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I shall make а review &dinly on the results of research 

carried out at JINR, Dubna. , 

Special attention will Ъе given to single-particle incluзiтe 

processes, which occur when relativistic nucle1. interact, since 

more complicated processes are not studied well enough at present. 

In addition, I shall make а short review of the program of reвearcb 

with relativistic nuclei at the Laboratory of High Energieв, JINR. 

PНYSICAL MOТIVATION 

The methods to describe composite systems, for which relati­

vistic effects are important, are of particular concern nowadays. 

First of all, quark-parton &odels and tbe methods used to describe 

hadron structure should Ье mentioned. 

Already Ьу the end of the fifties, physicists refused to 

accept the assertions, widely used in text-books, that the elemen­

tary particle in pr1nc1ple had no a1menз1on~. 

At present we know well the size of the врасе region occu­

pied Ьу protons. We also know that the density of matter in this 

region is only three times larger than that of nuclear matter.The 

diвtances between nucleons in а nucleus are comparaЬle to their 

size. We сап only Ъе aвtonished at the success of nuclear models 

in which the nucleus is considered ав а веt of point-like objects. 
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In modern accelerators we deal with wave lengths which are 

more than 1000 times less than the size of the proton. 

However, аз long ago as the beginning of the sixties M.A.Uar­

kov stressed that the removal of ditficulties of the quantuш field 

theory meant that we would need another concepb of eleaentary 

size. 

Не notea/1/ that this factor was connected with abundant 

production of other particles and suggested the idea that the 

inelastic form factor of particles had properties which were cha­

racteristic of scattering on point particles: This idea was veri­

fied in deep inelastic scattering processes of electrons on pro­

tons . The deep inelastic scattering processes posed an age-long 

question: What next ? i. е., what structure units should Ье taken 

as а base of "internal proton structure "• The concept of new con-

stituents with infinitesimal sizes, partons, is devepoling 

rapidly. Trae, instead of fol'lll.ulae, pictures reseaЫing аЬ-

stract art are usually drawn. The quark model Ьolds а better po­

sition. This model was developed from co8posite aodels and has 

on its credit side not only veritied predictions, but also regu­

larities (rol'lll.ulael) which involve а very wide class of experi­

mental material. 

Composite models,as an initial hypothesis, use the concept 

of the existence in nature of Ъinding energies comparaЫe to .the 

masses of constituent particles. 

The latter implies an essential relativistic approach to the 

proЪlem of Ьound states, which in itself represents а fundamental 

proЫem. In any case the proЪlea of descriЫng "interhadron mat­

ter", and the related proЫem of the relativistic description of 
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extended coaposite objects, face physicists in all its magnitude. 

Due to а repid accu.ulation of e~eriaental data, the situation 

in this iщportant field is Ьecoaing critical and resemЫes the 

state of the theory of the structure of lll&tter duriQg Ruther­

ford.'s fвaous experiments. 

Just as the D -particle large angle scattering OD gold 

found Ьу Ruthertord. showed the existence of elementary constitu­

ents inside the atom, а large momentua transfer 1D the рр large 

angle scattering shows the existence of such objects inside the 

nucleon. Physics of relativistic ion interactions, relativistic 

nuclear physics, is, as а aatter of fact, а new approach to the 

same group of proЫems. The approach to the proЬlems in relativis­

tic nuclel physics is а natural generalization of that in elemen­

tary particle physics: 1) study of elastic scattering in the re­

gion of extreaely saall (up to the Coulomb interterence), and 

extreaely large aoaentuш transfers; 2) investigation of various 

features of multiple particle production 1D the interaction of 

relativistic nuclei; 3) research on regularities, of the scale in­

variance type, in application to coaposite systems. 

Koreover, the collision of relativistic nuclei is richer 1D 

for.s and aore informatiтe. That gigantic energies are concentra­

ted not at а point but in signiticant space regions is an iJapor­

tant feature of the interaction of relativistic nuclei. These 

unique conditions must result in iшportant consequences. The con­

cept of а continuous medium must manifest itselt. 

