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K Bonpocy o mnpejenax NpUMEHHMOCTH NPOCTPAHCTREHHO=
BpeMeHHOro “COGHpATeNnbHGIO” MexXaduama KyMysiaTHBHbBIX
npoueccos

OfCyX1aloTCd BO3MOXHOCTH MCCNe10BaHKd 06AacCTH IpHMeHHMOCTH
NpOCTPAHCTBEHHO=~BPEMEHHO# MORend, paHee CQYOPMYJMPOBAHHOH ABTOpami.
Mogeab xopouwo onUChIBAeT SKCHEPHMEHT MO paay OCHOBHbBIX XapakTepHCTHK
CAeKTpOB pa3/IHYHbLIX MO MACCeé W APYrHWM KBAHTOBBIM HRCIAM KyMYJIATHBHBIX
HacTHl B ofjaacTH I““S 40 IsB/c. OnHako, BOIPOC O ee NPHMEHHMOCTH
B TAaKOM xe ofbeMe NpH SHEPrUsaX, Ha NOPAAOK GONbUIKX, B AOCTATOUHOIN

Mepe noka He u3dydeH. [IpoBeneHbl pacHeTrbi-Ipencka3aHus - A7d HHBapHaHT-
HBIX MHK/AIO3UBHBIX CeYeHH# KyMYAaTHBHEX 7 —, K~ —mMes0HOB # P —auTH-
ApOTOHOB Ha pa3nudHbiX fapax npu P = 400 I'sB/c. CpabHerune

C IKCINEepHMEeHTOM ITO3BOMUT YyCTAHOBUTL, BO3HHKAET JIH MpH CTOJL BbHICOKHX
2HEpPruax HeoOXOAUMOCTHL MORHGHKELHME MOMNENH, BLISBAHHON BO3MOMXHbIMHU
npoaB/IeHH IMU JeTalled CTPYKTYPhbi alpOHOB.

Pabora prmonnena B JlaGopaTopun TeopeTudeckod duamku OU AU,
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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 guantum numbers for initial momenta
P" < 40 GeV/c. However, its applicability to processes
of this type at very high energies (say, P"- 400 GeV/c)
is studied insufficiently. Calculations-prescriptions
are performed for invariant inclusive-producticn cross
sections of cumulative 7 -, K -mesons and P -antiprotons
on different nuclei at P"= 400 GeV/c. The comparison witH
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 the
Laboratory of Thecoretical Physics, JINR.
Communication cf the Joint Institute for Nuclear Research. Dubna 1579
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1. INTRODUCTION

In the framework of the space-time ap-
proach to processes of the cumulative typeﬂl/
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 approach/l.2/ is based on the two
assumptions:

1. We suppose that in a small number of
events the hadron interaction leads to the
formation of the unigue compound-system.

Having the finite lifetime 7, 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 with two
parameters pretends to describe the cumulative
spectrum slope only.



duction process in hadron-nucleus inter-
actions/4/. 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 formatlon Cross sec-
tion o (0 <o) and lifetime %.The study of
cumulative processes allows one to determine
the parameters o, and 70.

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 (3,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 comparisodl'¥ with experiment. First, it
seems interesting to apply the model

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

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

We shall briefly discuss these questions.

2. CUMULATIVE K° AND A° ~-PARTICLES

Recently detailed data have been obtained
on the spectrum and angular distribution of
cumulative K° -mesons /5%, An experiment has
been performed in the propane-xenon chamber
for the process:

7 +A > K°4+X (P ~29CeV/c ) . (1)

m

The model/l’2
tive K° -meson production. However in this
case it is necessary to make a natural cor-
rection. In ref./2 it is shown that the
compound-system~formation cross sectionog,
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-nm +X (2)
this cross section is

o - 0500 . (3)
c — NN

It is quite natural to expect that in the
case of process (1) (when incident particle
is n-meson) o  must be

o ~ 05 agk . (4)

c

admits the estimation of cumula-



As the invariant density of the inclusive
spectrum for the process rm+p-»K° X (in ac-
cordance with the hypothesis of identity)
we have used the data obtained in ref. /6/,

