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crystal occurs. Figure 3(b) can of course also
describe two successive spontaneous scatterings;
the observed intensity at w; o+ wg is about 10°
too large for such an explanation,
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Comparison of the !*N"(07) 3-Decay Rate with the Inverse Muon-Capture Rate:
The Induced Pseudoscalar Form Factor in Nuclei*®
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We report on the observation of the *N™(0~) — 0(g.s.) g decay. The comparison of the
measured decay rate, 0.43+0.10 sec™!, with the rate of the inverse muon-capture reac-
tion in 180 yields for the induced-pseudoscalar form factor: lssgp(q2 umuz)s 20. Sub-
ject to the approximations of the analysis and neglecting possible second-class currents,
this result indicates an upward renormalization of this form factor in nuclei.

It has been recognized by many authors®? that
the rate of the partial muon-capture reactions
with spin sequence 0*—~ 0% is particularly sensi-
tive to the magnitude of the induced-pseudoscalar
form factor gp. For this reason, the rate of the
partial 0* -0~ capture reaction

po+1°0(0%, g.s.)~1°N"(0", 120 keV)+ v, (1)

has been measured in several laboratories.®™®

The comparison of the induced-pseudoscalar

212

form factor in this reaction with the one obtained
in the p~ +p = n+ v, process should throw light on
possible renormalization of gp in nuclear mat-
ter.”® However, as the rate A, of Reaction (1)
depends also on nuclear-structure parameters,
the value of gp cannot be deduced from Ay ina
model-independent way.?:°

In analogy to a procedure successfully applied
to other partial muon-capture reactions,'? the
nuclear-structure effects in Reaction (1) can be
circumvented by a measurement of the rate A,
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of the inverse weak process:
16N™(07, 120 keV)—~1%0(0%, g.s.) +8" +7. (2)

Indeed, the ratio A, /Xy turns out to be nearly in-
dependent of the details of the wave function of
'°N™(07) and rather sensitive to the value of g.!!
In the present paper, we describe an experiment
performed to measure A3 and we discuss, in the
framework of Ref. 11, the conclusion which can
be drawn from its result on the induced-pseudo-
scalar form factor in Reaction (1).

Figure 1 shows the relevant properties of the
states involved. Because of the competition of
the strong electromagnetic E2 transition of 120
keV ®N™(0")~1°N(27), the -y branching ratio R
of '°N™(07) is expected to be rather small,'! R
=107°% implying a strong background from the
B decay of the '®N(27) ground state. Considering
however, the large difference in the lifetimes of
the 'N™(07) and '°N(2") states [ T,,,(0")=5.26
+0.06 psec'® and T,,,(27)="7.13£0.02 sec'®], the
intensities of the two 8 groups are comparable if
they are detected during a short observation in-
terval after a short and single-production period.
The identification of the '*N™(0") 8 rays is then
carried out by a lifetime measurement.

The '°N activity is produced by the reaction
5N (d,»)*®N using an electrostatically pulsed 4-
MeV deuteron beam from the Van de Graaff ac-
celerator of the University of Louvain. The tar-
get material, NH,NO, powder'* enriched up to
97% in N, is melted into a circular groove, 1
mm deep and 3 mm wide, machined on the periph-
ery of an aluminium wheel, 4 mm thick and 70

120 keV

0~ Ty,=526:006 ps
gs. = Ty/2=7132002s
N
68°%%
MeV 3~
104 MeV be
_,
¥ o*

FIG. 1. Levels and transitions in A=16 relevant to
this work.

cm diam. The wheel rotates in front of the pulsed
beam with an angular velocity of 25 turns/sec at
a distance of 1 mm from the exit window of the
beam (4 mg/cm?® Havar). After a “beam-on” per-
iod of 10 psec, the induced B acitivity is mea-
sured as a function of time during 15 usec by a
telescope consisting of three plastic scintillators,
The 5.26-usec B activity is normalized to the 120-
keV y rays detected during the same time inter-
val with a Ge(Li) detector. The irradiation is re-
peated every 150 usec; in this way, a new irradi-
ation takes place only when the part of the target
irradiated by the preceding one is already out of
sight of the telescope. The irradiations are re-
peated during a complete revolution of the wheel
(40 msec) and are then stopped for 14 sec in or-
der to eliminate the induced '®N(27) 8 activity.
The *N(27) B background is further reduced by
absorbing the 68% internal 8 branch with alumi-
num absorbers inserted between the first and sec-
ond detectors of the telescope. The characteris-
tic decay time of the beam is measured to be 1.5
[tsec, and is continuously controlled during the
experiment by observing the time dependence of
the nuclear reaction y rays produced during the
irradiation.

The three components of the experimental time
spectrum, i.e., (i) the B rays originating from
N™(07), (ii) those from '°N(2"), and (iii) the
background, are found to be about equal at the

‘beginning of the observation interval. The *N(2)

B background is determined from measurements
during the 14-sec “beam-off” periods; the re-
maining background is determined by a least-
squares adjustment of a function Ae™ ' + B to the
data. The time independence of this background,
shown in Fig. 2, was verified by inserting alu-
minum absorbers in the telescope. Figure 2
also displays the "®N™(0") 8 activity after sub-
traction of backgrounds (ii) and (iii).

