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The 10 GeV Synchrophasotron of the Laboratory of High Energies, commissioned in 1957 

PREFACE 

This guide book was arranged for colleagues, 
who are coworkers or collaborants of the Laboratory 
of High Energies (LHE) of JINR at Dubna and for 
those who intend to use the facilities of LHE in col
laboration with established groups or with their own 
experiments. The compiled information is partly 
thought as a first guide for people not acquainted 
with LHE. Partly it should serve as a base for the de
velopment of ideas and proposals for new experi
ments and as starting point for concrete project work. 
For these purposes the detailed description of the ac
celerator complex (especially the possibilities at the 
Nuclotron), data concerning the available beams, 
details about the beam lines, experimental halls. 

experimental installations and the methodical and 
technical services at disposal at LHE will be useful. 

This guide book is edited at a moment when 
LHE is going to progress from the Synchrophasotron 
to experiments on the beams of the new super
conducting synchrotron for nuclei, the Nuclotron. 
Therefore we already announce the publication of a 
supplement after commissioning the new machine 
and after performing the first experiments on it. 

As this booklet is the first attempt to compile 
such a guide book about the Laboratory of High 
Energies, it may be in certain aspects not very 
perfect. So the editors arc eager to hear your 
proposals for improvements. 

4 

Oticxif the superconducting dipolc magnets 
of the Nuclolron 



1. LABORATORY OF HIGH ENERGIES 

The Laboratory of High Energies (LHE) :vas 
founded in 1953. When the Joint Institute for 
Nuclear Research (JINR) was organized in 1956, the 
LHE became its part. The basic installation of the 
Laboratory, Synchrophasotron, was constructed in 
1956, and an accelerated proton beam of an energy 
of 10 GeV was obtained in 1957. The record proton 
energy produced at the Synchrophasotron allowed a 
number of important scientific results to be obtained. 
One of them was the discovery of a new particle 
named anti-sigma-minus-hy peron. The construction 
of new experimental set-ups and the improvement of 
the acceleration complex have been going on 
constantly. 

In 1970, for the first time in the world, the 
Synchrophasotron accelerated deuterons up to 
relativistic energies. That was the beginning of a new 
branch of physics — relativistic nuclear physics. 
New ion source-; were then created at the Laboratory 
which allowed one to accelerate nuclei of helium, 
lithium, carbon, oxygen, magnesium and polarized 
deuterons up to an energy of A GeV/nuc. An 
important stage in the development of the 
Synchrophasotron was the creation of a high-

efficient slow extraction of primary beams in 1972. 
To realize a wide research program on these beams, 
a hall with an area of 6000 m 2 was built. Beams were 
ejected into an old building as well. 

A new injector, a linac of 20 MeV protons and 
5 MeV/amu nuclei, was constructed in 1974. This 
made it possible to significantly increase beam 
intensity and reliability of the injection facilities. 

The studies performed at the accelerator have 
resulted in the discovery of a new phenomenon 
called «cumulative effect». This is the first effect in 
which the quark-gluon degrees of freedom of atomic 
nuclei were manifested. Similarity laws of nuclear 
interactions discovered on the Synchrophasotron 
beams have a great influence on the LHE research 
program. Among parameters determining these 
laws, the cross section of nuclear interactions 
depends on very weakly (asymptotically it does not 
depend), there is the energy of collision. The 
approach to the asymptotical region is already 
attained at an energy of 3.5A GeV. 

The LHE is an open Laboratory where the only 
access condition is the approval of experimental 
proposals by the JINR Scientific Council. This is 

11| I . I . Academician I.W.Vckslcr (left), flnt director of Mi l : , among coworkers of the 1 лоогшпгу 
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l-'ig. 1.2. The spectrometer SYAO, the first experiment using n gas-
jet large! inside the aceeleramr chamber 

reflected by the reparation of the national and 
foreign users' community and cooperation 
agreements of different types which exist between 
different Laboratories. 

Presently, the Laboratory '<>as 14 large 
experimental sel-ups. Twelve Dubna teams and 6—8 
from other Laboratories take part regularly in 2 to 5 
experiments which can be carried oul simul
taneously. About 500 researchers representing more 
than 100 institutions are involved in experiments at 
the Syncrophasotron. All the user groups working at 
the Synchrophasotron have suggested their research 
programs for the Nuclotron. 

In 1972 the LHE initiated the research and 
development of a superconducting synchrotron for 
accelerated nuclei wilh a wide spectrum of mass. At 
the end of the seventies superferric magnets were 
chosen for the LHE program as an optimum option 
for constructing an accelerator with necessary 
parameters. The technical and economic charac
teristics of this accelerator, named Nuclotron, are 
significantly higher than those of the Synchro
phasotron. A very deep vacuum of the Nuclotron 
makes it possible to accelerate heavy ions including 
those of uranium. The duration of slow beam 
extraction can be up to 10 s. The Nuclotron 
consumes 4 limes less electric energy than Ihe 
Synchrophasotron. A Nuclotron maximum particle 
energy of 6A GeV permits both preasympiomic and 
Ihc beginning of asy mptomic ranges of energies lo be 
researched. Over these ranges of energy Ihe proton-

I'ig. 1 3. The two-arm phnliin spectrometer PHOTON Inr Ihc observation of the decay of neulrul resonances 
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neutron model of the nucleus is not plausible and the 
atomic nucleus should be considered at the quark-
gluon level. An investigation of spin phenomena by 
means of polarized and aligned nuclei beams, 
conducted at the Synchrophasotron-Nuclotron 
accelerator facility, deserves particular attention. 
This program of LHE has received international 
recognition. This allows one to investigate in detail 

the transition lo the quantum chromodynamics 
phenomena of large distances, a more actual and 
less investigated region of the quantum theory of 
field. 

The construction of the Nuclotron started in 
1987. At present the last parts of the ring are being 
assembled and the set-up is planned to be 
operational in 1993. 

2. MAIN DIRECTIONS OF RESEARCH AT LHE 

In the presentation of its history the 
development of the research at LHE has been 
already described. Here will be given a short survey 
of the general lines of investigations in a common 
context as they are understood at present. 

In a very general form the headline over all 
topics studied at LHE can be formulated as a «check 
of the standard model». These investigations will be 
continued in two ways: Following its traditions LHE 
will take part in some experiments abroad at the 
largest accelerators of 
the world, for example 
in the experiment 
DELPHI at LEP and in 
the planning and per
forming of experiments 
atRHIC, LHCandSSC. 
The main way will be 
the research at home us
ing rich possibilities of 
the accelerator complex 
of LHE. these in
vestigations are stand
ing under the caption 
«relativistic nuclear 
physics». They are 
devoted to a wide held 
of physics of «large» 
distances. Large distan
ces have to be under
stood here from the 
point of view of QCD, 
that means the question 
is about non-pertur-
balive QCD. As is well 
known, this region is 
most difficult to be treated in the strict theory. But it 
is of great importance for the understanding of such 
fundamental ingredients of the structure of matter as 
nuclear interaction, the phenomenon of confine
ment, many processes of particle production, 
properties of nuclear mailer, exotic states in nuclear 

Fig.2.1. Contemplation of a «star» 

systems, etc.. Therefore it is necessary to study 
experimentally a whole lot of phenomena in which 
QCD effects, or, in other words, quark-gluon 
degrees of freedom may reveal themselves, and to 
construct phenomenological models. The 
experimental technique available at LHE presents 
excellent and in certain aspects unique possibilities 
of working in this direction. The available energies 
per nucleon allow one to reach the asymptotic region 
of the scale invariant regime. The accelerator 

complex provides a large 
variety of particles: all 
nuclei up to uranium at 
the future Nuclotron. Of 
special interest are the 
beams of polarized 
deuterons with 
momenta up to 9 GeV/c 
which are beyond 
competition in the world 
and found therefore 
lively interest from 
abroad. 

The above sketched 
problems are being 
attacked in several 
directions: 

I) Investigation of a 
few particle systems 
with respect to quark-
gluon degrees of 
freedom in the region of 
overlapping bags. By 
means of polarized 
deuteron beams the spin 
structure of such 

multiquark systems or quark matter droplets can be 
explored from which unique information, in 
connection with the spin structure of nucleons (spin 
crisis), can bo expected. 

2) A unique source of information on mulliquark 
systems is (he cumulative effecl. This effect provides 
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evidence for the existence of drops cf quark-gluon 
matter and allows one, for instance, to study the 
structure function of such drops. The investigation of 
the cumulative effect will be extended to the study of 
its mechanism by kinematically complete 
experiments, by the measurement of analysing 
powers, by further investigation of jets by means of 
4-velocity analysis and by the study of production 
processes below threshold. 

3) Search for resonances in a few particle sys
tems, including very narrow ones, which are relevant 
to multiquark systems, search for exotic multiquark 
states including isobars and strange particles, study 
of isobar excitations in nuclei and of hypernuclei. 

4) Investigation of the fragmentation of nuclei in 
nucleon-nucleus and nucleus-nucleus collisions with 
special attention to the mechanism of particle 
production, the role of cumulative effects and the 
formation of jets and clusters. 

5) Search for, such collective effects as phase 
transitions and asymptotic characteristics due to 
very general principles and laws of statistical 
mechanics (similarity laws, correlation depletion 
principle). 

6) Most of these investigations will be connected 
with the test of different approaches of the relativistic 
invariant description of many particle systems, one 
of the fundamental problems of physics. 

The investigation of these different aspects and 
consequences emerging from non-perturbative QCD 
demands the whole arsenal of experimental methods 
covering spectrometers and detecting systems for 
different particles in a broad region of momenta, for 
all possible kinematic conditions and for the meas
urement of polarization effects. These requirements 
are fulfilled by a series of experimental setups 
installed and in operation at LHE. Their short 
descriptions are compiled in section 5. 
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3. Organization Structure of LHE and Plan of the Laboratory Site 

DIRECTORATE 
OP LHE 
Director 
Acad.A.M.Baldln 
Tel.. 6-22-76, 
6-29-40 
Deputy Directors: 
LB.Mntky 
Tel.: 6-20-32. 
6-50-33 
A.l.Malikhov 
Tel.: 6-22-83, 
6-56-66 
EN.Tsyganov 
Tel.:6-5»-57 
V.V.Bakaev 
Tel.: 6-51-14, 
6-22-83 

tlneer in Chief: 
A.D.Kovalenko 
Tel.: 6-51-46 
Scientific 
Secretary 
P.I.Zarubin 
Tel.: 6-20-25, 
6-20-19 
Deputy Engineers 
in Chief: 
N.N.Agapov 
Tel... 58-59 
E.A.Matyushevsky 
Tel.: 6-50-31 

DIVISIONS OF PHYSICAL RESEARCH 

NEKO 
Track Cheatber Experknak 

A.A.Kuraeaov Tel.: 6-50-15 
Group»: Bubble chaaber 
ТРК-2И, PAMIR 

NEEO 
Electronical ExperiaKo» 

E.N.Tiyiimv Tel:6-58-57 
Groups: INESS-ALPHA. SYAO. 
UPK-100 
Collaboration with DELPHI 
(CERN) 

NBORYAF 
Relattvsnic Nuclear Physics 

A.I.Malakhov Tel.: 6-29-89 
Groups: SPHERA. GIBS, SLON, 
GAMMA, Collaboration with 
PHENIX (BNL) 
Photoeinulslon development gr. 
Plastic scintillator group 
Photolaboratory 

NEOFYAS 
A.S.VodopyanovTel.: 6-20-71 
Physics of Nuclear Collisions 
Groups: DISK, BIS 

DIVISIONS OF METHODICAL DEVELOPMENTS AND SERVICES 

NIKO 
Cryophysics and -techniques 

Yu.K.PIllpenko Tel.: 6-50-44 
Superconducting Л cryogenic devi
ces. Polarized deuleron sources. 
Polarized Jet targets. High Tc 
superconductivity 
Nucloiron design 4 construct. 

N10CRON 

A.A.Krylov Tel: 6-45-73 
liquid helium supply 

SBK 
Detector Laboratory 

Yu.V.Zanevsky Tel.: 6-59-33 
Position sensitive detectors, De
tectors for picturat reproduction, 
Application in medicine, fine struc
ture analysis, etc. 

DIVISIONS OP EXPLOITATION AND DEVELOPMENT OP ACCELERATORS 

Fire-brigade 
Tel.: 01 
To speak only 
Russian 

NEON 
V.A.Monchl.uky Tel.: 6-50-25 
Injector. Synchrophasotron ring, 
Nuclotron ring 

NIETO 
A.A.Smirnov Tel.: 6-58-16 
Electric power supply of Synchro
phasotron and Nuclotron magnets 

NEOP 
V.l.Volkov Tel.: 6-50-97 
Synchrophasotron: beam extrac
tion. Nuclotron: beam dynamic, 
diagnostic, lines, ring 

OEEA 
S.A.Averichev Tel.: 6-20-29 
Beam lines, Msgnetic measure
ments, Electronic it powfull pulse 
systems 

NEORA 
O.I.Brovko Tel.: 6-20-76 
R.F.Systems of accelerators, 
circulating beam monitoring 

DIVISIONS OF TECHNICAL SERVICES 

ETO 
V.P.ZabolotlnTel.: 6-58-07 
Supply 4 distribution of electric 
energy, heal, water 

KB 
E.A.Matyushevsky 
Tel: 6-50-31,6-28-22 
Design office 

TSOEP 
Yu.I.Tyatyushkin Tel.: 6-20-38 
Experimental workshops 

ADMINISTRATION DIVISION 
V.V.Bakaev. Tel.: 6-58-14,6-22-33 

Secretariat, Personnel, Rnance Л Purchasing, Graphics, Interpreter, Technical safety 

LIBRARY M.A.Bondarenko (Branch of Central Ubrary of JINR) Tel.: 6-28-03, 6-29-55 

INTERPRETER L.N.Barabash Tel. 6-53-74 

DOSIMETRY SERVICE A.D.Nikilin Tel.: 6-46-36 

SOCIAL SERVICES: Medical Aid. Tel.: 6-20-68. Dentist Tel.: 6-20-68. 
"Stolovaya"-Cafeterla, Tel.: 6-28-59, Buffell Tel.: 6-38-64, Foodshop Tel.: 6-67-74 
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КЗ 

ее 
К2 

К1 "1st Korpus": Accelerator building 
IB Experimental hall 14 
EP Experimental pavilion 
EH205 Experimental hall 205 

LEGENDS: 

Buildings important for users of the LHE facilities 
Enlrace 
Administration building 
"Medpunkt": medical assistance and first aid, dentist 
"3rd Korpus": Laboratory building, library of LHE, 
conference hall 
Computer center 
"2nd Korpus": Controlpult and power supply of the 
accelerators 

ВС Pavilion on hydrogen bubble chamber UPK-100 
w Central workshop of LHE 
KrL Cryogenic laboratories 
DO Designer office 

Switch /ards 
LN Liquid nitrogen plant 
ST "Stolovaya": Cafeteria 
в Buffet 
KS "Magazin": Food shop 

FSS3 Buildings of Laboratory of Super High Energies 
(LSVE) 

у/л Store buildings of J1NR 

Fig. 3.1. Plan of the Laboratory siie 
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4. THE ACCELERATOR COMPLEX OF LHE 

The main experimental base of LHE is the accelerator 
complex, which comprises the accelerator itself (at 
present the Synchrophasotron, and the Nuclolron in 
the near future), the injector system (ion sources, linac 
LU-20) and the beam lines for experiments in three 
experimental halls (EH IB, Experimental Pavilion 
(EP) and EH 205). The parts of this complex are 
described in the following sections. Figure 4.1 
presents the complex as a whole including the 
buildings and beam extensions. 

The Synchrophasotron was constructed in the 
50ties and commissioned in 1957 for the acceleration 
of protons to 10 GeV/c. It was the last and largest 
accelerator for high energies designed oi. the prin
ciple of weak focusing. In 1970, deuterons and also 
heavier nuclei, after, ards, were first accelerated to 
relativistic energies by means of the Synchro
phasotron. In this way, LHE opened a new field of 
fundamental research, the field of relalivistic nuclear 
physics. 

During the last twenty years the 
Synchrophasotron as an accelerator of relativistic 
nuclei has been permanently modernized 2nd 
upgraded. Due to these efforts the machine satisfies 
at present manifold requirements of experiments in 
the field of nucleon-nucleus and nucleus-nucleus 
interactions at a level corresponding to the state of 
Ihe arts. 

Panicle beams available nowadays (1992) at the 
Synchrophasotron are presented in table 4.1. 

Л detailed description of the Synchrophasotron 
is given in section 4.3. 

