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YHUBPepCanbHOCTE BEXTOPHEIX B3aAMOOEHCT BRI
B KyMyJAdTEBHOE 06pa3oBaHHe BEKTOPHEIX MEe30HOB

OTMeueHa BaXHOCTEL 3KCHEPHAMEHTANBLHOIO H3YYeHAs KYMYIATHBHOT O
06pa3oBaHus BEKTODHLIX ME30HOB B HHKJIOSHBHLIX peaKUHsx aApOH-R1EepHOr0
B3aEMOOEACTBAS DM BLICOKHX SHEPrHAX A7 MPOBEPEH AHEAMHYECKOTO nposiB~
JIGHHS COXDPAHAIOMAXCH KBAHTOBLIX YHCEN COr'JlacHO TeopEH fHra-Muanca
B BHACHeHHA BO3IMOXHOH pPOAM MHOrOGAPHOHHEIX KIACTEPOB B DeaKuHAX KyMy-
ASTHBHOrO o6pa3oBaHMs uacThu. B pamkax npyxxommnomenTHon MoaenA, yuu-
THBAKMEA "HEKOrepeHTHEIN” MEeXaHA3M AHCCOLUHAIHMH COCTABRASIOWAX KBapKOB
B °EKOFepeHTHbt” MeXaHH3M DeqKeOHHOro o6MeHa, faNa HHCMeHHAS OLEHKA
YCHAGHRA BbiXOAA © ~ME30HOB OTHOCHTE/BHO BLIXOJA 7 -ME3OHOB B KyMyis-
TEBHOA 06/1acTH, O6YCJAOBAEHHOI'D BO3MOMXHOH MPOMOPLHOHANLHOCTLIO aMﬁnn-
Tyan ¢parMeHTaUHM GApHOHHOrO KjaacTepa ¢ HCIYCKaHHEeM ®-MeapHa ero
rEAep3apaay B CapHOHHOMY YHCOY.

Pa6ota Bmnoanena B JlaGopaTopum BrLicokmnx amepruft OHFAU.
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Universality of Vector Interactions and the
Cumu.lative Production of Vector Mesons

We point to the importance of the experimental study of the

vector meson cumulative production and to a possibility of obser~

ving in these processes manifestation of the dynamic properties of
the conserved quantum numbers (isospin, hypercharge and baryon
number) suggested by the Yang-Mills theory,

The investigation has been performed at the Laboratory
of Theoretical Physics, JINR.
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The cumulative production of particles in
nuclear collisions is a powerful tool for studying
the structure and dynamics of nuclear matter at
small distances and is extensively investigated
at present/l"‘“_ The cumulative effect is most re-
liably distinguished from the other effects which
can simulate it (internuclear rescattering, Fermi
motion etc.) in the region of limiting fragmentation
of nuclei, The limiting fragmentation of nuclei

starts /1/ at energies corresponding to the
difference of the rapidities of a target Ya and a
fragmenting nucleus y which satisfies the condi-

tion |y,-y,|>2. This is in agreement with the idea
about the correlation length in the rapidity space
which is common for hadron physics and is well
confirmed by experimental data.

A large amount of experimental data on the
cumulative effect in the region of limiting fragmen-
tation of nuclei has recently been accumulated,
According to the condition |y, -y,|>2 the limiting
frasmentation of nuclei begins at energies
4 GeV/nucleon in nucleus-nucleus collisions and
at energies lower than 1 GeV in collisions of
light particles with nuclei. In these reactions, "
not only hadrons, but also leptons and even gammna
quanta and neutrinos were taken to serve as the
particles on which the fragmentation of nuclei
proceeds.

The aim of the present paper is to pay atten-
tion to the fact that it is important to study the
cumulative production of resonances and, in the



first place, of vector mesons (p , o, etc,) taking
into consideration a possibility of observing in
these processes manifestation of the dynamic pro-
perties of the conserved quantum numbers, Accor-
ding to the gauge principle of introduction of in-
teractions /%’ the local generalization of the internal
hadron symmetries leads to massless vector fields
the coupling constants of which must satisfy the
universality condition, i.e, must be proportional to
the appropriate quantum numbers., Following Sa-
kurai 8/ it is common use to identify the fields of
p, o and ¢ mesons with those gauge fields the
coupling constants of which should be proportional
to the appropriate isospin components and to linear
combinations (due to SU@) symmetry violation and
singlet-octet mixing of states) of the quantum
numbers B and Y. The mass of vector mesons
gives evidence for the violation of the local gauge
invariance of the theory. Nevertheless the experi-
mental check of the universality of the coupling
constants of p and o« meson yields hopeful re-
sults /789 within 20-30% the "Dirac" p meson-
nucleon coupling constant is in agreement with the
photon - , meson transition coupling constant and
the pnm coupling constant. The assumption on the
universality of the »w meson Regge trajectory residues
is also in satisfactory agreement with experiment ' 9,/
The application of the ideas of universality to
the vector meson cumulative production processes
is of double interest: firstly, from the point of view
of an additional check of the important dynamic
symmetry, secondly, as a tool for clarifying
a possible role of multibaryon clasters (i.e. virtual
states of the type of the quark "bag" with baryon
number B>2) in the cumulative particle production
reactions’!=% | The expected effect consists in
that in the region of nucleus-target fragmentation
there must be an essential increase of the relative
vield of vector mesons with increasing the order
of cumulativity (i.e. the minimal number of the
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nucleons of a nucleus nhecessary for the reaction
to proceed). The coupling constants of hyperneutral
vector mesons with a baryon claster, which are

