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mental values of coherent neutron scattering by crystals and by
parahydrogen.

The following calculations have been performed, using square-
well potentials, to test the possibility of obtaining the correct
high energy scattering results by reducing the range of the central
force in the triplet interaction. The tensor force has not been
neglected but this involves increasing its range.

Two sets of force constants have been used:

A.
B.

2.8
2.8

1.6
0

r~

3.08
3.27

Vo Vc yr

11.9 39.3 10.04
11.9 v& =4.49 X10n cm ~ 9.62

FIG. 2.

used as a sensitive indicator of radioactive contamination in the
air, i.e., for air monitoring. Further simplification (which also
represents a considerable increase of efficiency) was obtained
by directing the stream of air toward a stripe of a nuclear plate
a.nd collecting dust together with radioactive atoms on the
surface of the emulsion. By a suitable arrangement many air
samples can be taken with the same stripe of the plate. Figure 1

shows a typical dust-spot on the surface of an Ilford C2 emulsion
obtained by aspirating 125 cc of air containing 1.5 X10 "Curie/cc
of radon and developed 4 hours after taking the sample. Figure 2
shows alpha-ray tracks on the same area of the plate after remova,
of the dust-spot. In this area some 280 tracks w'ere countedl
which, assuming radioactive equilibrium in the air, would mean
that nearly 20 percent of the atoms of active deposit were col-
lected with the dust on the plate. This percentage may depend on
the instrument used and/or on the dust-conditions in the air. The
method seems capable of detecting quantities as low as 10 "
Curie of active deposit of radon.

Experiments have also been arranged in order to detect radio-
active atoms in free atmospheric air. On dust-spots obtained by
aspirating 1600 cc of free atmospheric air, on an average, 35
alpha-tracks were found. Most of them could be identified as
alpha-particles of RaC. Assuming 20 percent efficiency, this would
correspond to a radon concentration of 10 '~ Curie /cc which is
fairly consistent with the value found, for example, by G. Aliverti3

by an iontometric method.
Using electron sensitive emulsions the method could be also

applied for detection of artificial solid beta-emitters in the air.
Low energy ends of electron tracks which would be most appro-
priate for counting could be found near the area of the dust-spot
by energies up to 0.3 Mev.

The author would like to thank Dr. Behounek for helpful dis-
cussions. A detailed account of the method with some applications
will be published elsewhere.
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AMAC and Bethe' have shown that with central forces only
and a square-well potential it was possible to obtain the

observed cross sections for n—p scattering at 80 Mev provided that
the range was 2.0X10 "cm. Later Blatt' showed that the triplet
range must be reduced to about 1.5)&10 "cm to fit the experi-

where r is the range of the force in units of 10 "cm, V is the depth
of the well in Mev, and the subscripts 0, c, t denote singlet, central
force triplet, and tensor force triplet interaction, respectively.

The singlet constants were chosen to fit the data on p-p scat-
tering and the zero energy n-p cross section. The triplet constants
were chosen to fit the binding energy, the quadrupole moment and
the magnetic moment of the deuteron. Constants A were taken
from the calculations of D. Padfield. ' These agree reasonably well
with results of coherent scattering of neutrons by parahydrogen
and by NaH crystals since they give a zero energy triplet scattering
length aI= —0.533 as compared with an experimental value of
—0.51 to —0.53.4 8 was considered as the limiting case of r,~0
with V, = I(J/r 2)Z e„r,"I I'i2/3I, where from requirements of con-
tinuity vo=+/4. The constants in this case were calculated by
F. Ledsham. s

Neutron-proton cross sections have been calculated at 83 Mev
for symmetric and charged meson theory type of interactions and
also for the mixture suggested by R. Serber in which only the
even states interact. All phase calculations were performed exactly
though the ('D3+3G3) and higher coupled phases were neglected.
The total cross sections and the ratios of scattering at 90' and
180' are given in Table I and the differential cross sections in
Fig. 1.

It would seem from these results that with the symmetric or
charged theories there is no possibility of fitting the high energy
data (at least with a square-well potential) by decreasing the
central range r, . This is shown in Fig. 2 where the total cross
sections are plotted against r,/ran.