At present (1992) the replacement of Ihe old 
Synchrophasotron by a modern strong focusing 
synchrotron consisting of superconducting magnetic 
elements is in progress. The new machine, the 
Nuclolron, is designed for the acceleration of the full 
spectrum of nuclei from hydrogen to uranium and will 
provide the experimenters with higher energies per 
nucleon, higher intensities, better geometric beam 
quality and a considerably improved time structure. 
The completion of the assembly of the Nuclolron is 
scheduled by the end of 1992. The Nuclotron is 
described in section 4.4. 

4.1. Ion Sources 

For Ihe production of a wide spectrum of ions 
according to the requirements of the experimenters, 
four different types of ion sources arc in use: 
I. a duoplasmatrt .-•• -. tirce for protons, deutcrons and 

helium ions, 

Table 4.1. Particles and their intensities available 
at the Dubna Synchrophasotron 

Particle Intensity Particle Intensity 
part, /pulse part./pu!se 

P 4-10 1 2 "o 8 * 5 I 0 7 

d M O 1 2 I9p9* 1.5-107 

n I 10'° 2 2Ne'°* 1 -10* 
3HeJ* 2-10 1 0 M Mg 1 2 * 10 s 

'He2* 5-10'° 2 "Si , < + 102 

V* 
'Li3* 

1 10* 
2 10' 

V* 
'Li3* 

1 10* 
2 10' <<t 1-10* 

'V* I 1 0 6 рг = + 0.44, -0 .46 

I2C6* 5-10' р и = + 0.53, -0 .66 

Table 4.2. Intensities of light particle beams 
from the duoplasmatron source 

Particle P d 3He** 4He** 

Intensity (tnA) 50 18 0.8 1 

2. a laser ion source for ions up to medium heavy 
elements, 

3. an electron beam ionizer KRION for heavy ions and 
4. a source for polarized deuterons POLARIS. 

4.1.1. The duoplasmatron source. Beams of the 
lightest particles and nuclei are produced by means 
of a usual duoplasmatron. The intensities obtainable 
after acceleration by the injector linac LU-20 are 
shown in table 4.2. The indicated values are the 
average currents of the output pulse with a duration 
of 500 /tsec. They result in the intensities of 
Synchrophasotron beams shown in table 4.1. The 
double charged ions of helium isotopes are produced 
directly in the duoplasmatron in a more powerful 
mode of operation. 

4.1.2. The laser ion source. The first 
experiments at LHE, aimed at the production of 
highly ionized ion beams by means of focusing the 
light of powerful lasers on a target material, were 
performed in 1976 [1]. In these experiments, a 
neodymglass laser with a power of 10 9 W was used. 

12 



Fig.4.1 • Accelerator complex of LHE 



Table 4.3. Intensities of accelerated ions from the 
laser source NLU behind the linac LU-20 

and N S P behind the Synchrophasotron [3,4] 

Fij.4.2. Scheme of the laser source. In reality the distance between 
the mirror M and the focusing optics О is about 2 m. AL - adjust
ing He-Ne laser, L - TEA CO, laser. M - mirror, О - optics, T -
target, P - plasma, DB - drift base, MC - magnetic coil, PA -
preacceleralor, 10 - ion optics 

Fig.4.3. Laser Ion source assembled at the preinjector 

The energy density reached on the target surface 
amounted to 1 0 1 3 W/cm 2. But this type of lasers 
could be run only with a frequency of 0.02 Hz. 

The further development was therefore 
concentrated on the application of CO,-gas lasers. At 
present a laser with a power of 30 MW and an energy 
output of 10 J delivers a power density of 1 0 1 0 W/cm 
to the surface of the target. This CO,-laser is 
capable of working at a frequency of up to 1 Hz, which 
matches the requirements of injection not only into 
the Synchrophasotron (0.1 Hz) but also into the 
Nuclotron (~ 1 Hz). During the development of this 
source it has been found that the crater produced in the 

Ion Target 
material 

pulse pulse 

Remarks 

' u 3 * UF 3.5-10' 1•10* ] natural Isotope 
7 U 3 * LiF J -10 1 0 4 10' J mixture 

« В » BN 1 1 0 * 

"с 4 * Graphite 1.5 10'° 7.5- 10s 

I6Q8* SIOj 3 10' 5 107 

I9p5t CaF 2, 
Teflon 

2.5-10' 7-10* 

J 4 M g 1 2 * Mg 1 -10* 1 .510 7 

1 1 0 s with cryopumping 

M S , I « Si,SI0 2 110* 1 1 0 3 

5-10 2 

u N ' * + 5 % S i M + 

with crycpumping 
9 5 % S i l 4 + 

target by evaporating the material can essentially 
help to increase the intensity as well as the charge of 
produced ions [2). Long-term exploitation of the 
source has shown 'hat a stable beam can be obtained 
from one point of the target only for a certain number 
of shots. A Mg-target, for instance, has to be 
changed after 250 shots while a graphite target 
works well for about 3000 pulses. Therefore the 
target materials are mounted on a rotating cylinder 
which allows one to change step by step the target 
spot. Besides, one has to expect a statistical output 
fluctuation of about 50%. A scheme of the source is 
shown in fig. 4.2. Figure 4.3 presents the target 
chamber mounted on the preinjector tube and the 
laser in the background. 

Table 4.3 comprises the intensities of ions 
reached behind the injector linac LL/-20 N L ( J and 
after acceleration in the Synchrophasotron N $ p . The 
limiting factor for the intensity of ions with large 
charges in the accelerator is charge transfer 
occurring in scattering processes between ions and 
the rest of gas molecules. Therefore a cryopanel 
cooled by liquid helium was installed indise the 
vacuum chamber. In this way the vacuum was 
improved by a factor of 7 (up to 4 • 10~ 7 Torr) and the 
intensity of the ion beam could be considerably 
increased. Furthermore, it became possible to 
proceed to ions with higher mass numbers (up lo Si). 

The spectrum of accelerated ions will be 
enlarged significantly after the Nuclotron is put into 
operation. The vacuum in its acceleration chamber is 
expected to be better than 1 0 " l 0 Torr so that 
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particle losses due to charge exchange will be negli
gibly small (see table 4.10). 

References: 
1. O.B.Ananin el at — Kvantovaya Elektronika, 

1977, 4, p. 1547. 
2. A.G.Bonch-Osmolovsky, V.AMonchinsky — 

JINR Preprint P9-85-I5, Dubna, 1985. 
3. A.N.Balandikov et al — JINR Preprint P9-85-

511, Dubna, 1985. 
4. Yu.D.Beznogikh et al—Proc. 9th All-Union Con/, 

on Accelerators, Dubna, Oct. 16—18, 1984, V.H, 
p. 39. 

4.1.3. The electron beam ion source KRION. 
Electron beam ion sources (EBIS) became a very ef
fective tool for the production of highly ionized atoms 
up to nuclei of all elements. This method invented in 
1967 in Dubna by E.D.Donets [l—3| has been in 
routine exploitation in the form of the ion source 
KRION at the Dubna Synchrophasotron since 1977. 

A scheme of the source KRION is shown in fig. 
4.4. An electron beam of high intensity is formed in a 
drift tube positioned along the axis of a super
conducting coil producing a field strength of about 
2 T. The length of the system is about 1.2 m. The 
drift tube is intersected into a lot of electrodes so that 
different potential distributions can be applied to 
them. The source is working in cycles which com
prise 1) the stage of trapping ions into the region of 
the electron beam, 2) the period of ionizing to highly 
charged states and 3) the ejection of ions. Fig. 
4.4b shows the potential distributions during the 
three stages. Distribution A forms a flat potential 
valley. Atoms diffused into the electron beam are 
ionized there by the electrons and trapped by the 
space charge of the beam. After filling the trap, the 
potential is switched to the distribution B. A high 
barrier near the cathode prevents the ions to fall on 
to the cathode. During this period the ions are step by 
step ionized to higher charged states. The charge fi
nally reached aepends on inclusion time r. and 
the density of the electron beam / . Up to now values 
of the so-called ionizing product jjf of IO 2 2 cm"2 

(KRION-2) could be reached, allowing, for instance, 
charge states of 52+ for Xe to be obtained. This ioniz
ing process take! about one second. Potential distri
bution С ejects the ions towards the preaccelerator. 
After this the, cycle can be repeated. The period of . 
the whole cycle is just suitable for the injection into 
synchrotrons. (The cycle of the Synchrophasotron 
takes 9 s, that of the Nuclotron will be 3 s; and with 
the future booster, 1.5 s.) 

At present the source KRION-2 is in the state of 
upgrading aimed al the production of bare uranium 
nuclei. For this purpose it is necessary to enlarge the 
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Flg.4.4. Scheme of the ion source KRION: a) axial section of die 
source: S - superconducting solenoid, EG - electron gun, DT - drift 
tube, EC - electron collector, IE - ion extractor; b) potential 
distributions for the phases of the ionizing cycle: A - filling the 
ionizer trap, В - Ionization, С — ion extraction 

Table 4.4 Ion beams produced 
by the electron beam source KRION-2 

Ion N e 1 0 t * A r , , + jjjJS+,36* X e 5 3 * ' 5 4 * 

Intensity 
part/pulse 

2-10' 4 10' 1 -10 s I -10 6 

ionizing product jgx. up to 10 2 4 cm"2, mainly by in
creasing the electron current, and to enhance the 
energy of electrons beyond the ionizing voltage of 
the last electron in the uranium atom (130 keV). 
The beams delivered up to now by KRION-2 are 
shown in table 4.4. 

References: 
1. E.D.Donets — Avtorskoe svidetelstvo USSR, 

N248860 of March 16, 1967. Bui OJPOTZ1969, 
No.23, p.65. 
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Preprint P7-4124, Dubna, 1967. 
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No.5. 

4.1.4. Source of polarized deuterons POLARIS. 
Polarized particle beams became an experimental 
tool of eminent importance in nuclear and particle 
physics research. At LHE, the cryogenic polarizing 
ion source POLARIS for deuterons was developed. 
After acceleration, polarized beams with momenta up 
to 9 GeV/c are available. 

POLARIS is an atomic beam source [1,2]. Its 
scheme is shown in fig.4.5. The sextupole field and 
the magnetic field of the ionizer are produced by su
perconducting magnets. A high vacuum in the 
source is reached by gas condensation on the cryo-
surfaces at liquid helium temperature. So, power on 
the high voltage terminal of the preaccelerator stage 
is required only for the R.F. generators and the 
control system. 
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Fig.4.5. General view of Ihe polarized deuteron source POLARIS. I - polarized atom source, II - ionizer, I -
D 2 storage. 2 - clcciroma|nctic gas valve, 3 - dissocialor, 4 - nozzle chamber, 5 - sexiupil magnet, 6 -
nitrogen shield, 7 - helium cryoslat, 8 - R.F. cell, 9 - SC solenoid. 10-electron optics, 11 - i o n optics, 1 2 -
vacuum gate, 13 - electrostatic mirror, I * - solenoid оГ the spin precessor, 15 - Faraday cup, 16 - position of 
the preaccelcnttor flange 

The nuclear polarization of Ihe atomic deuteron 
beam is achieved by exciting radiofrequency tran
sitions between the hypcrfinc structure states of 
atoms in the magnetic field (fig.4.6). 

Weak field and strong field transitions are rea
lized. To produce the desired polarization modes, 
two types of R.F. cells, each including two reso
nators, have been developed. The first cell is desti
ned for transitions I -» 4 or 3 -» 6 resulting in mi
nus resp. plus vector-polarization, the second gene
rates transitions 3 -» 5 or 2 -» 6 for yielding 
minus resp. plus tensor-polarization (see fig.4.6). 
The parameters of the R.F. modes and the polari
zations to be obtained by different transitions are 
given in table 4.5. Л special spin precessing coil (14 
in fig.4,5) is arranged behind the ionizer to prevent 
depolarization of the beam and to align the dcutcron 
spin parallel to the magnetic field of the accelerator. 

For measuring the polarization of the beam, 
three polarimctcrs arc available: one at the linac 
output using the analysing powers of nuclear 
reactions at 10 MeV. At the internal target of the 
Synchrophasotron the polarization can be measured 
by means of the nuclear recoil spectrometer SYAO. 
Bui the two-arm magnetic spectrometer ALPHA is 

usually applied for this purpose. It uses the well-
known analysing power of t/p-elastic scattering at 
3 GeV/c |3 J. This spectrometer allows one to 
measure the beam polarization at a liquid hydrogen 
target within 20—30 min with sufficient statistics. 

During the experiments it is possible to change 
the sign of polarization from each beam pulse to 
the next, for instance: - , + , 0 , - , + , . . . or 
- , + , - , + POLARIS generates special signals 
for marking the detected events with respect to the 
actual polarization mode. 

It has been proved in special experiments that no 
loss of polarization occurs during the process of acce
leration. Therefore the value of beam polarization 
measured at a standard energy (e.g., 3 GeV/c) can 
be used at any other energy afterwards. During 
experimental runs of several weeks it has been 
shown that Ihe beam polarization remains constant 
within the statistic errors. 

The reached intensities of polarized beams are 
ihe following (1992): 
Output from source 5 • 10" d/cycle 
Output from linac 2.5-1010 d/cycle 
Internal beam 
At F5 in Exp. Hall 205 

1.5-10s d/cycle 
1 I 0 9 d/cycle. 

16 



m # m d m Q 

E .- .1 Л 
Л о Л 

-' -i 

J ^ ^ ^ ^ ^ ^ , ^ ^ ^ 

\ H 
i 
i 

^ ^ x ®Ovi •1 - ! 

^Ч] Л о 4 

Table 4.S. R.F.transitkm modes and achieved 
values of polarization 

Trans) И dHjdi ", / PoUri- Valw iF5 
Hon <G> ( G / C B ) (G) <MKz> zMtkm 

1 - 4 7 1.0 1 9.4 - 0.46 ± 0.02 

0.04 ± 0.03 

3 - 6 43 1.4 1 346.4 

Pu. 

0.44 ± 0.02 
0.04 ± 0.03 

3 - 5 68 1.9 1 320.1 Рг 

Pa 

0.19 ±0.04 

- 0.66 ± 0.05 

2 - 6 38 1.4 1 384.9 Рг 

Pa 

0.22 ± 0.05 

0.53 ± 0.05 

Fi|.4.6. Hypcrfine spliiuni of the deuterium atom ground slate 
H — static magnetic field in the center of the R.F. cavity, 

dH Idi — static Held gradient, Я. — amplitude of the R.F. field, 
/— frequency of the transition 

Development is in progress to increase the 
intensity of POLARIS by means of a charge 
exchange ionizer |4 ]. 

As in the case of other beams from the 
Synchrophasotron, it is possible to work at the same 
time with the polarized beam at different energies at 
both beam extractions MVI and MV2 and also at the 
internal target. 
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4.2. The Injector 

In addition to the ion sources, the injector 
consists of a preinjector, a buncher, an injector 
linac LU-20, a debuncher and an injection channel 
to the Synchrophasotron. It is suitable with minor 
modification! for the injection of protons (ZlA - I) 
«nd ot purtlclei with ZlA - 0.3J 4- 0.5, 

The preinjector is a usual accelerator tube. Its 
voltage is supplied by an impulse transformator 
which delivers 600 kV for the acceleration of protons 
and 630 kV for heavier particles. 

The buncher installed behind this preinjector 
forms current parcels from a constant particle flow 
for injection into the linac. in this way the acceptance 
of the linac and, as a consequence, the intensity in
crease significantly. 

The linac LU-20 consists of one resonator tank 
with a length of 14.5 m. Fifty eight and two half-drift 
tubes form the accelerating structure. The focusing 
of the beam is provided by magnetic quadrupolc 
lenses installed inside the drift tubes. The lin.a 
accelerates protons to 20 MeV and heavier panicles 
to 5 MeV/u. The main parameters of the machine are 
given in table 4.6. 

The acceleration of protons is performed at the 
first harmonic number. Particles with Z/A = 1 /2 are 
accelerated at the second harmonic (with the same 
frequency). Their velocity is only a half of that of 
protons. The injection energy is kept at the same 
level of about 600 keV to preserve the quality of the 
beam formation. But in this case the velocity of 
particles injected into the linac is twice as large as for 
the second harmonic at the first accelerating 
sections. Therefore it is necessary to close down the 
first 5 drift tubes. This is achieved by installing a 
copper wall into the resonator which isolated the first 
part (five sections) of the linac from the R.F. field. In 
this modification the system is capable of 
accelerating ions with ZlA ratios between 0.5 and 
0.35 | l ] . 

