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Introduction 

In parallel with a wide investigation of a global mechanism of 

nucleus-nucleus collisions, allowing o~e to get some information:on 

a time-space structure of strong interaction processes and 

properties of nuclear matter far_ beyond its grounq, state, .the 

search for phenomena . outsid~. the_ conve1,1tiomil .. understanding is . of 

unquestionable interest • Over the last"years a set of experiments 

has been carried .out by the."calorimetric" technique to investigate 

the properties of interactions ·, , of secondaries produced in 

relativistic heavy io~ collisions (see refs. 1-9 in /1/). The m~in 
point in using this method,; is rei a ted 'to . the problem of a possible 

. :.-!' ;··· ,> !:'<: ,' 
production of particles with ;anomalously::shortened mean free path 

in nuclear interactions. Several years ago ."the anomalon problem", 

that is the anomalous fra~ent product:i6n. at zero angles, was 

actively discussed_ /1/. Sol\le ··indications of abnormal emission of 

fragments at relatively large. angles have appeared recently. A 

review of the experimental status 'of searching'"tor'this last effect 

is given in /2/. I~ p~rticul~i- ,· it' ha;; ;been shown that signs of 
40 ' '..... ' .. 

this effect are evident for Ar nuclei at energies of about 2 

GeVfnucleon but th~y vanish at energy less than ·.1 'GeV/nui::leoil; Some 

difficul tie;,; . are 'noted in trying to ''desC::rib~- the' prbdubtion (;.o:f 
• ' '.·- _, j , , ·:. ' • -' : • •• • • f ·· i ', , · ·'·, - • ' ,., ' '" .··• r-tf· '-1. 

secondary particles and h~gh cross-sections for "the· large .. angle 
241 .... ., i ·~ .• , ; ·'· .) - ... .' .... _, . .:1:} . .' ·' ,_ ~-· <'•, "- ·\.· ..... : 

Na production in ternis of ·conventional theoretical'' ·m?dels '· ( se'e 
e·._g; 11 /3/). ·-•. '''' :r·: ... ·• 

A spe'cific feature of these' experiments is'. the employitient 'of 
• ~ • • ,: • •• ·:· ' ) .c •• •• • • ~ : ••• • ,. 0 ·.: 0 • • !'"•' ,' "'' ~ 

targets and a detector wh~ch have a def~n~te · th~ckness· · and 
.,., ' ,. •• '• " '~ .' ' ,• ' ;· . ' o ,. "' o ' < I ·. .: ' ,.. I ~~, ;· , : o •, o ·~ ' '"'! "\> t • 

therefore effects of mult~ple ~nteract~ons ~ns~de_ the target and 
.. - ~ ·:·. r_ ~ )" .. •.··••• ·.· ··._.-;,"~ .... ;. i• .· •· ._, .·"', :':- ,.:: ,;~--. ,,; ., ·-~ .. • ..• ;:.""" 

the detector are not negl~g~ble~ In part~cular, two·target-detector 

configurations are discussed in /2/: . ~ j c. -~ " ~ '-:;· ~ l··r./ 

aT' Target assembly, cbnsisting 'ot two c~i>l>er disks' 1'-cm thick 
. ._··-. l ·:::;·:· ·."c-.. . :. · .. ·~·· ."<'i .~.:··1 • · .: r ·-: ... ·· t.·--. --~1 -.,_.··. ,~ 
(r=4cm) ~n "contact" conf~gurat~on (d=O) and with a gap· of' 10 em 

· ·.:' ·· t. ·, ~-, ... ~ ·.:·c .. : •,,, r_·..-~; ···r~;-.:·· .}.·~.~..· .J ., --· ;;. '·: \· :! .i -•. ·;: ·1·1;; 
( hg. 1a) : . . , . · · . . . · ~ 

,.J.:·: i'; •· . !"··-i·· j'i -,. \0 ~·l -~! i ·:: 0 t; :':'':'J:~t. - .. ··-, .·;; :1').· 
b) .Compl~cated target, cons~st~ng of a. d~sk (lcm .th~ck and 

,· !'": ., ' -~. '; ;_, . :. ·~: ••• ; •• • ·_,:_:·.. ··.!.-_,.... .J:. - ;__· '· '.:;,;1 1:"1 

r=4cm) and a 2rr-detector_ connected to ~t, which ~s made of .cone 
: 1, · .·; .• : .; ;· . .- · r.·:.~:~.- ~·'":.:...\'_ . . ~·.~~~·1 r,-:_.~-,_,.l·; ~-;'::.t··f;;.·! 

