
VOLUME 10, NUMBER 8 PHYSICAL REVIEW LETTERS 15 APRiL 1965

give a width of l. 5 keV (4 point-~& point), which

probably represents the width of the resonance.
However, since instrumental broadening of this
amount cannot be ruled out in these data, this
value is considered an upper limit I'tot+1 5 keV,
which leads to a reduced width, y'&0. 13x10 "
MeV-cm, less than 0. 01 times the signer limit
38'/2pa. This small value may be compared with

the reduced particle width of 0. 50 times the Wig-
ner limit for the "good" d+, level at 5. 10 MeV.

In summary, the state in F'7 at 3.86 MeV has
J"= -,

' and very small radiation and particle
widths, and so does not exhibit a strong single-
particle character. This is satisfying since an
"inverted" f~»» structure would be very disturb-
ing. The long-standing difficulty of explaining an

f~12 level within 4 MeV of the ds~ ground state and

below the d3/2 level has been removed. The low-
est f„, level now appears to lie'~" at 5. 7 MeV,
with y'/(3h'/2pa) = 0. 1 and 0.04 in 0'~ and F'7,
respectively. The situation for the '-, level in
0'7 is less clear. Since it is bound, it is neces-
sary to appeal to widths obtained in (d, P) stripping.
At Fd =15 MeV, Keller" observes a very good
stripping pattern and a reduced width which,
though small, is perhaps a quarter of that ex-
pected' for a good f level. Nevertheless, the
relative reduced width is probably significantly
less than for the ~2 level at 5. 7 MeV. "'"

We are indebted to M. H. Macfarlane for sev-
era, l provocative discussions.

*Work performed under the auspices of the U. S.
Atomic Energy Commission.
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The angular distribution of decay electrons
from polarized beta-radioactive spin--,' nuclei
is given by'

I(8) = I+A(U/c) cos8

where v is the electron velocity, c is the velocity
of light, and 8 is the angle between the electron
velocity vector and the spin polarization axis.
We have determined the asymmetry parameter
A of neon-19, and have measured the nuclea. r
magnetic moment of' neon-19 by observing the
reversal of beta-decay asymmetry which occurs
when polarized neon-19 nuclei undergo resonance

reorienta tion. The results are

A(Nex9) = -0.057 + 0.005

p(Ne' ) =-1.886+ 0.001 nm.

In both of these results we assume I= -,' and p &0.
The result for A leads to an interesting interpre-
tation of the relative sign of Fermi and Gamow-
Teller matrix elements in Ne'9 decay. The re-
sult for p, provides a useful datum in the study
of the structure of light nuclei.

The experimental method is as follows. ' A
beam of neon-19 in the '80 ground state emerges
from an atomic beam source at 77'K and trav-

347



VOLUME 10, NUMBER 8 PHYSICAL RKVIKW LKTTKRS 15 APRIL 1963

erses an inhomogeneous magnetic deflecting field
("A" field) of the conventional type. ~ The beam
is thereby split into two spatially separated "half"
beams, corresponding to mj =+-,'. The "A" mag-
net is 44 cm long and provides a field gradient
up to 50 kG/cm. A movable collimating slit
0.015 cm wide is located halfway along the "A"
magnet. The beam emerges from the "A" mag-
net, passes through an rf transition region in a
homogeneous "C" field (H& —=1140 gauss), where
nuclear resonance reorientation may be induced,
and proceeds through a Pyrex chennel of length
3.80 cm. The width and height of the channel
are 0.038 cm and 0.475 cm, respectively. The
entrance to the channel is effectively the detector
aperture for the beam. By moving the collimator
in the "A" magnet, different portions of the beam
are allowed to strike the detector aperture. If
the collimator is more than 0.012 cm to one side
of center a portion of only one '*half" beam can
enter the channel and the nuclei in this beam are
completely polarized in one direction. By mov-
ing the collimator the same amount to the other
side of center, the polarization is reversed.
%'hen the collimator is in the center equal amounts
of both "half" beams are transmitted through the
channel and the net polarization is zero. The po-
larization can also be (partially) reversed for a
given "half" beam by nuclear resonance reorien-
tation in the "C"-field region.

The channel terminates in a cylindrical Pyrex
bulb 6.6 cm long and 4 cm in diameter, with
slightly concave end walls about 0.010 cm thick.
The bulb is situated in a homogeneous magnetic
field HD (usually about 230 gauss) which is paral-
lel to HC, H~, and the bulb axis. (See Fig. 1.)
The walls of the bulb and channel are coated with
a thin layer of Teflon to inhibit nuclear spin re-
laxation which might occur on wall collisions. ~

The atoms entering the bulb remain there for a
mean time v = V/S =—12 seconds, where V= 80 cm~

is the volume of the bulb, a,nd S = 6. 5 cm~/sec is
the conductance of the channel. Since the half-
life of neon-19 is 18.5 seconds, approximately
35$ of the atoms entering the bulb decay there.
Those positrons which are emitted in the di-
rections of the end walls penetrate them with
relatively small energy loss and are detected
by two thin-windowed Geiger counters, one ad-
jacent to each end wall. The orbits of the posi-
trons (average energy 1 MeV, maximum energy
2. 235 MeV) are not appreciably affected by HD.
In spite of the long time 7, during which the av-
erage atom makes 10' wall collisions, relaxa-
tion of nuclear spin polarization is negligible
(T, »T) and the positron emission is asymmetric.

