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DEPARTMENT QF ENERGY
FISCAL YEAR 1987 CONGRESSIONAL BUDGET REQUEST
SUMMARY OF ESTIMATES BY APPROPRIATIONS

{in thousands of dollars)

FY %85 FY 1986 FY 1087
Actual Estimate Reguest
BA Ha B
Apprapriations Before The Energy '
and Water Development Subcemmittees:

Enerqy Supply Research and

Developmant .ceucvveesiesanss VeI 1,967,490 1,696,298 1,254,162
Uranfum EArichment ..ccceceivnnenas 237,956 190, 512 ---
General Sclence and Research ...... 724 ,BBO 655,928 773,400
Atomic Energy Defense Activities .. 7,322,321 7,231,664 8,230,000
Departwmental Administration ....... 128,602 150,319 151,082
Alaska Power Administration ,...... 3,233 3,245 2,881
Bonneville Power Adeinfstration ... 284,771 330,000 276,100
Southeastern Power Administration . 35,744 ——- 19,647
Southwestern Power Administration . 31,208 29,191 25,337
Western Area Power Administration . 218,230 195,910 240,308
Western frea Power Emergency Fund . -—- = me= -
Federal Energy Requlatory

COMMICETON oy anabnunsssnsane i 84,543 41,989 20,328
Nuclear KWaste Fund ...v.vvncrnnnnas 327,669 499,037 769,349
Geothermal Resources Development

FLIM ------------------- eravsuidbRriris 121 Eg ?2
Subtotal, Appropriations Before the

Energy and Water Development
Subcamaittees ..cavesasessanssna $11,336,748 $11,024,162 $11,762,664
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DEPARTHMENT OF ENERGY

FISCAL YEAR 1987 CONGRESS!ONAL BUDGET REQUEST

SUMMARY OF ESTIMATES BY APPROPRIATIONS

{in thousands of dollars)

Appropriations Before I[nterior
and Related Agencies Subcommittees:

Alternative Fuels Production .......
Clean Coal Technology eeeesvensisnse

Fossil Energy Research and
Deve‘lopmnt (LB AN RN E NN ENNE I NERNN AR ENNEJ

Naval Petroleum and 011 Shale
RESArVES Jusveesssasscsiisassbosssns

Energy Censervation ............. A
Energy Regulation ...iseussssnncnses
Emergency Preparedn®ss ....eicscvnse
Strategic Petroleum Reserye ........
Emergy Infarmation Activities ......

Subtotal, Interior and Related
Agencies SUBCOMMItLEES seservesaas

Subtotal, Energy and Water
Development Subcomzittees ........

Subtotal, Departmant af Energy .....

Permanant - Indefinite Appropriations:

Payments to Stotes .....cicercnncncs

Total, Department of Enerqy ........

FY 1985 FY 1986 FY 1987
Actual Estimate Request
BA o

§ 1,169,895 1 m—— 1 .
299,043 311,954 B2,767
156,874 13,002 127,108
457,436 427,512 39,433
27,139 23,423 21,6850
6,045 5,750 6,044
2,049,550 107,533 -—
60,919 57,724 59,651
4,216,906 946,898 336,852
11,336,748 11,024,162 11,762,664
15,553,654 11,971,060 12,099,517
1,052 570 570
315,554,706 $11,971,630 £12,100,087




DEpARTMENT OF ENERGY
FY 1987 ConGRESSIONAL STAFFING ReQuesT
ToraL Work FORCE

FY1985 FY1986 FY1987 FY1987
FTE CONGR =-FY8& CONGR

USRGE REG REQ

ENERCY & WATER SUBCOMMITTEE

HEADQUARRTERS 4,863 4,943 ~1iB 4747

F1lELD 9,133 7. 185 111 $.2%6
SUBCOMMITTEE TOTAL 13,998 14,150 ?3 14,243
INTERIOR SUBCOMMITTEE

HEADQUARTERS 1,333 1,304 =166 1,138

FIELD 907 8%6 -225 &70
SUBCOMMITTEE TOTAL 2,260 2.200 =392 i.808
ORAND TOTAL 16:.238 16,350 =299 16.031
ABJUSTNENT -132 -193 -330
ADJUSTED TOTAL 16.259 14,218 =497 18,721



DePARTMENT Of ENERGY
FY 1987 ConGRESS1ONAL STAFFING REQuUEST
TotAL Work FORCE

FY1989 FY1%86 FY1947 FY1987
FTE COHOR  -FVee COMGR

USAGE REQ REQ
10 ENERGY SUPPLY RESEARCH AWD DEV "”%? 934 -3¢ 900
HEADQUARTERS a1l 220 -28 792
FIELD 124 114 -4 108
15:URANIUM EWRICHMENT &9 (1) 1 47
HEADQUARTERS L 53 1 8%
FIELD 11 11 ] 11
20:0ENERAL SCIENCE AND RESEARCM 37 39 ] 39
HEADQUARTERS ¥ 8 37 39 0 39
25:ATONIC EXERGY DEFENSE RCTIVITE 2,618 2,782 131 2,833
HEADQUARYERS (13 318 9 527
FIELD 2.122 2,184 122 2,306
YO 1DEPARTHEMTAL ADMINISTRATION 3,302 3.332 -5 3,327
HEADQUARTERS 1.721 1.72¢ 9 1,728
FIELD 1.986 1,604 -5 1,601
JA:ALASKA PONER ADMINISTRATION 3?7 58 0 38
FIELD 3? 38 a 38
16:BORNEVILLE POWER ADMIN 3,518 3,480 2 35.480
FIELD 3,519 3,480 ] 3,420
38 :SOUTHEASTERN POWER ADMIN 13 (1] [} 1]
FI1ELD ja 40 [ ] 40
C21SO0UTHNESTERN FOWER ADMIM 184 144 [} 186
~ F1ELD 188 136 [ ] 136
4§61 MESTERYN AREA POLIER ADMIN 1.181 1,140 ] 1,140
FIELD 1.181 1,160 [ ] 1.160
SO:NAPA ~ COLORADO RIVER BASIN 21¢ 219 ] 219
FIELD ] 219 219 0 219
S2:FEDERAL EMERGY REGULATORY COMm 1.617 1.4659 0 1,639
HEADQUARTERS 1,417 1,659 0 1.6%9
54 :NUCLEAR WASTE FUND 23a 292 0 292
HEADQUARTERS 123 147 0 147
FIELD 115 145 [ 145
S4:GEOTHERMAL RESOURCES DEV FUND 2 1 [ 1
HEADQGUARTERS 2 1 [ 1
“$5:FOS31L EXEROY RESEARCH AND DEV 714 700 -161 539
HEADQUARTERS 151 138 =24 1u9
FIELD 5§63 568 =135 430
YorHAVAL PETROL & OIL SHALE RES 104 104 -9 95
HEADQUARTERS 23 23 [} 23
FIELD 8l 81 -9 2
15: ENERGY CONSERYATION 333 352 -134 218
HEADQUARTERS 208 227 -79 148
FIELD 123 125 -84
BO 1 EMERGENCY PREPAREDHESS 7& 71 D 71
NEADQUARTERS 74 71 1] 71
81:{ECONOMIC REGULATION 77 3440 -%59 2%0
MEADQUARTERS 377 e 59 2%
0% Sl!ATEGlC PETROLEUM RESERVE 178 1%2 =32 120
HEADQUARTERS 40 27 -9 22
FIELD 13A 12% =27 98
S8 :EMERQY IMFOQRMATION ACTIVITIES 430 4381 -4 48
HEADQUARTERS 480 S81 -4 <75
94 :AOVANCES FOR CO-OP WDRK 2 2 ] 2
FIELD 2 2 0 2
GRAMD TOTAL 16.258 16.350 -299 14,051
ADJUSTHENT =132 -198 =339
ADJUSTED TOTAL 16,258 le¢.210 -497 15,721
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DEPARTMENT OF ENERGY
FY 1987 TONGRESSIONAL BUDGET REQUEST
—  LEAD TABL

L E
MUCLEAR PAYSICS
REMERAL SCIEWGE BHD RESCARCH
(Tabular dollars in Ehousands. HRarrative material 1n whele doltars.)
TY 192& FY 12R& £y 1oaT FY 1987 Reguest
Appropriation Appropriation Base Request ¥5 Base
Nuclear Physics {NP)
Medium Enecgy tkclesr
0 il ¢ al 8 73,131 $ 73,131 § £%,000 $+11,860
Operating Expenses,, 5 73,5105 1 . 2]
SUMLOtRT . et yrue..  T3,BI0 73,130 73,131 B5,000 +11,080
Heayy Ion Muclear
L, A S S0 50,150 FEY 3,560
gperating expenses,. 449 008 0.1 . ¥
SUbLEEal. .. ae.0e.. — AT,008 50,150 50,150 3,700 +17,550
tow Enerqy Huclear
Physics 1A
épecating Expenses.. 13 322 12,087 12,087 15,700 + 3,0]
Subtotal.....ee... 13,302 12,087 17,087 15,700 + 1,03
Muciear 1heoty
Operating Expenses,. g 300 a.,909 2,909 10,500 + 1,501
Sustotal.......... o, 300 B, 959 H,959 10,500 ¥ 1,501
Capital Equipment...., 12,700 13,403 13,403 16,000 + 2,597
CensStruction..ccoine-. 23,300 6,702 6,702 33,390 +26,5%8
Tet2)
Oerating Expenses,... 1454408 144,367 144,367 174,500 +30,533
Capital Eguiprent..,.. 12,700 13,403 13.403 16,000 + 2,547
Construction...cee.nen 23,300 B, 702 b, I 33,300 +26 598
5 e/t
Nuclear Physics..,.. SIEL MO0/ TEd,oyzd/e/fAmr, oy Traa, o0/ ¥54.70E

Staffing Total FIE'S ....e04e- (Reference General Science Program D:rectien
Decisien Unit)

Authorization: Section 209, Public Law B5-Z1.

3/ 1ncludes 33,100,000 Cefense Programs susport of Clinton P. Anderson Meson Physscs

Y, Facility {LAM®F) eperatfens.

-4 FY 1685 total reflects a reduction of $335.000 Fer ADP? general reduction.

¢ -dF_/Y 1985 total does net tnclude $1,425,000 transferred to the SBIR preGram.

—{ %otals reflect o reduction of $3,300,000 in FY 1985, $2,500,000 in Fy 1924, and

$2.700.000 in FY 1987 fer waragement initiative Savings.

$£100,000 has heen transferced to Assistant Secretasy for Environmental Safety and

Heal th.

X/ Total reduced by $7,328,000 in accordance w th P.L. 95-177, the 3alanced Budget
and Energency Deficit Contrel Act of 1985 (Grarwn/Rudman/Nel){ngs!.

e/
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DEPARTMENT OF ENERGY

1987 (UNGREGSIOMAL BUDGET REQUEST
| CIENCE AND RESEARLCH
RUCLEAR PHYSICS

{In thousands of dollars)

l,BG ﬂplrﬂpfiatiOﬂ Eﬂ&Ctgd-n----n-m--m---u--n.ili*i;iiii!f!i--J---;pq
1%6 Gr‘m‘ﬂ“dman MUCtTﬂn'.z.im.4--_-;.-,.‘!;--_---.------.----,.suf-.---.-!
19% adjustedlll’ lllll SAaFaSTNSE T FEEEEREREERNERNEEER FETREEE NI EE NN R EE

o

Provide a cost-of-living increment to maintain a constant
level of research activities and facility utilization coweevievenn

Implement Continusus Electron Beam Accelerator Faciltity {CEBAF)
construction and continue RAD which supports the project ........

Using recently completed upgrade, conduct AGS heavy ion
nuclear research program with 1000 beam hours for reseirch
and complete funding for #nitial complement of detectdrs ..i.....

Provide for accelerator improvement and facility eaintempance
prajects to meet programmatic needs and provide for general
purpase equipment to meet laboratory-wide needs of Lawrence

Béf'kele'y Li&bﬂfatﬂr}‘ BatdrrtenriiviivEBeReepesRIb T AN wS crassiraanma
Conduct prograr operations with overall facility utiltzation
at 55‘ in FY lga} EwEEEE SR e BANRAILER2ALéFIvaTEYTS seTEnaTewa

Pravide Tar university component of ressarch at 25% of operating
expenses and provide for internationally collaborative efforts in

0T NEUEPTN0, TRRETELCN 1ain i v v 4l 6 0569 & i ¥ e €50 s 5 215 g S

o Conduct R&D tmn order to mafntzin V.S. leadership in accelerator
tECﬁnG]Dgy ¥bbduanannnmemunanans sansuss asFRFeseEdbidrnmnm sssnsnn
1987 budgEt Tequest NEspusevEmsasmEmE BRsEREssFitbnarPiannTrene s nEnoN

87

$171.800
- 7,328

TBL,472

+ 9,870

+26,180
+ 7,150
+ 1,620
+ 8,230

+ 4,058

+ 2,640
$224,200



Nuclear Physics

The Nucleer Physics program supports the basic research necessary to identify and
understand the fundamental features af atomic nuclel and Lheir intaractions. Nuclear
processes have guided the evolutfom of the universeg fueled solar burning, and
determined the eliemental composition of the earth. The nucleus is the arend of
interplay of the primary fortes of fatlre -- the strong rucledr force, the
electromagnetic force, and the weak force. Muclear studies coatinuously fnteract
with other disciplines tn order to maintain their currency in emerging problems. The
study of nuclear physics consequently lies at the cere of fundamental scientific
resedrch.