rings "cutting out"- different angular intervals, and of. a second 
· l ' . , .· ·• .. . ! .!; .. :• ~ ::_F t.;.'<'::l·:·)>~'i-1 i>J-.·.; ·~::)i•.{: 1: 

disk placed at a definite distance from_.the first ,one (fig.lb). · . , 

As was defined in the experiment with two coppe-r disks, the 24Na 
'· , t I·, .:'! .''. \.:.,f, ', 

isotope (half-decay period 'of about 15' hrs), . which possesses a 

~-~ ch, l.c-;,.-n<t~rih;l. 1 . ri};:rR;ft \ 
~ na~~·mtdz UC!}'H~JioaauaO 1 
i 6WSI1i-!OTEfV1 • ---
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Fig.1 Configurations of, the targets., 
dis~~ssed .in, the pape~, j~j • .. '. ' 
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stressed '1 . .,-line at E =1. 3 685. MeV is the most convenient for 
,. "'' >. <>. • ·7 '_,. \, :. ~-: '!' { . . ' 

radiochemical. experiment. These experiments have shown that .the 2•4 . •' ""-'Y· ' ' -,,, ::· •; ' \ .~. · .. ,A• '. • >' I ,,,• : • , C 

, , ,~a activity .. rat,io of ,the_, ~irst, disk 1:;o that_ ~~-, th~ s~~ond one 

depends weakly on. _th~ distance, between th,e disks, . however, the 

activity in the second disk goes down when the projectile,. ene,rgy 

increases, (it is , seen especially well while' comparing experiments 
. '·' • ! '· • ) •• ~ ' 1 l • • . 4 0 ·- ,. . .. :~ ... ~ .. . . ' . ·. . '' : ,, ) .. : . . 
at. energy,72 GeV of . Ar ions with experiments at energy 44 GeV of i.i2' ···-·-~ ; .. ' .• ; '· i '-/: .... :~ : . ',' • ~--.;, l' . . • •• ' • 

l;i::C .b~~m),. In o~der, to ,fin~ _mit t~e_, an~ylar dep~nd,ence of the 
activity in detail, experiments with a more complicated 2rr-detector 
~e-~e ca;ri~d out· .. '··· , ,,., ,, · .... :<> ,, .. . 

The relative activity of the 2rr-detector eleme~ts was ~ompared 
. in '/21. to the results. ~f t~e n~i:ma cascad~ Model (DCM) c~l'culations 
.~:-~ .·, ,_t_; '·1·, .. ,"L~\., ,"t. \t , -~_.:• " ' ' ~-1 
of activity induced by fast mesons and nucleons at different angles 

in interactions of 12c ions (3. 65 GeVjnucleon) with copper 'nuc;le·i'. 
'·-'·"····.:-' '241'.' 4' < :,, ••• ' ' ,, '., 

Th_e activity of .. Na fragments in a k-th ring, induced by a 
•t:> .. :) -~,__ . . { ·-~ ~- " ~-!'-- , .:. : :· : ~ .. ,___ . . :.:.c j :_). ; . . :~. < 

f~~~~-icle i ~at energy E . ~e~e carr.ied ~ut by, u,sing a simple formula, 

'wiiicb.' was .~eferred a:s a "staridard.ii one iri /l/: 
... 
:-, .. 

·::> J. -~ ': -:.;. "j ·-· -~ ,;· ~:; ~ • <-

,·;:: k'·. :·., : .. •. . 'k' 
Ai (~) =. IT dE) N i (E) nCu ' .. 

2 

(1) 

I 
~~ 

where a-i(E) - cu - 24 Na cross section of a particle- i· at energy E; 

N~(E) - flux of particles i at 'energy E in an angular interaval 

corresponding to· a :k-th~ring;. ncu - the number of copper: .nuclei· in 

1 cm3 • The values NJ;(E) are calculated.according to the DCM.• 
1 . .. 

A comparison exhibited an essential :discrepancy between ~he 

experimental and the _theoretical activities calculated according 

to· (1), ·which .gave. reasons to state:·that. either particl~s with an 

abnormally great ability to produ~e 24 Na fragment.: ar~; available 

(perhaps, because of . abnormally high. energy .. of,,. ·particles, 

travelling at. large angles), or·the DCM predicts too l~w energy for 

secondaries at angles greater than __ 10°. It. should be note~ that a 

direct. comparison .. ,oL the DCM.:pi:-edictions with ·the; results of;:a. 