We define relativistic nuclear physics as the field of many­

baryon phenomena given Ьу the condition 

:l 
р >> f 

m.:L ' 
(1) 
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where р2 are the particle momenta squared and m2 are their masses 

вquared. 

А theoretical conвideration is significantly simplified due 

to the fact that the ecale invariance is applicaЫe in this field. 

Scale invariance is one of the most important laws which characte­

rize "interhadron matter". А comprehensive check of this law 

in the interactions of composite systems (partly made Ьу us) is 

of great interest. I shall deal with this question below. 

The condition (1) makes it possiЫe to consider the asympto­

tics of matrix elements. In particular, it еnаЫев one to intro­

duce one of the criteria which determines the cumulative effect. 

We understand the cumulative effect as the process of inte­

raction of а relativistic nucleus with а target. As а result ener­

gy, which significantly exceeds that per nucleon of the incident 

nucleus, i s transferred to the produced particles. We focus our 

attention on this phenoшenon. The cumulative effect is а very 

striking but only one of the many multiple production processes 
which occur 
in the interaction of relativistic nuclei. Мultiple production 

processes accounting for the шajority of all high energy reactions 

are now the most intens1vely studied processes in high energy 

physics. It is obvious that а tendency to increase the вignifi­

cance of research into multiple production processes will remain 

for many years because these processes are coмplicated and multi­

form. А study of the interaction of relativistic nuclei peraits 

а nontrivial approach to many-body processes. Very iшportant fea­

tures wh1ch character1ze the 1nYeзt1gat1on of the 1nteraot1on of 

relat1v1зttc nucle1 1n compar1зon wtth the coll1з1on of part1cles, 

are the follow 1ng: 
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1) The interoal structure of interactirig objects is known 

at least in the nonrelativistic liait. 

2) One can vary the quantum numbers of collidiDg objects 

within wide l1m1ts. 

3) It is ровs!Ые to study multiple processes when there are 

many particles not only in the final but also 1n the initial 

state of the process (cumulative effects). 

4) А more justified use of the statistical and hydrodynamic 

approaches is possiЫe ( there is а much larger number of configu­

rations over which the averaging is made). 

In addition to inelastic interactions and multiple produc­

tion processes, а study of the ~haviour of total nucleus-nucleus 

cross sections (in particular, factorization), Ыnary reactions, 

elastic scattering with large momentum transfers, is of great 

interest, These reactions are interesting ~rош the viewpoint of 

testing а number of models used in elementary particle theor,y, 

since the nuclei can serve as а realistic "quark" model of the 

relativistic extended object. The structure of our ob j ects may Ье 

varied over wide limits Ьу choosing different beams and targete. 

It is possiЫe to explain the cumulative effect as а шany-quark 

interaction involving large dietancee coшpared to а nucleon size. 

Quark degrees of freedom for the nucleus turoed out to Ье impor­

tant for large momentum transfer, and the cuшulative ef1"ects can 

clarify the large distance interaction between quarkв. This point 

is essential for clarif7fng the proЬlem of quark confinement. 

IU.IN DEFINIТIONS AND VARIAВIES 

As we deal with the field of phenomena defined Ьу the condi-
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tion (1), it is necessary to stress that experiшental data should 

Ъе considered and presented in the coшpletely relativistic inva­

riant form. The use of а noninvariant approach leads, as will Ье 

se en below, to sоше difficul ties and even to apparent contradic-

tions. 

In order to describe the i nelas t ic processes ( 111ngle-part1cle 

distributions) 

I+П-1+ ... 

we use the relativistic invariant suш of the cross sections ha­

ving the ваше initial state and one particle in the final state 

with the given characteristics 

. d~n 5 = ь Et J1PL • 
h. 

