c l e a r  m a t t e r .  T h i s  knowledge a l s o  f o r m s  t h e  b a s i s  f o r  i n c r e a s i n g l y  i m p o r t a n t  i n v e s t i -  
g a t i o n s  i n t o  t h e  fundamenta l  f o r c e s  o f  n a t u r e  as m a n i f e s t e d  i n  a t o m i c  n u c l e i .  For  example, t h e  presence o f  h o t  
n u c l e a r  m a t t e r  c r e a t e d  by t h e  c o l l i s i o n  o f  r e l a t i v i s t i c  heavy i o n s  i s  r e q u i r e d  t o  f r e e  t h e  quarks  c o n f i n e d  i n s i d e  
nucleons. The Nuc lea r  Phys ics  program i s  a  v i t a l  component i n  America 's l o n g - t e r m  i n v e s t m e n t  i n  s c i e n c e  and 
techno logy  by c r e a t i n g  new knowledge, d e v e l o p i n g  t r a i n e d  manpower, and s t i m u l a t i n g  t h e  i n v e n t i o n  o f  advanced 
i n s t r u m e n t a t i o n .  The resources  a v a i l a b l e  t o  t h e  Nuc lear  Phys ics  program i n c l u d e  a  c o n t i n u i n g  s u p p l y  o f  s k i l l e d  
and m o t i v a t e d  r e s e a r c h  personnel  and a  m i x t u r e  o f  p h y s i c s  f a c i l i t i e s  and d e t e c t f o n  equipment upon wh ich  t h e  
e x p e r i m e n t a l  program i s  based. 

The s t r a t e g y  o f  t h e  program i s  t o  address t h e  key s c i e n t i f i c  q u e s t i o n s  w i t h  new t h e o r i e s ,  equipment,  and 
f a c i l i t i e s  w h i l e  m a i n t a i n i n g  an e f f e c t i v e  program m i x  w i t h  a p p r o p r i a t e  ba lance among t h e  program e lements .  The 
s c i e n t i f i c  p u r v i e w  covered  by  t h e  Nucle.ar Phys ics  program r e q u i r e s  a c t i v i t i e s  i n  t h e  research  areds covered by 
beams o f  e l e c t r o n s ,  heavy i o n s ,  and p ro tons ,  i n c l u d i n g  secondary beams o f  mesons, neu t rons  and n e u t r i n o s .  
E lements  o f  h i g h e s t  p r i o r i t y  a re :  s u s t a i n i n g  t h e  s k i l l e d  manpower poo l ;  m a i n t a i n i n g  a  v i g o r o u s  t e c h n o l o g i c a l  R&D 
e f f o r t ;  upgrad ing e x i s t i n g  r e s e a r c h  f a c i l i t i e s ;  and b u i l d i n g  new ones as requ i red .  Much can be accompl  shed u s i n g  
e x i s t i n g  f a c i l i t i e s  w i t h  c a r e f u l l y  s e l e c t e d  upgrades. However, new f a c i l i t i e s  a r e  r e q u i r e d  t o  e x p l o r e  n e w l y  
i d e n t i f i e d  i m p o r t a n t  aspec ts  o f  n u c l e a r  p h y s i c s  research. C o n s t r u c t i o n  o f  t h e  Cont inuous E l e c t r o n  Beam 
A c c e l e r a t o r  F a c i l i t y  (CEBAF) w i l l  b e g i n  i n  FY 1987. 

The s t r a t e g y  f o r  t h e  n e x t  few y e a r s  r e v o l v e s  around t h e  f o l l o w i n g  key  f a c t o r s :  

o  Nuc lea r  Phys ics  a c c e l e r a t o r  f a c i l i t i e s  w i l l  ope ra te  w i t h  an o v e r a l l  u t i l i z a t i o n  o f  g r e a t e r  t h a n  50 p e r c e n t  i n  
o r d e r  t o  a c c o m p l i s h  Nuc lear  Phys ics  program o b j e c t i v e s .  Funding p r o j e c t i o n s  i n c l u d e  s m a l l  upgrade p r o j e c t s  
t o  assure t h e  c o n t i n u e d  s c i e n t i f i c  v i t a l i t y  o f  s e l e c t e d  e x i s t i n g  f a c i l i t i e s .  S p e c i f i c  p r o j e c t s ,  w i l l  be 
i d e n t i f i e d  as p a r t  o f  t h e  Department 's  annual budget process f o r  each y e a r  i n  t h e  p l a n n i n g  pe r iod .  



o  The TandemfAGS Heavy I o n  T r a n s f e r  L i n e  (84-R-123; TEC = $10.3 m i l l i o n ;  $5.0 m i l l i o n  i n  FY 1984 and $5.3 
m i l l i o n  i n  FY 1985) became o p e r a t i o n a l  i n  l a t e  FY 1986. Beginn ing i n  FY 1987, t h e  TandemfAGS a c c e l e r a t o r  
complex w i l l  opera te  7-8 weeks per  y e a r  f o r  h i g h  energy heavy i o n  n u c l e a r  research. P r o v i s i o n  i s  a l s o m a d e  
f o r  u n i v e r s i t y - b a s e d  users  o f  t h e  AGS-accelerated heavy i o n  beams, i n c l u d i n g  t h e i r  p a r t i c i p a t i o n  i n  t h e  
development and c o n s t r u c t i o n  o f  detectors .  

o  C o n s t r u c t i o n  o f  t h e  Cont inuous E l e c t r o n  Beam A c c e l e r a t o r  F a c i l i t y  (CEBAF) was i n i t i a t e d  i n  FY 1987. CEBAF i s  
scheduled t o  be f u l l y  o p e r a t i o n a l  i n  FY 1993. The To ta l  Es t ima ted  Cost (TEC) i s  $255 m i l l i o n ,  i n c l u d i n g  an 
i n i t i a l  complement o f  de tec to rs .  Once o p e r a t i o n a l ,  CEBAF w i l l  r e q u i r e  an e s t i m a t e d  $27 m i l l i o n  p e r  y e a r  o f  
Opera t ing  Expenses f o r  f a c i l i t y  o p e r a t i o n s  and in-house r e s e a r c h  and an e s t i m a t e d  t o t a l  o f  $4 m i l l i o n  p e r  
y e a r  o f  C a p i t a l  Equipment, AIP, and GPP funds. 

o  Work w i l l  c o n t i n u e  a t  Brookhaven Na t iona l  Labora to ry  (BNL) f o r  t h e  purpose o f  p r o v i d i n g  a  s o l i d  s c i e n t i f i c  
and t e c h n i c a l  b a s i s  f o r  t h e  R e l a t i v i s t i c  Heavy I o n  C o l l  i d e r  (RHIC). The R&O necessary t o  o p t i m i z e  t h e  RHIC 
p r o j e c t  i s  c u r r e n t l y  b e i n g  conducted. A  Nuclear Sciences Adv iso ry  Committee (NSAC) r e v i e w  has c o n f i r m e d  t h e  
h i g h  s c i e n t i f i c  m e r i t  o f  t h e  r e s e a r c h  t o  be per formed a t  RHIC .  Recent r e c o g n i t i o n  o f  t h e  e x t r e m e l y  h i g h  
magnet ic  f i e l d s  c r e a t e d  i n  t h e  c o l l i s i o n  process i d e n t i f i e s  e x c i t i n g  new areas o f  research  u n r e l a t e d  t o  t h e  
co re  program o f  quark-g luon plasma i n v e s t i g a t i o n s .  

o  I n  o r d e r  t o  address t h e  most i m p o r t a n t  s c i e n t i f i c  q u e s t i o n s  and t o  u t i l i z e  n u c l e a r  phys ics  f a c i l i t i e s  most 
e f f e c t i v e l y ,  m a j o r  new d e t e c t o r s  a r e  r e q u i r e d  a t  s e l e c t e d  e x i s t i n g  f a c i l i t i e s .  These equipment p r o j e c t s  wi  11 
be c o o p e r a t i v e  ven tu res  between u n i v e r s i t y  users  and n a t i o n a l  l a b o r a t o r i e s .  Under c o n s i d e r a t i o n  a r e  a  
n e u t r i n o  d e t e c t o r  a t  LAMPF, a  t o t a l  coverage charged p a r t i c l e  d e t e c t o r  a t  t h e  Bevalac, a  m u l t i p a r t i c l e  
c a l o r i m e t e r  a t  t h e  TandemfAGS, and a  r e c o i l  mass spec t romete r  t o  be l o c a t e d  a t  e i t h e r  ANL o r  ORNL. 

o  The budget f o r  t h e  Nuc lear  Data program w i l l  be moved f r o m  t h e  Bas ic  Energy Sciences program t o  t h e  Nuc lear  
Phys ics  program i n  FY 1988. Th is  move w i l l  l e a d  t o  more e f f i c i e n t  program d i r e c t i o n  s i n c e  t e c h n i c a l  manage- 
ment o f  t h e  program has been p r o v i d e d  by t h e  Nuclear Phys ics  program s i n c e  t h e  i n c e p t i o n  o f  t h e  Nuc lear  Data 
a c t i v i t y .  The r e o r g a n i z a t i o n  i s  i n  accord w i t h  t h e  m a j o r  r o l e  p layed  by n u c l e a r  p h y s i c i s t s  i n  b o t h  t h e  
measurement and e v a l u a t i o n  p a r t s  o f  t h e  Nuclear Oata a c t i v i t y .  



DEPARTMENT OF ENERGY 
FY 1988 CONGRESSIONAL BUDGET REQUEST 

GENERAL SCIENCE AN0 RESEARCH 
(do1 l a r s  i n  thousands) 

LEAD TABLE 

Nuclear Phys ics 

FY 1986 FY 1987 
Actua l  App rop r i a t i on  

------- ------------- 
Medium Energy Nuclear  Physics $ 73,146 $ 80,975 
Heavy I o n  Nuclear Physics... . 48.817 60.675 . Low Energy Nuclear Physics.. 20,883 25,418 ............... Nuclear Theory 8,999 10,000 .......... Cap i t a l  Equipment.. 13.980 15,875 
Construction................. 6,702 24,100 - - - - - - - - - - - - - - - - 

To ta l  ...................... 172,527a/b/c/ 217,043al 

FY 1988 
Base 

FY 1988 
Request - - - - - - - 
$ 83.950 

65.280 
26.195 
10.500 
17.675 
41.500 -------- 

245,100al 

Operat ing Expenses.. ....... (151,845) (177,068) (177.068) (185,925) 
Cap i t a l  Equipment.. ........ (13,980) (15,875) (15,875) (17,675) 
Construction.. ............. (6,702) (24,100) (24,100) (41.500) -------- - - - - - - - - -------- -------- 
Tota l  Program .............. ($l72,527)a/b/c/ ($217,043)a/ (8217,043)aI ($245.100)a/ 

S t a f f i n g  (FTEs) ............ (Reference General Science Program D i r e c t i o n )  

% Change from 
FY 1987 Approp. --------------- 

+4 
+8 
+3 
+5 

+11 
t 7 2  ------- 
+13 

- - 

A u t h o r i z a t i o n :  Sec t ion  209. P u b l i c  Law 95-91. 

a/ Tota l  has been increased by $9,750,000 i n  FY 1986, $11,117,000 i n  FY 1987. and i nc l udes  $11.698.000 i n  
FY 1988 as a r e s u l t  o f  t h e  t r a n s f e r  o f  the Nuclear Data Measurements Compi la t ion and Eva lua t i on  
a c t i v i t i e s  from t h e  Basic Energy Sciences program t o  t h e  Nuclear Physics program. 

b/ To ta l  has been reduced by $1,795,000 f o r  SBIR. 
c/  Tota l  reduced by $7,328.000 i n  accordance w i t h  P.L. 99-177, t h e  Balanced Budget and Emergency 

D e f i c i t  Con t ro l  Act o f  1985 (Gramm/Rudman/Holl i ngs ) .  



DEPARTMENT OF ENERGY 
FY 1988 CONGRESSIONAL BUDGET REQUEST 

GENERAL SCIENCE AND RESEARCH 
( d o l l a r s  i n  thousands) 

SUMMARY OF CHANGES 

Nuclear Physics 

FY 1987 Appropr ia t ion  enacted ..................................................................... $217.043 

Medium Energy Nuclear Physics 

- Continue research and operat ions a t  LAMPF, Bates, and SLAC a t  t h e  same l e v e l  o f  activity........ +2,610 

. Reduce l e v e l  o f  a c t i v i t y  a t  o ther  sites......................................................... -635 

. Increase l e v e l  o f  R&D a c t i v i t y  a t  CEBAF......................................................... +1.000 

Heavy I o n  Nuclear Physics 

.............................. . Continue AGS operat ions and research a t  t h e  same l e v e l  o f  a c t i v i t y  +470 

- Increase R&D on new acce le ra to r  concepts a t  RHIC................................................ +2.900 

- Support f o r  o ther  heavy i o n  acce lera tors  i s  provided a t  t h e  same l e v e l  o f  activity.............. +1,235 

Low Energy Nuclear Physics 

- Continue operat ion and research a t  four  na t iona l  and fou r  u n i v e r s i t y  acce lera tors  a t  s l i g h t l y  
l ess  than FY 1987 le~el.........................................~....... ........................ +I96 

- Continue Nuclear Data program a t  FY 1987 l e v e l  o f  activity................... .................... +58 1 



Nuclear Theor1 

. Continue program a t  t h e  FY 1987 l e v e l  o f  ac t i v i t y . .  ....................................... $ t500 

Cap i ta l  Equipnent 

- Provide f o r  s t a r t  o f  l abo ra to ry -un i ve rs i t y  c o l l a b o r a t i v e  neu t r i no  de tec tor  p r o j e c t  a t  LAMPF and 
prov ide  f o r  general purpose equipnent t o  meet labora tory -w ide  needs o f  Lawrence Berkeley 
Laboratory and CEBAF.. .......................................................................... +1,800 

Construct ion 

............... . Conduct AIP & GPP a c t i v i t i e s  a t  about constant l e v e l  o f  effort................... + lo0  

.......................... . Continue Continuous E lec t ron  Beam Accelerator  F a c i l i t y  (CEBAF) p r o j e c t  t17.300 

FY 1988 Congressional Budget Request.. ............................................................. $245.100 



DEPARTMENT OF ENERGY 
FV 1988 CONGRESSIONAL BUDGET REQUEST 

GENERAL SCIENCE MID RESEARCH 
(do1 l a r s  i n  thousands) 

KEY ACTIVITY YJMMRY 

NUCLEAR PHYSICS 

1. Preface: l s e d i u  Energy Nuclear Physics 

m e  m c l e a r  PhySiCS progran supports the basic research necessary t o  i d e n t i f y  and understand the  fundamental features of s tanlc nucle i  and tkir 
Interact ions.  The M i u r n  Energy Nuclear Physics subprogram supports operations and research a t  accelerator  f a c i l i t i e s  w i th  s u f f i c i e n t  primary bcm 
energy t o  produce p i  mesons (p ions)  us ing p r o j e c t i l e s  no more massive than alpha par t i c les .  I n  addition, the  subprogrm supports nuclear physics 
enperintents s t  accelerators operuted by other WE programs (e.g.. High Energy Physics and Basic Energy Sciences) and a t  other unique domestic o r  
fore ign f a c i l i t i e s .  Two na t iona l  accelerator  facilities are operated e n t i r e l y  under the Wdium Energy subprogrm--the C l in ton  P. hde rson  #son 8 

Physics F a c i l i t y  (LAIPF) a t  Los Almnos National Laboratory and the Bates L inear Accelerator Center operated by t he  Passachusetts institute of 
Technoloqy. These accelerator  f a c i l i t i e s  serve a nationwide c m u n i t y  of sc i en t i s t s  frm over 100 h e r l c a n  i n s t i t u t i o n s ,  o f  h i c h  over 901 are 
un ivers i t ies .  A t  proton f a c i l i t i e s ,  support i s  provided f o r  wide-ranging research a c t i v i t i e s  on the sca t te r ing  o f  protons and pions. teak 
In te rac t ions .  mwn ic  md  p ion i c  a tms,  se lec t i ve  e x c i t a t i o n  o f  protonlneutron states, and g iant  resonances. At e lec t ron  facilities, support i s  
provided fo r  h igh reso lu t i on  studies o f  the e l e c t r i c  and magnetic s t r uc tu re  o f  nucle i .  the motion o f  pions i ns i de  nucle i .  and the r o l e  of exc i ted  
s ta tes  of nucleons i n  nuclear  s t ructure.  R&D a c t i v i t i e s  required f o r  the  construct ion o f  the Continuous E lec t ron  Beam k c e l e r a t o r  F a c i l i t y  (CEBAF) 
a re  a lso cdrrled out  under the  lsedi ln Energy subprogran. 

