
LETTERS TO THE ED I TOR

a purely attractive force in the S state of isotopic spin ~ and a
strong repulsion at short distances surrounded by a somewhat
longer-range attractive region for the S state of isotopic spin —,'.
They should also serve as a guide to experiments in this energy
region. In particular, the prediction of a small 7r+ cross section
which switches from backward to forward scattering around 20
Mev and a greatly enhanced m cross section for elastic (rather
than charge-exchange) scattering around 5—10 Mev should now
be taken rather seriously.

We are indebted to H. Gelernter and E. Halbert for many of
the calculations presented here.

"' Work supported by the U. S. Atomic Energy Commission.
I H. L. Anderson and E. Fermi, Phys. Rev. 86, 794 (1952).
z Panofsky, Aamodt, and Hadley, Phys. Rev. 81, 565 (1951).
3 Proceedzngs of the Fourth Annual Rochester Conference (University of

Rochester Press, Rochester, to be published).
4 S. L. Leonard and D. H. Stork, Phys. Rev. 93, 568 (1954).
~ S. W. Barnes et al. , Phys. Rev. 92, 1327 (1953),
6 J. Tinlot and A. Roberts, Phys. Rev. (to be published).
70rear, Lord, and Weaver, Phys. Rev. 93, 575 (1954).
8 Bodansky, Sachs, and Steinberger, Phys. Rev. (to be published).' R. Marshak, Phys. Rev. 88, 1208 (1952).
» A. E. Woodruff, Phys. Rev. 92, 855 (1953).
» Anderson, Fermi, Martin, and Nagle, Phys. Rev. 91, 155 (1953).
» H. P, Noyes and H. G. Camnitz, Phys. Rev. 88, 1206 (1952).

Koch Q

400

300

800

700

5'00

1400

1300

fAKo/h

.1200

.1100

- 1000

- 900

- 700

1200

Shower Structure in the Higher Shower Maxima
W. BOTHE AND H. KRAEMER

Institut fur Physik im Max-Planck-Institut fur Med&.inische I'"orschzzng,
Heidelberg, Germany

(Received April 5, 1954)

1100

1000

a 1cm
.300

Pe

l

t

C

I

l

1

l

'A
I

"0

FIG. 1.Experimental arrange-
ment. X: case of coincidence;
A: case of anticoincidence.

- ~ 50 cm

' N an attempt to shed more light on the production of showers
in connection with the second, third, and fourth maxima of

the shower curve, the experimental arrangement as described
previously was slightly modified. In Fig. 1, Pb is the lead radiator
of variable thickness, I and II are the two crossed counter trays
which determine the apparent shower angle, and III is a counter
tray that may be shifted between I and Pb. Fivefold coincidences
(I, I, II, II, III) as well as anticoincidences (I, I, II, II, —III)
were counted as a function of lead thickness Pb. The results, some
of which are reproduced in Fig. 2, are clear cut though rather sur-
prising. If tray III is arranged immediately beneath Pb (a=82
cm), the second and third maximum only appear in the anti-
coincidence curve. The inverse holds if III is lowered to prac-
tically a=0 cm. In intermediate positions of III the maxima are
divided up between the two curves.

The simplest interpretation of these results is this: The par-
ticles emerging from the Pb are neutral ones; a considerable frac-
tion of them decay before reaching tray I, thus giving rise to the
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FIG. 2. Shower curves. Full curve: coincidence. Dashed curve:
anticoincidence. (1 Torr =1 mm mercury).

charged showers or pairs recorded by trays I+II. So these neutral
particles have at least some of the characteristics of neutral V
particles.

In the light of these results, a number of discrepancies that
seemed to exist between the works of different authors now readily
disappear. Since the apex of a shower does not lie in the lead
layer but is more or less below, the real shower angle is consider-
ably larger than supposed in our previous work. In fact Broussard
and Graves' have observed in a cloud chamber that the second
maximum occurs only for rather wide angle showers.

If a counter tray III is arranged beneath Pb and coincidences
(I, I, III) or (I, I, II, II, III) are counted, the second and third
maximum cannot appear. Likewise the higher maxima must be
strongly suppressed, if trapezoidal counter arrangements are used
fixing the shower apex within the lead layer. Investigations with
both kinds of arrangements have been described and regarded as
proof against the existence of higher shower maxima.

This counter work is being continued in combination with a
cloud chamber.
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Perturbation Theory with Sommerfe1d-Maue
Wave Function
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T has been implicitly assumed by a number of authors' that.. the matrix element in the differential cross section for a process
is the same whether Sommerfeld-Maue wave functions or non-


