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charging have lesser effect. (Indeed, one is compelled
toward these conditions because the charge 1 peak is
so weak that it has to be compressed by pre-deflection
acceleration into the transmission width of the instru-
ment before it can be made to stand above background.)
Figure 2 shows the charge 1 peak observed with 75
volts applied to the source volume. The peak appears at
9.84+0.2 ev on the recoil energy scale, but the recoil
energy scale is itself uncertain within 40.5 ev because
of a small uncertainty in the present value of the calibra-
tion constant of the spectrometer.

In summary, the observations show that the recoil
ions are of mass 37, have an energy spread that can be
accounted for by thermal motion and recoil from Auger
electron emission, and possess an energy of recoil within
about 7 percent of that predicted from emission of a
single neutrino with an energy of 816 kev.
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T has been suggested that the 6.7-second state of Al
which exhibits a superallowed transition to Mg?,
might not be the ground state.! Perhaps the most direct
evidence for this contention comes from comparison of
the mass of Al?*® (mass of Al**—mass of Mg?=4.00
=+0.03 Mev) as determined from nuclear reaction
Q-values? and the B-decay energy Eg+2moc?=4.240.1
Mev.? Also suggestive are the facts that the neutron
yield of the reaction Al?’(y,n)Al* is three times the
positron yield,** and that the ratio of y-ray yield to
positron yield observed in Mg®(p,y) varies with
bombarding energy.® In the present work we have con-
firmed the latter observation and, by a new measure-
ment of the B-decay energy and of ~y-ray spectra,
established the location of the 6.7-second state.

The yield of positrons and +y-rays from a 10-kev
target® of Mg? as a function of proton energy is shown
in Fig. 1. To obtain these data an end-window 3 counter
and a thick-walled v counter were placed near the target
and the beam was interrupted at a rate of 60 cps; the
v counter counted continuously but the 8 counter re-
corded only when the beam was off the target. If the
v counter had a linear efficiency-vs-energy response,
its counting rate would be proportional to the capture
cross section regardless of the mode of decay of the
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Fic. 1. Yield of prompt vy rays in a thick-walled counter com-
pared to the yield of delayed positrons in an end-window counter,
as a function of the energy of protons bombarding a 10-kev Mg?
target.

compound level. Since a thick-walled v counter approxi-
mates this condition fairly well,” the v yield of Fig. 1
can be taken to represent to a good approximation the
capture cross section, while the positron yield is propor-
tional to the number of captures which terminate in
the 6.7-second state. The wide variation of the ratio of
the two curves suggest that a varying fraction of the
captures must terminate in a state of AI?® having a
half-life much longer than 7 seconds. For example, at
058-kev proton energy, nearly all of the captures go
to this state.

An 8-mg/cm? Mg®0 target on 1-mil Al backing,
placed with the MgO facing the proton beam from a
3-Mev electrostatic accelerator, was bombarded in a
magnetic lens spectrometer to determine the positron
spectrum. The beam was again interrupted at the 60-cps
rate with positron detection permitted only while the
beam was off the target. The Kurie plot of the resulting
spectrum was straight down to 1.5 Mev and had an
end-point energy of 3.2020.05 Mev, including a 0.02-
Mev correction for backing and target thickness. With
a half-life of 6.6824-0.11 seconds,® the ft-value is 31204
290 seconds, in agreement with other measurements
for 0—0 transitions: 3275475 for® O%, and 32204-200
for'®!t CI3. From the difference between this end-point
and Q-values from other work,? the excitation of the
6.7-second state in Al*® is calculated to be 0.224-0.06
Mev; a recent determination? of the threshold of the
reaction Mg?(p,n)Al®%, giving a preliminary Q-value
of 4.8864-0.010 Mev, leads to the value 0.124-0.06 Mev.
This confirms that the positron-emitting state is not the
ground state.

