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The coherent inelastic processes of the type a — b, which may take place in the interaction of
hadrons and ~ quanta with nuclel at very high energies (the nucleus remains the same), are the-
oretically investigated. For taking into account the influence of the nucleus matter, the optical

model, based on the concept of refraction index, is used . Analytical formulas for the effective
Cross section o.on (@ — b) are obtained, taking into account that at ultrarelativistic energies the
main contributioninto o .o, (a — b) isprovided by very small transferred momentain the vicinity
of the minimum longitudinal momentum transferred to the nucleus. It is shown that the cross
section oeon(a — b) may be expressed through the "forward" amplitudes of inelastic scattering
fatN—b+n (0) and elastic scattering forn—a+5(0), foyn—o4+n(0) ON @ separate nucleon, and
it dependson theratios L,/ R and L,/ R, where L, L, are the respective mean free paths in the
nucleus matter for the particlesa, b and R isthe nuclear radius.

The above formalism may be generalized also for the case of coherent inelastic multiparticle
processes on a nucleus of thetype a — { b1, b2, b3....b; } and for the case of coherent processes at
collisionsof two ultrarelativistic nuclei.
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1. Momentum transfer at ultrarelativistic energies and coherent reactions on nuclei

It is known that at ultrarelativistic energies the minimal longitudinal momentum, transferred
to a nucleus, tendsto zero, and in connection with thisthe role of coherent processes increases.

Let f.+n—b+n(Q) bethe average amplitude of an inelastic processa+ N — b+ N on asepa-
rate nucleon in therest frame of the nucleus (laboratory frame). Here g = k;, — k,, isthe momentum
transferred to the nucleon, k,, and k;, are the momenta of the particles « and b, respectively. In the
framework of the impulse approximation [1], taking into account the interference phase shifts at
the inelastic scattering of the particle a on a system of nucleons, the expression for the effective
cross-section of the coherent inelastic process« — b on anucleus can be presented in the form:

70> 0) = [ |fosvoen @F P(@)d. (L)

where d€2,, isthe element of the solid angle of flight of the particle & in the laboratory frame, and
the magnitude P(q) has the meaning of the probability of the event that at the collision with the
particle « all the nucleonswill remain in the nucleus and the quantum state of the nucleus will not
change:

P(@) = [ n(p.2)exp(=iaup) exp(—iay2)dpdaf (12)

Here n(r) is the nucleon density normalized by the total number of nucleons in the nucleus
([ n(r)dr = A); theaxis = is parallel to theinitial momentumk ,, g, and q) arethetransverseand
longitudinal components of the transferred momentum, respectively.

It is easy to see that the momenta |q| < 1/R, transferred to a nucleon (£ is the radius of a
nucleus), give the main contribution to the effective cross-section of the coherent inelastic process
a — b on the nucleus. In doing so, the recoil energy of the nucleus can be neglected, the effective
flight anglesfor the ultrarelativistic particle b are very small: § < 1/kR < 1, wherek = E/y =~ F,.
Thenitispossibleto assumein Egs. (1.1) and (1.2) that the transverse and longitudinal transferred
momenta are the following:
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ALl =k0, g = Gmin =
where m, and m; are the masses of the particles ¢ and b, respectively. Here ¢, iSthe minimal
transferred momentum corresponding to the "forward" direction.

In most cases the characteristic momentum transferred to the nucleus at the inelastic coherent
scattering (|q| ~ 1/R) is small as compared with the characteristic momentum transferred to the
nucleon in the processa + N — b+ N. In connection with this, the amplitude f .+ s+ x5 (q) iN
Eq. (1.1) can bereplaced by itsvalue f,4+ x5+ (0) corresponding to the flight of the particle in
the "forward" direction. Taking into account that at small angles # the solid angle in Eq. (1.1) is
d) = sin 0dfd¢ ~ d*q. /k* and using the properties of the two-dimensional §-function, we obtain,
as a result of the integration of the expression (1.1) over the transverse transferred momenta and
over the nucleus volume, the following equation:
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where ¢umin is determined by Eq. (1.3).
For aspherical nucleuswith the radius 12 and the constant density of nucleonsn o = 3A /47 R?,

Eq. (1.4) givesat sufficiently high energies, when | g | R < 1:
873

Oeoh(a — b) = ﬁn?) | fas NN (0) PR =

97

SYENE A?| fasnoeen (0)]2. (L5)

2. Effect of the nucleus matter on coherent processes

In the relations obtained above the multiple scattering of the initial and final particles on nu-
cleons of the nucleus was neglected. Thisis possible when the mean lengths of free path of the
particles ¢ and b inside the nucleus are much greater than the nucleusradius R. Actually, therole
of the nucleus matter may be essential,— especialy in the case of medium and heavy nuclei. For
the analysis of the effects of the nucleus matter we will apply the optical model of the nucleus at
high energy based on the conception of the refraction index [1, 2].

