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Pe kinematic calculation of the processes of
formation of #>mesons in collisions of neu-
trons with free protons:
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which are accompanied by the decay of these
mesons into two y- quanta shows that the probabil-
ity of emission of the y- quanta at 90° (in the
laboratory system) from the beam of neutrons,
depends very slightly on the angular distribution of
7°-mesons in the center of mass system of the
colliding nucleons as well as on the velocity of
the center of mass. This fact makes it possible
in principle to determine the sum of the total
cross sections for forming #>mesons in reactions
(1) and (2) by measuring the number of y- quanta
coming out of the target at an angle of 90°

The arrangement of the apparatus, used in the
experiment, is shown in Fig. 1. Neutrons of high
energy were generated by bombarding the internal
beryllium target of the synchrocyclotron with
protons of energy 680 mev. The intensity of the
beam of neutrons of energy above 400 mev
in the region of the apparatus was ~ 1-2

x 10* neutrons/cm?sec. The energy distribution
of neutrons in the beam was investigated in a
special experiment by Fliagin! and is shown in
Fig. 2.

Gamma-quanta from the decay of 7% mesons,
generated in the target, were detected in the
telescope of two scintillators and one Cerenkov
counter labeled in the Figure by the numbers 1, 2
and 3;respectively. The conversion of the
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F16. 1. Scematic Arraugement of the Apparatus
a - telescope-detector of ¥-quanta, b - converter,
¢ - target, d - scatterer, e - neutron beam, { - tele-
scope-detector of protons, g - telescope-monitor,
h - Tungsten filter



758 LETTERS TO THE EDITOR

Y- quanta was carried out in a lead plate
(converter) of 3 mm thickness, located behind the
first counter. This counter serves to prevent the
possibility of the detector registering fast charged
particles flying from the target, and is connected
in anti-coincidence with the counters 2 and 3. The
Cerenkov radiation of the conversion electrons in
a 3-meter counter, which is a block of plexiglas,
was recorded simultaneously on a pair of photo
multipliers. All of the relative measurements were
carried out with the aid of this detector.
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Fic. 2. Energy distribution of Neutrons

The effect of the generation of #°-mesons in
collisions of neutrons with free protons was de-
termined as a difference between the effects of
targets of polyethylene and graphite, consisting of
an equal number of carbon atoms. By means of
this study, carried out with these targets, we have
the ratio of the cross sections for emission at
angles of 90° (in the laboratory system)
of y-quanta from the decay of #°-mesons from
hydrogen and carbon. This ratio was shown to be
equal to
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The absoulute value of the yield of emitted

y - quanta was determined in experiments in which
(simultaneously with the measurement of the flux
of y-quanta) we determined the recoil proton flux
produced by elastic (z - p) scattering whose cross
section for neutrons of mean energy 590 mev

had been determined in our laboratory?. For this
purpose, the telescope which detected y- quanta,
the Cerenkov counter, was replaced by a scintil-

lator. In this manner we eliminated the need
of determining the effect of the Cerenkov counter
in an auxiliary experiment. The converter in this
experiment has a thickness of 1 mm. The telescope
which registered the proton recoils was located at
an angle of 30°relative to the direction of the
neutron beam (see Fig. 1) and acted on the turget
in common with the y-detector. In order to use
the data of experiments on (n - p) scattering in our
work,a tungsten filter wasplaced in front of the
last counter of the telescope-detector of protons.
This filter guaranteed an energy threshold for the
particle counter the same as the threshold of the
detector used in reference 2.

The absolute cross section for the emission of
y-quanta at 90° (in the laboratory system) from
the neutron beam for a hydrogen target under the
conditions of our experiment is expressed by the
following formula:

H
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where the symbols y and p stand for the detector
of y-quanta and protons respectively; N = the
counting rate of the detector; A the solid angle
intercepted by the detector;  the efficiency of the
detector; (d(rp/dﬂ)3o the elastic (n-p) scattering
for an angle of 30°, equal, according to reference
2to (3.1 £0.2) x 1027 ¢cm?/steradian.

For determining the values of N and
measured simultaneously in both detectors the
effect of the carbon target, while the effect of the
hydrogen was determined with the help of the known
value of F.q. (3). A simila malysis was performed
for the proton detector (for 309).