11. A. S l l M r y  Table 

~ r o g r a  k t i v i t y  FY 1986 ---------------- ------- 
Research ......................... $27.962 
operations. ...................... 45.184 ------- 

Total. k d i u  Energy 
m c l e a r  Physics .............. $73,146 

11. 0. Major Laboratory and F a c i l i t y  Funding 

10s A l m s  National Laboratory... $44.431 
Ilassachusetts Inst.  of Technology 7,753 
Cont inwus Electron Beam 

Accelerator Facility... ......... 4.918 
Other M t t o n a l  Laboratories ....... 6.285 - - - - - - - 
Tota l  ............................. $63.397 

S Change 



111. k t i v i t y  D c s c r i p t i m s  

W o g r r  k t i v i t y  FY 1986 ----------------- .......................................... 
RESEARCH - - - - - - - - 
LAWF-Based Carry out broad research program a t  t h i s  
Research proton f a c i l i t y  inc lud ing  the fo l low ing  

spec i f i c  a c t i v i t i e s :  

o S ta r t  experimental use o f  Clamshell 
Spectrometer f o r  e l as t i c .  i ne l as t i c ,  and 
double-charge-exchange pion scat ter ing.  

o Cmple te  data tak ing  for 
neutr ino-nucleus sca t te r ing  experiment 
and s t a r t  data tak ing  f o r  f i r s t  major 
LAWF neut r ino  o s c i l l a t i o n  experiment. 

o Determine prec ise ly  masses of 
Iiaht-mass. neutron-r ich isotooes usina 
th; new ~ lke-o f -F I  l g h t  ~sochronous 

- 
(TOFI) spec t rae te r .  

o Begin p re l im lnary  a c t i v i t i e s  i n  
t e n - i n s t i t u t i o n  co l labora t ion  t o  prepare 
de tec t ion  f a c i l i t v  fo r  h ioh lv -sens i t i ve  
search f o r  the  rd;e decay-of-the muon 
i n t o  a pos i t ron  and a g m a  ray (MEGA). 

($9.970) 

Bdtes-Msed Carry out  comprehensive research program 
Research a t  t h i s  e lec t ron  f a c i l i t y  inc lud ing  the 

f o l l ow ing  spec i f i c  a c t i v i t i e s !  

o Do pre l im inary  studies fo r  use of 
po la r ized  electrons. 

o U t i l i z e  new 1 trge-acceptance 
spectrometer (B ig  B i t e )  f o r  coincidence 
experiments capable o f  accepting the low 
duty beam. 

Carry out  broad research program a t  t h i s  Carry out brodd research p r o g r r  a t  t h t s  
proton f a c i l i t y  inc lud ing  the  f o l l m i n g  prOtOv3 f a c i l i t y  inc lud ing  the  f o l l o n l n g  
spec i f i c  a c t i v i t i e s :  s p u i f l c  d c t i v l t i e s :  

o Conttnue use of Clamshell Spectrometer o Continue use o f  C l n s h e l l  Spectrometer 
and s t a r t  experiments uslng new neutron and neutron f a c i l i t y ,  and i n i t i a t e  
facility. research p r o g r n  us ing d i m  reso lu t i on  

spectrometer. 

o Continue data tak ing  phase of o Cmple te  data tak ing  phase o f  neu t r ino  
neut r lno  o s c i l l a t i o n  experiment. o s c i l  l a t i o n  experiment 'and begin 

f ab r i ca t i on  by broad-based 
university-ldboratory co l l abo ra t i on  of 
Large Cherenkov Detector (LCD) f o r  
neu t r ino  experlments. 

o Expand use o f  TOFI s p e c t r a e t e r  by o Continue use o f  TOFl f a c i l l t y  fo r  
adding outs ide users. nuclear  spectroscopy. 

o Expand preparation a c t i v i t i e s  fo r  MEGA 0 Cmple te  MEGA preparations and s t a r t  
experiment. t ak i ng  data. 

Carry out comprehensive research program Carry out comprehensive research p r o g r m  
a t  t h i s  e lec t ron  f a c i l i t y  inc lud ing  the  a t  t h i s  e lec t ron  f a c i l i t y  i nc l ud ing  the 
fo l low ing  speci f ic  activities: fo l lowing spec i f i c  a c t i v i t i e s :  

o Use new polar ized e lec t ron  capability o Canplete data tak ing  phase o f  p a r i t y  
f o r  s tudies o f  p a r i t y  v i o l a t i on .  experiment and s t a r t  next round o f  

experiments r equ i r i ng  po la r ized  
electrons. 

o Carry out c ~ l n c i d e n c e  experiments a t  o Continue program o f  coincidence 
higher energies permitted by accelerator  experlments not r equ l r l ng  
improvanents. continuous beams 



111. Rdiu Energy I*lclear Physics (Cont'd) 

W o g r a  k t i v i t y  FY 1986 FV 1987 FV 1988 ----------------- .......................................... .......................................... 
Rates-Bas& o Use enhanced South Ha l l  c a p a b i l i t i e s  t o  o Do high energy experiments using South 0 Ulphasize h igh m n t m  t ransfer  
Research (Cont'd) ca r r y  out c a p a r i s o n  o f  the Ha l l  s p e c t r a e t e r s  as tell as the h igh  experiments i n  South Ha l l .  

e l u t r a a g n e t i c  s t ruc tu re  o f  h e l i u - 3  p rec is ion  enerqy l oss  spec t rae te r .  
and hydrogen-3 ( t r i t i u n )  nuc le i .  

o Study use of pulse s t re tcher  r i ngs  t o  o I n i t i a t e  R.40 program on pulse s t re tcher  o Continue R.80 p r o g r r  on w l r e  s t re tcher  
enhance duty factor .  r i n g  systems inc lud ing  operation w i t h  r i ngs  inc lud ing  operatlon w i t h  i n t e rna l  

po la r ized  berms. targets.  
($2,915) (I3.210) ($3.500) ....................................................................................................................................................... 

Research a t  Carry out experiments a t  f a c i l i t i e s  Carry out experlments a t  f a c i l i t i e s  Carry out experiments at f a c i l i t i e s  
Other S i tes  supported by other  DOE p r o g r a s  o r  s t  supported by other DOE programs o r  a t  supported by other DOE programs o r  a t  

other  unique U.S. o r  fore ign f a c i l i t i e s .  other  unique U.S. o r  foreign f a c i l i t i e s ,  o ther  unique U.S. o r  fore ign f a c i l i t i e s ,  
Inc lud ing  a c t i v i t i e s  as f o l l w :  i nc l ud ing  a c t i v i t i e s  as fo l low:  inc lud ing  a c t i v i t i e s  as fo l low:  

o Continue hypernuclear experiments using o Continue preparations f o r  r a re  kaon o S ta r t  data tak ing  phase o f  r a re  kaon 
kaons produced a t  the BNL PGS. decay experiments a t  the AGS. decay experiment. 

c Continue e lec t ron  sca t te r ing  o Begin deuteron photodis integrat ion o Carry out  deep i n e l a s t i c  sca t te r ing  
erperiments using the nuclear physics experiment i n  the Nuclear Physics a t  expeplments i n  the WPAS program. 
i n j e c t o r  (WPI) and elaborate e x i s t i n g  SLAC (NPAS) program. 
spec t rme te r  c a p a b i l i t y  a t  SLAC. 

o Caaplete f i r s t  round o f  experiments o Complete preparations f o r  experiments o U t i l i z e  upgraded LEAR f a c i l l t y  for h igh 
using t he  Low FBergy h t i p r o t o n  Ring using the  upgraded LEAR facility. I n t e n s i t y  an t ip ro ton  experiments. 
(LEAR) f a c i l i t y  a t  CERN. 

o Continue DreDarations f o r  a double beta o S ta r t  data tak ina Dhase o f  t he  
decay experiment i n  the St. Gotthard St. Gotthard dou i le  beta decay 
Tunnel i n  the  Alps. experiment. 

0 Continue data tak ing phase o f  the  
st. Gotthard double beta decay 
experiment. 

a Continue preparations f o r  the  o Cmple te  i n s t a l l a t i o n  and begin t e s t s  o S ta r t  f i r s t  round o f  experiments on the  
i n s t a l l a t i o n  of the ~ a s e r  Electron Ganma of LEGS f a c i l i t y .  LEGS f a c i l i t y .  
Source (LEGS) on the  National 
Synchrotron L i gh t  Source a t  BWL. 

($10.159) ($10.835) (110.200) 

CEBAF R6D o Conduct research and developnent o Carry out t es t s  on four  i n d u s t r i a l  o Cmple te  a computer model f o r  the 
a c t i v i t i e s  on the new superconducting cryostats.  accelerator. 
accelerator  cav i t y  and prototypes. 

0 Specify the  beam transport  system o Es tab l i sh  the  ins t runenta t ion  and o Complete a cryomdule. the  basic u n i t  
magnets. con t ro l  system arch i tec tu re  f o r  the  o f  accelerator  s t ruc tu re  which can be 

accelerator. cooled t o  superconducting temperatures. 



111. k d i u n  Energy Nuc lear  Phys ics  (Con t ' d )  

Program A c t i v i t y  FY 1986 FY 1987 FY 1988 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - - - - - - - - - - - - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CEBAF R&O o  A s c e r t a i n  t h r o u g h  canputer  c a l c u l a t i o n s .  o  Complete c r yogen i cs  systems designs. 0 Develop and t e s t  o t h e r  a c c e l e r a t o r  
(Cont 'd )  t h e  a c c e l e r a t o r  beam c h a r a c t e r i s t i c s .  components. 

o Choose t h e  a p p r o p r i a t e  RF sepa ra to r  o  Emphasize a c t i v i t i e s  f o r  most e f f e c t i v e  o  Complete des ign  of t h e  l a r g e  
techno1 ogy. des ign  o f  exper imenta l  equipment expe r imen ta l  s p e c t r a n e t e r  and 

i n c l u d i n g  some resea rch  a t  c u r r e n t l y  c o n t i n u e  some resea rch  a c t i v i t i e s .  
o p e r a t i n g  f a c i l i t i e s .  

(14.918) ($7.250) ($8.250) 
___________________---------------------------------------------..------------------------------------------------------------------------------------- 

OPERATIONS ---------- 
LAWF Operat ions  o  Operate h i g h  i n t e n s i t y  800 MeV p r o t o n  0 Operate a c c e l e r a t o r  and f a c i l i t i e s  3000 0  Operate a c c e l e r a t o r  and f a c i l i t i e s  about 

a c c e l e r a t o r  and exper imenta l  f a c i l i t i e s  hours  f o r  n u c l e a r  phys i cs  research,  and 3000 hours  f o r  n u c l e a r  phys i cs  resea rch  
2900 hours f o r  nuc lea r  phys i cs  resea rch  c o n t i n u e  t o  ope ra te  seven secondary w i t h  about seven secondary beams. 
w i t h  an average o f  seven s imul taneous beams f o r  research.  
secondary beams of p ions,  muons, p ro tons ,  
and n e u t r i n o s  f o r  n u c l e a r  phys i cs  and 
o t h e r  s c i e n t i f i c  research. 

0  Prov ide beam f o r  50 n u c l e a r  phys i cs  o  P rov ide  beam f o r  app rox ima te l y  75 o  P rov ide  beam f o r  app rox ima te l y  60 
exper iments  i n v o l v i n g  275 s c i e n t i s t s .  n u c l e a r  phys i cs  exper iments  i n v o l v i n g  n u c l e a r  p h y s i c s  exper iments i n v o l v i n g  

about 300 s c i e n t i s t s .  about  290 s c i e n t i s t s .  

o  Complete replacement o f  a c c e l e r a t o r  o  Operate neu t ron  t i m e - o f - f l i g h t  f a c i l i t y  o  Commission medium r e s o l u t i o n  
Con t ro l  computer and p u l s e  t i m i n g  and c o n t i n u e  suppo r t  f o r  i n s t a l l a t i o n  o f  spec t rome te r  and beg in  beam l i n e  f o r  
system. a  p o l a r i z e d  i o n  source w i t h  much h i g h e r  n e u t r i n o  resea rch  f a c i l i t y  i n c l u d i n g  a  

i n t e n s i t y  t han  t h e  p resen t  p o l a r i z e d  Large Cherenkov De tec to r  be ing  
source. f a b r i c a t e d  by a  conso r t i um o f  u n i v e r s i t y  

and n a t i o n a l  l a b o r a t o r y  s c i e n t i s t s .  
($37,385) ($40.600) ($42,400) 

-----------------.------------------------------------------..---------------------------.------------...----------------------....--.----.-. 

Bates Operat ions  0 Operate 850 MeV e l e c t r o n  a c c e l e r a t o r  and 0 Operate a c c e l e r a t o r  and f a c i l i t i e s  3000 o  Operate a c c e l e r a t o r  and f a c i l i t i e s  about 
exper imenta l  f a c i l i t i e s  2500 hours  f o r  hours  f o r  n u c l e a r  phys i cs  research. 3000 hours  f o r  nuc lea r  phys i cs  research. 
n u c l e a r  phys i cs  research. 

o Prov ide beam f o r  20 exper iments  
i n v o l v i n g  128 s c i e n t i s t s  from 45 
u n i v e r s i t i e s  and l a b o r a t o r i e s .  

0  P rov ide  beam f o r  40 exper iments  o  P rov ide  beam f o r  app rox ima te l y  35 
i n v o l v i n g  140 s c i e n t i s t s  f rom 40 exper iments  i n v o l v i n g  about 135 
i n s t i t u t i o n s .  s c i e n t i s t s .  

o  F i n i s h  i n s t a l l a t i o n  of p o l a r i z e d  0 I n s t a l l  improved a c c e l e r a t o r  conlponents 0  P rov ide  beam energ ies  above 1 GeV f o r  
e l e c t r o n  source. t o  h e l p  i nc rease  t h e  maximum beam energy exper iments  r e q u i r i n g  t h e  h i g h e s t  

t o  more than 1 GeV. energ ies .  
($5.332) ($5,950) ($6,100) 



111. * d i m  Energy Nuclear Physics (Cont 'd)  

Program A c t i v i t y  FY 1986 
----------------- .......................................... 
Other Operat ions o (pe ra te  t h e  nuc lear  physics i n j e c t o r  

(NPI) and End S t a t i o n  A spectrometers a t  
SLAC f o r  928 hours. Provide beams o f  
t h r e e  t o  four  GeV e lec t rons  for  fou r  
experiments i n v o l v i n g  40 s c i e n t i s t s  
frm 14 i n s t i t u t i o n s .  

o Provide operat ions funds f o r  the  L ~ L  
Bevalac t o  support the  md ium energy 
research a c t i v i t i e s  (350 hours).  

o Operate the NPI and f a c i l i t i e s  a t  SLAC 
f o r  1000 hours. Provide beams o f  s i x  
GeV e l e c t r o n s  f o r  fou r  experiments 
i n v o l v i n g  50 s c i e n t i s t s  from 18 
i n s t i t u t i o n s .  

