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POSSIBLE EVIDENCE OF DIPOLE-QUADRUPOLE INTERACTION IN As75$
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This paper reports the observation of a struc-
ture in the photoneutron-production cross sec-
tion of the spherical nucleus As", which may
be ascribed to the interaction of the dipole and

quadrupole vibrations. ~' The experimental
cross section is compared with the theoretical
cross section based on the dipole-quadrupole
interaction model.

The experimental arrangement was essential-
ly the same as that previously reported. 3 The
monoisotopic As ' sample weighed about 105 g
and was contained in a thin-walled glass con-
tainer. The collimated br emsstrahlung beam
from the electron synchrotron irradiated this
sample placed along the beam axis at the cen-
ter of a neutron detector made of 13.5-cm thick
paraffin layers and eight BF, counters embed-
ded in a ring concentric about the beam-sam-
ple axis. The paraffin thickness was chosen
to make the neutron detection efficiency least
sensitive to its energy. ~ The neutrons were

counted during the 700- p, sec gating period fol-
lowing a 20- p, sec time delay between the beam
pulse and the triggering of the gating circuit
to prevent the electron pile-up pulses. The
beam was monitored by a transmission ioniza-
tion chamber, and the detection efficiency of
the whole system was determined to be 2.5%
using a calibrated Ra-Be source. X-ray pic-
ture studies of the beam size at the target posi-
tion before and after the runs ensured that the

target intercepted the whole beam throughout
the experiment. The neutron-yield curves were
constructed in 0.5-MeV intervals from 10 up

to 25 MeV of bremsstrahlung energy. A total
of twenty separate runs were made with the
total counting statistics at the top energy point
better than 0.3%. After correcting for the
background, the average net yield per unit
monitor response was computed at each ener-

gy, and the net-yield curve was analyzed direct-
ly through the Penfold-I eiss inverse brems-
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strahlung matrix' to unfold two independent
and interlacing sets of cross sections in 1-
MeV intervals.

The experimental cross section is shown

by the solid line in Fig. 1. The error bars
represent the uncertainty in the cross section
due to the standard deviations in the yield points,
and were computed by propagating these through
the Penfold-Leiss matrix. The cross section
shown is the sum, v(y, n) + cr(y, Pn) + 2o(y, 2n),
and no attempt was made to correct for the
multiple-neutron emission. The integrated
cross section up to 23 MeV is 744+ 56 MeV-mb.

It is interesting to compare the present ex-
perimental results with the predictions of a
model taking into account the interaction be-
tween dipole and quadrupole vibrations. The
starting point of the latter is the phenomeno-
logj.cal Hamiltonj. an &

H=Ho+H
~

where

x(sv)'~'C„so that the dipole frequency is in-
versely proportional to the axis along which
it takes place. Taking as a basis the eigenvec-
tors of Ho it is possible to construct the en-
ergy matrix and diagonalize it. The solutions
of the Schrodinger equation

P IN =1;i;I=1,M) =E. !N =1;i;I= 1,M)

can then be expanded as

!N =1;i;I=1,M)= Qa !N =1;N vl;I=1, M).

N, and N, are the number of dipole and quadru-
pole phonons, respectively. The quadrupole
phonons are coupled to angular momentum

l, and have seniority v.
Under the assumption that each level has

a width 1;= 2y, , the cross section for the di-
pole absorption of y rays can be written as

I2e2 Ng g
o'(E) = 2m — (g )Mc A E ~ Oo p[(E -E)2+ 2]'
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The collective coordinates n1 and n2 are
used to describe the dipole and quadrupole
vibrations, respectively, and we take E = —-'

The extent to which the dipole-quadrupole in-
teraction spreads the dipole state depends on
the value of the parameter k = (RE,/C, )(E—2/
2C,)'". The particularly large value of this
quantity for As" ha, s motivated the present
investigation. 8, and C, are determined by
taking the average of their values for the two
neighboring nuclei Ge' and Se", namely F2
=0.58 MeV and C, =15.5 MeV. The only free
parameters in the calculation are E1 and I';.
The very reasonable value E, =18.5 is used
and, in the absence of any more definite infor-
mation, all the widths I'; are taken equal to
1.5 MeV.

The calculated cross section is compared
with the experimental one in Fig. 1. Quite
obviously the detailed agreement between the
two shapes could be considerably improved
by assigning a different width to the various
levels: The peak at 20 MeV, for instance,
would be brought down if it were given a la,rger
width. Despite that, the dipole-qua, drupole
interaction model is seen to reproduce quite
well the main features of the observed cross
section.

FIG. 1. Solid line: photoneutron production cross
section of As 5; dashed line: total photoabsorption
cross section. )Partially supported by the National Science Founda-
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The purpose of this paper is three fold:
(i) to show the Lie group of Goebel's theory'
of strong coupling in static models; from this
group the bands of isobar states are obtained
as irreducible representations [they are of in-
finite dimension because the Lie group is non-
compact]; (ii) to give a. solution of the problem
for two simple cases [symmetric scalar and
symmetric pseudoscalar meson theory] by the
help of the method of group contraction; and

(iii) to indicate the possibility of higher sym-
metries. We will briefly sketch here the es-
sential part of the strong-coupling theory, which
serves as the physical derivation of the alge-
bra. Consider the scattering of a scalar me-
son by a static isobar: ' n" + "i"-"P"+ "j",
where e and g indicate the initial and final me-
sons, respectively, while i and j are isobar
states. The Chew-Low' equation for this pro-
cess is

k z k j p, k k p i k p j

+ (two or more meson intermediate states),

where Mz is the energy of the ith isobar and
A. (Az)~& is the matrix element of the source
of the meson n between the ith and jth isobar.
The parameter X represents the strength of
the coupling, the A~ being kept finite as the
strong-coupling limit (X'- ~) is taken. In the
strong-coupling limit all isobars are degener-
ate, M~-M +0(1/X'), and so we write Mi =M
+b, &/A. ', where 6~ is kept finite. The scatter-
ing amplitude is finite in the physical region
because of its unitarity property, so the pole
terms [first two terms in (1)] must be finite
in the strong-coupling limit. Expanding the

pole terms in powers of I/A. ', one obtains
~ ~

((u) --—([A,A ])Pa pole &u P' a

where matrix notation is used for A's and 6
is a diagonal matrix with Ai as the ith diagonal
element. To keep Tpole finite, in the strong-
coupling limit one must have

[A,A ] =0.
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