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Relativistic Nuclear Physics (RNP). Nuclotron Development 
and RNP Experiments. 

The research goals 
At the present time the scientific programme of the Laboratory of High Energies (LHE) 

is concentrated around the investigations of interactions of relativistic nuclei in the energy 
region from few hundred MeV to few TeV per nucleon with the aim of searching for man
ifestations of quark and gluon degrees of freedom in nuclei, asymptotic laws for nuclear 
matter at high energy collisions as well as on the study of the spin structure of lightest 
nuclei. 

Ex1wriments along these lines are being carried out using beams of the Synchrophasotron-. 
N11clotro11 arcf'lerator compl<'x as well as of other accelerators at C'ERX (SPS. LHC'). Saclay 
(SAT!lHN). BNL (HIIIC). 

Historical background 
LIIE was founded i11 1!)53 on the basis of the new accelerator - Synchrophasotron. 

TIii' Synrhrophasotron was commissioned in 1957 and, thus, the prerequisites were created 
for l"St.ahlish11w11t of accelerator-based high energy physics in the JINR Member States. 
'l'lw st.udil's i11 n·lat.ivist.ir 1111d1•ar physics Wt"rt' t"Ollllllt'llrt'd i11 I !)71. 11si11g till' Dubna Syn
d1rophasot.ro11. wl11·11 l1t•m11s of rdat.i\"istic deutt"rons of -1.;, t;,,\· p.-r 1111rk,m were obtained 
for t.111" first. t.i1111·. TIii" i11il ial pl'riocl HNI' n·s,•arrh,·s on I h,• Sy11dm1phasotron gave scien-
1.ili,· a.11cl t<-ch11ira.l gn1u11cls for t.111" roust rndion of c1 s11p,•rn1uducting nuclear accelerator -
I.Ill' Nuclot.ro11 (1!11-ii-!1~). 

Main research facilities 
The Synchrophasotrou makes it possibl1· h> obtain beams of nuclei with momentum 

up to 4,5-A GeV /c with intesity 1012 p1•r eyde for protons and with gradual lowering of 
the intensity down to 4.5-103 for sulphur. The beams of polarized deuterons and quasi
monochromatic polarized neutrons an• unique in the world. 

In 1993 the first special-purpose high energy superconducting accelerator of nuclei, Nu
clotron, was brought into operation in the Laboratory. The Nuclotron will make it pos
sible to obtain beams of nuclei and heavy ions with energy ranging from few MeV up to 
6 Ge V /nucleon with qualitatively improved space and time parameters. In 1993-96 the· 
construction of the beam slow extraction system was continued and an internal target 
experiment program started. 

Nowadays, the Synchrophasotron continues. to attract physicists from the whole world 
who are interested in working with relativistic nuclei and polarized deuterons. Active work 
with the beams of the old machine will make it possible to retain the existing community 
of physicists and the developed experimental facilities up to the time of complete com
missioning of the Nuclotron. This smooth transition means that the potential of the new 
accelerator will be exploited for investigations from the very beginning. 

Main research directions 
The scientific programme of the Laboratory includes two complementary directions of 

research:· ( i) the study of spin and effects of nonnucleon degrees of freedom in lightest nuclei 
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and, on the other hand, ( ii) the study of multiple processesin nucleus-nucleus collisions with 
the aim of searching for collective multinucleon effects and asymptotic laws in nuclei, and 
transitions of proton-neutron phase of nuclear matter to quark-gluon one. 

At present most relevant experiments are aimed at the study of the transition regime. 
Num~rous observations indicate that this transition regime is situated at ·energies from 
hundreds of MeV per nucleon to about 3,5-A GeV, above which the asymptotic regime set 
ups. Nowadays, the main attention is devoted to the study of spin phenomena, including 
spin phenomena in cumulative processes. 

. Interest in the beams of the LHE accelerator comlex has also increased in connectiou 
with th~ topicality of studying the nuclear physics aspects of electro-nuclear method of 
energy g~neration and transmutation of radioactive waste products. 