For a given collimator position corresponding
to a definite state of nuclear polarization in the
bulb, counts N, and N, are obtained during three-
minute time intervals from counters 1 and 2.
After a small background correction is made,
(N, +N, ) is proportional to beam intensity. In
Fig. 2, beam intensity is plotted versus col-
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FIG. 1. View of detector bulb and Geiger counters
{not to scale).

FIG. 2. Beam intensity versus collimator position.
The full curves are calculated intensity patterns. The
dashed curves represent the contribution of each half"
beam to the intensity obtained with magnet on. The
circles are experimental points; black corresponds to
magnet off and white to magnet on.
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limator setting, for "A" magnet on and off. The
curves in Fig. 2 show the calculated intensity
patterns from each half-beam and their sum,
assuming p =-1.9 nm and TH=4. 5x10~ G/cm.
The calculated magnet-off pattern is also shown.
It can be seen from Fig. 2 that collimator set-
tings &0.012 cm on either side of center cor-
respond to complete polarization.

The asymmetry is determined from the quanti-

ty 8 = (N~ N2)-/(Nz+N, ). 8 is not in itself sig-
nificant because it depends, among other things,
on background level, differences in counter ef-
ficiencies and bulb end-wall thicknesses, etc.
However, by changing the collimator setting and

thus the nuclear polarization we change A. After
applying a background correction obtained by

setting the collimator far from center so that no

beam enters the channel, the quantity 6 =A+ -R
is directly proportional to the asymmetry pa-
rameter A. R+ corresponds to complete posi-
tIve po»»zatlon, ~~-+2, and a corresponds
to m&= ——,'. Taking into account the geometry
of the bulb and counters, the positron energy
distribution, ' and the effects of energy loss in

the bulb end walls and counter windows, calcu-
lation shows that A =1.20~ for the 80-cm3 bulb.

The quantity 6 was determined on many sep-
arate occasions with bulbs ranging in volume
from 30 cm3 to 80 cm3, and with various channel
lengths and wall coatings (Teflon, Paraf lint,
heated bare Pyrex). The range in T was from
2 to 12 seconds. Three Teflon-coated bulbs
were used, and for each of these the asymmetry
was stable and reproducible. For the other bulbs
the asymmetry was not stable, presumably be-
cause T~ was comparable to 7 and variable in
time. %e never observed any asymmetry with
these bulbs which was larger than that observed
with the Teflon-coated bulbs.

The final value of A was obtained from 114 sep-
arate pairs of 3-minute observations of 6 in the
80-cm~ Teflon-coated bulb described in detail
above. The nuclear moment p. was determined
by observing a change in the sign of ~ accompany-
ing resonance reorientation. The rf field in the
transition region was generated by a hairpin 0.8
cm long excited by a power amplifier driven by
a Tektronix Type 190A signal generator. The
input frequency was monitored with a Hewlett-
Packard Model 524C frequency counter. HC
was determined by inserting a proton resonance
probe in the transition region at various times
during the run. The permanent "C" field HC
varied by less than one part in 1000 during the

course of the experiment. Small fluctuations
were caused mainly by drifts in the fringing field
of the "A" magnet. A partial reversal of asym-
metry was also observed when the field HD was
reversed, if a small external field at right angles
to HC and HD was applied between them. If this
field was not applied, Majorana transitions were
observed when HD was reversed, presumably
because the beam passed through a region of
"zero" field. Figure 3 shows 6 as a function of
applied frequency in the neighborhood of reso-
nance. The center of the line may be determined
by inspection to within about 1 kc/sec. The ob-
served linewidth and required rf power are con-
sistent with the length of the hairpin and the beam
veloc ity.

Neon-19 is produced using the reaction F (p,
n)Ne~ by bombardment of a target containing
SF, gas at 2. 5 atmospheres pressure, with a
13-MeV proton beam from the Livermore 90-in.
cyclotron. The SF, gas flows continuously
through the target chamber and carries neon-19
with it from the target to the experimental site
through about 60 feet of —,'-inch copper tubing.
The SF, is condensed in a liquid N, trap near the
apparatus and neon-19 flows on to the atomic
beam source. Preliminary experiments were
done at the Berkeley 60-in. cyclotron prior to
its demolition in June, 1962.

