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THE JINR SCIENTIFIC PROGRAMME

A.N.Sissakian

Joint Institute for Nuclear Research, Oubna

1. INTRODUCTION

The Joint Institute for Nuclear Research was established more than 30 years
ago, in March 1956, as an international scientific center, on the basis of two
soviet scientific laboratories. One of them disposed of the 680 MeV synchrocyclotron
which operated since 1949. In the other one the construction of the 10 GeV synchro-
phasotron vas in the final stage. The Dubna synchrophasotron was put into operation
in 1957.

At present 11 member states: Bulgaria, Hungary, Vietnam, The German Democratic
Republic, ‘The Korean People's Democratic Republic, Cuba, Mongolia, Poland, Romania,
USSR and Czechoslovakia contribute to the Institute. JINR employes more than one
thousand scientists, more than six thousand people work in its laboratories and
departments; about one thousand and a half visiting scientists come annually to
work in Dubna.

The supreme body of the Institute is the Committee of Plenipotentiaries of the
governments of Member States which is convened annually and considers the major
problems of the Institute's activity.

The Finance Committee is concerned with the annual budget, contributions from
the member states,etc. ’

The Scientific Council which is convened twice a year determines the research
policy of JINR. The Council submits its’ recommendations on planning and finances,
construction of new facilities,etc.,to the Committee of Plenipotentiaries. The Coun-
cil has three sections: High Energy Physics, Lowv Energy Physics and Theoretical
Physics. The Council sections have specialized subcommittees which are concerned
with research techniques.

Table 1 shows the structure of the Joint Institute governing bodies.

The JINR Directorate is reelected each three years. Now the Director of the Institute

is the distinguished Soviet physicist and mathematician Academician N.N.Bogolubov.
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Table 3

JINR SEARCH FACILITIES

SYNCHROPHASOTRON

PHASOTRON

Injector - duoplasmatron source

energy - 10 GeV

intensity - 4o1nt2 proton/cycle
- 1-10 “deutron/cycle

Injector - polyrized deuteron source

energy - 680 Mev
intensity - h'10'3 proton/cycle

CYCLOTRONS

1. Heavy ifon cyclotron U-300

energy - 4-2 GeV/nuclicon
intensity ~ !-109 deuteron/cycle

degree of polyrization ~ 50%

. Injector - laser source , KRION - source

energy - 4,2 Gev/nuclon

beam intensity per cycle:

i - 1.5108 "9 - y.5.107
TS A T
2. _ 2-10% Zhng - 3-107
8 - 507 2Bgi -3t

IV. FAST NEUTRON PULSED REACTORS

energy of accelerated particles -
250 Z2/A MeV
mass/charge A/Z - k.57

14

intensity - 1610 particle/sec

2. Heavy ion cyclotron U-400

energy of accelerated particles =
650 22/A Mev
mass/charge A/Z - 420

2., 1h

intensity - IU‘ +10  particle/seq

3. Microtron MT-25
energy of electrons = 25 MeV
averyge current - 20 mkA

pulsed current ~ 20 mA

pulse duration - 2.3 microses

1. 1BR-30

" average heat output
output per pulse
pulse duration

intensity

2. IBR-2

average heat output

output per pulse
pulse duration

intensity

- 5-10‘“ neutr/cm2~sec

30

150 mW

50

2 MW,
1350 M. W.

‘230 microsec
Io16

kW

microsec

2
neutr/cm” - sec
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The present Vice-directors are Professor Elias Entralgo from Cuba, responsible for
research in High Energy Physics, and Professor Marian Gmitro from ESSR, responsible
for research in Low Energy Physics. Professor Yu.N.Denisov is appointed as Adminis-
trative Director.

JINR has 6 laboratories, each equivalent to a rather large institute and
associated departments. Table 2 shows the structure of the JINR's laboratories and
the subjects of their research.

As you see, the scale of scientific work at JINR is broad. The Joint Institute
is one of the unique centres where almost all branches of nuclear science are deve-
loped, namely, research in HEP, in physics on condensed matter, in neutron physics,
theoretical physics, nuclear instrumentation and methods. There are large possibili-
ties to enrich the research in various applied sciences. Table 3 presents the main
facilities of the Institute to perform different investigations.

As I already mentioned, one of the principle trends of the JINR scientific
programme is research in high enmergy physics. The experiments are carried out mainly
at the Serpukhov proton-synchrotron and CERN's accelerators.

In 197G in Dubna Academician A.M.Baldin proposed to develop a nev branch of the
nuclear physics - the so-called relativistic nuclear physics which by its goals and
problems is close to high energy physics.The investigations in this field are perfor-
med at the JINR synchrophasnotron and now are considerably enlarged.By the end of 1988
the construction of a new accelerator of relativistic nuclei on superconducting magnets
is forseen.This new machine - NUCLOTRON - may be used also as the injector for a
Superl!UCLOTROM with the energy 6D GeV per nucleon and further developed into a collider.

A number of the elementary particle experiments are carried out at the JINR low
energy facilities, particularly, at the Dubna neutron impulse reactor I8R-2.

The principal investigations in low and intermediate energies will be performed with
the help of the reconstructed phasotron and meson factory of the Institute of Nuclear
Physics of the USSR Academy of Sciences in Troitzk. These will be the main research

facilities in this range of energies up to 2000.

2. EXPERIMENTS CARRIED OUT AT THE SERPUKHOV PS

More than 20 years JINR collaborates successfully with the Institute of High
Energy Physics in Protvino. 25 large experimental installations of the Institute
vere used for experimental research at the Serpukhev 70 GeV PS.