(2) 

I t is convenient to introduce as invariant variaЫes soшewhat 
6 

diff erent froш those used in eleшentary particle physics 

~ = r±f!li ). Cr с: Pim·Pt -т J ; т ц =- v'PJ +- т~ • 
m r r (З) 

Here ш1 is the particle шass, P1.i. i s the projection of :the three­

diшensional шошеntuш of particle 1 on the piane perpendicular to 

the reaction axi s (to the direction of the collision of nuclei I 

and II) 

f =J (;; ~ · fн 1 т 7~ ) · 
(4) 

The following considerations show that it is worthwhile to intro­

duce these variaЫes/21. We f ix our шain attent1~n on the variaЫe 
region in which nucle1 I and II are in unequal pos1t1ons. 
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( f? · Р ) < < ( Р- · р ) ,...." ( р_ . i2 ) "' J. !! t ... 1! • (5) 

This reg1on corresponds to the liшiting fragaentat1on of Yang 

et al. 
. . 2,1 i(i 2. ) 

f=j(~,!r.J. 1 mн) ~- -"'С=т ri!:L , mJ.L ·(б) 

The dependence on ЪI1 is also the dependenoe on the known scale 

variaЫe х = F1 !Pr, where Р1 is the projection of the three-di­

шensional шошеntuш of particle I on the direction of the rвaction 

axis, Pr is the three-diшensional шошеntuш of particle I. In fact, 

using the condition (1), we have in the rest fraшe of nucleus II 

f = Пl:z: .х 
c'kl 2 

2 
+ ~ -mL. 

2m:r-x; (7) 

Low Ыnding energy of constituents is one of the distinctive 

features ot the interaction of nuclei in coшparison with that of 

particles. This leads to а large role of str1pping and pickup. 

These processes are described Ьу an ordinary pole approxiшa­

tion. In this approxiшation the aшplitude of the react1on 

.I +д .. 1•. , which proceeds via the s 1n ~le-p11rt i cle intermedi'l te 

state with шавв ~· takes the form 

т - !\' -т;j 7;;, (8) -iL. ) 2 z. • Jt , (R_ - Ji)-П'l.t 
J 

Eleшentary thansformat1ons permit one to separate froш the rela-

tivist1c invariant cross section the denoшinator expressed in 

terms of brJ. 

cl (:; 
ci r;; ;::: 

F 
(9) (J:. + _g._ г )2 

fП1 IJ. 
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where 
' _ (m.L + fll ;,:. -П~z: )(т, .,..,-п.:l. -n?~) 

:7--- - -----
т: i?2 J. 

(10) 

The fraction with such а denominator has the character of а ~ -
function on the variaЬle Ьс~ • This is due to tbe fact that the 

parameter о< is very small, either because the number of nucleons 

i n nucleus I is equal to the sum of the numbers of nucleons in 

nuclei 1 and 2 (stripping reaction), or because the nuaЪer of 
1 nucleons 1n nucleus is equal, respectively, to the numЬers of 

nucleons in nuclei I and 2. It is interesting to note that the 

Ьinding energy per one nucleon cancels out the differences enclosed 

i n parentheses. The analysis of nuclear fragmentation reactions 

i n the relativistic region is essentially simplified Ьу introduc-

i ng one parameter bt ~ instead of longitudinal and transverвe 

momenta. 

There iв а limit on b_..t resulting from the conservation laws. 
J!J пz ·". 2 In а ~ 1r ) <J .. 1 approxim~tion, which co.rresponds to the condi-

t ion (1), t he conservation laws expressed in terms of invariants 

take the form .t. 

jl Пl r: L-) - _Е_ + 
Cr J. = Z '.L 2 ~tn1 

П2 i.J. ] 
т~ ( 1-

2 
~m .J - - rn 1 , 

~ (11) 

l... .z. l... .z 
where Ll = М - т, - П1 ~ - т, ~ f ~ ~ ~ 1 

M.z.­
t- (f;+fД-~)z. 