a fragmentation product of this claster, must be pro-
portional to its baryon number, hypercharge or iso-
spin. The nhumerical values of these constants are
expected to increase with increasing number of
nucleons in the claster (the order of cumulativity).
The effect is expected to be stronger for @ mesons
than for p mesons due to the relatively large oNN
coupling constant and because of the fact that the
nucleon isospins are added as vectors while the
baryon numbers and hypercharges as scalars.

To decrease uncertainties in the analysis of
the data we suggest to consider the ratio of the
invariant inclusive production cross sections for
cumulative 7 and @ mesons,R_ /., in hadron-
nucleus collisions in the targel—nucleus fragmenta-
tion region. To estimate numerically the o enhance-
ment effect under discussion we assume the follow-
ing two-component model of meson production. The
inclusive cross section for the reaction a+b-c +X
is supposed to consist of two terms

1-2a
E 42 (ab-cX)=N(1-x,)" +C1-% 1) eff (1)
C dp

c B
corresponding to two different mechanisms: '"non-
coherent" dissociation of the constituent quark from
a fragmenting claster /1% (fig. 1la) and the "coherent"
part corresponding to the fragmentation of the
claster as a whole taking into account the Regge
exchange in the crossing channel which p.ossesses
suitable numbers and a maximum effective index

aert (0 (fig, 1b). _
In eq. (1) N and C are functions of the kine-

matic variables of the reaction under consideration
which are weakly dependent on the scale variable
Xp , the exponent n is assumed to be equal to
a value which is given by the quark counting for
the distribution function of valence quarks. The



Fig, 1. Mechanism of the "noncoherent" (a) and
"coherent" (b) ¢ meson production in the reaction
a+bsc X . .

exponent of the second term is chosen according
to the Feynman hypothesis’/!2/ about smooth
"sewing" of the inclusive cross section with the
appropriate limiting two-particle process the cross
section of which is parametrized by the standard
do 2 (aey - 1)
dt

In what follows we restrict ourselves to the
consideration of the simplest reaction involving
deuterons, The cross section for the reaction
P(8.6 GeV/c) +d -7 (180°)+X was recently measured
in the cumulative region’/1?/ and the data obtained
make it possible to check the applicability of
eq. (1) for the description of the cross section,
By fixing n=9 and agy =-0.75 it is possible,
on the basis of eq. (1), to describe satisfactorily
the experiment (see fig, 2) if it is assumed
N,= 105 mb/ster.GeV2Z and C,/N_=3,2x10"% ,
The numerical values of n and agqy correspond
to quark counting for six-quark system and the
effective Regge exponent of dibaryon exchange
Gy (B=R) =Ra, -1, where a, = 0,1:+0.15 is the

Regge mefhod:

Regge exponent of the A resonance trajectory lying

higher than the other baryon trajectories,
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PFig, 2. The cross section for the inclusive reaction
p(8.6 GeV/c) +d » 71(180°)+X. The continuous line
corresponds to the cross section parametrization
according to eq. (1) (see the text).

To describe the reactions
n (180°) + X

h+do | o (180°) + X (2)

m

C
we use the expression (1) with =2 zr-Cn/Nnnr
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and _szw_ = 0.4 which corresponds to the data tatively to the behaviour of this ratio for the
of ref.”/13/ dealing with quasi-inclusive 7 and o deuteron since in this region the two-nucleon, i.e.
meson production studies. ‘ six-quark clasters are of predominance. Fig., 4