At present the Serpukhov machine has started to operate with the booster. The
great part of the PS operational time is used for the JINR experiments. Table 4
illustrates the principlk information about the JINR experiments which are carried
out at the Serpukhov PS.
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2.1 The joint IHEP-JINR experiment carried out with the "Polarimeter"

set-up

This installation is designed to investigate polarization effects in the % -meson-
proton interactions at 40 GeV/c. The large hydrogen polarized target (40 em in length)
of the "frozen" type was used in this experiment.

The systematic study of the polarization effects in the bimary reactions

5P ~%n; Mhn; Ke/\: .

vhere M = n. rl‘, £ W,
vas performed by using the "POLARIMETER" set-up. The polarization P versus to the mo-
mentum transferred in different reactions is shown in Fig.l. It is seen that even at
the energy of 40 GeV/c the polarization effects are large (they reach 30-40% in a few
cases) and the dependence of the polarization from the momentum transferred has a com-
plicated character. The naive quark models predict the extinction effects with the
energy increasing; they cannot describe the experimentsl data obtained and contradict
totally the polarization effects observed in inclusive processes. A significant azi-
muthal asymmetry has been found in the inclusive reaction .T-P — %+ X

for large Pt in the central region (X~0).

2.2 The joint JINR-IHEP experiment carried out with the HYPERON spectrometer

- The study of the, Kg and K° meson inclusive production in the Uu'*—K*' meson
interaction wvith 6 nuclei has been performed at 10 GeY. Some interesting results vere

found in the analysis of the differential cross section ratio

RA (XF) "‘g%: (ﬁfA _‘-rlx)/g'% (I'd -—*QX) .

It was found that this ratio increases with the rise of XF (see Fig.2). This fact con-
tradicts the Glauber model accerding to which Ra is not dependent from XF' The account
of the hadron formation length 1g= %(I-XF) contradicts alse the experimental results
if one uses as the coefficient of the string tension f the value obtained from the
slope of Regge trajectories X =1 GeV/fm. It may be concluded that tension coeffici-
ent of the colour triplet string is at least more than 3 GeV/fm (F)} GeV/fm) at
these energies.

More detailed analysis showed that the observable dependence Ra might be explained
by different screening inthe nuclei contributions from 3 -reggeon diagrams. The dif-
ferential cross sections of quasi binary processes of the type J%'A —— K'Y + Iy
on deuterium and carbon were measured at 10 GeV. It was found that the effective number
of nucleons Aeff (t) is increased with the increasing of the momentum transferred t.
This contradicts the Glauber model and agrees well with the predictions of the model
vhich takes into account the effects of the colour screening.

- The most strong limitation of the probability of the electroweak decay

K; ¢*e” prohibited by the standard model was obtained in this experiment

BR (K, —e*e’) <4440 (30C4).
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2.3. The joint IHEP-JI\R-CERN experiment carried out with the

SIGMA-AJAKS spectrometer

The processes of the pion pair production by 40 GeV pions near threshold in the

Coulomb field of nuclei have been studied in this experiment

F T+ A = KT+5°+A.
The cross section of such reactions vas determined for nuclei C, Fe, Al in the
Coulomb field with t < 10-3(Gev/c)? and small invariant masses of the
system ( §°%°). This alloved to determine the constant of the fundamental proces-
ses Y —~3% equal to F3i = (12,919,910,5)Gev'3. The experimental value obtained is
in a good agreement with the theoretical prediction of F% 2 (10,5 + 1.5)GeV
vhich vas made in the lowv energy limit of QCD with the Weiss-Zumino-Vitten chiral
lagrangian taking into account the hypothesis_of chiral anomalies that bounds toge-
ther amplitudes of processes 3’-—5{ and 3{'——2x . Thus, for the first time the
hypothesis of chiral anomalies was experimentally confirmed .
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The inclusive reaction of the cumulative proton emission in 40 GeV/c 57: K,
P - interactions with Be nuclei vas investigated in the SIGMA--AIAKS experiment.
The differential cross-sections versus the kinetic energy of the cumulative proton
wvere measured in the range 0,1 ¢ 0,3 GeV. The averaged inclusive cross-sections ra-

tios for different types of the incident particles were obtained:

FK/EE = 0,98 + 0,05 + 0,01

FF /fq = 2,12 + 0,16 + 0,05.

An interesting result is the high value of FF /Fg .« The average values of the
inclusive cross-sections normalized by the inelastic nuclear cross-sections vith be-

ryllium are also of interest: FK/CY:BS

pan = 1.06 + 0.05g4p+ 0.01gyer
ABS
- /5P
F5 /% ags
= 1.40 + 0‘105TA¥: 0.03gye7 *
Fr /%
¥ ABS

Thus the probability to produce a cumulative proton in the process of a nuclear
interaction is equal within experimental errors for kaons and pions, but for antipro-

tons this probability is 1.4 times higher.

2.4, The filmless spark chamber spectrometer BIS-2

In the experiments carried out by using the spectrometer BIS-2 a meson resonan-
ce with a negative strangeness U(3100) produced in neutron-nuclei interactions at
the mean neutron momentum of 40 GeV/c was observed. Carbon, Aluminium and Cuprum
vere used as nuclear targets. Spectra of invariant masses plotted for events consis~
ting of ﬂoand P and charged pions or K:, p, P and charged pions vere analysed to

search U(3100). A2 and Kg vere identified according to their decays inta p&i~
and $th~ among reconstructed neutral prongs. A total number of ~ 8,5 x 104 events
vith A° and 4,5 x IDQ wvith Kg vere identified. Among 7° events the spectra of inva-

riant masses were analysed for configurations corresponding to possible decays:
U= ApsrE(1); v~ A'pst (2);
VAP T 0 VT ABRT (), U~ 1%5(5).

