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POSSIBLE EVIDENCE FOR A QUADRUPOLE GIANT RESONANCE IN '60$
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Angular distributions for the reaction ~60(y, p)~5N are presented from 21 to 32.5 MeV.
The asymmetry coefficients A~ and A3 increase to a maximum at 30 MeV and indicate a
broad quadrupole state centered near 27 MeV.

Several authors' ' have discussed the possible
existence of a giant quadrupole resonance in the
nuclear photoeffeet lying at a higher excitation
than the dominant giant dipole state. Indeed, in
some cases structure observed in photonuclear
cross sections above the dipole resonance has
been attributed to this effect. ' In order to make
a positive identification, however, angular distri-
butions are needed to fix the multipolarity of the
photon absorption. To date, very few such mea-
surements have been made. '

The present measurement of photoproton angu-
lar distributions in "0 extends the range of pre-
vious work" to well above the giant dipole reso-
nance in order to examine the nature of the states
in this region, and in particular, to search for
suspected strong E2 absorption.

Photoproton spectra were recorded at five an-
gles from 30' to 150', using Si(Li) detectors
5 cm' in area and 4.3 mm deep. The oxygen-tar-
get gas, at a mean pressure of 934 mm Hg, was
contained in a cylindrical Havar cell of wall
thickness 0.00016 in. and placed in the collimat-
ed bremsstrahlung beam of the Iowa State Univer-
sity 70-MeV electron synchrotron. The brems-
strahlung endpoint energy was 33.1 MeV. Back-
ground from the Havar cell was determined from
alternate evacuated cell runs. A measurement of
the nonproton background from the target gas
was made using 4E &E detector telescopes for
particle identification. In the energy region E&
& 24 MeV, the nonproton background subtracted
was &3 /c at 30' and smaller than this at other an-
gles. An energy-dependent correction was also

made for charge collection losses in the detec-
tors. The experimental apparatus and technique
have been described in detail elsewhere. "

The background-subtracted spectra were con-
verted to differential cross sections under the as-
sumption of 100% ground-state transitions. Since
the first excited state of "N is at 5.3 MeV, this
assumption is completely justified above about
27 MeV. Below this energy the spectra contain a
significant fraction (probably about 15% in the gi-
ant resonance"'2) of non-ground-state protons
from levels above 27 MeV.

The angular distribution has been calculated as
a function of energy in the form of a Legendre
polynomial expansion:

c(&) =A,[1+QA; P; (cos (})I,

where A, is just the total cross section divided by
4m. The coefficients were transformed to the cen-
ter-of-mass system by extending the method of
Gove, Litherland, and Batchelor" and are shown
in Fig. l.

The continued presence of dipole radiation
above the giant resonance is shown by the rela-
tive invariance of A„which remains close to the
value expected for d-wave proton emission from
a dipole state. However, the feature of the distri-
butions we wish to emphasize in this note is the
steady increase in magnitude of the asymmetry
coefficients A, and A„which represent interfer-
ence between states of opposite parity, to a broad
maximum at about 30.5 MeV. While A, may re-
sult from either E1-M1 or El -E2 interference,
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a nonzero value of A, requires E;1-E2 interfer-
ence; hence the most natural interpretation of the
data is in terms of quadrupole excitation interfer-
ing with the tail of the giant dipole state. While
not essential to the argument, it is also interest-
ing to note the probable deviation of A, from zero
near 30 MeV. A nonzero A, requires the pre-
sence of quadrupole excitation.

Unfortunately, the relationship between the in-
terference coefficients and the E2 cross section
responsible for these terms is extremely model
dependent. However, Frederick and Sherick"
were able to account for the magnitude of the odd

coefficients observed in the reaction C"(y,p)&"
by considering only one-particle, one-hole E2 ex-
citations, and it is of interest to see if the same
procedure will give plausible results in the pre-
sent measurement. Considering only transitions
to the ground state of N", and only single-parti-
cle excitation, the dominant configurations are
then (p„,) 'd„,and (p„,) '2s for El excitation,
with (1p», ) '2p»2 and (1p»,) '1f5/2 for E2 excita-
tion with transition amplitudes p3/2 1, p1/2
p,/», and p,~», respectively. If we assume that
az, v~ =0~„then the A, 's can be written in
terms of the transition amplitudes and the phase
shifts g as follows:

Qk v3
1 1/2 P3/2 2 Pl/2 1 ( )8/2, 2 71/2, 1) 5 P3/2, 2 P3/2, 1 ( lS/2, 2 )3/2, 1)

P5/2, 2 P3/2, 1 ( 75/2, 2 73/2, 1)
I

t

Qk
AB= 51/2

and

2W3 6
p5/22pl/2, 1, (75/2, 2 71/2, 1) 5~3 ps/2, 2 ps/2, 1 s( ls/2, 2 73/2, 1)

5 P5/2 2 PS/2 1 c S(75/22 4/2 1)+ &,/2 (2)

5 51/2(y ( ( j )P5/2, 2 ( j )(6 )P5/2, 2 PS/2, 2 ( 75/2, 2 8/2, 2)] t

Qk 2 1/2 (3)

where Q is the ratio of effective electric quadrupole charge divided by the effective electric dipole
charge, a. ' is the harmonic-oscillator range parameter, and Sk is the photon momentum. For oxy-
gen, n '=1.6 F.