0 Prov ide operat ions support f o r  the  
Bevalac medium energy research 
a c t i v i t i e s .  

a Operate NPI and f a c i l i t i e s  a t  ~ L A C  f o r  
1000 hours. Prov ide beams of s i x  GeV 
e lec t rons  f o r  four  experiments i n v o l v i n g  
about 50 s c i e n t i s t s .  

o Continue operat ions support f o r  the  
Bevalac medium energy research 
a c t i v i t i e s .  

I. Preface: Heavy I o n  Nuclear Physics 

The Heavy I o n  Research subprogram i s  aimed a t  understanding the  behavior o f  nuc lear  mat ter  over an ever i nc reas ing  range o f  e x c i t a t i o n  energy, nuc lear  
dens i ty ,  angular  momentun, and deformation. These cond i t i ons  are created i n  c o l l i s i o n s  between nuc lear  t a r g e t s  and nuc lear  beams. The heavy i o n  beams 
a r e  produced by h i g h l y  soph is t i ca ted  acce le ra to rs  loca ted  a t  t h r e e  l a r g e  u n i v e r s i t i e s  and four n a t i o n a l  l abora to r ies .  Studies inc lude  the h i g h  sp in  
behavior  o f  c o l d  nuc lea r  mat te r  causing severe deformation and e v e n t u a l l y  f i ss ion .  At low bombarding energies, nuc lea r  o r b i t i n g  phenomena are 
Studied. E s p e c i a l l y  i n t r i g u i n g  are c lose  encounters of the  heav iest  n u c l e i  which lead t o  unexplained spontaneous p o s i t r o n  product ion. The nuc lear  
dynamics o f  complex phenmena i n c l u d i n g  deep- ine las t i c  scattering and p r o j e c t i l e  f ragmentat ion are s tud ied  a t  medium bombarding energies. At h igher  
energies, e x p l o r a t i o n  i s  made o f  the  nuc lear  mat ter  equat ion of s t a t e  f o r  hot  dense nuc lear  mat ter .  At  u l t r a - r e l a t i v i s t i c  energies, a search i s  being 
made f o r  the  new s t a t e  o f  ma t te r  known as t h e  quark-gluon plasma. 

11. A. Sumnary Table 

Program A c t i v i t y  FY 1986 
---------------- - - - - - - - 
Research ......................... $20,511 ....................... Operat ions 28,306 

- - - - - - - 
To ta l ,  Heavy I o n  

Nuclear Physics .............. $48,817 

11. 8. Major Laboratory  and F a c i l i t y  Funding 

Argonne Nat ional  Laboratory  ...... $ 5.032 
Brookhaven Nat ional  Laboratory. .. 4,811 
Lawrence Berkeley Laboratory  ..... 24,126 
Los Alamos Nat ional  Laboratory... 168 
Oak Ridge Nat ional  Laboratory. ... 7,756 - - - - - - - 
Tota l  ............................ $41.893 

% Change 

t l l  
t 5  



111. A c t i v i t y  Descr ipt ions 

Prograa A c t i v i t y  FV 1986 ----------------- .......................................... 
RESEARCH - - - - - - - - 
LBL Bevalac Conduct research a t  the Bevalac using 
Research r e l a t i v i s t i c  heavy i on  bems t o  study the 

dyndmics of h igh energy heavy ion  
co l l i s i ons .  Inves t iga te  the p roper t ies  
of nuc le i  under extreme condi t ions o f  
temperature and densi ty  t o  understand the  
nuclear  a d t t e r  equation o f  state. 

Support the  construct ion o f  the d i lep ton  
spectrometer. 

Design and supervise the f ab r i ca t i on  and 
i n s t a l l a t i o n  of three CERN experiments 
cons is t ing  of la rge  col laborat ions o f  
U.S. and European s c i e n t i s t s  studying 
u l t r d - r e l a t i v i s t i c  heavy ion  co l l i s i ons .  

BWL/Tandm/AGS Br ing  i n t o  operation the s ing le -am 
Research magnetic s p e c t r a e t e r  experiment E-802 t o  

measure p a r t i c l e  y i e l d s  and spectra from 
r e l a t i v i s t i c  oxygen and su l f u r  beams on 
su l f u r  and lead targets. 

Begin t e s t i n g  o f  equipnent fo r  experiment 
€410.  This experiment uses an e x i s t i n g  
la rge  mdgnet systen and a TPC t r ack ing  
chamber t o  search f o r  f luc tua t ions  i n  
p a r t i c l e  production frw hot  dense 
nuclear matter. 

NO a c t i v i t y .  

Continue the experimental p rogrms on 
c o l l i s i o n  dynamics and the  understanding 
of hot dense nuclear matter. Inves t iga te  
product ion o f  K-mesons i n  heavy ion  
co l l i s i ons .  

C a n i s s i o n  the d i lep ton  spectrometer and 
i n i t i a t e  p r o g r a  t o  study d l l ep ton  
product ion i n  r e l a t i v i s t i c  heavy i on  
co l l i s i ons .  

Carmission CERN experiments. c o l l e c t  data 
dur ing ta 17 day runs. and begin data 
analysis. 

Co l lec t  data on experiment E-802 frm the 
i n i t i a l  operation of the cmp le ted  
TandmIAGS t rans fe r  l i n e  and begin data 
analysis. 

Carmission and b r i ng  i n t o  operat ion 
experiment € 4 1 0  and begin experimental 
program. 

Begin R e l a t i v i s t i c  Heavy Ion  C o l l i d e r  
(RHIC) Rho a t  r $3H l e ve l .  
($4.635) 

Continue experiments t o  explore h igh 
energy dynamics t o  understand t he  
e a r l i e s t  stages of nuclear c o l l i s i o n s  and 
the  production of strange p r r t l c l e s .  

Continue p rog rm  o f  study o f  d i r e c t  
d l l ep ton  production using upgraded 
detector  systems. 

Continue analyses o f  CERN experiments 
concentrat ing on study o f  f luctuat ions i n  
strange baryon produciion. and p a r t i c l e  
m e n t u n  d i s t r l bu t t ons  and u l t i p l i c l t l e s  
i n  order t o  f i n d  evidence of nuclear  
mat ter  phase changes. 
($4.714) .------------------------------------------- 
I n i t i a t e  second round o f  experiments for 
the  improved E-802 and complete data 
ana lys is  o f  the i n i t i a l  ddta. 

Continue ddta tak ing  on experiment E-810 
and s t a r t  data analys is  f o r  p a r t i c l e  
y i e l d s  and p a r t i c l e  energy spectra t o  
search for r e s u l t s  t o  characterize very 
ho t  dense nuclear u t t e r .  

Provide Rho towards a Relativistic Wavy 
Ion Co l l l de r  (RHIC) a t  f5.9H. 
(17.575) 

AHL. LBL 88.. At AN, conduct experimental program w i t h  Continue the experimental program a t  Continue the  =%xperimental p r o g r w  a t  
ORIIL. Msearch l i g h t  and a e d l u  mass heavy ion  beams ATLAS using the upgraded f u l l  s o l i d  angle ATLAS wi th  emphasis an the  heavier i o n  

f r c a  ATLkS i n  the 5-25 m i l l i o n  e lec t ron  g m a - r a y  detector  system. Inves t iga te  beams ava i lab le  w i t h  the new low v e l o c i t y  
v o l t  per nucleon range. Dnphasize the fusion and t rans fe r  react ions w i t h  heavy i n j ec to r .  
study 01 the  basic a d e s  o f  nuclear ions. 



111.  s r v y  I o n  m c l e r r  Ph ls lcs  (Cont'd) 

P r e g r s  k t l r i t y  FY 1986 FY 1987 FY lW ----------------- .......................................... -----------------.------------------------ .......................................... 
All. LBL 88'. exc i ta t ion ,  t he  dynmics  o f  per ipheral  and 
OUR. Research cen t ra l  co l l i s i ons ,  and the  behavior o f  
(Cnnt'd) nuc le l  a t  h igh  spin and h igh e x c i t a t i o n  

energy. 

A t  the  LBL 88". Cyclotron. conduct Continue the experfmental program a t  t he  Continue the experimental p r o g r m  a t  the 
experimental program w i t h  l i g h t  and 88" Cyclotron using the upgraded f u l l  88' Cyclotron r l t h  f u l l y  implemented f u l l  
mediu mass heavy i o n  b e a s  i n  t he  5-25 s o l i d  angle gmna-ray de tec to r  system. s o l i d  angle g m a - r a y  m u l t i p l i c i t y  
m i l l i o n  e lec t ron  v o l t  per nucleon range. U t i l i z e  the new ECR source i n  a ser ies  of detectors, r h i c h  should a l low these 
Enphasize the  study of the basic mdes of experiments t o  study the sub-barr ier  s tudies t o  extend t o  h igh spins and t o  
nuclear exc i ta t ion .  and the behavior o f  fusion of ca lc iun  isotopes fran m s s  40 higher e x c i t a t i o n  energies. 
nuc le i  r t  h igh  spin and high e x c i t a t i o n  t o  mass 48 w i t h  a lead nucleus. 
energy. 

At the  WINL t b l i f i e l d  f a c i l i t y ,  conduct 
experimental program w i t h  l i g h t  and 
medim m s s  heavy ion  beams i n  the 5-25 
m i l l i o n  e lec t ron  v o l t  per nucleon range. 
Emphasize t he  study of the  dynamics o f  
per ipheral  and cen t ra l  c o l l  i s i ons  and the  
behavior of nuc le i  a t  h igh spin and h igh 
e x c i t a t i o n  energy. Canplete design and 
cons t ruc t ion  o f  ca lor imeters fo r  CERN 
experiment (MA-80). 
lS8.480) 

------------------------------*-------------------------------- 

I l n l ve r s i t y  Carry out independent and co l l abo ra t i ve  
Research user-group research programs a t  the LBL 

Bevalac. LBL 88' Cyclotron, P&L ATLAS, 
ORNL HHlRF accelerators and a t  other  
accelerators i n  the  U.S. and Europe. 
About 30 un i ve rs i t y  user groups 
Da r t i c i oa te  i n  the  heavv i on  ohvsics 

Continue the  experimental program using Continue the  experimental p r o q r m  w i t h  
the new spectraneter focal  plane detector  emphasis on provid ing beans t o  the  
systems. S ta r t  study o f  breakup improved VNISOR isotope separator. 
react ions using reverse kinematics w i t h  Reduce and analyze calor imeter  data frm 
new MIL1 detector. Operate calor imeters CERN experiment U4-80. 
i n  data runs f o r  CERN experiment HA-80. 

Operate the  Tandm and the  newly 
constructed TandemlAGS t rans fe r  l i n e  t o  
produce 1000 hours of 14 GeVlA oxygen and 
s u l f u r  beams f o r  the  r e l a t i v i s t i c  heavy 
i on  approved experiments. Begin t o  phase 
out the  operation o f  the Tandem f o r  low 
energy nuclear physics experiments. 

Continue un i ve rs i t v  user-arouv research 
programs. continue the s i u d i i s  o f  
i n t e rac t i on  synmetries a t  the Yale Tanden 
f a c l l i t y .  Continue the studies of g ian t  
resonance e x c i t a t i o n  and decay using the  
hiaher enerav beam c a o a b i l i t i e s  o f  the  
upgraded i h i i e r s i t y  & Uashington 
accelerator  system. 
($7.970) 

LBL ~ e v a l a c  Provide beams of heavy ions through Contlnue t o  provide beam f o r  t he  research Con t i nw  to provlde beam f o r  t he  research 
Operations u r a n i m  w i t h  energies o f  1.8 b i l l i o n  program. program. 

e lec t ron  v o l t s  per nucleon fo r  a 
broad-based research program i n  heavy i on  
nuclear  physics, nuclear chemistry. 



Ill. Heavy I o n  N c l e a r  Phys i cs  (Con t ' d )  

Program A c t i v i t y  FY 1986 FY 1987 FY 1988 
---------------.- ----------------------.------------------- .......................................... .......................................... 

LBL Bevalac a tomic  phys i cs ,  and as t rophys i cs .  One 
Operat ions  t h i r d  o f  t h e  beam t ime  i s  p rov ided  f o r  a  
(Con t ' d )  Biomedical  r esea rch  program. 

p r o v i d e  2900 hou rs  o f  beam t ime  t o  over  p r o v i d e  3000 hours  o f  r esea rch  t lme  t o  P rov ide  3000 hours  o f  r esea rch  t ime  t o  
150 u n i v e r s i t y  and n a t i o n a l  l a b o r a t o r y  n u c l e a r  phys i cs ,  b i omed ica l  and a tomic  n u c l e a r  phys i cs ,  b i omed ica l  and a tomic  
users.  p h y s i c s  exper iments .  p h y s i c s  exper iments.  
($15,606) ($16.975) (617.755) 

--------------.------.-------------------------.------..-------.--.------------------------------------------------------------------------.----------- 

BNL/Tandem/AGS P r o v i d e  1000 hou rs  o f  Tandem heavy i o n  Reduce o p e r a t i o n  of t h e  Tandem f o r  low NO a c t i v i t y .  
Opera t ions  beams f o r  a  reduced program i n  low energy energy n u c l e a r  phys i cs  t o  100 hours .  

heavy i o n  n u c l e a r  and a tomic  phys ics .  

P rov ide  100 hours  of t e s t  beams f o r  Operate t h e  combined TandemIAGS Operate TandemIAGS a c c e l e r a t o r  system t o  
commissioning o f  t h e  TandemIAGS a c c e l e r a t o r  system t o  produce 700 hours  produce 800 hours  o f  oxygen and s u l f u r .  
a c c e l e r a t o r  system and t h e  newly  o f  oxygen and s u l f u r  beams f o r  beams f o r  r e l a t i v i s t i c  heavy i o n  
c o n s t r u c t e d  TandemIAGS t r a n s f e r  l i n e .  r e l a t i v i s t i c  heavy i o n  exper iments .  exper iments.  

ANL, LBL 88".  Begin f i r s t  f u l l  yea r  o f  o p e r a t i o n  o f  t h e  P rov ide  4000 hours  of ATLAS o p e r a t i o n  P rov ide  4000 hours  of ATLAS o p e r a t i o n  f o r  
ORNL Operat ions  ATLAS a c c e l e r a t o r .  P rov ide  2800 hours  of f o r  n u c l e a r  phys i cs  exper iments .  n u c l e a r  phys i cs  exper iments.  Beg in  t o  

l i g h t  t o  medium mass heavy i o n s  f o r  a  I nc rease  t h e  a c c e l e r a t i o n  c a p a b i l i t y  t o  ope ra te  w i t h  a  dual  beam c a p a b i l i t y  and 
broad-based n u c l e a r  phys i cs  program. ATLAS by i n s t a l l a t i o n  o f  a  t h i r d  he l i um make i n i t i a l  t e s t  runs  w i t h  t h e  new 3-MY 

r e f r i g e r a t o r .  p o s i t i v e  i o n  i n j e c t o r .  