The llnnc ii followed by в debuncher, which 
transforms the time structure and the energy 
distribution of the beam in such a way that an 
effective multiturn injection into the 
Synchrophasotron becomes possible. 
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Table 4.6. Main parameters 
of the injector linac LU-20 

Table 4.7 Main parameters 
of the Dubna 10 GeV Synchrophasotron 

Length of the resonator link 14.5 m 

Diameter of the monitor 1.4m 

Number of drift tubes 1/2+58+1/2 

Diameter of the drift tubes 13+9 cm 

Frequency of the accelerating field 144.5 MHz 

Quality factor of the resonator 40000 

R.F power (needed for accel. of 
50шА protons) 4.5 MW 

Amplitude of the accelerating field 
on the axis of the resonator l8.SkV/cm 

Synchron phase for proton acceleration 31.5* 

Focusing structure FODOF 

Gradient of the focusing lenses 5500+mOOe/cm 

Eaittance 25jrmmmrad 

Energy of injected protons 0.6 MeV 

Energy after acceleration 20MeV 

Energy of Injected nuclei 0.315 MeV/u 

Energy after acceleration SMeV/u 

Duration of an accelerated beam pulse 600/js 

Intensity of accelerated beams: 

protons 50 mA during pulse, 
deuterons 10 mA " 

'He 2 * 0.8 mA " 

10'Vpulse 
2 lO'Vpulse 
l .5IO , 2 /pulse 

Perimeter of the panicle orbit 

Maximum Br at maximum momentum 

Magnetic field Index 

Frequency of betatron oscillations Q% 

Effective aperture of the vacuum 
chamber 

Duration of one cycle 

Region of radio frequency 

Energy gain per turn 

Power supply of the machine 

Energy of injection: protons 
nuclei 

Maximum energy/momentum of 
extracted beams: protons 

nuclei 

Length of spill at slow extraction 

Emittince of extracted beam: 
horizontal 
vertical 

Scheduled operating hours per year 

Average number of simultaneously 
running experiments 

208 m 

1.2-28 Tm 

0.67 

0.63 

0.89 

1.2x0.3 m J 

9s 

0.4—2.8 MHz 

2.3 keV 

8MW 

20MeV 

SMeV/u 

8.5 GeV/9.5 GeV/c 

4.0 GeV/u/4.8 GeV/cu 

04 s 

30 mm rarad 
40 mm mrad 

4000 h 

References: 
I. Yu. D.Besnogikh el al. - JINR Preprint 9-12723, 

Dubna, 1979. 

4.3. The Synchrophasotron 

As was already mentioned above, the 
Synchrophasotron was designed in the fifties on the 
principle of weak focusing. The magnetic system 
consists of four quadrants with a radius of the 
equilibrium orbit of 28 m. Due to a large amplitude 
of betatron oscillations in the weak focusing field, a 
vacuum chamber with a cross section of 2 m x 0.4 m 
became necessary. This requirement results in 
large dimensions of the magnet yoke, the weight of 
which amounts to 36000 tons. The other main 
parameters of the machine are given in tabic 4.7. 

Panicle beams available nowadays (1992) at the 
Synchrophasotron and their intensities are 
presented in table 4.1 

As was already noticed in section 4.1.2., the 
limitations of the intensity and of atomic number of 

accelerated ions are not due to the capability of the 
ion sources but are caused by the vacuum in the large 
accelerator chamber. A vacuum of 3-10~ 6 Torr can 
be reached by usual diffusion pumps. Additional 
pumping by means of cryopanels cooled by liquid 
helium improved the vacuum almost by an order of 
magnitude to 4-10 _ 7Torr, which enables one to 
reach useful intensities for ions up to 2 8 S i M + a t least 
for track chamber experiments. 

The particles can be delivered to any target 
station with any energy resp. momentum between 
some hundred MeV resp. MeV/c up to the maximum 
values quoted in table 4.1. 

Beam extraction: 
Two slow (MVI and MV2) and one fast beam 

extractions'are available. MVI ejects the beam to the 
Experimental Hall 205 and MV2 and the fast 
extraction to the Experimental Hall IB. The fast 
extraction is mainly used to irradiate track 
chambers. 

The beam extractions are working independent
ly of each other in the same acceleration cycle and 
are able to extract beams with any required energy 
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and intensity into any direction. In this way seve
ral experiments can be served at the same time. 
During extraction, the magnetic field of the 
Synchrophasotron is kept constant, and R.F. is 
off. 

The system of slow extraction consists of two 
septum magnets each followed by a horizontally fo
cusing quadrupolc lens 11 |. The first septum magnet 
FM (see fig.4.7) and its lens arc installed in the 
straight section between quadrants I and I I . The ex
traction is started by excitation of betatron oscillati
ons v = 2 /3 by means of auxiliary windings on the 

pole tips of the main magnet changing the field coef
ficient nr in a proper way. Particles swinging to larger 
radii and reaching the first septum magnet are de
flected in the radial direction. The lens concentrates 
ihc particles on the aperture of the second septum 
magnet BM. mounted in the next straight section be
tween quadrants I I and I I I . Here the beam is finally 
ejected out of the accelerator. The extraction 
efficiency reached 90%. The further transportation 
of the beam is described in section 4.5. The 
omittance of the extracted I .am is given in table 4.7. 

Due to the lack of another free straight section in 
the ring of Ihc Synchrophasotron the slow beam ex
traction to Experimental Hall IB had to be arranged 
in another way |3 ]. A septum magnet was installed 
in the straight section al beam injection. It bends 
the particles to the outer circumference of the 
vacuum chamber in the straight section between 
quadrants I and I I . 

The strongly defocusing fringing field of Ihc 
quadranc had to be reshaped by a special shim which 

Pig.4.7. Arrangement of Ihc equipment for slow beam extraction 
MVI. FM, BM -septum magnets, FL. B L - lenses, ML-16 and 20 
K200 first lenses of the beam line VPI. 

guarantees necessary focusing. Unfortunately, this 
system does not allow one to perform extraction 
for momenta larger than 3.3 GeV/cu with de
sirable beam quality. Besides, the efficiency of ex
traction reaches only about 6 0 % . So the extraction 
into the Experimental Hall 1В can be used only for 
experiments which do not need the full energy and 
intensity of the machine. The omittance of these 
beams amounts to Ex = 30л mm mrad and 

Ez = 45л mm mrad. 

The duration of the slow extraction is 0.5 s. For 
the sake of reliable data taking, the experimenters are 
recommended to cut off the phases of increasing and 

FI(.4.S. Septum magnet ol the beam extraction system In the straight section of the accelerator chamber 
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decreasing intensity and to use only the middle part 
(0.4 s) with a rather constant beam current. 

Efforts have been made to make the time struc
ture of the extracted beam as smooth and constant as 
possible. The microslructure with frequencies in the 
MHz region is excluded by switching off the acce
lerating R.F. voltage. The flat time dependence could 
be achieved by controlling the extraction process by 
means of feed back signals from the extracted beam 
itself. The macrostructure with frequencies of some 
hundred Hz, which is due to rest ripples from 
power supplies of the magnets, could be damped 
down to about 25+30% of mean intensity (21. 

As the time structure of the beam is essential in 
many measurements, experimenters have the possi
bility of rhecking it in different ways. From the con
trol console of the accelerator a signal from pick-up 
electrodes can be delivered to a display showing the 
time structure of each beam pulse. A second possi
bility is to measure the beam intensity by an ioniza
tion chamber or by a parallel plate avalanche counter 
in short time bins and to display the result in the 
form of histograms. The integral charge of each 
beam spill and the maximum amplitude of in
tensity can be computed and displayed in digital 
form with the aid of a microcomputer system. This 
information allows the experimenters together with 

the crew at the control console to adjust the optimum 
regime ot extraction and to keep it constant through
out the experiment. 

A further help for the experimenters provided by 
the processor of the machine is the display of the 
magnetic field of the accelerator in dependence on 
the time. It shows increasing and decrcsing field 
during each acceleration cycle and the «tables», i.e., 
the periods of constant field during the processes of 
slow beam extraction. In addition, the time de
pendence of beam intensity inside the accelerator 
measured by pick-up electrodes is presented on the 
same screen. The intensities at different times 
during acceleraiion and extraction are also available 
in digital form. By this means it is very convenient to 
follow the process of adjusting the acceleration 
regime and to check the constancy of intensity 
during the runs. If necessary this information can be 
included in the body of the taken data. 

References: 
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l'i|.4.V. Cniilml collide of (he Synchrophasotron 
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4.4. The Nuclotron Project 

During the last decade the LHE has undertaken 
large efforts to reconstruct its accelerator basis. This 
reconstruction is necessary for several reasons. 
1) To guarantee further effective work in the field 
of relativistic nuclear physics. The Synchro
phasotron, being in operation already for more than 
thirty years and being subject to moral and physical 
wear and tear, has to be replaced by a modern 
machine based on new technology providing more 
effective and economic exploitation. 2) New re
quirements of the experimental investigation have to 
be matched concerning the increase of the maximum 
energy, broadening of the spectrum of acce
lerated ions up to uranium and improvement of 

the intensities, IrTe time structure and the geometric 
properties <•' the extracted beams. 

The search for an optimum resolution of these 
tasks led to the project of a strong focusing syn
chrotron for light and heavy ions with a super
conducting magnetic system (1 J. To minimize the 
expenditure for building work it was decided to 
install the new machine in the cable tunnel around 
the base of the Synchrophasotron. In this way 
radiation safety is ensured and the present injector 
as well as the existing experimental halls can be used 
with minor changes of the beam lines. The new ma
chine as an accelerator for nuclei was named Nuc
lotron. Its assembly in the existing buildings is 
shown in fig.4.10. For preliminary information of the 

Infection ctwml 
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l'l|.4.l I. M«|ncilc system of the Nuclmroii 
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Table 4.8. Main parameters of the Nucloiron Table 4.9. Comparison of economic parameters 
of Synchrophasotron and Nuclotron 

Perimeter 

Number of dipole magnets 

Number of quadrupole lenses 

Maximum magnetic field 

Maximum Br al max.momentum 

Frequency of betatron oscillations 

Effective aperture of the vacuum 

25!.5 m 

96 

64 

2.0 T 

48.5 Tm 

6.75 

106x52 mm2 

40 л mmmnd 

ЗОятттгай 

Energy (aln per turn 8.25 keV 

Total electric power 2 M W 

Power of He-llqueflers 2xKGU 1600 2xl600Wat4K 
or 2x5001/h 

Heat leak In the cryostil 
(during operation) 3+6 W/ш 

Vacuum In the accelerator chamber IO- , 0 Torr 

Energy of Injection Protons: 20MeV 
fro» LU-20 Nuclei: 5 MeV/u 

Maximum energy / 
momentum of extracted bean 

Proton* ! 2GeV / l2 .9GeV /c 
Nuclei: 6GeV/u/6 .9GeV/cu 

Duration of bean pulae 
front alow extraction uplolOs 

Duly cycle up to 75% 

Earitlance of extracted beam Et « Et 2 x mm mrad 

Momentum «oread Ap/p ± I 0 " a 

EffectMly of alow extraction 96% 

'Including power for llquefler» 

future users of the new machine, its rough 
description is given in the following. 

The available tunnel determines the main 
geometric parameters of the new magnetic system. 
Its circumference is limited to 251 m. The ring of the 
synchrotron consists of 8 superperiods divided by 6 
m long straight sections. Each superperiod is 
assembled from 4 cells with a FODO configuration 
(see fig.4. II). The effective length of each dipolc is 

Synchro
phasotron 

Nuclotrori 

Weight of magnetic system 360001 160t 

Maximum field in dipoles 1.3T 2.0 T 

Investment costs 20.9 Mroubles 10 Mroubles 

Investment cosls/GeV/u 4.7 Mroubles 1.7 Mroubles 

Installed power for 
mign.tyitem 8.5 MW 2.0 MW' 

Electric energy requirement 
for 4000 h/year 25.510 6kWh 6-106kWh 

Running costs for 4000 h/year 2.0 Mroubles 0.8 Mroubles" 

Running coats per hour 500 roubles 200 rouble»" 

Staff for operation and 
maintenance 155 persons 61 persons 

Cost of helium supply 50 kroubles 

Frequency of acceleration 
cycle 0.1 Hz O.HO.SHz 

1 Duty cycle 4% up to 75% 

'Including power for He-liquefiers 

"Including cost of He-supply. All prices on the level of 1990 

3.02 m realized in two individual dipoles with a 
length of 1.5 m each. The quadrupoles are 0.40 m in 
length. Multipole correction magnets are installed in 
0.40 m spacings between the quadrupoles and dipo
les. For a maximum dipole field of 2 T the quadrupole 
gradients are Gf = 37.4 T/m and G„ = 37.9 T/m. 
From these parameters the momentum of 
accelerated nuclei can be expected to be 6.9 GeV/cu. 
The numbers of magnetic elements and acceleration 
stations are given in table 4.8. The magnetic system 
of the whole machine is shown in fig.4.11. 

A window frame dipole with an aperture of 
110x56 mm2 and external dimensions of 
300x200mm2 was chosen for the bending magnets. 
The saddle-shaped winding is made of hollow 
superconducting cable fabricated from thirty-one 
filaments wound and soldered on a cupro-nickel pipe 
5 X 0.5 mm in diameter and cooled by two-phase 
helium flowing through the cable. Using this design, 
the following properties important in exploitation 
could be achieved: a) a possible repetition frequency 
of acceleration cycles in the region of 0.1—1.0 Hz, b) 
high cryogenic safety provided by a small amount 
of helium in the system, c) a considerably simplified 
design, production and maintenance by omission of 
a helium balh, d) a maximum dynamic heat leak no 
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'•SWK* 

•SYI 

Fig.4.12. The first quadrant of the Nuclolron with Ihe injection channel at the stage of assembling 

Table 4.10. Intensity of particle pulses from the injector LU-20 (present status (1991)) 
and from the Nuclotron using the present injector LU-20 and the LU-20 plus booster 

Ion Type of source LU-20 

Nuclolron 

Ion Type of source LU-20 LU-20 LU-20+Booster Ion Type of source 

Particles per pulse 

p Duoplasmalran 1 10" 5 1 0 " 2 1 0 1 3 ' 

d -"- 2 I 0 1 3 1 10" 2 10 1 3 -

d\ POLARIS 2.5-10'° 2 I 0 8 1 10'° 

«He" Duoplasmatron 1 .5I0 1 2 I-IO1 0 5 1 0 " 

'U 3* Laser source 510'° 110'° 2 1 0 " 
, 2c** —"— 1.5 10'° 2-10' 4-10' 

'V* —"— 3 1 0 ' 4-10* 8 10' 
I4p9+ —"— 2.5-10' 3 1 0 я 6'10' 
w N c i o . KRION 2-10' 3 I08 6 10' 

"Mg l 2 < Laser source I -10* 2-10* 4-10' 

«Si 1 4 * —"— 110 8 2 I 0 7 4 I 0 8 

4 0 A r . 8 * KRION 4 I 0 8 S 10' 110 ' 

"Kr 3 6* — • — 1 -10* 1 I 0 7 2-10 s 

, J , X e 5 4 < —"— 110" 1 1 0 s 2IO b 

23K|j42« —"— 10 s" 

•Coulomb llmli. 
"Not experimentally confirmed data of pulse intensity from KRION. An appreciable intensity can probably 

he reached only with a stripper larjcl. 
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larger than б W/m (at a cycle of 3—4 s duration), e) 
a field still shaped by the iron yoke at excitations up 
to 2 T. In the design of the quadrupole magnets use is 
made of the same cable. The quadrupole yoke has 
hyperbolic poles wound by a double row winding 
with 5 turns on each pole. The peak current through 
the magnetic elements reaches 6 kA. The acceptance 
of the magnetic structure described above amounts to 
A = 4(brmm mrad and A =30temm mrarl. The 
time for one turn injection is 8 //sec. 

The magnetic elements of the ring are assembled 
in a cryostat 70 cm in diameter equipped with an 
intermediate copper shield cooled by liquid nitrogen. 
The helium is supplied by two helium liquefiers of 
the KG U-1600 type producing 500 litres per hour or 
1600 W of cooling power at 4 K. The liquefiers are 
connected with the ring by pipe lines. 

The vacuum which can be achieved is crucial 
for the acceleration of heavy ions. The vacuum 
chamber of the Nuclotron fabricated from 0.5 mm 
stainless steel will bq. preliminarily pumped by 
titanium pumps. The final vacuum of better than 
10 - 1 0 Torr will be reached by cryopumping when 
the system is cooled down. This is more than good 
enough to guarantee the acceleration of all ions 
throughout the periodic table without losses due to 
charge transfer. 

The slow beam extraction will be performed by 
deflecting the particles in the radial direction by means 
of an electrostatic septum with a length of 3 m and a 
field of 100 kV/cm. The deflected part of the beam 
arrives at the aperture of a septum magnet of the 
Lambertson type which inclines the beam in the 
vertical plane with a 6.5° ascent out of the accelerator. 
Guided upwards to the level of the experimental 
halls, the beam is bt.« to the horizantal there. 