· Studies are carri~d out mainly in the framework of existing collaborations, such as 
SPHERE, ALPHA, in which the JINR staff members play a uniting role. At the Laboratory 
there are also research groups from other institutions with own experimental equipments. 
The Laboratory of High Energies is an open one and the only requirement for using its 
accelerator f~cilities is the approvement by the JINR Scientific Council of the experiments 
·proposed. . 

NUCLOTRON Progress in 1996 
During 1996 the Laboratory of High Energies achieved the important advances in im

provement of operation on the Nuclotron beam. Two beam runs were carried out. A high 
luminosity level had been reached in the internal target experiments. A 10 second beam 
circulation had been obtained. Due to budget limitation, only a 20% scheduled beam 
time was provided as well as a significant portion of the extraction system constructiou 
work wasn't fulfilled in 1996. 

The concept of a superhigh energy hadron synchrotron/collider of a new geueratiou is 
considered. Physics motivation for collider at energy above 14 TeV has been suggested and 
extrapolation of the Nuclotron-type cryomagnetic system for very big accelerators have 
been done. It is shown that low-cost low-field iron dominated miniature magnets 
is the only feasible approach for a superhigh energy accelerator of the next 
generation. 

RNP Research in _1996 

• In 1996 the Synchrophasotron operated during 174 hours The dominant condition of 
the machine operation is the attraction of the user's resources. In spite of a continious 
rise of the electricity cost the number of such users doesn't decrease. First of all, these 
are the polarized beam users. The interest to the traditional beams of light nuclei is 
still very great. 

• Experiments of the FAZA (LNP) collaboration were continued on a carbon beam. 
The research goal is the study of the decay mechanism of very "hot" nuclei iu a 
47r-geometry. A new (fourth) decay radioactivity type was discovered in these ex
periments - thermal multifragmentation. In such a decay, strongly heated nucleus 
immediatly desiiitegrates into lightest nuclear fragments. The study of this process is 
a key to understande the "gas-liquid" transition in nuclear matter. 

• A new user of the LHE beams in 1996 is the ENERGIYA-YADRO (Energy-Nucleus) 
enterprise working in the framework of the S. P. Korolev ENERIYA space-missile cor
poratio,n .. This enterprise carries out experiments on the exploration of the cosmic ray 
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i11f111e11rc 011 microelectronic compu11e11ts. TIii' t'\"er-gruwi11g rule of microelectronics 
i11 the l\111{ space station nmtrol giVPs a special topicality lo tll<' program. TIii' appli
catio11 of the LHE high e1wrgy hPam makes it possihlP to impro\"e rPliability of space 
n•sparch equipmPnts. ExpPrts of th1• FrPncl1 Natio11al Span• AgP11r~· arc• iuterestt>d i11 
thesp st11diPs too. 

• 1'.si11g a deutero11 lwam tilt' SPHEHE rnllahuratio11 rnnti1111Pd experiments de\·elop
rneut. 011 t.lJP cumulative partir!P procl11ctio11 by polariz1•d deuterons. TIii' .Japa11 rnl
lahorators (Nagoya llni\".) had clt>lin·rP~I a m·11· aProgPI ('ll<'re11ko\· c!Ptertor. Tiu· 
quality of the JOO lll<'!Pr s1wct ronwt rir cha111wl was sig11ifica11t ly impro\"l'd. Data 011 
pion productio11 i11 a twicl' c111mrlat in• n•gio11 11·pn• ohtai1wd. 111 this rq!;io11 t lw rn11t ri
lmticm of morP than om· nuclPon i11 Pach collidi11g m11·IP11s is m•cpssary fort lw n•acticm 
to pron·Pcl. 

• Data on thc> total c-ross-s1•ctio11 differc•11n·c>fproto11-111·11tron i11teractio11 i11 pun· lu·li.-ity 
statt•s at 1.20, 2.50, and :urn< ;<'V 1\·1·n· a11al_\·z,·d and pulilislwd. Fmtlwr c•xp,·ri11w11ts 
with polarizPd particle lwa.ms aud t lw polarizPd target makP it possililc· to olit ai11 
uniqu<' data on tlw 11ucleo11 spi11 st rurt.un·. 

