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By means of the new Berkeley-Betatron, it was possible to produce mesons through the bombard-
ment of light nuclei (especially carbon C) with α-particles at 380 MeV. In the present work, a simple
method is introduced to give predictions for the particle yield expected from this collision.

In the collision of a nucleus of mass number M1 and
kinetic energy E with a fixed nucleus of mass M2, a res-
onance of mass M = M1 +M2 will initially be formed.
The resonance gets an exciting energy per nucleon

U =
M2

M1
E . (1)

According to a well-known relation [1], the resonance
should have the temperature

T0 = 3.8
√

U . (2)

It is understandable that T combines the product of
k (Boltzmann constant) and the absolute temperature.
Equation (2) gives T in MeV units, when in U , the MeV
unit was implemented.

At Berkeley-experiments, temperatures in order of
10 MeV are likely produced. For the next procedure,
it is important that one at these high temperatures no
longer expects a constant number of particles. But, the
possibility of pair-production should be taken into ac-
count. Then, one gets, at least theoretically, a certain
equilibrium concentration for each type of the pro-
duced particle. This phenomenon has been called ‘vac-
uum dissociation’ by Houtermans and Jensen [2] and
‘pair degeneracy’ by Koppe [3] and so far mainly in-
vestigated from the point-of-view of the production
of electron–positron pairs. Obviously, same consider-
ations make it possible to apply this in the production
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of meson pairs. The thermal production of a particle
begins once the temperature approaches the order of
the rest energy of the particle of interest. Because the
rest-energy of mesons is about 150 MeV, we expect
a very small number of mesons and in this case the
equations of low temperatures, which were derived by
Koppe [3], shall be utilized. For electrons with a rest-
energy of 0.5 MeV, we find ourselves long in the oppo-
site situation, in which the pair-degeneracy apparently
becomes dominant. Here, the electron gas practically
behaves much like the cavity radiation. For example,
the energy density is given by

u = 2 · 7
8

π2

15c3h̄3 T 4 . (3)

That we are dealing with two particles (electron and
positron), it explains the origin of the factor 2 which
appears in this expression (right hand side). The factor
7/8 stands for the difference between Bose–Einstein
and Fermi–Dirac statistics. The remaining quantities
are nothing but the well-know energy density of cavity
radiation. Furthermore, because the speed of the elec-
trons shall have almost the same order of c, then the en-
ergy flux, which is caused by the electrons, relative to
light quantum radiation, will be increased by the same
factor (7/8) so that one can relate both to each other
and calculate using the Stefan–Boltzmann law with the
factor (1 +7/4) = 11/4. The radiation loss of the res-
onance with surface O is given by

q =
11π2

240
1

c2h̄3 T 4O . (4)
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Taking into account (2), the temperature evolution
reads

∂

∂ t
M

T 2

(3.8)2 =−11π2

240
T 4O

c2h̄3 .

The integration results in

1
T

=

√
1

T 2
0

+2Bt ;

B =
(3.8)2 ·11π2

480 · c2h̄3

O
M

.

(5)

It is natural to think that the resonance does not cool
down only because of the radiation loss, but also
through the expansion, i.e., that the resonance flies
apart. But because the heavy nucleons move relatively
slow, the resonance moving in between will be cooled
down through radiation as far as that no more mesons
can anyway be emitted.

Inside this hot resonance, a meson exists with a cer-
tain probability. This is given as a function of temper-
ature and kinetic energy of the meson [4],

n(ε) =
(2µ)3/2

π2h̄3 ε
1/2

{
e(µc2+ε)/T +1

}−1
,

where µ is the meson mass (and ε is the kinetic energy
of the meson). This results in the number of mesons,

which fly apart (from the resonance) in unit of time

ν =
OµT 2

π2h̄3 e−µc2/T . (6)

The meson yield is then given as

η =
∫

∞

0
ν(T )dt

=
Oµ

π2h̄3

∫
∞

0
T 2 e−µc2

√
1/T 2

0 +2Bt dt .

In the integral, one can replace the slow changing T 2

by T 2
0 and afterwards develop the square root in terms

of t. This results in

η = 0.031T0M e−µc2/T0 . (7)

With the values given above, the collision yield reads
η = 1.7 ·10−4.

In the present calculations, the coarsest simplifica-
tions are implemented in the assessment of T0, in which
it was assumed that the energy of the colliding α-
particles is completely and evenly distributed over the
whole resonance. From the theory of nuclear evapora-
tion [5], it is known that a small part of the resonance
initially directly will be heated. This leads to an in-
crease in T0 and throughout in η . On the other hand,
T0 could get smaller through this effect so that already
before reaching the highest temperature energy will be
emitted.
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