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The perturbation of the angular distribution of the 197-kev gamma rays following inelastic scattering
of protons in F"has been measured as a function of an external magnetic field and the magnetic moment
of the 197-kev state has been extracted from these measurements. A value of + (3.70+0.43) nuclear mag-
netons has been found. The lifetime of this state has been determined precisely: r= (1.23+0.07)X10 ' sec.

o~(t})= (1+A se ""PsLcos(0—&ut)])e ~'dt, (1)

where A2 is the coeKcient of the unperturbated distri-
bution; X and ) 2 are the decay constant of the p
emitting state and the quadrupole interaction constant, '
respectively; cv =fiH/IA is the Larmor frequency.

II. EXPERIMENTAL METHOD

The 197-kev state was excited by inelastic scattering
of protons on F" in a liquid medium, and the ratio of
the counting rates of two p detectors arranged sym-
metrically with respect to the proton beam was meas-
ured as a function of the applied magnetic field. For
8=45', the ratio

R= W(e,oi)/W( —0, to) = W( —0, —to)/W(+0, —to) (2)

goes through an extremum for a field strength H
corresponding to a I armor frequency of

co =-,'()+}~s). (3)

f A preliminary report on this work has been published in
Lehmann, Leveque, and Fiehrer, Compt. rend. 241, 700 (1955).' J. P. Elliott and B. H. Flowers, Proc. Roy. Soc. (London)
A229, 536 (1955).' M. G. Redlich, Phys. Rev. 99, 1427 (1955).' Thirion, Barnes, and Lauritsen, Phys. Rev. 94, 1076 (1954).

4 Jones, Phillips, Johnson, and Wilkinson, Phys. Rev. 96, 547
(1954).' A. Abragam and R. V. Pound, Phys. Rev. 92, 943 (1953).

I. INTRODUCTION

''NTERMEDIATE coupling calculations have re-
~ - cently been carried out for nuclei of mass 18 and
19,'' and the properties of the even-parity levels of
these nuclei were found to agree well with the experi-
mental values. It is therefore of interest to accumulate
more experimental information about these levels.

The lifetime" of the 197-kev state in F" is long
enough for a static magnetic field H to cause a strong
perturbation of the angular distribution of the aniso-
tropic p rays. A quantitative determination of this
effect as a function of H can then yield a value of the
magnetic moment of the intermediate nuclear state p, .
For a liquid source, this angular distribution, measured
in a plane perpendicular to the applied field, has been
shown' to be of the form

It has been shown' that X2 is roughly proportional to
the macroscopic viscosity of the solution. Experiments
made with two diGerent viscosities should then allow
extrapolation to zero viscosity ()is=0).

III. EXPERIMENTAL ARRANGEMENT

The proton beam from the Saclay 5-Mev electrostatic
accelerator entered a liquid cell through a platinum
window 5 p thick. The continuously circulating liquid
was a solution of potassium Quoride in water with a
concentration of 600 g/1 or 300 g/1. The gamma-ray
detectors were 1)&1 inch NaI(T1) crystals mounted on
EMI 6260 photomultipliers. The detectors were care-
fully shielded from the magnetic stray field and from
the scattered gamma rays. The magnet itself was
designed to minimize the scattering of gamma rays by
keeping the coils away from the gap as much as possible.
The magnet was carefully demagnetized between the
measurements and its field was measured with a coil
meter.

The outputs of the amplifiers following the multipliers
were connected to 10-channel pulse-height selectors of
the standard Saclay type.

The measurements were made in the following order:
(i) without any field, (ii) field in one direction, (iii)
field in the opposite direction, (iv) without any field,
and repeated twice in this order for every value of the
field.

IV. RESULTS

Figure 1 shows the results obtained with the 600-g/l
solution. The curves have the form predicted by Eq. (1)
The best fit is obtained for H = (587&12) gauss.

Another curve obtained with the 300 g/l solution
yields essentially the same value. A careful comparison
of the two curves shows that the position of the maxima
cannot differ by more than 5%.

The ratio of the viscosities of the solutions was
measured both at 5'C and 33'C with a Baume visco-
simeter and can be estimated to be around two at the
unknown local temperature in the region of the proton
beam. In the result the possibility of quadrupole eQects
has been taken into account by assuming a systematic
error of 2.5%&2.5%

6 P. B. Hemmig and R. M. Steffen, Phys. Rev. 92, 832 (1953).
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FIG. 1. Experimental points showing the ratio of the counting rates of the two detectors as a function of the magnetic 6eld.
The two solid lines are theoretical curves calculated for @=+4.1 and @=+3.5.

The precision of the value of p was limited by the
20% error of the lifetime of the 197-kev state given in
the literature. 4 A somewhat more accurate measurement
has been performed using the delayed coincidence
method. This experiment has been described previ-
ously. r The result, r = (1.23&0.07) && 10 r sec or
X= (0.81&0.05)&&10" sec ', yields a value for the
magnetic moment of +3.70&0.45 nuclear magnetons,
in agreement with the value 3.3 obtained by Elliot in
preliminary calculations. '*

7Fiehrer, I,ehmann, Ldveque, and Pick, Comp. rend. 241,
1748 (1955).' J. P. Elliot (private communication).

37ore added sn proof. Similar experiments usi—ng liquid sources
oi 0" have been made at Cavendish Laboratory /Phillips, Jones,

The present value is somewhat larger than those
obtained using a solid target and neglecting quadrupole
sects. ' "
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