The absolute efficiency of the Ge(Li) detector
at E, =120 keV is determined with a calibrated
°"Co source. The absolute efficiency of the 8
telescope is measured in the stopped-target posi-
tion by observing both the 8 rays of *N(2 ") with
the B telescope and the 6.13-MeV y rays of %0
with the Ge(Li) detector. The absolute double—
escape-peak efficiency of the Ge(Li) detector at
6.13 MeV is obtained, with an accuracy of 15%,
using radioactive sources and the y rays from
the proton-capture reaction *?Al(p, y)*®si at E,
=992 keV.'® The corrections of the efficiency of
the telescope due to the displacement of the tar-
get during the 15-usec observation period and
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FIG. 2. Time distribution of g rays from ¥N"(0")
(full circles). The represented points are the weighted
average of the data from two runs. The straight line
corresponds to the mean life of 16Nm(07). The back-
ground observed in the control measurement (inserting

Al absorbers in the telescope) is shown by open circles.

to the different shapes of the 0" - 0" and 2° - 0*

B spectra are calculated to be negligibly small.
The sensitivity of the 8 telescope to vy rays of 120
keV is measured to be less than 1078,

The results for the 8-y branching ratio of
1°N™(07) from two independent runs are R, = (3.2
+0.8)x107°% and R,=(3.5+1.3)x10"%, respective-
ly. The final result is the weighted average of
these two numbers, i.e.,

R=(3.3£0.7)x107¢,

From this value of R and from the mean life of
the ®N™(07) level,'? one deduces the 8 decay rate
of 1*N™(07)~1%0(g.s.).

A3 =0.43%0.10 sec™?,

In the framework of Ref. 11, the *N"(0~) level
is described as a (p-hole, sd-particle) state:

N0 N =2, 1127, $1/2) + %2l are™t, gy

where x; and x, satisfy the normalization condi-
tion x,® +x,°=1. A first conclusion from our re-
sult, x,=-0.07+0.12, agrees with the computa-

tions of Elliott and Flowers.!® A second conclu-

sion can be deduced from the ratio A,/x5. The de-

pendence of this ratio on x, and on the induced-
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FIG. 3. The ratio A,/Ag as a function of the config-
uration mixing parameter in x, of the N™(07) state
and the induced-pseudoscalar form factor gp (in units
of g,). The points are deduced from this experiment
using A, = 1600 +200 sec™! (Ref. 4), Ay=850% sec!
(Ref. 5). Indicated also are the ratios A,/Ag expected
for gp=10.0 +1.6 (hydrogen) and gp =5 (infinite nuclear
matter).

pseudoscalar form factor gp (in units of the axial
form factor g,) is shown in Fig. 3. Because of
the discrepancies between the presently published
values of A, (1100+200 sec™*, 1600+200 sec™!,
8501153 sec™, and 1560170 sec”!; Refs. 3, 4, 5,
and 6, respectively), we indicate, in Fig. 3, the
Ay /Mg values deduced from the two extreme re-
sults only. They yield gp=15%2 (from A, =1600
£200 sec™!) and gp=19.0£1.5 (from A, = 8501180
sec™!), respectively. For illustration, we also
show the ratio A, /A5 for the value of gp obtained
in hydrogen'” (gp =10.0+1.6) and for the one ex-
pected in infinite nuclear matter'®’!® (gp=5).
The dispersion in the muon-capture results
does not allow, for the present time, a more
precise determination of gp in the A =16 system.
Even at this stage, however, our result indicates
an upward renormalization of g, instead of the
downward one expected on the basis of Refs. 18
and 19. A solution of this interesting issue re-
quires (1) a clarification of the conflicting A, re-
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sults, and (2) an investigation of the implications
of the restricting x,% + x,% = 1 hypothesis.?°
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Correlations in Compound-Nucleus Decay Amplitudes in the Vicinity of Isobaric Analog States
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Polarization and (p,p’y) angular-correlation studies near isobaric analog resonances
in proton scattering from %Mo and %Cd indicate strong correlations between compound-
nuclear decay channels. A modified Hauser-Feshbach formula which includes correla-
tions among those channels which belong to the analog resonance can explain the data.

One of the basic assumptions of the statistical
model of nuclear reactions is that decay ampli-
tudes to different channels are uncorrelated.
Whether this assumption remains valid in the
presence of direct reactions has been the subject
of considerable study.'™* Since a direct transi-
tion amplitude is often found in conjunction with a
compound-nuclear amplitude, for example in
heavy-ion reactions, this question of channel-
channel correlations (CCC) is an important one.
In this Letter, we present convincing experimen-
tal evidence for CCC in compound-nuclear scat-
tering from a study of the inelastic scattering of
protons at isobaric analog resonances (IAR).

Significant correlations between the magnitudes

of partial neutron and y-ray widths have been
previously observed for a number of well-re-
solved neutron resonances.® Here the direct-re-
action background is unknown and no phase infor-
mation is obtained. The study of CCC in energy-
averaged quantities (cross-section, polarization,
and angular-correlation coefficients) in the vi-
cinity of an IAR offers several advantages: The
“direct” background is the well-known IAR it-
self; its effect on CCC can be studied by small
variations in the incident proton energy. Statis-
tical validity is assured by averaging experimen-
tally over many compound-nuclear levels. Final-
ly, correlations in phases as well as magnitudes
can be studied. Conditions suitable for such a
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