The summed spectrum obtained for all invariant mass configurations (1-5) is presented
in Fig.3. The peak in the region of masses 3030 « 3090 MeV/c2 corresponds to ~ 130
events of U(3100) above background level (~ 270 events) that corresponds to the
statistical quantity of more than 8 standard deviations. Among these events the
great part consisting of about 75 events is due to the decays into the channel (2).
The detailed analysis showed that two-particle decay 1[2*-ﬂ14(770CD (6) occurred
through which a half of all observed decays were realised.
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Fig. 3. Fig. 4.

The summed spectrum obtained for all invariant mass configurations:
Vi ApEET, v — ps*

Ut~ RBT s, V' —Ap5*p

U™ - Nps.
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From the analysis of spectra ﬂoﬁ ‘I+ (see 7ig.4) for events recorded in the
exposures with C, Al, Cu targets the A-dependence of U(3100) is determined which is
characterized by the value of the power index = 0.6 + 0.3 vithin G~ A* parametri-
zation. The spectrum of the system K ppx* invariant masses was reconstructed for
events consisting of Ks . In this case, in the interval of masses 3030 + 3090 Me\l/c
there is apeak which consists of ~ 50 events over the background level. The presence
of such a peak prooves the availability of decays Ut’R:PP-’T‘ and l-f"’K;PPSI'*
Thus, approximately 180 events of the narrow resonance production ("€ 20 MeV/cz)
vere recorded. This resonance has a negative strangeness and decays into baryon,
antibaryon and meson. The average value of the resonance mass is M=(3068+ AU)MeV/CZ.
Nev channels of the U(3100) decay into APF* ; A’A (1700); NPF~ ; Kpps*

vere observed for the first time.

The isotopic spin of the resonance is 3/2. The product of the resonance cross
section in the region XF > 0.5 and probability of its decay into each available chan-
nel is equal from 1 to 10 mkb per nucleus of C. To describe principle properties of
the resonance obtained within quark structure model one needs four ‘valence quarks

at least.

During last decade great attention is paid to the study of the polarization of
hyperons produced in the inclusive reactions. A number of theoretical models explain
the polarization as the result of the quark spin-orbit interaction in a field of
forces which bound them into hadrons. Therefore one of the important tendencies of
investigations performed with the help of the BIS-2 spectrometer is the study of the
polarization effects. In the 1986 in the experiment carried out at the Serpukhov PS,
the polarization of = - hyperons producel by inclusive neutrons at the mean momentum

of 40 GeV/c2 vas measured. The hyperons were registered by the cascade decay:
TN PR

A total number of ~ 1.6 x 105 decays of ﬂo*Pﬁ’ was identified. To study the
polarization & - 1267 events of hyperons from the interval of masses M (r\‘:—) =
(1321.3 + 8) MeV/c2 vere analysed. The kinematical region of registration of 3_3
hyperons is 8<P.< 1.3 GeV/c, <XF> = 0.45. It is seen from the analysis that S -
hyperons produced in such conditions are polarized negatively ( P = -0.3+ 0.2)
longitudinally to the plane of their production which is determined by the vector
product of the primary neutron and S-hyperon moments in the laboratory system. The
parameter of the asymmetry decay is S +An: o((S): - 0.43 + 0.16. The polariza-
tion of 3- agrees with the polarization of A° , measured in the same experiment,
as well as with the polarization of produced by the 40 GeV/c protons, but is oppo-
site by sign to the polarization of S-produced by the 5GeV/c negative kaons.
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SS Iv

stage 1,2

70 Gev PS

Fig. 5-The scheme of the
UNK magnet structure.

2.5. The perpectives of experimental research at the Serpukhov UNK*)

The programme of the experiments in High Energy Physics is based on the deve-
lopment and construction of the accelerating complex - UNK - at IHEP. Fig.5 shous
tha general scheme of this complex designed to get the energy of 3000 GeV or 3 TeV.
The construction of this complex will proceed in a few stages:

- UNK-1 provides the acceleration of 400-600 GeV protons in a warm ring.

In 1990 the first experiment by using the internal jet target will be carried out.
This will be the joint IHEP-JINR-CERN experiment which is called "PARUS-NEPTUN".
Nowv the experimental set-up is designed and manufactured.

- UNK-2 is planned to put in operation in 1993. The protons will be accelerated
up to the energy of 3 TeV in a cryogenic ring. By this time a number of experiments
in the extracted beams will be prepared,including the experiment which will be per-
performed by using the multiparticle hadronic spectrometer ("MARS-MPS"),

- The third stage is the construction of the UNK-3 complex - pp colliding beams
wvith the energy of 3 TeV which must be constructed by 1995. The Joint Institute is
going to participate at these experiments by constructing a universal calorimeter
of nev type (UCD - Universal Calorimeter Detector).

Most interest is centered on the experiments which will investigate:

- the heavy B-particles;

~ phenomena in pure hyperon beams;

‘)See N.E.Tyurin. "Accelerating and Storage Complex (UNK)
Experimental Research Programme". .
Talk given at the ICFA Seminar at Brookhaven "future
Perspectives in High Energy Physics" (6-10 October,1987),
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- search for "glueballs" and study of their production;
- specific phenomena in the experiments with high enerqgy polarized protons;

- the universality of V s oe ’ Lk' interactions.