A t  t h e  LBL 88" C y c l o t r o n  p r o v i d e  4000 P rov ide  3300 hours  o f  o p e r a t i o n  f o r  t h e  P rov ide  3300 hours  o f  o p e r a t i o n  f o r  t h e  
hours  o f  o p e r a t i o n  w i t h  l i g h t  t o  medium n u c l e a r  phys i cs  program and deve lop ECR n u c l e a r  phys i cs  program and con t i nue  
mass beams f o r  a  broad-based n u c l e a r  source c a p a b i l i t y  f o r  i o n s  i n  t h e  40-100 deve lopnent  o f  t h e  ECR i o n  source f o r  
p h y s i c s  program. mass range. h e a v i e r  mass ions .  

A t  t h e  ORNL Tandem, p r o v i d e  4100 hou rs  P rov ide  3700 hours  o f  o p e r a t i o n  f o r  P rov ide  3700 hours  o f  beam f o r  
beam t ime  f o r  t h e  n u c l e a r  phys i cs  and t h e  n u c l e a r  phys i cs  and a tomic  phys i cs  n u c l e a r  phys i cs  and a tomic  phys i cs  
a tomic  phys i cs  resea rch  program. resea rch  program. Complete i n s t a l l a t i o n  resea rch  program. 

and t e s t i n g  o f  r e c o n f i g u r e d  a c c e l e r a t o r  
tubes on 113 o f  t h e  tandem and complete 
i n s t a l l a t i o n  of t h e  new beam p u l s i n g  
system. 

($8,320) ($8,890) ($9,200) 

U n i v e r s i t y  Complete p r e p a r a t i o n s  f o r  u t i l i z a t i o n  of Commission upgraded tandem a c c e l e r a t o r  a t  P rov ide  l i g h t  heavy i o n  beams f o r  
A c c e l e r a t o r  upgraded tandem a c c e l e r a t o r  a t  Yale Yale U n i v e r s i t y  and beg in  expe r imen ta l  exper iments  u s i n g  t h e  upgraded f a c i l i t i e s  
Operat ions  u n i v e r s i t y .  programs w i t h  h i g h e r  energy and heav ie r  a t  Yale u n i v e r s i t y .  

mass beams. 



U l i r e n i t y  Provide bems o f  l l g h t  heavy ions r l t h  
k c e l e r a t o r  energies i n  the  range 5-15 MeVIA l o r  
Optrat ions in-house expcr inenta l  prograns a t  the 
( t on t ' d )  m i v e r s i t y  of Uashington. 

Provide beams o f  l i g h t  heavy ions r l t h  
energies i n  the  range 5-20 MeY/A f o r  
in-house experimental prograns a t  Texas 
A&?! m i v e r s i t y .  

Begin t e s t s  of the superconductlng l i n a c  
booster accelerator  a t  the  l h i v e r s i t y  o f  
Udshington. 

Provide l i g h t  heavy i on  beams f o r  
experiments a t  Texas MM and begin 
a c t i v i t y  t o  incorporate the non-DOE 
funded superconducting cyc lo t ron  booster 
i n t o  the  program. 
($1.625) 

Begin a p e r i n e n t a l  p r o g r n  us ing  the 
superconducting l i n a c  booster a t  t he  
V l l v e r s i t y  of Yashlngton. 

Provide l i g h t  heavy i on  beans a t  Texas 
MM Univers i ty  and continue preparations 
fo r  implementing higher energy beans fra 
the  superconducting booster cyclotron. 

I. Preface: L m  Energy Nuclear Physics 

This subprogram emphasizes experimental inves t iga t ions  o f  nuclear s t ructure,  decay parameters o f  radionucl ides, and lm energy nuclear reac t ion  
mechaniuls. These studies a lso  inc lude general t e s t s  of fundamental theor ies and synmetries, as u e l l  as more spec i f i c  and de ta i l ed  studies of 
react ions Involved i n  s t e l l a r  and cosnological processes. University-based research i s  an important feature o f  the  Low Energy program. The 
facilities required a re  r e l a t i v e l y  small and appropr iate f o r  s i t i n g  on un i ve rs i t y  campuses. The university-based prograns permit exce l l en t  hands-on 
t r r l n l n g  of nuclear experlmental lsts, many of than con t r i bu te  a f t e r  obta in ing Ph.0.s t o  nuclear  technology developnent o f  i n t e res t  t o  the WE. I n  
addi t ion,  low energy research i s  car r ied  out  a t  a nunber o f  na t iona l  laboratory accelerators i n  conjunct ion w i th  heavy ion  research. The BNL High 
Flux Bew Reactor (HFBR) mkes  ava i lab le  tm, beam po r t s  f o r  neutron nuclear physics experiments. one provides monoenergetic f i l t e r e d  neutron beans 
f o r  resonance capture experiments f o r  nuclear s t r uc tu re  studies. The other provides intense neutron beams t o  the state-of- the-ar t  i on  sources of 
t h e  TRISTAN on- l ine  separator. The resu l t i ng  separated beams o f  neutron-r ich nucl ides inc lude some species t h l c h  have never before been studied. 
Data frm these tw types of neutron based experiments are used t o  t e s t  nuclear s t r uc tu re  theor ies,  such as the i n te rac t i ng  boron m d e l .  Addi t ional  
la energy nuclear physics research i s  ca r r i ed  out by small un i ve rs i t y  and nat ional  laboratory groups. Addi t ional  a c t i v i t y  i s  i n  the  area o f  
measurement, evaluatlon, and canp i la t ion  of cross sec t ion  data f o r  t he  nat ional  nuclear data base. 

I t .  A. Slmsry Table 

Program k t l v f t y  ---------------- 
U l i v e r s i t y  Accelerators .......... $ 4.194 ....... Nat ional  Lab. k c e l e r a t o r s  6.262 
rrrclear Data ..................... 9.173 
Other.. .......................... 1.254 ------- 

Total. La Energy 
m c l e a r  Physics .............. $20,863 



11. 8. Ha jo r  Laboratory  and F a c i l i t y  Funding 

h e s  Na t iona l  Laboratory  ......... $ 206 
Argonne ,Nat ional Laboratory ...... 2.735 
Brookhaven Na t iona l  Laboratory.. . 3.885 
ldaho  at. Engineer ing Laboratory 284 
Lawrence Berke ley Laboratory..... 1,988 ...... Lawrence L ivermore Ndt. Lab 250 
~ o s  Alamos Na t iona l  Laboratory... 1.042 
Oak Ridge Na t iona l  Laboratory.... 4,185 

To ta l  .......................... $14,575 

111. A c t i v i t y  D e s c r i p t i o n s  

Program A c t i v i t y  FY 1986 ----------------- .......................................... 

U n i v e r s i t y  Operate f a c i l i t y  w i t h  l i g h t  i o n  beams and 
Acce le ra to rs  conduct low energy nuc lea r  phys ics  

research a t  T r i a n g l e  U n i v e r s i t i e s  Nuc lear  
Laboratory (Duke U n i v e r s i t y ,  U n i v e r s i t y  
o f  Nor th  Caro l ina,  and Nor th  C a r o l i n a  
S ta te  Un ive rs i t y ) .  

Operate f a c i l i t y  w i t h  l i g h t  i o n  beams and 
conduct low energy nuc lea r  phys ics  
research a t  Texas AIM U n i v e r s i t y  and 
support  c o n s t r u c t i o n  of a  new 
superconduct ing c y c l o t r o n  boos te r  be ing 
b u i l t  w i t h  s t a t e  and P r i v a t e  funds. 

Operate f a c i l i t y  w i t h  l i g h t  i o n  beams and 
conduct low energy nuc lea r  p h y s i c s  
research a t  t he  U n i v e r s i t y  o f  Washington, 
support  c o n s t r u c t i o n  o f  a  superconduct ing 
LlNAC booster  upgrade, and complete 
i n s t a l l a t i o n  o f  a  p o l a r i z e d  i o n  source. 

Operate f a c i l i t y  w i t h  l i g h t  i o n  beams and 
conduct low energy nuc lea r  phys ics  
research a t  Yale U n i v e r s i t y  and suppor t  

Continue f a c i l i t y  opera t i ons  and research 
a t  T r i a n g l e  U n i v e r s i t i e s  Nuc lear  
Laboratory and suppor t  c o n s t r u c t i o n  o f  a  
new p o l a r i z e d  i o n  source. 

Continue f a c i l i t y  opera t i ons  and research 
a t  Texas A&M U n i v e r s i t y  and cont inue 
support  o f  c y c l o t r o n  boos te r  p r o j e c t .  
Support i n s t a l l a t i o n  of S t a t e  funded ECR 
i o n  source. Begin c o n s t r u c t i o n  o f  a  
magnetic spectrometer t o  e x p l o i t  t h e  new 
beams. 

Continue f a c i l i t y  opera t i ons  and research 
a t  t he  U n i v e r s i t y  o f  Washington us ing  the  
new p o l a r i z e d  i o n  source and con t inue  
support  o f  t h e  LlNAC upgrade p r o j e c t .  

I n i t i a t e  new research programs t h a t  
e x p l o i t  upgraded a c c e l e r a t o r  f a c i l i t i e s  
a t  Yale u n i v e r s i t y ,  where h i g h e r  energy 

I m t i a t e  new research  programs t h a t  
e x p l o i t  upgraded a c c e l e r a t o r  f a c i l i t i e s  
a t  T r i a n g l e  U n i v e r s i t i e s  Nuclear 
Laboratory,  w i t h  h i g h  i n t e n s i t y  po la r i zed  
neut ron beams made a v a i l a b l e  by t h e  new 
in tense  p o l a r i z e d  i o n  source. 

I n i t i a t e  new research  programs t h a t  
e x p l o i t  upgraded a c c e l e r a t o r  f a c i l i t i e s  
a t  Texas A&M U n i v e r s i t y ,  where h igher  
energy heavy i o n s  and deuterons w i l l  be 
ava i l ab le .  From h i g h e r  energy po la r i zed  
deuteron beams, h i g h e r  energy secondary 
beams o f  p o l a r i z e d  neut rons w i l l  becane 
a v a i l a b l e .  opening an impor tan t  new aqea 
f o r  study. 

I n i t i a t e  new research programs t h a t  
e x p l o i t  upgraded a c c e l e r a t o r  f a c i l i t i e s  
a t  t he  U n i v e r s i t y  o f  Washington. where 
t h e  upgrade has been designed t o  prov ide 
h igher  energy l i g h t  fons. Extend s tud ies 
of h i g h l y  e x c i t e d  n u c l e i  by capture 
r e a c t i o n s  and. t o g e t h e r  w i t h  a  new 
p o l a r i z e d  i o n  source, make more powerful 
t e s t s  o f  fundamental symmetries. 

Operate t h e  new extended Tandem 
Acce le ra to r  f o r  research a t  Yale 
U n i v e r s i t y .  Use t h e  extended c a p a b i l i t y  



I l l .  L w  Energy l h ~ l e r r  Physics (Cmt 'd)  

Progran k t i v i t y  FY 1986 FY 1987 ----------------- .......................................... ----------------*------------------------- 

l h i v e r s t t y  I n s t a l l a t t o n  of an extended Tandem Van de heavy ions f ra the canpleted upgrade 
k c e l e r r t o r s  Graaf accelerator  as par t  of a f a c i l i t y  p ro jec t  w i l l  extend current  reac t ion  
(Cont'd) upgrade pro ject .  studies. 

($9,194) ($4.585) ----------------------------------------------------------------------------------------------------------. 
Rational Dpcrate f a c i l i t y  w i t h  low energy l i g h t  Continue f a c i l i t y  operations and low 
Laboratory ions and conduct low energy nuclear energy research a t  the  Argonne National 
Accelerators physics research a t  the  Argonne National Laboratory t o  study the m i s s i o n  of 

Laboratory ATLAS accelerator .  e lec t ron  posi t ron pa i r s  frmn the 
b a b a r d m n t  o f  gold ta rge ts  w i t h  4 neb' 
protons. 

Operate Double Tandem accelerator  Continue f a c i l i t y  operations and low 
f a c i l i t y  w i t h  low energy l i g h t  ions and energy research a t  a reduced leve l  a t  the  
conduct low energy nuclear physics Brookhaven National Laboratory using 
research a t  the  Brookhaven National l i g h t  i on  beams t o  i d e n t i f y  
Laboratory. s i ng le -pa r t i c l e  degrees o f  freedom t o  

cmnplement in format ion obtained fran 
heavy ion  experiments. 

Operate f a c i l i t y  w i t h  low energy l i g h t  Continue f a c i l i t y  operations and low 
ions and conduct lo* energy nuclear energy research a t  the Oak Ridge National 
physics research a t  the Oak Ridge Laboratory t o  inves t iga te  the  s t r uc tu re  
Nat ional  Laboratory HHlRF folded Tandem o f  nucle i  v ia  the e x c i t a t i o n  o f  'g iant  
and coupled cyc lo t ron  accelerators. resonances: 

Operate f a c i l i t y  w i t h  la energy l i g h t  
lons and conduct low energy nuclear 
physics research a t  the Lawrence Berkeley 
Laboratory 88-inch Cyclotron, where the  
on- l ine  m s s  analys is  system (RAM) has 
been used t o  i d e n t i f y  the  f i r s t  nuc l ide  
w i t h  isospin equal t o  -512. Ca-35. 

Continue f a c i l i t y  operations and low 
energy research a t  the  Lawrence Berkeley 
Laboratory. h e r e  the  decay o f  
proton-r ich nucle i  very f a r  f r a n  
s t a b i l i t y  w i l l  be studied. w i t h  mphaSiS 
on the  search f o r  the  as vet unobserved 
phenanenon o f  d i r e c t  tw -p ro ton  
rad ioac t i v i t y .  

WUtrOn Research Conduct nuclear s t ruc tu re  research a t  t he  Continue nuclear s t ruc tu re  research a t  
BNL High Flux Bern Reactor. use of the  t he  HFBR as a BNL a c t i v i t y ;  the  former 
TRISTAH fac i  l i t y  permitted i d e n t i f i c a t i o n  mmbers o f  the disbanded un i ve rs i t y  
and charac te r iza t ion  of two extremely TRISTAN user group w i l l  complete data 
neutron-r ich nucl ides: 211-80 and Cd-130, analys is  and publ ish resul ts .  

f o r  new research areas i n  h igher energy 
and heavier nus% heavy i on  co l l i s i ons .  

Continue f a c i l i t y  operations and low 
energy research a t  the Argonne M t i m a l  
Laboratory. Begin preparat ions f o r  
replac ing the  tandem i n j e c t o r  w i t h  r 
newly developed low v e l o c i t y  
superconducting i n j e c t i o n  LINAC. 

Phase out Tandem f a d l  i t y  operations f o r  
low energy research a t  the  Brookhaven 
National Laboratory a t  a reduced level.  

Continue f a c l  l i t y  operations and low 
energy research a t  the Oak Ridge M t i m a l  
Laboratory. 

Continue f a c i l  i t y  operattons and l w  
energy research a t  the  Lawrence Berkeley 
Laboratory, where gamma-ray production 
cross sections fonn proton- and 
alpha-part icle- induced reac t ions  m C. N. 
0. He. m. Al. Si. and Fe w i l l  be 
i&asu;ed-ior i n t ekp re ta t i on  o f  spectra 
obtained frm gama-ray observatories i n  
space. 
($4.450) .---------------.---------------------------- 
Continue nuclear s t ruc tu re  studies a t  the 
BNL HFBR. The very:neutron-rich nucl ides 
provided by TRISTAN w i l l  prov ide 
Information needed t o  t e s t  the new NpxM 
model developed a t  BNL For p red i c t i ng  



I l l .  Lo* Enerp* Wuclerr Physics ( ton t 'd )  

Ntrm Research t h a t  are important pa r t i c i pan t s  i n  the 
(Cont'd) ga lac t i c  synthesis of the heavy elements. 