In teras of trained manpower, new knowledge, and advanced {nstrumentation, the
Nuclear Physics program continues ta be a vital factor in America's long-term
investment in 1ts technelogical future. Muclear knowledge, techniques, fastruments,
and applications are an integral part of American seciety. These serve a5 the basts
for aur mational defense strategy, for therapeutic and diagnostic medical
applicatiens, for generation of electricity with nuclear reactors (fission now and
fusfon in the Future), and Tor a large and diverse array of applicatfons fin industry.
Approximately 802 of the total Federal support of basic mvelear research is provided
through the 0Of Miclear Physics progras. Thus, the Department of Energy has the
primary responsibility for this important area of basic sclence and its role in high
technology.

The broad scope of the Meclear Phystce research program requires a variety of
accelerator faclilities. experiments]l equipment, and manpower skills, Different
aspects of the questions being asked by scientists are addressed by beams of low
energy 1ight ions, heavy ions, electrons, medium energy protons, and relativ{stic
(very high energy) heayy fons, Additional informatiaon 1s obtained by use of
secondary meams {created by impinging primary beams on suitzble targets) of neutrons,
pl mesons [pions), K mesons (kaons), mwons, photbnsi neutrinos, and radfoactive
nuclei. The new scientific challenges now facing basic nuclear research raquire
advanced accelerators designed to provide the beams neepded for the research,

The devices needed for detection of the products emitted in nuclaar reactions alsg
vary widely. At low energies, selid-state detectors made of germaniua or silicon and
scint{flation counters using large transparent crystals are common. At higher
energfes, arrays of wire proportional chambers, drift chamhers, plastic scintillator
hodoscopes, and Cerenkov radiation detectors are used. At all energies, the vse of
maynetic spectrometers for measuring the momentus of charged particles i3 vital. A
substantial RAD effort 15 devoted towards develnping new detector techniques, and a
significant commitment of resources is required to develop the new detectars which
are pgssential to the success of planmed experiments. However, in the final analysis,
the most important ingredient for success 15 the continued presence of skilled and
imaginative scientists — experimentalists and theoretlicians -- dedicated to solving
the mysieries of the nucleus. The Muclear Physics program reltes upen a streng
university component to provide scientists for basic nuclear research and to help
meet Amarica's need for manpower with high technology skills.

long range planning, scientific community input, and coordination of Department of

tnergy work with Natiomal Scfence Foundatfan [XSF} activities will centinue to take
place through 3 variety of channels. The most important of these channels are

external and internal review of specific reseacch areas, frequent staff contact with

?ount§rparts at NSF, and the work of the DOE/NSF Nuclear Science Advisory Committee
NSAC).



Program Highlights

The body of knowladge in basic nuclear researth has grown systematically over the
years, Old problems have been resolved, and new questions have been asked. The path
to new knowledge has had 41ts share af surprises and frustratiors. Sometimes the
Intractability of the problems has virtually stifled advancement. In other cases, a
theoretical breakthrough or availability of new facilities or equipment has led to
rapid progress. Advanced kmowledge of nuclear structure has been emhanced by the
availability of intense beams of polarized protons and deuterons. The use of
polarized beams allows the determination of spin parameters ol auclear excitations in
addition to knowledge of energies and decay modes, Sophisticated aew gamea-ray
spectrometars have been or are being installed at the QOak Ridge Nationa) Laboratory,
at Argonne National Laboratory, and at the Lawrence Berkeley Laborataory's 88-Inch
Cyclotron, These are leading to 3 eew wealth of data on the mechanism by which
nuclei become plattar shaped when spinning at very high rates.

It has long been recognized that mesons, aspecially gions, provide the cement that
holds nuclei tagether. Recent measurement ef the rate of production of piont §n high
energy nucieus-nucleus collisions at the lawrence Berkeley Laboratory's Bevalac has
once again ecaphasized their omaipresent role. At the Bevalac, enhanced production of
kaons and reduced production of plens teste¢ the models of absorption of mesans in
nucledr matter. e systamatic study of the fnteraction of beams of free pions with
nuclear targets at the Clintosm P. Andersen Meson Phystcs Facility (LAMPF) at the Los
Alamos Mational Leberatory has been @ mainstay of the LAMPF program. In recant LAHPF
experinents, pions have been used fn double charge exchange measuresients to explore
new symmetries in nuclear excitatfsns. At the Holifield Heavy Pon Research Facility
(HHIRF)- at Oak Ridge Natioeal Laberatory, pions have been detected emerging from
nuclesr collisions at beam energies far Tower than previously believed possible. At
the Massachusetts Institute of Techrology's Bates Linear Accelerator Center, the
delta particle {a clase assoclatfon of ptens, protons., amd meutrons) has been
calculated to be a significant componert of auclei. And 2t Brookhaven Natiomal
Laboratory's Alternating Gradient Synchrotron (AGS}, beams af kaons have been used ta
make new stotes in hypernuclear images of cenventional nuclei. The role af mesens as
nuclear censtituonts and thelr utility as nuclear prebes continugs to b an importaat
component of muclear physics resmarchs

Beyond the wesonic description however, new theoretfcal concepts are opening the door
te 4 more profound level of understanding. MHeutrons and pretons are now described &s
composites of quarks and gluens, while mesons are composites of quark-antiquark
pairs., Muclear theorists, along with high energy theorists, are investigating the
ways im which quarks are confined together in “bags" of three to make up neutrons and
protons. A more fundikmental theory of the nuclear force 1s emerging based on the
quantum chromodynamics {QCD) ewoded of quarks ang gluons. This new theory alters in
ever expanding ways the concepts and phenomena of nuclear physics. Exploring these
concepts reguires higher energies than have been avallable to the Nuclear Physics
program. The theory provides a microscopic view of the way that mesons perforn their
birding functior in nucleil. A 9limpse into the role that quarks play in nwclei is
being pursued using electron heams at the eff-axis fnjector at the Stanford Linear
Accelerater Center, The Continuous Electron Beam Accelerator Facility (CEBAF) s
expressly designed to examime the transition regloi Trom pifon-dominated to quark-
dominated effects. It wi1) generate precise beams of high energy electrons that will
prebe the guark structure of nucleens embedded in finite nuclei.

Another very different approach into the role of quarks in nuclei will be made
pessible By the Tandem/AGS Heavy Ion Transfer Line project at Breekhavenls AGS
accelaratar, This facility upgrade, scheduled for start of experiments in FY 1987,
will altlow the AGS to accelerate atomic nuciet to energies of up to 14 billton

89


https://Alloth.er

electron volts per atomic mass unit (GeV/AMU), These beams will collide with massive
nuclei at rest in the laboratory to produce hot, dense nuclear matter, relaxing the
confinement conditions which prevent the quarks from escaping from thelr nucleonic
bags,

At even higlher emergies, collisiens of heavy fons would permit formatfon of a quark-
gluon plasma, in which the quarks and gluons intaract freely over the volume of the
entlre nucleus. Calculations simulating this plasma have been & majer theoretical
activity over the last few years. This plasma would create conditions in the
laboratory which existed anly a Faw miltlionths of a second after the "Big Bang” of
creatdon. A preliminary glimpse into this area of physics will be provided by
cooperative experigents at the CERN taboratory in Ganeva, Switazerland. In FY 1987,
CERN plans two 17-day experimental rumning perlods in which oxygen nuclei (16 atownic
nass units) will be accelerated to energies up to 225 Ge¥/AMU. Amarican scientists
supparted by the Nuclear Phystcs program are leaders in many of the experiments
designed to capitalize on this window of opportunity.

Just as theory has made dramatic advances, so has the technology of accelerators and
experiments improved. Seperconducting linear accelerator elements have been
datigned, fnetalled, and put inte research use at the Argonne Tandem/L1inac
Accelerator System (ATLAS) at Argonne Mational Laboratory and are being fnstalled at
the University of Washington. New high-voitage capability is being installed at the
Yala niyersity tandem. A cyclotren using superconducting coils is heing built at
Texas A%M Weiversity using State of Texas funds and private Welch Foundation fumds.
A powerfulq new electron-cyclotron resonance ifon source at the Berkeley g8-Iach
Cyclotron opens the way for acceleraticn of an extenged range of heavy 1on spectes,
and an 1nnovative metal vapor ion source at the lawrence Berkeley Laboratory's
SuperditAC is providing a dramatic increase in the intensities of the heaviest
nuclei. The program mainta?ns a vigoreus accelerator R&R effort to ensure that its
facildties operate at maximum efficiency and scientific effectiveness.

Cont inuaus Electron Beam Accelerator Facility

The highest priority for new censtruction in basic nuclear research in the United
States is the Contifuous Electron Beam Accelerator Facility (CEBAF), The FY 1987
request 1ncludes $25,000,000 for fnitiation of construction plus $6,250,000 in
operating expense funds for continuatioe OF supperting research and develspment,
Total estimated cost of CEBAF construction is $236,000,008.

CEBAF will be a new, single-purpose facility for dasic suclear resesarch, Its
combination of continuous deam, high inteasity, and high energy will be unique i the
world, Thus, CEBAF's consiruction si11 be an japortant step in maintatning America's
position of leadership in basic nuclear research. Tt will be operated as a user
factlity attracting & worldwide cemmunity of nuclear scientists, The central
instrument of CEGAF will te a high intensity, high duty factor electron accelerator
with an energy range of Q.5-4.0 billion electron volts {GeV). The construction
project fncludes an imitial complement of experimental equipment and support
facilitles mecessary to perford scientific experiments using CEBAF's high-quality
clactron and photon beams.

Upon completion of construction, sclentists can investigate the ways in which the
quarks bound In neutrons and protons influence the makeup and behavior of nuclei,
determine hew gQuaris interact while embedded withia nuclear matter, and test guantum
chromodynamics as the fundamental theory of the streng nuclear force. Experiments ia
which electrons kmock protoens or neutrons out of nuclei will yield information about
how enorgy and momentum is distributed among the nutleons (generic name for neutrons
and protons) bound inside oruclel and will tel) us about correlations among nuglecns
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1a nuclei. At the high enerqy 1imit of electron scattering, experiments are, to 3
good approximation, only sensitive to &ffects of electrons Scattering from individual
quarks withip the nuclei. Under these circumstances, nucled can be described as a
loose collection of free gquarks. At energies belew 1 GeV, electran scattering from
nuclei can accurately be described as electrons scatteriag from the protons,
neutrons, ané mesons known £o be 1n auclel. The emergy tapability of CEBAF would
permit quantitative examination of the transition between these complementary
descriptions of nuclei.

The requested $25,000,000 in FY 1987 construction funds is essentiel for a timely
canstruction project schedule. Specific FY 1987 construction activities will
include: (1) acquisition of the Space Radtatien Effects Lahoratory building site in
accordance with Executive Order 17 and in compiiance with regulation 4) CFR Part
101-47; (2) architectural and engineering work; (3} site preparatiba and vtilities
including AC power distribution equipment; {4) rehabtlitation of existing structures;
(8] start ef construction on one of the tuanels which will house the linac; [6)
engineering and de5ign work on accelerator comporeats, helfum refrigerators, znd
cryogenic systems; and {7} acquisition of initial components of the accelarator. The
requested $6,250,000 in pperating expenses is necessary for continuatton of work to
optinize design of CEBAF's cryogenic and helfism refrigerator systems, baeam extraction
systems, accelerator components, and control systems. FY 1987 rasearch and
development work will include fabrication and testing of prototypes of critical
accelerator and crycgenic subsystems, Also, the FY 1987 RAD effort will inclyde
detailed planning for CEBAF's initial complement of research equipment,

Accelerator Facility Operatians

The Mclear Physics program requires the existence and effective operation of large
and complex acceleratar facilities. These Tacilitfes provide the variety of
projectile beams upon which virtually al) experimental nuclear research depends.
Thetr capabilities determine which axperiments can de performed,

Seven Accelerator facilities arel operated by the Nuclear Physics program as national
facilitfes. These fac{1ities are made avaitable to all the nation's scientists on
the basis of scient{fic merit and technickl Teasibility of proposals. These national
faciiities are: the Clinton P. Anderson Meson Physics Faciltity {LAMPF) at Los Alamas
National Laberatory (LANL): the Bates Linear Accelerator Center at Massachusetts
Institute of Technology (MIT}; tha SuperHILAC/Bevalac at Lawrence Berkeley Labaratory
{LBL}; the Holifield Hoavy lon Research Facility at Dak Ridge National Laboratory
(ORML); the 88-Inch Cyclotron at LBL; the Tandem/Linec Facility at Argamne National
Laboratory {AKL); and the Douhte MP Tandem Yan de Graaff facility at Brookhaves
National Laboratory (BNL), The off-axis injector at the Stanford Lihear Accelerator
Center {SLAC) fs now cperational and serves the natlon's scientists on the same basis
as a rnatiopal facflity. Upon completion of the Tandem/ASS Heavy lon Transfer Line
construction project, heavy jon beans accelerated by BML's Alternating Gradient
Synchretron (AGS) will also be availdble, beginning in FY 1987, on a national
facility besis.