To demonstrate the o universality and o enhan- ‘ gives a plot for R,/ (P,,,) as a function of the
cement effects we consider two cases: r=1 and “ meson momentum in the lab. system., The transition
r=4. The curves R’I/(UXF) as functions of the from Xgp to P,y corresponds to the kinematics
Feynman variable xyp are given in fig. 3, The , of the interaction of an 4 GeV/c initial pion with
straight line corresponds to r=1 , i.e. the absence ] a two-nucleon system at rest. Due to the difference

of the o effect, It may be expected that in the
range of the values of the cumulative number K <2
the ratio of the production cross sections for g
and ® mesons on heavy nuclei corresponds quali-
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of the 7 and w meson masses xp(y) < Xp () for
the same meson momentum in the lab, system, This
just explains the fact that the production cross
section forn mesons is larger than that for o me-
sons when p . (7)=p |, ). To the value r=4 there
corresponds the curve (b) on fis, 4, The manifes-
tation of the dynamic properties of the baryon
charge is seen to be clealy cut in the cumulative
region of @ meson production, A sharp increase
of R,I/w(plab) at P 1ap.> 0.45 GeV/c is explained by
the approach to the kinematic boundary, This boun-
dary is reached at lower momenta in the ® meson
production reaction, and here obviously Rr]/a)" o0

In nuclei with A> 2 the behaviour of R,/, will be
quite different, Due to the fact that three- and so
on nhucleon clasters become involved in the reaction
for which a relative increase of the o meson

yvield may be still larger (the enhancement factor
r=B*> 9 ) we should rather expect a further
decrease of R’y]/m with increasing Pi;p .

In conclusion we summarize the above ideas and
and make some additional remarks:

1. The experimental study of the cumulative
vector meson production makes it possible to check
a number of important hypotheses dealing with the
multibaryon dynamics and the hadron interaction
physics as a whole,

2. From the quantitative point of view the effect
of increase of the relative cumulative w meson
yield may turn out to be important,

3. The stidy of the v meson production as
a function of the atomic number of a fragmenting
nucleus is of great interest. If the predictions
of a number of models (see, e.g. ref./1) concerning
the increase of the value m in the functional de-
pendence A" with increasing the cumulative order
are valid,then due to the enhancement factor r=B?
the rate of increase of this value for ¢ mesons may
be larger than in the cumulative pseudoscalar me-
son production reactions,
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4. An additional possibility of obtaining
valuable information on the reaction dynamics is
provided by the measurement of the elements of
the spin density matrix of vector resonances.

5. It is also important to consider the reactions
closely related to the processes under discussion:
production of cumulative "direct" photons and
leptons, measurement of the p meson vield and
observation of the w-p interference in apprepriate
identical decay channels, etc,

6. The considerations based on the hypotheses
about the universality of tensor interactions and the
tensor meson coupling constants allow one to
expect an increase of the relative yield of tensor
mesons in the transition to the cumulative region,
In this connection it is interesting to measure the
ratio of the 7" and f meson yvields in the region of
fragmentation of nuclei. With increasing the order
of cumulativity this ratio can qualitatively behave
like that for the 7 and © meson vyields,

In conclusion the authors express their gratitude
to V.S.Stavinsky and M,N.Khachaturian for the
discussion of different aspects of the present paper.

REFERENCES

1. Baldin AM. Particles and Nuclei, 1977, v.8,
issue 3, p.429,

2, Stavinsky V.S, In: Proc. of the XVIII Internatio—
nal Conference on High Energy Physics, Thbili-
si, 1976, D1,2-10400, Dubna, 1977, p.A6-1,

3. Leksin G.A. ibid, p.A6-3,

4. Steiner H. In: Proc. of the 7th Intern. Conf. on
High Energy Physics and Nuclear Structure,
Zurich, 1977, Ed, by M.,P.Locher, Birkhauser
Verlag, Basel and Stuttgart, 1977, p.261.

. Yang C.N., Mills R,L. Phys.,Rev,, 1954, 96,
p.191,

8]

11



10.
11,

12,
13.

12

sakurai JJ. Ann. Phys., (N.Y), 1960, 11, p.l.
sakurai JJ. Phys.Rev.Lett, 1966, 17, p.1021,
Hohler G., Pietarinen E. Nucl Phys., 1975,
B95, p.210; Hohler G. In: Proc. of the

XVIII Intern. Conf. on High Energy Physics,
Tbilisi, 1976, D1,2-10400, Dubna 1977,p.A7-15,
Levinson C., Lipkin H., Wall N, Phys.Rev.Lett,,
1966, 17, p.1122; H Lipkin H, Phys.Rev., 1973,
D7, p.237.

Goldberg H, Nucl.Phys., 1972, B44, p.149;
Ochs W. Nucl, Phys., 1977, B118, p.397.
Feynman R.P. Phys.Rev.Lett,, 1969, 23, p.1415,
Baldin A.M. et al, JINR P1-11168, Dubna, 1977.
Bartke J. et al. Nucl.Phys., 1977, B118, pP.360.

Received by Publishing Department
on July 26, 1978,



