
VOLUME 1, NUMBER 7 PHYSICAL REVIEW LETTERS OCTOBER 1, 1958

show a large proton polarization in the transi-
tion region (i.e. , between the first and second
peak), such a polarization would be a very
striking confirmation of Peierls's model. Of
course the possibility exists that neither
Peierls's model nor Wilson's model is correct.
We expect that most other models' are likely to
give a proton polarization substantially smaller
than 80%. The energy and angular dependence
of the proton polarization will throw further
light on the nature of the second peak.

The investigation discussed here was sparked
by stimulating conversations the author had
with Dr. Oreste Piccioni. Thanks are also due
to Dr. M. J. Moravcsik and Dr. T. J. Ypsilantis
for helpful discussions.

This work was done under the auspices of the U. S.
Atomic Energy Commission.
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E2-P3 transition in the second resonance region may
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In principle we can resolve the ambiguity by using a
polarized y-ray beam. The A term gives 1+Ssin28sin2ft),

whereas the B term gives 1+Ssin icos P, where Q is
the angle between e and q. However, the possibility
of obtaining a polarized y-ray beam at 700 Mev seems
to be rather remote at present.

See, e.g. , E. M. Haffner, Phys. Rev. 111, 297
(1958).

See remarks by R. L. Walker and M. Oell-Mann,
Proceedings of the Eighth Annual Conference on High-
Energy Nuclear Physics, CERN, Geneva, 1958 (to be
published).
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As a result of increased interest in the appli-
cation of current shell and collective model cal-

culations'~' to the mass-18 system, measure-
ments have been carried out recently in a num-
ber of laboratories on the low levels of F". It
is the purpose of this letter to present evidence
for a new level in F"which resolves the appar-
ent discrepancies between the measurements in
different laboratories on the Fxs spectrum in the
region of one Mev excitation.

Early measurements on the Ne'o(d, o)F" reac-
tion' indicated a T = 0 level at 1.05 Mev. Meas-
urements in several laboratories on the N'4(a, y)
F", 0"(P, n) F" and 0'6(He', Py) F's reactions
indicated two levels, at energies near 0.94 and
1.07 Mev; the upper one of these was assumed
to be the analog of the T = 1, 0+ ground state of
0"while the lower one was assumed to be iden-
tical with that observed in the Ne" (d, o)F"
measurements. Measurements carried out in
this laboratory7 on 0"(He', Py)F" showed two
levels; the energies were assumed to be 0.94
and 1.08 Mev as measured under the inherently
better experimental conditions in our N"(a, y)F"
studies. '

More recently high resolution magnetic spec-
trograph measurements have been made at the
Rice Institute' and the Atomic Weapons Research
Establishment, Aldermaston, ' using the reac-
tion 0'6(He', P)F". Proton groups correspond-
ing to levels at 0.940, 1.045, and 1.125 Mev and
at 0.935, 1.040, and 1.120 Mev, respectively,
are reported. In addition gamma-ray transitions
of energy 0.94 and 1.04 Mev have been observed
in the reaction" 0"(P,ny)F". None of these
energies are in agreement with the value 1.075
+0.010 observed in the N'~(n, y) F" studies. &

s

In order to check on the energies of the gamma-
ray transitions involved in the N' (a, y) F" and
0"(He', Py)F" reactions, the gamma-ray spec-
tra shown in Fig. 1 were measured. Clearly the
higher energy transitions from the two reactions
do not have the same energy. Since more de-
tailed measurements have demonstrated for
each reaction that the de-excitations involved
are ground-state transitions, it is necessary to
postulate a fourth level, not observed in the
spectrograph measurement, at 1.08 Mev.

No evidence for a transition of 1.12 Mev has
been found.

The measured de-excitation branching and an-
gular distributions of the radiation from the
N'4(o. , y)F" reaction strongly support a & = 1,
0+ assignment' to the state near 1.08 Mev; there
is no obvious reason why this level should not
be observed in the reaction 0"(He', P)F". How-
ever, since this reaction is known to show
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FIG. 1. Gamma-ray pulse-height spectra from
0 (He, py)$ (EH ~ 2. 42 Mev) and N (e, y)F
(EHe4 1.58 Mev), together with a level diagram
showing the transitions involved. The assignments in
brackets are not certain, Ro-

RB-
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strong resonance effects" it appeared yossible
that the spectrograph measurements were made
at either angles or incident energies where the
corresponding differential cross section was
small. For this reason measurements were
carried out at several angles and bombarding
energies with a Kellogg type 180' magnetic spec-
trometer in a search for the proton group from
the 0's(He', P)F" reaction leading to the 1.08-
Mev level in F' . Some of the results are shown
in Fig. 2. All the groups were identified as pro-
tons by their pulse heights in a calibrated CsI
detector; the variation of their measured mo-
menta with angle and beam energy establish that
they all are from the 0"(He', P)F'8 reaction.
These measurements corroborate the existence
of levels at 0.94, 1.04, and 1.12 Mev and esta-
blish the existence of a new level in F"at
1.080 +0.005 Mev. This energy value is obtained
by assuming a magnet calibration based on the
average energy values reported for the other
three states in the previous spectrographic
studies.