• Thr polarized 11eutro11 d1an11PI was upgradrd for fntun· us<· with tlw Sada_\·-:\:'\L 
polarized target. The DEJ;rA :rn0-chann<'I lead glass calorinwtn ( ( 'ollahorat ion 
(LHE&INR RAS (Troitsk)) was I.est.Pel for thP lirst tinw. Tlw 11ean•st task is the 
11wasurPme11t 17-meson yit>ld as fm1rtion of thP rnllidiug 1111rl1•011 spill oric11tat io11. 

• A new polarization solenoid was produced for the Saclay-ANL polarized 
target.· A field magnitude and homogeneity allow one to resume new unique 
experiments in the next year. 

• The ALPHA collaboration rnnti1111ecl data a11alysis of t.lw polarizat.io11 t ra11sf,·r co
efficient from a vector polarizPcl clt>utProri to a strippiug proto11 for 11 0-0.;ii (;p\"fc 
internal momP11tum n·gio11. A rhauge in t.lu· rndlicie11t. sig11 was d,·111011st rat Pd. It is 
nPcessary to explore a high1·r 111omP11tlm1 n·gion i11 order t.o 1•stahlish au asymptotic 
hPl1avior of the coeffiric>nt. 

• A universal approach to tlw description of subthreshold. n111111lat.in·. aml twin· ,·11-
mulative processc>s bast'd 011 the• self-similarity hypotlwsis is dPvPlop1·d. Lar_g,· ,•:,;. 
perirrn~ntal makrial on tlw proclurt.ion of mesons. proto11s. a11tiprolo11s. and li_glit,·st 
antinuclei in nucleus-nucleus collisio11s is a.11alys1·d. 

• In the fra,mework of tlw clPvPlopnl<'11t. of thl' PlectronuclPar mdhod of 1•1wrg_\· p:c·m·r
a.tion new results havf' lwi,11 oht.ai1wd OIi t.hl' IIC'Ut.ro11 yi,·ld C'lll'rg_1· d1·1u·11dc•11n• 11si11g 
a massiv,~ lc,;i;i target irrndiatPd by 2-<" ( ;,.y protons. 011 I his basis t lw primary 
h,~am e1wrgy and t.he rn11vPrt.er pa.ra.md.c•rs of t.lw sulicrit ical assemlily oft hP E:"i EH
CIYA setup will be optimizt>d. 111 tlw fra.nwwork of t.hc• t ra11sm111 al io11 st.udiPs the• 
LHE&Marburg Univ. team carrit>d out irradiat.io11 of lc•ad. 11ept1111i11111. am[ 11ra1;i11111 
targets in proton and nuclear hc,a.ms of t.11<' Sy11d1rophasot.ro11. 

• A 900-channel ToF hodoscope intemlecl for pa.rt.id,· id,·nt.ifkation i11 a :I-<" ( ;,,V /c 
momentum rPgion has lw1~11 commissiom·cl by t.lw Sl'II EH E rollaliorat.io11 group i11 t.lw 
CERN NA49 SPS experiment. TIii' mt•a.11 tirm• n·sol11t.io11 is i!i pirnsc•,·0111[ and t.his 
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pl'rmils n·lial,lc· idt'ntification of d1arg,-,d mt'sons. protons. antiprotons all(( d,-,ut,-,rons. 
Hi.-11 slatistirs 011 int<'rartions of protons and !Pad nuc!Pi with lt>ad aud lead hydrogen 
tar)!;dS has lw,·11 ohtai1wd. 

Approach to resource planning in 1997-99 

Status in 1997 
The dominant principle, defining the Laboratory resource concentration in 

a situation of an extremely reduced budget, is ensuring of on-site opportunities 
for fundamental research. 

