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FIG. 1. (/1 I/I} (48/8} "2 is plotted against the depth d in m.m.e.
for P =0 percent, 10 percent, 25 percent.
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~HE angular distribution of the pions scattered by liquid
hydrogen has been studied using the well collimated pion

beams of the Chicago synchrocyclotron. A pair of 2-inch diameter
scintillation counters define the incident beam which passes
through them into a liquid hydrogen cell (Fig. I). The scattered

tent, independent of any assumptions about the energy losses of
the p, 's and the exponent of the power spectrum. A density change
in the atmosphere produces a variation DB of J3. Whereas I„is not
afkcted, I varies, and one has:
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hT= I'—function of d.
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T is the temperature recorded at one aItitude; if the atmosphere
was really isothermal, the correlation coe%cient I' wou1d be unity.
If two recordings were made simultaneously at two diferent
depths, (about 250 and 1000 m.w.e.), the term yAI"/r would
disappear and the ratio LAI(250)/I(250)]/LAI(1000)/I(1000)j
would give some indications about the proportion of y„'s in the
ground, as can be seen from Fig. i. Since this is known, it is possi-
ble to get back to the proportion of ~-mesons eesgs 2r (and r,
Vo '), provided that some assumptions on the decay of these
diRerent particles are made. One should notice that the tempera-
ture coeKcient cannot exceed 0.4 percent/'G, i.e., the value for
P=O, I'=1, d= to.
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MMONIUM phosphate prepared by the method of Tam-
~

~ ~

maQQI ls fouQd to bc fcrroclcctric ln thc range from —193
to +38'C. Conductivity obscur&. the ferroelectric hysteresis 1oop
above 38'G, although the dielectric constant appears to climb
fairly rapidly in the neighborhood of that temperature. No
measurements were made below —193'C. The crystal is unstable
in a dry atmosphere at room temperature, and must be stored
near O'G.

X-ray measurements demonstrate that the crystal has a mono-
clinic cell with a=19.9~A, b=6.91A, @=6.28A, P=98.5', space-
gl'ollP Co ol Cosq and nlolPho1ogy lndlcatcs C2. Thc dcnslty ls I.577
g/cm'. Although Tammann identiiied the compound as a mono-
meta salt with 3 or 4 H20 per molecule, a chemical analysis indi-
cates between 5 and 6 H~O, and x-ray and density measurements
show 6 H20. The chemistry of the "nletaphosphates" is unc1car
m general, and the precise nature of the compound must appar-
ently await completion of the x-ray structure analysis now in
progress. A Patterson projection on (001) indicates the existence
of Pg06 groups.
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FIG. 1. Experimental arrangement.

particles are detected by two 4-inch diameter scintillation counters
at suitable azimuth. A quadruple coincidence of al1 four counters
requires a partic1c to pass through the erst two counters and then
to bc scattcrcd into thc second pair. The quadruple colQcldcncc
rate, divided by the doub1e coincidence rate of the &st pair,
which is recorded at the same time, gives the fraction of the beam
which is scattered. The hydrogen cell was designed for rapid
insertion and remova1 of the liquid hydrogen, to distinguish its
cGect from extraneous scattering. The charge exchange scattering
was distinguished from the elastic scattering of negative pions by
the insertion of a 1ead radiator in front of the second pair' of
counters, in order to enhance their sensitivity to gamIna-rays.

The clastic scattering of positive pions at 110Mev and I35 Mev,
and both charge exchange and elastic scattering of negative pions
at 135 Mev, were measured. The observations were taken at
laboratory ang1es 45', 90' and I35'.

The results, in the center-of-mass system, have been expressed
ln terms of thc forIQula:

This angular distribution is expected when only s- and P-states
contribute to the scattering. The values of the coefIlcients with
their statistical errors are presented in Table I.

TAEI.E I. CoeKcients for the diKerential cross sections.

Primary
energy,
Mev Process

e b
cmg J'{

sterad - sterad sterad

110 21+—+~+
135 m+ ~2r+
135
135 21. -+2l.0

3.5 +0.6 -4.6&0.8
3.8 &2.2 —6.8&2.7
1.2 +0,2 -0.1 &0.3
1.1 %0.6 -2.5 &0.5

7.2 +1.8 74.5 +5.4
17.5 &6.6 121 +19
0.3+0.7 16.2 +2.3
6.3~1.9 40.6~2.3

The integrated cross sections listed in Table I are in good agree-
ment with those obtained previously' by transmission measure-
ments. For negative pions the contributions of exchange and non-
exchange scattering shoultI be added, plus a small contribution of
about 0.8X10~' cms due to the inverse photo e8ect (s ~y).