(11.005) 

other  A t  the  Los Almos National Laboratory 
continue experiment t o  detect so la r  
neutr inos i n  deeply bur ied  molybdenu 
ore. Obtain f i r s t  f u l l - s c a l e  c o l l e c t i o n  
o f  the technet iu.  product frm the n i ne  
concentrate. 

At the Laurence L i v e n o r e  National 
Laboratory. c m p l e t e  Rasurement of the  
h a l f l l f e  o f  Re-187, which w i l l  permi t  a 
b e t t e r  determination of the mean age o f  
the  elements and hence the age of our 
galaxy. 

Ice a c t i v i t y .  

I(O a c t i v i t y .  

A t  tth c i v e r s i t y  of Wisconsin develop 
new concepts f o r  po la r ized  i on  sources 
and polar ized gas targets. 
($1.965) 

lClclear Data Conduct a coordinated program o f  
Measurements measurements devoted t o  the improvnnent 

o f  the  Evaluated m c l e a r  Data F i l e  (ENDF] 
w i t h  emphasis on the neutron cross 
sections used as standards. 

nuclear leve l  s t r uc tu re  over r wide range 
o f  nucl idas. 

($1,040) ($1.070) .----------------------------------------------------------------------------------------- 
At the Los A l a o s  Nat ional  Laboratory At the  Los A lmos Nat ional  Laboratory, 
ob ta in  pre l iminary estimates o f  the canplete measurments o f  tine-averaged 
time-averaged so la r  neu t r ino  f l ux  f r a  neut r ino  f lux .  
the  molybdentn experiment. 

A t  the Oak Ridge National Laboratory A t  the  Oak Ridge National Laboratory 
conduct a nuclear s t r uc tu re  research contlnue nuclear s t r uc tu re  research at 
p rog rm a t  the y l i v e r s i t y  Isotope UNISOR. w i th  f i r s t  r esu l t s  expected frm 
Separator - Oak Ridge (UNISOR). the  Wuclear Or ien ta t ion  experiments. 

A t  the  Brookhaven fb t iona l  Laboratory A t  the  Brookhaven Nat ional  Laboratory, 
i n i t i a t e  co l labora t ion  w i t h  the  Europeans continue co l labora t ion  on &ILLEX 
(German. I t a l i an .  French) on so la r  experiment. 
neu t r lno  measurements using g a l l i u n  
(GALLEX). 

A t  the l h t v e r s i t y  o f  Pennsylvania and the  Continue support o f  U.S.IUSSR cooperat ive 
Los Alamos National Laboratory support a research and evaluat ion o f  new concepts 
U.S.IUSSR Solar Neutr ino Cooperative i n  neutr ino detect ion. 
Progran invo lv ing  a gal l ium metal 
detector  i n  an underground labora to ry  i n  
t he  Caucasus. Evaluate other so la r  
neu t r ino  experiments designed t o  ob ta in  a 
measurment of the spectrun o f  neu t r ino  
f l u x  a t  lm energies. 

A t  the m i v e r s i t y  o f  Wisconsin c m p l e t e  )(o a c t i v i t y .  
polar ized source and ta rge t  developnent. 

Continue program of measurements a t  Continue program o f  measurements. 
current  leve l  o f  e f fo r t .  Emphasis on 
measurements o f  cross sectlons needed t o  
improve ENDF f i l e .  



[ I t .  Lo* Energy nuclear Physics (Cont'd) 

mc lea r  l ~ t r  Begin phase-in o f  support fo r  AWL Fast 
~ ~ a s u r c m m t s  neutron  ene era tor (Fff i) which has been 
(Ccnt'd) transferred frm WE. 

I)D+rate Oak Ridge Electron Linear 
Accelerator (ORELA) f o r  neutron cross 
section neasurenents by prlsed beam 
t ime-of- f l ight .  

l luc lerr  Data Continue the coordinated program of 
Conpilat ion 1 compilation and evaluation devoted t o  the 
Evr luat ion production o f  the next version of the 

ENOF database-(ENOF-6) f o r  use by nuclear 
technologists. 

Continue the in ternat iona l ly  coordinated 
e f f o r t  t o  update the Evaluated Huclear 
Structure and Decay F i l e  (ENSDF), from 
which the Nuclear Data Sheets are 
produced. Publication (by John Vi ley)  o f  
the f i r s t  ed i t ion  o f  the 'Table o f  
Radioactive isotopes', designed f o r  use 
by applied users, and based on the data 
included i n  the ENOSF. 
($3,725) 

Continue Support O f  AN1 FNG. Emphasls 
on neutron cross sections o f  i n te res t  t o  
fusion power technology. 

Continue operation of ORELA a t  current 
leve l  o f  e f fo r t .  Complete construction 
o f  a large-solid-angle photon 
m u l t i p l i c i t y  detector t o  be used a t  ORELA 
f o r  measurenent o f  neutron capture cross 
sections. 
($6.352) .--------------------------------------------. 
Continue evaluation e f f o r t  coordinated by 
the BNL National Wclear Data Center 
NNOC. Cap le te  f i r s t  "global' 
analysis-including correlations-of the 
neutron cross Sections used as the 
reference standards f o r  the ENDF-6 data 
I i brary. 

Continue e f f o r t  t o  reduce gcycle-time' 
f o r  update of ENSDF. Develop uniform 
system f o r  on-line access. 

Continue support o f  Am Fffi fo r  neutron 
cross section measurement progrm a t  
current level .  

Continue ORELA operation and research a t  
current level  of e f fo r t .  Begin use o f  
detector completed i n  FY 1987. 

Continue wa lua t l on  e f fo r t  w i th  goal of 
c-XnpletiIIg ENOF-6 by 1989. 

Continue evaluation o f  A-chains. 
Begin acquis i t ion o f  new computer t o  
replace 10 year o ld  system a t  NNDC. 

I. Preface: Nuclear Theory 

Thc prrpose o f  research i n  theoret ical  nuclear physics i s  t o  obtain a un i f i ed  descr ipt ion o f  atomic nuclei  and re la te  t h i s  descr ipt ion t o  elanentary 
const i tuent pa r t i c l es  and the fundmental forces connecting then. Long-range objectives o f  nuclear theory are t o  obtain comprehensive understanding 
of the foundations of nuclear matter a t  the nost fundamental level .  i n  terns o f  the propert ies o f  the constituent quarks and gluons. The objectives 
of nuclear theory are approached by in terpre t ing  resu l ts  frmn nuclear physics experiments, and by predict ing phenomena and reldt ionships t o  tes t  t h i s  
descript ion. The understanding o f  nuclear phenomena i s  prerequis i te f o r  a descr ipt ion of the na te r l a l  foundations o f  the universe. including 
astrophysics phenomena such as formation o f  the elements i n  stars and supernovae. Much o f  nuclear theory requires extensive use o f  supercomputer 
capab i l i t ies .  



11. A. Sumnary Table 

Program A c t i v i t y  FY 1986 
---------------- - - - - - - - ................. Nuclear Theory.. $ 8.999 

11. 8. Major Laboratory  and F a c i l i t y  Funding 

Argonne Ndt lona l  Laboratory...... $ 847 ... Brookhaven Nat iona l  Laboratory  766 
Lawrence Berke ley Laboratory..... 766 ... LOS Alamos Na t iona l  Laboratory  938 
Oak Ridge Nat iona l  Laboratory.... 790 

- - - - - - - 
Tota l  .......................... $ 4.107 

111. A c t i v i t y  Desc r ip t i ons  

Program A c t i v i t y  FY 1986 
........................................................... 

Nuclear  Theory Key research a c t i v i t i e s  aim to :  (1 )  
C a l c u l a t e  t h e  p r o p e r t i e s  o f  atomic n u c l e i  
and t h e  r e a c t i o n s  between c o l l i d i n g  
n u c l e i  from t h e  bas ic  nuc lear  forces. 
(2 )  Rela te  t h e  nuc lear  fo rces  t o  t h e  more 
fundamental d e s c r i p t i o n  based on 
interactions between c o n s t i t u t e n t  quarks 
and gluons. ( 3 )  Develop equat ions t o  
desc r ibe  phase t r a n s i t i o n s  f o r  nuc lea r  
m a t t e r  d i s i n t e q r a t i n u  i n t o  'a olasma o f  
quarks and gluons. 
($8.999) 

Improve c a l c u l a t i o n s  o f  nuc lea r  s t r u c t u r e  
and r e a c t i o n s  and develop connect ions 
between t h e  models developed by d i f f e r e n t  
t h e o r i s t s .  Cont inue t h e  developnent o f  
t h e  d e s c r i p t i o n  of n u c l e i  i n  terms o f  
t h e i r  c o n s t i t u e n t  quarks and gluons. 
Develop improved equat ions f o r  
r e l a t i v i s t i c  heavy-ion c o l l i s i o n s  and 
ast rophys ics .  Increase emphasis on 
e l e c t r o n  s c a t t e r i n g  theory  t o  guide 
experimental  program o f  CEBAF. 
($lO,OOO) 

% Change - - - - - - - - 
t5 

Increase a t t e n t i o n  t o  t h e  r o l e  of sp in  i n  
nuc lea r  fo rces  t o  descr ibe t h e  r e s u l t s  of 
experiments us ing  new p o l a r i z e d  beams a t  
D O E - s u ~ ~ o r t e d  f a c i l i t i e s .  Prov ide a 
a e e p e r ' l n d e r s t a n d ~ n g  of  the  equations 
< lesc r lb lny  f l uc lea r  mat ter .  Concentrate 
t n r o r y  o f  n u ~ l e d r  pndse t t ' d n s ~ t ~ o n s  on 
t h e  format ion of quark-gluon plasmas as 
r e l a t e d  t o  experiments planned f o r  t h e  
r e l a t i v i s t i c  heavy i o n  co t1  i d e r .  

I. pre face :  Cap i ta l  Equipnent 

Cap i ta l  equipment funds a re  needed t o  p rov ide  f o r  p a r t i c l e  d e t e c t i o n  systems, f o r  data a c q u i s i t i o n  and a n a l y s i s  systems, and fo r  i ns t rumen ta t i on  t o  
improve performance o f  Nuclear Physics acce le ra to rs .  These funds a re  e s s e n t i a l  f o r  e f f e c t i v e  u t i l i z a t i o n  o f  t h e  n d t i o n a l  a c c e l e r a t o r  f a c i l i t i e s  
operated by the  Nuclear Physics program. I n  a d d i t i o n ,  t h e  program has l a n d l o r d  r e s p o n s i b i l i t y  f o r  maintenance of  general  purpose p l a n t  and equipnent 
a t  Lawrence Berkeley Laboratory.  

11. A. Sumnary Table 

program A c t i v i t y  FY 1986 
---------------- - - - - - - - 
Cap i ta l  Equipnent ................ $13.980 

% Change 
- - - - - - - - 
+ 11 



11. 8 .  l l a jo r  Laboratory and F a c i l i t y  Funding 

bookhaven M t i o n a l  Laboratory... $ 3.399 
Larence Berkeley Laboratory..... 2.725 
10s A lmor  M t i o n r l  Laboratory... 2.408 
bgonne M t i o n a l  Laboratory...... 1.604 ........ mss.  Inst .  o f  Tcch18ates 914 
Oat Ridge M t i o n a l  Laboratory.... 1.137 
Continuous Electron Bem ........... k c e l c r a t o r  Fac l l  i t y  0 
l I J ~ ~ / o u k e  U...................... 287 
Laurence Berkeley Laboratory GPE. 766 
A l l  Other........................ 740 

Total .......................... $13.980 

111. i l c t l v i t y  Descr ipt ions 

P rog rm  k t i v i t y  FY 1986 ----------------- .......................................... 
Construct la rge  s ing le -am magnetic 
s p e c t r a e t e r  w i th  high-mu1 t i p 1  i c i t y  
t r ack i ng  chambers and p a r t i c l e  
i d e n t i f i c a t i o n  detectors f o r  Experiment 
802 i n  preparation fo r  the f i r s t  round o f  
experiments w i th  the  new heavy i on  beam 
f r a n  the  Tandm/AGS accelerator  
f a c i l i t y .  procure e l ec t ron i cs  needed f o r  
j o i n t  use i n  Experiment 810 and CERN 
strange baryon production experiment. 
I lod i fy  b e m  l i n e s  a t  the  AGS f o r  heavy 
i o n  runnino. A t  the laser  e lec t ron  aamna 
source f a c i i i t y  (LEGS), construct  tagging 
spectraneter. ($3.399) 

Expt. 802 $1.540 
Expt. BIOICERW NA 36 490 
ffiS Bean Lines 384 
LEGS 399 
Smaller Project5 586 ------ 

$3.399 

Canplete construct ion of d i lep ton  
spectraneter f o r  the  Bevalac, b u i l d  TPC 
f o r  strange baryon production experiment 
a t  CERH, add large-area d r i f t  chambers t o  

h k e  addi t ions t o  Experiment 802 i n  the  
form of hybr id chambers w i t h  d r i f t  wi res 
and pads w i t h  the  aim o f  enhancing 
t r ack ing  a b i l i t i e s  a t  higher p a r t i c l e  
mu1 t i p 1  i c i  t i e s .  Construct read-out 
e l ec t ron i cs  f o r  Time Pro jec t ion  Chamber 
(TPC) on Experiment 810. Fabr icate new 
detectors f o r  Experiment 814 i nc l ud ing  
calor imeter  mdu les  and 1200 Sodtum 
Iodide crysta ls .  Construct new beam l i n e  
fo r  Experiment 814. At LEGS. begln 
construct ion o f  the charged-part icle 
spectraneter. ($3.650) 

Expt. 802 $ I 5 0  
Expt. 810 600 
Expt. 814 1,100 
AGS Beam Lines 860 
LEGS 400 
Smaller Projects 540 ------ 

$3.650 

S ta r t  construct ion o f  heavy i o n  TPC 
detector  a t  the Bevalac f o r  study o f  the  
nuclear equation o f  s ta te  and b u i l d  
improved t ime -o f - f l l gh t  (TOF) and 

For Experiment 802. add t r ack ing  counters 
i n  the  magnetic f l e l d  and r i n g  imaging 
Cherenkov counters i n  order t o  search f o r  
r a re  events such as strange baryons. 
C a p l e t e  r ebu i l d i ng  o f  the  beam l i n e  f o r  
Experiment 814 and add dedicated c a p u t e r  
fo r  on- l ine data processing capab i l i t y .  
At LEGS. c m p l e t e  construct ion of the 
charged-part ic le spectrameter and tagging 
spectraneter. I n i t i a t e  construct ion o f  
h i gh - i n tens i t y  haon b e w  l i n e  f o r  the  
hyperon physics program. (11.5W) 

Expt. 802 $ 300 
E x D ~ .  810 800 
~ x p t .  814 1.150 
AGS Bean l i n e s  1,500 
LEGS 200 
Sna l le r  Pro jec ts  550 

Continue construct ion of heavy i on  TPC 
detector  and acquire e l ec t ron i c  equipnent 
f o r  an w e n t  f i l t e r  system f o r  
ultra-high-speed data analysis. Begin 



LIIL (Cont'd) the HISS s p e c t r m t e r  a t  the  Bevalac. Add fragment charge measurement systsn f o r  construction o f  r celorimetry-based 
cen t ra l  BGO b a l l  t o  f u l l - so l i d -ang le  the  HISS spectrometer. Construct inverse co l l abo ra t i ve  expertnent a t  the BNL 
garma-ray spec t rmeter  a t  the  88-Inch kinematics detector  system fo r  use w i t h  Tandem/AGS complex ($2.800) 
C y c l o t r ~ n .  ($2.725) shor t  h a l f - l i f e  secondary beams. Add a 

m u l t i p l i c i t y  a r ray  t o  the d i l ep ton  
spectrmeter .  ($2.805) 