Such systems will be installed for MVl in the 5th 
and for MV2 in the 2nd straight section of the ring. 

A more detailed description of the beam 
channels and the beam properties will be given in a 
supplement to this handbook after completion of 
these systems and their rigorous testing. 

The emittance of the extracted beam is given in 
table 4.8. The time structure of slow beam 
extraction will have a large variability. It can be 
stretched from 1 ms up to 9 s. A duty factor of 75% 
can be reached with a cycle time of three seconds for 
the synchrotron. Two slow beam extractions: will 
work independently of each other at different 
energies in the same acceleration cycle. 

Table 4.9 gives some of the economic parameters 
of the Nuclotron in comparison with the 
corresponding ones of the Synchrophasotron. 

Due to the mismatch between the duration of a 
beam pulse from the injector (500 fts for light 
particles up to 4He, ~2Sfis for heavier particles) and 
an acception time of 8/JS for single orbit injection 

into the ring, a large part of par <cles is lost. One can 
get rid of this deficiency by means of a booster. 
Therefore studies of a booster project are in progress 
[2 ]. The booster will be filled by multiturn injection 
and up to five booster pulses will be fed into the main 
ring. Preliminary results show that it would be 
possible to enhance the intensities of beams by 
an order of magnitude and even more for the lightest 
particles. This will be of great importance for 
experiments with polarized deuterons and for the 
production of secondary particle beams (kaons, 
pions) with considerable intensities and energies 
much larger than those available at meson factories. 
The expected intensities obtainable by means of the 
booster are shown in table 4.10. These data are given 
without taking into account possible further 
upgrading of the ion sources. The booster ring with a 
circumference of 50 m will be installed in «he 
basement of extension 1 A in the immediate 
neighbourhood of the Nuclotron (Fig.4.10). 

References: * 
/. AM.Baldin el at. — Proc. of the 1983 Particle 

AcceleratorConf., Santa Fe, Marck21—23,1983, 
IEEE Transactions on Nucl. Science NS-3 (1983) 
Nr.4, p.3247. 

2. I.B.Issinsky, V.AMikhailov —JINR Preprint Pl-
91-2, 1991. 

4.5. Beam Lines 

4.5.1. Experimental Pavilion (EP) and 
Experimental Hall 205 (EH 205). The beam lines in 
the EP and EH 205 experimental halls are fed from 
slow beam extraction MVl. Two magnetic beam 
steerers for the horizontal and vertical positions are 
installed immediately at the accelerator. The first 
quadrupole doublet (type 2x20K100A) is inserted 
into the radiation shielding. The beam leaves these 
lenses almost parallel. The next doublet 
(2x20K100A) produces a cross-over in F3 (EP, see 
fig.4.13). The following ion optics reproduces this 
cross-over in F4, F5 and F6 (fig.4.14). Two doublets 
are assembled between each of the cross-overs 
providing that the cross section of the beam in each 
focus remains to be about 7x18 mm2. The distance 
from the accelerator exit to F6 is 121 m. Fig.4.15 
shows the envelope of the beam along the main beam 
tract VP1. The parameters of the magnetic 
components are given in section 6.1. 

Switching magnets of the types SP94, SP40 and 
SP12 installed near each of the cross-overs bend the 
beam according to the demand of the users into one 
of the beam extensions VI ...V6. Here further lenses, 
bending and correction magnets provide a well 
focused beam with a stable position in each of the 
experimental setups. 

25 



в е з » ш 
to Exp. had 205 

Fi j .4.13. Beam lines in the Experimental Pavilion 

The fir-tree structure of the channel system 
allows simultaneous and independeni running of 
several experiments. Secondary particles with known 
momenta can be selected in any channel. Some of the 
bending magnets in experiments are used as 
spectrometers. A beam stopper designed to dump 
beam intensities up to 10 protons per pulse is 
mounted at the end of the beam tract VP1. 

The magnetic fields of the bending or spect
rometer magnets are measured by means of Hall 
probes. The control of all magnetic components is 
performed by a special group. Its control room is 
situated in the centre of EH 205 (see fig.4.14). If 
necessary the magnetic components can be steered 
from each of the counting huts by means of a 
transferable control crate. 

Cross-over F3 is often used as a position of a frag
mentation target. In this case the bending magnet SP40 
in EP serves as an analyser of fragments. The pri
mary beam and undesired secondaries are absorbed 
in the radiation shielding between EP and EH205. 

Beam monitoring is mainly provided by multiwi-
re ionization chambers measuring the beam position 

and intensity distribution in the x- and y-direction. 
These chambers arc usually positioned пдег the 
cross-overs. Experimenters have the possibility to 
place such chambers immediately at their setup as 
well. Information from these instruments is presented 
on displays. An on-line computer calculates the 
beam centre and dispersion and displays them in 
digital form after each spill. 

The beam axis is generally 1.75 m above the 
floor. At some places the floor is designed as a 
removable «tween deck» allowing clearance to be 
enhanced up to 2.25 m ( region of the SPHERA and 
GIBS set-ups) in EH 205 and up to 2.75 in EP. 

Along the main channel VP1 beginning from the 
vacuum chamber of the accelerator, the beam is gui
ded in vacuum pipes (20 cm in diameter) with free 
access to it only at the cross-overs. Vacuum pipes are 
in part installed in beam extension VI...V6 as 
well. 

EH 205 is equipped with a network of underfloor 
installation channels for cables and water pipes. 

In all experimental halls 50 t-cranes are 
available. 
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Fig 4.15. Bum profile «long the bum tract VPt in the horizontal (x) and vertical plane (y> 

Fif .4.16. Beam lines in the Experimental Hall IB 

Beam from Nuclolron: Several superconducting 
magnetic components will shape the beam from 
slow beam extraction MVl and guide it with an 
ascent of 6.5* from the basement of the accelerator 
building to the ground floor of EP. There a magnet of 
the type SP12 bends the beam into the horizontal 
plane (fig.4.13). Behind cross-over F3' the beam is 

fed into the existing beam line system of EH 205. 
After completion and testing of the new beam 
channel, its detailed desription will be published in a 
supplement to this handbook. 

4.5.2. Experimental Hall IB (EH IB). The beam 
lines in EH IB are shown in fig.4.16. Due to the 
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properties of slow beam extraction MV2 in these 
channels, it is impossible to reach a maximum 
energy and intensity (see section 4.3). The 
geometric beam parameters are also somewhat 
worse than that in the M V1 direction. So, this hall is 
used for experiments with more modest 
requirements in these respects, for instance, track 
chamber experiments. 

When the Nuclolron is commissioned and the 
second slow beam extraction is installed, it is 
expected to have here the same beam conditions as 
in the other halls. But one has to reckon with some 
changes of the present network of channels. 

The beam lines in EH IB are in part equipped 
with vacuum pipes. The beam clearance above the 
floor amounts to 1.75 m from the removable «tween 
deck» and about 2.35 m from the ground. 

4.6. General Rules of Radiation Safety 
and Access Control at LHE 

1. Each person working in one of the zones of 
radiation must be instructed about the rules of 

radiation safety connected with his work according 
to the current regulations at JINR [ 1). 

2. During operation of the Synchrophaso
tron/ Nuclotron its surroundings are divided into the 
following safety zones (seefig.4.17): 

— Zone of no admittance: 
Areas, buildings and rooms in which a short time 

dose for a person may exceed a maximum 
permissible dose of 5 BER/year for «occupa-
tionally exposed workers» (radiation workers) or in 
which the dose may exceed 25 BER/hour. All 
personnel has to leave these areas immediately after 
the dispatcher's announcement that acceleration 
will be started and after a signal of a siren. 
Before starting the acceleration, all accesses to these 
areas will be locked and blocked. The tableau «зона 
запрета» (forbidden zone) will be on at the entran
ces. Each admission in this state is categorically 
forbidden. 

After switching off acceleration, the status of 
these areas changes to «controlled zones». At the 
accesses the tableaus will indicate «контролируемая 
зона». Be aware that special parts of the beam lines 
and experimental setups may be heavily activated! 

ZONES OF RADIATION PROTECTION 
DURING OPERATION OF THE ACCELERATOR 

No admittance (In experimental arrays: If beam Is on ID 

Zones of special admission ]••••'/• \ Controlled zones 

• Safely zone (entire territory of LHE) 

Flf .4.17. Zonetof radiation prelection durlnj operation of the accelerator 
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— Zone of special admittance: 
Areas and rooms in which radiation doses for a 

person in excess of a maximum permissible dose of 
5 BER/уеаг may be expected. In these areas of 
enhanced radiation any work is regulated by special 
instructions. 

— Controlled zones: 
In these areas individual doses may reach or 

exceed l.S BER/year. All persons occupied in these 
areas should be classified as «occupalionally ex
posed workers» and they are subject to special 
regulations concerning these workers (individual 
dose control and periodical medical check-up). They 
are obliged to wear their personal film dosimeters 
which must be changed every three months. 

— Safety zone: 
In this zone it might happen that an individual 

dose exceeds the maximum permissible dose for 
persons not classified as «occupalionally exposed 

workers» (0.5 BER/year). Radiation safety in this 
zone is controlled by stationary dosimeters. Access 
to this zone is not limited. Actually, the entire 
territory of LHE is defined as safety zone. 

3. Before starting a new experiment on the beam 
of the Synchrophasotron/Nuclotron, special 
conditions of radiation safety have to be agreed wito 
the group of dosimetry at LHE and documented in a 
special form. 

4. For consultation on all questions of radiation 
safety and dosimetry, the group of dosimetry of 
LHE is at your disposal. Location: ExperimeDtal 
Hall 205, left side wing, ground floor. Telephone: 
6-46-36. 

Reference: 
I. Положение о порядке проведения работ в по

лях ионизирующих излучений в ОИЯИ (/TIP) 
СМ 15-5356, Дубна, 1990. 
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5. EXPERIMENTAL SETUPS AND PROJECTS OF LHE 

• iJBg 

Fig 5.1. Adjusting the beam track chambers of the spectrometer APLHA 

Flg.5.2. MWPC and living target of the setup ANOMALON 
Flg.5.3. The Hybrid Spectrometer GIBS: streamer chamber magnet 
and BlUmleln line 
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CUMULATIVE PARTICLE PRODUCTION 

SPHERE 
Beam: V4, Exp. Hall 205 

Study of Multiple Cumulative Particle Production in ^-Geometry 

Laboratory of High Energies, JINR: 
S.V.Afanasiev, Yu.S.Anisimov, N.C.Anishchenko, V.V.Arkhipov, S.A.Averichev, A.M.Baldin, 
S.N.Bazylev, V.D.Barlenev, Yu.T.Borzunov, V.I.Datskov, LG.Efimov, A.V.Efremov, 
A.F.EIishev, O.V.Egorov, LB.Golovanov, l.G.Golutvina, V.I.IIyushchenko, LK.Ivanova, 
V.G.Ivanov, A.Yu.lsupov, A.N.Khrenov, A.D.Kirillov, V.I.Kolesnikov, V.S.Korolev, 
V.A.Kuznetsov, A.G.Utvinenko, V.K.Lukianov, A.I.Malakhov, P.K.Maniakov, E.N.Matveeva, 
E.A.Matyushevsky, V.LMazarsky, G.LMelkumov, I.Molnar, I.l.Migulina, A.S.Nikiforov, 
A.N.Parfenov, V.G.Perevozchikov, T.D.Pilipenko, A.V.Pilyar, S.G.Reznikov, 
O.G.Rubina, V.N.Samoilov, A.Yu.Semenov, A.E.Senner, Yu.A.Shishov, A.I.Shirokov, 
N.A.Shutova, V.A.Smirnov, V.D.Toneev, V.A.Trofimov, V.V.Trofimov, G.P.Tsvineva, 
A.P.Tsvinev, D.V.Uralski, V.Ya.Volkov, P.I.Zarubin, LYa.Zhiltsova 

Institute of Nudear Physics, CS Academy of Sciences, Rez near Prague, CSFR: M.Pakhr, M.Shumbera, P.Kozma 

Institute of Nuclear Investigations and Nuclear Energetics, Sofia, Bulgaria: V.Penev, I.Atanasov, I.Ivanov 

Bucharest University, Romania: N.Ghiordanesku, V.Greku, K.Nistor 

Central Institute of Physics, Bucharest, Romania: M.Pentsia, M.Khoroi, M.Sandu 

Institute of Physics of Polytechnic Institute, Warsaw, Poland: R.Visnevski, B.Stovinski 

Lodz University, Poland: V.OIcinichak 

Institute of Nuclear Physics, Cracow, Poland: E.Kapustsik 

Institute of Nuclear Physics, Oebretsen, Hungary: I.Molnar 

St.Petersburg State University, Russia: V.K.Bondarev 

Kharkov University, Ukraine: V.E.Kovlun 

Kharkov Physical Technical Institute, Ukraine: A.A.Nemashkalo, Yu.I.Titov 

Spokesman: A.I.Malakhov 

Contactman: P.I.Zarubin 

SPHERE is a 4x-detcctor designed to give as electromagnetic Pb-glass calorimeters, dE/dX and 
much detailed information as possible about multiple time of flight scintillation hodoscopes and Cherenkov 
panicle cumulative production. counters identifying, y, e, n, K, p, d, t, a, etc. The 

The spectrometer contains three major compo- tracks are measured with MWDC's and MWPC's. 
nents: a central detector for the detection of particles Beam intensities planned for the study of multipar-
from the target-nucleus fragmentation region, a for- tide production processes are 10 7 s~l and up to 
ward detector covering the projectile-nucleus frag- 10" s - 1 for dimnon production. The fast data 
mentation region, a target for the generation of muon acquisition system is based upon VME, FASTBUS 
pairs with a beam absorber. The central detector is and CAMAC. 
used for the momentum and angle analysis of secon
dary particles produced in the target T2 positioned 
in the centre of the magnet Ml. A superconducting 
coil 2.2 m in diameter and 2.6 m long produces a uni- /. AM.Abdurakhimov el al. — JINR Preprint, PI,2-
form 1.5 Tesla field in the beam direction. The for- 89-631, Dubna, 1989. 
ward magnetic spectrometer analyses particles at 2. S. V.Afanasiev el ai — JINR Rapid Comm. No. 
small angles (< 5'). The detector system consists of 5-91', Dubna, 1991', p.S. 

References: 
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CUMULATIVE PARTICLE PRODUCTION SPHERA 

Ml — superconducting solenoid with Fe yoke 
SC — superconducting coil 
MWDC1 — central drift chamber 
MWDC2 — back drift chamber 
MWPC1 — forward proportional chamber 
HI, H4 — cylindrical scintillator hodoscopes 
H5.H9 — muon scintillator hodoscopes 
ei — cylindrical Cerenkov hodoscopes 
C2, C3 — back and forward Cerenkov hodoscopes 

CAL1 -4 — electromagnetic Pb-glass calorimeters 
T l , T 2 — targets 
D — beam dump 
H2, H3 — back and forward scintillator hodoscopes 
MWPC2-8 — proportional chambers 
M2 — dipole magnet 
H6-8 — scintillator hpdoscopes 
C4 — threshold gas Cerenkov counter 
A — Fe absorber 



HYBBID SPECTROMETER 
GIBS 
Beam: V6, Exp.Hall 205 

Study of Relativistic Hypernuclei, A-Nuclei and A-A Collisions by 
Means of a Streamer Chamber Spectrometer 

Laboratory of High Energies, JINR: 
S.Avramenko, V.Aksinenko, M.Anikina, B.Bannik, Yu.Belikov, V.Butenko, V.Drozdov, N.Glagoleva, 
A.Gotokhvastov, N.Kaminsky, S.Khorozov, E.Kozubsky, B.Kulakov, J.Lukstins, O.Mandrik, 
A.Matyushin, V.Matyushin, S.Mukhin, N.Nikityuk, LOkhrimenko, T.Ostanevich, V.Radomanov, 
I.Saitov, S.Sedykh, V.Zavyalov 
St.Petersburg Sute University, Russia: 
V.Kondraliev, LKrasnov, I.Stepanov, LShevchenko 

Radiotechnical institute, Warsaw University, Warsaw, Poland: 
K.Gajevski, J.Mirkowski, Z.Pavlowski, A.Piatkowski 

Technical University, Sofia, Bulgaria: 
K.lovchev 

Institute of High Energy Physics, Kazakh Academy of Sciences, Alma-Ata, Kazakhstan: 
E.Khusainov, N.Nurgozhin 

Moscow Physics Institute, RAS, Moscow, Russia: 
G.Taran, Yu.Pol 

Spokesman: Kulakov B.A. 

