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KanHHKifH 6,H., Yep6y A.B., illMOHifH B •• ri, E2 - 12209 
K Bonpocy o npeilenax npRMeHHMOCTH npocrpaHCTBeHHo

BpeMeHHoro "co6H:parenbHoro"' MexartH3Ma KyMyns:ITH:BHbiX 
npoueccoB 

06cy~il8~TCH B03MO*HOCTH HCC.'leJOBBHilH o6naCTH npHMeHHMOCTH 

npOCTpBHCTBeHHO-BpeMeHHOii MOile.'llf, paHee Ci}OpMy!H!pOBBHHOii 8BTOp8Mif. 

Moaenb xopowo onl!cwsaer axcnepHMeHT no pHay ocHOBHWX xapaxrepHCTHK 

cneKTpOB pa3.'li!"'HWX no MBCCe If ilpyrlfM KBBHTOBhlM "'HC.'lBM KyMynATHBHhlX 

qacruu a o6nacrH pin::: 40 raB/c, OaHaxo, aonpoc o ee npHMeHHMOCTH 

B TBKOM lKe 06'beMe DpH 3HeprHAX, HB UOpAilOK 60JlhWHX, B ilOCTBTO"'HOii 

Mepe noxa He H3y"!eH. npoBeileHbl pBC'ieTbi-npeaCK838HIHI il.'IH HHB8pHBHT-,·. 

HbiX HHK.'lJ03HBHbiX ce"!eHHii KyMyn;rTHBHbiX rr-- , K- -Me30HOB H f> -aHTH

nporoHOB Ha pa3l!H"!Hb!X Hapax npH pin = 400 raB/c, CpaaHeHHe 

C 3KCnepHMeHTOM !!03BOn!!T yCTBHOBHTb, B03HHK8eT .'lH I!pH CTO.'lb Bb!COKHX 

3HeprHHX He06XOilHM0CTb MOt:lHi}HKBUIH! MOUe.'lf!, Bbl3B8HHOii. B03MOlKHblMH 

nposi>neHHHMH neraneii crpyxrypbr aapoHOB, 

Pa6ora swnonHeHa a fla6oparopHH reopeTH"!ecxoii ¢H31fKH O~HH. 

Coo6WeHHe 06bP.IlhHeHHOrO HHCTHTyTa HaepHb!X HCC.'leiJOBBHHl!, Lly6Ha 1979 

Kalinkin B.N., Cherbu A.V., Shmonin V.L. E2 - 12209 
On the Range of Applicability of Space-Time 
"Gathering" Mechanism of Cumulative Processes 

The range of applicability of a space-time model 
formulated earlier by the authors is discussed. The model 
describes well the experimental trends in main spectrum 
characteristics of cumulative particles with different 
masses and other quantum numbers for initial momenta 
~n < 40 GeV/c. However, its applicability to pro~esses 
of this type at very high energies (say, ~n = 400 GeV/c) 
is studied insufficiently. Calculations-prescriptions 
are performed for invariant inclusive-production cross 
sections of cumulative rr--,1\-mesons and !l -antiprotons 
on different nuclei at pin= 400 GeV/c. The comparison wit 
experiment will allow us to establish what modifications 
in the model caused by a possible manifestation of had
ron substructure at so large energies are needed. 

The investigation has been performed at 
Laboratory of Theoretical Physics, JINR. 

Communication cf the Joint Institute for Nuclear Research. 

the 

Dubna 1979 

© 1979 06'beJJBHeHHbiJl HHCTBTyT HJiepHbiX HCCneJJOBBHBH J1y6H8 

1. INTRODUCTION 

In the framework of the space-time 
proach to processes of the cumulative 

ap
type/1,2/ 

with two parameters only we describe a large 
amount of characteristics: the invariant 
cross section, the slope of the spectrum, 
the angular distribution, the energy and .A 
dependence of the invariant cross section*. 
Moreover we do not need any special infor
mation on the nucleus except for its well 
known density. We do not use the assumptions 
concerning the character of two-, three-, 
and so on internucleon correlations at small 
distances. 

