Concerning one mechanism of “cumulative” meson production

L. A. Kondratyuk and V. B. Kopeliovich"

Institute of Theoretical and Experimental Physics
(Submitted November 15, 1974)
ZhETF Pis. Red. 21, No. 1, 88-91 (January 5, 1975)

It is shown that the mechanism of high-energy pion production (E ,> E ;/2) by deuterons, wherein
the pion produced by one of the nucleons acquires additional energy by scattering from the second

nucleon, plays an important role at nonzero components k .

The production of 7~ mesons by accelerated deuterium
nuclei was observed in the experiments of 2!, and the
pion energy greatly exceeded half the kinetic energy of
the deuteron (x, > 0,5). Calculations'?! have shown that
the contribution of the simplest mechanism, the im-
pulse approximation with allowance for the Fermi mo-
tion of the electrons in the deuteron (see Fig. 1), is in-
sufficient to explain this effect,

In this paper we consider the mechanism of cumula-
tive meson production by deuterons on nucleons, where-
in the pion produced by one of the deuteron nucleons
acquires additional energy as a result of scattering by
another nucleon (Fig. 2). We consider the case E>» m,
where E is the energy per nucleon of the deuteron and
m is the mass of the nucleon, It is convenient to change
over to the deuteron rest system, in which the cumula-
tive v mesons with 2, <m are emitted in the rear hemi-
sphere, '*! and the kinematic boundary for the pions
produced in NN collisions takes the form %(1 + cos#)
< 2m, whereas in Nd interactions we have k(1 + cos#)
< 2m (6 is the angle between the momenta of the pion
and the incident nucleons, 8=0 for pions emitted back-
ward; we neglect the 7-meson mass), It is easy to veri-
fy that if no allowance is made for the Fermi motion of
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the nucleons in the deuteron then the allowed region for
the pions expands as a result of rescattering by a
second immobile nucleon: % < m/2[1 - 5in(6/2)]. The
ratio of the pion and deuteron momenta in the deuteron
rest system is x, =%(1 + cosf)/2m and can reach values

zr;ax - _;_ 1+ sine/z). (1)

Since k, =k sind, the boundary of the allowed region
lies farther the larger k,. At 2,=0 and E>m, the
limit of the region does not change in comparison with
that obtained for the reaction NN~ 7... .

Inside the allowed region, and sufficiently far from
its boundary, one can neglect the Fermi motion of the
nucleons in the deuteron when calculating the differen-

FIG, 1.
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FIG. 2.

tial cross section for pion production. Taking into
account only the contribution of the real pion in the
intermediate state to the matrix element corresponding
to Fig. 2, and neglecting the dependence on the mass
of the virtual nucleon in pN— 7 ..., we obtain:
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(see Fig. 2), R is the radius of the deuteron: 1/R?
= [ p{4p)*p dp where p(p?) is the form factor of the
deuteron, In the Gaussian parametrization we have R?
=66 GeV2,!*! We see that at x, 0.5 (A=0) we have 0
<y <1, i.e., practically all the values of M2 make a
contribution, When calculating the quantity
3
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it must be borne in mind that three different processes
contribute to the dp —~ 7~ reaction: pp = n~... with sub-
sequent scattering mn— 7"n; np — 7r~... with the scat-
tering n°p —~ 7°p, and also pp — n°,.. with charge ex-
change 7%z — mp. Since the fragmentation n—~ 7~ (or,
equivalently, p —~ 7*) is 4—5 times more probable than
p—a~,5 " and p—~ 7° " is 1,5 times more probable
than p — 77, it is clear that allowance for the reactions
np—n... and pp —~17°, .. is very important in the cal-
culation of 7.

Near the boundary of the allowed region, and outside
the limits of this region, it is necessary to take into
account the Fermi motion of the nucleons in the deu-
teron, Let

1 .0
xd:_i_ (l+sxn—‘))+r; 0 e<< 1.

For the contribution made to the cross section by the
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diagram of Fig. 2, we obtain at 6> m/E, mR™:
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P(p)= [0 (p')dp'?, where ¢(p) is the wave function of
the deuteron in the momentum representation,
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for a Gaussian parameterization, and y=1—[1 —sin(6/
2]qn/m.

The integration region in (3) is given by:
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As expected, the miminum value of the Fermi momen-
tum is characterized by the fraction ¢ going to the for-
bidden region.

At =0, in the sense of the dependence on the Fermi
momentum, the mechanism of Fig. 2 has no advantages
over the impulse approximation: p_,, = 2me =2k —~m.
This means that measurement of the effect at 6=0
would make it possible to separate the high-momentum
components of the wave function of the deuteron up to
p~m. Calculation by means of formulas (2) and (3)'®
shows that the mechanism with rescattering of the pion
leads to a value n=10% at x, ~0,6 and k, =0,5 GeV/c,
which is somewhat smaller than in the experiment
of'™2!_ A detailed calculation of the effect will be pre-
sented in a more comprehensive article. It must be
borne in mind that at finite energies the kinematic
boundaries differ noticeably in form from the asymp-
totic boundary (at E£> m), namely:

m
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in the reaction pN—~17-,..;
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nucleon, where b= (E+m)/(E —m). It is easy to verify
that when the energy is decreased the kinematic bound-
aries for the processes pd — 7... and the process with
rescattering by the immobile nucleon come closer to-
gether, i.e., the latter becomes more appreciable,

We note in conclusion the following feature of the
considered mechanism: at fixed x, > 0.5, the effect in-
creases with increasing &, since the boundary of the
allowed region is approached from the outside. This
phenomenon is in qualitative agreement with experi-
ment, (1,21
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