3. JOINT EXPERIMENTS AT THE CERN AND FNAL ACCELERATORS

3.1, The joint CERN-JINR experiment PS-179

The experimental set-up is designed to study the low antiprotons interactions
vith nuclei. The experiment was carried out at the antiproton beams of the LEAR (CERN).
The probability of the annihilation of antiprotons stopped on the neutron and
proton bound in 3He and aHe nuclei was determined for the first time. The ratio of
these probabilities R = wn/wp was R = 0.35 % 0.07 in the case of the 3He annihila-
tion and R = 0.48 + 0.1 in the case of the 'He annihilation. This value is almost
two times lesser than the value R = 0.82 + 0.03 of the corresponding ratio of the

possible annihilation of antiprotons on free nucleons. This discrepancy can be

explained by probabilities.

The interesting effect was discovered in the study of /1 and Kg meson production
in the interaction of antiprotons with the neon nuclei at 600 MeV/c. It was found
that the production of /1 - particles was two times greater than the production of
K: mesons while in the elementary p-N annihilation the situation is opposite, that
is the K: meson production is 5 times greater than the cross section of /] - partic-

les production.

3.2, The NA-4 experiment

A number of new results are obtained in the NA-4 experiment performed by the
Bologna-CERN-Dubna-Miinich-Saclay collaboration. This experiment is designed to study
a nucleon structure using the deep inelastic scattering of muons from various nuclei.
Data are collected from hydrogen, deuterium, carbon, nitroéen and irpn targets.

- New results are reported on nuclear effects in structure functions known as
the EMC effect. The ratio of nucleon structure functions measured from iron and
deuterium targets, F;e(x,ﬂz)/Fg(x,Qz) is determined as a.function of x and QZ in the
kinematical region x = 0.06-0.8, 0°= 14-70 Gevz. A special attention has been paid
during data collection and analysis to minimize possible systematic errors. As the
result, statlstlcal and systematical errors of FF do not exeed 2%. No Q dependence
of Fre(x, 0 ) is observed (see Fig.6). Averaged over Q range the ratio Rp (x) in the
region x> 0.3 has the same behaviour as previously observed by the EMC, NA-& and
other experiments (see Fig.7).But at smaller x the R (x) has a plato or
broad maximum at RF =1.05 and does not follow the 11near increase seen by the EMC.
Within the errors the Rre(x) has the same x-dependence as the similar ratio for
nitrogen and deuterium targets, the R (x) This indicates that the EMC effect has

very weak dependence on the atomic number.
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- Final results are obtained on nucleon structure functions Fz(x,ﬂz) measured
from muon-carbon deep inelastic scattering. After detailed study of the apparatus
resolution properties,calibration and development of the appropriate methods of the
analysis the kinematic region x=0.25-0.8, 02=25-280 GeV is determined where the sys-

tematic errors are well under control and statistics is about 0.7'106 events at
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Fig. 9.
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three energies of 120, 200, 280 GeV. Scaling violations clearly seen in Fz(x,Qz) as
a fuanction of 02 are analysed in terms of perturbative QCD (Fig.8). For this purpose
two methods developed within the collaboration are used. The first one developed at

Saclay (France) is based on a numerical solution of the Altarelli-Lipatov-Parisi evo-

lution equation and requires for running a

supercomputer. The second one developed at
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JINR is based on the expansions of structure functions in Jacobi polynomial series.
The methods allow to analyse the singlet and nonsinglet structure functions both in

a leading and next-to-leading order of the perturbative QCD in the MS renormalization
scheme. A good agreement of the data and QCD is obtained by both methods with

X /DF = 174/150 and mass scale parameter ﬂ.a- 230+20(start) + 60(syst) MeV. A loga-
rithmic derivative d(lnF )/d(an ) as a functlon of x determined from data also
agrees with the expectatlons from QCD (Fig.9). This is observed for the first time.

- Preliminary results are obtained on a high statistics measurement of the
proton structure functions F;(x,QZ) and parameter R(x,Qz) =G, /Gﬂ- which characte-
rize the ratio of the absorption cross sections for virtual photons with a longitudi-
nal and transyersal polarization. The analysis is based on 2'106 events after all
cuts recorded at beam energies of 100, 120, 200 and 280 GeV and covered a kinemati-
cal range x=0.06 + 0.8 , Q%= 7 + 260 GeVZ. This statistics is the biggest in the
vorld, Scaling violations which are observed in data at all energies can be compared
to the perturbative QCD predictions. Good agreement is obtained for a mass scale pa-~
rameter of this theory A= 210 + 20 MeV using the both above mentioned programms.
Also the gluon distribution parameter /] (S0) was determined for the first time from
the QCD analysis of singlet distributions accounting next-to-leading order corrections:

Q'(SU) = 9 +# 1.5. This velue is significantly larger than one in leading order
(n o= s).

The x-behaviour of the parameter R(x,Q ) = GZ/C77 is also in good agreement
with expectations from QCD.

- Data analysis of the NA-4 experiment is in progress. Nucleon structure func-
tions measured from deuterium targets are being determined. Combining them with mea-
surements from hydrogen targets neutron structure functions are to be obtained. The

analysis of structure functions will be extended to the region of larger x.

3.3. The DELPHI experiment

The JINR specialists participate at the production, testing and assembling of
streamer detectors for the Hadron Calorimeter (HC) of the DELPHI experimental set-up.

The detectors of the HC are tested in the beam of the Dubna synchrophasotron.
The more reliable mode of the detectors operation is tested on-line to the computer.
The preliminary work to the testing of the fullscale prototype of the HC at the pha-
sotron beam has been done. A great amount of work to create and adjust the programmes
of data modelling and processing is also performed.

The production of streamer detectors was fjnished in October 1987.