In additfon te its internal research program, each of the matfonal facilitfes
accommodates major unfversity-based user group research programs. Typically, an
outside user grogp plans experiments, fabricates detectors and other instrumentation
at the heme institution, executes and partially 2nalyzes experiments at the national
facility, and then completes analyses and publicatien of results at the home
institution. MNuclear Physics directly supports 70 university-based vser groups who
conduct most or all of thedr researclt at these national facilities,
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To complement the national facifities, the Nuclear Physics program sypports or-campus
accelerators at Yelae Universtty, Duke University, University of Washington, and Texas
A3M University. The Duke Cyclograaff serves a comsortium of three unfversitiaes {Duke
University, University of North Carolina of @hapel Hi11, and North Carolipna State
University] called the Triangle Universittes Muclear Laboratory. While each of the
on-campyus facilities has an impertant visiter program, these accelerators are
operated principaliy for the research use of the host university's faculty, jumior
scientists, and gradutte students.

In FY 1087, a total of 393,330,000 in operating expenses % requested For operatien
of accelerator facilities. 1In FY 1987, the nationtal facllities are expected to have
an overall utilizattion factor of 55%, approximately the same as in FY 1985, Within
the FY 1987 accelerator operations total, 31,380,080 is budgated for 900 beam hours
of SLAC injector pperations for suctear research, and $8,670,000 is budgeted for
AGS/Tandem facility gperations. Also, fn the FY 1987 aperating expenses request,
$71,070,000 is planned for experimental research and $10,500.000 for theoretical
research. Within thfs experiméntal research total, $260,000 13 budgeted for E. 0.
Lawrence ($60,000) and Enrico Fermi ($200,008} Awards.

Of the total FY 1987 operating expenses request, $44,372,000 fs planhed as direct
support to the university program including university=-based usars of Awerican and
international facftitfes, accelerator operatiaons and research at on-campus fac{lfties
{1ncluding NIT Bates}, advanced accelerator technology research at KIT, cantinuation
of research and development in support of the CEBAF construction project, and
research by untversity-based theorists.

Additional support to the university program, in an amount comparable to the direct
support, is provided through the accelerator centers in the form of services in
support of experiments hy university scientists and dalivery of particle beams to
these experiments. The Nuclear Physics program supports numerous research contracts
in which there is substanttal cost sharing by the universities. The universities'
contributions are provided by a number of mechanisms =-- for exemple, salaries ta
investigators, provision of work space, local machine shop time and labor, computer
time, and eguipment, The Nuclear Physics pragram encourages such cost sharing
poltcies to achieve maximum utilization of availatle Federal funds.

Fy 1987
FY 1985 FY 1986 Reguest

Mediuwm Energy Nuclear PhySict Meceecevcennsa $ 73,810 $ 73,131 $ 85,000

The Medium Energy Nuclear Physics subprogram Supports operaticns and research at
accelerator facilities with sufficient primary beam enarQy to produce pi mesons
{pions) using projettiles mo more massive than alpha particles. [n addition, the
subprogram supports nuclear physics experiments at acceleratars operated by other DOE
programs {e.g,, High Energy Physics and Basic Energy Sciences) and at other unique
domestic or fereign facilities.

Two national accelerator facilities are operated entirely under the Mediuwm Energy
subprogram-~-the Clinton P. Anderson Meson Physics Facility (LAMPF) at Los Alamos
Nationa] laboratory and the Bates Linear Accelterator Center gperated by the
Massachusetts I[nstitute of Technology. These accelerator facilities serve an
internatienal comwnity of scientists including those from maore than 100 American
institutions, of which over 90% are universities.
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0f the acceleratars faor which operztiens support is provided under Medium Energy, the
largest nwclear physics program I8 carried out at LAMPF. The facility is ¢entered
aroung a linear accelerator which 1s capable of accelerating very Intense beams of
protons to 80O Ne¥., A primary role of this facility is to provide intemse secendary
beams of pions, muons, neutrons, and meutrtnas. The adility to provide 10 or more
s$imultangously operating beams of protons, neytrons, pions, Muons, Or neutrinos
enables LAMPF to be & highly cost-effective basic nuclear research facility. In
additian to providing beams for nuclear research, LAMPF provides beans far basic
materials resedrch and weapons devefopment at the Weapons Neulron Research [(WMR)
facility.

The other accelerator facility emtirely supported under the Medium Energy subprogram
is the Bates accelerator facility, The accelerator s capable of producing alectron
beams of excellent quality at energies up to 750 MeV. The Bates nuctear research
progran emphasizes high resolution nuclear structure studies with electrons and
studfes of the momentum distrimviien of neutrons and pretons moving 1nside nuclel.
Bates is the premier facility $n the world for nuclear structure studies involving
high resclution electron scattering.

The Migh Energy Phnysics electron accelerator at tha Stanford Linear Accelerater
Center (SLAC) 15 now also operated on a part-time basis for nuclear physics research
using an off-axis source and injector, SULAC operations for nuciezar research are
supported under the Medium Energy subprogram. In'FY 1987, 900 beam hours are planned
for nuclear research.

Research activfties in medium energy nuclesr physics range over an extremely broad
selection of topics, including studies of: the fundamental aymmetries of nature;
distribvtion of electric charge and magnetic fields inside nuclei; interactions of
protons, mesons, and neuvtrons with nuctei; nestrino asciédations and the neutrino
mass; Interactions betwean aucleons; and nuclear structure.

Anr ultimate goal af all nuclear physics 15 a complete description of the fundamental
particles and forces of nature. Recently, theoretical descriptiens of the
electromagnetic angé weak forces have been unified. This npans that these two
saemingly disparate interactions have been shown to be differeat manifestations of
the same, basic "electroweak® farce, This represents a giant step alomg the road
towards this ultinate goal.

The electroweak interaction actually has three manifestations: the familiar
electromagnetfc interaction, the charged weak interaction responsible for beta decay,
and the aeutral weak interaction recently discovered {n neutrine scattering. One of
the most striking predictfons of the *standard model" of the electroweak interaction
is that in the elastic scattering of electren-type neutrinos from electrons, the
charged and neutral weak interactions will destructively interfere so that the
prohability of such scattering will be Tess than that expected 1f neuvtral weak
fnteractions were not present, However, prior te a recent LAMPF experiment, the
elastic scattering of electron-type neutrinos from electrons had not been observed,
mostly because there have besn no appraopriate sources of these neutrinos, (Mote that
neutrino-electren elastic scattering 1s an extremaly rare process.) At the LAMPF
beam stop (a stromg scurce of electron-type neutrinos), nuclear physicists mounted a
large experiment ta detect the elastic scattering and measure the interference. The
detector is & 15-ton sandwich of scintillation counters amd flash chambers
specifically designed to detect the recoll electron from elastic scattaring and to
discrimiqgtz against background processes. During the first run of fhe experiment,
1.6 x 10*7 nevtrinos passed through the spparatus and 20 neutrino-electron elastic
scattering eyents were detected. This number agrees with tre standard madel



prediction with destructive ipterference. This experiment paves the way for two
other major neutrina experiments §n preparation at LAMPF, 1In FY 1987, execution of
neutrinp expertmerts will have 8 high prierity within the overall LAMPF research
program.

The muclear force belween protoms and seutrons (nucleons) in atémfc nuclef has long
been upderstood to be doefnated by the exchange of bound masons, with the pi-meson
{or plen} being by far the most important in determining the nature of the nuclear
force. Pions can also be produced in 3 free state, and their properties can be
directly measured, When a free pion with an energy of a Few hundred MeV interacts
with a nucleon it often forms a new particle nased the delta. The properties of
these particles ara well described widhin a theoretical framework of quarks and
gluonsy the nucleons contain three quarks each and the mesons are composed of quark-
antiquark pairs, 1In this framework, the delta has a particularly simple structure,
closely related to that of the nucleon; it corsists of three guarks but with a simple
rearrangament of quark spins. Introducing a2 free pion into an atomic nucleus thus
can change the quark structure of that necleus and permit the exploration of quark
effects within the many-body muciear system. Recent work by a collaboration of
university and laboretory scientists using LANPF has provided new information an how
introduction of a pion Into a nucleus modifies the guark structure of that nucleus.
Earlier experiments had indicated that the introduction of the plon into the nuclear
medium leads to two possidle reaction processes. A frae plon may be reemitted, in a
process that seems to occur primarily in the puter fringes of the nucleus where a
delta is formed on one of the nucleons and subsequently decays back {nto a nucleon
and a plon. Alternatively, the pion may simply disappear, absorbed in the sea of
bound plons 1n the nuclear medium, giving up its mass and energy to nuclear
excitatian, Such an absorption process alse starts with a delta, perhaps #n a regfon
of higher nucleon density further inside the nucieus, where the delta interacts with
other nucleons and eventually turns bhack Into a nucleon without ever reemitting a
free pion, 1t had been thought for a long time that, in an absorptive fntaeraction,
the delta would interact with only one other nucleon with the original energy of the
pion eventually shared among only two fimal nucleons. The recent LAMPF werk has
shown that, in heavy nuclei, the number of wucleons partfctpating in a pfon
absorption reaction is typically four. The quark substructure of oucleons 15 showing
itself here, but a full explanation is just beginning to emerge. 1n FY 1987,
investigations of the ways in which pfons interact with nuclei and studfes of the
formation and motion of deltas inside nuciel will continue to be a major theme of
LAMPF research,

The users of the facilities of the MiT-Bates Linear Accelerator Center are engaged in
a systematic study of nuclear dynamics by exploiting the known preperties of the
electromagnetic field to probe the detailed behavior of nuclear charges and currents.
The alectromagnetic field 15 carried by high energy beams of electrons and photons of
high iatensity and precision to nuctear targats lacated tm two principal experimental
areas, The nuclear interactions are studied by means of a cemplex of magnetic and
other spectrometer systems which detect the scattered electrons and photons and/or
the reactian products which include protons, mesonsd deuterons, and alpha particles,
Systems to detect neutrons are in development. By selacting the energy nof the
incident beam and the girection, energy, and mature of the detected reaction
products, 1t is possible to answer with great specificity questions about different
aspects of nuclear dynamics. The data thus obtafned provide the teast ambiguous
Ltests of and gufdance for the development of nuclear theory, With the upgrade of
experinental facilities at Bates, a whole new class of studies has bequn, These are
broadly distinguished by the datection of 2 strongly Iateracting particle in the
final state, sometimes with an associated scattered clectron. Whereas carlier
studfes were cancerned primarily with the distribution in space of nuclear statienary
states, these new programs are desfgned to study, among other properties, the
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momentum distridution af nucleons meving inside nuclei. In @ sStudy of electron
scattering from carbon nuclei, stientists working at Bates have okserved significant
departures from the expectations of a single nuclecn kmock=-out picture and see
evidence for correlated two-nucleon motion.