'.'thin target" experiment,.shows: no essential· discrepancies. in double 

differ.e.ntial distributions ·for reactions initiated· :by ions with 
., • • ' c < • ,, ' 

mass numbers A~ 40 /4,5/. 

If the target ext~ntion real~y influences the spatial, energetic 

and angular distributions of the particle flux, this influence can 
'-:. i l ·, • ' ' 

be reduced.to the following main effects: 

particJ.e ~~ltiplic~tion in inelastic nuclear interactions in a 

target and detector causing the deformation of'" the angular 

distribution of the particle flux; 

ionization l~~ses of primary 12c ions during their transport to the 

point of their first. inelastic· interaction; ., , ,,/ ., 
production of particles with energies exceeding 200 MeV at angles 

greater than 90° in·the last disk of the detector (so-called albedo 

effect); 

energy losses of particles moving· inside the matter block at 

different angles, which results in a change of the 24 Na production 

cross-section for nuclear .. interactions of charged particles in .the 

matter (the last .effect_,is :really rather small because of: the low 

ionization ',losses of s~condary particles,· and ·it nec;essarily 

decreases the resulting ac~ivity) . 

To check the conclusions of /2/ and to discriminate the 

mentioned media. :effects, .we have carried out_- calculations· of the· 

induced ac.ti yi ty by using the .; "CASCADE" . code based . on .. a 

cascade.,-ev<~,pora.tion model (CEM) ., of nucleus;:nucleus interactio~s 

/4/, supplemented with modules describing the ion and hadron 

transpo_rt in ·.complicated heterogeneous targets and- · their 

interactions with the target mat~rial j5( • ... 

3 



In short about the model 

Over the years of the"CEM development quite,precise,tests of the 

model accuracy have been" carried out for de~cribing the global 

characteristics of " the . "process of - hadron-nucleus "and 

nucleus-nucleus interaction (see refs./6-7/)*. Let us illustrate 

the quality" of the model description of nucleus-nucleus collisions 

for the most• important characteristics "in case "of the activation 

technique under discussion, whiclt"are":the'particle multiplicity and 

the energy spectra. As an· example we consider the' data on average 

energies of the particles (protons and mesons) produced • in 12c 

interactions with the emulsion nuclei·/8/, and the'emulsion data on 

charged particle multiplicities in the' 40Ar ion • reaction /9/. The 

normalized multiplicity of protons and mesons· in· the 40Ar, + Em 

4 
( l: 

(a), r 

c:j<n 
~-c:J 

; ' ~ 

I I I :-:=-1 3 

·- -- ·- ·- 50 6o • e: 
(b) 

10 20 :,a 4n .~a w e· 

Fig.2 Average multiplicities (relative ·units) of' protons '(a) and 

mesons (b) produced in 40Ar ions interactions with emulsion nuclei 

(experiment - solid lines) and with 64cu nuclei (calculation -

dashed lines). 

interactions 
64cu results 

(solid· line) is compared with the calculated:· 40Ar + 

(dashed lin'e) (70 GeV 40Ar ·ions in both cases) in 

fig.2. Table 1 shows the data on average proton and meson energy in 

----------------------------------------------------------------
* The model of nucleus-nucleus interactions used in the· preiHint 

work, is somewhat different from that cited in /3/. For more 

details see /4-7/. 

4 

., 

2:> 

' r: 

12 .. 12 64 
the c + Em (experiment) and. c . + cu (calculation) 

, :...• - : . ; ,. · :·: ~~ : ·· _}·: :.·nf.i ,;-.; 1 ·.~ .:t.~ , .. ,·:_ :)r:._r.r~·\-;·[. 
interactions. It isi· necessary to stress. that in both cases only 

l ,".:' :_:. ' ·,,;';,.,,':''",':>': -, :::;; .:~;.,}:.,;"; ~ ~~-; • l...,b 
particles in the velocity region of .fJ > 0. 7 are considered. The 

cited in ,Table 1 data, calculated_f;!a_rl~er_~l1~ disc~-~~ed in ii/,"~:~~'­
given, for protons. and mesons in the energy range ,from E=50 MeV and 

' . ' • . ·-. . . \ ' -- .• ~ 1 \. ,_ ... ~ . . . . 