The approachA.~ is based on the two 

assumptions: 

l. We suppose that in a small number of 
events the hadron interaction leads to the 
formation of the unique compound-system. 
Having the finite lifetime r 0 it increases 
its mass during the movement inside the nucleus 
as a result of the nuclear nucleon capture. 
In effect this ''gathering" mechanism is 
a limiting case of the scheme proposed ear
lier to the description of the multiple pro-

*Note that the model/~ also 
parameters pretends to describe 
spectrum slope only. 

with two 
the cumulative 

3 



duction process in hadron--nucleus inter
actions/~. Thus there arise compound-systems 
containing three and greater number of nuc
leons, and this provides the conditions for 
particle creation in the cumulative (inac
cessible in nucleon-nucleon interaction) mo
mentum range. In ref./V the compound-system 
is characterized by the formation cross sec
tion a (a «a in) and lifetime -;.0 . The study of 
cumulativ~ pP~cesses allows one to determine 
the parameters ac and r 0 • 

It should be noted that here we observe 
an important and more general channel of 
hadron-hadron interaction which exists not 
only in processes of the cumulative type. 

2. It is supposed also that the inclusive 
spectrum F (s,x) of particles generated both 
in hadron-hadron and in above formulated 
collective hadron interactions is the same 
when the masses of intermediate systems are 
equal (the "identity" hypothesis). The "iden
tity" hypothesis transforms into the scale 
invariance provided that 

.F(s,x)- const(s) 

at sufficiently large energy for a given 
type of particles. 

From the space-time point of view the 
realization of cumulative processes gives 
a good possibility for studying the two 
above-mentioned interesting and important 
signs of strong interaction dynamics. 

To establish their generality and the 
range of applicability of the model it is 
important to enlarge the model prescriptions 
and com par i so r/1 • 2/ w i t h ex p e r i men t . F i r s t , i t 
seems interesting to apply the model 

4 

a) to the cumulative particles differing 
from rr -mesons both in their masses and in 
other quantum numbers; 

b) to the cumulative particle production 
at very high energies. 

We shall briefly discuss these questions. 

2. CUMULATIVE K0 AND A0 -PARTICLES 

Recently detailed data have been obtained 
on the spectrum and angular distribution of 
cumulative K0 -mesons~/. An experiment has 
been performed in the propane-xenon chamber 
for the process: 

rr +A -. K 0 +X (Pin = 2.9 CeV/c ) . 
7T 

( 1) 

The model/l, 21 admits the estimation of cumula
tive K0 -meson production. However in this 
case it is necessary to make a natural cor
rection. In ref.h/ it is shown that the 
compound-system-formation cross sectionac 
grows with decreasing initial momentum in 
the range pin< 6 GeV /c. In particular at 
pin = 2. 9 GeV /c in the reaction 

p 

p + A -. rr +X 

this cross section is 

a 
c 

- 0.5 a in 
~N 

( 2) 

( 3 ) 

It is quite natural to expect that in the 
case of process (l) (when incident particle 
is rr-meson) a must be 

a - 0.5 
c -

a in 
NN 

c 

( 4) 
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As the invariant density of the inclusive 
spectrum for the process rr +p-.K 0 + X (in ac
cordance with the hypothesis of identity) 
we have used the data obtained in ref.~/. 

Figure 1 represents the results of the 
theory and experiment~/ on the spectra of 
cumulative K0 -mesons in different angular 
intervals of the backward hemisphere ( ac 
is given by (4)). The comparison of the 
theory and experiment shows good agreement. 

Now let us pass to the creation of cumu
lative A0 -particles. In ref./~ we have 
already made the crude estimations for the 
pro c e s s /7 I . 

TT + .A __, A 0 + X . 

The data in ref.h/ have been obtained on 
the basis of poor statistics and absolute 
normalization is absent. 

( 5) 

In recent work/~ there is larger and 
more exact information on cumulative A 0

-

particles. The theoretical estimations were 
performed in analogy with the case of K0 -me
son production. The data on the invariant 
density for process rr +p -.A 0 + X were taken 
from/6/. 

Figure 2 shows the comparison of the mo
del predictions with experimental data on 
cumulative A0 -particles for different an
gular intervals in the backward hemisphere. 
We see the agreement is also good in this 
case. 

Let us emphasize once more that in Figs.l,2 
the theoretical results are given in absolute 
normalization. 

The polarization mechanism in the collec
tive hadron interaction has been considered 
i n r e f ./8 I for the A o -par t i c 1 e c a s e • Hen c e 
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there are no reasons to state that the ap
pearance of A0 -particles is caused by the 
rescattering mechanism . 

