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Anagaueunn 5.C. » ap. El - 12350
oocTpamcTBeHWsE KOPRENRUWMM 8 Deakuwm pd .ppn

YTNOBHE DaCMDERENeHUA M KOPPEAAUMM BTODMUHBIX uU3CTAL B peaKiMU
Pa3Ranrad 0efTPOHA NPOTOHOM rMou umnynwce 1,67 FaB/c MCCNEROBAHN HA
SKCMEPUMEHTANEROM MATEPWANE, NONYJYeHHoM =3 100 ‘cm B040RCAKOR NY3bibb—
KOBOW Kamape, obnyueHHOl AeliTooHaMU. Norkesawo, uto 8 obnactu MMNY =
€2 HYKMOHA~CPEKTATODA, HKUHEMATUUCCKY 3ANPEWEHHONH ANA KBAZMABYXUACFUU~
HOro s2aumoneRcTenmA /K3D/, mexarusm npouecca moweT GMTh OnMcaM TRey-
FONLHOM AWMBIrDaMMO ¢ 2036ymaenren wsobape A (3,3) B MPOMERY TOUHOM
COCTORHMM. [IDOBEREHO CPABHEHME ICMEDUMEMTANSHLX AAHHBX C npeacKasa-
HUAMM MOLGNM NEPERACCEAHWA. BLIACHEHD, WTO BLIXOL BTODMUHMLIX wacTuy B
K30 'CBR3AH ¢ ®ECTHMMM KMHEMATHUACKIMU OFPEHUUGHUAMN HE MEXZHUSM pe~
axkuuu. CBHapyseHs <OPDENAUMA MEAY 33umMyTansHelmn YPNEMM HYKNOHOR,
COrnacHo KoTopol B K30 ORTUMANbHWM OK33HBAETCA DACNONOKEHME UMY Al
COB BCEX 4aCTULE B OAMOW NMNOCKOCTH,

PafoTa Buronwena g NaBoDaTOPMKU BLICOKuUX ameprui OWAK.

fpenpunt OB6veNwHEHHOI 0 MHCTHTYTA SACPHEIX KCCAGAGBAMHI. Ov6ra 1978

E1 - 12550
Aladashvili B.S. et al.

Space Lorrelations in the Reaction pd -ppn

The anguiar distributions and corrstlations of secondary particled
in the reaction of deuteron breakdown at a momentum of 1.67 GeV/ic
have been investigated using the experimental data obtained from the
100 cm hydrogen bubble chamber exposed té deutercns. In the region
kinematically forbidden for quasi~two-particle interaction (KFRY, the
mechanism of the process can be described by the triangular diagram
with the excitatior of the A{3.3) isobar in the intermediate stata.
The experimental resuits are compared to rescattering model predic-
tions. tt has been-found that the by-product of secondary particles
s due to hard kinematical restrictions on the reaction mechanism.
According to the correlation betwsen the azimuthal angles of nucleons
the disposition of the momenta of a!l particles at the same plane is
optimal in KFR,

The investigation has been performed at the Laboratory of
High Erergies, JINR.
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Recently the processes of producing on nuclei particles
with momenta, kinematically forbidden for interaction with
a single nuclecon of the nucleus,have aroused interest in
the hope of obtaining information on the behaviour of nuc-
lear matter at small distances. The case of the simplest
nucleus—-deuteron is particularly important when thecretical
interpretations are connected with the description of many-
particle states of heavier nuclei. A theoretical search for
new approaches to the description of many-particle interac-—
tions has led to the fact that a study of inclusive proces-
ses with secondary particle production in the kinematically
forbidded region (KFR) 1.2/  is assumed to assoclate with
the hypothetical mechanism of amalgamation of a few nucleons
in the cluster formed in the process of interaction/3“5/ or
existing in a ready form in the nucleus. In the latter case
by the cluster is meant both the superdense state of nuclear
matter (fluctuons) -8’  and the anomally rigid correliation
between nucleons in the nucleus ’9-12""  From anothe point
of view these processes are connected with the existence of
the relativistic state of nucleons in the nucleus /13147,

The division of models intc categories is conventional enough.
As an illustration, it is possible to cobserve in paper 11/

the evolution of theoretical interpretation of the results
obtained by the authors.