The bast quantitative measurements for testing the thegry that protons and reutrons
are pade up of quarks came from precisfon scattering experiments carried out with
various high eneryy beams of electrons or muons., Results of thase preciston
scattering experiments have given detailed informatfon abowt the quarks and their
notien inside the groton and nevtron. Recently, the European Muon Collaboration
{EMC) at CERM used muon beams to bombard nuclei spaaping the periodic tadle from
hydrogen to uranium, Researchers observed that the high energy muons scattered
differently from the quarks bound inside nuclef than from the quarks in free protons
and neutrons., This unexpected observation, called the EMC effect, has been yverified
with high precision by more recent work at CERN and at the Stanford Linear
Accelerator Center. Several different theoretical models have been proposed %o
explain the EMC effect, such as {1} an increased size of the three-quark bag
(nucleon) within the nucleus; (2) the existence of six-quark bags within the nucleus:
(3) enhancement of the nimber of plaons within the nucleus; and (4) conventional
nuclear structure effects from mpomentum and binding enerdqy distributieas. Since each
of thest theoretical models can explain the existimg glectron and mwon gdata, it is
iaportant to test with further experiments the differences ident{ffed in the various
models. A set of cemplementary nuclear phystcs studies us¥ng medius emargy and high
epprqy particles as probes wifll iavestigate phencmena arising frém the larger variety
of conffgurations available to quarks in heavy nuclel as compared ta configurations
in tndividua) nucleons,

In FY 1987, $85,000.000 in operating expenses 1s requested for the Medium Enerqy
Nuctear Physics swbprogram. The costs »f facility operations at the LAMPF, Bewalac
Bates, and SLAC facilities require 62% of the FY 1587 Mediun Energy Nuclear Physics
request. In addition to supportimg the operatien of the acceleratars themselves,
these operations costs also provide for the maintemance and operation of secondary
beam 1ines, major spectrometer systems, and other permanently installed experimental
equiprent, The remaining 38% of the budget supports costs directly attribetable to
executing tndividual experiments, support of participatieg research scientists, RAD .
in suppert of the Continuvous Electron Baam Accelerator Facility construction project,
and advanced accelerator physics studies. Of the total aperating expenses request in
FY 1987, $2%,285,000 will be for direct support of university research programs,
including the Seutheastern Universities Research Association (SURA). In additfom,

nuch indirect support ts provided by the acceleratar facflities at which much of this
research is perfommed.

To operats the LAMPF facility in FY 1987, $42,020,000 is required. This total will
permit LAMPF to operate 2800 beam hawrs for research. In additfon to these opera-
tiens costs, $10,900.000 1s required for the conduct of research at LANPF by los
Alaos scientists and by outside user groups, including untversity groups.

To operate Gates in FY 1987, $6,440,800 is required, and in addition $3,000,000 is
reéquired for the cenduct of research at Bates by MIT scientlists and ¢utside wser
groups. Operation of the SLAC nuclear physics iajector and assotiated experimental
area requires 31,800,000 in FY 1962, with an additional $£1,280.000 being budgeted fer
support of outside graups using the facility. RED activities by SURA in support of
the CEBAF project will require $6.250,000 in Y 19B7,

Medium energy nuclear peysics research, including the yniversity ccomponent, using

kdgns framn a separated secondary keam at the Brookhawven AGS will contfnue as an
impertant component of this subprogram and will reguire 33,500,000 1n operating
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expensas in FY 1987, Dther Medium Energy activities for FY 1987 include: research
at unique Foreign faci{lfties; research using polarized, tagged photons at the
National Synchrotron Light Source (NSLS); advanced accelerater research asd
development projects at the Natiomal Bureau of Standards. NIiT, and LANL; and Fermi
Awards. For these research activities, $8,990,000 is requested §n FY 1987.

FY 1587
FY 1985 FY 1986 Requaest

Heavy Ion Nuclear PRYSics seeseessesass aesnsss 5 49,008 $ 50,150 S 63,700

The keavy lon subprogram supports accelerator facilities and research programs that
cover a broad range of topics whiah are currently expanding our kmowledge about the
propertfes of nruclear matter. In combination, these faciltties based at natiomal
laboratories and major universities provide beaws of atomic nuclei ranging in mass
from lithium to uraniam and $n energy from a few MeV to several hundred thousand MaV.
In general, each accelerator complex provides beams and experimental facilities for
in=house research groups as well as a nationwide community of scientists who travel
to the ‘host ladoratary to conduct thefr research. The program makes use of unique
properties of heavy {en beams for developing research in such dfverse areas as
microscopic nuclear properties, macroscepic nuclear fntaractions, and searches for
exotic phases of nuclear matter predicted by theory.

In 1ate FY 1985, the Tandem/AGS Heavy Ion Transfer Line construction project at
Brookhaven Natiema) Laberatory (BML) will be completed. In FY 1987, implementatien
of research programs to study relativistic heavy ion collisions with this new
facility 1in a previcusly inaccessimle energy regime is the hfghest priority in the
Heavy lon subprogram. The Transfer Line couples the BNL Tandem and Alternating
Gradient Synchroteon (AGS) accelerdators to provide heavy ion beams up to energies of
14 b1117on electron volts per atomic mass unit (GeV/AMU} for atomic nuclei up to mass
32 AMU (sulfur), This AGS/Fandem facility will provide beams approximately seven
times more energetic than have been previously available anywhere in the world,
Research programs in FY 1937 will allow scientists to enter the regime of energy and
mass density which could lead to the production of states of nuclear matter which
have never before been observed. In FY 1987, the development of detectors and
experimental programs at 8NL which were begun in FY 1985 will continue. First
experiments will be performed durtng the 1000 hours of beasm time planned for FY 1987,
Effort will be giver to the develepment of the accelarator complex so that 1t can
provide the variety of beims with characteristics recessary to support the proposed
research pregrams. Both the research and 2ccelerator programs draw heavily on
previous experience with heavy i1ons at lower energies and on experience from High
Energy Physics programs. At Lawrence Berkeley Laboratory (LBL) a vigorous research
program on heavy ion collisions witl continue utilizing heams with masses up to 238
AWMU (uranium) and energfas up to 21 GeV/AMU from the SuperHILAC/Bevalac accelerator
compiex. The Bevalac remains uwnique in its capability for providing high energy
beams of the heaviest nuclei.

Yary active research programs ¢tilizing lower energy heavy ton beams (5-25 MeV/AMU)
ire supported by codplementary facilities at Argonne National Labaratery, Qak Ridge
National Laboratory, and Lawrence Berkeley Laboratory (ANL, ORNL, and LBL). At ANL,
the new ATLAS facility with tts superconducting 1inac will begin full operation in

FY 1986 and provide mediuwm mass heavy ion beams with very precise energy and excellent
time profiles for use in a new generation of experiments. The Holifield Heavy Ion
Research Facility at ORNL is a state-of-the-art tandem accelerator (designed to
achieve 25 million volts on the terminal) coupled with the Ok Ridge Isochromovus
Cyclotron. The Hallrfield facility provides precision beams and a wide variety of
projectiles, The LBL 88-Inch Cyclotron supplies beams of light to medium mass heavy
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ions, Its capabfiities have been enhanced significaatly by the recent acdition of an
Electron Cyclotron Resonance ion source. This source provides a broad selection of
highly charged heavy 1oa species which can be accelerated to energies zappropriate for
nuclear studies. This facility is complementary to the tandews facflfties because,
unlike the ANL and @RNL facilities, the 88-[nch Cyclbtron uses positive iaons
throughaut tts acceleration cycle, Each of these natfonal laboratory-based
acceteretors is operated as a mational facility. Pfccess to machine time and
experimental equipment 1s open to all qualified sclentists on the basis of proposals
reviewed for scientific merit and technical feasibility, In addition to the natiomal
laboratory accelerators, state-of-the-art faciTities are shared with the Low Energy
Welear Physics subprogram at three wmifversities--Yale Unfversfty, University of
Washington, and Texas AEM Usiversity. Each of these acceleraters provides @
combination of Jight ion and heavy ion beams, and each of the three university
factlities 1s being upgraded to provide additional research capability. Tiese
projects and the research that they will make possible are discussed uncer Lew Energy
Nuclear Physics.

The heavy ion beams from these acceleraior facilities are used in a wide range of
nuctear research programs, At one extreme, heavy ion reactions can produce a brpad
spectrum of nuclei with precise values of excitation energy and anqular momentum For
systematic studies of the prgpetties of neclei near their normal ground states. At
another extrene, heavy fon cellisions can produce far & brief instant small amounts
of nuclear matter at temperatures and densities far from those of normal stable
nuclef,

Many forefront spectroscopic studies of nuclear properties conceatrate on experiments
that measure the shapes of nuclei as their angular momentum and excitation energy are
changad, Th1s area s currently undergoing a renaissance as a result of major
improvements in capabilities ana sophistication of new gamma ray detection
facilities. At ORKL, studies of the gamm3 ray decay of the &fant Quadrupale
Retonance has led ta new informztion on the shapes and structure of low-lying excited
states fn a varfety of nuclei, These resOnances corresgond to a3 particularly simple
c¢lass of nuclear excitations which arise fram large scale oscillations of the nuclear
surface, Precise studigs of thelir decay modes give new insights fnto the underlying
structure of the excited nuclei. Utilizing sophisticated new gamma ray detector
arrays, scientists at LBL have been 2ble to extend their studies of the nuclear shape

tran?itions that occur at high spins, thus providing sensitive new tests for nuclear
madels,

Recent progrioss at Lawrence Berkeley Laboratory's Bevalac includes tha rirst
experimental determination of the compressfbility of hot nuclear matter by studying
the anission of pions from colli{ding nuclear systems. LBL scientists also made the
first measurement of hydrodynamical flew effects fn heavy fon collisiens, Recent
experiments have uted the Plastic Ball detectnr to detect and meaSure aver one
hundred particles simultaneously emftted when nuclei accelerated ta hfgh energy
tollide whth nuclei statiomary in the laboratory. These programs mark the heginming
of quantitativa studies to determine the equation of state of hot, dense nuclear
matter. Research of this type is essential for providing the overall framework
within which experiments at higher energies can be planned and interpreted.
Information on the equatiom of state for nuclear matter provides the fnput nacassary
to the theoretical models of stellar evolution leading to svpernaova explosions and
newtroen stars.

In FY 1987, the first particle baams with very high erergies will become available at
Brookhaven National Laboratory. Brookhaven's Tandem/AGS facility will deliver beams
of nucle! as massive as sulfur (mass = 32 AMU} and with mnergies up to 14 GeY AMIU.
The extreme nuclear conditions <reated using these beams may yieid the first
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identifiable relaxation of the quark confinement conditions in nuclear matter. The
first major heavy ion experfiment at the Brookhaven facility is based on a single-arm
magnetic spectrometer with high-multiplicity tracking and particle identification.
Characteristics of hot dense nuclear matter wfll be obtained by measurement of
effective temperatures and reaction cross sections. A second major experiment
involves a Time Projection Chamber mounted inm a large volume magnet. This system 1§
designed to measure essentially all charged particies emerging from collisions to
look far rare events that would iedicate the anset of quark deconfinement.

At energies of tens of billions of electroa volts per atomic =zass unid and above,
heavy ion centeal collfsions may create an entirely new form of matter called a
quark-gluon plasma. At suffictently high temperaturas and densities, it is expected
that the nucleons which are the normal constituents of naclai will dfssolve 1nto 2
ptasma consisting of their internal substructures, the quarks and gluons. This
plasma will then raptdly expand and decay into 1arge numbars of more familiar nuclear
constituents--nucleons and mesons. A vigorous theoretical effort is under way to
specify the experimental signatures of this staie of nuclear matter. These
theoretical studies will guide experiments in distinquishing desired evetits from more
prolific background mprocesses. |[n addition to their value to basic nuclear research,
present and planned research on properties of hot, dense muclesr plasmas are beciming
fncreasingly relevant for understanding how our universe behaved in the first
instants after the "Big Bang."

At the Super Praton Synchrotron (SPS) at CERN two 17 day running periods are planned
with 5B GeV/AMU and 225 GeV/AMU beam: of oxygen {16 AMU). HNuclear Physics-supported
scientists are leading participants tn several CERN experiments which are desigmed to
get a first glimpse of the evidence of a phase transition of naclear matter to &
quark-qTuon plasma, These new research efforts invalve large collaborations
1nvolving untversity and national laboratory groups from the United Statas, Europe,
and Japan and from both the Muctear Physics and High Energy Physics communities.

The highest prierity effort in FY 1987 in the Meavy lon Muclear Physics subpregram
will be infatation of heavy fon nuclear research at the AGS. The Heavy [on operating
axperses requost includes $8,870,000 for AGS/Tandem facility operattons. Of the
Heavy Ton total request, $25,680,000 supports research activities; the remaining
$38,020,000 request is for facility operations., Also included is $2,000,800 for
advanced accelerator RED at Brookhaven Matioenal Laboratory for the heavy ton pregram,
This accelerator RAD program $s expectod to dafine the parameters of a facilfity
dedfcated te production and examimatioe of the guark-gluon plasma. Of the
$25,680,000 request for research funds, $6,525,000 is planred as direct support to
universities. Addittonal university suppoit 15 provided through the natfamal
laboratories in the form of services im support of experiments and provision of beam
timeo

Of the $38,020,000 requested for eccelerator Facility operations, 518,540,000 is
budgeted for operation of the Bevalac; $8,670,000 is requested for operatiom of
Braokhaven's Tandem/AGS accelerator complex; and $9,315,000 is requested for
operaticn of ATLAS, the 88-Inch Cyclotron, and Holifleld. For heavy 1om operations
at accelerator facilitfes at Yale University, Texas AZM University, and the
University of Washington, $1.495.000 is planned.

