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Test of isospin purity by measuring cross correlations
in mirror channel reactions
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Strong mirror channel correlations have been observed in the reactions ' P( Li,p) 'Ne and
0( Li, n) Na. The linear cross correlation coefficient r is found to be of the order of 0.6, in-

dicating a high degree of isospin conservation. For the compound nucleus Na the isospin mix-

ing matrix element ( V, ) is estimated to be about 1 keV at E„=19 MeV.

NUCLEAR REACTIONS 16O(6Li p)21Ne 16P(6Li,ny)21Na; E =4.0—8.0
MeV; measured o-(E, 8). Na deduced isospin mixing. Hauser-Feshbach

calculations.

A powerful approach in probing isospin purity of
compound nuclear reactions is the comparison of Er-
icson fluctuations in mirror decay channels. ' ' In the
limit of strict charge symmetry of the nuclear Hamil-
tonian the cross correlation coefficient of the two
mirror channel excitation functions equals their
respective autocorrelation values. Measurements
which, so far, have been performed on mirror decays
of the compound nuclei "Na ( Ref. 1) and 26Al (Ref.
2) revealed a reduced cross correlation, which might
point to large isospin mixing effects. A trivial reason
for a reduced cross correlation, however, is that, in
general, different Q values for mirror channels are
found, which naturally lead to an increased yield for
one of the mirror decays. It has been proposed4 that
these extra contributions can be accounted for by as-
suming the amplitude f2 for the reaction with the
larger cross section to be written as the sum of two
amplitudes fr +g, the former being that of the mirror
reaction channel, the latter being an independently
varying random amplitude. In this approach a reduc-
tion of the cross correlation by a factor (o.t)/(rr2) is
obtained with (o.;) denoting the energy averaged
cross sections of the mirror decay channels. Of
course, it is desirable to have a ratio close to 1 (or
g =0) to minimize the influence of the Q-value
difference; for the measurements reported so far,"
however, this ratio has been of the order of 0.5.

In this paper we present first measurements on the
mirror reactions t60('Li, p) "Ne and '60(6Li, n) "Na,
where the effect of different Q values is almost com-
pletely counterbalanced by the absence of the
Coulomb barrier in the n channel, as extensive calcu-
lations in the framework of the Hauser-Feshbach
(HF) formalism have shown.

Excitation functions of the reaction ' 0+ Li have

been measured in 100 keV steps for bombarding en-
ergies 4.0 ~ EL; ~ 8.0 MeV [=" 17.4 ~ E„("Na)
~ 20.3 MeV]. A 6Li beam of 100—200 particle nA
was extracted from the Dynamitron tandem accelera-
tor at the Ruhr Universitat in Bochum. The direct
registration of the decay neutrons was impossible due
to the low yield in Li beam as well as the small cross
sections of the ('Li, n) reactions. Instead, secondary

y rays were recorded with a Ge(Li) detector set at a
distance of 85 mm from the target and at 125' to
minimize angular distribution effects. The target
consisted of a 100 JM,g/cm' Mo03 layer on a 0.1 mm
thick Ta backing. Coulomb excitation on the Ta
backing observed through its successive y-ray decay
eliminated uncertainties in the deduced cross sections
with respect to beam current integration and absolute
7-ray efficiency of the Ge(Li) detector. Since in "Na
the proton threshold is rather low (Fig. 1), 7-ray de-
cay is to be expected of only a few bound levels,
whereas higher lying states decay by proton emission.
Thus, for instance, recording the 2.42 0 MeV, third
excited state to ground state (3 0), y-ray transition
(Fig. 1) yields a measure of the total neutron cross
section for the reaction to that particular level, which
is displayed in the lower part of Fig. 1 by the open
circles. The solid points give the mirror p cross sec-
tion obtained in the same way by simultaneously
measuring the analog 2.80 0 MeV (4 0) transi-
tion in 'Ne. A close similarity in the structures of
the two excitation functions is observed. The larger
cross section for "Ne is entirely accounted for by
feeding processes from higher lying states, as could
be shown by HF calculations. Elimination of these
contributions is necessary and was attempted as given
below.

Gamma-ray excitation functions were also obtained
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for the 1 ~0 and 2 ~1 transitions in "Na and "Ne;
in all of these, feeding does occur. In fact, the large
number of bound states in "Ne causes the registra-
tion of secondary y rays to be a poor measure of p
cross sections. It will only be employed for the
2.80 0 MeV transition where feeding through a still
limited number of just six higher lying states had to
be considered (Fig. 1). Instead, total p cross sections
were determined by directly detecting protons by use
of Si surface barrier detectors. Eleven-point angular
distributions were taken for bombarding energies
4.5 ~EL;~8.0 MeV in steps of 100 keV. Self-
supporting Si02 targets (=35 pg/cm ) were used;
only proton groups from the decay to the ground (0),
first (1), and second (2) excited states in 2'Ne could
be analyzed due to the finite resolution of the detec-
tors.

