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TABLE I. Proton polarization eersls energy attenuation.

Average
energy of
degraded

beam
Mev

Attenu-
ating

material

Percent asymmetry of elastic scattering
(thickness of Cu filter given

in parentheses)
20 30'

425a None 63.2 &9.3
48.7 &3.7

(5.25 in.)
(5 in. )

6.7 &9.5 (5.25 in. )

240 15.25 in. CH2 50.0 &1.6
10 in. C 50.0&1.8
2.311 in. Cu 46.5 &2.2
2.378 in. Pb 46.8 ~2.6

(2.25 in. )
13.0+ 4.3
11.2& 5,24'8~ 5'4 (2.25 in.)

—7.0& 8.5

10 in. C 57.0 &2.8 (2.75 in.) 21.9 &13.0 (2.75 in.)

186 12 in. CHg
+ 64 &8

10 in. C

115 12 in. CH2
+ 35.8 +3.6

14 in. C

(1 in.) 33 & 5 (1 in.)

23.3 +10.3 (~g in. )

+ Initial polarization of 425-Mev beam =53.6 +1.3 percent,

EVERAL mechanisms for depolarization of protons
as t;hey are slowed down in matter have been dis-

cussed by Kolfenstein, ' who concludes that these are
ineGective. Furthermore the additional depolarizing
processes which we have been able to think of do not
promise to be larger. Nevertheless an experimental
knowledge of depolarization eGects is necessary in the
interpretation of many experiments. To this end we have
degraded the energy of a polarized proton beam in
several diferent substances.

A 425-Mev 54 percent polarized proton beam was
used, produced by scattering the 435-Mev average
energy circulating protons elastically at 14' from a
Be target in the cyclotron. The polarization of the
external proton beam so produced was determined by
measuring the asymmetry of elastic scattering from Be
at the same angle. In addition, the asymmetries of
elastic scattering at 20' and at 30' were measured in a
geometry subsequently used to measure asymmetries
for the beam degraded in energy.

Next the beam was degraded to E' in paragon, in
C, in Cu, and in Pb. The asymmetry of elastic scattering
of the degraded beam by beryllium was again measured
at 20' and at 30'. The geometry was such that no
protons scattered by more than 2.2' in the slowing down

-to

Frc. 1. Polarization of 425-Mev protons effected by elastic
scattering on Be plotted as a function of laboratory angle of
scattering.

material could reach the Be. In passing through the
2-inch thick Be scatterer, the mean energy of the beam
was still further reduced from E' to E. The emergent
energy E was determined by range measurement in Cu.

The counter telescopes which measured the scattered
protons were provided with copper Alters such that
quasi-nucleon-scattered protons could not produce a
coincidence count. For the 6lter, that thickness of
copper was chosen for which the range curve had
dropped to about two thirds of the distance down from
the "knee. " In Table I are given the eGective energy E,
the thicknesses of the various attenuators, and the
corresponding asymmetries of elastic scattering meas-
ured at the two laboratory angles.

In addition we have measured, with considerably
better statistical accuracy and angular definition than
previously, ' the polarization of 425-Mev protons scat-
tered elastically from Be and find the dependence shown
in Fig. 1. It is similar to that known for Be,' C,' and
He' at 310 Mev.

The asymmetries are practically unafFected by de-
gradation of proton energy from 430 to 150 Mev re-
gardless of Z and of nuclear spin of the attenuator. The
slight increase in asymmetry with decreasing proton
energy we ascribe to the fact that the elastic diKraction
pattern is wider at lower energy and therefore the
polarization curves (corresponding to Fig. 1) are wider.

In principle the polarization of the protons degraded
from 425 to 240 Mev can be computed from the asym-
metry measured at 240 Mev shown in Table I, together
with the polarization by elastic scattering for Be at 20'
and 240 Mev. Instead we use (50&10) percent meas-
ured2 at 310 Mev and 20' for C, and compute for the
polarization of protons degraded from 425 to 240 Mev,
P=-,'(50&2)/(50+10) =50&10 percent. This number
we compare with the polarization of 53.6~1.3 percent
measured for the 425-Mev beam. One sees that within
the error no depolarization has occurred,
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Similarly, using the corresponding asymmetry in
Table I together with the elastic polarization measured
for carbon at 20' and 140 Mev, 78&10 percent, 4 we

compute for the polarization of the beam degraded to
186 Mev, P=-', (64+8)/(78&10) =41+7percent, which

is not meaningfully diferent from the polarization of
the 425-Mev beam.

We do not compute polarizations at 30' because at
this angle probably equal numbers of elastically and
inelastically scattered protons reach the counters.

For the proton beam degraded to ~115Mev, only
protons of energy more than 100 Mev were measured.
Range measurement showed that 60 percent of these
protons had energy between 100 and 120 Mev, the
remainder having somewhat higher energies. We in-

terpret the low measured asymmetry as due to a de-

creased ability of elastic scattering to polarize below
150 Mev.

This result is anticipated by the elastic scattering
asymmetry of 6&2 percent measured' near 70 Mev for
Be at 20', and by a decreased polarization observed at
Harwell below 140 Mev.

The present results show that for this energy range
no small-angle interactions eGect depolarization within
the accuracy of these measurements.
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