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Inelastic Scattering of Protons from Cl" and Cl"f
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The Rice Institute 180'-magnetic spectrometer was used in measuring the energies of inelastically scattered
protons from targets of normal KCl and from NaCl targets enriched in CPS and CP'. Bombarding energies of
4.6, 4.7, 4.8, 5.0, and 5,6 Mev were used. One state of 1.713&0.010 Mev was observed in CP' and two
states at 1.220&0.005 and 1.766~0.005 Mev are assigned to CPS for energies of excitation below 2 Mev.
No state below 2.0-Mev excitation was observed in K", while the first excited state of Na ' was determined
as 437&5 kev.

HE energies of low-lying levels in the nuclei Cp'
and CP' have been measured accurately by using

a 180'-magnetic spectrometer, ' in conjunction with the
Rice Institute Van de Graaff' generator. These nuclei
were excited by inelastically scattering protons whose
bombarding energies ranged from 4.6 to 5.6 Mev. The
energies of the protons were determined by measuring
their momenta in the magnetic field of the spectrom-
eter. From the proton energies the Q values for the
reactions were determined. In the case of inelastic

scattering, the Q value is the negative of the energy
of excitation of the level to which the scattering
occurred. From the manner in which observed proton
peaks shifted with bombarding energy, the approxi-
mate mass of the isotope responsible for the level can
be determined. In this way peaks from impurities were
identified. Since natural chlorine contains 75.4% Cl '
and 24.6/~ Cp', it was necessary to use enriched isotope
targets to assign the levels to the appropriate isotopes.

Initial work on this reaction was done using natural

200—

TARGET -' KCI ON Ni FOI}

PROTON ENERGY: 46l5 MEV
Nl

l.45

IOO- Ci
L77

C)
l.71

CI Nt
l.22 l.33

Q l .c&Hoe'

l90x0I- l000—

O
tL
hl
tel 500—

~ ~ ~ os s ys4a og
e

200

~-'+o ~ ~ a ~
~ P~y + s~s ~ ~

016

2IO

hogS~
~ ~ ~ ~ +s ~ ~ e ~+ ~ ~ To

220

55 57 59
C) Ci

& i

220 2PO

FI9 S. as ga, "
ital

o~l

o

————~+~~~~asses Mly~ss ~ ~sa~I Q ssy+g~+~+So

240 250

KlLOGAUSS "CM

FIG. 1. Spectrum of protons scattered from a KC1 target evaporated on a thin Ni foil.
Levels assigned to Cl, Ni, and various contaminants are so indicated.
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KCl targets evaporated on thin Xi and C foil backings.
From this it was learned that three of the levels ob-
served were due to Cl or K, as shown in Fig. 1. A
repetition of the experiment under identical conditions
using KI as a target indicated that none of the three
levels observed corresponded to states in K", or that

id not have a state that was observed in the
present work below 2.0-Mev excitation. This is in
agreement with recent work by Sperduto and Huechner. '
To obtain definite isotopic assignment of the levels in
C, samples of XaCl with enrichment of the isotopes
Cl" and CP'C to 9o% and 67/~, respectively, were ob-
tained on a loan from the Oak Ridge National I abora-
tory. The assignment of the levels, to a particular
isotope, was made on the basis of relative intensities.
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4.839
4.630
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1.221
Av = 1.220~0.005

4.975 NaCP'

1.760
1 ~ 762
1.762
1.76
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CPS 5.604
4.615
4.839
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4.711
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KC1
KC1
NaCP'
NaCP'

NaCP'
NaCP""

TABLE I. Observed energy levels.
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I'iG. 2. Partial spectra of protons scattered from NaCl targets'
h p s, per 500 microcoulombs of protons.

e two peaks on the right are due to elastically scattered pro-
tons, while the three peaks on the left are d
sca ering rom Cl. The peak intensities were not in the exact
ratio of the relative enrichments, because of the eEfects of reso-
nances in the compound nucleus and the difference in target
thickness for the two targets.

As is shown in Fig. 2, two of the levels, at 1.220 and
1.766 Mev, can definitely be assigned to CP"' while the
1.713-3~Iev state is assigned to CP'. E"he fact that the
ratio of observed intensities in Fig. 2 is not exactly the
same as the ratio of isotopic abundances can probably
be explained. by a strong resonance in the compound
nucleus. Many resonances are observed in the similar
rea, ction of inelastic scattering on Xi, where intensity
changes by factors of 5 are often observed in energ ~

intervals of 2 kev. The isotopic assignment is baseB
upon the data shown in Table I,
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a Target material designated NaCl» was an eva. or
with t11e Cl enriched to 95~ Cl» whi

T C137 h.'d th'. Cl '"."'0' 0 ~ wllle the target material deslgnatecl

b The intensity ratio is the ratio of the numbers of rot
scattered to a particular e 't 1 t t, fxci ec s a e, rom two targets of identical ch

ers o pro ons 1nelastically

composition and mass per unit ar b t f d'ff
In th1s case, the ratio is the ratio of the num er o

ea, u o 1 er1ng isoto ic c

scatterecl from a target enriched in Cl'" to the num1c e m to the number scattered from an

Pieper, Stanford, and Herrmann' report states in Cl'"
as 0.7, 1.1, and 1.7 Mev from the reaction S"(n,p)CP".
While the upper two states are in rough agreement
with the present work, the inelastic proton scattering
experiments showed no evidence for the state at 0.7
lIev. However, the two levels in CP"" reported here are
in almost exact agreement with those reported recently
by Van Patter ef al.'

No level in the region of 1.713 llIev of excitation of
CP' had been reported previously. The S" beta decay
only shows evidence for a state in CP' at 3.1 Mev. "

The 6rst excited state found for Na" is
'

da is in goo agree-
ment: with that reported by Donahue, Jones, McElli-
strem, and Richards' by electrostatic analysis.
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