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sections decrease much more rapidly for large angles
than for small angles with an increase of E„.

Note added srI, proof .C—oulomb eGect of the incident
proton wave was taken into account in the computa-
tions for E~= 6 Mev and case (b) i.e., no proton nuclear

scattering. The angular distribution is considerably
flattened, its deep minimum being shifted towards
larger angles. The corresponding maximum of negative
polarization is also shifted in this direction P (in %) in
Si"(p,e)P" is given in Table II.
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Neutrons from the Proton Bombardment of P"f
A. G. RUIN* AND G. D. JQHNsoN, Boston Vek ersity, Boston, Massachgsetts

AND

J. B. REvNoLDs, Palmer Physical Laboratory, Princeton University, Princeton, 37em Jersey
(Received August 30, 1956)

The reaction P"(p,n)S" has been studied at E„=17.2 Mev. The energy spectrum of the neutrons was
determined by means of proton recoil measurements in nuclear emulsions. The mass excess, M—g, of $3~

was calculated to be —10.04+0.20 Mev. Excited states of S"have been located at 1.15~0.15, 2.28&0.20,
3.35~0.20, 4.51~0.15, 5.94&0.30, and 6.41&0.20 Mev.
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' 'HE level structure of the 3=31 isobars is poorly
known. In P", the excited states at 1.26- and

2.23-Mev excitation are well veri6ed, '—' and levels have

also been reported at 0.4, 0.9 and 3.4 Mev. 4 In the

mirror nucleus, S", the mass of the ground state is

known to within 200 kev from P-decay work, ' but no

excited states had been observed. The reason for this
lack of information about S" is that all reactions
leading to it are either neutron-emitting reactions or
very endoergic, or both, with the exception of the
reaction S"(He',n)S", which has never been studied.
It was decided to investigate S"by means of the reaction
P"(p,m) S". The difhculty in accurately measuring
neutron energies coupled with the beam spread of
cyclotron protons, necessary because of the endoergic
character of the P"(p,l)S" reaction, precluded the
possibility of obtaining very accurate information on
the states of S".However, because of the difhculty in
reaching this nucleus, it was felt than any information
on S" would be of value.

A target of P" was prepared by dissolving red
phosphorus in absolute ethyl alcohol, and painting it
onto a thin polystyrene 61m. The thickness of the
target corresponded to an energy loss of 100 kev for
17.5-Mev protons. Unfortunately, the target was
reversed prior to the exposure, so that the proton

F?G. 1. Data at 30'. E is the corrected number of neutrons per
200-kev interval; E„ is the neutron energy; E, is the excitation
energy in S".

t Supported in part by the United States Air Force through the
Air Force Ofhce of Scientific Research of the Air Research and
Development Command, and in part by the U. S. Atomic Energy
Commission.

*Temporarily at Brookhaven National Laboratory, Upton,
New York.

~ J. W. Olness and H. W. Lewis, Phys. Rev. 99, 654 (1955).
'Paul, Bartholomew, Gove, and Litherland, Bull, Am. Phys.

Soc. Ser. II, 1, 39 (1956).' Van Patter, Swann, Porter and Mandeville, Phys. Rev. 103,
656 (1956).

4 P. M. Kndt and J. C. Kluyver, Revs. Modern Phys. 26, 95
(1954).

80—

N

40—

0+r'

(p, n) S
Ez = I7.2 Mev
509 TRACKS

90

il Il

) „j (;)

s
4 6 8

En (Mev)
l ~ t

6 4 2
Ex

I

0

FIG. 2. The 90' data. (See caption of Fig. 1.)



NEUTRONS FROM PROTON BOM BAR D M ENT OF P''

TAME I. States of S".The energies are given in Mev. The weighting factor at each angle is indicated
in parentheses after the Q value at that angle.

300

—6.06(2)—7.26(3)—8.31(3)—9.25(3)—10.65 (1)

—12 37(2)

60o

—8.25 (1)

—10.60(2)

—12.43 (2)

Q values at
90O

—6.07(1)

—8.35 (1)—9.36(2)—10.57 (3)—12.00—12.74(1)

120'

—8.52 (2)—9.60(3)—10.49 (2)

150

—7.06(1)—8.14(1)

Weighted 0
—6.06&0.20—7.21a0.20—8.34&0.20—9.41&0.20—10.57~0.20—12.00&0.30—12.47&0.20

E» in S»

0
1.15+0.15
2.28~0.20
3.35~0.20
4.51~0.15
5.94~0.30
6.41~0.20

beam hit the polystyrene backing first. This degraded
the energy of the incoming beam from 17.5+0.15 Mev
to an average energy, E„, of 17.2 Mev in the target.
The exposure was of 400 microcoulombs. Neutrons were
detected by means of recoil protons in Ilford C-2
emulsions, 400 microns thick, placed at 5 angles to the
incoming beam, at 30' intervals. The experimental
arrangement has been described previously, ' as have
the development procedure, scanning method, and data
analysis. ' It was found after preliminary scanning that
the low-energy neutrons formed a continuous spectrum,
showing that the higher excited states of S" were not
resolved. Therefore only long tracks were measured,
corresponding to neutron energies greater than 3.5
Mev and to excitation energies, 8„less than 7 Mev.
A total of 3372 tracks were scanned at the five angles.

Figures 1 and 2 show the data at 30' and 90'. The
plates at 60', 120', and 150' were also scanned, but at
these angles only a few of the levels were resolved. '
For this reason, we could not obtain meaningful
angular distributions of the neutron groups, Table I
gives a summary of the Q values obtained and of the
excitation energies in S". The ground-state Q value
derived from results at 30' and 9D' is —6.06+0.20 Mev,
corresponding to an atomic mass excess, M—A, of

' F. Ajzenberg and W. Franzen, Phys. Rev. 94, 409 (1954).
6Rubin, Ajzenberg-Selove, and Mark, Phys. Rev. 104, 727

(1956).
~ The data at these angles are exhibited in Progress Report No.

12, Boston University, September 30, 1956 (unpublished).

—10.04+0.20 Mev and to a mass of 30.98922&0.00022
amu for S".

We may not have resolved all of the levels in S"with
B &7 Mev because of the large widths of the neutron
groups. There is no way of checking this because the
corresponding region in P" is poorly known. In addition
to the levels listed in Table I, there is some evidence for
another state at about 3.6-Mev excitation (Q —9.6
Mev), but the evidence is not conclusive. The neutron
group corresponding to the 4.51-Mev state has a width
which is too large for a group corresponding to a single
level: the data at 30' suggest unresolved levels at 4.4
and 5.0 Mev but here again the evidence is too poor to
draw a firm conclusion. There is some possibility of
neutrons from N'4 and Na" contamination of the target.
It is not possible to check this because of the large
neutron group width which obscures variations with
angle. The target, however, is believed to have been
suKciently pure so that these possibilities are quite
unlikely.
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