The coefficient K _takes into account the ab-
sorption of recoil protons by the filter. This coef-
ficient was determined directly from the experiment
With this in view, we placed a system of two telescopes
in the proton beam emerging from the synchrocy-
clotron; these registered elastic (p-p) events. One
of these telescopes was used as described here as
the proton detector. The coefficient K was de-
termined as the ratio of the counting rates with and
withoutthe filter* and was given experimentally as
equal to 0.5.

The efficiency for detecting y-quanta K., is
equal to the product of the conversion probability
p with the coefficient 7, which takes into account
the loss of electrons owing to scattering in the
converter. The probability p is easily calculated
on the basis of the known experimental and theo-
retical work on the total cross section for absorp-

, we
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tion of y-rays in lead. The coefficient 7 was de-
termined by calculating by the method given by
Moliere . For a converter of 1 mm thickness

and average energy of y-quanta ~ 100 mev, 7 is
found to be equal to ~ 1%**.

The basic difficulties which arise in trying to
determine K, , are the following: 1) The ener gy of

7>mesons in the center of mass system of the
colliding nucleons can take on different values, (2)
the unknown form of the angular distribution of 7
mesons in this system (both factors determine the
spectrum of detected y-quanta). However, as is
demonstrated by calculation, the weighted average
of K,, over the spectrum of y-quanta is slightly
depenr‘ent on these factors and changes in the
range from 0.089 to 0.098 for a mean energy of in-
cident neutrons of 600 mev and a converter thick-
ness of 1 mm.

The effective solid angle of the detector of y-
auanta was found by conducting a separate experi-
ment in which we studied the dependence of the
counting rate of the y-detector on the diameter of
the converter.

On the basis of our determination of the values
of N, k and AQ and also the known cross section
(do, /dD), g0 from Eq. (4) for an angle of 90°, we
obtain the absolute cross section for the emission
of y-quanta from the decay of #>mesons by colli-
sions of neutrons with hydrogen,This cross section
equals

(dcy/dQ);{O(,: (0.72 + 0.18)-107% cm?/steradian.  (5)

On account of the non-monoenergetic neutron flux
(see Fig. 2) the cross section found by us is aver-
aged over the energy spectrum of the neutrons. For
determining the effective energy to which we refer
this cross section, we made use of data on relative
yields of y-quanta in the reaction p £ n » 7°£ (n / p)
in the proton energy range 490-650 mev obtained in
the work of reference 4, data on the formation of #°
mesons for nucleon energies 340 mev® and 400 me+’
and also for the neutron spectrum shown in Fig. 2.
The effective neutron energy in our experiment
turned out to be equal to 590 + 20 mev.

The absolute value of the cross section (da

/dQ)QO as indicated above, enables us to get the
total cross section for generating 7%mesons in (n-
p) collisions. On the assumption that the angular
distribution of 7>mesons is isotropic in the center
of mass system of the colliding nucleons, we derive
the value***

,lp = (5.9 41.5)-10727 cm2.

(6)

In the case of an angular distribution ~ cos2¢ for
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7*mesons having a momentum (in the center of
mass system) equal to half the maximum, the cross
section turns out to be 5% greater and is

3 4+ 1.7)-1077 e, Y

0
c;p (6.2

Comparing the cross section (6) with the cross
section measured in reference 5 for protons of en-
ergy 340 mev, it is evident that the increase of the
cross section for generating 7%mesons in (n-p)col-
lisions in the ¢ energy range 340-600 mev is propor-
tional to &> , where £ is the maximum meson
momentum in the center of mass of the colliding
nucleons.

If we use the result of reference 7, in which was
determined the cross section for formation of 7%mes-
ons by protons of 670 mev on neutrons bound in
deuterium, and convert this to the energy 590 mev
with the aid of the relation o7 ~ k32 given in ref
erence 7, then o is found to equal (5.3 +1.2) x
10;27 cm 2. For the same energy the cross section
a: obtained by us was somewhat larger, as was
to be expected. HWowever, the precision of the re-
sults of the two experiments is insufficient to at-
tempt to establish, on the basis of the observed
difference in the cross sections for forming 7% mes-
ons from nucleons that are free or bound in deu-
terium, a quantitative estimate of the effect of bound
nucleons on the process of forming mesons.