' Though the high energy, data
might possibly be fitted by a Serber interaction, this has the disad-
vantage of introducing a new postulate, the amount of mixing of
the symmetric and charged theories to account for the high energy
scattering. Even then the single triplet range of 2.8)&10 ' cm
gives better results at 83 Mev though it does not, of course, fit the
coherent scattering data.

Scattering Of like particles. —Using the potential A, calculations
have also been carried out for the p—p scattering at the same
energy. To allow for the Coulomb interaction in the calculation of
the nuclear phases, the equations were solved inside the mell
neglecting this potential and these solutions were fitted to Coulomb

iV

E

OJ
O

X

0' &0 60' 90' t 20' )50' I 80'
ANGLE OF SCATTERING (C. Of m. SySf em)

FIG. 1. Differential n-p cross section o(8) for potential A.



LETTE RS To THE E D I TO R

x
CHARSED

'0

!

0.5 I.Q

1~'tG. 2. Total eros» section () Ior symmetric, charged a»d Serber intel;actions
plotted against r~, rI, .

n-n. The reason for this is that in the central force case the 3P
phase is negative and so the imaginary parts of the scattered
amplitude add. For the potential used here, the 'Po phase is large
and positive, and the interference between the Coulomb and the
nuclear wave gives rise to the above e6ect. The total cross sections
for n-n scattering for the charged and symmetric cases and also
the ratios of the differential cross sections at 90' to those at 180'
are given in Table I.

We would like to thank Dr. Hu and Dr. Burhop for their
assistance and suggestions, and Professor Massey for his con-
tinued interest.
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TABLE' l. Total n--n and n —p cross sec ti ins () in ItInts of 10 '» cm"- and ratio
ot scattering at 180' to 90' for potentials A and B.

Symmetric
Charged
Serber

Neutron-proton
r (1800}

0
a(90 )

14.91 9.59
20,68 8.87
9.92 4.09

A
Neutron-neutron

a (180')

a(90 )

4.23 25.37
21.20 16.96

8
Neutron-proton

~(180 }

20.29 5.60
Over 22

14.92 4.64

wave functions as solutions outside the well. The phases were then
corrected by adding a perturbation inside the well to allow for
the Coulomb 6eld there. The resulting phases differed in most
cases by less than one percent from the n—p phases and the
greatest difference was two percent. At this energy therefore it is
reasonable to neglect the Coulomb potential in the calculation
of the phases.

The angular distributions for n—n and p-p scattering are shown
in Fig. 3 for the charged and symmetrical cases. The cross section
at 90' (center-of-mass system) is considerably less than that given
by Ashkin and Wu7 at 100 Mev using the potential of Rarita and
Schwinger' including the tensor forces. This could therefore be
regarded as an effect arising from the double range.

At about 15' the p-p cross section falls below the n—n. The
opposite is the case in the distributions described by Barker and
Ravenhall' where the p-p cross section remains steadily above the
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A FTER our experiments' at 1400 meter water equivalent in
Shimizu Tunnel by using arrangement I in Fig. 1, we con-

tinued the same kind of measurements at 3000 m.w.e. in the same
tunnel from August, 1940, to the end of 1945 with the same ap-
paratus, and proved that intensities at the latter point were about
1/10 those at the former depth as shown in Fig. 2. The intensity
versus depth curve is given in Fig. 3. We also measured the
absorption by lead of various thickness and found that the shape
of the absorption curve». as almost the same as at 1400-m.w. e.
depth and the existence of showers was remarkable just as at
1400 m.w.e. Therefore the cosmic-ray particles at 1400- and
3000-m.w.e. depth are concluded to have the same nature. The
absorption curve is of a form similar to that on the ground and
therefore the particles are presumably mu-mesons which are the
decay product of pi-mesons.

The showers-to-singles under various thicknesses of lead at the
two depths can be seen from Fig. 2. They are about ~ and g at
1400 m. w. e. and 3000 m.w.e., respectively.
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