injection of heavy particles. The condition aplasma > ak ~ Za/m shows that the quarks are
non-injectively accelerated in such a medium only if the same is ensured (with a margin by a

factor m /mN) for the protons. However, can be large: when n ~ 1072 we get mp

“plasma lasma
~ Zz(mN/m)2 x 10”9y sec™!, which can readily yield @ t_ >> 1, Therefore if the excess

of heavy muclei is connected not with the predominantl?i?ZCSion for 72/A > 1 but with the
increased sbundance of heavy nuclei in c.r. sources, and if the acceleration is ensured by
plasma waves, then the quarks will also be effectively accelerated by this mechanism, so that
¢ may reach ~10"11,

Let us summarize. We can expect the primary flux of cosmic rays to contain quarks,
especially in the low energy region, Eq/chz < 10. The ratio ¢ of their flux to the proton
flux can be smaller than the average relative concentration of cold guarks by several orders
of magnitude, & ~ 10-15 mN/m (see items 2 and 3), but can also reach (or even exceed by one
order of magnitude) & ~ Q ~ 10-11  for example if the c.r. acceleration is by the statistical
non-injective mechanism (items 4 and 5).

Experiment [5,6] has yielded so far & < 1078, The quarks can hardly be detected if
Iq < 1071t - 10712 om-2gec-l. It would be important to make further progress in the region
of low intensities, paying particular attention to quarks having relatively low energies.

In conclusion, I thank V. L. Ginzburg, Ya. B. Zel'dovich, S. B. Pikel'ner, and V. N.

Tsytovich for interesting discussions.
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In calculating the pion production reaction in nN collisions in accord with the Chew-Ilow
diagram, it is customary to take into account in the nn scattering node only the direct chan-

nel [1], corresponding to the “coalescence” of the pions into a p meson and decay of the
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latter. This leads to the notion that the concrete cross section of n'n” scattering must
also reach the unitary 1limit at the p-meson resonance point. However, besides the direct
channel there are also annihilation channels, allowance for which, as will be shown presently,
noticeably alters the expected characteristics of nn scattering.

To take the annihilation channels into account, we can use the model of nw interaction
via p-meson exchange [2,3]. The method of the paper by Afonin and Granovskii [3) makes it
possible to calculate the concrete cross sections for nn scattering, and we chose for concrete-
ness in this paper, from the very outset, the reaction wfn” + xtxm. The amplitude of such a

process is expressed in terms of the amplitudes with total isospin T = 0, 1, 2 as follows:

M= 2@ - 3 + ). (1)
Retaining only the § and ? waves in the partial-wave expansions of isotopic amplitudes, we
can write

o(x*n= » x¥n7) = (¢/962) R + &/3), (2)
where

A =% sin? 83 + sin® 88 - L4 cos (&8 - 83) sin 83 sin 63,

¢ = 81 sin? &i,

d is the phase, the upper and lower symbols designate the total isospin and the orbital
angular momentum, and E is the c.m.s. momentum. Were we to take only the direct channel into

account, we would have in lieu of the cross section (2)
> >
o = (4n/q®)(C/27) (3)

which is equal to the unitary limit (117 mb) for the P wave at the point W& = p2 = 30p® (W is

the total c.m.s. energy). We see (Fig. 1) that when the annihilation channels are taken into

account the cross section o(ntn~ » ntx”) does not reach this unitary limit. If we use for the
coupling constant the value [3] (72/1m)pmr = 1.5, vwhich corresponds to a resonance width

I' = 150 MeV, then the cross section of the reaction nt +
out to be ¢ = 32 mb, and the width is I = 180 mb, which does not contradict the available ex-

perimental data [4] obtained by the Chew-Low method [5].

%+ n'w  at the resonance point turns

O(T==T*1").mb

30 ( ao mb
d;uﬂa%m.'
20 [
0 1 /_\
- 0 ) 1 i L
[ 1 1 J00 700 90
500 700 300
Myqr, MeV Man, MeV
Fig. 2. Differential cross section

Fig. 1. Cross section of the reaction (do/d cos 6)g=gp° for the reaction
atn” > atae. 7t > qtam.
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Favoring the inclusion of the annihilation channels of nn scattering is also the pre-
sence of an 8 wave in the p-meson resonance region. This causes the differential cross sec-
tion do/d cos 6 at 90° not to be equal to zero (Fig. 2), as would be the case if only the
direct channel were taken into account, but to have the form of a broad peak with a maximum
of the order of 2 mb, located very slightly below the p-meson resonance, in gqualitative agree-
ment with experiment [6].

I am grateful to P, A. Usik for a useful discussion.
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ERRATA

Article by I. M. Barkalov et al., v. 3, No. 8
On p. 201 lines 26-27 instead of V = O.74 with Vo = 0.62 cm®/g read V = o.7uvb = 0.62
em®/g.

Article by Yu. V. Gulyaev and E. M. Epshtein, v. 3, No. 10.
In formula (4) on p. 269 read I'(5/2) instead of I'(s/2).
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