As it follows from the representation of colliding "par-
ton jets” 715/ the reactidn under study of the deuteron
break—-down is convenient since the cluster mass 1is fixed,
i.e., both nucleons are united to one 6-qguark cluster
(Fig. I.1).

From the traditicnal point of view of the nucleus as a
system of weakly bound nucleons, the particle production in
KFR is explained by the gradual rescattering of nucleons oOX
particles produced on nucleons of the nucleus’/16-22/
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Fig. 1.2. Diagrams of the rescattering model:
a) elastic interaction, b) interaction with isobar
production in the intermediate state.

The diagrams for the reaction pd > ppn aré given in
Fig. 1.2. Figure 2 presents the experimental data’2%/ pub-
lished elsewhere* , together with the theoretical curves
caleculated according to the model of rescattering’moj. The
accuracy of such calculation is limited by a poor knowledge
of necessary information on elementary amplitudes,mainly on
relative signs of amplitudes in various spin states or, as
in papers/24.2%/ on the hypothetical off-mass shell depen-
dence of the amplitudes. Estimating the created situation
when the class of reactions with particle production in KFR
is studied, one should agree with the opinion /2%’ that the
question concerning -the mechanism of these processes cannot
be solved by investigating inclugive spectra, and it is of
special importance to obtain all information on the reaction,
in particular by means of track chamber experiments. The
performed studies of the Treiman-Yang angle (TYA) correla-

* Paper/zaf bresents the experimental spectra integrated
over the angular interwvals AQ=2r AZ,where AZ is the interval
of cosine of the flight angle of nucleon-spactator.

4



‘O\td'.
=l e

wro

03 0.2 03

A
R(BGevic)

Fig. 2. Spectrum of the proton emitted backward in the
interval -1 < 7 < =2/3, where Z = cos 353 S|

is the process with single and double interaction; 6 1is
the process with the production of isobar A (3.3). The
theoretical curves are taken from paper /187

tions of secondary particles in the reaction of deutercn
break—downfz?f show a good agreement between theory and
experiment in the regicn of guasi-two-particle interactions
(pS < 0.2 GeV/e, where p is the momentum of nucleon—-specta-
tor). In that region where the contribution of the triangu-
lar diagram (Fig. 1.2) is significant, a sharp increase of
the TYR-asymmetry is predicted by the model of rescattering
/28/  In the relativistic case this correlation converts

to the correlation between azimuthal angles of secondary
particlesfzgﬂ The indicated asymmetry means that momentum
vectors have a tendency to be at the same plane. Such a si-
tuation, as shown in paper/w/, is typical for any nucleus
with particle production-in KFR due to gradual rescattering,
In the same paper it is shown that in the process of elas-
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tic rescattering the optimal rotation angle in a Separate
act, A0, must be near ¢,/n, where Us is the flight angle

of the spectator in KFR and n is the interaction multiplicji-
ty. The resonance excitation in the intermediate state leads
to decreasing the rotation angle in that act which the
resonance is produced. Consequently, typical maxima corre—
sponding to processes with different scattering multiplici-
ty must be observed on ilight nuclei in angular distributions.
The secondary interaction camouflages this effect on heavier
nuclei when nucleons leave the nucleus.

In studies of space correlations ~ne should take into
account the circumstance that on the kinematical boundary
each many-particle reaction converts to guasi-two-particle
reaction se that all the particles, except for the separa-
ted one, fly in the direction opposite te the latter, and
their relative momenta are close to nought.

The space correlations, predicted by the model of rescat-
tering, are due to rather rigid kinematical limitations on
the transfer of energy and momentum in a row of successive
collisions which are necessary for particle ejecticn in KFR
so that the energy is transported with minimal losses. The
optimal trajectory of the nucleon, scattered in the nucleus,
is a plane convex broken line. One of the consequences of
the model should be the decrease of 7 -meson production
with increasing the nucleon momentum in KFR. The formation
of free mesons should be suppressed in the process of resc-
nance excitation in the intermediate state 197 kinematical-
ly profitable for particle emission in KFR, when the energy
of excitation is absorbed. The radiation of free mesons is
possible in the first act. The region of secondary particle
momenta, beginning with which the suppression cccurs, shifts
to the kinematical boundary with increasing the primary par-
ticle energy. In the region of high energy {py . 10 GeV/e) at
small rescattering multiplicities the production of mescns,
associated to nucleons in KFR, is possible not only in the
first act, and, consequently, it can exceed the production
of pions in the elementary process. It is worth noting that
on nuclei heavier than the-deuteron the picture is complica-
ted by the effect of resonance meson absorption.