For a neutron energy of 590 mev, the cross sec-
tion for forming 7%mesons in (n-p) collisions ap-
pears to be approximately 17% of the total cross
section for the (n-p) 1nteract10n, which at this en-
ergy equals (36 +2) x 10727 cm? according to ref-
erence 8.

In conjunction with our results and those avail-
able in the literature on the cross section for gen-
erating 7 “mesons in nucleon-nucleon collisions fa

E .1 =600 mev it appears that they satisfy the
relation
-] (8)
cﬂ =1/c7 p—{—cx”p ;;

and, so, do not contradict the requirements of the
charge invariance of the nuclear force. If we as-
sume that this hypothesis is correct, then we can
take advantage of the resultant e quation o(pp > 7",
d) = 20(np » 7°%d). It is then possible to obtain
the cross section for formation of 7%>mesons from
the reaction (1). Thus, according to the experiment
in reference 9, for [L = 586 mey, alpp>aT +d)
equals (2.95 +0 15)"% 10°27 cm?; then for the same
energy 0 (np » 7° + d) has to be equal to 1.5x 107%énf
Ulnder these conditions it follows that, for an energy of
590 mev, the cross section forgenerating #>mesons in
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reaction (2) is approximately three times greater than
that in reaction (1). :

* .
We make use of this opportunity to express our thanks
to B. S. Neganov for help rendered to us in conducting
this experiment.

o The geometry of our y-detector allows detection of
all electrons of energy > 10 mev emitted in a cone of
opening angle 40°
*** On the assumption of an isotropic angular dis-
tribution of 7™-mesons Eq. (3) tells us that the cross

section for fa'matlf? of {D—mesons from carbon is O
=27.4 +6.7x 107°" cm ¢
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Microwave Spectrum of the C,H_Cl Molecule

A.1. BArcHUKOV, T. M. MINAEVA AND
A. M. PROKIIOROV
The P. N. Lebedev Physical Institute,
Academy of Sciences, USSR
(Submitted to JETP editor July 19, 1955)
J. Exper. Theoret. Phys. USSR 29, 8 2 (December, 1955)

WE have carried out a preliminary study of the
rotational spectrum of the C,H Cl molecule.
A short communication on the spectrum of this
molecule was published by Wagner and Dailey?!,

who studied the transitions 1 11 21 97 1 lo™ 2l 1
2 332 and 220— 35, inthe C2HSC135 molecule ,

and the 1 11” 221 and 1,0- 2,, transitions in the

22”

Czns(“l” molecule. From these transitions they
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obtained the values of the rotational constants B
and C, as well as the magnitudes of the quadrupole
bonds along the principal axes of inertia.

We have studied additional transitions whose
frequencies have the following values, neglecting
the effects of quadrupole interactions:

Molecule Transition Observed Frequency (mec/sec)
CoH;CI% Vo — 11 10 246.20 + 0,05
C,H,CI% 101 — 209 20 903.50 + 0,04
C,H;CI137 Ouo — 101 10 456,00 + 0,05

The frequency of the transition line 0, -1 0
coincides with the frequency calculated from the
the values for B and C given in reference 1¥.

The frequency of the transition 1,,-2
depends on the rotational constant 4; calculation
gave the value 4 = 30,940 + 200 mc/sec. The low
accuracy in the determination of A is due to the
fact that A enters into the value of the transition

frequency 1 ), - 2., as a small correction of the

form (B - C)z/A, and the magnitudes of B and C
are very similar. Note that, in general, the
accuracy of determining A is always small if it is
determined from transitions involving a change in
the dipole moment p . We propose to observe
transitions involving the measurement of p,.
Although these transitions give less intense [ines,
they provide a mare accurate determination of 4.

Using the transition 0. -1 __, we have deter-

mined the dipole moment p of the C2HSC135
molecule from the Stark splitting of the line which
has the hyperfine structure F' =3/2 - 5/2, at
applied fields of 195 v/cm and 292 v/cm. The
calculation of p, Was carried out using the ‘‘weak
field’’ formula. The value found for B, Was

1.79+0.05D.

* The rotational constants for C2H5Cl37 given in

reference 1 are incorrect, and were therefore calculated
directly from the line frequencies given therein.

1 R. S. Wagner and B. P. Dailey, J. Chem. Phys. 22,
1459 (1954).
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