higher. It is possible that it is the main cause of the discrepancy 
O oAh .. ~, .Y , ~ ..... '' ••• « '~' ...... ,,,_,."_...,. -·---····---~-~" ~"-~ ·-·----··~-' '"'""'oOO>--~---

noted in /8/ in average proton energies which is just due to 
; c • • '. • ' . ' . • 'j_ -.: J: ~ ' ' 

experimental acceptance in velocity fJ > o. 7 .. (fJ = o. 7 corresponds to 

a proton energy E7375 MeV) •. Th~ compari;;~n of , the. c~l~ulated .1
and ... ' ' ' ,. .. '(·· ' ' : ', ... . . ' 

the experimental ~data for_ fl.:> o_._7. ::;how~ .. _9?od __ (ig~~e:~.7.~~. :W.i.t:~ ~.?~. 
exception of the .average proton energy in. the .angle range from e .. = 

·a •:' . ' ' .1 . ·: '- ·,··-:. . . 
0 to 10 . However .. it should J:~e remarked _that, firstly,. it .is _the 

'· • \.. I -.. • ·-'- . • -':<- ,., ~ < J ,,) 

incident carbon flux which plays,. a decisive' role in the activity 
\, r., " ·,_; " ~ , ,: . . ~· , \ .. 

gener~tion in __ t:his interv~.!. o~ angl':f!: L. a:'d, se_co~dly, . _t:h_i_:; 
discrepancy leads to a decrease of the, relative activity of the 

detector 'elements: ""Tlie same "agreement is seen""'for'the. proton and 

charged meson: multiplicities ·shown in· fig.3. :, One .. can;·see that~: the 
model provides, :;[quite .. :satisfactory results for , · the,_.:, rma:in1 
characteristics of the activation process. 

:."'. ' l ::·:,-' ,.·)''.''\' i"'' 

There is a long bibliography list, concerning the CEM (see, 

e.g., /4-7/ and refs. therein).· Therefore, let us discuss in greater 

detail the simulation technique of the transport and interactions 

of high energy particles' in, the target materiaL To obtain the 

correct description of the :particl'e:~transport through the matter, 
' . '.'\.: ... -. '\. ··.1. ~ 

primary attention is centered on·'th"e'·problem of correct description 

of the competition between two main pr~6esses of the interaction a't 
a particle with a :matter, i.e. io~lzation ::~f ::the material 

accompanied by consequent losses of part'icle energy-: and nuclear 
~ ;_ \' 

interactions resulting in particle multiplication. Transport of a 
. \"; i. 

charged particle in the '.matter: leads ,.~a a decrease of its 

interaction energy. The other way round;.',\ the rate of inelastic 

interactions determines the fo'rmation of; \the flux of secondary 

particles. For particle transport simulation we have chosen the so· 

called . "equalization of· ·particle··· cross-section~·;, technique. as 
'-~~r 1~ . ..~ .~J'l 

described in detail in /13/. ·Inelastic and elastic interaction 

probabilities are calculated in -~c66rdance with the experimental 

cross-sections. In case a'f neutral particles the simulation 

procedure ~is . somewhat easier' 'be6~use·~; there 'Cis: no) energy dependence'[ 

on the length of the particle flight in the matter. To describe1 

space configuration of· targ.et and detector we use ·a simplified 

geometrical module, which differes from those widely used nowadays 

5 



Table 1 
lf:c . ;: , ,. ·;,j: , . 

Average energies of mesons and protons produced with f3 > o. 7 at 
\ .. . . . .. . -'• ·::: . '· :·: :.:: ···•· ... :·. ··12'··i . . •.. . :. 

different angles in inelastic interactions of c with the emuls1on 

ni;_~lei 3.65 GeV/A~ 
~:j '[ ; 

-------------------------------------------------------------------
0 -·10° 10'- 20° 20 30° 30 :.; 40° 

-------------------------------------------------------------------
" .. \ 

... 
exper 0.96 ,..) 0.70 0.60 0.50 

caici 0.91 0~83 0.56 0.39 " 1l 

o·~9o 0.71 0.50 o·.38 
... . . . '* 

.calc /8/ 
. ' -------------------------------------------------------------------

,; 1 
1:'8 1.47 1.15 0.9 exper 

p calc 2:9 1.57 0.98 0.82 
)'/ __ : 

2.4 :· calc ;s;* 0.94 o:s3 0.74 
·L ;,··~---------------------------------------------------------------------
-rr::------------------------------~~~~r;s------------------~-:-------

~:Here·· the data for ... particles with T · > 50 MeV corresponding to 

{3::> 0.7 for mesons and:.f3:.> 0.26 ·forlprotons, are presented~· 

tOO I= I I I lii·l;,; .:,; 1 1 111
1
;1•1'. ·t, 1 1 I IIIII ::t 

. 
,l,: 

!Of 

-
.9 2 

:::i:::::::fl•e 
----- --d " .Q .• Q .. __ Q_p , 

;_ 

:Q' .. 