3. THE CUMULATIVE PARTICLE PRODUCTION 
AT HIGH ENERGIES 

In paper /2/ the estimations of cumulative 
TT -meson yield for pin > 10 GeV /c have 

been made, in particular for the process~/ 

p + 'Ia ... TT ( 0 = 180°) +X (Pin =28.5CeV/c). 
p 

( 6) 

The analogous estimation may be obtained 
for the process: 

TT +C ->TT (0 >90°) +X; (Pin =40CeV/c). (7) 
T7 

From these estimations one can conclude that 

a (Pi0 >10CeV/c)- const(Pin)- 0.25ain , (Ba) 
c - -

and the lifetime of the compound-system with 
respect to the cumulative process at these 
values of the initial momenta as before (at 
pin < 10 GeV /c) is determined by the law: 

To =To !vs 
n 

T = 5'CeV· C• sec . 
0 

( Bb) 

(Hereafter the quantities and notation intro
duced in refs. /1,2/ are used). 

Besides, under the assumption that our 
mechanism contributes to the reaction with 
large~ -particle production calculation has 
been made for the process: 

p + A ... TT ( p l large) + X (Pin = 300CeV/c). 
p 

( 9) 
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In this case the better correspondence 
with experiment takes place when: 

a 
c 

= 0.25 uin 
pp 

-r
0 

=15 GeV· c· sec. 

( 10) 

For details of these calculations see ref./2~ 
There also an argument is given that at high 
energies the parameter set (10) has some 
advantage over the parameter set (Ba,b). 

However on the whole, these estimations 
are not sufficient and convincing. 

First, in (6) and (7) the initial energies 
are not very d if fer en t from that ( E in ::;_ 

< 10 GeV) interval in which the most of 
present experiments have been performed. 

Second, the estimations of the inclusive 
cross section of rr -meson production with 
l a r g e pI a t p in = 3 0 0 G e V ( s e e r e f . I 2/ ) 

are perrormed for the process occurring under 
the conditions which, strictly speaking, are 
not equivalent to those for the pure cumu
lative process: the observed P.j. values are 
not kinematically forbidden also in NN -in
teractions. Therefe>re the parameter set(ac,;:-

0
) 

obtained in this case cannot be considered 
to be reliable. 

Third, it is desirable to obtain the re
sults not only for rr -mesons, but also for 
other heavier particles, i.e., to give pre
scriptions for the qualitative composition 
of cumulative particles and its dependence 
on energy up to very high values (Ei~400 GeV) 

All these questions are interesting be
cause at present such an experiment is carried 
out. The comparison with experimental data 
will permit us to prove the model predictions 
and possibly to refine it. 

1{) 

I 

, 
) 

From the methodical point of view it is 
useful to determine approximately the energy 
dependence of cumulative light- and heavy
particle-production cross section. Perhaps 
it is better to study the behaviour of the 
quantities: 

R(n) (8=180C', T =const· Pin) =.F(x ) W(nl 
A ' n A 

(ll) 

which are the partial inclusive cross sec
~ions of particle production on nucleus A , 
with kinetic energy T,in n-th order of cumu~ 
l d t i 0 n a t e = 1800 . 

For simplicity we suppose that the total 
cross section of the compound system forma
tion inn -th order of cumulation in the nuc
leus with mass number A does not depend on 
the initial momentum 

w~l ';;!. const (Pin ) , ( 12) 

' ' f W (n) tnat ~s, or A we 
tained in paper /1,2/. 
lowing conditions: 

can use the results ob
Let us choose the fol-

A = 2 o 8 ( Pb - n u c 1 e u s ) , T = 0 • 2 

The cumulative particles are 
sons and antiprotons 

GeV ~ 
rr -me-~ (l3) 

and the F(x) will be functions given in 
ref./ID/ (we suppose that in this case scale 
invariance takes place). It is natural that 
in the kinematics of the antiproton produc
tion we take into account the simultaneous 
creation of the proton, which enters into 
the compound-system. 

11 
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In Fig. 3a and 3b the values of W~~ 
and x(rr, P l (pin) are given. Figure 3c shows 
the b ~ h a vi our o f R~b) ( 0 = 180 ° , T = 0 • 2 G e V , 
pin ) obtained from the data in Figs. 3a,b 

and .F< 71:Pl(x) which falls very rapidly with 
increasing x (ref ./10 I ) . 