3.4, The USSR-JINR-USA-Poland-Bulgaria joint experiment at FNAL

The joint neutrino experiment E-564 is performed at the FNAL machine by using
the method of nuclear emulsions placed inside the 15-inch bubble chamber of FERMIlab.
12 events of charmed particles were recorded. The charmed 2[: (2450 ) baryon and
two new types of the /1:-baryon decays were indentified for the first time. It vas
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found that the most charmed ﬂ -baryons were produced in the cascade decay of 2:

baryons into /1 -baryon and % ~ meson.

4. RELATIVISTIC NUCLEAR PHYSICS

The relativistic nuclear physics is assumed to study quark -gluonic structure
of nuclei. The Dubna scientists started to develop this nev field of physics since
1970. At present new interisting results have been obtained which modified
considerably the traditional conceptions on the nuclear structure.

The conventional model of the nucleus as a system of protons and neutrons is
explained in the framevork of the nonrelativistic quantum mechanics and describe the
great amount of experimental facts. The first effect that could not be explained
vas the cumulative effect.The particles are produced in the region of nuclei frag-
mentation beyond the limits of the single nucleon collision kinematics. This effect
vas predicted by A.M.Baldin and experimentally confirmed by V.S.Stavinsky and his
group in 1971 in the reaction d + Cu = %'+ ... at the energy of the primary deute-
ron beam of 4.5 GeV per nucleon obtained at the Dubna synchrophasotron at that time.
The pions with the energy exceeding considerably the kinemstical limit was observed
for the case when isolated nucleons of the accelerated nucleus of deuteron interacted
wvith a target.

A large amount of experimental information vas obtained and analysed since the

time of the cumulative effect discovery. The number of inclusive reactions
i +
Lospd) * Low) = 1654kt pnpudtt g

vere analysed within the emergies up to 400 GeV. These experiments were performed at
JINR, IHEP (Protvino), ITEP (Moscow), Erevan Physical Institute, Leningrad Institute
of Nuclear Physics, at Fermilab and Berkeley Laboratory (USA). Data on cumulative
particle productlon in the deep inelastic 4 -scattering on nuclei at four trans-
ferred momenta Q ~ 100 GeV2 vere obtained in the joint CERN-JINR NA-4 experiment,
mentioned above. A quite big amount of film data was obtained and analysed at JINR

in order to investigate main lavs of the multiparticle production in the relativistic

hadron-nuclei and nucleus-nuclei interactions.

4.1. Some principle results of the cumulative effect investigations

The cumulative effect can be considered as an evidence ‘for the hadron matter
"droplets" available in nuclei. These multiquark configurations differ strongly from
the free nucleons. A.M.Baldin proposed a very simple fragmentation model according
to vhich the cross section of the nucleus fragmentation to the meson, as well as the
deep inelastic scattering cross section of leptons on the nucleus, are proportional
to the quark-parton structure function of the nucleus, This supposition is based on
the fact that quarks can be considered as quasi free particles et large four velocity
transfers.
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In experiments carried out at the JINR synchrophasotron the production of §*
and K% mesans on more than 20 nucleus-targets interacting with the 9 GeV protons
and deuterons at the angles close to 180° vas studied in details.,

The mesons were recorded in the range of energies from 125 MeV/c to 1.2 Gev/c.

The low limit of cross sections obtaired in the experiment vas:

do -36 2 -2 -1
E ~ 5.10 ““cm”- GeV™S cpTt,
d.ﬁ

The following properties of the structure functions G(X,Pz) vere determined (note
that X is the scale variahle, 0€X€ A, and the cumulative effects corresponds to
X>1):

1. In the region of 0.6¥X¥3.5 the structure function G(X,Pz) is universal
for various nuclei and can be approximated by the expression (see Fig.1Q)

6(Xx,0) = Const-A:."(x)exp [-X/ <X>]-
For medium and heavy m-.lclei X>0.14 within 10% accuracy. The value of the power is
m(X) = % + X/3 for 0.6 € X £ 1 and m(X)=1 at X>1 and Ag>20.

II. The ratio of the nucleon normalized cross sections of pion on the
Pb nucleus relatively to the cross section production of pions on the D, He, Al
nucleus (Fig.11) was confirmed in the EMC and SLAC experiments on deep inelastic
scattering of leptons on nuclei. JINR data at X>] may be considered as the predic-
tion for the further experiments on deep inelastic scattering of leptons on nuclei.

III. The A-dependence of cross sections in the cumuiative production shows that
in all light nuclei up to Ag*20, the multiquark configurations differ from each R
other and from multiquark configurations in nuclei with A > 30. Data presented in
Fig.12 are obtained at the value of X = 2.1, that is in the region of kinematical
variables where the contibution of 9q and 12g-configurations is dominant .

IV. It was found that at similar X relation the approximative equality of
cross section E'(%g. (%%)= E % (k) =E, g_g (x°)

holds for j-t and K*, It confirmes the model of the quark stripping.

Recently a new series of experiments wére carried out in order to measure cross
sections of the kaon production on the lightest (d, He) nuclei. The structure func-
tion §(X) proved to be similar to quark-parton structure functions obtained for the
pions and K* mesons, but its absolute value makes up 5% from G(X) in case of 57’—
and K* mesons. This agrees satisfactorily with the quark mechanism for cumulative
processes: K™ and %t- mesons are formed of valence quarks which enter into colli-
ding objects, but K~ mesons are not.