Taking into account the refraction indexes of the particles « and b, the influence of the nu-
cleus matter on the coherent inelastic processes implies the introduction of the additional complex
phase shiftinto Eq. (1.4): the exponential factor exp(—iqminz) isreplaced by @ = exp[—igminz +
i6(p, z)] . In the case of the spherica nucleus with the constant density n(p, z) = n inside the
interval 0 < |z| < «/R?—p? (p=|p|) and n(p, z) = 0 outside this interval, the additional phase
inside theindicated interval is described by the equation:

5(/072): (Xa_Xb)Z‘I’(Xa‘I’Xb) VRQ_sz OS |Z| S V RQ_ 27 (21)

where
27ng 27ng

Xa=—F Ja+N=atn(0), xo = ? Joen=p4n (0).

Here f, 4 nv—a+n(0) and fr1 v 54 (0) are the average amplitudes of elastic scattering of the par-
ticlese and b on anucleon at the zero anglein the laboratory frame. Therelations (2.1) are valid at
[Xal/k <1, ol /R < 1.

After the replacement gminz — ¢minz — d(p, z) in Eq. (1.4) and the integration over = we
obtain the following expression for the cross-section of the coherent reaction @ — b:
87° o | far NN (0) 7
k2 0 |(Zmin‘|‘Xa _Xb|2

2
exp[—27 (gmin — Xa) V B? — p?] — exp[2ixp/ R? — p?] ‘ pdp. (2.2)

Ocoh(a — b) =

R
X/
0

3. Dependence of cross-sections of inelastic coherent processes on the nucleusradius

Taking into account the optical theorem [3], Im x , = nooan /2, Im xp = ngopn /2, Where o, v
and o, arethetotal cross-sections of interaction of the particles ¢ and & with nucleons, averaged
over the protons and neutrons of the nucleus.

Let usconsider the situation when the total cross-section of theinteraction of theinitial particle
a with nucleonsissmall, sothat | y,|R < 1, but |x3|R > 1. Insodoing, L, > R, L, < R, where
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Ly = (nooun) ™! and Ly = (ngoyn) ™! are the mean lengths of free path of the particles « and b,
respectively, inside the nucleus. In particular, we can deal with the coherent production of vector
mesons p°,w, ¢ at the interaction of very high energy photonswith heavy nuclei.

It follows from Eq. (2.2), neglecting the terms, depending on the masses m, and m; and
tending to zero at very high energies, that:

Jat NN (0) ‘2 ‘ (31)

Oeon(a = b) = 7 R?
h ) JorN—b1n(0)

Let us emphasize that, according to Eq. (3.1), the effective cross-section of the coherent process
a — b on a nucleus at very high energies has the same dependence on the number of nucleons
(proportional to A2/3 ) as the cross-section of scattering of thefinal particle b on the "black” nucle-
us, despite the smallness of the cross-section of interaction of theinitial particle « with a separate
nucleon (in connection with this, see [4]).

For the coherent process v — p° on the lead nucleus (R = 1.1-10~'3 AY/3 cm ~ 6.5 Fm,
L, ~ 1.5 FM, | fy4n—ptn (0)/ for N prn (0)]? ~ 107?) the formula (3.1) is applicable at the
energies of v-quantaabove several tens of GeV in the nucleusrest frame (k > mZL » ~ 4.5 GeV).
In doing o, ocon(y + Pb — p°+ Pb) ~ 1.3 mbn.

It iseasy to verify that the expansion of exponentsin the expression (2.2) into the power series
under the conditions |gmin| R < 1, |xa| R~ R/L, < 1, |xs|R ~ R/ Ly < 1 leads to the relation
(1.5), as one would expect. Inthislimit o ., (a — b) isproportional to R* (‘or to A*/3).

4. Summary

In the present work ( see also, e.g., [5] ) the coherent processes at the interaction of ultra-
relativistic particles with atomic nuclei are investigated. The role of these processes essentially
increases at very high energies due to the fact that the minimal momentum, transferred to a nucle-
on, tends to zero with increasing energy. For the purpose of the anaysis of the influence of the
nucleus matter on coherent reactions, the conception of the refraction index is used. The depen-
dence of the effective cross-sections of the inelastic processes on the nuclear radius and the mean
lengths of free path of the initial and final particlesin the nucleus matter is analyzed.

Finally, let us remark that the above formalism may be easily generalized a so for the case of
coherent inelastic multiparticle processes on anucleus of thetypea — { b1, b2, bs....b; }, and for the
case of coherent processes at collisionsof two ultrarelativistic nuclei.
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