We see that in contrast to the case of 
rr -me sons for which the function R (n) has 

the asymptotical behaviour even at momenta 
P~ ~ 5-8 GeV/c, such a regime takes place 
for the an t i pro to n prod u c t ion on 1 y at Pin > 
< 70 GeV/c. 
- Besides for [ R ]_ = ~ [ R(n) L we have 

p n p 

[ R (Pin =70'GeV/c) ] - /[ R (Pin =8'GeV/c) J- ,.1Q3 . 
p p 

The small R for antiproton production 
at initial momenta equal to several GeV/c 
is caused (see Fig. 3) both by large xn and 
by small cross s~ctions W(~ contributing 
e f f e c t i v e 1 y a t the s e v a 1 u e s of Pin • 

Hence, the search for the cumulative 
particles which are components of the heavy 
pair must be done at high energies. 

Now we represent the results of more care
ful calculations (without assumptions of 
type (12)) for the cumulative process: 

p + A .... rr-, K- , p (O =160°) + X , 

pin = 400GeV/ c 
p 

in two variants: 

( 14) 

Figure 4 is for the parameter set (Ba,b) 
and Fig. 5, for the parameter set (10). 

As it was pointed out in paper/2/ at 
E~ = 400 GeV the set {10) seems to be prefe
rable . 
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Let us argue this choice in more detail. 
The effective lifetime of the compound-sys
tem with respect to cumulative process should 
not be smaller than the time of its rearran
gement before particle emission which in 
turn should not be smaller than some minimal 
value. The latter got multiplied by''c" (light 
velocity) must be of an order of the hadron 
size. The evaluation made in ref.h/ yields 

<r> 0.6 fm ~ the hadron size ( 15) 

for r 0 obtained from ( 1 0) at Pin = 4 0 0 G e V / c • 
In addition let us make one more remark. The 
condition (15) implies that the system before 
its decay approaches the state in which the 
energy is distributed over the hadron volume 
and whose decay may be described thermodyna
mically 

The same evaluation for the parameter set 
(Ba,b) will produce for <r> the value three 
times smaller as compared to (15). Hence in 
this case we would deal with the situation 
appropriate to gluon and quark hard scatter
ing. (Then perhaps we should reformulate our 
model in its kinematics and in definition of 
cross sections since in this case we should 
describe not the collision of hadron as unique 
objects but of their constituents). 

However, it is known that in the picture 
of hard scattering the interpretation of the 
inclusive cross section of large ~ -par
ticle production ( ~ ~.6-7 GeV/c) is not 
yet guaranteed at pm = 400 GeV/c 

The above-mentioned arguments show that in 
this very preliminary study of the problem the 
parameter set (10) seems to be preferable 
for process (14) at pin= 400 GeV/c. 
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It stands to reason the decisive factor 
is the future experiment. 

To complete this discussion note that we 
have obtained also the spectra of 11-- , K- -me
sons and p antiprotons in process (14) in 
both variants and at other angles in the 
backward hemisphere (up to 0 = 90° ) • Here we 
do not cite these results because it will 
increase considerably the volume of the paper. 

4. CONCLUSION 

Let us formulate the main results. 

1. It is shown that for P~ S 40 GeV/c 
(here most experiments have been carried out) 
the space-time approach /1,2/ describes satis
factorily the general regularities of the 
cumulative process accompanied by the particle 
production with different masses and other 
quantum numbers. (In addition to 11--, 11+-
K+ -mesons here K0 -mesons and A0 -hyperons 
have also been studied). 

Hence, in this range the picture /l, 2/ ap
pears to be universal. 

2, The questions concerning very high 
energies are considered, The estimations
predictions are made on the behaviour of 
the qualitative composition with increasing 
energy. The comparison of these results with 
experimental data will provide a useful 
information on the space-time characteristics 
of the process occurring under these condi
tions, the information on the hadron-inter
action channel proceeding through the com
pound system formation. A special interest 
represents the question concerning the mag
nitude bf the cross section a (Ein = 400 GeV) 

c 
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This comparison will also reveal the range 
of applicability of our model in its present 
phenomenological form. 

It may turn out that the comparison will 
raise new interesting problems, since, in 
principle, at such high energies there can 
arise the necessity in model modifications 
caused by hadron structure details. 
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