The accelerator facilities whose operatfons are supparted by the Heavy lon subprogram
alsp provide unfgque capabilities for fundamental research in other fields of physics.
Important recent examples include atomic physics studies af one-electron atoes for
nuclel as heavy as erantum at the Bevatac and studiles of the behavior of highly
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lonized atoms at tow veloctties using a novel acceleration-decelaration muQe with Ctha
two tandems at BNL. Nuclear fragmentation studies at the 8evalac are providing
important data for the interpretation ef cosmic-ray resvlts. Heavy fon accelerator
factlities also have important applications in biomedical research and luman cancer
therapy. DBevalac heavy fon beams are used to evaluate the effectivenmess of heavy
fons in destroying human cancer cells while doing minimum damage to tnteryening
healthy cells. This research is supported and managed my the Natianal Cancer
Institute and the Departsent's Nuclear Medicine Applications subprogram in the
Biological and Environmental Research programs. (All facility operations costs of
the Bevalac, including those for biomedical research, howiver, are supperted by the
Huclear Physics program.)

_ FY 1987
FY 1985 Fy 1986 Reguest

Low Eﬂerg" Nuclear F*ﬁj’STI:S RrEREE AR AR R R R R 5 13,322 5 12,087 s 15.?00

This subprogram emphasizes experimental investigations of nuclear structure, nuclear
decay parameters, 8nd low enerqy reaction mechanisms. These studies 2lso inclede
general tests of fuadamental theeries and symmetries, as well as more specific and
detailed studies of reactions fnvolved im stellar #nd cosmolagfc processes.

University-based research is an impartant feature of the Low Energy subprogram, 1In
FY 1987, 34% of operating expenses 1S planned for direct suppart of university
research. FY 1387 marks the initfation of research programs based on major upgrades
at each of Nuclear Physics' four dedicated on-campus accelerator facilities. These
upgrades include major additions and improvements to the accelecator facilities at
the University of Washington and Yale Unjversity, a new booster cyclotron at Texas
AGM University, and high intensity polarfred fon Sources at Duke Endversity and the
University of Washington.

Nuclear research ai the University of Mashingtom will be greatly strengthened when
the new superconducting 1inac booster becomes available in late FY 1937. The booster
has been optimfrad for the acceleration of Tight ions and heavy ions up (o abgut mass
60 AMU. The new polarfzed {on source will make possible a wide variety of high
precision particle and photoea asymmetry measurements for parity violation studies,
electromagnetic multipole-mixfng determinatiens, and those polartzation measurements
which are sensitive probas of nuclear reaction mechanisms. The booster will also
make 1t possible to generate pulsedg monoenergetic neutron beams which can be used to

s;udy the E2 1sevector giant resonance and other high-lyirg resonances 1n @ variety
of nuclei.

The upgrade of the Yale facility, scheduled for completiam in September 1986, will
provide an substantial increase in the range of ion energlies and masses avaifabie fFor
experiaents. The anticipated maximum terminal voltage of 22.5 miliion volts will
make it pessible to study properties’of much heavier nvClear systems with higher
excitation energies and more angular momentum. To distinquish more precisely between
glectric and magnetic transitiens in heayfer nuclef, a mini-orange-type electron
spectromceter §5 under development for on-1ine direct detection of conversion
alectrons. Yale 21so plans to construct a “sflicon box" detector, consisting of a
large solid-angle array of semiconductor charged-particie detectors, which will be

used to study the excitation spectrum of heavy nuclef by coincidences hetween gamma
rays.

Completion af the comstructfon of a K=500 superconducting cyclotran at Texas A&M

Untversity 1ate in 1986 will perelt expansion of experimental capabilities there.
The new cyclotron, whose construction has been funded by the State of Temas and the
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private Welch Foundation, will be used alone or 3s a heavy-ien Injector for the
existing X=147 cyclotron. The energy range that will be made accessible by ceupled
operatian of the two cyclotrons will provide unique opportunitias at Texas A&M, For
example, it will permit the preduction of a high-resolution potarized neutron beam in
the 100-150 MeV range that canm be used tu investigate (n,p) charge exchange reactions
and to determine Gamow-Teller matrix elements, They will emphasize nuclei that are
candidates for double bets decay which provide sensitive tests of non-zere neutrine
masses. These nevtron beams will also de used to determine the parameters of
neutron-praton scattering in the BO-160 MeY mevtron energy regton where few reliable
measurements exist. The availability of higher energy alpha particle beams, 200-300
MgV, will greatly enhance studies of giant resonances and will permit the creation of
rare, unstable nuclides that have not been avatlable for studies heretofore.

The high-intensity polarized iom source at the Quke Lnfverstty accelerator facility
will provide an increased intensity that can be used to great advantage In the
current experizental progrim of measurements vsing polariaed protens, deuterons, and
polarized neutrons, Polarized neutron experiments, which use secondary beams of
neutrons derived from reacttons induced by polarized devierons, will greatly benefit
froa the more intense heams of devterons made available by the source, Especially
enhenced will be the research using polarized neutrons incident on a cryogenic
polarized target, The effects af nevtron-nucleus spin-spin forces that are ene of
the main objects of study are predicted by wnuclear theory te be much smaller tham the
spin-independent forces. Use of the new source should reduce running times for these
experiments by a factor of 10. Tests of Fundamental symmetries, such as parity
conservation and time reversal Imvariance, are also planned using the polarized
target and new polarized ion Source.

The converston of hydragen to helium by nuclear fusfon im the deep interior of the
sun is bhelieved to be the primary source of solar ewerqy. MKeutrinos are the only
particlies that sscape directly from the solar interior, and thus they provide the
only immediate probe ef the deep fnterior of the sun., A unique experiment by
Brookhaven scientists, eeploylng a chlorine detector designed to measure the flux of
neutrinos Trom the sun, discovered that the number of neutrino-induced eveants 1is
about a factor ef three Jower than one expects from models that correctly raproduce
other properties of the sun. This observation implies either that we do not have an
adequate understanding of the nature of processes or conditiens inside the sun, and
hence of stellar processes in general, or that we do not have an adequate
understanding of the neuwtrinos.

An August 1985 report of the WSAC Solar Neutriae subcommittee discussed several
alternative experimental approaches Tor gbtaining increased information, Incloding
the capture of neutrines on gallium-71. International collaborative experiments are
being formulated to resalve this solar neutrino puzzle,

The Tow-eaerqy msclear physics subprogram also supperts light-iom research at the LBL
88=Inch Cyclotron, ORNL. anmd ATLAS, At the 88-Inch Cyclotron, 1ight nucled far from
stability are studied with an on-line mass analysis system. Nuclear scientists are
searehing for nuclef near the preton and heutrom timits of particle stability that
may dacay by new radfoactivities such as bata-delayed two-proton decay. At Oak
Ridge, physicists are investigating the mechanfsms by which nuclei are excited into
giant resonance states and the properties of giast resonance states. At ATLAS,
rasearch teams are using proton and other light-ian heams to determine electroweak
interactfon parameters in mxclei. Ffor e:aqfre. a high-precision measurement to study
the vector= oup?iwakfoefficlenzs fn 0% to 07 Fermf decay will ke undertaken using the
reactton 1U8{p,n) o,
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In FY 1987, $15,700,000 in operating expenses is requested fer the Low Eneray
subprogram. Of this total, $1,500,000 is requested ¥or solar neutrino research and
$4,285,080 15 budgeted for research and operations at the four dedicated om-campus
accelerator facilities to parnit them ta make productive use of their expanded
capadbilities, For other university-based research, $1,017,0C0 ts requested. Far Tow
energy nuclear research and facility operations at the national laboratories, Srall
Buciness Innovation Research, and the Lawrence and Fermt Awards, $8,8%8,000 is
requested in FY 1987.

FY 1987
FY 1985 FY 1986 Reguest

Nuciear Thaﬂrj’ AardtedsddeRIIERL TN R R RE R S 9,3w i s,ggg § 10,500

Muclear physics deals with phenomena submicrosecopic 1n origin., 1t is therefore
particularly dependent on theory for the Interpretation of experimental results.
Mere importantly, the field §s motivated to consider many new exciting experimental
possfbilities basad on the ideas gemarated and developed by theorists. Questions of
how quark substructura of the nucleus might be manifested in experiments at the
planned electron mathine (CEBAF} or how 'a phase transition to the gquark-gluen plasma
would be seen in high enerqgy heavy jon collisions are just two of the excfting

new diractions.

The Muclear Theary subprogram fs strongly interactive with ail three experimental
Nuclear Physfcs subprograss: Medium Energy, Heavy lom, and Low Energy. Major theary
afforts are supported in each of the institutions at which the Nuclear Physics
program's national accelerator facilities gre sited: Massachusetts institute of
Technology, Argonne MNational Laboratery, Brookhaven National Latoratory, Los Alamas
Natipnal Laberatory, Lawrence Rerkeley Laboratary, and Oak Ridge Mational Laboratory.

In addition, a larger aunder Of theoretical nuclear physicists are supported at 28
universities across the nation. 1In FY 1987, £5,765,0008, 55% of the tatal amount, is
budgeted for direct support of univarsity-based nuclear theory programs.

At the heart of wuch of nuclear theory research is the nuclear many-body problem.
Althouwgh crucial breakthroughs that allowed the development of a theory of strong
interactions occurred three gecades ago, only recently have tha techalca)
difficulties deen sufficiently overcome to allow separation of two-body and three-
tody effects in nuclear matter calculations., This achievement eccurred through yedrs
of davelopnent of mathematical technigues by theorists, and through the increasing
access to supercomputers by the nuclear theory comunityl Tn FY ]1985 over 1000 hours
of supercemputer time was made avajlable at the MFE Computer Center at Livermore by
Enerqy Research's Office of Scientific Computing for nuciear physics research, and
more than 2500 hours will be availahle at Livermere and at SCR] at Florida State
Unifversity in FY 1986.

Special relativity has tean found to play a much more important role 1n ruclmar
matter and proton-nucleus scettering than previeusly expected. Racert results fn
nuclear theory show that, even at lcw energies, the traditional nonrelativistic
nucleon-nuclews potenttai may be better described in terms of a relativistic theory,
Effects af very-short-llved particle-antipartfcle pairs are new phenomena predicted
by the relativistic theofy. These effects are espaclally importent $n the
calculation of antiprotons as they react with stable nuclei. Another rapidly
devaloping asgpect of nuclear-matter theory relates te nuclear astrophysics,
Knowledge of the nuclear eguatien of state, in particular the compressibility of
nuclear matter, deternines our ability to understand collapsing stars as they consune
all of thelr nuclear fuel. Astraphycical calculations require that nuclei have a
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*snft" equation of state (very easily compressed} in order to dounce back from a
gravitationally driven implosion, creating a shock wave that may lead to a supernova
explosfon. Aesvlts fram high energy heavy ion collisions, however. indicate that
nuclear matter is very “hard.® This disparity leads to a distinct, unreselved
sclentific dilemma.

Attempts to understand how quarks, gluons, and their interactions detern!ne the
makeup and behavior of nuclel will be a central theme of nuclear theory in FY 1987.
The bastc wnderlying theory of quarks e known to be quantuschromodynamics {QCD) but
the implementation of thfs theory in the predictiom of propertfes of nuclel is
challenging. In all experiments so far, quarks have been found together only in
triplets or in quark-antiﬁuart pairs, never alone. The theoretical implication of
that experimentzl result is that quarks are confined and can never be isolated. An
outstanding problem of nuclear and high-energy theory is how to gensrate such a
confining force from QCD. Current development of quark models incarporating
phenomenologfcal confinesent provides physical insight and suggests that a Tull quark
description of nuclef will eventually be obtained. Muclear theor{sts bring their
particular expertise in many-body physics to the probiem of understanding how the
behavior of quarks in a nucleus of many auwcleons differs frem the behavior of quarks
tn a single neavtron or proton.

A recent intriguing result from nuclear theory is that at sufficiently high
temperature and pressure 2 nucleus can change character fran befng primarfly triplets
of auarks confined within nucleons into a quark-gluon phasa. The entire nucleius
becomes, in effect, the confining region, with the guarks released from the
individual nucleon to form & "quark-gluon plasma.” Sech a tramsition is predicted to
occur in nucleus-nucleus (beavy jon) reactions at sufficlently high energy. One
problesi that s currently challenging theorists 1s to determine an exporimental
signature of the phase transition from nuclear matter to a quark-gluen plasma.

In F¥ 1987, $10,500,000 1n operating expenses fs reqQuired for Muclear Theory to
provide the essential underpinning of theory for the new eaperimental initiatives
discussed earlier ia the Medium Enerqy, Heavy Ion, and Low Energy subprograms, MNew
and basic theoretical devalopments can point the way to new experiments and complex
experimental results must be interpreted and understoed in terms of fundamental
theory. Development #f OCD into & precise, quantitative description of the strong
nuclear frrce, and then into a quantftative descriptfon af nuclear interactions and
structure ¢ indeed a worthy challenge to nuclear theorists.