;; 
E 1;:-" . ~ ,_ 

··~ 0 · Protoi<(pO"') l 
6 d . 

o .•2c 

f fO iOO 

Tj(Gev) 
( '" 

Fig-;3 The excitation function· for 64cu(X, Y) 24Na reaction, according, 

to '/2/. ,, 

6 

. ' 
! 1 

.b 

)' 
y. 

in simulation. /14/: a set .. of geometrical ,bodies is .limited,_~o a 

cylinder, a cone and a parallelepiped,. while_,_the Symi!letry._axes .of 

these bodies must be parallel to the axis i'n the laboratory system. 

To describe the geometry of the experiments un~er discussion this 
set appears to be suitable. 

.To test the simulation technique-.of transport and multiplication 

of particles in massive targets ~e.- carried out calculations ./12/, 

which simulated· quite exactly the experimental conditioTis·. In_ this 

experiment spectral and·· angular_, destributions of neutrons.~:.a~d 
charged hadrons escaping from the, copper cylinder (R=Scm, L=13cm) 

irradiatedo by· 
12c;- ions. with energies 3.65 .GeVj~ucle~n--have' be~n 

measured /10,11/.·[A good agreement between the CCl,lCUlate~ and_1:;he 

experimental data· .. for. both. multiplicity and spectrum distributi?ns 

of particles confirms.the. correctness of t~e, de~eloped procedure._ 

A peculiarity,: of: ra~Uoactive nuclei yield. calc~lat~_o!ls is .low 

values for their production cross-sections and the lack of dynamic 
... ~ ' ' .... ·~ • ' -"•·~ .,. ' J 

models, ~apable, of·, evaluating th_ese cross:-s.e;c:tions ._reliably •. That 

is why the direct, simulation method is not •. ~~fE!cti~e for.
3
e"aluatior,t 

of the relative activity of the detector elements. We used the 

weight function .method when at every inelastic interaction 

particle i __ wi~~-- ;~~e;rgy .. 1 .E. the, relat~Y.E! 1 pro~abilit~ of 
produc;:tion. in the inelastic interaction is estimated as .. 

24Na in 
Wi(E) = ui (E) 1 u i(E). (2) 

·r:'· 

of a 
24Na 

The available. odd data on_the cross~sections of 24Na production 
24 . .. -

u iNa(E) and their approximations are presented in·fig;3 (which :is 

taken from /2/). The cross-sections for rr-mesons are assumed to be 
. . . 24Na 24Na 

equal to those for protons u ' (E) = u . (E). 
·.· ·.· ., ""' . !1, _1 .... 

Act1v1ty of the k-th r1ng 1s then equal to: 

. k 
Ak =!dE W.(E) C.(E), 
: 1 1 

' : ( 3) . 

where C~(E) - the collision number of a particle i with energy E in 1 . 

the k-th-detector ring, calculated via the MC.method. 

If .. the index :k::=1 corresponds to. the angular interval o - 10°, 

then the relative activity of any other detecto~ element is equ~l 
to 

:Rca>.,; Ak 1 11.1 '. 
. . 

~ .; 

7 
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These' quantities are used in this paper· everywhere the 

calculated relative activity is discussed. 

Discussion 

The main effects of the matter influence. on the particle •flux 

have been noted above. Let us try to estimate how large'they. are; 

The calculations show that the- 12c ion with energy E=44 GeV passing 

through 1 em of copper target loses on the· average, about several 
,J 

hundreds of MeV until· its first· inelastic interaction· and .therefore 

this energy loss cannot explain the' deformation of angular 

distributions of the· secondary particle flux. · As to the 

contribution of particles produced in inelastic 
12

c + 
64

cu 

collisions and travelling in the backward :direction; their 

multiplicity comes to only 1% of the'total particle yield and it is 

also not a decisive effect. 
Tables 2 and 3 show calculation results which not only include 

the particle production with E > 200 MeV -in interactions of 

Table 2 

Angular dependence of the average hadron 'multiplicity particles 

with kinetic energy E .. > 200 MeV, produced in different stages 

interaction process. 