A streamer chamber spectrometer is used at a re
lativistic ion beam (the maximum beam momentum 
is 9Z GeV/c, Z is the ion charge). Targets can be 
placed in front of the chamber or inside the fiducial 
volume. Two kinds of triggers are used: 1) counter 
blocks A, B, CI, С to select charge exchange-like re
actions based on charge measurements or 2) block С 
and a neutron deiecior tuned as veto counters to 
detect central Л-А collisions. 

Priority will be given to the study of charge 
exchange-like reactions: production and decay of 
relativistic hypernuclei or a detailed investigation of 
Д production in the charge exchange reaction 
*H + С •* *He + я " + x. The whole picture is 
registered because the target is installed inside the 
fiducial volume of the streamer chamber and all 
charged particles are detected and analysed. 

The trigger system is computer-controlled. As 
a next step of technical innovation, coordinate 

detectors located downstream the chamber will be 
installed to improve momentum measurements in 
hypernuclei experiments (in the previous 
experiments Лр/р 5—10% for ions and - 1 % for 
я", Am 1—2 MeV). 

Using experimental data obtained in central 
Mg—Mg interactions and in other nucleus-nucleus 
collisions, correlations between particles will be 
measured. This allows us to estimate the form and 
size of the irradiator and to search for the 
parameters of particle jets using the four-
dimensional velocities btk. 

The main issues of hypernuclei physics are the 
following: measurement of the production cross 
sections and test of the coalescence model 
predictions, lifetime measurements and 
investigation of hypernuclei interactions. The rote of 
collective interactions of delta isobars in nuclei will 
be studied in charge exchange reactions. 
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HYBRID SPECTROMETER GIBS 

H — Beam hodoscopes 
Л — Beam charge detector (stint, counters) 
T — Targets (Tl hypernuclei experiments, T2 ЛЛ-соШзкм experiments) 
В — Hypernuclei charge detector 
CH — Streamer chamber 
С, С — Fragment detector (or veto counters for AA-coilisions) 
SP41 — Magnet 
N — Neutron detector 



UBK — 100 
Beam:37, Ex.HalllB 

The 100 cm Hydrogen Bubble Chamber 
of the Laboratory of High Energies, JINR 

Laboratory of High Energies, JINR: 
N.A.Buzdavina, T.Erdenedelger, V.V.GIagolev, N.S.Griialashvili, R.M.Lebedev, 
V.I.Moroz, V.G.Ivanov, V.V.Pervushov, G.D.Peslova, V.N.Pechonov, E.B.Plekhanov, 
Yu.A.Troyan 

Institute of High Energy Physics, Alma-Ata, Kazakhstan: 
A.Sh.Gaitinov, A.P.Kolenko, S.S.Shimansky 

Lebedev Institute of Physics, Russian Academy of Sciences (FIAN), Moscow, Russia: 
P.S.Baranov, K.U.Khairetdinov 

Institute of Nuclear Physics, Uzbek Academy of Sciences, Tashkent, Uzbekistan: 
U.G.Gulyamov,Sh.Z.Nasirov, I.B.Shokirov 
Institute of High Energies, Tbilisi State Univ., Georgia: 
A.K.Kacharava, D.G.Mirianashvili, Z.R.Menteshashvili, M.S.Nioradze, T.LRogava, 
Z.R.Salukvadzc 

Institute of Physics, Armenian Acad, of Sciences, Yerevan, Armenia: 
S.G.Arakelian. I.M.Ravinovitsh, M.Yu.Tsubarjan 

Institute of Experimental Physics, Slovak Acad, of Sciences, Kosice, CSFR: 
M.Kravtshikova, B.Pastircak, LShandor, M.Seman 

Safarik University of Kosicc, CSFR: 
J.HIavacova, G.Martinska, J. Urban 

Institute of Nuclear Research. Warsaw-Swerk, Poland: 
T.Siemiarczuk. T.Sobczak. I.Stepaniiak. P.Zielinski. W.V.'islicki 

Physical Technical Institute. Tashkent, Uzbekistan: 
K.G.Gulamov. V.D.Upin. A.A.Yuldashev 

Sute University, Tashkent, Uzbekistan: 
A.M.Khudaiberganov, Yu.A.Kratenko 

Spokesman: V.V.GIagolev 

A lay-out of the hydrogen bubble chamber is 
shown in the figure. The chamber volume is 
950x350x300 mm*! 

The chamber is placed inside the magnet with a 
field of I-85T in the middle plane. Photographs are 
taken on 50 mm nonperforated film with four came
ras placed in the corners of a 500x310 mm2 quad
rangle. The precision of spatial reconstruction of 
points in the XK-ptanc is 0.25 mm and I mm in 
depth. 

The chamber can be exposed to beams of л-ше-
sons. protons, 2 H , 2 H t , 3He. 4He, , 2 C , , 6 0 nuclei 
and some others with a momentum of up to 
4.5 GeV/c per nucleon and also to quasi-monochro
matic neutrons with a momentum of up to 5 GeV/c. 

There is a controlled kicker-magnet in the 
charged particle channel. Coded information and 
picture quality enable one to measure events with a 
HPD-automat. 

There is a developed system of mathematical 
data treatment on CDC- and EC-computers. , „ 
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100 CM HYDROGEN BUBBLE CHAMBER UBK-100 

1 — Magnet of the clumber 
2 — Hydrogen bubble chamber 
3 — Expanding mechaniim of the clumber 
4 — Data box 
5 — Photocameraa with the light aource 
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HEAVY LIQUID BUBBLE CHAMBER 
ТРК-2ГЛ 
Exp.HalllB 

Study of the Quark-Gluon Structure of Nuclear Matter, 
Search for and Investigation of Properties of Exotic Effects 

Laboratory of High Energies, JINR: 
N.Angdov, V.A.Belyakov, V.A.Bogdanov, J.Bogdanowicz, L.A.Didenko, IV.G.Grfahinl. A.P.Icnisaiimov. 
I.A.Ivanovskaya, T.Kanarek, E.N.KIadnitskaya, A.G.Kochurov, N.A.Korzhev, A.A.Kuznetsov, 
V.B.Lyubimov, V.LLyutoshitz, A.S.Martynov, E.A.Matyushevsky, V.I.Moroz, A.P.Nagaitsev, 
EJlNikolaevakaya, V.N.Pechenov, M.LPodgoretsky, E.B.Plekhanov, J.Pluta, T.B.Progulova, V.B.Razin, 
S.G.Sazonov, B.A.Shahbazlan, V.P.Sokotov, M.I.SoJoviev, A.P.Stelmakh, Z.S.Strugalski, R.Togoo, 
V.A.Troflmov, Yu.A.Troyan, T.A.Volokhovskaya, A.N.Zubarev 

Scientific Research Institute (or Nuclear Physics, Moscow State University, Russia: 
I.N.Erofeev, E.M.Leikin, B.S.Murzin, S.Yu.Sivoklokov, A.N.Solomin, G.P.Toneeva, LN.Shcheglova 
Institute of Physics, Armenian Academy of Sciences, Yerevan, Armenia: 
S.G.Arakelian, G.R.Gulkanian, A.O.Kechechyan, I.M.Ravinovich, M.Ya.Chubarian 
Institute of Theoretical Physics, Ukrainian Academy of Sciences, Kiev, Ukraine: G.M.Zinoviev 
Lebedev Institute of Physics, Russian Academy of Sciences (FIAN), Moscow, Russia: V.N.Fetisov 
Institute of High Energies, Tbilisi State University, Georgia: 
N.S.Grigalashvili, R.A.Kvatazadze, Z.V.Metreveli, Yu.A.Tevzadze 
Leninabad State Teacher's Training Institute, Tajikisttn: LA.Abdivaliev 
Institute for Nuclear Physics, Physical-Technical Institute, Uzbek Academy of Sciences, Tashkent, 
Uzbekistan: S.O.Egorov, K.G.Gulyamov, U.G.Gulyamov, M.Yu.Kratenko, K.T.Turdaliev, 
A.A.Yuldashev, B.S.Yuldashev 
Samarkand State University, Uzbekistan: 
M.M.Muminov, R.N.Bekmirzaev, I.Suvanov, U.D.Sherkulov, M.Sultanov 
Institute of High Energy Physics, Kazakh Academy of Sciences, Alma-Ata, Kazakhstan: 
i Yn.Chasnikov, M.I.Izbasarov, A.Kh.Viniuky 
St.Petersburg Institute for Nuclear Physics, Russia: 
K.N.Ermakov, E.M.Levin, O.V.Rogachevsky, Yu.M.Shabelsky, M.B.Shalov, M.B.Stabnikov, M.G.Tverskoy 
Institute for Nuclear Research and Nuclear Energy, Sofia, Higher Machinc-Electrotechnical Institute, 
Varna, Bulgaria: D.Armutliisky, N.Akhabian, LGrekova, I.Lukarska, S.Prokopieva, H.Semerdziev 
University of Leipzig, FRG: G.Barz, K.Hanssgen, J.Ranft 
Institute of Physics and Mathematics, Mongolian Academy of Sciences, Ulan-Bator, Mongolia: 
Ts.Baatar, D.Batmunkh, D.Tuvdendorzh 
Institute for Nuclear Studies, Warsaw, Institute of Nuclear Physics, Cracow, Poland: 
V.Peret, K.Miller, J.Kotur, E.Bartke 

BueharMt University, Central Institute for Phyilei, BuehnrMt, Romania: 
C.BeslIu, O.Balaa, V.Boldea, S.DItsa, P.Kotorobal, D.Pantea, T.Ponta 
Charles University, Prague, Physical Institute, .Slovak Academy of Sciences, Bratislava, CSPR: 
I.Doleyihl, P.Holan, Z.Toka, J.Tokova, A.Nogova 

Spokesman: A.A.Kuznettov 

8» 



Great and still increasing interest in the physics 
of nuclear collisions at relativistic energies arises 
mainly from hopes to produce states of highly 
excited nuclear matter. Recent theoretical 
considerations indicate the possibility of colour 
deconfinement and formation of quark-gluon states. 

Processes occurring at the quark-gluon level can 
be observed by studying hadron jets, baryonic 
clusters, stable and unstable multiquark states and 
narrow hadron resonances in nuclear reactions at 
relativistic energies and also by studying the gamma 
de-excitation of highly excited states. In these 
investigations it is important to detect and to identify 
all (charged and neutral) secondary particles 
emerging in the interaction and to study different 
effects under identical conditions. Such conditions 
are realized at the facility TPK-2m. 

The 2m bubble chamber TPK-2m operates with 
heavy liquids (propane or freon or their mixtures). 
Its design makes it possible to insert as targets thin 
sheets of solid materials into the sensitive volume. 
The facility is mounted in a magnet of the SP41 type 
with a maximum field of 1.2 T. The large volume of 
the chamber allows one to observe all charged partic
les and also to detect neutral particles with a relatively 
high efficiency ( я 0 up to 80%, К and Л №/„, neut
rons with a momentum of > 1 GeV/c up to 60%). The 
average accuracy of measuring charged particles 
with a momentum of < 1 GeV/c amounts to 8—10%; 
protons stopped in the chamber, 2%. Pions and pro
tons can be distinguished for momenta up to 
1.2GeV/c. 
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a — General view 
b — Longitudinal section 
с — Cross section 
T — Target foils 
SP41—Magnet 



PAMIR 
Beam: Exp. Hall IB 

Forward Spectrometer with an Active Target «PAMIR» 

Latora*-ry of High Energies, JINR: 
D.Bogoslovsky, V.Dunun, L.Komogorova, A.Kuznelsov, B.Morozov, E.Morozova, 
N.Nikityuk, A.Povtorejko, S.Rozhnyaiovskaya, A.Sukhanov, G.Susova, 
V.Tikhomirov 

Laboratory of Nuclear Problems, JINR: 
L.Barabash, S.Sandukovsky, V.Snyatkov 

IHEP, Serpukhov, Russia: 
R.Krasnokutsky, R.Shuvalov 

ITEP, Moscow, Russia: 
A.Bolozhdynya, V.Chernyshev 

LINP, St.Petersburg, Russia. 
E.Speridenkov 

INP, Novosibirsk, Russia: 
V.Rotaev 

NTU, Athens, Greece: 
E.Gazis 

Spokesman: D.A.Morozov 

INCIDENT BEAM: 
p, C, O, N, Ne, Mg, Si — p = 3.7 A GeV/c, 
/ » 10 6pari./s. 

TARGETS: 
1. A total internal reflection active Cherenkov 

detector, 40 elements, each 1 mm thick 
2. Liquid H,, 5 cm thick 
BEAM TRACKING: 

5 PWC (XY), 2 mm wire spacing, дв т 0.2 mrad. 
VERTEX DETECTOR: 

6 stacks of Si-strips, pitch — 20ty, ДЯ = Д v" = 48', 
Цх)у 34TJ/I (p • 1 GeV/c>, signal readout — ADC. 

MAGNET SP40: 
0.9 Tela , aperture 0.-^ x 1.2 m 2; length 1.5 m 

TRACKING: 
6 stacks (XYUV) of PWC, 2mm wire spacing, total 
channels — 16000, bplp « 2%. 

CALORIMETERS: 
1. Forward calorimeter: 276 lead-glass blocks, 

16X-, phototube readout. 
2. Side calorimeter: LAr, 0 = 700 mm, 20X 0, 

3mm thick Al strips separated by 30mm LAr, the first 

6 layers have 1mm thick Al strips separated by 6mm 
LAr; width of each strip — 100mm; readout — ADC 
(900 channels). 

Performance: Lead-glass: 
&Ey/Ey 15%,ох!/ = 3mm, <£y = 4 GeV), 

(expected) LAr: 
ЛЕу/Еу 4%, axy = 6mm, <Ey = 4 GeV). 

PARTICLE IDENTIFICATION: 
48 time-of-flight counters, a = 230ps (л, К, р, А 
separation). dE/dX in LAr, а ш 4.7% (e, ft, K, p, /. 
separation). 

PHYSICS: 
Anomalous fragmentation of relativislic ions, 
production of К, Л, tj in nucleus-nucleon collisions. 

TIMETABLE: 
Active target installation — 1990; vertex detector 
and momentum spectrometer installation — 1992; 
calorimeters — 1993. 

References: 
1. JHEP Preprint 84-51, Serpukhov, 1984. 
2. JINR Preprint PI-88-U0, Dubna, 1988. 

40 



PC 1 

FORWARD SPECTROMETER WITH ACTIVE TARGET "PAMIR" 

PC 1—5 — Beam tracking MWPC's 
PC 6—11 — Particle tracking MWPC's 
TOP — Time of flight start and stop detectors 
AT — Active target 
VD — Vertex detector 
SP40 — Analysing magnet 
PBO — Lead glass calorimeter 
LAR — Liquid argon calorimeter 



MULTIFRAGMENTATION 

PASA 

Beam: V3, Exp. Hall 205 

Investigation of the Multifragmentation of Target Nuclei 
in Nucleus-Nucleus Collisions at Intermediate and High Energies 

JINR, Laboratory of Nuclear Problems: 
V.A.Karnaukhov, LA.Petkov, V.D.Kuznetsov, S.P.Avdeev, W.Karcz 

Kurchatov Institute of Atomic Energy, Moscow, Russia: 
G.B.Yankov, O.V.Bochkarev, E.A.Kuzmin, J.G.Mucha, L.V.Tchulkov 

Forachungszentrum Rossendorf, FRG: 
W.Neuberl 

Institute of Nuclear Physics, Institute of Technology, Darmstadt, FRG: 
H.Oeschler, V.Ups, R.Barth 

Mongolian State University, Ulhan-Bator, Mongolia: 
D.Tchultem, J.Gansorig 

University of Iowa, Iowa City, Iowa, USA: 
Edwin Norbeck 

Spokesman: V.A.Karnaukhov 

The project is aimed at the investigation of the 
mechanism of multiproduclion of fragments with 
intermediate masses (Z. = 2—20) from the target 
spectator in nucleus-nucleus interactions. The 
installation «FASA* consists of a multiplicity 
detector DMF (64 25 mg/cm 2 thick CsJ(Tl) 
scintillation counters) and 5 spectrometer telescopes 
for fragments — TC <&Etx&E2xE: proportional 
counter x ionization chamber x semiconductor 
detector). Each TC serves as a trigger of the system. 
The TCs identify the charge and measure the energy 
of fragments. The DMF determines the multiplicity 

and the direction of particles. All channels of the 
DMF are provided with amplitude analysers. The 
solid angle of the system is -3 .6 sr. 