With the single exception of the F's(d, t)F"
measurements of El Bedewi and Hussein, "
which suggest negative parity for the 0.94-Mev
level, all of the gvailable data are consistent
with the assignments shown on the level diagram
in Fig. 1. Both the F"(P,d)F's measurements of
Bennett'» and linear polarization measurements
carried out in this laboratory on the 0.94-Mev
radiation'I require positive parity for the 0.94-
Mev state. Gamma-ray angular distribution and

(p, y) angular correlation measurements in-
volving the 1.04- and 1.08-Mev gamma rays
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show spherical symmetry while those involving
the 0.94-Mev level do not. A 0-, 7 = 0 assign-
ment to the 1.040-Mev level, which corresponds
to the removal of a p1 neutron from the 0"

2
core, is consistent with a small reduced width
for the F"(P,d)F" reaction to this level and
Bennett's observation of only l = 0 and l = 2
components in the yickuy pattern to the unre-
solved states near one Mev.

A report of detailed studies of the de-excita-
tion branching ratios and other yroperties of
states of F" at higher excitations observed in
the reactions 0"(He', py) F" and N' (a, y) F"will
be published shortly.
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FIG. 2. Proton energy spectra from 0 (He, P)F
obtained in a Kellogg type 180 magnetic spectrometer.
The abscissa gives the corresponding excitation in
F . The angle of observation with respect to the He
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beam and the incident He energy are inset for each
spectrum.
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The possibility of the "transmission" of polar-
ization effects through matter by means of elec-
tromagnetic cascade showers has been suggested
by Goldhaber and emphasized by Dyson and
McVoy. ' If the showers are generated by polar-
ized high-energy electrons, this effect can be
used to measure the polarization of the incident
electron beam by observing the resulting brems-
strahlung photons. ' We have therefore made
preliminary calculations for the effect by means
of a Monte Carlo technique. '

At the present time, the cross sections used
for the polarized bremsstrahlung and pair-pro-
duction processes are essentially those of Dyson
and McVoy' for the case of complete screening.
The (2/9) term neglected by Dyson and McVoy
has been combined with the do~~~ cross sec-
tion because it was noticed that in pair produc-
tion the inclusion of any fractional part of this
term with either of the other two cross sections
allowed them to become negative. Calculations
using more accurate cross sections are planned. ~

For given initial conditions, i.e., particle,
energy, and spin, ' three numbers were deter-
mined by making correspondences between the
cross sections and random numbers. The pro-
cedure was as follows: the distance to an in-

Hx) = 1oo [r (x) - r (x) Nr (x)+ r (x)],

where y+(x) is the number of "spin-forward"
photons at a given distance, x, for a particular
shower, and y (x) refers to the "spin-backward"
photons. Table I gives 2 (x), the average polari-
zation, for an incident 30-Mev electron, polar-
ized forward, on the basis of 500 showers. The
symbol (E &5) signifies that only those photons
present at x with an energy greater than 5 Mev
were counted; similarly for (E &10). Physical
significance is to be attached only to the top
entry in the left column and to the top two en-

Table I. Average polarization for an incident 30-
Mev electron polarized forward.

x(cm)

E&&5 E„&10

0. 5

1, 0

1.5
2. 0

2. 5

55

55

40

14

20

26

72

90

80

12

10

22

54

teraction was found by a correspondence between
the total cross section for an event' and a ran-
dom number; the energy loss was calculated if
the particle was an electron, and the polariza-
tion combination was obtained by a correspond-
ence between the polarization cross sections
(integrated over the energy range) and random
numbers; by use of the appropriate polarization
cross section, the energies of the resulting par-
ticles were obtained by another random-number
correspondence. Each particle generated was
followed through the material in a similar fash-
ion until the shower "died. " Electrons and
photons with energies less than one Mev were
considered "dead. " The random numbers
ranged over the integers from 0 to 10'. A con-
stant energy loss was assumed, and for our
calculations, which are for lead, the value 19.6
Mev/cm was used. The final results obtained
were the numbers, polarizations, and energies
of electrons, positrons, and photons after trav-
ersing a particular distance in the material. In
these calculations, multiple scattering has been
neglected.

The polarization transmitted in a shower is
defined as