-------------------------------------------------------:-------------
Stage 0-10° 10°-20° 20°-30° 30°-40° 40°-50° 50°-60° LN(<60°) 

~~---------~------------~:-~-----------------------~-~-------------
Tl 

'Tl'' 

Tl 

!*'197±21 

II 90±14 

III 19±4 

196±14 

59±11 

3±2 

223±22 

77±10 

5.4±2 

164±10 

56±7 

3.6±2 

82.5±10 

30±6 

1. 8±1. 1 

50.6±9 

'26±4 

1.2±0.8 

716 

337 

34 

------------------------------~------------------------------~-----
"'*' + + (n + p) I · 967-88 410-23 

(n + p) II 586±66 205±24 

(n + p) III 72±9 12±3.5 

n III 40±9 6.1±2.1 

360±31 

204±14 

13±3 

6±2.5 

226±23 98±12 63±11 

131±11 67±6 64±11 

7.2±4 2.2±1.2 1.8±1.3 

3.8±1.9 1.2±0.9. 1.1±0.9 

2124 

1257 

95 

58 
_______________ ...,;~ __________ .:_ ____________________________ ~--------~-
':'"'_,_ ____ ,: _________________________________________ ._ _________ ~-----

~ To obtain better statistics the ~ource o~, second.ary ~articLes was 

summarized over both the front and the end plates of the target. 

Thus the multiplicity of the secondaries produced in the front 

/plate is roughly one half of that cited in the table. 
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:~ 

; .Table 3 

Average energy (GeV) of particles with E > 200 Mev~· produced·dn 

different stages of interaction,process. Statistical uncertainties 

are shown .in brackets. :. ,,; 

-------------------------------------------------------------------. ' ' < r r 'i ;} :-· 

stage 0-10° 10°.:-20° 20°-30~· 30°-40°.40°-50° 50°-60° <E>, (<6o?r· 

---~------------------------------~-------------------------------~ 

Tl 

I 0.94 .'' 0.81, '.0.65 0.49 0.42• ,.Q.37 0~68 

II 

III 

(0.06) (0.05) (0.03) (0.02) (0.02). (0.02)' ,,., 

0.84 0.84 

(0.07), (0.07) 

o.s1 r o.s3. 

(0.15),. (0.30) 

0.66 

(0.05) 

0.62 

•(Q.13) 

0.51 

(0.03) 

0.51 

(0.20) 

0.43 

(0.03) 

0.35 

co:21) 

'0.36''" 0.67 

(0.02) 

··:,0.37. '·.0.71 

(0.18) ; ~ 

~.:.; :!. 

•• I ' 

------~----~---~---~-----------------------------------------------

I .. 2.86•. · 1.29 .0.80 ·0.54 · 0.44 1 0.40 1. 78 l 

(0.06). (0.03) (0.03)' (0.02) (0.02) . (0.05) ',, 
n + p II 2.65 1.31 0.59 1.69 

III 

(0.11) (0.07) 

2.27 ' 1.28 

0.84 

··co, o4) 

0.95 

. (0.03) 

0.70 

. 0.47 

(0,'05) 

0.52 

o;4o 

(0.04) 

0.43:" 1.83. 

(0.18) r(0.17) .(0.22) "(0.14) ":(0.26) (0.36) 
-------.----------.-------------..:.· ___________________ ..;,; __ ~...:.~:.....: __ ,...;:.:,. __ ~·.::....:.~ 

'~ • : \- .1 (>i' • 

primari·es but also the changes in multiplicity and. average. energies 
' . ' • ~. • '•' '· .' ' ' ! ••. · ' " " ' ·' • . • ' 

of .. produced m~sons, , nu,cleons, and nu~~ei, .1 travelling_ th:so\lgll '·-~he 

target and detector material at different angles •. This .energy range 
' . ' : '· . .· ' .... •.. . ' ' 

is of specific interest because it is these particles. which make 

the main contributlon to t~~ 24Na .~ragment p~odu~tion. ·.(r~sults. of 
'. , ' '. " ,. '··:: '· 

the . 9alculathm negl~cting inelastic . int'eractic:>n.s of. the first 

generat;ion p~rticl~s are ,give~, .. in brackets)*. To .· elucidate 

dynamic~ of th~ ~ctiv~ty formation, we compared: the- multiplicities 

and .average ._energy .of part~cles at the following .stages of, .the 

proces:>: 

production of the 1 generation. particles 

incid~nt 12c nuclei (stager'); . 
' ' ' 

due. to ,_collisions ·. of 

L.· 
characteristics of the particles produced .in, all subsequent 

. • ~ ~ " 0' ~ 

generations crossing .the detector,.ri~g boun~_ary (st;age .I;[)_; 

-----------------~-~--------------------------...: _____ . ________ £.~.:.:.:.._ 
1 ·~ • ' j. ~· . ! . 