Experimental data on the ratio of outgoing K7K™ (see Fig.13) do not confirm
the generally adopted opinion that sea quarks have more "soft" distribution. This
indicates the availability of a "hard sea" in.the nuclei structure functions in the
region of X from 1 to 2.5,
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4.2, The boundaries of the nucleué proton~-neutron model applicability

and quark observation

To investigate nuclear processes in the relativistic region a mechanism of

multiparticle production (1+II —-1+2+3) in the space of relative 4-velocities bik

Ei _EL)Z + (—"’*"—-E“-)2 = = fu; ~wi)f,

was proposed:

Bi =-\mi Mk mi g
vhere E., £, are particle energies, F., P are momenta, m., m, are the masses of the
i zk -2 2 2 -y i k i? Tk
follows: Ej - Pi =m, oruy -u; = 1.

It is possible to measure all bik for all charged particles using track sensible
detectors. For the neutral particles parameters bik can be determined by the decays
or secondary interactions of these particles.

When composite objects such as atom nuclei are in collision, the value of the
4-momenta transferred cannot be used as the criterion of the transition from quasi-

particles nucleons to quasiparticles quarks. fFor example, in the case of the relati-

514



100

K
4”
i 1
1 X 2 3
Fig.13.
Kt
Experimental data on the ratjo /K- .

visiic nucleus stripping the huge 4-momenta transfer takes place. But this transfer
is due to the large mass of interacting objects and is not related to the excitation
of coulor degrees of freedom,

The classification of nuclear interactions by using bik variables was proposed
in 1975 at the Santa Fe Conference: bik £ 10_2 corresponds to the region where the
proton-neutron model is valid, bif’ 1 corresponds to the region vhere the quark-
gluon interaction is predominant, and bik ~ 1 corresponds to the reorganization of

the inner structure of hadrons when resonances, hyperons.production takes place.
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The experiments performed at°JINR demonétrated that at bik 2 5 the interaction
among quarks entering into the i and k objects is weakened so that it can be treated
on the base of the perturbation theory. To collide the relativistic nucleus (1) with
the nucleus at rest (II) the boundary of bik w5 is attained at EI= 3.5+ 4 ° AI GeV.
This corresponds to the start of the asymptotic mode of the nuclei limiting fragmen-
tation (approximative scale invariance). There was a possibility to get nuclei at the
JINR synchrophasOtron with the energy above this boundary that allowed Dubna physi-
cists to formulate newv laws defining the properties of the highly excited nuclear
matter.

The cross section of the multiparticle production taken in bipvariables can be
expressed as:

48 =W (b, b, .. . Bix,. ). .

In the case of asymptotically large bik the probabilities (2) have to possess the
properties of the automodelity (V.A.Matveev, R.M.Muradian, A.N.Tavkhelidze) according
to byps :

1 3 Bai 8.
W (bep, Bui, 85, Bix,...) —~ (B 7 W(B«irbf;’ 6"‘,---)' 3

The main principle of the correlation depletion (N.N.Bogolubov) in the space of rela-
tive 4-velocities based on the generalization of experimental data (when the inter-
action of o and B objects is weakened at byp —+©° ) shows that if all by, in
(2) are divided into groups {..., bik’ "f}¢ and {u.., bjn’ ...} , then in the
asymptotic limit, when between i and k points bik from different groups tend to infi-

nity,the probabilities W are presented in the following form:

“« 4 A
wdﬁ - W B W= ()

The probesbilities are factorized; one of the factors describes particles from the
o group, the other one - from the A group.

Numerous experimentally obtained laws common as to the relativistic nuclear
physics and high energy physics hadron processes satisfy the general structure of the
expression (4). The limiting fragmentation, diffraction dissociation, Regge models
are the particular case of the correlation depletion principle in the form of (4).
The considerably new application of the correlation depletion principle is a concep-
tion of relativistically invariant determination of Jjets-sharply oriented emission
of hadron matter in the particles nuclei collisions. Using the bik approach jets can
be explained as relativistically invariant clusters we , Whetc. In 1984 data on & -
C interactions at the 40 GeV/c incident pion momentum were analysed. These data vere
obtained when 2 meter propane chamber was irradiated at the IHEP PS. The identity of
Jets produced in the frgamentation region of the carbon nucleus and pion is demons-
trated in Fig.5. More than 300 000 of events of a broad spectrum (pp, pp, %o, ¥T, pC,
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pla, 9 N) in the region of energies from 6 to 205 GeV were analysed. It was found that
the hadron distributions (%5 K: » A% by bik relative to the jet axis at the moment um
of Plab;’ 22 GeV/c and Y56 GeV did not depend on the energy and on the type of the
fragmentating system (hadron, nucleus).

The independency of the Jet properties of their production and their
universal character, allows one to interpret this as the result of the colour charge
interaction with vacuun.

There is an opinion that colour objects - quarks, gluons - are not observable
because they interact immediately with the vacuum fluctuations transforming into
hadrons. However, it is abvious that this process is not momentary and the ultimate
length to form the quark into hadron exists. The particles which are not stable rela-
tively to strong interactions ( L ~mesons, O and so on) are assumed as observable.
This fact is based on two main criteria:

a) the cross section of & can be presented with a sufficient accurancy in the
form of & = cspwd vhere Wd is the probability of the decay or secondary interaction;

Cfp is the production cross section

b) the universality of wd, independence of ”d of the reaction type, the

relativistic invariance of wd.

Nobody succeded to see unstable particles in the experiments, but the properties
of Nd are trustfully registered and this serves as reliable criteria to reconstruct
even extremely unstable particles .

The properties of quarks and gluons can be determined by analogy to the pro-
perties of invariant and universal jets, The Fact that quarks are observed is in
agreement with the a) and b) criteria. The universal character of jets mentjoned
above guarantees that quarks and gluons exist for a suffucient time to cover the
distance longer than the dimensions of the parent system,

The anqular and enerqgy characteristics of the axis distributions must be des-
cribed by QCD that aqrees vith the experiment.