The maximum value of ~.t is determined Ьу the minimua value of 

;_1 (orML). 
.t 

Assuшing that eq. ( 11) can Ье referred to the part of nuc-

leus I (fragmenting nucleus) : Р1 -+-А Р1 ; •r ~Л •I' for 

Д =Ll min we obtain the шinimum value of the nuaber..i\ < 1 corres­

ponding to the шeasured value of bri. • Тhе ..it parameter defines 

what we call cumulativity. rt..i\ шin) .!.. (А is the atol81c nuaЬer), 
A-r 
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according to our aesuшption aore than one nucleon of nucleue I 

take part 1n the interaction. The value N = А. А, the effective 

nuaЪer of nucleons inside nucleus I participating in the colli­

sion, is called cuшulativity order. The particle production charac­

terized Ьу N 9 1 is called the cuaulative effect. One can under­

stand our assuшption either as а consequence of scale invariance 

or as а consequence of а composite nature of nuclei (in the last 

case N=.A А , the nuaber of nucleo.ns). 

The ~! distribution of reaction products makes it possiЬle 

to classity the interactions of relativistic nuclei. The group of 

reaction products 1n а small vicinity of Ьr,. near zero (bt •.$ Е , 

where Е is the nucleus Ыnding energy) should Ье referred to 

"fragments", the part which is due to the peculiarities of the 

nucleus as а weakly bound system. In the region of large values, 

the ~easured value of brt determines the minimua value of tbe 

cumulativity parameter N (within the framework of our assumption): 
2 

; rJm [ й'""'' Пl· {J. ] t •. = ~ 1- -- + ... с 1 ".,. ... ' · - 'n t Н 2 2 'Jm t Пl ._ - -.-2 т) ' 
~ L 

(12) 

where m is the nucleon aass. 

This is а foraal definition of the cumulative effect. In order to 

prove the existence of the effect of interaction of nucleon groupв, 

it is neceDsary to consider the concepts used in the шodel used 

to describe the шechanism of interaction of relativistic nucle1 • 

In particular, our definition of cumulative effects neglects the 

Fermi aotion. 

RШUill'S ON ТНЕ CuмtJIATIVE ЕВ'FЕСТ 

В,. the end of 1970, when these works were started, it was 
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known that the scale 1nvar1ance appeared not only in electron­

proton Ъut also 1n hadron interactions. 

One ot 1ts possiЫe interpretat1ons consists in the fact 

that for very high energies the mass, torm factor and other con­

stants ot length dilaension are inessential, and the "interhadron 

шatter" represents а homogeneous medium (similar to а point explo­

sion picture - automodelity) . 

We have practically assumed/З/ that for high energies the 

group of nucleons is also а homogeneous sol1d medium 1f the dis­

tance between them is less or 1f the order ot characteristic 

length ~ (q)O.? . 10-13 cm. For such а "littl~ drop'~{IX"core"; 
scale invariance вhould appear when it interacts, e.g., with а 

nucleon. In this саве the cross section is factorized into two 

terms which determines the probaЬility ot finding such а "drop" 

inside the nucleus and into the scale invariance tuQct1on which 

1в taken to Ье universal (independent of the numЬer ot nucleons 

in the core) and to Ъе equal to the structure tunct1on ot aeson 

product1on 1n рр interactions. Using this aodel, we predicted the 

ratio of the meson production cross sections tor the react1ons 

'"-+А.-;,-+ .. . 
f'>+A_Ji-+ .. . } (r + П ) -- i ~ .,. 

(13) 

For proton energies whioh exceed Ьу а factor of two the 

energy per nucleon in the deutron and for the parameter 

Х d -~ t}/ ) о. 5, 1 t was expected that the rat1o would Ъе "' 5-1~. 
7,~J 

This means that for а deutron шomentua of 8 GeV/c (4 GeV/c 

per nucleon) one has а large probaЬility to obtain 5-? GeV pions. 