.. , !'" Hereafter, the incident particles are. cafled . particles of .. zero 
• • ; • '. . ' J ~ • ' • .' ;. • ~ , •• ' .: .• • • ' ·~ 

generation,· their "chi~?-renn b~long .. to. the .. 1,. gene1:atioi1, the 

"children" of .the first .gener~tion-.part:_i~?les - .. to .the s!'lcond; c:me, 

etc. 
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production of_ the 
24

Na fragments by these particles in the detector 
ri"ngs (stage III). ·; ·· '· · .. 1 ·: • 

First· of:;all- let us-.consider the micleon"channeF which is the 

main source of the detector activity at large-angles (see Table 2, 

stages II and III). It is clearly seen·that the multiplicity of the 

fast> particles· ~scap'ed irom' the'" target is' higher than that. of the 

first· generation partlcles produced in the target by 12c ions, 

their:. angular distributions also differing. Thus, in the first 

stage the ratio of nucleon multiplicities) in angular 'intervals (10 
' ~ 

-20°) .and (20 - 30°). approaches' about. 1.15, 'in the second stage 

this ratio is equal to· 1. 0 only (see". Table 2)., This particle 

redistribution accompanied by the concerved average kinetic energy 

defines the activity distribution at·. different •angular· intervals 

(see, . stage II for the n ·· + p component in Table 2) , ... It should be 

pointed out that ·more. than 60 '%:of activity in nucleonic channel 

results from neutrons. Evidently, being still. in ·the: target volume 

(i.e. in the ,first disk) some of the particles of the first 

generation succeed in interacting to .produce particles of the 2 

generation. This· effect gives on the average about 35% of the 

multiplicity •of. the particles, entering the detector' at different 

angles -(see Table::2,stage~.I--and II for the .n + p ·component).·· 

We have analysed separately the particle production of different 
~~· f ···, ' ·• •,, , ' V" ' ,·,..,·;·t ..; <.·, ,~· , ' ,·,· 

0 

.~' '.·"· 

· · 'generatJ.ons; If·· only prJ.rnary interactJ.ons are consJ.dered, the 

relation' of' the ''number of 'ineiastic irif'eracdons c;[ . the first 

::;~·generation particles 'to that' of zero gener~tion '(summated over all 

angles)''' attilins to about 0.13. (29 and' 219 inelasti'c 'inte~actions 
respectively for the particles of. the first and zero gene:rations). 

.; Takinc~f 'into consideration ali subsequent gerierati~ns , (summated . in 
1 
both' the target and the detector volumes at ·E > 2oo MeV) ·;gives the 

' same· rati~ 311/117 =' 2.65, i.e. about 15 t'irnes ~as hlgh. Recall that 

~:in • our' approach each 'inelastic interaction contributes to the 

observed activity. So, it is impossible to speak about· an 

.·independence of the particle flux and :the resultl'ng activity 'on the 

spatial size of the target and the detector; Relative' angular 

distributions of particles for primary and secoridary inelastic 

interactions are presented in Table 4'. It> .i.s' seen that the angular 

distr~_!>.uti_?J:l.S of nucleops of _the second and subsequent generations 

are less steep than those of the first generation. This explains_ at 

least qualitatively the difference' ·between the activity 

distributions in the detector rings', estimated by 'formula: ( 1) when 

··only the first generation particles have.· been taken 'into 

10 

Table 4 

Multiplicity of pions and -nucleons- of: different generations' with 

E > 200 MeV produced in inelastic 12c interactions with 64cu·nuclei 

(normalised to one -inelastic---interaction- for primary (175) and· 

secondary (256) particfes, .respectively). 