On the base of this consideration it is possible to suppose that the attempts
to obtain the equillibrium quark gluon plasma at very high energy nuclear collision
(for example at CERN mackines) would not be successful, The W distributions will be
divided into clysters depending on bI [ 3nd the influence of the nuclei properties
on the jet production vill be the same as vas shoun above. The existence of "fire-
balls” isotropically decaying in their system of rest is doubtfu) since W* and w*
depend also on the direction segment connecting Uy and Upn points,

The investigation of the cumulative effect and various aspects of the correla-
tion depletion principle, especially hadron Jets, will be continued,

4.3. Experimenta) methods and facilities for the investigations in the

relativistic nuclear physics

Relativistic'nuclear physics is concerned with high energy physics. The main
facilities of investigations jn this region are modified synchrophasotron and sophi-~
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sticated detectors used in particle physics. Presently at JINR 4 track sensitive
detectors and 7 large electronic devices are used in the experiments on relativis-
tic nuclesr physics (see Table 5). In comparison with the particle collisions the
relativistic nuclear collisions produce very big multiplicities of secondary parti-
cles,

) But from the point of view of the quark physics the region of asymptotically
large bik and greater X ( » 1) gives more information about rare processes with small
cross sections, For these processes large multiplicities of particles in nuclear
collisions are not of great importance. The main new condition to carry out experi.
ments in relativistic nuclear physics is the availability of intensive particle
beams. In this connection JINR gives consideration to the development of the accele-
rator facilities. The acceleration of deuterons»in 1970 and afterwards of helium
nuclei did not require great modifications of the synchrophasotron. The advancement
in the study of heavier nuclei was realized after the creation of the highly charged
ion sources, reconstruction of the injector, high frequency and vacuum systems, etc,
Three types of the original sources of ions or nuclei was developed and put in opera-
tion: the cryogenic electron beam source (E.Donetz), lazer source and "Polaris" -
the polarized deuteron source. The slow ( ~ 500 msec) and fast ( €} msec) extraction
systems were realized and 12 beam lines vere formed to carry out experiments
at the Dubna synchrophasotron the main characteristics of which are presented in

Table 6:

Particles Energy (Gev) Intensity Particles Energy (GeV) Intensity
(p.p.c.) (p.p.c.)
p 9 4x1012 7“2: 23.9 ax10%
d 8.2 1x101? 125 49.2 2x10°
df 8.2 1x10% 16% 65.6 sx10’
10 Fo* 7
n 9 1x10 19 73.1 1.5x10
He 2+ 10 NelO+ 4
3 17.2 2x10 22 81.0 10
He2+ 10 M 12+ 7
4, 16.4 5x10 24 914+ 98.4 3x10
et 26.6 1.5x108 2851 4.8 3x10%

At present in Dubna a nev superconducting strong-focusing synchrotron is
under construction,This type of the accelerator is called NUCLOTRON. The §-7 GeV/nyuel.
machine will provide a sufficient increasing of the mean intensity of beams, a pos-
sibility to accelerate nuclei up to uranium, improvement of beam quality, of their
spatial and time-depended characteristics. 7

A tunnel to install the magnet system of the NUCLOTRON is prepareds modules
of the magnet system and other systems are manufactured. The main mounting works
vill be accomplished by the end of 1988.Meanwhile the synchrophasotron operates
hormally, approximately ~ 4000 working hours per year.
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NUCLOTRON will provide the greater possibilities to carry out experiments on
the investigation of relativistic nuclear collisions. Besides the above mentioned
study of hadron jets and cumulative effect, the search for particles which are not
described by standard quark schemes will be continued, as well as the study of vari-
ous manifestations of the confinement, quantum chromodynamics of large distances,
problems of hypernuclear physics,etc.

Hence, the investigation of relativistic nuclear collisions gave a principally new
approach to the conception of nuclear structure determined the boundaries of the
proton-neutron nucleus model applicability. It is evident that the study of the
quark degrees of freedom of atom nuclei in nuclear reactions is of a fundamental
importance and gives broad perspectives in nuclear physics research. The relativis-
tic nuclesr physics, as a large part of the microcosmos physics, is and will be

rapidly developed.

5. PARTICLE PHYSICS EXPERIMENTS CARRIED OUT AT PULSED REACTORS
AND OTHER JINR FACILITIES

5.1. The electrostatic beta-spectrometer to determine tha mass of the

neutrino

At the JINR laboratory of Nuclear Problems an experimental set-up is created
to determine the mass of the neutrino. It has the record energy resolution
AE -~ 3 eV in the region of Ee ~ 10-20 KeV.
By using this spectrometer the direct measurements of the natural widths of the
Thulium atomic levels were measured for the first time. There were used low energy
l69Yb (Ytterbium) decay. The latter vas
used as the calibration source to determine the mass of the neutrino. If the natural

electrons of the inner conversion from the

wvidth is not accounted in experiments with Tritium, the mass of the neutrino is
"generated", the value of which would be approximately 20 eV at the true zero mean-

ing and the spectrometer energy resolution is aAE ~ 45 eV.

5.2. Experiment to determine the electric charge of the neutron

by using ultracold neutrons

In 1986 the first period of the experimental research to determine the elec-
tric charge of the neutrons with the help of the ultracold neutron installation
was finished. The principle of the measurement was the deflection of the neutron
beam in the electric field. In comparison to the installations operating by using
hot and cold neutrons the ultracold neutron facility had a significant benefit in
sensibility due to very low energy of ultracold neutrons. Methods of neutron optics
vere applied to realise this experiment. This installation operates by focusing the
ultracold neutron beam with the help of the vertical cylindrical mirror.