In the models8-5%' the production in KFR must be accompa-—
nied by higher associative multiplicity of 7 -mescons.

The important role of triangular diagrams with resonance
excitation in the intermediate state in the mechanism of ele-

mentary particle scattering on nuclei has been determined in
pages < 10-25.30-36/
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One can observe the peculiarity, presented in Fig. 2, in
the inclusive spectra of nuclecns /16,26,37/ flying out of
nuclei in KFR at the same energy | Eo=80MeV). As shown in
papers /17,18-22/ gsuch peculiarities are the result of re-
sonance excitation. The same peculiarity is observed in the
spectra of @ —mesons 2338/ yhich is shifted with respect
to its position in the nucleon distribution. The fact that
the ratic of the production of mesons to that of protons
/2,39,40/ js glightly larger than 10 ~2? agrees with the assump-
tion of the predominance of the mechanism, which corresponds
to the diagram in Fig. 1.2, with subsequent rescnance decay.
From the same diagram it is easily seen that in KFR the pro-
duction of neutrons in the studied reaction of deuteron break-
down amounts to the experimentally confirmed value which is
equal to 1/5 of proton production.

As noted in. paper 20/ the investigated three-nucleon me=
chanism forms the basis of many interaction processes invol-
ving nuclei with particle production in KFR.

1I. The data given below have been performed in an expo-
sure of the 100 cm hydrogen bubble chamber to deuterons with
a4 momentum of 3.33 £008GeV/¢ which corresponds to the pro-
ton momentum in the deuteron rest system ( 4 -system) at
1.67 GeV/c. About 5x10%dp interactions were taken, and among
them 21700 pd ~ppn events were identified. The slowest nuc-
lecn in the d -system is regarded as a spectator. In the
d ~system, two slow nucleons are formed with strongly diffe-
rent angular distriburions (Fig. 3). The angular distribution
of spectators (s) in the region of small momentum transfers
is almost isctropic and in KFR it is anisotropic.Anisctropy
increases with increasing the’ spectator momentum. The dec—
rease of the production of particle—spectators is specific
to the angular distribution as emission angle increases 740/,

The angular distribution of m- and f-nucleons indicates
a guasi-elastic nature of interaction. The angular disrtibu-
tions of the f-nucleon is sharply stretched forward and
weakly dependent cn mcmentum transfer.The bell-shaped angulaxr
distribution of the second slow nucleon (m} alsc weakly chan-
ges with momentum transfer but the maximum position shifts to
the regicn of small angles with increasing the spectator ki-
netic energy Tg.

The division of nucleons into categories £, m and s does
not become single-valued in those cases when two nucleons
are emitted with relatively close momenta.

The dimensionless variable % =Tg/ T,z s), where T ..3
the maximum kinetic energy of the particle flying out at

s
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angle ¥, to incident proton momentum Py is convenient as
the inclusive spectra over this variable are independent of
the emission angle of particles, and the simple condition

x> 1/2) can be compared with the producticn in KFR tc a
good approximation.Accuracy of this condition is limited
by the fact that the inclusive spectra are overlapped in
KFR and in the region permitted for the quasi-two-particle
reaction.

The production of 7 -mesons versus x of the spectator
{the data for the reaction pd »ppps~ are shown in Fig.4)
supports the above-mentioned predicticn of the rescattering
model,. and the sharply forward-streched angular spectrum
of mesons {Fig. 4b) corresponds to that of the binary reac-
tion. f117

Paper prasents the effective mass distribution of
m- and s-protons in the charge exchange reaction pd »n(pp)
for the quasi-elastic region and outside it. In the latter
case the effective mass spectrum is concentrated in the re-
gion of formation of the A-iscbar, and at the same time
the two-particle correlation is found between the emission
angles of protons: they are emitted in opposite directions.

