since the excitation function has a small width, although the experimental errors do not make

the conclusions in this respect unambiguous. There is likewise no proton evaporation, which

210

£ MeV

Fig. 2. Excitation functions of
the U238 4+ (12 reaction leading
to spontaneously fissioning iso-
mer. o - Effect, A = background,
N - number of tracks per Maxwell,
E - ion energy.

would lead to Bk isotopes, since no spontaneous fission
having the same period was observed in the reaction
U238 + N15, which leads to Bk isotopes by evaporation of
an a particle and several neutrons.

Comparison of the excitation function with the known
data [4] on the production of the ground state of Cf
isotopes in the reaction U2*8(¢12, xn)Cf allows us to
assume that the observed spontaneously-fissioning isomer
belongs to the isotope Cf2*®. The cross section of the
reaction U238 (c12, 4n)Ccf24OM at the maximum of the ex~
citation function (at 70 + 2 MeV) is (1.2 + 0.5) x 10°32
em®. By comparison, the maximum cross section of the
reaction with production of Cf2*® in the ground state
(at 68 MeV) is 3 x 10722 cm® [4].

The half-life of Cf24® relative to spontaneous

fission is 2.1 x 103 years. This means an increase by

a factor 10%° in the probability of spontaneous fission for the isomer state.
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An important role is played in large-angle scattering of strongly-interacting high-

energy particles by statistical processes and the diffraction associated with them [1].
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Therefore at large angles we have

do/dQ = (dc/cm)st + (do/dn)dif s (1)
(dc/dﬂ)s,o = 1%2 213 (21 + l)zpf(cos 6)(2 Re £, - lfllé‘)w.2 s (2)
(a5/an) iz = gz | Z (2 + 122, (cos ) |2 (5)

Here fi is the partial amplitude of the diffraction statistical scattering, p the c.m.s.
momentum, Wy the ratio of the phase volume of the elastic channel to the total phase volume,
and 6 the c.m.s. scattering angle.

The first term in (1) prevails at larger angles and the second at smaller ones.

Further, (do/dQ)St is symmetrical about 6 = n/2 in the c.m.s., whereas (dc/dQ)dif is
asymmetrical and decreases with increasing 8. From the condition (dcr/dQ)dif = (dc/dﬂ)St we
can determine the energy-dependent value of the angle ecr at which both scatterings are equal.
If Gcr > n/2, then the total scattering dc/dQ is not symmetrical about ﬂ/2. Therefore, if
experiment yields such a symmetry, this means that the diffraction is already negligible.
Getting ahead of ourselves, we note that, in our opinion, the opposite case occurs in elastic
5p scattering at Pb =3, 4, 5 and 7 (Ib is the momentum of the incident beam in the working
system) [4]. The values of (do/dn)dif and ecr depend, generally speaking, on the choice of
the parameters that define the distribution of the transparency, and consequently on the char-
acter of the scattered particles. In calculating the diffraction it is convenient to use
the optical model and to choose the dependence of the transparency on the distance R in the
form 1)

d=1-f=1-—W>2 (4)
(1 + a®r®)?

Further [3], W~ exp(-AE'), where E' is all the energy that can go into production of
new particles, E' = Ec - 2mN for pp collisions and E = Ec for 5p collisions (Ec is the total
c.m.S. energy of the system).

We wish to call attention in this note to two curious circumstances.

1. Using (1), (%), and the asymptotic expression

2 —% 1 7
Pz(COS 6) ~ 7 sind sin [ (£ + 3)0 + %

we obtain

2
_5n= exp(~AE") 2 1 b 1 } 2p J
do/dn = T@#P " sine tsmooF 5'8 gg *+3 exp -0 | (5)

where the first term is (do/dﬂ)st and the second is (do/dﬂ)dif. Iet us consider do/dq as a
function of P, =D sin 6 and 8, and let us calculate the slope of its semilog plot,
y = E%I In (do/dq).

Assuming p, > 1 BeV/c, we obtain for the two regions 6 < 8or (when (dcr/dn)dif prevails)
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and 6 > 6 (when (do/dqn) st prevails)

1 1 2 [°] 206
7_71~51-asin6~-asin9 (9<6cr)’ ©
2A
7=72% " 5ine (6>9cr)'

Using experiments (5] on pp scattering at sufficiently high energy in the region 6 = n/2
> ecr’ we determine y, and consequently A = (7/2) sin 6 = 72/2. The absolute value of the
cross section at 8 = n/2 yields b/d® ~ 4 (BeV)™2. Further, according to Orear [2], the ex-

perimental results are described over a wide range of P_L by a single curve

600 P
_ ) .
(a0/a0) o (0o, = --——E2 exp [- - ] (p, in Bev/c)
c

and consequently relations (1) and (4) describe the experiment if yy =~ 7o =~ Y orear = -6.3,
i.e., a =~ (1/3.2)(6/sin 6). We assume, finally, the values

2%1;1 3 b= 0.; o=0.32 BeV/e ~ 2.3u (7N

(1 is the pion mass). We note that a theoretical estimate [3] yields A = (2.2u)"%, Con-
sequently we have essentially only two parameters to choose, o and b. The dimension of the
opacity region at such a value of «, according to (4), turns out to be reasonable. Thus,
from the relation {dg/dq) ot = (do/dQ) aif Ve determine the value of ecr' As E + » we get
0., ~ (a/2)(E'A/p) ~ a& =~ 61°.

A =30 (Bev)™ 1~

poing, BeV/c
i 0 20 30 40
) T T 1
L P

_‘70 -

Formula (5) :

Fig. 1

Figure 1 shows a plot of (5) (with allowance for (7)) and of Orear's formula [2], as
well as the experimental data (points). We see that all the deviations are within the limits

of experimental error.
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Thus, Orear's formula can be regarded as a good approximation of (5). At relatively
small variations of o (and even large variations of b), Orear's formula remains a good ap-
proximation. This is true also when the transparency distribution changes, for example if
a Gaussian form is used in lieu of (L).

2. TFven for fixed values of b and o, but on going over to NN scattering, it may turn
out that Orear‘'s formula no longer holds, for another reason. 1Indeed, in this case all the
c.m.s. energy (E' = Ec) may go into production of the new particles. The probability of the
two-particle channel is then decreased. This is reflected in the fact that the second term
in (8) must be multiplied by exp(-QAm.N) ~ e ©+%* ~ 2 x 10°3, Using the same values of the
remaining coefficients as before, we obtain for ecr the values shown in Fig. 2.

We see that at energies up to Ec ~ 10 BeV, the main
contribution to pp scattering in the region 8 < n/2 is made
by diffraction. In this connection, we call attention to <
the experimental data discussed in [4]. At an energy 7
E ~ 3.1 BeV we obtain from Fig. 2 ecr = 1.7 (100°). Con-
sequently, the scattering need not be symmetrical about =/2.

It should not be described by the Orear formula, as is ap-

T

parently the case in practice. This conclusion is reached o

for any other form of transparency, such as Gaussian.

i )

1
Conclusions A BeV/c 2
t},BeV

1. The universal Orear formula can be interpreted
as the result of joint action of the statistical scatter- Fig., 2
ing and diffraction due to all statistical processes (Fig. 1).

2. Since large-angle elastic scattering is governed, in general, not only by statis-
tical scattering but also by diffraction statistical scattering, it follows that elastic pS
scattering at not too high energies is asymmetric about 90°, in accord with experiment [L4].
With increasing energy, when ecr becomes smaller than 90° (see Fig. 2), we can expect the

appearance of symmetry.
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1) A Gaussian form was used earlier in [1], but this is less justified from the point

of view of field theory.
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