The contributions of various neutron groups to the

FIG. 1. Top: g value and energy level diagram showing

the close connection of particle decay channels and their
respective successive y-decay modes. Bottom: Mirror chan-
nel excitation functions as measured by use of the y-ray
technique (see text). The larger yield observed for 'Ne is

entirely due to feeding processes, as indicated in the top part
of this figure.
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FIG. 2. Comparison of two composite mirror channel ex-
citation functions measured through particle (top) and y-ray
spectroscopy (bottom). The relative weights (I, —0.47)
have been determined, as given in the text.

transitions 1 0 (2 1) in "Na are evaluated by use
of known y-ray branching ratios5 and are found to be
I nt +0 93n2+0. 96n5 (1n2+0. .63n5), respectively
By suitably combining the y-ray excitation functions
one can eliminate some of the feeding contributions.
Multiplying the yield curve of the 2 1 transition by
(0.96/0. 63) and subtracting it from the one of the
1 0 transition yields an excitation function shown
in the lower part of Fig. 2. In the top part of this fig-
ure the corresponding proton yield curve is given as
obtained by appropriately combining the p~ and p2
data. The similarity in the absolute cross section as
well as in the structures is striking.

Before proceeding with the further analysis we
state that (i) the bombarding energy is rather low,
(ii) the measured cross sections are well reproduced
by HF calculations, and (iii) no strong forward peak-
ing of the particle angular distributions is found.
Hence we assume that the ' 0 + Li reaction is mainly
of a compound nuclear type and thus can be subject-
ed to a correlation analysis.
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TABLE I. Values of the linear cross correlation coefficient r and ratios of energy averaged cross
sections for different proton and neutron excitation functions. Values in column A (B) have been
deduced from the original (corrected) data, respectively (see text).

Mirror channels (o(n))
(o(p))

n) —o.47n2/p )
—o.47p2

n) +0.33n5/p)

n3/p4+ X w&pk'
k

Average

Random correlation

0.57 +0.19

0.47 +0.16

0.42 +0.14

0.49 +0.10

0.24 +0.08

0.63 +0.22

0.35 +0.12

0.47 +0.16

0.49 +0.09

0.21 +0.08

1.05

1.31

0.51

Feeding term Xk wkpk contains a sum of six contributions with wk ranging from 0.04 up to 0.53.
Linear random correlation coefficient was obtained by additionally using y-ray data originating

from O.-decay channels.

The linear correlation coefficient r, defined as'

r = C(1,2)/[C(1, 1)C(2, 2)]'/'

was calculated for various sets of mirror channel ex-
citation functions (Table I), where C(1,2) [C(1,1)
and C(2, 2)] are the respective cross- [auto-] correla-
tion coefficients. The results listed in column A were
directly derived from the experimental cross section
data, whereas those in column B were corrected for the
overall slope in the excitation functions by using re-
duced data o./o HF. No large differences are found for
the two sets of r coefficients, revealing only a minor
influence of the slow energy variation of the individual
yield curves. The size of the errors is mainly due to
finite range of data corrections6 which, in turn, were
necessary because of the small sample size n =25.

By comparison with the random correlation coeffi-
cient (Table I) a significant mirror correlation is ob-
served with an average value of r =0.49 +0.10. Also
given in Table I is the ratio (o.(n) )/(o. (p) ) which
is close to 1 for the top pair of excitation functions,
but differs strongly from unity where additional feed-
ing processes occur in either channel. Such addition-
al contributions yield a reduced cross correlation in
much the same way as was mentioned above for the
case of strongly different Q values. ' Hence we regard
the one result to be more realistic, where a ratio of
approximately 1 for the two mirror cross sections is
observed and tentatively give a linear cross correla-
tion coefficient r of the order of 0.6. For a better
comparison with results from other experiments
which also aimed at probing isospin purity, we addi-
tionally give the isospin mixing parameter fdefined
as r = [(1—f)/(1+ f)]2 in the limit (o(n))/
(o (p) ) =1. A rather small mixing parameter

f=0.13 +0.08 is found. This result corroborates the
findings of a recent study ' on the Li-induced reac-
tion '2C(sLi, a) '4N. There, a strong reduction of up

to a factor of 100 was observed for the isospin forbid-
den a transition to the first excited T =1 state in ' N
indicating a high degree of isospin purity in the com-
pound nucleus 'SF

In a final step the isospin mixing matrix element

( V, ), given as'

r'D
(V)2 I f

27r 1 f(N&/N&+—1)
will be evaluated. The unknown decay width I t&

around 19 MeV can be connected to the mean coher-
ence width I =100 keV deduced from our correlation
analysis. Due to the T =0 entrance channel isospin,
T = T& =0 levels are predominantly excited. Fur-
thermore, for self-conjugate nuclei one has the relation
I & ( I &. Hence we estimate I'& & I'& =1 = 100
keV. The average level spacing of T& levels D&
=0.5 keV is obtained from HF calculations. To
compute the ratio N&/N& (N being the number of
levels of either isospin) we apply the HF level density
formula to 2'Na (T, =0) at U=19 MeV, which
yields N&, and to, e.g. , "Ne (~ T, ~

=1) at Ucorrected
for the pairing energy and the energy of the first ex-
cited T=1 state in "Na. We find N&/N& =0.13,
which, together with the other data, gives ( V, ) = 1

keV. It should be emphasized that this result is only
an order of magnitude estimate and should not be
taken too seriously, since it depends strongly on the
assumed values for I' t& and D&. The main goal of
the present analysis lies in the application of the iso-
spin mixing formalism to an "ideal" reaction, where
the average mirror channel cross sections are identi-
cal. Its essential result is a linear cross correlation
coefficient of order 0.6 which indicates a high degree
of isospin conservation.

This work was supported in part by the Deutsche
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