This prediction did not вееа probaЬle tor many physic1sts. Bever­

theless, this estilllate was completely ~upported Ьу the 

experiment/4/. 
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We found the p1ons carry1ng away up to 98% of the deutron 

kinet1c energy. It is iщportant that the experiment demonstrated 

the appl1cat1on of the scale invariance to composite (nuclear) 

systems. The group of v.s.stavinsky has been studying the cumula­

tive effect, and below I shall present some experimental data on 

this interesting phenomenon accumulated at the present time. 

The most obvious question is: 1~ it роsвiЫе or not to explain 

the effect Ьу the Fermi motion? 

The calculations with relativistic invariant models/8/ in 

which involved different modelв for the deutron form factor (in­

cluding the form factor found in the electron-deutron scattering ) 

could not explain the observed effect even in the order of magni­

tude. Since then two papers have appeared: in one of them/9/ our 

conclus1on that it is impossiЫe to explain the effect Ьу the 

Fermi motion was supported (for relativistic nitrogen nuclei ) , but 

in the second рарегf101 (for relativistic deutrons) both the re­

вults of calculation/S/ and the experimental data/4/ were not 

supported. 

It is difficult to compare the calculations of pape rs/10/ and 

181 because 1n рарегf10/ only the results of calculations are 

presented. 

Му personal view is that explanations of large Ъ , 1 effects 

Ьу the Fermi motion should Ье constdered on the ваше f ooting as 

for example the attempt t o describe the deep inelastic scattering 

with the help of one intermediate particle diagram. As to the 

experimental data, it is oecesвary to present them for the same 

energy of incoming deutrons and, perhaps, it is more important 

to have un1fied data preвentation at least in the same frame. 

Figure 1 presents the data of refs. 181 and 1101 аз well as 
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of ref. 1111 as а function of (1!_ = fн/1 
::: 7/' where ! is the pion 

/8~~"· /т,.,н~1 . 
k1net1c energy in the antilab. cooral~ate system. Ав is seen from 

the figure а larger decrea~e 1n the cro~~ section with 

1ncrea~1ng the 1nvar1ant va lue ~ ( or L )( ~ее papezllO/ ) 1~ not ob~erved 
However, the model _proposed Ьу us/З/ has а prediction which 

cannot Ье e;xrlained Ьу the Fermi motion and which is well suppor­

ted Ьу а large number of experiments carried out Ъу the group of 

v.s.stavinsky. 

According to the model, the function f reads 
- н • 

.J;,L = r е~ S tl ( ге ~ J • (14) 
- ri:L 

where Р~ , the probaЫlity ot interaction о! N nucleons 1n а 

nucleus , can Ье taken as а Ыnomial distribution. 
А , 1.; ~- tl 

р - __:.._ о (1-Q ) 
tl- г.J!In - ;o~J / r r ' 

where tor the probaЫlity of а single interaction q it is natu­

ral to conвider two cases: 

(1) q is determined as а probaЬility of finding the nucleon 1n 

the space 4/З (~J~): ( . .y;r.,ALfj f,...-1/A (2) q is dete;-nned ав 
а probaЫlity of finding the nucleon 1n the area 2 :Л:f 1 

L L . 
~ "' (fj{" А 1~) ..-..J ~2/; . The last case corresponds to а strong 

increase of the dependence on the atomic numЬer with 1ncreas1ng 

the cumulative number (approximately an additional tactor 11/З 

per each order of cumulativity). 