The asymmetry parameter A(Ne'9) is given by
the following theoretical expression~:

(2/3) I C~ I' I(v) I'+ (2 /~3 IC~ I I C I(1)(v)
A Ne'~ = A A V

IC ~ I'I(1) I'+ IC~ I'I(v) I'

where C ~ and C~ are the vector and axial vector
coupling constants respectively, and (1) and (v)
are the Fermi and Gamow- Teller matrix elements,
respectively. The first term on the right-hand
side is positive, so that A = -0. 057 implies (1)(v)
&0 and IC~(v)/Cgl)I'=2. 3S. For the purpose
of a qualitative argument it is assumed that the
ground-state configuration of the Ne'9 nucleus
is s«, '(p)s«, (n) lt may. then seem surprising
that (l)(v) is negative in Ne' decay but positive
in the decay of the neutron. However, in N'9

the configuration s«, '(P)s«~(n) is equivalent to
a "hole" in the configuration s«, '(P)s«, (n), and
decay of the "hole" and decay of a single s»,
neutron yield opposite signs for the interference
term (1)(v). The proof assumes charge inde-
pendence of nuclear forces. Let

X =(2) "'(o.,P, P,o,)o., -
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FIG. 3. Reversal of beta-decay asymmetry in the neighborhood of resonance. The error flags
on the experimental points are computed statistical probable errors.

iNe") =(2) '"(X
&

- X r ). (2)

We generate the F~o state (T~ = -~) by applying
the operator T =—T, —iT, to the Ne'9 state:

~
F19) Z ~

Nell)

The Fermi matrix element is

3

(i)=(Z ~ ')=( ir mFe")=+i.
i=1

x =(6) "'[(oA+&*~i)&s-»xo.~s~

be antisymmetric and symmetric I= —,
' spin func-

tions respectively, made up from three nucleons
of spin 2. As usual n refers to spin up, p to spin
down. For T = 2, antisymmetric and symmetric
isotopic spin functions are similar to the fore-
going:

] =(2) '"(pn np)p-

& =(6) "'[(p"np)p-2ppnl.

Here p and n stand for 7~=+1 eigenfunctions re-
spectively. The fully antisymmetrized neon-19
state is

The Gamow- Teller matrix element is

3
(a) =&3 (F" Q v, v Ne")

=~3 Ne' 7+ crs 7 Ne"

Since [&+~, T-']=&&;&3' we find from Eq. (2)

3
(v) =~3(Ne" pa, v, Ne")=-~8.

i= 1

In fact the Ne'9 ground-state configuration is
probably not simplyo~'0 s„,'(p)s»2(n) but this
evidently does not alter the main conclusion,
which is that (o) &0. The result iC~(o)/C y(1)l'
=2. 38 is consistent with the experimentally de-
termined ft value of Ne'~, which yields 1C&(cr)/
C pl) (

' = 2. 43 ~ 0. 13 assuming (1) = 1 and the val-
ue of C ~ determined from decay of 0 ~. '

We gratefully acknowledge an illuminating cor-
respondence with Professor E. J. Konopinski
of Indiana University, who made clear to us the
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role of isotopic spin in calculation of the sign of
A. Thanks are due the staffs of the 60-m. and
90-in. cyclotrons for their unfailing cooperation,
and Professor E. Wichmann of the University of
California for several helpful discussions.
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We consider the case of a reaction with three
particles (1, 2, 3) in the final state where two
resonances A and B occur, one in the system of
particles 1, 2 and the other in the system of par-
ticles 2, 3, and with invariant masses which cross
on the Dalitz plot [Fig. 1(a)] for the reaction.
The events on the Dalitz plot fall into any one of
the four categories listed in Table I. For each

event which occurs in the overlap region AB, no
distinction can be made as to which process it
represents (a, P, y or 6). As a result, physicists
have either (a) ignored the events in region AB
or (b) considered the events in region AB to be
all of one type o. (or P) when studying the produc-
tion and decay properties of resonance A (or B).

We have considered the biases introduced by
both (a) and (b) and found a technique to eliminate
them —a technique which has not yet been de-
scribed in the literature, to the best of our know-
ledge. We illustrate the method by applying it
to a study of the properties of resonance B in
process P.

We introduce and define the following quantities;
p p3 pQ p j are unit vectors in the directions

(c)
12

AS

Table I. Possible configuration of particles 1, 2, 3
in final state.

Configuration in final Position on Dalitz plot
Process state for event of this type

A'8'

Hg~

FIG. 1. Typical Dalitz plot (a) show'ing resonance
bands A and B, (b) showing relationship between Mf2
and cosA&&*, (c) showing overlap region AjB and its con-
jugate A'B'. Dashed line indicates line for cosk23~ ——0.

A+3
I =1+2

B+1
= 2+3

Interference between
processes n and P

1+2+3
Nonresonating

In band A

In band B

In the overlap region
AB of bands A and B

Anywhere within the
ellipse
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