Experiments will give the multiplicity of the 
fragments, their energy and charge distribution, 
their angular distribution and the correlations for 
different energies of the 4 He and 1 2 C beams. The 
data will be analysed according to different models 
of multifragmentation taking into account a possible 
connection with phase transitions in nuclear matter 
(«cracking», «liquid-gas»). 
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««-DETECTOR SYSTEM FASA 

a) General view of the 4я-detector system 
b) One of its modules with five scintillation counters working 
with thin Cs(Tl) crystals and one spectrometer telescope for 
fragments 
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KONUS—M—IAE 
Beam: V2, Exp. Hall 205 

KONUS-M 

Kurchatov Institute of Atomic Energy, Moscow, Russia: 
B.P.Adyasevteh, V.G.Antonenko, S.LFokin, Yu.I.Grigorian, 
M.S.lppolitov, V.K.Karadjev, A.LLebedev, V.I.Manko, 
G.M.Mgebrishvili, S.A.Nikolaev, Yu.P.Polunin, A.G.Trunov, 
M.A.Vasiliev, A.A.Vinogradov 

Spokesman: V.I.Manko 

The experimental setup "KONUS—M" is a sys
tem of electronic detectors for investigations on 
beams of relativistic nuclei from the JINR synchro-
phasoptron. It consists of several (up to six) scin
tillator telescope spectrometers А, В, С,.. . recording 
time of flight, ring arrays Л, (48 scintillator tag 
detectors in each array) and beam detectors BD. 

The main physical goals are: -
1. Measurement of the inclusive momentum 

spectra and the angular distributions (differential 
cross sections) of light nuclear fragments from 
nucleus-nucleus collisions; 

2. Exclusive experiments including correlations 
between similar or different secondaries detected by 
different detectors («HBT» of «far» correlations); 

3. Measurement of multiplicities associated with 
any combination of detector hits by means of multi-

detector ring arrays. These parameters can be 
directly connected with the impact parameter of the 
collision, i.e. centrality for a certain event; 

4. Study of the experimental dependence of the 
above parameters on associated multiplicities or/and 
on the azimuthal positioning ring detector which 
should provide some information on the collective 
mode of nuclear matter motion; 

5. Different anisotropy measurements with 
polarized relativistic particles for determination of 
the spin structure of the nuclear interaction using the 
large acceptance of the multidetector ring arrays. 

We suppose to develop our setup by adding 
further detector systems, for example, multiwire 
proportional chambers for a more correct 
determination of the secondary emission and any 
other purposes. 

44 



MULTITELESCOPE SETUP KONUS-M-IAE 
BD — Beam detecor 
T — Target 
A,B,C,D — TOF-spectrometer telescopei with scintillation counters S1...S4 
К1 ,R2 — Rings of scintillation tat detectors (48 in each rinf) 
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MAGNETIC TWO-ARM SPECTROMETER 
INESS ALPHA 
Beam: VPI, Exp. Hall 205 

Magnetic Two-Arm Spectrometer for the Investigation 
of Nonnucleonic Degrees of Freedom in Light Nuclei 
and for Polarization Experiments 

Laboratory of HigH Eacrgfcs, JINR: 
V.CAbleev, E.V.Chemykh, S.V.Dzhemukhadze, LB.Golovanov, B.Kuehn, 
V.P.Ladygin, P.Michel, N.M.Nikityuk, A.A.Nomofilov, LPenchev, 
N.M.Piskunov, S.A.Zaporozhets, V.A.Sharov, l.M.Sitnik, 
E.A.Strokovsky, LN.Strunov 

Institute of Theoretical Physics, Ukrainian Academy of Sciences, Kiev, Ukraine: 
A.P.Kobushkin 

Forschungszentrum Rossendorf, FRG: 
H.Mueller, B.Naumann, L-Naumann, W.Neubert, S.Tesch 

Institute of Chemical Technology, Sofia, Bulgaria: 
UVisireva 

ZLANP Academy of Sciences, Sofia, Bulgaria: 
I.Atanasov, C.Dimitrov, K.Vanev 

Spokesmen: N.M.Piskunov, i.M.Sitnik, LN.Struqpv 

INESS ALPHA is a multipurpose system for the 
investigalion of scattering, fragmentation, charge 
transfer and particle production processes in 
inclusive and exclusive experiments. Furthermore, it 
allows one to measure the vector and tensor 
polarization of deuteron beams and the analysing 
powers of the above-mentioned reactions. 

The figure shows the scheme of the 
spectrometer. The forward arms RF and LF consist 
of the analysing magnets SP 94 and SP 12. The 
tracks of the particles are traced by multiwire 
proportional chambers. The scintillation counters 
are suitable for TOF particle identification. The solid 
angle of each arm amounts to 4 - 1 0 - 4 sr; the 
momentum acceptance, to Д р / p - O . I ; the 

momentum resolution, to Др/р = 0.2%. Two 
scintillation telescopes LR and RR are arranged near 
the target for detection of recoil particles at large 
angles (50*—135*). Two threshold Cherenkov 
counters provide additional possibilities for particle 
discrimination. 

Liquid hydrogen, deuterium or helium as well as 
solid materials are used as targets. 

The beam intensity is controlled by means of 
ionization chambers and PPAC fission detectors; the 
beam position and profile, by means of multiwire 
ionization chambers. 

Data taking and on-line visualization of the 
current measuring process are performed by several 
on-line computers. 
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MAGNETIC TWO-ARM SPECTROMETER INESS ALPHA 

IK — Ionization chamber 
T —Target at beam focus F5 
LR.RR —Telescope for recoil particles 
SP 40 — Bending magnet 
S — Scintillator counters 
PC — Mnithrire proportional chambers 
SP 94 — Analysing magnets 
7.0K100A — Quadrupole lenses 
SP 12A — Analysing magnets 
ThC- Threshold Cerenkov counters 



CUMULATIVE PARTICLE PRODUCTION 

DISK 

BeaimVPI.EP 

Cumulative Particle Production by Beams of Protons 
and Nuclei at High Energies. 
Magnetic Two-Arm Spectrometer Disk 

Laboratory of High Energies, JINR: 
M.A.Asanova, G.S.Avcrichcv, H.N.Agakishiev, L.B.GoJovanov, Yu.D.Crekbova, Yu.T.Borzunov, 
LC.ERroov, O.Yu.Kulpina, Yu.l.Minacv, N.S.Moroz, A.S.Nikiforov, Yu.A.Panebralsev, V.N.Sadovnikov, 
A.E.Senner, V.V.Trofimov. A.P.Tsvinev, S.S.Shimansky 

Radium Institute, St.Petersburg, Russia: 
A.V.Dcmjanov. R.M.Yakovlcv. V.I.Yurcvich, V.C.Lyapin, O.I.Tsvelkov 

St.Petersburg Slate University, Russia: 
V.K.Bondaro 

Bucharest University, Romania: 
N.Giordancsku, A.Giordanccku 

Tashkent State University, Uzbekistan: 
M.V.Tokarcv 

Dushanbe State University, Tajikistan: 
'.A.Salomov 

Central Institute of Physics, Bucharest, Romania: 
M.Pcntia, M.Horoi 

NPO Cosmic Research, Baku. Azerbaijan: 
J.Cuscjnaliev, M.K.Sulcjmanov, E.Shahaliev 

Nuclear Physics Insiitutc^Rcz near Pragua, CSFR: 
I.Zborovsky 

Spokesman: Yu.A.Pancbratscv 

The spectrometer DISK was designed to study 
the mechanism of cumulative particle production and 
to investigate the structure of lightest nuclei. 11 
facilitates precise measurements of Л-, E- and 
angular-dependence of inclusive hadron spectra. 
The combination of high resolutioin magnetic 
spectrometers and magnctlcss Д £ - £ spectrometers 
allows one to realize correlation experiments. DISK 
is also used for polarization experiments with the 
LHE polarized dcuteron beam. 

MAGNET SPECTROMETER KPI: 
Magnet: SP94. Registration of л 1 , A*1, />, 2H, 

J H. 'He, 4 He. Angular region covered: 60**180*. 
Region of momenta: 150—1800 McV/c. Time of 
Right resolution: 150—200 ps. Momentum 

resolution: ±4%. Entry solid angle: 2-10~ 4 sr. 

MAGNETIC SPECTROMETER KP2: 
Magnet: SP94. Registration of: я ± , К*, р, 2 Н. 

Angular region covered: 20*—140*. Region of 
momenta: 50—800 MeV/c. Time of flight resolution: 
200—300 ps. Momentum resolution: 20%. Entry 
solid angle: 1.6- I0~ 2 sr. 

MAGNETLESS HADRON SPECTROMETERS 
(PI.P2): 

Time of flight resolution: 300 ps. Energy 
resolution: (5—20)% Covered energy region: я 
(20—150 MeV), p. </, l, (50—300MeV) and n (20— 
300 MeV). Particle identification by TOF, A£and E. 
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I. КМ.ЛаШя.. Yu.A.PanebraUev. KS.Slavinsky, 
DAN USSR. ¥.179. 1354(1984). 
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MAGNETIC TWO-ARM SPECTROMETER DISK 

T — Target 
MI.M2-Magnets SP94 
Ql ,Q2 — Quadrupole lenses 
S — Scintillation (TOF) counters 
С — Cherenkov counters 
ДЕ — ДЕ-Scintillation spectrometers 
E — E-Scintillation spectrometers 
H — Hodoscope 
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MAGNETIC TWO-ARM SPECTROMETER 
MASMC 
Beam: VPI, Exp. Hall 2*5 

The MASPIC Setup 

Ubmaiurj of Cnmpatlng Ttchnlajm and Automation, JINR: 
ISAtfcgirey, M.A.Ignatenko. A.S.Kuznetsov, S.V.Razin. G.D.Sioletov, t.K.Vnorov, V.N.Zhmyrov, 
P.V^rdor 
Moscow Suie University. Russia: 
N.P.Yadin 
Institute for High Energy Physics, Alma-Ata. Kazakhstan: 
A.S.Pak 
WTL. Warsaw, Poland: 
E.Malas 

Spokesman: LS-Azhgirey 

The MASPIC setup is a two-arm magnetic 
spectrometer designed for the investigation of 
nudeus-nudcus interactions at relaiivistic energies. 
The angle of detected panicles can be varied from 4* 
to 11 J* for the forward arm and from 45* to 135* for 
the second arm. The momentum resolutions and 
acceptances жк about 0.5% and 15% at 8 GeV/c 
(for the forward arm) and 2% and 30% at 1 GeV/c ( 
for the second arm), respectively. 

The detection system comprises scintillation 
counters and multfwirc proportional chambers with 
about 4000 channels. The spectrometer electronics 
provides the measurements of particle time-of-flight 
and charges of photomultiplier pulses. The TOF-
resohition is 400 ps FWHM. The pulse amplitude 
data from the forward arm photomultipliers allow 

one to separate two-charged particles from one-
charged ones with a probability of 0.97. The 
remaining probability of the one-charged particle 
admixture is about 10"6. The detectors and readout 
electronics of the spectrometer are used on-line with 
an ES-I0I0 computer. The data-taking can be 
performed with a rate up to 400 events per pulse of 
the JINR synchrophasotron with a typical pulse 
length of 400 ms. 

References: 
JINR Preprints D2-82-568 (p. 83—91), 
10-83-868, 13-84-700, Pl-85-749, 13-86-52, 
13-86-164, P10-86-831, P10-86-832, 13-86-362, 
P1-87-SI, 13-88-437, PIO-89-739, Dubna, 
1982—1989. 
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SPECTROMETER MASPfK 

M — Beam intensity relative monitor 
Cn — Scintillation counters 
Km — Muttfoire proportional chambers T — Target 
SP94 — Bending magnet 
SP12, SP57 — Analysing magnets 



LEADING PARTICLES 

SMS-MSU 

Beam: V4 Exp. Hall 205 

Scintillation Magnetic Spectrometer 

Institute of Nuclear Physics, Moscow State University, Moscow, Russia: 
LI.Belzer, V.A.Bodyatin, A.I.Demianov, I.N.Vardanian, A.M.Gribushin, A.l.Ostrovidov, 
LLSarycheva, N.B.Sinyov, A.A.Yershov 

Uboratory of High Energies, JINR: 
A.D.Kirillov, A.A.Kuznetsov, B.A.Kulakov, P.A.Rukoyatkin, A.L.Svetov, 
I.N.Semenvushkin 

Laboratory of Super High Energies, JINR: 
V.A.Nikitin 

Institute of Theoretical and Experimental Physics (ITEP), Moscow, Russia: 
V.V.Okorokov 

Institute of Nuclear Physics, Polyiechnical Institute, Tomsk, Russia: 
S.A.Vorobiev, Yu.L.Pivovarov, A.A.Shirokov 

VENTA, Vilnus, Lithua: 
N.A.Zharkov 

Spokesman: L»I.Sarycheva 

Contactman: LI.Belzer 

Differential production rates of leading hadrons 
L on nuclear targets (Q) are measured in a broad 
range of emission angles 6L (to 90* lab) and 
momenta PL (/»„ to 0.3 PQ) for semi-inclusive 
reactions M -» Lhrj, where Цщ means triggering on 
a specific track configuration which corresponds to a 
present projectile to target momentum transfer Д/> 
(or «interaction zone» Az - Л/Др). 

The experimental apparatus — Scintillation 
Magnetic Spectrometer (SMS-MSU) — includes the 
following basic elements: 

— scintillation hodoscopic arrays with a 
coordinate resolution of I mm (F,B,T,S,P>; 

— a wide aperture gas Cherenkov counter (6) 
for L-particle identification; 

—a complex of scintillation and solid Cherenkov 
detectors used to monitor the beam (L, Ф, f, M) and 
to arrange a fast kinematic trigger (D,E); 

— a MWPC module П (coordinate x, у, и, v, 
spacing 2mm) for precise /nj-track reconstruction 
and 

— a total absorption scintillation /-spectro
meter (G). 

References: 
JINR Preprint Pl-87-591, Dubna, 1987; 
NPIMSU Preprint 88-34/75; 89-57(134. 
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MAGNETIC SPECTROMETER 
ANOMALON 
Beam: VP1.V5.EP 205 

Magnetic Spectrometer for Relativistic Nuclear Fragmentation 
and Polarization Experiments 

Laboratory of Super High Energies, JINR: 
A.I.Chemenko, V.M.Golovin, I.A.Golutvin, V.S.Khabarov, LA.Merkulov, V.V.Perelygin, 
B.Yu.Semenov, L.A.Senner, D.A.Smolin, I.P.Yudin, A.V.Zarubin 
Laboratory of High Energies, JINR: 
Yu.T.Borzunov, E.V.Chernykh, S.V.Dzhemukhadze, LB.Golovanov, A.D.Kirillov, 
B.Kuehn, V.P.Ladygin, A.A.Nomofilov, LPenchev, V.F.Peresedov, 
A.E.Senner, V.A.Sharov, L.N.Strunov, S.A.Zaporozhets, A.P.Tsvinev, 
L.S.Zolin 
PINPh, Gatchina, Russia: 
S.L.Belostotsky, A.A.Izotov, V.V.Sulimov 
IPH, Lodz University, Poland: 
T.Dzikowski, M.Giler, A.Korejwo, M.Zieliitska 
[NP, Lodz, Poland: 
B.Shabelska, J.Wdowczyk 

Spokesmen: I.A.Golutvin, A.V.Zarubin 

ANOMALON is a multipurpose spectrometer for 
relalivistic nucleus-nucleus collision study. For 
double-scattering polarization experiments two 
spectrometers are used: ANOMALON as secondary 
proton wide aperture polarimeter and ALPHA as 
deuteron beam polarimeter. 

The magnetic spectrometer consists of: 
— coordinate detectors for the track tracing 

based on MWPC with sensitive area from 64 mm to 
1280 nun composed of 8 three-dimensional and 2 
two-dimensional blocks with 5000 readout LRS 
channels (PCI,..., 10); 

— a multichannel Cherenkov hodoscope (6) for 
the determination of ion charges; 

— a precision TOF system with extremely large 
flight base 40—100 m for p-d identification up to 
kinematical limit; 

— a flexible triggering system with scintillation 
and Cherenkov counters; 

— left and right recoil systems with full 
absorption scintillation counters; 

— a profilometer for beam position check-up and 
control; 

— a 100 cm liquid hydrogen target; 
— an analysing magnet SP-40 with a pole gap of 

40 cm. 
The spectrometer forward angle acceptance is: 

polar ±100 mrad, azimuthal ±35*, the recoil angle 
acceptance is: polar 60*—90*, azimuthal ±45*. 
General resolutions are the following: scattering 
angle — 0.38 mrad, total momenta — 0.55%, ion 
charge — 0.2 e, isotope mass — 0.09 amu, TOF — 
0.3 ns. Data taking trigger rate is up to 200 events per 
burst. 