In formula (14) we stressed Ьу indices different roles 

played Ьу nuclei I (upper index) and II (lower index). Ав is 

shown in рарегf9/, the dependence of J,.. on the atoaic nuaЬer of 
/1 

target nucleus л11 is weak ( Arr113). This is in agreeaent 

with our understand1nl111 and was also supported in ret.f101. А 
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study ot the dependence of J- - on Ar in а wide range of А illplies 

!!. 
accelerating heavy nucle1, which is а coшplicated acceleration 

proЫem. In connection with this, we started to investigate the 

cuaulative effect 1n the antilaboratory coordinate system. The 

descr1pt1on of the installation (fig. 2) is given in рарегf51. 

Nucle1, including heavy ones, are boшbarded Ьу accelerated pro­

tons, deutrons and d -particles. The kinetic energy of particles 

produced in the backward direction, i.e., at an angle of 180° to 

the prilllary Ьеаш, was mesured. 

In the rest traшe ot nucleus I: ~ .: 1: - is the energy of bom-
" 

barding particles and /и:.: Т is the kinettc energy of produced 

particles. So the relativistic invariant quantities defined above 

were directly aeasured, and it is possiЫe now to investigate the 

cumulative effect pract1call7 for аnт nucle1. 

The following isotopes (playing the role о! nucleuв I) 

6L1, ?L1, с, Al,Cu, 112sn, 124sn, 144sm, 154s., 182w, 186w, РЬ, 

U were investigated. То сошраrе the experimental data with pre­

vious ones, the deutron cumulative effect was measured Ьу this 

method and agreement wав obtained (see fig. 1 discuвsed above). 

The basic results/5-111 illustrated 1n figs. 1-10 can Ье 

suaaarized as followsa 

( 1) The peculiarities of the for111 factor вtructure, numЬer 

of neutrons and the surface вhаре of nuclei do not play а signi­

ficant role in cuиulative meson production. The ratio of cumula-
- ,.,....+ 

tive Ji to J, is close to 1. Thfвo? results support the view-

point that the cumulative effect manifestв the local properties 

of nuclear matter. 
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(2) The transition to limiting fragmentation (independence 

of the cross section an } ) takes place already in the :re.gion 

4 GeV/nucleon (see fig. 4). It should Ье noted that data Ьelow 

2 GeV have been obtained Ьу extrapolation to g = 180° of data 

from the literature and must Ье checked. 

(3) The bulk of data on the spectra of cumulative pions ~s 

expressed well in terms of а simple formula: 

1. I . С . r, i; ; . [- .4-L j-
J,~ ::: . А[ А~ е1.р t,, (15) 

where n ~ 1 at N .~ 2; Ь and с = const (У ) Ъ0~ 60 MeV 

The secondary beams from large fluxes of relativistic nuclei 

(including heavy nuclei) are represented Ьу the formula (15). The 

figures (5,6,7) show this dependence in the antilaboratory coor­

dinate system as а function of meson kinetic energy. 

,-~=с - rn, = lrl . 1;1 L j. • 

The transition from the А2/3 dependence t o the An dependence 

is illustrated Ьу figs. 7,8 and 10. Figure 9 illustrates the 

strengthening of the л1 dependence with increasing the cumulative 

number. It should Ъе noted thet powers А1 and л11 differ almюst 

in order of magnitude. 

(4) The cumulative effect up to the 4th order of magnitude 

(4 nucleons take part in the collision) turns out to Ье rather 

observaЬle. This points not only to the poss1Ыl1ty of its compre­

hensive study but also to soae practical application. In parti­

cular., а strong dependence on А permits one to state that, at 

equal intensities of the circulating Ъеаа of protons and carЬon 

nuclei in the specified accelerator, the intensities of the secon­

dary beam for carЬon nuclei will Ье higher despite the fact that 
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in the last case the energy per nucleon is less Ьу а f actor of 

two. For low intenвities, particles with аю energy significantly 

exceeding the nominal energy of the accelerator, can Ье produced. 

(5) At equal energies per nucleon the fragaentation of nuc­

lei on protons and deutrons is identical within the errors of 

our experiments. 