~i lepton  S p e c t r m t e r  $ 300 Heavy Ion  TPC f o r  Bevalac $ 800 Heavy i on  TPC fo r  0evalac $ 950 
CERN Strange Baryon Expt. 300 HISS TOF system 150 Event f i l t e r  s y s t m  300 
HISS d r i f t  chanbers 220 Inverse kinematics detector  150 Equipment f o r  AGS experiment 500 
Central EGO b a l l  210 Di lepton spectrometer 1W Smaller p ro j ec t s  1 .OW 
P l a l l e r  Projects 1.695 Smdl l e r  Projects 1.605 ------ ------ - - - - - - - s 2 . m  

$2.725 $2.805 ....................................................................................................................................................... 
LANL hr p a r t  o f  the L A W  polar ized bean Complete construct ion o f  the  medium Continue mnjor a c t i v i t i e s  en MEGA such as 

upgrade program and upgrade of associated reso lu t ion  spec t rmeter  and neutron TOF i n s t a l l a t i o n  o f  the superconducting 
experimental equipnent. i n i t i a t e  f a c i l i t y ,  and i n i t i a t e  construct ion o f  solenoid magnet and t e s t i n g  of d r i f t  
cons t ruc t ion  o f  the medim reso lu t ion  the  j o i n t  LANL-University muon decay t o  chamber prototypes. b o n g  other smaller 
spectrometer, and bean l i ne .  ta rge t  and e lec t ron  gamma experiment (MEGA) f o r  very p ro jec ts ,  develop K O  detector  system fo r  
detector  system f o r  the neutron TOF sens i t i ve  detect ion o f  ra re  muon decay coincidence measurements i n  pion and 
f a c i l  ity. ($2.408) events. ($2,450) proton spectraneter experiments. ($2,800) 

Hed im reso lu t ion  spectraneter $ 500 Wdium reso lu t ion  spectrometer $ 600 MEGA detec to r  f l . lOo 
k u t r o n  TOF f a c i l i t y  350 Neutron TOF f a c i l i t y  350 Pnal ler  Projects 1.700 
9nal l e r  Projects 1,558 MEGA detector  475 ------ 

e a l l e r  p ro jec ts  1.025 ------ $2.800 
12.408 

$2,450 
----------------------------*---------------------------------------------------------------------------------------------------------------------"---- 

NfL. UIT/Bates Carry out various p ro jec ts  such as Provide add i t iona l  beam l ines .  c m p l e t e  Procure new quadrupole and focal-plane 
and MIML cons t ruc t ion  of ECR i on  source. the  add i t ion  of germanium detectors and detectors fo r  an e lec t ron  s p e c t r m t e r .  

r ebu i l d i ng  k l ys t r on  and switchtube bismuth germinate sum-energy counters t o  s t a r t  construct ion o f  magnetic 
inventory and construct ing pa r t  o f  a g m a - r a y  f a c i l  i t i e s ,  and make spectrometer designed f o r  the study o f  
heavy- ion l l lgh t - ion  detector  system fo r  improvements t o  po la r ized  e lec t ron  extreme rare events i n  heavy-ion 
kinematic inverse reactions. ($3.655) source. ($3.620) experiments. and Implement the second 

h a l f  of the heavy- ion/ l ight- ion detector  
System. ($2.980) 

CEBM a c t i v i t y .  Procure RF and cryogenic t e s t i n g  Procure equipment f o r  the  RF cryogenics 
equipnent f o r  evaluat ing superconducting laboratory.  such as long-distance 
RF cav i t ies .  ($500) microscope, p u r i f i c a t i o n  furnace. 



P r c p r r  k t i v i t y  FV 1986 FV 1987 F l  1988 ----------------- .......................................... .......................................... .......................................... 
rad ia t i on  mpp ing  i n s t r m n t s  and m 
add i t iona l  RF cryogenic t e s t  stand. 
(S1 .m)  

NR a t  D ~ k s  I n i t i a t e  construct ion of a h igh- in tens i ty  C a p l e t e  construct ion o f  the Ib a c t i v i t y .  
~ h i v e r s i t y  polar ized i on  source t o  enable an h igh- in tens i ty  polar ized i on  source. 

expanded progran o f  study o f  ($500) 
spin-dependent interact ions.  ($287) ....................................................................................................................................................... 

LBL Provide general purpose equipnent a t  
Larrence Berkeley Laboratory, f o r  M i c h  
the Nuclear Physics program has land lord  
respons ib i l i t y .  such as laser p r i n t e r  
systems. an integrated s i te-wlde 
c m u n i c a t l o n s  system. a modular 
smlconductor clean man f a c l l i t v .  and 
nmer l ca l l y - con t ro l l ed  machining-ind 
R t a l  fabr ica t ion  equipnent. 
($766) 

Other 

Provide general purpose equipnent such as Provide general purpose q u i p e n t  such 8s 
spectrlm analyzers and corona detectors data processing equiplent used i n  
f o r  the e lec t ron ics  engineering group. a h i n l s t r a t i v e  functions. equipnent f o r  
f i l m  thickness measuring instrunents f o r  the Computing Oivlsion. computer aided 
the  mechanical shops. r ad ia t i on  detect ion design and engineering (CRDICM) a r k  
equlpnent for LBL's enviromnental heal th stat ions.  a chest x-ray machine. and an 
and safety groups, and a UNlX m r k  mergency power plant. ($1.300) 
s ta t i on  f o r  the informat ional  services 
group. 
($1.170) 

Provide equlpnent for  the Wclear  Data Provide equipnent f o r  the Nuclear Data Provide equlpnent f o r  the Nuclear Data 
program. h i c h  includes the Nuclear Data program, the Nuclear V ~ y s i c s  I n j ec to r  program. f o r  UNISOR. and f o r  r heavy-ion 
subprogram and the Nuclear Data program a t  SLAC and for UNISOR. ($1.180) fragment mass analyzer system. ($2.295) 
Cap1 l a t i o n  and Evaluation subprogram. 
Also provide equipnent for  the Nuclear 
Physics I n j ec to r  progran a t  SLAC and for  
t he  Oak Ridge Associated I h i v e r s l t i e s  
on- l ine isotope separator (UNISOR) 
project. ($740) 

TOTM CAPITAL 
EqUIPMEWT 



DEPARTMENT OF ENERGY 
FY 1988 CONGRESSIONAL BUDGET REQUEST 

GENERAL SCIENCE AN0 RESEARCH 
( d o l l a r s  i n  thousands) 

KEY ACTIVITY SUMMARY 

CONSTRUCTION PROJECTS 

Nuclear Physics 

IV. A. Const ruct ion P r o j e c t  S m a r y  

P r i o r  Year FY 1987 FY 1988 Remaining 
Pro jec t  No. P r o j e c t  T i t l e  O b l i g a t i o n s  Appropriated Request Balance TEC 

GP-E-300 General P lant  P ro jec ts  $ 0 5 0 $ 3,600 $ 0 $ 3,600 

88-R-201 Accelerator  Improvements and t b d i f i c a t i o n s  0 0 4.400 0 4.400 

87-R-203 Continuous E lec t ron  Beam Accelerator  
F a c l l  i t y  (CEBAF) 0 16,200 33,500 205,300 255,000 

Tota l .  Nuclear Physics Const ruct lon $ 0  $ 16,200 $ 41,500 $205,300 $263,000 



DEPARTMENT OF ENERGY 
FY 1988 CONGRESSIONAL BUDGET REQUEST 

GENERAL SCIENCE AN0 RESEARCH 
(do l l a r s  i n  thousands) 

KEY ACTIVITY CONSTRUCTION PROJECT SUMMARY 

Nuclear Physics 

I V .  8. Plant Funded Construct ion Project  

1. Pro ject  t i t l e  and loca t ion :  GP-E-300 General Plant Projects 
Various loca t ions  

2. F inancia l  schedule: 
F iscal  Year 

1988 
1989 
1990 

Appropriated Obl igat ions 

$ 3.600 $ 3.600 
0 0 
0 0 

Project  TEC: 1 3,600 
Star t  Date: 2nd qtr .  FY 1988 

Completion Date: 2nd Qtr. FY 1990 

3. Narrat ive:  

(a)  General Plant  Projects provide f o r  the many miscel laneous a l te ra t ions ,  addit ions, modi f icat ions,  replacements, and non-major 
construct ion required a t  the  Lawrence Berkeley Laboratory. Los Alamos National Laboratory and the  Massachusetts I n s t i t u t e  o f  
Technology (Bates L inear Accelerator Center). GPP pro jec ts  focus on the general laboratory f a c i l i t i e s  whereas the AIP p ro j ec t s  
focus on the  technical  f a c i l i t i e s .  

(b)  These p ro j ec t s  are required f o r  the general maintenance, mod i f i ca t i on  and improvement o f  the  overa l l  laboratory p lan t  and inc lude 
minor new construct ion,  cap i t a l  a l t e ra t i ons  and addi t ions,  and improvements t o  bu i l d i ngs  and u t i l i t y  systems. These pro jec ts  are 
essent ia l  f o r  mainta in ing the p roduc t iv i t y ,  increasing the operational cost effect iveness, and ensuring t ha t  necessary support 
services are ava i lab le  t o  the research program a t  the DOE-owned f a c i l i t i e s .  

( c )  R desc r i p t i on  and l i s t i n g  o f  the major i tems o f  work t o  be performed a t  the  various loca t ions  i s  contained i n  the  Construct ion 
Project  Data Sheet. Some o f  these may be located on non-Government owned property. Fol lowing i s  a l i s t i n g  of the  FY 1988 funding 
proposed f o r  the various locations. 

Lawrence Berkeley Laboratory $ 2,400 
10s Alamos National l aboratorv 
-(CI i n t on  P. ~ n d e r s o i  Meson p'hysics F a c i l i t y )  950 
Massachusetts I n s t i t u t e  o f  Technology 

(Bates Linear Accelerator Center) 250 
Total Estimated Cost .................... 



DEPRRTMENT Cf ENERGY 
FY 1988 CONGRESSIONAL BUOGET REQUEST 

GENERAL SCIENCE MI0 RESEARCH 
( d o l l a r s  i n  thousands) 

KEY ACTIVITY CONSTRUCTION PROJECT SUMMARY 

Nuclear Physics 

Iv.  0. Plant  Funded Construct ion Pro jec t  

1. P r o j u t  t i t l e  and locat ion:  86-R-201 Accelerator improvements and Hod i f i ca t lons  Project  TEC: $ 4.400 
various loca t ions  S ta r t  Date: 2nd qtr. FY 1988 

Completion Date: 2nd qtr. FY 1990 

2. Financia l  schedule: 
F isca l  Year Appropriated Obl i ga t i ons  costs - 

(a) Accelerator Improvement W o j e c t s  provlde f o r  addit ions, modi f icat ions.  and improvements t o  major research sccelerators and 
a n c i l l a r y  experimental f a c i l i t i e s .  The requested funds are necessary t o  mainta in and improve r e l i a b i l i t y  and e f f i c i e n c y  of opera- 
t i ons  and t o  provide new experimental c a p a b i l i t i e s  as required for execution o f  planned nuclear physics research programs. 

(b) These pro jec ts  are essent ia l  on an annqal basis t o  ma in ta in  t he  Operating e f f i c i ency  and r e l i a b i l i t y ,  and the research f l e x i b i l i t y  
o f  the nuclear physics research accelerators and a n c i l l a r y  experimental f a d l i t i e s .  The requested accelerator  improvements and 
mod i f i ca t ions  w i l l  provide greater f l e x i b i l i t y  f o r  experimental setups, increased performance levels.  and increased se rv i ceab i l i t y .  
thereby decreasing f a c l l i t y  downtime, improvtng the  p roduc t iv i t y ,  s c i e n t i f i c  effect iveness and cost  ef fect iveness of the program. 

(c)  A descr ip t ion  and l i s t i n g  of the major i tems of m r k  t o  be performed a t  the  various loca t ions  i s  contained i n  t he  Construct ion 
Project  Data Sheet. Some of these may be located on non-Government owned property. Fol lowing i s  a l i s t i n g  o f  the FY 1988 funding 
proposed fo r  the  var ious locat ions:  

Argonne National Laboratory (ATLAS) $ 1,500 
Brookhaven National Laboratory (AGSITandem) 750 
Lawrence Berkeley Laboratory 900 
Lor Alamos National Laboratory 

( C l  i n t on  P. Pnderson &son Physics F a c i l i t y )  500 
kssachuset ts  I n s t i t u t e  o f  Technology 

(Bates L inear Accelerator Center) 750 
Total Estimated Costs ................... 



DEPARTMENT OF ENERGY 
f Y  1988 CONGRESSIONAL BIJOCET REOUEST 

GENERAL SCIENCE AND RESEARCH 
(dol lars i n  thousands) 

KEY ACTIVITY COWSTRUCTION PROJECT SUMIVIRY 

lv. 0. Plant Funded Construction Project 

1. project  t i t l e  and location: 87-R-203 Continuous Electron Bern k c e l e r a t o r  F a c i l i t y  Project TEC: $255.000 
Newport news. v f rg in ia  Start  Date: 2nd f$r. FY 1987 

Completion Date: 2nd Qtr. FY 1993 

2. Financial schedule: 
Fiscal Year Appropriated Obligations - Costs 

(a) The Continuous Electron Beam Accelerator F a c i l i t y  (CEBAF) i s  a single purpose. basic nuclear physics research f a c i l i t y  based on a 
four b i l l i o n  electron v o l t  (GeV) electron l inear  acceleratw capable of providing high intensi ty,  continuous (i.e., not pulsed) 
electron beams. The f a c i l i t y  w i l l  include the experimental areas needed t o  conduct basic nuclear research. and buildings to  house 
t h e  accelerator complex and i t s  operation and maintenance ac t i v i t i es .  The f a c i l i t y  w i l l  possess a complement of equipment fo r  
i n i t i a l  erpertnents and supporting f a c i l i t i e s  t o  exp lo i t  the capabi l i t ies  o f  the accelerator. 

(b) CEBAF w i l l  be the only f a c i l i t y  i n  the world capable o f  producing electron beams whlch simultaneously meet the c r i t e r i a  of high 
energy. high intensi ty,  and continuous bean necessary t o  advance the f ron t ie rs  o f  nuclear physics CEBAF's electron l inac. w i th  i t s  
capabi l i ty  o f  providing beams at  any energy i n  the range 0.5 t o  4 GeV. i s  designed t o  study the large ly  unexplored t rans i t i on  
between the nucleon-meson and the quark-gluon description of nuclear matter. 

(c) Cnntinue construction of CEBAF i n  an expeditious manner and consistent w i th  available funds. Begin procurement o f  accelerator 
c l v i t i e s  and klystrons and commence cav i ty  testing. Begin acguiSit lon of cryogenic systems. Beam enclosure construction would 
begin toward end o f  f i sca l  year. 
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- 
1. T i t l e  and l o c a t l o n  o f  p r o j e c t :  General p l a n t  p r o j e c t s  2. P r o j e c t  No. GP-E-300 

var ious l o c a t i o n s  

3. Date A-E work i n i t i a t e d :  1 s t  Qtr. FY 1988 5. Previous cos t  est imate: None 
Less amount f o r  PE&D: None 

3a. Date phys ica l  cons t ruc t i on  s t a r t s :  2nd Qtr. FY 1988 Net cos t  est imate: None 
Date: None 

4. Date cons t ruc t i on  ends: 2nd Qtr. FY 1990 6. Current  cos t  est imate: $3,600 
Less amount f o r  PELD: 0 
Net cos t  est imate:  3Ti%ij 
Date: May 1986 

7. F inanc ia l  Schedule: F i sca l  Year Au tho r i za t i on  Appropr iat ions Ob l i ga t i ons  Costs 

8. B r i e f  Physical Desc r ip t i on  o f  P ro jec t  

Th is  p r o j e c t  prov ides f o r  minor  new construct ion,  o the r  c a p i t a l  a l t e r a t i o n s  and addi t ions,  and f o r  
improvements t o  land, bu i l d ings ,  and u t i l  t t y  systems. Where appl icable,  the  request a l s o  inc ludes t h e  cos t  
o f  i n s t a l l e d  c a p i t a l  equipment i n t e g r a l  t o  a subproject. NO s i g n i f i c a n t  R&D program i s  a n t i c i p a t e d  as a 
p r e r e q u i s i t e  f o r  design and construct ion.  