FY 1987
FY 1985 FY 14986 Request
Capital Equipmant .....icccevevvercnascenansss § 12,700 $ 13,403 $ 16,000

Capital equipment funds are needed to provide for instrumentation to improve
performance of Muclear Physics accelerators for particle detection systems, and fer
data acquisition and analysis systems, These funds are essential for effective
stilizatfon of the national accelerator facilities operated by theg Nuclear Physics
program. [n FY 1987, $14,770,000 in programmatic chpital equipment funds is raquired
for Nucledar Physic¢s research inmitiatives and for mainterance of the overall
productivity of thiz Muclear Physics program. In addition, $1,230,000 18 requested
far general purpest equipment at Lawrence Berkeley Laboratory (LBL), for which the
Nuclear Physics program has laboratery-wide landlord responsibility, Of the
$14,770,000 requested for prograsmatic capital equipment, 34,600,000 is requested far
Brookbhaven Mational Laboratory (BHL), prim2rily in support of heavy ion nuclear
research at the AGS; $2.630,000 is requested for Los Alamos National Labaratory
{LANL} in support of LAMPF experiments and accelerator operations; and $2,840,000 is
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planned for experiments and operatfons at the Lawrence Berkeley Laboratory (Bevalac
and BB-Inch Cyclotron). The remaining $4,700,000 is budgeted for the ATLAS facility
at Argonne Kational Laboratory (ANL}, the Bates Linear Accelerator Center at the
Massachusetts Institute of Technology (MIT), the Holifield Heavy Ion Research
Facility at Oak Ridge National Laboratory (ORKL), and Huclear Physics programs at
Duke University and the Stanford Linear Accelerator Cemter (SLAL).

Mucisar physics research requires carefully prepared beams of protens, neutrans,
ant{protons, pfons, kaons, muons, photons, electrans, and massive nu§1e1 (such as
oxygen, sulfur, iron, 9old, and uranium). Detection and imterpretation of the
results of collisions of these probes with target nuclel requires scientific
instrunentation at the 1imits of present day technology. [n addition, the new
scientific questfons being asked are ware discerning and thus require experiments of
greater sophisticatien. An example of this occurs in the fiele of relativistic heavy
fon auclesar physics, where large, fine-grained detector systems must be constructed
to confront the complexity of energetic heavy ion reactions in which hndreds of
fragnents are produced tn & single collision.

At Brookhaven Mational laboratory, the Tandem/AGS Heavy Ion Transfer Line
canstruction project 1s creating the opportuntty for an exciting experimental pregram
with 14 GeY/AMU beans of heavy ions. Partdcle beams as massive as sulfur (32 atonmic
mass units) will be available 1n late Fy 1986 from the Alternating Gradient
Synchrotron. Two complementary large experiments have been approved for running.
Thesa experiments are designed ta provide the first broad Took at the physfcs with 14
GeY/AMU heavy fon beams at the AG5. One of them utiltizes a single-arm magnetic
spectrometer with high-multiplicity tracking chambers and particle identification
detectors. The primary goal i3 to determine effective temperatures reached in
central nucleus-nucleus collitfons and to measure particle production ¢ross sections
in the forward hemisphere. The Tunding of this system (Total Estimated Cost =
$4,200,000) wil) be complated in FY 1987, The second major approved experiment
utilizes a tige projection chamher moumted in the existing Melti-Particle
Spectrameter magnet. The objectfve of this experiment Is to neasure all charnged
particles anerging from central ¢oliisions of nucle!. Anemalous behavior will be
searched for in the abservables as am indicatiomn of quark deconfinement effects.
Completion of funding for this $1,300,000 experimental system is planned for FY 1987,

At Los Alamos Ritfional Laboratory, a neutron time-of-flight facility {TEC = $900,000;
$550,000 tn prior years and $350.000 in FY 1987) and a magnetic spectroneter (TEC =
$1,100,000; $500,000 fn FY 1986 and $600,000 in FY 1987) are needed As part of an
expanded ¥nelastic nucleon-nuclean scattering research program. These fmprovements
will make possible a complete determination of the isospin=-2erc nucleon-nucleon
scattering amplitudes as a fFunction ef enerqy and angle,

At lawrence Berkeley Laboratory, a large solid-angle detactor for the produvcts of
energetic heavy ion collisions is needed, The mein physics thrust af this detector
will be the study of central heavy fon cgllisions up to the highest Bevalac energies.
Kith this device, the equation of state of nuclear matter canm be well studied, since
1t wiill] be posstble to measure $imultasmeausly many interesting hydrodynamic
propertiies of nuclear s@tter, such as comprassibility and thermal conductivity at
high pressures and tesperatures. A system based on a time projectien chambee in
canjunctiaon with a tice-of-flight array is planned. The device (TEC = 32,100,000;
$300,000 1n FY 1986 and $1.800.000 1n FY 1987} will permit complete eavent
recenstructton, enable the acquisition of data with good statistics since 1t can
operate at high data rates, allow particle fdertification for protons, pions, kaons,
and lambdas, and have goed two-particle separation.



At Argonne Natfoas! Labaratory, the MIT/Bates Linear Accelerator Center, Onk Ridge
Mational Laboratory, and the Stanford Linear Accelerator Center, capital equipment
funds are requested for a variety of needs which include high performance gamma-
ray detectors, high pressure gas targets, spactrometer magnets and detector
systems., the upgrading of computer systems for dats acquisition and analysis, and
for small equipment items for the operation of the accelerator facilities,
Completion of funding for a high-intensity polarized ton source at the Triangle
Universities Muclear Laboratory (Ouke University} 18 plaaned for FY 1987,

The Muclear Physics program has responsibility for providing a11 of Lawrence Barkeley
Laboratory's general purpote equipment. For efffcient aperation of the Laboratory

lant and far personnel safety, obselete equipment must be replaced on a continuing

asis. In FY 1987, $1,230,000 1s requested for all capital equipment that s
requtred at this taboratory and is not specific to any one program. Examples
include; spectrum analyzers and corena detectors for the electronics engineering
graup, film thickness measuring instruments for the machanical shaps, equipment for
Computer-Aided Enginearing, radiation detection equipment for LBL'S environmental
health and safety service groups, a UNIX l6-user work station for the information
saryices ¢rouwp, a precision crane-load positioner for the plant and facilities group,
and high-speed nonimpact printer systems foe the accounting and financial management
group.

FY 1987
FY 1985 FY 1986 Reguest

CONSETUCLIDN sinsussiicrusbnttsssissswsnnrenisns Do oady300 $ 8,702 $ 33,300
The total FY 1987 request for construction funds for Muclear Physics ?s $33,300,000,
Nuclear Physics

Summary of Constructton
(Dollars in Thousands)

Total
. ) Project FY 1587 Estimated
Froject Title Number Request Cost

Centinwous Electron Beam Accelerator
Fac'i1ftj!¥!!!!ﬁil--éul#--m--r---m-l-!pq!.!II BT—R-zoa ‘ 25,000 $235.000
Accelarator Improvements and

hd1{1;?tim$b ------- P T I T szapreans a7-l-201 4.300 4.3‘0
Genera ant Projects ececussersasiensaabeae 82-R-202 & 000 4.000
T‘Dtﬂl.aa.-----..gv----gye-pq-eiiro--n.--ii rm

Authorfzation and appropriation are requested to initiate construction of the
Continuous Electron Beam Accelerator Facility (CEBAF), Research and developmeat and
A/E activities for the CEBAF project are now under way to better define tha project's
scope, schedula, and total cost. This effort will provide the techntcal base
necessary for initiation of construction on a cost effective schedute in FY 1987.

The CEBAF project is the highest priority construction project for basic nuclear
research in the United States. CEBAF's unigque combinztion of continuous beam, high
intensity, and high energy will provide the opportunity for studying the Targely
unexplored transition between the nucleen-meson and quark-gluon descriptions of the
nuclear forte. Accelzrator Improvement and General Plant funds are required fn

FY 1987 in order to meet the demands of frontier nuclear rasearch, to fmprove
efftciancy of facllity operations, and to maintain high standards of personnel safety.

164


https://anilll.Yz
https://lephcf!!d.on
https://e.�uipmer.1t

Continucus Electron Beam Accelerator Facflity

In FY 1987. $25,000,000 is requested To start construction af CEBAF. lpon cempletion
CEBAF will feature an electron accelerator complex capable of delivering intense,
costinuous beans in the energy ranse from 0.5 to 4.0 billion electron valts (GeV).
Tne intensity, energy range, and continuous nature of CEBAF's beams will make this
facility unmatched 1n the world.

The acceleratar compler will consist of: a 1 GeV suparConducting 1fnear accelerator
{linac} which 1s split into twe 0.5 GeV segments; a beam transpart system to guide
the electron beams from one segment to the other for up to four complete passes of
acceleration through the lirac to attain a maximum energy of 4 6eV at a design beam
current of 200 microamperes; cryogenic systems and refrigerators to support operation
of the superconducting lindct; & beam transport system to deliver the continuwous beams
of elactrons from the limat to the experimental halls; and instrumentation and
control systems for the accelerator complex. The accelerator will service three
independent experimental areas--two buildings for experiments using hHigh intensity
electron beams and a smaller area primarily designed for experiments using photon
beams.

The conventional construction needed for the facility will include tunnels to house
the superconducting linac, beam transport Systems, and beam extraction systems;
buildings for accelerator operations, cryogenic support systems, helium refrigerator
systems, experimental areas, and general office/1$ght laboratory space; beam dumps;
and utilities. General office, laboratary, and shop space will nlso be provided by
rehabilitatien of existing structures.

In addition to the accelerater complex and butldings to house the research
activities, this project will also pravide an ifnitial complement of experimental
equipment to exploit the capabilities of the accelerator., This equipment includes
several large spectrometers, and data acquisition and analysis computers.

FY 1987 activities will include: acguisitfon of the Space Radiation Effects
Laboratery site; rehabilitatfon of existing structures to provide space for
fabrication and testing of prototypes; stte preparation and utfilities extension:
detatled design of accelerator components, helfwum refrigerators, and cryogenfe
systems; architectural and engimeering work; start of constructien on one of the
tunnels which wil) house the Vimac; and acquisition of long lead components of the
gccelerator. To avoid detays im latar years in instaltation and testing of accel-
erator components, these activities should eccur in FY 1937,

Accelerator Improvements and Modifications

Accelerator facilities have continuvous need during thair operating life for smatl
nodifications or upgrades to anfiance thefr perforwance tor research use and to
fmprove reliability and efficiency of operation. [In FY 1987, & tatal of $4,300,000
15 requested or these activities under Accelerator laprovements and Modiffcations,

At Argonne Mational laboratory, $950,000 fs requested for 2 new positive fon !njector
for the ATLAS facility. This injector, which uses a new type of suparconducting
resonator, will provide increased beam current, will {mprove operating relfability of
the facility, and will provide heavier mass heavy ions to begin research 1n the aprea
pof gquantum mlectredynamics.
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At éreokhaven Metienat laboratory, $500,800 35 requested far a new ACS bean line to
transpat heavy iop beams from the accelerator to experimental stations. This new
dcam line will have the hfgh vacuun capability and sensitive snstrumentaZion
necessary far heavy ion nuclear research.

At the Lawrence Serkeley Laboratory, $1,000,080 is needed for projects at the
SuperHliAC/ Gevalac and the 83-inch Cyclotron, On the SuperHILAC, dri{ft.tube
quadrupole megnets Will be replaced. These have been danaced from runnieg at the
high fields needed to focus very heavy ion beams such as uranfum. A second profect
is an Intensity upgrade of the Election Cyclotron Resonance ion source at the 88-1nch
Cyctotron. 1his will be acconplished by ratsing the microwave frequency of the
source frem 6,4 to 14 B% and increasing the nficrowave power level,

At los Alaoos National Laboratory, 91,500,000 is requested for LAMBF. lork will
include final 1nstailation of an opttcally pwnped pelariaed proton source and
improvements of beam lines in the Nuclear Physics Laboratory so that high priortty
nucleon-nucleon scattering experiments <an be conducted with polarized bemms.

At the Bates Lfinear Accelerator Center. $35G,000 is buddeted for two projects which
ore part of the polarized electron beat experisental prograc: a high voltage supply
for the polarized source apng a device for on-tine measyranent of beam polarizatien in
the experinental area.