G.A.Leksin presented to this Conference an analysis of all 

data availaЬle in the literature, and data of his group, on back­

ward production of particles from nuclei. The selfconsistency 

of all these data is remarkaЬle. 

All of them can Ье described Ъу formula of the type of (15) 

(See also/17 1). 

А very interesting approach to the cumulative effect, base~ 

on parton model, was developed Ьу N.N.Nikolaev and V.I.Zakharov/20{ 

They do not agree with our model and suggested that the observa­

tion of the cumulative effect is а proof of final state interac­

tion of partonэ. But it would Ье difficult to explain striking 

A-dependences observed Ъу us with this suggestion. 

The concept of expanding hadron cluster was introduced Ъу 

B.N.Kalinkin and V.L.Shшonin/181 in an attempt to explain impor­

tant characteristics in hadron-nucleus interaction. The motion of 

the cluster in nuclear matter produces, in some cases, а new phe­

nomenon: the generation of а shock wave, resulting 1n the complete 

decay of the heavy nucleus. Actually this phenomenon was obser­

ved earlier at Dubna/191. The predictions of the expanding hadron 

cluster model are: 

1) the rate of the total decay (nh ~ 28) should increase 

with the mass number А of the incident nucleus. At . not very large 
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А .ii the partial cross section is proportional to"" А~ • 

2) The. шultiplicity of relativistic particles should increase 

somewhat weaker than АД • 

З) The forм of the distribution over the nuaЪer of slow par­

ticles fL it should depend weakly on А~ and at А~ = const to 

the first approximation it should not Ъе changed with increasing 

energy Еiлс.• 

4) With increasing А Е the relation between the nuaber of 

. ~· - and Ъ-particles should cha:age in favour of the first ones. 

These predictions should Ъе verified Ъу more. refined calcu­

lations. 

RELA.TIVISTIC lfUCLEAR PНYSICS АТ DUВNA 

At present the Dubna physiaets from IВЕ (Ie.Ъoratory of High 

Energy) are performing а broad program of investigations with re­

lativistic nuclei. А great deal of data, obtained 1n an exposure 

of large streaaer chamЪer to heliUIII nuclei of 1? GeV 1 are Ъeing 

processed. А program of work, devoted to the investigation of 

deutrons and monochromatic neutrons in the 11quid hydrogen cham­

ber, is being completed. ligure 11 shows the ~i distribution for 

the reaction of deutron fragaentation obtained from paperl1З/ 

submitted to this Conference. This paper is the most complete 

investigation of the d + р ~ ppn . reaction 1n а high energy re­

gion and has many other aspects except for that noted аЪоvе. 

Ав one can see from fig. 11, the data on this exclusive reac­

tion agree with our suggestion to classify the interactions of 

relativ1st1c nuclei. In the small vicinity of bzt near zero the 

pole approxiaation ("Pe:t'lli motion'1 descriЪes this reaction adequa­

tely, Ъut .at large Ъr,~. the regularitieв of the type of eq. (14) 
appeared. 
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B.Slowinski presented to this Conference results on the 

angular and energy distributionsof protons produced 1n the reac­

tion ']i + + Хе which are relevant to our theme • His group 1в 

now preparing the exposure of а xenon ЪuЪЫе chamber to Ьеашs of 

relativistic nuclei. The 2 m propane bubble chamber is ready for 

an exposure to relat1Y1st1c nuclei with energy up to 5 GeV/ nucleon. 

Track chambers will give us а large amount of data on frag­

mentation • 

Main regularities of the nuclei fragшentation indicated Ъу 

the authors of paperl121 are the following: 

1. The fragmentation cross sections are factorized Jr ~=C 1•c 11, 

i.e., each factor Ъeing dependent only on the propert i es of nuc­

lei I or II. 

2. The mean velocities of fragшents are equal to the velocity 

of Ъombarding nuclei (fig. 12). 