0-10°.' . 10°-20° 20°-30° 30°-40° 40°-50° 50°-60° 

Tl 1.0 1.04 0.9 0.83 0.55. 0.38 
12c 

n + P 4.1 2.2 1.5 . 1.0 0.59 0.44 

Tl 0.09 0.12 0.16 0.12 0.08 0.06 

Second-------------------------------------------------------------

n + P 0.5 0.42 0.28 0;21 0.13 0.11 
' "" t -------------------------------------------------------------------

consideration and experimental distribution, which has a specific 

shoulder in the angular intervals of 10 ~ 30°. As for the relative 
24 Na activity in, the 2n-detector elements, our .. calculation results 

are presented i~ Table 5 and in fig. 2. ;one should notice the 

following purely geometrical peculiaritic;:s of· ··the experiment 

discussed. First of all, the angular intervals .. "cll:t out" by the 
~"• < • \ 

detector rings in the experimental setup, are ·somewhat different 

from the theoretically accepted' 10° subdi~lsion. Particularly, in 

the experiment we have angular 'intervals from 10 to 19°, from 19° 

to 21° etc. This difference.· .. i~ the most 'important for a sharp , 
angular dependence of the particle flux: Moreover, the formula (1) 

assumes that a p~rticle., prod~ced in ~~ definite angular interval 

should come into an appropriate detect~r disk. However this is not 

the case in real g_eornetry _of the
7
_,finite target disk .. DependiJ?g on 

an interaction point_ ,of a primary particle in. the .target disk, the 
~ - . ,, . . " ' ' ' . '- ~ 

displacement along the symmetry axes of the detector for a particle 

travelling at· a· definite angle may be as much as 1 ern whicti 'does 

not exclude< the possibility of entering the neighbouring rings of 

the detector: Good' agreernentr:.in relative· activity of:the detecto'r 

rings i~- seen: in fig.4~ Comparison between calculated results for 

the case of particles of the first generation· only and the case 

when all particles in the target and the detector are considered, 

shows that this difference is not more than 20% and cannot:' account 

for ,the discrepancy b~tween experimental .,data and .. calculations 

,.·"'\:, 
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Table. 5 
Relative activity of the:zrr-detector elements bombarded by 12c ions 
(3.65 GeV/rlUcleon), %. ·:, ·•.· ___________________________________________ ....; __ . __ ~_..;;. __________ _:. ___ _ 

0 - 10° 10 - 19° 19 - 31° 31' -· 43° 43 ~ 52° 

------------------------------------------------------------------" 
exper/1/ '100 5.3±0.3 3.6±0.3 +' 0.7-0.3 0.1±0.2 
calc 100 4.7±2.7 3.2±2.1 1.o±o. 1 0.2±0.15 
calc.' without ,J 

younger genera-

tions 100 5.7 3.4 1.0 0.2 _____________________________________________ .;_ ____________________ _ 

1 't nat 44Gev + cu 

-
z0 0.1 

4-
c-. 
-C'D 

0::· 0.01 

20° ~0° 60° 6 
Fig. 4 Comparison of calculated a~d experimental distributions· of 

r~iad.ve activity: • - expe:rimental data, the histogramm 

represents the data obtained 'in'our calculations. 

according to formula (1). Apparently, the. entire set of effects, of 

the charged particle , beam -interaction with the .. target ~ and detector 

material leads to a distortion of , angular distributions·: of •: the 

target and detector activity, estimated by the oversimplified 
formula. 

i--

Conclusions 

It is· shown that the modern understanding of the ge~eral 
mechanism of nucleus-nucleus interactions_ at energies of several 

12 

GeVjnucleon·.·allows ·us to :give· reliable description ·of- angular ··and 

energetic characteristics of the interaction pr'acess. -Contributions' 

of different generation·.! particles •to' the formation:of :the'"detectcir 

activity are determined. A good agreement between calculated··-'and' 

experimental data in relative activity of the detector elements 

suggests a limited appii~ability ~f-th~ standard-formula (1) to the· 

conditions of the experiment under 'discussion. It is quite 

difficult to indicate a single dominating effect, but as a whole 

one cannot neglect the influence of finite spatial sizes and 

geometrical peculiarit,ies of the target and the detecto~. 
Therefore, the conclusions of the· authors /1/ about the necessity 

to attract some unusual mechanisms for explaining their 

experimental results seem to be unconvincing . 

We· are grateful to Prof. R.Brandt and also to B.A.Kulakav, 

V.S.Butsev, M.I.Krivopustov G.Haase and m.Heck for fruitful discus­
sions and useful comments. 
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