CONSTRUCTION PROJECT DATA SHEETS 

1. T i t l e  and l o c a t i o n  o f  p r o j e c t :  General p l a n t  p r o j e c t s  2. P ro jec t  No. GP-E-300 
var ious  l o c a t i o n s  

8. B r i e f  Physical Desc r ip t i on  o f  P ro jec t  ( con t i nued l  

Lawrence Berkeley Laboratory.. ............................................................... S 2,400 

Requirements inc lude:  Seismic r e h a b i l i t a t i o n  o f  B u i l d i n g  10, r e h a b i l i t a t i o n  o f  1 abora tor ies  i n  Bu i l d ing  
50/70 complex, m i t i g a t i o n  o f  environmental and safety hazards i n  p l a t i n g  replacement shop, c o r r e c t i o n  o f  
u t i l i t y  de f ic ienc ies  i n  B u i l d i n g  50, second f l o o r  a d d i t i o n  t o  B u i l d i n g  50E, r o o f  replacement on several 
bu i ld ings ,  and seismic brac ing  f o r  t h e  184-Inch Cyc lo t ron  Magnet. 

Los Alamos Nat ional  Laboratory (LAMPF). ...................................................... $ 950 

TO provide s u i t a b l e  f a c i l i t i e s  f o r  t h e  next  generat ion o f  neu t r i no  experiments a t  LAMPF, a new neu t r i no  
research f a c i l i t y  i s  needed. This  f a c i l i t y  w i l l  e x p l o i t  the  unique sho r t  beam pulses a v a i l a b l e  from the  
Proton Storage Ring and make poss ib le  a major t e s t  of t h e  standard model o f  electroweak u n i f i c a t i o n .  Physical 
cons t ruc t i on  inc ludes a 50 m beam tunnel,  r a d i a t i o n  sh ie ld ing ,  and associated u t i l i t i e s .  

Massachusetts I n s t i t u t e  o f  Technolo y 
(Bates L inear  Acce lera tor  Center) .!.. ....................................................... $ 250 

Recently completed acce lera tor  improvement p r o j e c t s  have r e s u l t e d  i n  1 inac operat ion a t  h igher  e l e c t r i c a l  
power l e v e l s .  The water f l o w  capac i ty  o f  t h e  present  pr imary c o o l i n g  system w i l l  be increased by i n s t a l l i n g  
an add i t i ona l  2000 gpm pump and expanding t h e  p i p i n g  system. This w i l l  a l so  prov ide  some backup p r o t e c t i o n  
should t h e  main pr imary pump f a i l .  

9. Purpose, J u s t i f i c a t i o n  o f  Need fo r ,  and Scope o f  P ro jec t  

P ro jec ts  a t  t h e  Lawrence Berkeley Laboratory, t h e  LAMPF f a c i l i t y  a t  Los Alamos Nat ional  Laboratory, and 
the  Bates L inear  Accelerator  Center a t  t h e  Massachusetts I n s t i t u t e  o f  Technology are needed t o  improve 
e f f i c i e n c y  and p r o d u c t i v i t y  o f  these i n s t a l l a t i o n s  and t o  assure con t i nua t i on  o f  safe and r e l i a b l e  operat ions 
f o r  both personnel and inst rumentat ion.  



CONSTRUCTION PROJECT DATA SHEETS 

1. T i t l e  and l o c a t i o n  o f  p r o j e c t :  General p l a n t  p r o j e c t s  2. P r o j e c t  No. GP-E-300 
var ious  l o c a t i o n s  

9. Purpose, J u s t i f i c a t i o n  o f  Need fo r ,  and Scope o f  P ro jec t  ( con t i nued l  

The d i s t r i b u t i o n  o f  funds requested f o r  FY 1988 i s  as fo l l ows :  

Lawrence Berkeley Laboratory .................................................................... S 2,400 
Los Alamos Nat iona l  Laboratory (Anderson Meson Physics F a c i l i t y )  .................................. 950 
N a s s a c h u s e t t s  I n s t i t u t e  o f  Technology (Bates L i n e a r  A c c e l e r a t o r  Cen te r )  ......................... 2 50 

To ta l  Est imated Cost .......................................................................... -6a0 
Since needs and p r i o r i t i e s  may change, o the r  subprojects may be s u b s t i t u t e d  f o r  those l i s t e d .  Some o f  these 
may be l oca ted  on non-Government owned property.  

10. D e t a i l s  o f  Cost Est imate 

See descr ip t ion ,  i t e m  8. The est imated cos ts  a re  p r e l i m i n a r y  and, i n  genenal, i n d i c a t e  t h e  magnitude o f  each 
program. These cos ts  i nc lude  engineering, design, and inspect ion. 

11. Method o f  Performance 

Design w i l l  be by  con t rac to r  s t a f f  o r  on t h e  bas is  o f  negot ia ted arch i tec t -eng ineer  contracts.  To t h e  ex ten t  
feas ib le ,  cons t ruc t i on  and procurement w i l l  be accomplished by f i r m  f i xed -p r i ce  con t rac ts  and subcontracts on 
t h e  bas i s  o f  compe t i t i ve  b idding.  



DEPARTMENT OF ENERGY 
1988 CONGRESSIONAL BUDGET REqUEST 
CONSTRUCTION PROJECT DATA SHEETS 

GENERAL SCIENCE AND RESEARCH 
NUCLEAR PHYSICS 

(Tabular do l la rs  i n  thousands. Narrat ive mater ia l  i n  whole do l lars . )  

1. T i t l e  and 1 ocat i  on o f  project :  Accelerator improvements and 2. Project  No. 88-R-201 
modif ications, various locat ions 

3. Date A-E work i n i t i a t e d :  1st Qtr. FY 1988 5. Previous cost estimate: None 
Less amount f o r  PELD: None 

3a. Date physical construction starts:  2nd Qtr. FY 1988 Net cost estimate: None 
Date: None 

4. Date construction ends: 2nd Otr. FY 1990 6. Current cost estimate: $4,400 
Less amount f o r  PEBD: 0 
Net cost  estimate: 54,400 
Date: May 1986 

7. Financial Schedule: Fiscal Year Authorization Appropriations Obligations Costs 

8. B r i e f  Physical Descript ion o f  Project 

This p ro jec t  provides f o r  additions, modif ications, and improvements t o  major research accelerators and 
anc i l l a r y  experimental f a c i l i t i e s .  The requested funds are necessary t o  maintain and improve re1 i a b i l  i t y  and 
e f f i c iency  o f  operations and t o  provide new experimental capab i l i t i es  as required f o r  execution o f  planned 
research programs. 



CONSTRUCTION PROJECT DATA SHEETS --- 

- 
1. T i t l e  and l o c a t i o n  o f  p r o j e c t :  Acce lera tor  improvements and 2. P ro jec t  No. 88-R-201 

modi f i ca t ions ,  var ious l oca t i ons  

8. B r i e f  Physical  Desc r ip t i on  o f  P ro jec t  (cont inued) 

L i s t e d  below are  t h e  l a b o r a t o r i e s  and a d e s c r i p t i o n  o f  each subproject:  

Argonne Nat iona l  Laboratdry (ATLASL.. ............................................................ $ 1,500 

The acce le ra t i ng  vo l tage o f  t h e  p o s i t i v e - i o n  l i n a c  i n j e c t o r  f o r  ATLAS w i l l  be increased from 3 t o  8 m i l l i o n  
v o l t s  (MV). Th is  w i l l  be accomplished by adding t o  the  e x i s t i n g  superconducting i n j e c t o r  l i nac ,  seven 
very - low-beta  resonators i n  two cryostats.  

Brookhaven Nat ional  - Laboratory (AGS/Tandem). ..................................................... $ 750 

Beam moni tors i n  t h e  A l t e r n a t i n g  Gradient Synchrotron (AGS) which measure current ,  p o s i t i o n  and r a d i a t i o n  
l oss  w i l l  be upgraded t o  make them ab le  t o  sense very l o w - i n t e n s i t y  beams o f  heavy ions. The new moni tors 
w i l l  a l so  conform t o  t h e  more s t r i n g e n t  vacuum requirements i n  the  AGS which are needed fo r  heavy i o n  
operat ion.  

The vacuum chambers o f  AGS sect ions w i t h  e x t r a c t i o n  septums and w i t h  spec ia l  d iagnost ic  equipment w i l l  be 
replaced by ones o f  u l t r a - h i  h vacuum design and equipped w i t h  cryopumps. Th is  i s  p a r t  o f  a program t o  !I achieve a r i n g  vacuum o f  10- Tor r  needed f o r  acce lera t ion  o f  t h e  heaviest  i o n  species. 

Lawrence Berkeley Laboratory (Bevalacl.. ......................................................... $ 900 

The acce lera tor  c o n t r o l  system o f  t h e  Bevatron and SuperHILAC w i l l  be modernized by adding high-performance 
computer work s t a t i o n s  and soph is t i ca ted  software. These work s t a t i o n s  w i l l  be connected t o  a h igh-  
bandwidth network t o  a l l o w  communications between them and t o  the  e x i s t i n g  Modcomp c o n t r o l  computers. 
Present hardware w i l l  be u t i l i z e d  i n  l ow- leve l  c o n t r o l  funct ions. High l e v e l  modeling, "smart knob" 
programming, and advanced graphics w i l l  now be poss ib le  w i t h  t h e  new con t ro l  system. This $1,300,000 
p r o j e c t  w i l l  be accomplished i n  two phases: t h e  f i r s t  phase ($900,000) w i l l  be t o  develope t h e  design and 
software, and prov ide f o r  the  acqu is t i on  o f  most o f  the  work s t a t i o n s  and i n t e r f a c e  hardware. The second 
phase ($400,000), under cons idera t ion  f o r  FY 1989, w i l l  prov ide f o r  the  r e s t  o f  t h e  hardware. 



CONSTRUCTION PROJECT DATA SHEETS 

1. T i t l e  and locat ion o f  project :  Accelerator improvements and 2. Project No. 88-R-201 
modifications, various locat ions 

8. B r i e f  Physical Descript ion o f  Project (continued) 

Los Alamos National Laboratory (LAMPF) ........................................................... 5 500 

A new beam l i n e  w i l l  be b u i l t  t o  de l i ve r  beam from the Proton Storage Ring (PSR) t o  the neutr ino production 
target  c e l l  a t  the new neutrino research f a c i l i t y .  Needed are magnets, power supplies, computer control 
systems, diagnostics, and vacuum and safety systems. The current funding w i l l  provide most of the 
quadrupole magnets needed for t h i s  $1,200,000 beam 1 ine. 

Massachusetts I n s t i t u t e  o f  Technology 
(Bates Linear Accelerator Centerl.. ............................................................ $ 750 

This pro ject  provides an Energy Compression System which w i l l  improve the energy reso lut ion o f  the Bates 
l i n a c  beam by more than a factor o f  10. Dipole and quadrupole magnets, vacuum system, accelerating 
waveguide and an RF d r i ve  system w i l l  be procured and insta l led.  

9. Purpose, J u s t i f i c a t i o n  of Need for ,  and Scope o f  Project  

Argonne National Laboratory (ATLAS) 

The upgrading o f  the ATLAS pos i t i ve  ion i n j ec to r  t o  8 MV w i l l  permit the system t o  accelerate ion beams 
t o  energies greater than 5 MeV/A for ion  masses up t o  200 atomic mass units, thus approximately doubling 
the useful mass range of p ro jec t i l es  from ATLAS. This w i l l  open up a wide range o f  unexplored nuclear 
reactions f o r  invest igat ion wi th  ion beams o f  unmatched qua l i t y  and high in tens i ty .  

Brookhaven National Laboratory (AGS/Tandem) 

The heavy ion  beams tha t  are accelerated i n  the AGS have t y p i c a l l y  much lower i n tens i t y  than the proton 
beam normally accelerated. Hence new AGS r i n g  instrumentation i s  needed t o  monitor the beam during the 
acceleration cycle. This i s  especial ly t rue  f o r  the highest mass beams, which are o f  the greatest 
s c i e n t i f i c  interest .  



CONSTRUCTION PROJECT DATA SHEETS 
- 

1. T i t l e  and l o c a t i o n  o f  p r o j e c t :  Acce lera tor  improvenients and 2. P ro jec t  No. 88-R-201 
mod i f i ca t i ons ,  var ious l oca t i ons  

9. Purpose, J u s t i f i c a t i o n  of Need fo r ,  and Scope o f  P ro jec t  (cont inued) 

When acce le ra t i ng  t h e  heaviest  heavy ions  i n  the  AGS, a  vacuum i n  t h e  To r r  range i s  needed t o  keep t h e  
beam f rom g e t t i n g  l o s t .  ~ep lacem6n t  o f  c r i t i c a l  po r t i ons  o f  the  o r i g i n a l  26 year  o l d  vacuum chambers and 
pumps, which were designed f o r  a  To r r  vacuum, w i t h  ones o f  modern u l t r a - h i g h  vacuum design i s  a  major 
s tep toward improvement o f  t h e  AGS r i n g  vacuum. 

Lawrence Berkeley Laboratory (Bevalac) 

The p r i n c i p a l  goal o f  t h i s  p r o j e c t  i s  t o  improve opera t iona l  e f f i c iency .  This  w i l l  man i fes t  i t s e l f  i n  two 
major ways: (1) reduc t i on  i n  t un ing  t i m e  by s i m p l i f y i n g  tuneup procedures and improving setup r e p r o d u c i b i l i t y ,  
and (2) a d d i t i o n  o f  many more mon i to r i ng  endpoints t o  t h e  c o n t r o l  system. The l a t t e r  w i l l  reduce t h e  burden 
on maintenance personnel by a l l o w i n g  r a p i d  f a u l t  de tec t i on  and se l f -d iagnos is  of components. Th is  p r o j e c t  i s  
expected t o  p rov ide  more research hours a t  lower  opera t ing  cost. The b e n e f i t s  o f  the  work w i l l  be 
immediate s ince  some o f  the  upgrade o f  t h e  computer c o n t r o l  system i s  a l ready underway w i t h  funding from an 
In-House-Energy-Management p ro jec t .  Several works ta t ions  and t h e  appropr ia te  i n t e r f a c e  hardware have 
a1 ready been procured. 

Los Alamos Nat ional  Laboratory (LAMPF) 

The new beam l i n e  w i l l  se rv ice  a  new neu t r i no  research f a c i l i t y ,  which w i l l  p rov ide  t h e  c a p a b i l i t y  of 
unique n e u t r i n o  measurements by e x p l o i t i n g  the  shor t  beam pulses a v a i l a b l e  f rom t h e  PSR. It w i l l  now be 
poss ib le  t o  conduct a  major t e s t  o f  t h e  v a l i d i t y  o f  the  Standard Model of e lect roweak u n i f i c a t i o n  by making 
a  high-accuracy measurement o f  t h e  Weinberg angle by means o f  neu t r i no -e l  ec t ron  e l  a s t i c  sca t te r i ng .  