The followi11g it<'ms arc at tril,utl'd tot lw 1111rn1ulit io11al H '.\ I' l,udgl'I ,·x1H·11s,•s: JH'rsm11wl 
salaries and civil infrastructun- rnsts for lwat. watl'r. l'l<-<"1 ri.-it_,· wit bout t Ii,· a<"n·l,·rator 
complex. At present expPnses for providiug of t II<' n·s,·ar<"h prngra1111111· i111"l11d,· t lw '.\ 11-
clotron 's ring operation, support & upgrade of ongoing first priority ,·xp,·ri1111•11ts and t lw 
'.':uclotron devP!opment (slow extraction, linac, ion .sour..-,·s). Smoothly n·d11<"i11g •·x1w11s,•s 
for tlw Synchrophasotron operation _aw covP.n,d dul' to attraction of us<'!" n·s0111..-,·s. 

111 geiwraL the t'Xisting approach to rPsP.arch planning and lmdgd sdl<'nl<' will lw 111ai11-
tai11ed in 1997-99. 

Priorities for 1997-99 
The first priority will be given to the Nuclotron operation for the internal 

target experiments (up to 2000 hours per year), obtaining of extracted beam, 
and injection system upgrade. 

Among experiment projects the first priority will be assigned to already 
ongoing experiments which are further planned to run with the Nuclotron 
extracted beams, primarily: 

• SPHERE, multip1uposf, sp<'ctronwtP.r with 4ir geomP.try (including small scale internal 
target spectrometers); 

• GIBS Project (isobar <'xitatiou in 1111clP.i and hypP.r nuclP.i); 

• FAZA (LNP), 4ir nuclf,ar multifragmentation. 

As first experiments in a Nuclotron extractP.d beam oriented on use of an improved beam 
duty cyclP., the following ones are undP.r prt'paration: search for coherent effects in isobar 
<'Xcitation in nuclear mattt'r (joint efforts of SPHERE-GIBS-DELTA teams), studies 
of multifragmentation plwnomena FAZA (LNP)) and effects of the transition regime in 
nuclear collisions (MARUSYA). 

The Synchrophasotron-Nuclotron acr.elerator complex will save its role as a unique cen
tre at. which there is a high-intensity beam of tensor- and vector-polarized deuterons with 
high dP.gree of polarization and momP-ntum from :3 to 9 GeV /c. When the accelerated 
dcuterons break up, it is possible to obtain quasimonoenergetic polarized neutrons and 
protons. At the present time, a new generation of experiments is under prepa
ration with the use of the Saclay-Argonne movable polarized target. 

Tlw ratio of thr. accelerator and r,xperiment rP!ated ex1wnses was adopted at a level of 
60'/r,f,10'¾,. Tlw rww opportunitiP.s givi,n l,y the Nuclotron as well as the unique Syncl1ropha
sotro11 lwams (up to l!i00 hours per year) will stay as a factor attractirig usern in-kind and 
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in-cash contributions. This creates a special topicality for the Laboratory activity-related 
with to the support of users contributing in the development of experimentation basis and 
financing of the accelerator complex operation. An important factor defining priorities of 
experiment development is their support through such funds as RFFR, INTAS and others. 

Accelerator complex development 
In 1997 - 99 the construction of the Nuclotron beam slow extraction system is consid

ered to be the main task for the accelerator development. This system is scheduled to be 
completed in 1998 in the case of an adequate funding support. Appropriate support should 
be given to the injection system development. 

At present the Synchrophasotron operation is provided by non-budgetary resources 
on user's requests (mostly polarized ·deuterons and applied research). After appropriate 
training the Synchrophasotron personnel is transferred to the Nuclotron exploitation and 
dc>velopment. The termination of the Synchrophasotron exploitation in the coming years 
will lw fulfilled according to the concept of experiment smooth transition from the Syn
chrophasotron to the Nuclotron without losses in the accelerator complex potential. 

This substitution is divided into three major stages: 

I. obtaining of Nnclotron extracted beams of light nuclei with intensities of 107-108 particles 
pPr spill; providing of the Nuclotron operation duration of 1500 hours per year; termination 
of the Synchrophasotron operation for low and moderate intensity experiments; 

2. increasing of the Nuclotron unpolarized beam intensities to 1010 particles per spill; 2000-· 
hour operation of the Nuclotron per year; termination of the Synchrophasotron operation 
with unpolarized particles; 

3. providing of Nuclotron polarized deutron intensities at a level of 109 particles per second in 
the main experimental hall; increasing of the Nuclotron operation time to annual duration 
of 3000 hours; completion of the Synchrophasotron operation. 