The distribution over mass M‘a_{Em E, —m)? - —(pt pb}z,
presented in Fig. 5, can be a direct confirmation of the
mechanism of the investigated reactlon (see Fig. 1. 2) The
" spectrum maxima are clearly seen at Mx m? and M? Iﬁk in
XFR. The formation of the A -iscbar in the reaction pd.ppn
leads to tHe mechanism of the diagram in Fig. 1.2k in the
only manner.

The two-dimensional scatter plot of the nucleon azimuthal
angles. (Fig. 6), presented in Figs. 7.8,9, show three-par-
ticle correlations for various intervals at the variable X.
In the presented data the plane of the reaction is deter-
mined through two vectors (pB sPe ). The azimuthal angles
of particles f and m are counted relative to the spectator
s. As our studies have shown, the determination of the re-
action plane through the couple (pB,[% ) leads to identi-
cal results.

" The correlation, which is typical for the binary inte-
raction, is observed in the region x <02 (Fig. 7). As is
seen from Figs. 8,9, the picture in KFR is changed. Nucle-
ons f and m are emitted mainly at large angles relative to
the spectator. At the same time the momentum of relative
motion (Fig. 10) of £ and m is still large ( -~ 1 GeV/c) and,
consequently, the greater part of events is far £rom the
kinematical boundary of the reaction.
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The particular case of two-particle correlations has
been recently investigated '41.427,

These results are in ag-
reement with our data.

The angular distributions of events between the plane

(p; + Py ) and the reaction plane are presented in Fig. 11.
The correlation, observed at x-0.2, corresponds to the pre-
viously investigated TYA~correlation 727/ presented in the

d -system, and demonstrates the planar correlationfig/ at
X > 1/2. The determination of the reaction plane loses the
sense for the spectator emission angle equal to 180" , and,
as is seen from the presented data, the correlation decrea-
ses near this angle. Two other effects, predicted in papefqg/
and discovered experimentally’40.43,44/  are related to the
investigated effect of planar correlations. One of them is
"the effect of focusing"/19.20/ consisting in that the in-
clusive cross section in KFR ceases to decrease’ %Y with

15
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increasing the angle in the region of angles 160°- (80° ag
at the same time the region of permissible azimuthal angles
of particles, associated with the spectator, increases. The
second effect is the increase of the polarization of secon—
dary nuclecns with increasing their momenta 748,44/ that is
in contradiction to the prediction of the model of local
interaction 745/,

III. The correlation, described in this paper, has been
studied at a high energy (pg= 1.67 GeV/c) of the primary
particle, i.e., in that region where the compton wave length
is much smaller than the distance between nucleons in the
deuteron.

The investigation of the processes of interaction of ele-
mentary particles with nucleus gives the basis for the con-
clusion that the wechanism of rescattering is very important
in the reaction with particle production in KFR.

16



The results, presénted in this paper, show that the pro-
perties of the observed correlation are not so simple as one
could expnrct from the orthodox model of elastic multiple
interactions’1%/. To elucidate the peculiarities of the me—
chanism of interaction of relativistic particles with nuc-
lei, it is required tc perform both experimental studies in
the region of high energy of particle-spectators {in parti-
cular, in the case when the resonance production cross sec-
tion is small) and numerical calculations in the framework
of the picture of multiple interactions. The divergence with
the predictions of this picture is of particular interest.

Experiments with polarized nucleons and nuclei are of
particular importance.

The processes of the type, being studied in our paper,
could give valuable information on the high-mementum compo-
nent of the wave-function in the case of a detalled calcu-
lation of all the properties of elementary amplitudes compo-
sing separate acts of rescattering. Unfortunately, a poor
knowledge of information on the amplitudes’of elementary
processes largely makes the implementation of this possibi-
lity difficulty.

In conclusicon the authors would like to express their
gratitude to A.V.Efremcv and V.B.Kopeliovich for useful dis-
cussions and to M.Filipkowski for her help in performing
the illustrations.
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