The main ﬁ;rt of this installation is the neutron-optic chamber manufactured

at the Laboratory of Neutron Physics and modnted in the ultracold neutron beam of
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the Leningrad Nuclear Physics Institute reactor VVR-M. The density of UCN flux was
6'10} neutron/cmz:sec. The layout of the installation is shown in Fig. 14.

Neutrons are passing through the entrance grating, reflecting from horisontal
mirrors {2} and cylindrical mirror (4) and focusing in the plane of the entrance
grating. The radius of the mirror curvature is 1041 millimeter; the distance between
horisontal mirrors is 50 mm. Mirrors are coated by Be0, 2000 A trick, with a limit-
ing velocity of 7 m/sec. The entrance grating slits are 0.7 x 50 mm. The cylindrical
mirror provides the neutron optic image of the slits in the plane of the grating
vhich consists of two parts moving relatively each other. Neutrons passed through
each part of the entrance grating are registered in separate detectors(6) by a
double exit neutron-quide (7). Thus, while the grating is moving along the X axis
(see Fig. 14), the counting of detectors is changed (see Fig.15).

The electrodes (3) provide the input of the high voltage electric field. By
measuring the shift of ultracold neutron beam it is possible to evaluate the elec-
tric charge of the neutron. For this purpose the grating has to be set at the point
A (Fig.15). One of the detectors counts ultracold neutrons in the left slope of the

Fig.14 -

The layout of the installation (UCN).
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beam, the other one - in the right slope of the beam; the changes in the. counting
connected with the shift of the neutron-optical image are being registered.

High voltage powver source provides the 10 Kv/cm electric field.The sensitivi-
ty of the installation is determined by the peak curvature and neutron time flight
through the abscissa axis.

To determine the sensitivity the measurements of the neutron spectrum by time of
flight along the installation were made, as well as the calibratjon in the gravita-
tion field of the Earth. The sensitivity was equal to that of the installation to
measure the neutron electric charge on ultracold neutrons at tke reactor of the Laue-

Langeven Institute in Grenoble. In this case Q.72 lD'ZOqe per 24 h/measurement where

4, is the charge of the electron. In a serie of measurements the result qn.s 7'10_Qi
was obtained. Thus, for the first time the result obtained earlier in Grenoble vas
confirmed: q < 3'10'20qe.

The increasing of the installation sensitivity is connected with the improvement of

the optic characteristics of the tract and the rise of the applied electric field.

5.3.The experimental determination of the mean square radius of the charge

distribution in the neutron. The electric polarizability of the neutron

%
The mean square radius <‘l?,‘ >,,, of the charge distribution in the neut-

ron is the fundamental characteristic of the neutron structure which provides an

INZ
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sec
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Y
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Fig. 15-
By measuring the shift of ultracold neutron beam it is

possible to evaluate the electric charge of the neutron.
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important test of the contemporary theoretical notlon Let us mention about the mo-
del of the chiral "bag",etc. The value of (’tu1> can be obtained from the
experiments on electron scattering on deuterons. But the most reliable information
about this value is the scattering of very slow neutrons on heavy atom elec-
trons. It vas shown by Foldy that
3h°
<D, = FE (Ane @) o
2
vhere ane is the measured length of the (ne) - scattering, g =M"-I§1—c"
and the member (1; =-1.468 x J.(]'3 fm ;a not associated directly to the inner structure
of the neutron.The value of(xéil.leO_ fm is almost 10" times lesser than the length
of the nuclear scattering and the contribution of the (ne) - scattering does not
exceed few percent portions.
To determine (Lae two experiments were carried out not connecting by the
methods used. One of them was performed to investigate the neutron diffraction ref-

156w isotope the nuclear

lection from the tungsten single crystals enriched by the
scattering of which is strongly suppressed.Due to this the relative contribution of the
(ne)scattering is sufficiently increased up to 15-20%.1In the second experiment the
energy dependence of the neutron bismuth cross section was measured in the range of

energy 1-100 eV. The results obtained agree between each other and its averaging

gives <'tu| >n =(-0.11+ 0.02)fm vhere the minus sign corresponds to
< 'tf,l n < 0. This value differs from the analogous ones obtained at Argonne,

Brookhaven,Garching ( <'tu\> 7 0 ). In the experiments performed at these laborato-
ries the (ne)-scattering did not exceed 1-2% and data processing was not correctly
made. The values of <’Y,‘n> S 0 obtained at these laboratories did not find a
theoretical interpretation in not a single nucleon model Calculations proceeded
vithin the chiral bag model give the value <'t;n : ~-0.3 fm that agrees qualita-
tively vith results obtained in Dubna Laboratory of Neutron Physics.

The second important property of the neutron structure is the electric polari-
zability of the neutron which is studied by the methods of lov energy. neutron physics.
The upper limit of the electric polarlzablllty coefficient was obtained

An<5 x 10" me in the reaction with bismuth. This value is the best for today.

In this review 1 have considered only few aspects of the scientific program of
JINR in the particle physics. Future investigations are related mainly to the cons-
tructions of such machines as the UNK Accelerator Storage Complex in Serpukhov, LEP
Collider at CERN, the superconducting relativistic accelerator NUCLOTRON in Dubna.

I am grateful to Drs Kovalenko A.D., SapoShnikov M.G., Govorov A.M. as vell as

Mre. Savina G.N., Studenove M.V. and Sissakian N.I. for help in preparing these
. lecture notes.
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