The E1 amplitudes are normalized, so that

Since

v(E1) Qk
'

(El) 51/2& ~J Pl »
the simplifying assumption that cos(llj.1-—

ll/ /,.) = 1, together with Eqs. (1)-(3) and that for A, [cf. Eq.
(18), Frederick"], lead to

=1[(28/5)pS/2, -2.96p, /, ,ps„,+ (12/7)p, /, , ]A, +[6+ Sps„,2 —(6/5)v 2p, /2, ps„,]A3

+ (36/5)( pS/2, 2-2.34p, /2, pS/2, )A, A 3 j/[6(2/7)'/2 —2.28AS —9.23p3,2,2].

o(E2) 5.69A, +6.65A, +7.70A, A,
o(E1) 22.9 (4)

The contributions of E2 excitations to the coeffi-
cient A, can be shown to have a magnitude of
&0.03. Since A. ,= —0.55 over most of the energy
region examined, the off-resonance assumption"
that cos(qS/2, —q»2, ) = 1 implies that p„,,'= 0.999.
As a result,

!
The values of A, and A, shown in Fig. 1 and

used in Eq. (4) yield cross-section ratios of 0.1%
at 22 MeV, 1.5% at 26 MeV, and 5% at 30 MeV.
The resulting E2 cross section, normalized to
give a total (o'z, +os) cross section of 8 mb at
24.3 MeV, "is shown in Fig. 2. The figure sug-
gests a double-peaked behavior, with broad max-
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FIG. 2. The ground-state E2 cross section extracted
from the data using Eq. (4), The errors shown reflect
the statistical errors only of A~ and A3, with a 10% un-
certainty assumed in Eq. (4) for 0'(E1).
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FIG. 1. The angular distribution coefficients A~

through A4. The total cross section (Ao) is also shown

for comparison. Errors shown are statistical only.
The solid lines are least-squares-smoothed fits to the
data.

ima at 25.5 and 30 MeV. Despite the obvious
oversimplification of assuming only one-particle,
one-hole excitation and relative phase shifts of
zero, it is felt that the cross section presented
represents a valid reflection of nature and is not
simply a result of the model used.

Although it is difficult to gauge the absolute
strength of the E2 resonance since it may also
decay through neutron and +-particle channels,

as well as by non-ground-state proton transi-
tions, an estimate can be made. Using the data
of Fig. 2, one finds that the quadrupole strength
in the ground-state proton channel alone accounts
for -13% of the Gell-Mann-Telegdi sum rule for
6T= 0 E2 transitions. " Hence we are dealing
with a rather strong effect, which, when all
channels are included, seems capable of account-
ing for a large fraction of the total E2 sum rule. "
We conclude that the data appear to give direct
evidence for a quadrupole giant resonance in "0.
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A search for the rare K" decay mode K+- ~+vv has been carried out using stopping K+

mesons in a heavy-liquid bubble chamber. No events were found, and an upper limit on
the branching ratio of this mode of 5 &&10 to all K+ decays is obtained. Comparison is
made with various theories which imply the existence of neutral neutrino currents.

A recurring question in the study of weak inter-
actions is the possible existence of neutral lepton-
ic currents. Although no theoretical model spe-
cifically predicts the absence of neutral currents,
all present expermental data are consistent with
the nonexistence of such currents, at least for
first-order weak interactions. " However, up to
the present, experimental searches for neutral-
current processes have looked for decay modes
of K mesons with either e'e or p, 'p, pairs in the
final state, and the limits on these branching ra-
tios are presently in most cases in the range
10 '. No published limits exist for neutral-cur-
rent modes with two neutrinos in the final state. '

Recently several investigations of possible
mechanisms of CP nonconservation in weak inter-
actions and renormalizable theories of weak in-
teractions' ' have suggested the possible exis-
tence of neutral leptonic currents coupled pri-
marily to neutrinos

In this note we present the essential details of
a search for the decay modes

K F vga or 7T ve ve'

Examples of Reaction (1) were searched for using
film from an exposure of the Argonne National
Laboratory-Michigan bubble chamber to a stop-
ping K' beam at the zero-gradient synchrotron. '
The bubble chamber was filled with heavy Freon,
and the magnetic field was run at 46 ko. An

average of 3-4 K' were stopped in an appropriate
fiducial volume for each picture. In this note we

report on the search for decay modes (1) in a
sample of 206000 K' decays.

In order to separate decay mode (1) from all
other K' decays, we make use of three charac-
teristics of these decays: (a) detection of a stop-
ping m' in the final state which is uniquely identi-
fied by the observation of a w - p -e decay chain
at the stopping point, (b) nonobservation of con-
verted gamma rays coming from the K+ decay
point, and (c) a m' momentum measured by range
in the bubble chamber that is different from that
expected for K„orK» decays. Each of these
characteristics is discussed below.

The unique identification of a m' as the charged
decay product of a stopped K' is used to separate
Reactions (1) from K», K», or ivy decays
There are a number of ways by which a stopping
p.
' track can appear to have a m - p. -e chain at

the stopping point. In order to reduce the proba-
bility of such "fake m's, " 'restrictive criteria for
identification of the m - p -e chain were used. By
studying the w- p, -e chains on m+ from ~ decays,
it was observed that 48'%%uo of stopping m' satisfy
these criteria. In contrast only $% of p's passed
the m —p, -e chain test. It was also observed that
slightly more rigid criteria for w- p. -e identifi-
cation could easily reduce the ~%%uo by one half
without changing the m- p. -e detection efficiency
appr eciably.

Excluding K» and K,2 decays, all known decays
of K' mesons with one charged particle in the
final state result in one or more photons in the