At present the following experiments are in 
progress: 

— Measurement of the polarization transfer for 
relalivistic deuteron fragmentation at high internal 
proton momenta for deuteron spin structure study at 
short distances; 

— Cross section measurement of the 
fragmentation of С and О on hydrogen into light 
fragments in dependence on energy. This 
experiment is related to the problem of the origin of 
cosmic rays and their propagation in Galaxy. 
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Beam pdorimeter 
ALPHA 

Secondary proton 
polarimeter ANOMALON 

MAGNETIC SPECTROMETER ANOMAUON 

K100 — Quadrupole lenses 
SP40 — Analysing magnet 
PC...10 — Three- and two-dimensional *tWPC 
S — Scintillation counters 
^юАж — ** f t a n d rish* recoil scintillation E-counter walls 
8 в А ж ~ Forward scintillation hodoscopes 

SB— Antibeam counter 
&j.—Time-of-flight counters 
С — Cherenkov Z 2 hodoscopes 
T, —First target 
T, — Liquid hydrogen target 



NEUTRAL RESONANCES 
PHOTON-MASSER 
Beam: VI, Exp. Hall 205 

Inclusive Cross Sections of Neutral Resonances 
Generated in Nucleus-Nucleus Interactions 
at Relativistic Energies 

Laboratory of High Energies, JINR: 
M.Khachaturian, A.Melkumov, S.PIyashkevich, V.Kashirin, LChernykh, V.Isjurov, A.EIishev, 
A.Shirokov, A.Chvyrov, N.Chernov 

University of Yerevan, Armenia: 
A.Khudaverdjan, Kh.Abraamjan 

Institute of Physics, Yerevan, Armenia: 
R.Avakjan, G.Vartapetjan, Sh.Petrosjan, A.Avetisjan, S.Torojan, G.Albakjan, 
S.Danguljan, A.Oganessjan 

Kurchatov Institute of Atomic Energy, Moscow, Russia: 
V.Manko, B.Ad'jasevich, V.Antonenko, Yu.Polunin, S.Fokin, M.Ippolitov, M.Mgebrishvili, 
M.Vasiliev, Yu.Grigorjan, K.Karadzhev, A.Lebedev 

Moscow State University, Russia: 
V.Kvlividze 

University of Lodz, Poland: 
B.Boncak, S.Michaljak 
St.Petersburg Physical-Technical Institute, St.Petersburg, Russia: 
Yu.Gagarin 

Institute of High Energy Physics, Alma-Ata, Kazakhstan: 
V.Shmonin 

Physical-Technical Institute, Dushanbe, Tajikistan: 
F.Normuratov 

Spokesman: M.Khachaturian 

Inclusive cross sections of neutral resonances in 
nucleon-nucieus and nucleus-nucleus interactions at 
relativistic energies will be measured. 

Priority will be given to the study of atomic 
number dependencies of the cross sections of neutral 
resonances in the energy region kinematically 
forbidden for nucleon-nucleon interactions and to 

investigations of energy spectra of я s in central 
interactions. The spectrometer consisting of wire 
spark chambers and lead glass counters provides 
large coverage for identifying and measuring 
electrons and photons. The apparatus is working at 
the 4.5 GeV/cN nuclear beam at the VI beam line in 
EH 205. 
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SPECTROMETER FOR NEUTRAL RESONANCES PHOTON-MASSER 

M — Target 
S — Scintillation counters 
PC —MWPC's 
C F — Threshold Cerenkov counters 
SV — Scintillation veto counters 
H — Trigger hodoscopes 
WSC — Wire spark chambers 
К — Cu converter 
AK —„Lead glass active converters 
C L — Cerenkov lead glass counters 



NUCLEAR RECOIL SPECTROMETER 
SYAO 
Inner Beam of accelerator 

Nuclear Recoil Spectrometer 

Laboratory of High Energies, J1NR: 
G.G.Bernogikh, V.A.Budilov, A.P.Laricheva, V.A.Nikitin, P.V.Nomokonov, A.V.Pavlyuk, 
I.A.Rufanov, L-A.Urmanova, N.K.Zhidkov 

Institute of Experimental Physics, Warsaw University, Warsaw, Poland: 
J.Zlomanczuk 

V.G.Khlopin Radium Institute, St.Petersburg, Russia: 
V.V.Avdeichikov, A.I.Bogdanov, Yu.A.Murin 
Institute for Nuclear Studies, Warsaw, Poland: 
A.Golembewski, A.Filipkowski, I.P.Zielinski 

Institute of Chemical Technology, Sofia, Bulgaria: 
M.Traikova 

Spokesmen: V.A.Nikitin and P.V.Nomokonov 

The circulating beam interacts inside the 
accelerator with a thin foil target. The slow recoils 
are registered by telescopes of semiconductor 
detectors placed inside the vacuum chamber of the 
accelerator. Large arrays of plastic scintillators and 
Nat(TI) crystals are fixed outside the chamber to 
detect more energetic secondaries. The data can be 
taken continuously during the acceleration of the 
beam. 

The problems to be studied are: 
1. Emission of light and intermediate mass 

fragments; 

2. Study of the vector analysing power of 
cumulative protons from the dA-* pX reaction; 

3. Study of proton-proton correlations; 
4. Search for narrow diproton resonances; 
5. Search for anomalons and fractionally 

charged fragments. 

References: 
1. LI.Abashidzeetal — PTE, 1985, N4, p.33. 
2. Ll.Abashidze et al — NucLPhys., 1984, A437, 

p.573. 
3. V. V.Avdeichikovet al. — Ya.F., 1989, 50, p.409. 
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Nal(TI) Plastic 

Scintillation 
Telescopes 

Chamber of 
Accelerator 

Nal(TI) 

NUCLEAR RECOILSPECTROMETER SYAO 
T — Thin foil targets 
SCD — Semiconductor detectors 
BFD — Beam fragment detector 
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SECONDARY PARTICLE PRODUCTION 
KASPIY-lfAl 
Beam: VP1, Exp. Hall 205 

Magnetic Channel and Spectrometer KASPIY 

Institute for Nuclear Research, Russian Academy of Sciences, Moscow, Russia: 
A.B.Kurepin, V.S.Pantuev, V.A.Krasnov, Yu.K.Gavrilov, S.N.Filippov, V.l.Rasin, 
A.I.Reshelin, F.F.Guber, A.A.Baldin, M.B.Golubeva, T.A.Golubeva, 
N.S.Topilskaya, T.LKaravitcheva, A.Yu.Nikitskij, V.I.Kopylov, 
M.A.ProUivatilov 

Laboratory of High Energies, JINR: 
B.A.Kulakov, LB.Golovanov, Yu.T.Bonunov, V.A.Mazarskij, A.D.Kirillov, 
B.Kuehn, P.A.Rukoyatkin 

Nuclear Physics Laboratory, University of Colorado, USA: 
RJ.Peterson, S.Hojbraten 

Institulo Nazkmale di Fisica Nucleare, Sezione di Torino, Italy: 
E.Chiavassa, G.Dellacasa, M.Gatlio, N.Demarko, E.Vercellin, A.Piccotti 

Spokesman: A.B.Kurepin 

Contactman: V.S.Pantuev 

The installation KASPIY consists of: 1) a 
magnetic channel (IML, 2ML, DI, 3ML, 4ML, D2) 
which can be used for the formation of a pion flux 
produced by the extracted beam of 10 GeV protons 
incident on a nuclear tartei at focus F4 of the 
Experimental Hall 205. It can also be used as 
spectrometer for momentum analysis of secondary 
panicles emerging from the target at F4 irradiated 
by variable energy protons, deuterons, light and 
heavy ions; 2) a fixed angle magnetic spectrometer 
<5ML, 6ML, 7ML, D4> for measurements of pions, 
protons, and other reaction products emitted from 
the secondary largei (T3) an additional magnet 
(D3) in the large) (T> area for changing the 
scattering angle; 4) a two-arm scintillator telescope 
with &e-£counters for protons up to 200 MeV; 5) a 
jr°-spectrometer assembled of 300 lead glass shower 
Cherenkov counters; 6) a limc-of-flight system for 
particle identification; 7) plexiglass Cherenkov 
counters, proportional wire and drift chambers and 
scintillator telescopes. 

The momentum range of the magnetic systems is 
0.2—1.1 GeV/c; the momentum acceptance, ±2%; 
the angular acceptance, 1.5—3 msr; the estimated 
momentum resolution, 2-10~ 3 ; the pion flux for 1 0 1 2 

protons per pulse at F4 up to 10* pions. The channel 
beam spot formed by the channel on the target (T) is 
about 5x4 cm 2 and the focal plane of the 
spectrometer, 25x15 cm 2. 

References: 
1. S.LGolubev et al. — JINR Preprint, P9-11432, 

Dubna, 1978. 
2. S.LGotubev, A.B.Kurepin — JINR Preprint, 

D2-82-S68, Dubna, 1982" 
3. M.B.Golubeva et al — Phys.UtU, 1989, B22I, 

p. 238. 
4. A.B.Kurepin et al. — JETP Lett., 1988, 47, p. 17. 
5. A.A.Baldin et al. — JETP Lett.. 1988, 48, p. J37. 
6. A.B.Kurepin et at — JINR Preprint, D4-89-327, 

Dubna, 1989. 
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MAGNETIC CHANNEL AND SPECTROMETER KASPIY 

F4 — Beam focus 
IML — Quadrupoie lenses 
D,— Dipole magnets 
I — Two-arm multilayer scintillation spectrometer 
2 - я 0 Spectrometer 
T — Target 
fj— Multiwire proportional chambers and drift chambers 

| — Scintillation Hmc-of-fllghi counters 
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ACTIVATION STUDIES 
GAMMA 
Beam:VPl,EP 

Hardware-Software Complex for Investigation of Projectile 
and Target Nuclei Fragmentation. 
Production and Decay of Radioactive Nuclides on Beams 
of Relativistic Particles and Nuclei 

Laboratory of High Energies. JINR: 
V.S.B«tsev, S.Biri, C.LButseva, A.A.Kariov, M.Kaempfer, M.I.Krivopustov, 
B.A.Kulakov, J.Molnar, LS.Ncfedjeva, V.N.Samoilov, Z.Snirerova, 
A.N5osnin, V.D.Toneev 
Institute of Technology, Leipzig, FRG: 
EJ.Langrock, F.PUIe, M.Rommel 

Department of Nuclear Chemistry, Phillips Univ. of Marburg, FRG: 
R Brandt, H.Barth, G.Haase, M.Heck 
University of Kharkov, Ukraine: 
A.A.Bespalov, I.D.Fedorets. M.Y.Ozerov. S.S.Ratkevich 
Institute of Nuclear Physics, CS Academy of Sciences, Ref near Prague, CSFR: 
LAdam 

Семге of Nuclear Research, Strasbourg, France: 
J.Adioff. M.Oebeauvais. i.Ralaraci 

Institute of High Energy Physics, Protvino, Russia 
A.A.Arburov 

Spokesman: B.A.Kulakov 

The project GAMMA is aimed at the search for 
oaark siructurc effecu in nucleus-nucleus collisions 
al energies from 3.65 GeV/N at the 
Synchrophasotron to 6 GeV/N at the Nucloiron 
(LHE.JJNR) 11-31: 

— investigation of anomalous fragment 
interactions with mailer: 

— study of the production crass sections of 
endear fragments and radioactive nuclides; 

— identification and investigation of new short
lived Isotopes in on-line experiments. 

OMUM consists of a monitoring system, an 
aaalogw signal nrocmor systtm, a data acquisition 
tystoa, a data evaluation system and programs for 
coatrol.communicaiion and precision spectromeirfc 

data processing, gamma spectrometers with coaxial 
GeU-detectors with 10 to 100 cm3 sensitive volume 
and 1.4—2.2 keV resolution, scintillation counters, 
other special counters, analog signal processors, 
multichannel analysers and IBM PC-AT personal 
computer analysers with direct data acquisition in 
the PC and short dead time. 

References: 
1. Buuev VS. eiaL- Yad.FU., 1986, 44, p.423. 
2. Brandt R.etol — Proc. tXth Int. Seminar an Htgn 

Bnir$yPhy$. froM. 01,2-88-632. Dubne, 1988. 
p. 197; ttotopenprwtU, 1089, 23, Aft/0, p.434. 

3. Brandt Л. it at - JINK Priprtnt, Et-89-803, 
Dubna, 1989. 
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6. ELEMENTS OF EXPERIMENTAL SETUPS 

6.1. Magnetic Elements of the Beam Lines 
•at of ExperimeMal Setups 

The beam lines are constructed of a set of stand
ard magnetic «dements (bending magnets and 
quadrupole lei.jes). These elements are also 
available for the construction of experimental setups. 
The schemes and measures of the dipole magnets 
and quadrapole lenses are shown in Ngs.6.1 and 6.2. 
Their geometrical and electrical parameters ace 
presented in tables 6.1 and 6.2. 

6.2. Targets of Liquefied Oases 

Targets of liquefied gases like hydrogen, 
deuterium or helium are indispensible elements of 
many experiments. The cryolaboratory of LHE 
(division NtKO) has developed and is producing 
cryottrgets which are very perfect with respect to the 
experimental requirements and very convenient 
from Ibe point of view of their exploitation. 

The target cells are fabricated from thin 
(0.125 mm) mylar (fig.6.3). The vacuum chamber 
(heat isolation) is produced of porous plastic with an 
effective thickness of 0.1—0.2 g/cm2. The cells are 
exactly cylindrical. The plane entrance and exit 
windows are stabilized by means of gat pressure in 
the endcapt (see flg.6.3). Target cells are available 
with diameters and lengths according to the 
requirements of the experimenters. Diameters up to 
70 mm and lengths up to 1000 mm were realized up 
to sow. Cells with several separated chambers for 
changing the length of the target during the 
experiment can also be provided. 

The gas is liquefied by condensation using liquid 
hrilam A scheme of this system Is shown in fig.6.3. 
As in this system the amount of hydrogen is not 
much larger than that coodensated In the target cell, 
the requirements for technical safety are rather 
modest The liquid helium is supplied from a tank, 
which at the same time serves as the mechanical 
support of the target (The tank is 0.5 m In 
diameter and 1.0 m high). The system once put into 
operation works without helium refilling at least for 
one weak. 

Ле/вгеясе: 
L.N.Ooto¥anov uv Криогенные приборы и уст
ройства а ядерной физике. (Cryoequtpment In 
лшЛетг phytic*) ed. by AO.ZeUovUch, Moscow, 
BntrmoUdaL, I9S2, chapter 2. 

Table 6.1. Parameters of stand ird bending resp. 
spectrometer magnets available at LHE 

Tyoeofaaiael SP-94 SP-57 SP-40 SP-12 SP-I2A 

Mafi, Induction 
m l.S 1.6 I.» 1.7 1.7 

Length of pole 
up(a> 1.3 0.95 1.5 3.0 3.0 

Dttanceofpote 
Upt(a) 0.10 0.10 0.20 0.20 0.25 

Width of pole Up 
<•) 0.20 circular 1.00 0.50 0.50 

Н и . силон (A) 635 600 1100 1100 1700 

Voltage (V) 212 171 220 190 215 

WetaniU) 27 47.7 176 87 70.5 

Table 6,2. Parameters of standard quadruple 
lenses available at LHE 

Type of lent ML-14 ML-15 ML-16 ML-17 20K10020K200 

Gradient 
<C/ca) 900 1100 750 750 1350 1350 

Geoa.leagfi 
ofpolelpi 
<•) 0.25 0.90 1.00 0.60 1.00 2.00 

Eff .length 
(•) 0.315 0.965 1.10 0.715 1.10 2.10 

Aperture 
(M) 0.15 0.15 0.26 0.26 0.20 0.20 

Max .current 
(A) 500 500 1200 1200 3500 3500 

Voltage (V) 42 200 200 106 75 130 

Weight <t> OS 2.4 6.S 3.5 4.4 8.9 

6.3. Electronics 

Data acquisition in LHE experiments is 
generally performed by means of electronics 
corresponding to the international CAMAC, 
FASTBUS and VME standards. While the CAMAC 
system is in use already for many years and the 
laboratory is provided with all necessary modules, 
the more modern sundards PASTBUS and VME are 
at the introductory stage. 

68 



« t 
и* 

/ 

р п 
\ 

I 
•г 1 1 

1 ( 
• * 1 

4Т 

• а с — ' 1 
1 * - 1 1 

«N к / 

«N 

К» • — т » — - — » — — и — 

8Р-40 

IMM 

ш 

-и» 
8P-I2 8Р-12А 

8P-W 

Р 
•И 

U«t-

SJ-JL 

8Р-84 

w 

у 

ПНЛ.ЪНммаГмрммммИтмИЛВ 



ML-M 
-н 

ML-в 
i—и-

ML-W.ML-17 20КЮ0А. 20 К 200A 

FI(.t.Z. Sdieaei оГ чмогарок learn la ute М ШЕ 

..;.. .•....••••A'tt.-'l- •<y-*<>rj^--^.-...fr.:..;.:kJljti 

nt-ti ttbtme of i trta-wiled Hquld hydraaei «qei end of die hydrogen 
iNjMplcidoa wflMM 

65 



In (he past the electronics group of LHE (section 
of ONNR division) took an active part in the 
development of the CAMAC system at JiNR and 
continues to design and to produce a large range of 
modules. The group is provided with the technology 
for printed circuit boards production, golden plating 
and wiring and is able to produce electronic modules 
for any application. CAMAC modules of a wide range 
are also in serial production at the Central 
Experimental Workshops of JINR. 