Gamma-ray spectra at a number of resonances have
been examined with a crystal spectrometer, using
4in.X4 in. and 13 in.X1} in. Nal crystals, with the
following results. At the 958-kev resonance, where the
positron yield is low, v rays are observed having energies
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0.416£0.004, 0.511 (weak), 1.672£0.02, 2.084-0.02,
and 5.23+0.05 Mev, with no others of comparable
intensity. The 0.416- and 1.67-Mev v rays are in coin-
cidence (within the resolving time of 4 usec), while
the 0.416- and 2.08-Mev +y rays are not. The 0.416- and
1.67-Mev vy ray intensities are about equal and twice
that of the 2.08-Mev v ray. These y-ray energies fit
well into the level scheme of Browne,® and the short
half-life of the 0.416-Mev transition verifies his con-
clusion that the 0.418-Mev level is not the 6.7-second
positron-emitting state. The 0.416-Mev vy ray was also
observed in varying intensity ratio to the annihilation
radiation, at 697-, 730-, 990-, 1046-, and 1086-kev
bombarding energy.

At 730-kev proton energy, where the positron yield
is relatively high, the 0.416-Mev and 0.511-Mev v rays
have about the same intensity. There also appear
several new vy rays: three in prompt coincidence with
energies 0.8334 0.006, 1.022+0.006, and 5.004-0.05
Mev, and two, not checked for coincidence, with
energies 1.444-0.03 and 2.464-0.03 Mev. The last two
may account for the fact that the 0.833-Mev v ray is
about 50 percent more intense than the 1.022-Mev
v ray. (For example, a level in Al?¢ at 3.51 Mev would
be consistent with these and the considerations below.)
The 0.833- and 1.022-Mev + rays were also found with
similar intensity ratios at proton energies of 730, 933,
990, 1046, and 1086 kev.
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F1G. 2. Energy levels of Al*. The spins indicated form a set
consistent with the experimental data and the shell model.
Levels below 2.1 Mev other than those at 0.219 and 2.074 Mev
are those given in reference 13,
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The 1185-kev resonance reveals only a 0.5884-0.005-
Mev v ray, other v rays having less than about one
percent of its intensity: the resonance is therefore at-
tributed to Mg®(p,p’) terminating in the known first
excited state of Mg?. The peak at 873 kev in Fig. 1 is
attributed chiefly to F'® contamination.

The v- and B-ray data suggest that the 1.67- and
2.08-Mev « rays branch from the 2.064-Mev level pre-
viously reported®® from the reaction Si*®(d,)Al?, and
that the 0.833- and 1.022-Mev v rays originate from the
reported 1.052-Mev level and a new level at2.074
+0:013 Mev, respectively. Regarding the latter as the
second T'=1 state with spin 2+, which would not be
expected to show up in the reaction Si*(d,a) A%, would
not be inconsistent with the observed vy-ray data, and
is suggested as the expected analogue of the 1.83-Mev
level in Mg?6. The 0.833-Mev v-ray assignment places
the isomeric level at 0.219+0.013 Meyv, in close agree-
ment with the expected location of the analogue of the
Mg?% ground state.

Assuming the shell model and jj-coupling for the
odd @5 neutron and proton requires that the states
with J=0, 2, and 4 have isotopic spin T'=1, and the
states with J=1, 3, and 5 have T=0. An assignment
of spins to the levels of Al* (taking even parity) con-
sistent with the observations is shown in Fig. 2. J=35
is taken for the ground state because of the absence of
1.83-Mev delayed y-radiation in a thick Mg»0 sample
irradiated for three hours in a -ua beam of 1.5-Mev
protons.’® If the ground state had J=3, an allowed
1.2-Mev positron transition to the first excited state of
Mg?, followed by a 1.83-Mev v ray, would be expected,
with a half-life of several minutes to several hours. A
calculated half-life of about 5X10* years results for
this transition if J=35 and log f¢ is taken to be 13.

We are grateful to C. A. Barnes, R. F. Christy, T.
Lauritsen, and S. A. Moszkowski for helpful discussions.

* Assisted by the joint program of the U. S. Office of Naval
Research and the U. S. Atomic Energy Commission.
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Princeton, New Jersey.

( lS.)A. Moszkowski and D. C. Peaslee, Phys. Rev. 93, 455
1954).