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

Now let us pass to the creation of cumu-
lative A° -particles. In ref./? we have
already made the crude estimations for the
process/7/

7+ A —>A°+X. (5)

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

In recent work/5 there is larger and
more exact information on cumulative A° -
particles. The theoretical estimations were
performed in analogy with the case of K° -me-
son production. The data on the invariant
density for process = +p -»A°+ X were taken
from/6/,

Figure 2 shows the comparison of the mo-
del predictions with experimental data on
cumulative A°-particles for different an-
gular intervals in the backward hemisphere.
We see the agreement 1is 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
in ref./8/ for the A° -particle case. Hence

6

- ]
- ——
2001:06 /= /&
1 1 1 _*?:
00CL+ 001
4 1 4 +
08L=02t  +/ "
— i 1 i i
NO S ‘:‘2 '."‘c2
2,_/\?9/ Ej 9[11 dep/g EPB

600

400

200

)

kin (MeV.

T

The spectral-angular characteristics of cumulative K°-mesons.

1.

Fig.



,08L = 0ZL

kN

+

——

i
oN -— < «—
(=
= = - e

NP/ g ‘dep/o-p3

300 400
Txin (MeV)

200

100

A® -hype-

The spectral-angular characteristics of cumulative

2.

Fig.

rons.,

there are no reasons to state that the ap-
pearance of A° ~-particles is caused by the
rescattering mechanism.

3. THE CUMULATIVE PARTICLE PRODUCTION
AT HIGH ENERGIES

In paper /2 the estimations of cumulative
7 -meson yield for P® > 10 GeV/c have
been made, in particular for the process /9
p+Tao->n(0 =180°) +X (P™ =28.5GeV/c) . (6)

P
The analogous estimation may be obtained

for the process:
7+ C o (0 >90° +X; (P -40GeV/c) . (7)
[

From these estimations one can conclude that

o_ (P">10GeV/c) = const(P™ ) = 0.5 0™ (8a)

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

T o=r /S "o = 5GeV-cssec . (8b)

(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
largeln -particle production calculation has
been made for the process:

p+Aon(p, lage)+X (P:)°=300‘GeV/c). (9)

1



In this case the better correspondence
.with experiment takes place when:

o =0.2% gin |
e pp (10)

76 =15 ‘GeV- c*'sec .

For details of these calculations see ref.mA
There also an argument is given that at high
energies the parameter set (l0) has some
advantage over the parameter set (8a,b).

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

First, in (6) and (7) the initial energies
are not very different from that (EIm ¢
< 10 GeV) interval in which the most of
present experiments have been performed.

Second, the estimations of the inclusive
cross section of 7 -meson production with
large p at pi. 300 GeV (see ref./? )
are pergbrmed for the process occurring under
the conditions which, strictly speaking, are
not equivalent to those for the pure cumu-
lative process: the observed p; values are
not kinematically forbidden also in NN -in-
teractions. Therefore the parameter set@a,%)
obtained in this case cannot be considered
to be reliable,

Third, it is desirable to obtain the re-
sults not only for 7 —mesons, but also for
other heavier particles, i.e., to give pre-
scriptions for the gqualitative composition
of cumulative particles and its dependence
on energy up to very high values (EiB400 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.
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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:

RX‘) (0=180°, T =const; P ) =F(x_) w‘:’ ) (11)

which are the partial inclusive cross sec-
tions of particle production on nucleus A ,
with kinetic energy T,in n-th order of cumu-
lation at 9 = 180°.

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

W(:):const,(Pin), ' (12)

that is, for W?) we can use the results ob-
tained in paper/%2/, Let us choose the fol-
lowing conditions:

A= 208 ( Pp-nucleus), T= 0.2 GeV

(13)
The cumulative particles are 7 -me-
sons and antiprotons

and the F(x) will be functions given in
ref./0/ {(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 Wéﬂ

and x{p)(pin) are given. Figure 3c shows
the behaviour of R{D) ( 0=180°, T~ 0.2 GeV,
pin ) obtained from the data in Figs. 3a,b
and Fmp)(x) which falls very rapidly with
increasing x (ref./10/ ).