The basic condition of feasibility of such a staging consists in that the annual expenses 
for operation and development of the accelerator complex should be at a 10% level of the 
JINR budget with exception of the JINR infrastructure expenses (3 M$ with respect to 
the 1996 budget). Taking into account the RNP experimental programme and the LHE 
infrastructure expenses the annual LHE budget should be at a level not less than 4.5-
5.0 M$. · These goals can be reached within 2 years under condition that the respective 
funding profile will be provided. 

The most topical and perspective project to be commenced in. 1997-99 is the 
250 Me V /nucleon N uclotron booster ( cost of '3 M$). Its constructio_n will make it· 
possible to increa~e significantly the efficiency of the Nuclotron. Implementation of the 
project will give a rise in intensity of two orders of magnitude as well as provide a solid 
basis for future development of the accelerator complex of relativistic nuclei and for a wider · 
applied use. 

Application of 1-2 GeV /nucleon beams for an accelerator driven nuclear energy produc
tion is a most important field of applied nuclear en~rgy research. In this respect the LHE 
advances in a accelerator magnet :miniaturization: provide for development of 
new concepts of compact accelerators for nuclear power plants. This R&D activity 
is becoming very important for the LHE staff in 1997-99. 
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Cooperation at accelerators of other centres 

• During 1992-96 collaborative work was established in CERN experiments NA45, 
NA49, WA98, EMUOl running in SPS nuclear beams. Essential contributions 
of various type detector equipment were made for these facilities. Therefore, it is 
expected that qualitatively new physical data will be available for analysis in 1997-
99. 

• New research prospects of relativistic nuclear physics research will be opened in thr 
energy range of the order of few TeV per nucleon. In this respect the ALICE and 
CMS experiments at the LHC will give new and complementary information on dP
tailed picture of multiple production and hard QCD processes induding intermediate 
vector boson production at ultrarelativistic collision energy. In 1997-99 it is planned 
to work over the physics programmes of the experiments and detector development. 

• For the HADES experiment at the SIS synchrotron at GSI (Darmstadt) it is planned 
to construct a system of multiwire drift chambers. The production was started in 
1996. 

• It is planned to continue activity in the STAR and PHENIX collaborations at BNL 
(RHIC) provided that essential support is given by the collaboration and the JINR 
Directorate. 

RNP priority summary 

1. There now exists an understanding that experiments with relativistic nuclei 
present one of main prospects of nuclear physics research. With the commis
sioning of the Nuclotron, ongoing experiments and those under development at the 
Nuclotron offer qualitatively new possibilities for studying the picture of nucleus at 
the subnucleon level. Many of currently existing restrictions on the beam parameters
the charge of the accelerated ions, the beam extraction time, the intensity, and the 
geometric size of the beam - are lifted. The investigations can also be extended into 
the region of lower energies-down to a few hundred MeV per nucleon. 

2. It is necessary to provide an adequate support for the Nuclotron runs, 
extracted beam system and first priority experiments in its beams. 

Development of the Nuclotron injector is the next essential step on the way of 
qualitative improvement of the LHE accelerator complex. 

The Synchrophasotron operation will continue until the external beam becomes avail
able at the Nuclotron, provided nonbudgetary sources of financing are available. 

_ 3. At the Nuclotron internal target priority should be given to the studies started in tlw 
framework of the SPHERE collaboration on energy depr.ndence of hadron production 
and including spectra transition to asymptotic behaviour in the energy range from 
few hundred MeV to few GeV. 

4. The start-up of operation of the movable polarized target at the LHE accelerator 
complex and the polarized .neutron channel with the world highest energy open new 
possibilities for spin phenomena study and for further development of international 
scientific cooperation around JINR-based facilities. 
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!i. Tlw s11<T<'SS of th<' first \'Xpt•ri11w11t with tlw mornl,1,- polariz,·d targPt using till' po
larized n,·utron lwam to 111,·asun• tilt' total noss-s,·ct ion diff,·n·nn· as w<'ll as t Ill' 
rx1wrinwnts to stud_,· cu mu lat i,·,· product ion spin dt'JH'nd,·rwt• (Sl'II EH E. K:\SPIY. 
DISK. Sl\lS MSI') d,·monst.rat,· till' LHE pot,·ntial in t.lll' transition <'rll'rgy n·ginw. 