General Plant Projects

The Construction reqeest includes $4,080.008 for General Plant Projects (GPP) at the
Lavrence Berkeley Laberatory, the Bates timear Acceleraltor Center at MIT, and the
LAMPF faciltty at Los Alapes National Laboratory. At these Jaboratories, the Nuclear
Physics program has responsibility for &PP funds which provide for minor cemventional
construction such as buitding additions and alteratiens, and other impravecents as sell
a5 imprevements 20 land and etility systems. A total of $2,600,080 is requested for
projects at the Lawrence Berkeley Laboratory, including the replacmcent of an
emergency powsr sSystem, replacement of roofs on three buildiegsg buflding additions
for 1ight labs, ang major electrical equipment replacement., At the LAMPF facidity,
$970,000 15 planned for additions and imprevegents € the Nuclear Physics Laberatory
for nucleon-nucleon scattering experiments and to the Lesit stop For weakx dnteraction
experioents with newtrinos. At Bates, $430,000 ¢ requested to conplete the upgrade
of the accelerater cooling system and a micrewave 1fnk to the NIT campus cooputers.
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DEPARTHENT OF ENERGY

1987 commmfﬁssr

" GENERAL SCIERCE AND RESEARCH
— WNUCLEAR PHYSITS
(Tabular dollars in thousands, Narrative material in whole do1Mrs,)
1. Title and location of project: Accelerator improvements and 2. Project Mo. 87-R-201
modifications, various locations
3. Date A-E work initiated: ISt gtr, FY 1987 5. Previous cost estimate: None
tess amnunt for PELD: None
3J3. Date physical! construction starts: 2nd Qtr. FY 1987 Net cost estimate: MNone
Date:
4, Date construction erds: 2nd Qtr. FY 1980 6. Current cost estimate: $4,300
Less amount for PE&D: 0
Net cost estimate: 2,70
Date: 5,85
7. Fipancial Schedule: Fiscal Year Authorization Appropriations Ubligations Costs
19R7 § 4,300 $ 4,300 $ 4,300 $ 3.000
1988 0 0 0 1,100
1989 0 0 a 200
8, Brief Physical Description of Project

This project provides for additions, modifications, and improvecents to major research accelerators and ancillary
experimental facilities. The requested funds are necessary to maintain and fmprove reliability and efficiency of
operations and to provide new experimental capahilitias as required for executfon of planned research programs.
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CONSTRUCTION PROJECT DATA SHEETS

1. Title and Jocation of project: Accelerator improvements and #. Project Mo, &/-R-20]

modifications, varjous locatfons

8, Brief Physical Description of Project [continued)

Listed below are the laborataries and a description of each subproject:

Argonne Natfowal Laboratory [ATLAS ). .ccuisbeciaiocnicnidaoccnnoansberteminsyanye rospusspsesany i ranee B 950

A pasitive fon injector will be installed at the Argonne Tandem/Linac Accelerator System (ATLAS) facility, The
injector will vtilize a completely new type of superconducting resanator especially developed to accelerata very-
low-valocity fons and widl provide 3 million volts of accelerstion, An associated cryogenic system and beam line
are part of the project,

Brookhaven Mational Laboratory {AGS/Tantem)}...ssesceesBavessssorssanssasaosansonnasmannnnsnnnassns sacans § 500

This subproject provides for a new AGS beam line for heavy {on experiments. Dipole and quadrupole magnets, vacuum
systens, shielding, security gates, and highly sensitive beam instrumentation are included in the project.

Lawrence Berkeley Laboratory (SuperHILAC/Bevalac, BB-Inch Cyclotron)........ Bt e e i sawmirairis ey o8 . LyDOR

This subproject provides for the replacement of about one-third of the grift-tube quadrupole magnets in the
prastripper section of the SuperHILAC. The new guadrupoles will use a new technalogy kased on rare-earth permanent
magnets, These magrets will have 20% greater focusing strength than existing guadrupele mignets.

Alga, tha Electron Cyclotror Resonance (ECR) source at the B8-Inch Cyclotron will be upgraded by raisipg its
operating frequency from 6.8 GMr ta 14 GMz. New solenofd magnets and a new octupele magnet will be constructed amd
installed; a 18 GHz Rlystron will be installed.
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CONSTRUCT10N PROJECT DATA SHMEETS

I. Title and Tecatien of project: Accelerator lmprovencnts and Z. Project Wo. B7-R-201
medifications, various locations

“#. Brief Physical Description of Project (continued] ==
'.05 A‘amos Mtiona] Laboratory tMWFJGI)‘!‘!l‘!!!IIi!!¥II!!ﬁI.!!!IIl!!l"l!’iII-II!IDG!QIQ!IEiQiiQiiGiii'r- s 1]5[”
This subproject provi&es for the instaltation of an optically pumped polarized proton source in the Clfnton P,
Anderson Meson Physics Factility's injecter room. This new source has a peak intensity of nearly 100 times that of
the existing Lambh-shift source.
Additions and revisions to the permanent proton beam 1fnes 1n the Mucleon Physics Laboratory are provided for hy
this project. These include a four-magnet beam swinger system at the time-of-flight facility which wil) permit
variation of the incident angle of the proton beam and a new proton beam 1ine to service the new Medium Res@lution
Spectrometer.
Massachusetts Institute of Technology (Bates Linear Accelerator Center) ..... B, e A R R 3 350
fAn Isolation Core Transfarmer 1¢ reeded to power the new polar{zed electron source at Bates. Also, for the
potarized electron beam proyram, construcktion of a Moller spectrameter in Bates' South Hall §s planned,

9. Purpose, Justification of Need for, and Scope of Project

Argonne National Laboratory [ATLAS)

The new positive ion injector will increase the beam fntensities and provide ketter operatiomal reliahility for
almost all ion species now accelerated by ATLAS, The intensity fncrease will be especially great (100 times) for
prejectiles such as the calcium isotppes that are difficult te produce with the preseat tandem injector,
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CONSTRUCTION PROJECT DATA SHEETS

1.

Title and location of project: Accelerator improvements and 2. Project No, B7-R-201
mogifications, vartous locatiens

4. Purpose, Justification of Weed for, and Scope of Project (continued)

Brookbaven National Laboratory (AGS/Tandem)

The new AGS beati 1ine will transport heavy ian beams from the accelerator to experiment statioas. It will have the
high vacuum capab¥lity and sensitive instrumentation necessary for heavy ion nuclear research.

Lawrence Berkeley Laboratory (SuperHILAC/Bevalac, 88-1nch Cyclotron)

A major limjtation in the ability of the SuperHILAC teo transport high mass beams efffciently is the loss rate due
to damaged quadrupoles in the prestripper section. The existihg drift tube quadrupoles were originally designed to
provide the highast field gradients possible with the then-current (1970) technology. Since the addition of the
ABLE injector these magnets have been run at the highest possible current levels to transmit the high mass beams
{e.g., gold, uranium). This has resulted in an increased failure rote for the aged magnets and reduced
transmisston throwgh the SuperHILAC for the highest mass beams by about 50%.

The higher RF frequency in the Electran Cyclotran Resonance ion source at the 88-Inch Cycliatron will allow
efficient coupling af microwsve power to higher density plasmas and is expected to intrease the {ntensity of the
very high charge state foms 5uch as NelO+ and Arlé+. Making higher charge states with sufficient intensity will
significantly increase the energies of heavy {on beams from the cyclotron.

Los Alamos National Laboratory (LAMPF)

The optically pumped polarized proton source and improvement of beam limes in the Mucieon Physics Laboratory will
provide capability for execution of high priority neutron-proton and proton-proton scattering experiments,
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CONSTRUCTION PROJECT OATA SHEETS

1. 0NitTe and location of project: Accelerator improvements and 7. Project Mo. 87-R-201
modifications, various locations
8. Purpose, Justification of Need for, and 5cope of Project (continued)

10.

11.

#assachysetts institute of Technology (Bates Linear Accelerator Center)

jhe Isalation Core Trarsformer Now powering the polarized Source i4 on loan and a permanent one is needey. efore
coincidence measurements can be performed {a the South Hall, it is necessary to ba able Cte determine the deam
palarizatton as 1t 1s delivered or target, \Use of a Moller spectrametor is 3 convenient and c¢onventional method
for abtuining this information.

Since needs and priorities may change, other subprolects may e substituted for those listed and some of these may
be located en non-Government ewncd |and,

—

a. Engineering, design, {aspection, construction, procurement, component assenbly, and
iﬂsta]]EtTOﬂ T 0000 @ 00D e evT =t P U FPEPILPAIOL PO IFLE Potooooet 2080 %isb04 P 1000ttt tees st qtetrN OO iIoLO. ; 4!3%

Total ‘Est imatad COSt s sy i wd s b bl v s g s s spuiessisrssriansieswy 3 Ty k)

Method of Perfornarice

®esign will be by controctor staff. Jlo the extent feasible, conseriction and precurement wil) bo accomplished Ly
fixed-price sudcontractor awarded onh ti:e »asts of competitive biddlng.
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DEPARTHENT OF ENERGY

1987 CONGRESSTONAL BUDGET REQUEST
“CORSTRUCTION PROJECT DATA SHEETS
ERCE AND RESEARCH

T BENERAL SCTE

}

(Tahular dollars in thousands. WNarrative material in whole dollars.)

1. Title and locatiom of project: General plant projects Project Mo, &7-R-70Z
various locations
3. Date A-E work initiated: 1st Gtr. FY 1987 Prévious cost estimate: None
Less amount for PE&D: None
3a. Date physical construction starts: 2nd Qtr. FY 1987 Ret cost estimate: MNone
Date:
4. Date construction endse 2nd Qtr. FY 1989 Current cost estfimate: 44,000
Less amount for PEED: 0
Net cost estimate: ¥4, 000
Date: 5/85
.osts
After
7. Financial Schedule Fiscal Year Obligations FY 1985 Fy 1987 FY 1987
Prior Year Projects XAX $ 2,300 $ 0 $ 0
1385 §$ 3,500 840 1.000 ]
19%6 3.251 0 1,000 1,551
1987 4,000 0 ()] 1,000 3.000
3000 Y2600 ¥3,000 @ § 4,550
8. Brief Physical Description of Project

This project provides for minor new construction, other capttal alterations and additions, and for lmprevements to

land, buildings, and utility systems.
equipment integral to a subpraject,

constructien.,

Where applicable, the request also includes the cost of fnstalled capital
Mo significant R&D program is antfcipated as a prerequisite for design and
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CONSTRUCTION PROJECT DATA SHEETS

T. Title and location of project: General plant projects 2. Project Wo. BJ-R-202

varigus locations

9.

Brief Physical Description of Project (continued]

Lawmnce Berke.‘eil_-ab.ratory caTdisaNesrdaEEE R AR EE SsssEsssaEBIcERanoS NrRrrEBE T AGTELRNS ISP nanan $ 2-600

Requirements include: Raplacement of the emergency power system in the Buflding 50 complex; replacament of roofs

on Builadings 70A, 77 and 88; extension of the service yard adjacent to Building 27; an addition to Butlding 74 for
light 1abs; new switching station, feeder cables, end reconfiguration of emergency power switching for the Upper
Hi1l area: and replacement of PCB insulated transformers $n Butldings SOA ana S08. The Lawrence Barkeley Laberatory
(Berkeley, California) is lacated on non-Government cwned property.

Los Alamos National Laboratory (Clinton P. Anderson Meson Physics FRCility).eeeeveceeensneencncancoses § 970

This project includes improvewents to the LAMPF Mucleon Physics Laboratory to prepare for an expanded experimental
program involving the new, high-intensity polarized beam. Specific requirements include: a new floor, additional
cooling water and electrical power, added radistion shielding, a countfng area to service a new magmetic
spectrometer, and a Tonger flight path and new shielding for the neutron time-of-flight facility, Also, minor
additions to and wodifications of the main beam stop are needed for conduct of neutrino experiments.

Massachusetts Institute of Technology {Bates Linear Accelerator Center) .ec.sesvvrecnrcrncrnnnsseanass. 3§ 430

Requiraments include: Upgrade of the accelerator cooling system by replacesent of 3 deterforated evaporative
cooler and & microwave 1ink between the Bates and the MIT campus computers to permit higher data transmisstan
rates. The Bates Linear Accelerator Center (Middleton, Massachusetts) is located on non-Govermment owned property,

Purpese, Justificatfon of Need for, and Scope of Project

Projects at the Lawrence Berkeley Laboratory, the LAMPF facility at Los Alamos National Laboratory, and at the
Bates Linear Accelerator Center at the Massachusetts Institute of Technology are needed to improve effictency and
productivity of these installations and to assure continuation of safe and reliable operations for both personnel
and instrurentation,
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CONSTRUCTION PROJECT DATA SHEETS

1.

Title and locatton of project: General plant prejects 2. Project No. 87-R-2002
various locations

9, Purpose, Justification of Need for, and Scope of Project (continued)

lo‘

11.

