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It is shown that, starting with several GeV and continuing up to the highest energies
attained in accelerators, the diffraction peaks shrink in elastic pp and K%p scattering, but
there is no shrinkage in xp and K p scattering, and for pp scattering the diffraction cone
(1,2]

The energy dependence of the slope of the diffraction curve is usually described quanti-

even broadens with increasing energy

tatively by a parameter Q' taken from the representation of the differential cross section for

elastic scattering in accordance with the single-pole model of the Regge theory
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The corresponding values of Q' are given in the second column of the table. The table lists
also the interval of the incident-particle momenta (in the laboratory frame) for which the
value of o' was determined.

The purpose of the present note is to show that in spite of the lack of similarity in the
behavior of the diffraction-curve slopes in the foregoing elastic scattering processes in the
energy region indicated, this behavior can be described, within the limits of experimental ac-
curacy, in a unified fashion. This description starts from the notion that the diffraction
cone shrinks with increasing energy for all processes, and from an account of the effect of
the total interaction cross sections oy on the shape of the diffraction curve.

For small mementum transfer t << 1 GeV/c®, the differential elastic-scattering cross

sections can be approximated with good accuracy by the exponential 1

L 8 explag(s) + by(s) -] (2)

where the index i denotes any of the scattering processes listed above (i = pp, PP, K?p, K'p,
x*p, «"p).
It turns out that the energy dependence of the parameter bi’ which determines the slope

of the diffraction curve, can be expressed by the formula

bi(s) = 28'[In s + R,0,(s),] (3)

where R, is a constant (Ri > 0).

The term 28'1n s, the form of which is borrowed from the Regge-pole theory, describes
the universal shrinkage of the diffraction curves and the term 2B'Riot(s)i describes the in-
fluence of the values of Ut(s)i on the slope of these curves.

Since s is a dimensional quantity, the formula (3) should contain, generally speaking,
another term of the form -28'ln sp. But since we consider only the energy dependence of the
slope of the diffraction curve, this term, being independent of s, can be omitted.

From (1) - (3) follows a connection between the parameters o' and B':

a! = B* {l + Ri[ot(sl)i - ot(s2)i])

(4)

In s3 - 1In sp

We see from (4) that if the total cross section does not depend on the energy, then a' = g7,
i.e., in this case the diffraction cones should experience for all the scattering processes

a similar shrinkage, defined by the parameter B'. On the other hand, if in some energy inter-
val the value of the total cross section decreases, i.e., ct(sl)i > Gt(82)i with s; < s, the
shrinkage becomes smaller and may even turn into broadening.

In the energy interval under consideration, the total cross section for the interaction
is most constant in the K+p scattering process. It is therefore natural to choose B' equal to
the shrinkage parameter for Kfp scattering, i.e., to put B' = 0.5. This choice agrees with
the data on pp scattering at energies above 10 GeV, where the total cross section of the pp

interaction also becomes approximately constant.
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We calculated the values of k, by means of (3) for each value of bi(s), determined ex-
(1,2]
These values turned out to be independent of the energy. The mean values ii = Eki/n and the
errors Ok; = D:(Ei - ki)]/n are listed in the third column of the table. ZK; correspond to
the uncertainty in the velues of b.(s). The values of &' calculated from (4) are listed in
the fourth column of the table 2).1 As can be seen from the table, the calculated values of
a' are illustrative not only of the tendency of the diffraction peaks in different scattering
processes (shrinkege or broadening), but are also in sufficiently good quantitative agreement

with the experimental data. It must be noted here that the choice of B' can be optimized in

perimentally for n different energies s in , and for the corresponding values of at(s)i.

order to obtain the best agreement with the entire aggregate of data on the slopes of the
diffraction curves (the large experimental error in the determination of the parameter Q' for
K+p scattering allows us to vary B! over a sufficiently broad range). However, inasmuch as
the choice of B' made here enables us to show the applicability of formula (3), no such opti-
mization was made here.

We see from the table that k.pp and kip are practically identical. This means that one
constant in (3) not only suffices for a description of the behavior of the slope of the dif-
fraction curve of pp and pp scattering as a function of the energy, but also explains the dif-
ference between these curves at a given energy (the larger pp-interaction cross section cor-
responds precisely to a narrower diffraction peak). A single value of ki can also be used to
describe »"p and ﬂ+p scattering. However, the values of ki for K%p and K p scattering are
essentially different.

We see from (4) that with increasing energy the difference in the behavior of the dif-
fraction curves for different scattering processes becomes smaller and smaller, and that uni-
versal shrinkage of the diffraction cones should be observed at sufficiently large energies.
Knowing the energy dependence of the total interaction cross sections, we can estimate, as-
suming constant B', the energies at which the behavior of the diffraction peaks becomes asymp-
totic with a prescribed degree of accuracy.

The possibility of describing the experimental data by means of a relation similar to (4)
demonstrates the correctness of the predictions of the pole model of the theory of complex
angular momenta concerning the asymptotic behavior of the diffraction cones.

I am grateful to V. N. Gribov for a discussion and M. Belyakov and M. Vyrenkov for help

with the numerical calculations.
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1) For & larger interval of t it is necessary to take into account the deviation from ex-
ponential form and the approximation takes the form doi/dt = exp(ai + bt + citz), where
c, = 0.4b (1,2]
i b, .
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2) The vaues of Ut(s)i used for the corresponding energies were the same as in [1’2].

In addition, we used the values of ( for 12 and 16 GeV/c and ( °t)f>p for 16 GeV/c

o)y
from [h]. P

RADIATION OF A SYSTEM OF EXCITED NUCLEI IN A CRYSTAL
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1. It is usually assumed that a system of excited particles with radiation wavelength
A < a (a - characeristic distance between particles) is equivalent to a system of non-coherent
radiators. In a regular crystal, however, there can exist in principle (even when A << a) ex-
cited states whose decay rate is many times larger or smaller than the rate of decay of the
non-coherent system.

Let us consider a crystal consisting of N identical nuclei with a low-lying isomer level,
and let one of the nuclei be excited. We express the ¥ function of such a state in the form
¥ = chmmm’ where P describes the state when the m-th nucleus is excited and the others are
in the normal state. Because of the identity of the nuclei, the state under consideration can
be specified in a large number of ways. If the position of the excited nucleus is strictly
defined, i.e., e, = BmO’ then the probability WO of emission of a 7y quantum per unit time will
be determined by the usual expression for the individual nucleus. On the other hand, we can
specify a delocalized state, for example in the form e = N-l/eexp(ig°zﬁp. In this case the
lifetime of the excited state will depend on the value of g. Calculating the probability of

emission of the y quantum, we obtain:

W= (Evt/h)fhilaﬁlzexp[i(s - 9)'2.,,,“2} (g, - Ek)'((i%)'§ W
m

Here M is the matrix element corresponding to the transition from the excited to the ground
state with emission of a y quantum.

If q or |g + 2n§l # ko/hc (b - reciprocal lattice vector), then W ~ WO/N in a non-
vibrating lattice, and thus the corresponding width Pl decreases macroscopically. Let q or
Ig + Eﬂkl =~ kO' We confine ourselves to an examination of crystals for which the following

inequalities are satisfied:
(2ﬂhc/aN1/3) >> T, i/t a‘ectNl/3 <1 (2)

If the first inequality is satisfied, the expression in the curly brackets is more
smeared out in momentum space, compared with the real energy smearing of the & function, which
is determined by the level width I' or by the observation time t. The second inequality, being
as a rule more stringent, implies that the linear dimension of the crystal is smaller than the
absorption length.

Taeking (2) into account, we obtain from (1):
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