6. Thr successful <'XpPril'nn· of till' LHE acti,·ity in l!J!J2-!J(i has justilird tlw unification 
into two first. priority topics of t Ill' PXprrinwnt facility proj<'ds in accordance with 
basic sriPntilic int1·n·sts am! lwam typr r<'qtwsts (mtclt·i/polarizl'd dl'utrous). lu this 
way a rnop<'rat.ion hl't\\'t't'll ph_vsirs groups is C'stablishl'd 111,m· simply. 

7. l11tnnatio11al rno1H•ratio11 on till' LHE llPar'ns should lw supJH>rt1·d b_v till' d,•,·pJopnwnt 
of ,ompul<'r 11Pt.lrnrk infrast rnct.un· and pro,·iding oft Ill' 111ai11 ,·x1wrinw11ts (Sl'II EH E. 
ALPHA. (;JBS) hy 1:NIX workstati011s. 

8. Th<' dl'wlop111t•11t of lilt' intPrnat.io11al scil'ntilic and ll'chnical coop<'rat io11 in ot h<'r 
accl'lc·rator n•111t'rs 011 n•lati,·istic 11ucl .. ar ph_,·sics is grou11cll'cl 011 t lw .Jl:'\H priori1~
adva.11n·s a.11d c·los,·1.,· n•latl'cl to n•st•arch progn·ss at tlw .11:'\H basic acn·l<'rator facility. 
Thi' activit_,· i11 t.l11s n·sp,·ct st.ro11gl~· ll<'l'ds an additional li1111acial support. Taki11g 
i11lo a.crnunt a growing impoita.11n· of part.icipat ion 011 ,\LI( 'E. II:\ DES. ST:\ H. ( ':\IS 
(!wavy ion program) proj,·cts t.o an· IH' rnnsic!Pn·cl a.s lirst priority act i,·ity for I !Hli-!l!l. 

9. Dmi11g l!HJ2-!)(i important. rt'strlt. W<'rt' obtairwcl in till' franlt'work of thl' LIIE second 
priority topics. These topics allow t.o use intensively the JINR infras
tructure, attract additional budget resources, and support. external user 
activity. Tlw LIIE second priority topics (W,\SA at. CELWS. l'olarizatio11 T,·ch-
11ologics, Crysta.lloopt.irs. FOTON. KASl'lY. Sl\lS !\!SIT) will rnnt.inm· i11 l!l!li-!l!J 
provicll'cl that. they can lw f1mdPcl from 11011budg1•t.ar_v f1111cls. 

10. TIJ(' LIIE beams prPsrnt. a sp<'cial i11t.Pn•st for applinl nucl<'ar ph~·sics r<'st•arclt. l'S
p<'cia.lly for thP developllll'nt. iif <'Xpt•ri11w11tal asprct.s or au ,·l,·ct ro1111cl,·ar 111!'1 hod or 
1·1wrgy production. In till' frarnt>work of this rt's<'ar-ch an·: 

• provision of nttc!Par constants iu II.I:: D arl ivit.iPs: 

• clPvl'iopnH'llt of thP llll't.hods liir co1npttl.t'I' simulation of nuc!Par pron•ssps rc•laJ,•d wil h 

a targ<'t.-hlanket configuration clPsign. 

• th<'oretical study of aclrqua.l<' accrlrrator ty1ws, cll'vrlop11H'lll of acc,•INalor nnils and 

targc>t rnmpll'x. 

11. Thi' LHE advances in a sup1•1-co11duct.iVl' magru•t. lt'cl111olog_,· gin·s a basis for a dt•\·t•l 
opmcnt of a concept of an a.cn·lt·ra.tor clriv,·n nucll'ar po,,·,·r product ion as w,·11 as for 
progrcss.-cif a 1wxt gen<'ration of superhigh enrrgy hadron rnllid,·rs 
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