At present the electronics group is mainly 
involved in the development and production of 
dedicated FASTBUS and VME modules and 
supports the experimenters in the utilization of this 
new technique. 

The professionals of the group are ready for any 
consultation in hard- and software problems 
connected with the application of (he three standards 
and other questions concerning electronic 
equipment. 

6.4. Computer and Data Aquisition Centre 

The computer and data acquisition centre of 
LHE (a section of ONNR division) is equipped with 

two computers. One of them is of the type ES 1055 
(ROBOTRON, Germany) under OS TKS-7,2 
running with 0.4 Mop/s. It is accessible from a 
number of terminals distributed over the laboratory. 
The capacity of its operative memory is 4 MB. 8 
magnetic tapes and 8 disks (capacity 29 MB each) 
form the external memory. 

The second computer is an ISOT 1055 С 
(ISOT.Bulgaria) under OS VMS-5.2. It is running 
with 0.4 Mop/s too, and its operative memory 
capacity is 5 MB. The external memory consists of 3 
magnetic tapes and 3 disks (capacity 200 MB each). 
A plotter of Al dimension and a 3-dimensional 
colour graphic station are connected to this machine. 

Both computers can be coupled on-line with 
experimental setups for data acquisition and 
evaluation. 

The computer centre is integrated to the JINR 
computer network JINET and has in this way access 
to the computer centre of JINR at the Laboratory of 
Computer Technique and Automation. 

At present 16 stations of electronic mail (E-mail) 
are in operation at LHE. For fast data exchange 
inside the laboratory and with other laboratories of 
JINR, an ETHERNET network is in preparation. 

Flg.6.4. View Into the computer centre 



7. TECHNICAL AND METHODICAL ASSISTANCE 

7.1. Design Office (KB) 

The design office of LHE produces all necessary 
documentation for the realizalion of any equipment 
for experiments or for the accelerator complex at the 
Central Experimental-Mechanical Workshop 
(TSOEP) of LHE, at the Central Experimental 
Workshops (CEW) of JINR or at other 
organizations. 

The KB is involved in a broad spectrum of tasks. 
It begins with the design of simple stands, racks or 
frames, details of experimental setups, special 
detectors, etc. In the KB were projected such large 
physical apparatus as bubble chambers, streamer 
спаь ers and recently 4;r-detectors like SPHERA. 
All problems of the modernization of accelerators or 
the construction of new ones (NucJotron) have to be 
solved with support of the KB. In connection with 
these demands, the designers of KB have collected a 
considerable amount of experience in special 
.echnologies like vacuum and cryotechniques, 
construction of eleclrolechnical devices with high 
voltage or radiofrcquency and of electromagnets of 
large sizes or very special forms including small and 
large superconducting coils. Together with the 
customers or the producers in the workshops, KB 
develops special technologies in manifold directions. 

To solve these problems, the staff of KB includes 
16 engineers of different profiles and 5 technicians. 
It is provided with graphic equipment, a library of 
technical reference books, computer techniques and 
systems for automated design. 

7.2. Central Experimental-Mechanical Workshops 
(TSOEP) 

The Central Experimental-Mechanical Work
shops of LHE are capable to provide the laboratory 
with a great part of the necessary equipment for 
experiments and for the entire technical basis. They 
have produced a large number of systems for the 
steady modernization of the accelerator complex of 
LHE and recently the great bulk of the 
superconducting, cryogenic and vacuum devices for 
the Nuclotron. The workshops perform the 
maintenance of the accelerator technique and the 
experimental installations. According to their 
traditional tasks, (hey have a great experience and 
competence in the production of vacuum and 
cryogenic devices, electromagnets and other 
electronical and radiolcchnical apparatus and in the 
technology of scientific instruments. 

The workshops are equipped with a broad and 
universal spectrum of productive and precise ma
chine tools, lathes for lengths up to 2800 mm and di
ameters up to 1200 mm, milling benches for parts up 
to 300x1400 mm , grinding machines, presses, 
equipment for optical machining and for processing 
of sheet metal and tubes. Manifold technologies of 
welding and of galvanic processing of surfaces are at 
their disposal. 

A special group for the assembly of large and 
heavy (up to 60 t) technological and experimental 
equipment is available. 

The workshops have 110 mechanics, fitters, 
welders and other specialists on the staff. 

7.3. Cryophysics and Cryotechniques (NIKO) 

The LHE has an old tradition in cryophysics and 
cryotechniques. A special division for research and 
development in thii rield was founded in the fifties 
for the construcaon of large hydrogen bubble 
chambers (Im and 2m H-bubble chambers for LHE) 
(see sect.5) and for liquid targets. In connection with 
these tasks, the cryodivision performed a consider
able amount of research and development work to 
perfect the techniqies of liquefication of hydrogen 
and helium. 

In the meantime this division became a valuable 
partner of all experimenters and accelerator specia
lists of LHE. Many groups use the thin-walled liquid 
hydrogen, deuterium and helium targets with recon-
densation of the vaporized liquid gases (see sect. 
6.2). The division played a leading role in the deve
lopment of gas jet targets [ 1 | for application in the 
vacuum chambers of accelerators, which were used 
in LHE, IHEP and FNAL. In the £ryodivision the 
source of polarized deulerons POLARIS was con
structed (see sect.4.1.4). New techniques as an ultra-
cold hydrogen polarized jet source are under deve
lopment for the formation of high density polarized 
beems or targets. The first application is planned for 
internal beam experiments at the UNK of IHEP, 
Serpukhov (project NEPTUN-PARUS) [2 |. A large 
frozen spin proton target for the use at LHE is under 
design. For some experimental setups (4jr-detector 
SPHERA (see scct.5)) superconducting coils with 
large diameters are in design stage respective under 
construction. 

The cryodivision is also involved in the 
conslruction of the Nuclolron. It was responsible for 
the installation of the whole cryogenic equipment for 
the liquid He-supply, for Iheconslruclion and test of 
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l :ig.7.1. Testing stand for superconducting Nticlotron magnets in the eryolab 

the superconducting magnetic elements, the control 
techniques, etc. (seesecl.4.) (Fig.7.1). 

The LHE cryodivision is further engaged in the 
joint research project of JINR on high temperature 
superconductivity. 

At I HE two helium refrigerators with a powerat 
4 К of 1600 W each are installed for the He-supply of 
the Nuclolron in «on-line mode» with the 
accelerator. A further plant placed in the 
Experimental Hall 205 with a power of 1600 W loo is 
at the experimenters disposal, either in «on-line 
mode» with experimental setups or with a production 
of about 400 l/h liquid helium for «off-line» He-
supply for experiments from tanks. The necessary 
system for Ihc recovery of He is available in the 
experimental halls. 

A hydrogen liquefier in the cryodivision is 
capable to produce 200 l/h of liquid hydrogen. The 
hydrogen gas is produced on the very spot in 
electrolytic cells. 

The supply with liquid nitrogen is provided by 
Ihc JINR liquid nitrogen plant situated on the 
territory of LHE. Its capacity is sufficient lo satisfy 
all requirements (500 l/h). The liquid nilrogen is 
distributed by tankers. 

References: 
1. K.D.Tohtov — JINR Preprint 1698, Dubna, 

1964; G.G.iicznogikh el al. — Phys.Lctt., 1972, 
39B,p.4ll. 

2. V.G.Luppov, M.Mertig, Yu.K.Pilipenko — JINR 
Rapid Communications No.5/3J /, Dubna J988, 
p.2l. 

7.4. Production of Scintillators 

The chemical group of the division NEORYAF 
(division of Relalivistic Nuclear Physics) is 
specialized in the production of plastic scintillators. 
The technology developed over many years and the 
large experience enable the group lo manifaclure 
high quality plastic scintillators of all shapes and 
sizes necessary for experiments in high energy 
physics. 

Scintillators can be fabricated in blocks up to 
1900x800x250 mm3 11 ). Detectors of any size can be 
produced from such blocks by mechanical and optical 
machining in the mechanical workshop of LHE. 
Scintillators with ready surfaces may be polymerized 
between glass plates in thicknesses of 0.5 lo 20 mm 
and with areas of 200x300 mm 2 or as foils lOO r̂n to 
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0.2 mm thick 12 ]. The technology of extruding cords 
of a given cross section is in preparation. Such 
extruded scientillators are distinguished by an 
exceptional high transparency due to the orientation 
of their molecules parallel to the axis. 

The scintillators are mainly fabricated from 
polystyrol dopped with 2% paraterphenyl and 
0.2*0.5% POPOP. 

A lot of different phosphors were synthesized 
and investigated by the group. Using certain phos
phors, scintillators can be produced with 60 ps rise 
lime of the light pulse and decay times of 1.4 ns J3 ]. 

References; 
1. L. Ya.Zhiltsova e/ al — JINR Preprint 12-9793, 

Dubna, /976. 
2. I.G.Golutvina el al — JINR Preprint li-12771, 

Dubna, 1979. 
i. S. V.Richvitsky el al. — JINR Preprint 13-80-21, 

Dubna, 1980. 

7.5. Development and Production of Special 
Detectors (SBK) 

The Detector Laboratory SBK is specialized in 
the development and production of particle detector 
systems with high spatial resolution and in digital 
image representation. The detectors are based on the 
principles of multiwire gaseous counters or on solid 
stale detectors in the form of CCD-matrices and 
gaseous and silicon microstrip detectors. Along with 
the dclcctorsystems, the necessary readout and data 
acquisition electronics is being developed. 

The gaseous detectors are in part meant for new 
experimental installations like SPHERE (MWPC 
and drift chambers), in part for fine structure 
analysis of crystals or protein by synchrotron 
radiation or by slow neulrons and also for medical 
applications. 

Detectors on the basis of CCD-matrices will be 
at first applicalcd to the diagnostics of ion beams and 
may be of great importance in future for on-line data 
taking in digital form from such track detectors as 
streamer chambers. 

Specialists of the Laboratory are active in 
international training courses on the application of 

Fig.7.2. Multiwire propotionaJ chambers produced in the Detector 
Laboratory SBK 

detectors (e.g., Ihe ICFA Schools on 
Instrumentation in Elementary Particle Physics). 

7.6. Library 

The library of LHE is a branch of the Central 
Scientific and Technical Library of JINR. It is 
situated in the so-called "3rd Korpus", the 
laboratory building of LHE on the 2nd floor. 

The library contains about 20000 books, more 
than 35000 numbers of journals, a great number of 
preprints, annual reports, proceedings of 
conferences, etc. From the current journals the most 
important ones for the profile of LHE are directly 
available. Further journals and all other kinds of 
lileratur stored at the Central Library are send at the 
readers request to the LHE branch within some 
hours. 

The Central Library is housed in the building of 
the Laboratory of Theoretical Physics on the ground 
floor. 

8. APPROVAL OF EXPERIMENTS 
AND OTHER PROJECTS AT LHE 

The approval of projects concerning experiments 
or certain developments at accelerators, beam lines, 
etc., underlies Ihc general regulations of JINR. 

Usually a new proposal is al first presented al a 
seminar. The possibility of its realization with 
respeel to material resources, beam time and funding 
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has to be discussed at a session of the Scientific-
Technical Council (NTS) of the laboratory. On this 
occasion the NTS demands reports of at least two in
dependent experts. The NTS formulates its 
recommendations and determines the priority of the 
project by means of an expert's evaluation. This 
evaluation includes judgements concerning the 
scientific significance, the number of physicists 
interested in the project, the probability to reach the 
desired result and how far the needed funds are 
justified by the significance of tfie expected result. 
The result of this evaluation is important for the 

9.1. «Mcdpunkt» — Medical Aid (practice of a 
general practitioner). First aid: 
Location: Administration building, 2nd floor, left 
side, 
Tcl.:6-20-68 
Opening hours: Mo.-Fr„ 9.00—11.30, 12.00—15.00 
Urgent medical aid, ambulance: Tel.: 03 (service 
around the clock) 
Specialized medical aid is available at the town 
polyclinic in the city, ul. Mira, and in Ihc hospital 
(full-time service), ul.Blokhintscva (See the map of 
Dubnafig.10.1). 

9.2. Dentist: 
Location: Administrative building, 2nd floor, left side 
Tel: 6-20-68 
Opening hours: Mo.-Fr., 8.00—14.00 
Stomatologic polyclinic in (he city. ul. Mira 
(fig. 10.1). 

Visits to LHE. afur appointing them with (he 
host, have to be arranged with (he International 
Department of JINR for atcomodalion. 
transportation and permit. For visitors from the 
former USSR accomodation and permit arc directly 
organized by the host and the secretariat of LHE. 

Transportation: Dubna is situated 130 km to ihc 
north of Moscow on the banks of ihc Volga river. It is 
recommended to announce your arrival at (he airport 
or railway station in Moscow two days before by 
telex for organization of (he transport to Dubna. 

comparison of different projects with respect to their 
priority. The next step is the presentation of the 
proposal at a session of the Scientific Coordination 
Council (NKS) for high energy physics. Here it will 
be discussed already with respect to the possibility of 
balancing it in the frame of the research plan of 
JINR. If the recommendation of the NKS is positive, 
the proposal will be included in the research plan 
(plan of problems and themes PTP) of JINR and 
finally approved (including the funding) by the 
Scientific Council of JINR. 

9.3. «Stolovaya» — Cafeteria 
Lunch service 
Opening hours: Mo.-Fr., 12.00—15.00 

9.4. Buffet 
Snacks, coffee, lea, other beverages 
Opening hours: Mo.-Fr., 10.00—13.00,14.00—16.00 

9.5. Food shop: 
Opening hours: Mo.-Fr., 12.00—14.30, 15.30— 
19.00. 

9.6. Shuttle bus service: 
Connection between the two territories of the 
institute and the building of the directorate every 
hour. 
Stop of the shuttle bus in LHE campus: A< the 
Administration building. 

Cars or minibusses wailing for visitors at the airports 
or railway stations are signed by "DUBNA". Dubna 
has a railway connection from Moscow "Savelovsky 
Railway Station". The time of journey is 2.5 hors. 
There are 12 trains every day, 4 of them are express 
trains. It is highly recommended to use these ones. 

It is recommended to check the booking of your 
return flight by the INTOURIST office (Hotel 
••Dubna". Korpus I, ground floor, tel.: 6-22-82). 
There ii is also possible to book seat reservations for 
trains. 

9. SOCIAL SERVICES ON THE TERRITORY OF LHE 

10. GENERAL INFORMATION FOR VISITORS 
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As Dabna is a small city, all places including the 
laboratories can be reached on foot. But there is also 
bus and taxi service. 

Accomodation: JINR maintains at Dubna the 
Hotel «Dabna» consisting of two buildings. Snort 
term visitors are usually boused in «Korpus I», ul. 
Vekslera. «Korpus II», ul. Moscovskaya, with rooms 
famished with kitchens and refrigerators, is mainly 
preserved for long term guests (1 month and more). 

Food services: 
Food service is as outlined below: 

Breakfast Lunch Dinner 
Restaurant Hotel «Dubna I» 

7.00—10.00 12.00—17.00 19.00-23.00 
Club of Scientists 

none none 18.00—23.00 
House of International Meetings 

none 12.00—15.00 none 
Cafeteria at JINR laboratories 

none 12.00—15.00 none 

MAP OF DUBNA 

LEGEND: 
UbommtMorjINIt: 
LHB Leb.ofHfchBaectka 
LSHE иь.ЫЗирыЫф ВасгЦсе 
LTTH Lab. of Thooretfcat 

Physio, «Mi Caaira! 
Library of JINR 

LOT Lab, of Nuclear Рг сЫ» 
LMt Ub.orNMctarRMC*m 
LCTA Ub.ofCoayuaac 

ТаДиЫдиеа and АиюаиМоа 
LOT* LebofNoukoaPhy*» 
D Directorate of JINK and 

«fJINt 
Ш.НП HoMeofJINR 
CZW GeatralBxperiaeatel 

С * • I I I 
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с Public Cafelerlae 
K\ PC Polyclinic 

HP Hoeptial 
RS Dubna Railway Station 
PO Pott Office, Telegraph, 

1 Telephone 1 CP Culture Palace 1 CS ClaborSctenttili 
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V > Beach 
P Indoor Pool «Archfaned» 
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