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It is shown that the sources of the “leading” 7* mesons in # N and 7 ~'*C
interactions, i.e., those that carry away the largest momentum in an event, are
the vector mesons with G parity plus one.

PACS numbers: 13.85.Hd, 11.80.Cr, 25.80. + f

In the study of the interaction of high-energy hadrons with nuclei, we observe
the so-called “leading-particle effect.” The main point here is that the largest mo-
mentum in an interaction is carried away, on the average, by a particle whose quan-
tum number coincides with that of the incident particle. Analysis of the experimen-
tal data shows, however, that some events have interactions in which the largest mo-
mentum is carricd away by a particle with the opposite sign, for example, 2 7 meson
when the primary particle is a 7~ meson. It is very useful to determine the mechan-
ism for formation of fast, “leading,” 7% mesons.

We have investigated the class of events under consideration, using the example
of 7°N and 77!2 C interactions at 40 GeV/c. The experimental data were obtained
in a two-meter propane bubble chamber. The method of identifying the n7p, n7n,
and 772 C interactions was described in detail elsewhere.! The results presented
below are based on an analysis of &~ 17,000 n7p events, =~ 6,000 n™n events, and
~ 17,000 77'2C events. In obtaining the data for 7”-nucleon (7~N) interactions, we
averaged the results for 77p and 77 n collisions over the nucleon target. An analysis
shows that in some of the 7™N and 77 12C events (28.9 £ 0.6% and 32.7 £0.4%, re-
spectively) the largest momentum in the interaction is carried away by a % meson
and, as we can see, this fraction is almost independent of the target.

[n a study of associative multiplicities of negative, secondary particles {r, -?
(more than 95% of them are 7~ mesons) in such events, i.e., processes of the type

7~ + N - ﬂ;eader + X, (1
= o+ 12C > ”IZader + X, 2

we found [see Fig. 1(a) and 1(b)] that the dependence of {ny-) on the longitudinal
momentum of the leading 7" meson P (msaqer) is not the same in the entire region of
investigated Pjj(mjpager) values—we can see in Fig. 1(a) and 1(b) that {nx-) decreases al-
most linearly with Pj(misger), but, beginning with P(mgager) > 18 GeV/e (xigb

=P|]|ab [P >0.45), the dependence is much weaker, i.¢., the average multiplicity of
negative pions associated with the leading n* meson changes slightly with X2° when
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FIG. 1. Dependence of {ny -> on Pu("leader) inwt N(a)and 772 ¢ (b) 1nteract10ns The solid and
dashed lines are the results of an approximation by the function(ny - =a+ b Pu("leader)

XE° (7}, 20er) > 0.45. This suggests that the sources of the leading n* mesons could
be the fast resonances (p°,f°, g, and w°) that are produced in the n°N and n~'2C

collisions.

To verify this assumptlon in the reactions (1) and (2), we investigated the spectra
of the effective masses M(n,eadern ) of the leading #* meson and of any secondary
7~ meson, which were produced in the interaction. The M(mhyqem) distributions
for the reactions (1) and (2) are shown in Figs. 2(a) and 2(b). The curves represent
the result of an approximation obtained by using the function?:

FLUC ‘leader

a5

BW, (M) + a BWM) + a,®(1,),

7 ) )=1(1- a, - ag - a, - am) D) + apBWP(M)

3)

where M= M(Tieager ™ )s dp, £, o aT€ the relative contributions of the resonances:
0°,f°. 8 »ntr, and w® »> 7wt nn®; (M, ) is the distribution function of the effec-
tive mass of (7 77) mesons from the decay of a #° meson, taking into account the
matrix element of the decay? ; ®(M) is the background distribution obtained from
the (Mjeaqer™™) combinations that were weighted in order to differentiate between
the leading 7% and n~ mesons in the spectra; and BW,, ;. o(M) are the relativistic
Breit-Wigner functions.? In the approximation of the experimental data the re-
sonance masses and widths given in the table were specified for the functions
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FIG. 2. Distributions of the effective mass M(nfeadetﬂ’) in the reactions (1) and (2). The curves
are the results of an approximation using Eq. (3).

BW,_ f, (M) and the distortion of these functions because of the experimental errors
in measuring M(meager 7 ) Was taken into account.?

As a result of the approximation (x?, the number of degrees of freedom, is equal
to 1.75 for the 7N interaction and 0.71 for the 7~*2C interaction), we determined
the average multiplicities of the resonances given in Table I with allowance for the
corrections of the decay modes. Table I also gives the fraction of the 7N and 7 12C
interactions in which X2°(nf,4er) =>0.45.

As seen in Table I, the average multiplicities of the p° and f° mesons, respective-

TABLE 1.
< mpo > <npe> | <nge> | <ngo> [o(ni‘eader, Xiap > 0.45)
9ot
7 N-0.52 +0.05 {0.34 +0.06 | 0,03 +0.02 |- 0,02 :0.04 0.051':0.,003
7 12¢]0.57 +0.1010.27 +0.07| 0.05 +0.06 | - 0.01:0.05 0.047 + 0.002
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ly, are identical, within the error limits, in the 7"N and n~*2C interactions, i.e., the
yields of fast p° and f° mesons do not depend on the target type. On the other

hand, the experimental data indicate that approximately 90% of all the leading 7*
mesons are produced in the p° > "1~ and f° »n* 1~ decays. Finally, the fact that the
average multiplicities of the w° mesons are equal to zero within the error limits indi-
cates that the processes (1) and (2) for X p(mjager) 3> 0.45 apparently occur as a result
of a one-pion exchange—in terms of this approach, the production of an w° meson is
forbidden by G-parity conservation, which is observed in the experiment. It must be
noted that the resonance yield does not change within a 10% limit when the coherent
and diffraction events are disregarded in the reactions (1) and (2).

In conclusion, we note that the slight absorption of fast particles produced in
hadron-nuclear interactions in some parton and multiperipheral models of hadron-
nuclear interactions (see, for example, Ref. 4) is explained by an increase of the for-
mation lengths I of secondary particles with an increase of their momentum P:
[;~PJm*, where m? ~(1-2) GeV?/c*. This means that the nuclear matter is trans-
parent to secondary particles with [/ >R 4 ~ryA4 1/3 (4 is the mass number and R 4
is the radius of the nucleus). The p° and f° mesons in our case are “newly produced”
particles with momenta P> 28 GeV/c. We can assume from the approximate equality
of their average multiplicities in the nucleon and nucleus that they are absorbed very
weakly in the nucleus (see Table I). The formation length of these mesons is equal to
more than 2.7 F, which exceeds the radius of a carbon nucleus (R¢ =2.24 F)—this
is consistent with the model assumptions.*

In conclusion, we thank V. S. Murzin for useful discussions and the participants
for their cooperation in the processing of photographs from the J.ILN.R., two-meter,
propane, bubble chamber.
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