з. The momentum distributions of fragшents are the ваше in 

the rest frame of fragmenting nuclei. The longitudinal momentUIII 

distributions coincide with the transverse momentua distributions 

and may Ъе described Ъу the Gaussian 

N = а.ехр [- p2/2~ 2 j with ~ ~т . ."= 140 MeV. 

The last fact is stressed Ьу t he authors of ref./121. It is easy 

to explain/2/ these regularities Ьу means of а usual pole appro­

ximation (вее eqs. (10) and (11)). 

The analysis is simplified Ъу the ~pplication of one paraшe­

ter Ъх! instead of longitudinal and transverse momenta. 

In the rest frame of nucleus I -~1"" P'f /281• The parameter 

Ъ is expressed in terms of rapidities as follows: 
Ii 
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- ] )_ L { = 2 L _тц с h ( !f_ -- -~ ) -1 :::::: ( !/r- J1.) ""' :r,_ Пl. ,_ 1 
1 "" L 1 

From thiв model we have the following conclusions/ 21: 

1, То explain the factorization of the cross sections/121, it 

is unnecessaтr to use the Regge model (spin effects are neglected), 

2. The equality of the mean velocities of fragшents is also 

а consequence of the validity of the pole approximation. 

), The momentum distribution has а sharp maximum at 

f>, { р. = rnt- = п~J.. · ,.,w; 
J. m.t .!2..1!_ ~ (~]:д о r а t 

•) ) " 1 ё 1 L 

(16) 

in agreement with fig. 12. 

4. The longitudinal and transverвe momentum distributions 

coincide in the rest frame of fragmenting nucleus, 

The statement of paperf121 that all the peaks can Ье descriЬed 

Ьу one Gauss distribution with тг. = 140 MeV follows from the 

lack of accuracy of the experiment. The coincidence of the wtdth 

with rн r; is of an accidental nature, Ав it followв from the se­

miempirical formula for the Ыnding energy of nuclei, the шавв 

differences in eq.(11) for ~ вtrongly change. This should lead 

to an essential difference in the width of the peaks in rapidity 

эр асе. 

It might Ье well to poiDt out the investigations on nucleus­

nucleus collision using internal targets in the accelerator (elas­

tic scattering). This technique (with the participation of the 

ваmе physicists) has been developed at the Dubna synchrophasotron 

and marked the beginning of the known investigations using the 

supersooic jet target at the Serpukhov and Batavia accelerators. 

We use thiв installation not only for relativistic nuclear physicв 

but аlво tor developing the technique and in order to traiD phyвi-
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cistв for the exper1mentв which we are carrying out at Вatavia. 

То illustrate the вtatuв of theвe inveetigationв (leaderв 

A,Вujak, V.A.Nikitin), fig. 13 shows the first experimental data 

on the 4не р elastic scattering crosв sections at the Не momen­

tum 10.8 GeV/c. The mean вquare radiuв of the Не nucleuв iв close 

to itв value measured in the е Не вcattering experiments • We 

have similar data for вmall angle d-d elaвtic scattering iD the 

energy of deutrons up to 10 GeV. (fig. 14). 

То demonвtrate the effortв of LНЕ in relativistic nuclear phy­

sicв, let me mention the electron ray source created Ъу the group 

of E.D.Donetв to produce completely вtripped nuclei/
141. The most 

difficult proЫem of obtaining relativiвtic nuclei Ъеаmв is to 

obtain tully stripped nuclei. 

Now the LНЕ hав the ion вource with an intenвity of 10
11 

nit-

rogen nuclei per pulse. JINR puЫicationв cover all the workв de­

voted to theвe investigations. 

Our Laboratory has made а proposal/15/ for the construction 

of а specialized cryogenic accelerator of relativistic nuclei, 

Nuclotron, to obtain the Ъеаmв of relativistic 

gy of up to 15-20 GeV per nucleon. The project 

tor iв now being developed, 
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nuclei with an ener-

for this accelera-
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