The distribution of Funds requested for FY 1987 1s as fallows:

Liwr\?nce &rke]ey Labﬂrator}' i rdad e FE#B IS+ iRFitsRirunrea EdFsitEdiesvrvirvengnFiddPrinasnsnrna suserssBFdFPiveacsrae s 2.600
lL.os Alamos Mational Laberatory (Anderson Meson Physics Facility)...ceereans ey e, N S PG 1 S 14 970
mssad’luSQtts '[ﬂS‘UtUt'E of Techno‘()'gy (Bﬂtes L1"ea|—" Mcelif‘atur‘ {‘:entﬂ-") arr a0 ENs6dboornnsnmal bl BB 430

Totﬂl E‘StinatEﬂ CDSt 6N ddc B 3 0 4B 0 Ay B $ U A ANEAROINABLOGAPREB NG RNOSNANANR PR EET NPT adanntsgrarIndTeRenLLIFarEPE Tm

Since nieds and priorities may change, other subprofects may be substituted for those listed and sowe of these may
e Incated on non-Govermment owned property.

Detafls of Cost Estimate

See description, item 8. The mstimated costs are preliatnary and, ¥n general, indicate the magnitude of each
progran. Thase cests include engineering, design, and inspection.

Method of Performance

Design will be by contractor staff or on the basis of negatiated architect-engineer contracts. Ta the extent
feasfble, construction and procuresent will he accomplished by fire fixed-price comtracts and subcontracts on the
basis of competitive bldding.
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DEPRRTHENT OF EMERGY

1987 CONGRESSIONAL BUDGET RE

COMSTRUCTION PROJECT DRTA SHE

eETS

— WOCCERR PAVSICS

(Tabular dollars in Ehousands.

Narrative material in whole dollars.)

1. title and Location of Project: LONLInuous EIRCLron feam AcCelerator Z. Project No. A7-R-203
Facility: Mewport Mews, Virginia
3. Date A-E work initiated: 2nd 8tr, FY 1985 5. Previous Cost Estimater  Nane
l.ess anount fer PE&QD: None
3a, Date Physical Constructjen Start: 2nd @tr. FY 1987 et cest cstiwate: None
date:
4. Date Constructien Ends: 2nd Ctr. FY 1992 6. Current cost estimate: 3$236,300
Less amount for F£30: i1
Net cost estimate: S0
®ate: 12/85
7. Financial Scheduie: Fiscal Year Authorization fAppropriations iii:-Hgatfuns Cest
FY 1987 $236.000 $ 25,000 $ 25,000 $ 14,000
FY 1683 0 65,000 65,000 42,000
FY 1989 0 &5, (0 65,008 56,000
FY 1990 0 $5.000 55,090 58,000
FY 1991 0 26,000 26,000 45,000
Fy 1992 [ ] Q 21,000
8. GCrief Physical Description of Project
The Centinvous Electron Beam Accelerator Faclility (CEGAF) Is & single purgdses basic nuclear research facilfty to be

lecated 1n H¥ewport News. ¥Yirginia on 4 site which inc¢ludes the land and byildinOs once occupied by the Space
Radiation Effects Laberatory (SREL). Southeastern UnSversfties Research ksseciatian (SURA} is expected to be thne
operating contractor during design, comstruction, and later okorations Bhases of this preject. Jne site

facility will be Federally owned,

* Cest astimzte based on December 1985 preconceptiudl design repert,

for this
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OOKSTRUCTION PROIECT DATA SIIEETS

1. Title and Location of Project: Continuous Electron Beam Accelerator 2. Project Ne. ES=R-2013

Facility; Mewport Mews, Virginia

E."Brief Physical Uescription of Project [continued)

The acceleratoer factlity will include: 3 4 billion electron velt (GeV}, high intensity, recirculated continuous
beam electren 1inear accelerator (1inac); experimental areas and equipment to conduct basic nuclear research; and
busldings to house the accelerator complex and its operations and maintenance activities. The factlity wéf) possess
a complestent of equipment for initial experiments and suppoiting facilitles to exsloit the capabilities of the
accelerator.

2)

b)

Improvenents to Land and Conventional Construction

Improvements to the site wiil intlude such items as dratnage. roadways, and the extenston of ucilities, Svpport
faocilittes for the accelerator complex W)l be housed in both new and existing structures. The Virginis
Associated Research @enter (VARC), an existing single-story structure located on an adjacent site owned by the
Commenwealth of Virginia, will Provide research and adminjstratfve offices. Title to VARC w{ll remasn with the
Comronwealth of Virginia, which by agreement has made it avoilable to SIRA indefinttely for CETAF usc. The
Space Radiation Effects Laboratory butlding, will be renovated to provtde shop areas. component test and
assembly areas, laboratories, and off§ce space. Support steuctures inclede: (1) housing for the linac,
recirculator magnets, and beam lines and (2) butldings for the end stations, refrfcerator. control centee., and
accelerator service functions. The SREL buildings and a surrounding 10 acre site wil) be acquired in acconrdance
vith Executive Qrder 12348 and te2?lementing regulation 41 CFR ID1-47.

Accelerator ¥ sten

The central research toel of CEBAF will &e an electron linear accelerator. It will consist of a 1 GeV
superconducting linear accelerator split into two segments. 1lhe segments will be connected by & recirculator
system tp transgort the electrnan beams from one segment of the 11nac to the other. rour complete passes of
acceleratton through the )inac will proyide an energy of 4 GeV. 1lhe accelerdtor compiex will also include 3
beam extraction systéem to extract three continuous beams from the 1inac: a beam tramsport system to take tre
three beanns to threo exparimental halls; @ cryogenic system inctuding helium refrigerator, licuid helium storage
vessels, and gistribution lines; and imstrumentation and control systems for the accelerator complex.
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CONSTRUCTTAN PRAJECT BAFA SHEETS

I.

Title and Location of Project: Continuous flectron Beem MAccelerateor 2. Project No. 87-R-203
Facility; Newport News, Virginia

H. Hrief Physical Description of Project |continued)

c) Research Equipment

The accelerator will service three independant experimenta) areas. Ressarch equipment will include an initial
complessent of experimental instrumentatfen and other suppert factiities necessary to perform scientific research
using CEBLF's h1ch quality clectron beams and secondary photon beams.

Purpose, Justification of Need far. and Scope of Project

@CRAF will be the onty facility in the world capabie of producing elvctron beams which simultanecusly meet tine
criterfa of high eneray, continuous beams, and high Intensity necessary to advance the frontiers of electraomagnetic
nuclear physics. CEBAF has been identified as the highest priority new accelerator for thne u.S. nuclear physics
program, The unique combination of beam parameters available at CEBAF will wake it a facility of unparalleled
capability, and “he research at CEBAF will enable the LS. to maintain 1ts preeminence in this impoitant area af
nu¢lear science, CEBAF's electrom ltnac, with fts capabllity of previding intense cont¥nuous beams at any emergy in
the range af Q.5 to 4.0 GeV, #s designed to study the largely unexplored transition between the nucleon.mesam and
the gquark-gltuan descripttons of nuclear matter. Io particular, 1t will study the extent to which Individual
nuctenns Change their size, shape, and quark structure in the nuclear medium, study how nuclecns cluster in the
nuclear medium, and study the farce which binds quarks into nu€leons and nuclei at distances where this force is
strong and the quart cenfinewment mochanisos §s §mportant. CL8AF's continweus beam will inake it possible to observe
one aor more of the reacttom products in cotncidence with the scattercd efectron, ensuring that these studies can be
carried out accurately. The broad sPectrum of physi¢s accessidble at CEBAF ensures that 1¢ will become and remain
one of the fmportant scientific centers in thke world,
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CORSTRUCT ION PROJECT DATA SHEETS

1. Title and Location of Project: Comtinuous Electron Deam ACCelerator

Facility; Maewport Ana. Virginia

2. Project o, B/-R-203

0. Details of Cost Estimate®

d. Engineering, Design, Inspectiom, and Adeinistralion.....cscs-

1. Conventiomal Construction
at oepproximately 222 of 1tem b.2 .i.cecntariareiiviose
2. Technical componants at appisximately 268X of 1tew b.3 ...

bb construction costs.obsdv... oooooooooooooooo 8400 ¢ebvdbo bt édboce
1. Land and Land R1ghts (Acquisition of the
SREL s1te}o'0ivod ..................... doebébedtd b dboenn

2. Conventfmra] constfuctfﬂ"ouoona500000000001oooooolooo..yo
3. Accolarator facliities. . .cieirrnonscnacrceacscnreccne

b, Experimental faciltties...c.ierierrieciniariacancnens
Co SuUpPOrt fACI ITI85 . e iceiverecrecrareccaccccacencones
de Ueflities and site preparation........ S SR AR e
JC 'echn‘c.] lewntSn .............. bdovcoeddd et bt OoLEIoN
s ACCelerdtor CORPOMENES. ... c.ciericccccacccaccacccces

b. Research eqﬂimaltvooboo4ooooo 0004040640009 200040009

C. Nanderd Equipment . .. .. .cciccieciecccccenceans N 0000080000 603

d. Gontingeocy at Ipproxipately &5% of adove costs,
e“‘“'nq \t“ b.l BV 4049 ¢ 230 0o e 0t cd bt tat et b s PN+ 0O00 +S e

Total Estizated Cost...........

* Cost estimate dbased on 9acexber 1985 preconcepriud)l design report.

[tem
Cost
$ 10,800
27.500
1,700
49,600
$ 3,600
15,309
10,200
15,700
97,400
67,000
36.4

Total
Cost

L

148,300

1, 9GO

189,100

46,900

§23¢,000
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CONSTRUCTION PROJECT DATA SHEETS

1. Title and Location of Project:

Continuous Electron Beam Accelerator

Facility; Newport News, Virginia

2. Project Mo, BV-R=2013

11. Method of Ferformance

Design, consiruction, and inspection of the facility will he done by the Oparating Contractor, subcontracting with

an AE contractor Tor design and & qeneral comtractor Tor censtruction of the comventiomal facilities.

To the

extent feasible, construction, procurement, and installation will be accomplished by Fixed-price centracts and
subcortracts awarded on the basis of competitive Midding.

12, Funding Schedwie of Profsct Funding and Other Related Funding Requirements

a. Total project cost
1. Total facility cost

a. Constructien
Tine ttem.....
ho pFaotii!itiil!-ﬁ

Total factlity

2. Other project costs
4D necessary
to complete
construction. ..
Total other
praject costs,.

Total project
COStacecssenesa

PY 1984 FY 3985 FY 1986 FY 1987 FY 1988 FY 19B9 Future Years

3 0 § 0 % 0 $14,000 $42,000 $56,000 $124,000
] 300 0 0 0 0 0

$ 0§ 00 ¢ 0 $14,000 $42,000 $56,000 $124,000

$ 1,000 $ 3,500 $4,787 $ 6,250 3% 6,213 $ 4,500 $ 0

$ 1,00 $ 3,500 %4,787 ¢ 6,250 $ 6,213 $ 4,500 $ 0

$ 1,000 § 3,800 $ 4,787 $20,250 $48,213 $60,500 $124,000

$236,000
300

$236,300

$ 26,250
$ 26,250

$262,550



CONSTRUCTEON PROJECT DATA SHELTS

1. Title and Location of Preject: Continuous Clectron Sead Accelerator 2. Project Mo, 87-X-203
facilfty; Rewport News, ¥irdinia

12. Funding Schedule of Project Funding and Other Related Funding Requirements [continued)

b. Other related fundimg requirmnents (FY 1986 duvllars)
1, Mnual facility operating costs including in-house research.c.c.ccesrssvacsacasa » 27,000
Z. Annual plant and capital equipment costs not related te construction but
retated to thz pregrammatic offort sn the TaCiTity.ciciiniaiarioencaeeacencaseas ¢,000

Tota) other related annual funding FreqUirB@ENtS...orvsesresscrrocacrecsasrasrase 9 31,000

13. darrative Explanation of Total Project Funding and Other Related Funding Requirements

2. Total project cest
1. Total faciiity cost
Cxplained In 1tems 8. 9. 3nd 10
2. WOther proJects costs
R&D necessary to complete consiruction

g ¢

The CEBAF 11nac wttl use supeerconducting radiofrequency accelerating cavity technolegy to generate high
energy continuons electran beams. The R&D funds will ®e used to design, evaluate, and construct prototypes
of the technical components which are essenrtial for meeting the design goals for the fecfl{ty.

b. Other related fynding reguirenents
1, #Annual facility operating costs upen completion of construction

This ttem includes the cost of all personnel employed by the faciiity for 1ts operatfonp malntenance, and
in-house research, together with electric power and matertals and services cogts. Approxtamately 230
min-yedrs of effort annually wtl) de required.

2. Aunual plant ang capital equipment costs upon cespletion of corstruction
Thig i1te: includes capftal equipment needed L0 maintain the research capabitity of the facility to meet

evolving research requirements as well as funds for accelerator imprevewment projects and minor Oeneral
plant pivjects required to ensure 185 conttnuved high perfonmance,
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