Massachusetts I n s t i t u t e  o f  Technology (Bates L inear  Acce lera tor  Center) 

The g r e a t l y  improved energy r e s o l u t i o n  o f  the  l i n a c  beam w i l l  be very impor tan t  bo th  f o r  photoreac t ion  
s tud ies  and f o r  coincidence experiments. Both the  MEPS and OHIPS magnetic spectrometers have t h e  a b i l i t y  
t o  take  advantage o f  the  improved reso lu t ion .  A major  add i t i ona l  b e n e f i t  w i l l  be improved beam s t a b i l i t y  
on t a r g e t .  

Since needs and p r i o r i t i e s  may change, o the r  subprojects may be subs t i t u ted  f o r  those l i s t e d .  Some o f  
these may be loca ted on non-Government owned land. 



CONSTRUCTION PROJECT DATA SHEETS 

1. T i t l e  and loca t ion  o f  pro ject :  Accelerator improvements and 2. Project  No. 88-R-201 
modifications, various locat ions 

10. Deta i l s  o f  Cost Estimate 

a. Engineering, design, inspection, construction, procurement, component assembly, and 
i n s t a l l a t i o n  ............................................................................... $ 4,400 

Total Estimated Cost .......................................................................... $ 4,400 

The estimated cost o f  the programs a t  each laboratory are prel iminary and, i n  general, ind icate the magnitude 
o f  each program. 

11. Method o f  Performance 

Design w i l l  be by contractor s ta f f .  To the extent feasible, construction and procurement w i l l  be accomplished 
by f ixed-pr ice subcontractor awarded on the basis o f  competi L ive bidding. 



DEPARTMENT OF ENERGY 
1988 ~ K R E s s I o N A L  BUD-G-CT REQUEST 
CONSTRUCTION PROJECT DATA SHEETS 

GENERAL SCIENCE AND RESEARCH 
NUCLEAR PHYSICS 

(Tabular d o l l a r s  i n  thousands. Nar ra t i ve  ma te r ia l  i n  whole do l l a rs . )  

1. T i t l e  and Locat ion  o f  Pro jec t :  Continuous E c ect ron  Beam Acce e r a t o r  
F a c i l i t y ;  Newport Mews, V i r g i n i a  

3. Date A-E work i n i t i a t e d :  2nd Qtr. FY 1985 5. Previous cos t  est imate: $236,306 
Less amount f o r  PELD: 300 

3a. Date phys ica l  cons t ruc t i on  s t a r t s :  2nd Qtr. FY 1987 Net cos t  est imate: 5236,000 
Date: 12/85 

4. Date c o n s t r u c t i o n  ends: 2nd Qtr. FY 1993 6. Current  cos t  est imate: $255,967 
Less amount f o r  PELD: 967 
Net cos t  est imate: 5255,oo0 
Date: 8/86 

7. Financ ia l  Schedule: F i sca l  Year Au tho r i za t i on  Appropr iat ions Ob l iga t ions  Cost 

8. B r i e f  Physical Desc r ip t i on  o f  P ro jec t  

The Continuous E lec t ron  Beam Acce lera tor  F a c i l i t y  (CEBAF) i s  a s i n g l e  purpose, bas ic  nuclear  research f a c i l i t y  
t o  be loca ted i n  Newport News, V i r g i n i a  on a s i t e  which inc ludes t h e  land and b u i l d i n g s  once occupied by t h e  
Space Rad ia t ion  Ef fec ts  Laboratory (SREL). Southeastern U n i v e r s i t i e s  Research Assoc ia t ion  (SURA) i s  expected 
t o  be t h e  opera t ing  con t rac to r  du r ing  design, cons t ruc t ion ,  and l a t e r  operat ions phases o f  t h i s  p r o j e c t .  The 
s i t e  f o r  t h i s  f a c i l i t y  w i l l  be Federa l l y  owned. 



CONSTRUCTION PROJECT DATA SHEETS 

1. T i t l e  and Locatton o f  Project: Continuous Electron Beam Accelerator 2. Project  No. 87-R-203 
Fac i l i t y ;  Newport News, V i rg in ia  

8. B r i e f  Physical Descr ipt ion o f  Project  (continued) 

The accelerator f a c i l i t y  w i l l  include: a 4 b i l l i o n  electron v o l t  (GeV), h igh in tens i ty ,  rec i rcu la ted  
continuous beam electron l i n e a r  accelerator ( l inac) ;  experimental areas and equipment t o  conduct basic nuclear 
research; and bu i ld ings t o  house the accelerator complex and i t s  operations and maintenance ac t i v i t i es .  The 
f a c i l i t y  w i l l  possess a complement o f  equipment for  i n i t i a l  experiments and supporting f a c i l i t i e s  t o  exp lo i t  
the capab i l i t i es  o f  the accelerator. 

a) Improvements t o  Land and Conventional Construction 

Improvements t o  the s i t e  w i l l  include such items as drainage, roadways, and the extension o f  u t i l i t i e s .  
Support f a c i l i t i e s  f o r  the accelerator complex w i l l  be housed i n  both new and ex is t ing  structures. The 
V i rg in ia  Associated Research Center (VARC), an ex is t ing  s ingle-story structure located on an adjacent s i t e  
owned by the Commonwealth o f  Virginia,  w i l l  provide research and administrat ive o f f i ces .  T i t l e  t o  VARC 
w i l l  remain w i th  the Commonwealth o f  Virginia,  which by agreement. has made i t  avai lable t o  SURA 
i n d e f i n i t e l y  f o r  CEBAF use. The Space Radiation Ef fects  Laboratory bui ld ing,  w i l l  be renovated t o  provide 
shop areas, component t e s t  and assembly areas, laboratories, and o f f i c e  space. Support structures include: 
(1) housing f o r  the l inac,  rec i rcu la to r  magnets, and beam l i n e s  and (2) bu i ld ings f o r  the end stat ions, 
re f r igerator ,  accelerator service functions, and of f ice and computer center. 

b) Accelerator System 

The central  research too l  of CEBAF w i l l  be an electron l i n e a r  accelerator. It w i l l  consist  o f  a 1 GeV 
superconducting l i n e a r  accelerator s p l i t  i n t o  two segments. The segments w i l l  be connected by a 
rec i rcu la to r  system t o  transport the electron beams from one segment o f  the l i n a c  t o  the other. Four 
complete passes o f  acceleration through the l i nac  w i l l  provide an energy o f  4 GeV. The accelerator complex 
w i l l  also include a beam extract ion system t o  ext ract  three continuous beams from the l inac;  a beam 
transport  system t o  take the three beams t o  three experimental ha l ls ;  a cryogenic system including helium 
ref r igerator ,  l i q u i d  helium storage vessels, and d i s t r i bu t i on  l ines ;  and instrumentation and cont ro l  
systems f o r  the accelerator complex. 



CONSTRUCTION PROJECT DATA SHEETS 

1 .  T i t l e  and Locat ion  o f  P ro jec t :  Continuous E lec t ron  Beam Acce lera tor  2. P r o j e c t  No. 87-R-203 
F a q i l i t y ;  Newport News, V i r g i n i a  

8. B r i e f  Physical  Desc r ip t i on  o f  P ro jec t  ( con t i nued l  

c )  Research Equipment 

The acce le ra to r  w i l l  se rv i ce  th ree  independent experimental  areas. Research equipment w i l l  i nc lude  an 
i n i t i a l  complement o f  experimental ins t rumenta t ion  and o the r  support f a c i l i t i e s  necessary t o  per form 
s c i e n t i f i c  research us ing  CEBAF's h igh  q u a l i t y  e lec t ron  beams and secondary photon beams. 

9. Purpose, J u s t i f i c a t i o n  o f  Need fo r ,  and Scope o f  P ro jec t  

CEBAF w i l l  be t h e  o n l y  f a c i l i t y  i n  t h e  wor ld  capable of producing e l e c t r o n  beams which s imul taneously meet the  
c r i t e r i a  o f  h i g h  energy, cont inuous beams, and h igh  i n t e n s i t y  necessary t o  advance t h e  f r o n t i e r s  o f  
e lect romagnet ic  nuc lear  physics. EEBAF has been i d e n t i f i e d  as t h e  h ighes t  p r i o r i t y  new acce le ra to r  f o r  t h e  
U.S. nuc lear  physics program. The unique combinat ion o f  beam parameters a v a i l a b l e  a t  CEBAF w i l l  make i t  a 
f a c i l i t y  o f  unpara l l e led  c a p a b i l i t y ,  and t h e  research a t  CEBAF w i l l  enable t h e  U.S. t o  main ta in  i t s  preeminence 
i n  t h i s  important  area o f  nuc lear  science. CEBAF's e l e c t r o n  l i n a c ,  w i t h  i t s  c a p a b i l i t y  o f  p r o v i d i n g  in tense 
cont inuous beams a t  any energy i n  t h e  range o f  0.5 t o  4.0 GeV, i s  designed t o  study t h e  l a r g e l y  unexplored 
t r a n s i t i o n  between t h e  nucleon-meson and t h e  quark-g l  uon desc r ip t i ons  of nuclear  matter.  I n  p a r t i c u l a r ,  i t  
w i l l  study t h e  ex ten t  t o  which i n d i v i d u a l  nucleons change t h e i r  s ize, shape, and quark s t r u c t u r e  i n  t h e  nuc lear  
medium, study how nucleons c l u s t e r  i n  t h e  nuc lear  medium, and study t h e  fo rce  which b inds quarks i n t o  nucleons 
and n u c l e i  a t  d is tances  where t h i s  f o rce  i s  s t rong and the  quark confinement mechanism i s  important.  CEBAF's 
cont inuous beam w i l l  make i t  poss ib le  t o  observe one o r  more o f  t h e  r e a c t i o n  products i n  co inc idence w i t h  t h e  
sca t te red  e lec t ron ,  ensur ing t h a t  these s tud ies  can be c a r r i e d  ou t  accurate ly .  The broad spectrum o f  physics 
accessib le a t  CEBAF ensures t h a t  i t w i l l  become and remain one o f  the  important  s c i e n t i f i c  centers  i n  t h e  
world. 



CONSTRUCTION PROJECT DATA SHEETS 

1. T i t l e  and Location of Project: Continuous Electron Beam Accelerator 2. Project  No. 87-R-203 
Fac i l i t y ;  Newport News, V i rg in ia  

10. Deta i ls  o f  Cost Estimate* 

Item Total 
Cost Cost 

a. Engineering, Design, Inspection, and Administration .......... sKmi 
1. Conventional Construction ...................... a t  approximately 17% o f  i tem b.1 ... 2. Technical components a t  approximately 2% o f  i tem b.2 

........................................... b. Construction Costs ................................ 1. Conventional Construction ............................... a. Accelerator f a c i l i t i e s  ............................ b. Experimental f a c i l i t i e s . .  ................................... c. Support f a c i l i t i e s  ..................................... 2. Technical components ............................. a. Accelerator components.. ................................... b. Research equipment 

........... ............................. c. Standard Equipment.. .'. 

........... d. Contingency a t  approximately 1% o f  above costs... 

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



CONSTRUCTION PROJECT DATA SHEETS -- 

I. T i t l e  and Locat ion o f  Pro jec t :  Continuous E lec t ron  Beam Acce lera tor  '2. P r o j e c t  No. 87-R-203 
F a c i l i t y ;  Newport News, V i r g i n i a  

11. Method o f  Performance 

Design, cons t ruc t ion ,  and i nspec t i on  o f  the  f a c i l i t y  w i l l  be done by t h e  Operat ing Contractor,  subcontract ing 
w i t h  an A/E con t rac to r  f o r  design and a general con t rac to r  f o r  cons t ruc t i on  o f  t h e  convent ional f a c i l i t i e s .  To 
t h e  ex ten t  feas ib le ,  cons t ruc t ion ,  procurement, and i n s t a l l a t i o n  w i l l  be accomplished by f i x e d - p r i c e  cont rac ts  
and subcontracts awarded on t h e  bas i s  o f  compet i t i ve  b idding.  

12. Funding Schedule o f  P ro jec t  Funding and Other Related Funding Requirements 

FY 1985 FY 1986 FY 1987 FY 1988 FY 1989 FY 1990 FY 1991 FY 1992 FY 1993 Total 
a. Tota l  ~ r o j e c t  cos t  

1. ~ o t a l - f a c i l  i t y  cos t  
a. Construct ion 

l i n e  item..... S 0 $ 0 $ 7,000 $24,000 $55,000 $67,000 $51,000 $41,000 $10,000 $255,000 
b. PELD ........... 300 667 0 0 0 0 0 0 0 $ 967 

To ta l  f a c i l i t y  
cost......... $ 3 0 0 s  667 $ 7,000$24,000$55,000 $67,000$51,000S41,000 $10,000$255,967 

2. Other p r o j e c t  costs 
RLD necessary 

t o  complete 
construction... S 4,500 $ 4,918 $ 6,250 $ 6,250 $ 6,000 $ 2,900 $ 1,629 $ 0 $ 0 $ 32,447 

Spares.. ........... 0 0 0 0 0 1,100 2,400 2,600 0 6,100 

Tota l  o the r  
p r o j e c t c o s t s . .  $ 4 , 5 0 0 $ 4 , 9 1 8 $ 6 , 2 5 0 $ 6 , 2 5 0 $ 6 , 0 0 0 $ 4 , 0 0 0 $ 4 , 0 2 9 $ 2 , 6 0 0 $  0 $ 38,547 

Tota l  p r o j e c t  
cost.. ......... $ 4,800 $ 5,585 $13,250 630,250 $61,000 $71,000 $55,029 $43,600 $10,000 $294,514 



CONSTRUCTION PROJECT DATA SHEETS 

B. T i t l e  and Location o f  Project: Continuous Electron Beam Accelerator 2. Project No. 89-R-203 - 
Fac i l i t y ;  Newport News, V i rg in ia  

12. Funding Schedule o f  Project  Funding and Other Related Fundinq Requirements (continued) 

b. Other re la ted  funding requirements (FY 1986 do l la rs )  
1. Annual f a c i l i t y  operating costs including in-house research ..................... S 27,000 
2. Annual p lant  and cap i ta l  equipment costs not re la ted  t o  construction but 

re la ted  t o  the programmatic e f f o r t  i n  the f a c i l i t y . .  ............................ 
Total other re la ted annual funding requirements.. ........................... 

13. WarraUve Explanation o f  Total Project  Funding and Other Related Funding Requirements 

a. Total  p ro jec t  cost 
1. Total f a c i l i t y  cost 

Explained i n  items 8, 9, and 10 
2. Other projects costs 

R&D necessary t o  complete construction 

The CEBAF i i n a c  w i l l  use superconducting radiofrequency accelerating cav i ty  technology t o  generate 
high energy continuous electron beams. The R&D funds w i l l  be used t o  design, evaluate, and construct 
prototypes o f  the technical components which are essential f o r  meeting the design goals f o r  the 
f a c i l i t y .  

b. Other re la ted  funding requirements 

1. Annual f a c i l i t y  operating costs upon completion o f  construction 

This i tem includes the cost o f  a l l  personnel employed by the f a c i l i t y  f o r  i t s  operation, maintenance, 
and in-house research, together w i th  e l e c t r i c  power and mater ia ls and services costs. Approximately 
230 man-years o f  e f f o f t  annually w i l l  be required. 

2. Annual p lant  and cap i ta l  equipment costs upon completion o f  construction 

This i tem Includes cap i ta l  equipment needed t o  maintain the research capab i l i t y  o f  the 'f.aci1it.y t o  
meet evolving research requirements as well  as funds f o r  accelerator improvement projects and minor 
general p lant  projects required t o  ensure i t s  continued high performance. 
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