2 Using the Q-values from the following reactions: Mg?(d,p)
Mg?: Van Patter, Sperduto, Endt, Buechner, and Enge, Phys.
Rev. 85, 142 (1952); Mg*(d,p)Mg?: D. M. Van Patter e al.,
Phys. Rev. 85, 142 (1952); Al"(p,)Mg*: Donahue, Jones,
McEllistrem, and Richards, Phys. Rev. 89, 824 (1953); Si®¥(d,a)-
AP": D. M. Van Patter ef al., Phys. Rev. 85, 142 (1952); Si28(n,y)-
Si»: B. B. Kinsey and G. A. Bartholomew, Can. J. Research 31,
537 (1953); Si®8(d,a)Al%: C. P. Browne, Phys. Rev. 95, 860 (1954).

3 Haslam, Roberts, and Robb, Can. J. Phys. 32, 361 (1954).
(5M;)ntalbetti, Katz, and Goldemberg, Phys. Rev. 91, 659

1953). -

5 Kluyver, van der Leun, and Endt, Phys. Rev. 94, 1795 (1954).

6 Russell, Taylor, and Cooper, Rev. Sci. Instr. 23, 764 (1952),
describe target preparation method. Isotopic material supplied
by Oak Ridge.

7See, e. g., Fowler, Lauritsen, and Lauritsen, Revs. Modern
Phys. 20, 236 (1948).

8 Hunt, Jones, Churchill, and Hancock, Proc. Phys. Soc.
(London) 67, 443 (1954).

9 J. B. Gerhart, Phys. Rev. 95, 288 (1954).
10D, Green and J. R. Richardson, Phys. Rev. 96, 858 (1954).



250 LETTERS TO

11 P, Stihelin, Helv. Phys. Acta, 26, 691 (1953).

2 Kington, Bair, and Willard (private communication).

18 C, P. Browne, Phys. Rev. 95, 860 (1954).

14 Endt, Enge, Haffner, and Buechner, Phys. Rev. 87, 27 (1952).

15 Simanton, Rightmire, Long, and Kohman, Phys. Rev. 96,
1711 (1954), have successfully isolated long-lived aluminum (77
estimated to be about 10° years) from a deuteron bombardment
of natural magnesium.

Slowing Down of Polarized Protons*
E. HeBERG, U. KRUSE, J. MARSHALL, L. MARSHALL,
anp F. Sormirz
Institute for Nuclear Studies, The University of Chicago,
Chicago, Illinois
(Received October 20, 1954)

EVERAL mechanisms for depolarization of protons

as they are slowed down in matter have been dis-
cussed by Wolfenstein,! who concludes that these are
ineffective. 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 effects is necessary in the
interpretation of many experiments. To this end we have
degraded the energy of a polarized proton beam in
several different 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 paraffin, 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

TasLE I. Proton polarization versus energy attenuation.

Average i
energy of Percent asymmetry of elastic scattering
degraded Attenu- (thickness of Cu filter given
beam ating in parentheses)
Mev material 20° 30°
425 None 63.24+9.3 (5.25in.) 6.7+9.5 (5.25 in.)
48.74+3.7 (5in.)
240 15.25in. 8H2 50.0+1.6 13.0+ 4.3
10 in. 50.0-+1.8 . 11.24 5.2 s
2.311in. Cu 46,5422 ( (2-25in) 485 57y (2250n)
2.378 in. Pb  46.8+2.6 —7.0+ 8.5
10in, C 57.0+£2.8 (2.75in.) 21.9+13.0 (2.75in.)
186 12 in. CH:
64 +8 (11in.) 3 5 (11in.)
10in. C
~115 12 in. CH:
+ 35.8+3.6 (3in) 23.34+10.3 (}in.)
14in. C

a Initial polarization of 425-Mev beam =53.6+-1.3 percent,
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Fi1c. 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 filters such that
quasi-nucleon-scattered protons could not produce a
coincidence count. For the filter, 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 effective 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 diffraction
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 (504-10) percent meas-
ured? at 310 Mev and 20° for C, and compute for the
polarization of protons degraded from 425 to 240 Mev,
P=1%(50+2)/(50410)=50-410 percent. This number
we compare with the polarization of 53.641.3 percent
measured for the 425-Mev beam. One sees that within
the error no depolarization has occurred,