We see that in contrast to the case of

7 -mesons for which the function R has
the asymptotical behaviour even at momenta
Pin > 5-8 GeV/c, such a regime takes place

for the antiproton production only at Pin >
< 70 GeV/c.

Besides for [R]_ =3 [R(“)]~ we have
P n P

[R(P™=70GeV/c) 1. /[R(P™=8GeV/c)]- =103 .

The small R ggr antiproton pioduction
at initial momenta equal to several GeV/c
is caused (see Fig. 3) both by large X, and
by small cross sections W@ contributing
effectively at these values 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 >z ,K ,D(6=160° + X ,
. (14)
P;“ =.400GeV/ ¢

in two variants:

Figure 4 is for the parameter set (8a,b)
and Fig., 5, for the parameter set (10).

As it was pointed out in paper/%/ at
E® - 400 GeV the set (10) seems to be prefe-
rable.

13
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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,/2/ yields

<r> =~ 0.6 fm ~ the hadron size (15)
for 7, obtained from (l10) at Pin = 400 GeV/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 1is distributed over the hadron volume
and whose decay may be described thermodyna-
mically

The same evaluation for the parameter set
(8a,b) will produce for <r> the value three
times smaller as compared to (l1l5). Hence in
this case we would deal with the situation
appropriate to gluon and gqguark 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 p -par-
ticle production ( m_g 6~-7 GeV/c) 1is not
yet guaranteed at Pin = 400 GeV/c

The above-mentioned arguments show that in
this very preliminary study of the problem the
parameter set (lO) seems to be preferable
for process (14) at P®"_ 400 Gev/c.

16

It stands to reason the decisive factor
is the future experiment.

To complete this discussion note that we
have obtained also the spectra of z7— , K7~ -me-
sons and P antiprotons in process (l14) in
both variants and at other angles in the
backward hemisphere (up to 6 =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 Pirn < 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 z =, 7' - ,
Kt -mesons here K° -mesons and A° ~hyperons
have also been studied).

Hence, in this range the picture/hz/ ap-
pears to be universal,

2, The questions concerning very high
energies are considered. The estimations-
predictions are made on the behaviour of
the gualitative 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 ©f the cross sectionaC(Ein 400 GeV).

17



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 1interesting problems, since, in
principle, at such high energies there can
arise the necessity in model modifications
caused by hadron structure details.

REFERENCES

1. Kalinkin B.N, et al. JINR, P2-1Q0783,
pP2-10784, P2-10785, Dubna, 1977,

Acta Phys. Pol,, 1978, B9, No. 5,
p.375,385,393.

2., Kalinkin B,N, et al. JINR, P2-11621,
P2-11622, P2~11802, Dubna, 1978.

3. Gorenstein M.I. et al, YaF, 1977, 26,
No. 4, p.788.

4, Kalinkin B.N,, Shmonin V,L. JINR,
P2-11380, Dubna, 1978. 2Z.Physik., 1978,
A238, p.227.

5., Leksin G.A.,, Smirnitsky A.V. Pizma JETP,
1978, 28, pp. 97, 179,

6. Aleshin Yu.D. et al.YaF,1974,20,No.5,p.937.

7. Vorobjev I.I., et al, Pizma JETP, 1975,

22, p.390,

8. Efremov A,V,, 1978, YaF, 28, No. 1, p.l1l66.

9. Angelov N, et al, JINR, P1-11951, Dubna,
1978, Hayashino T. et al. Lett.Nuovo Cim.,
1976, 16, No. 3, p. 71,

10. Radkevich I.A. Elementary Particles,
part III. Atomizdat, M., 1973,

11, Cambridge B.L. et al. Phys. Lett., 1977,
70B, No, 2, p.234,

Received by Publishing Department
on January 26 1979,

18



