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bands and this provides evidence that all these
superbands consist of two quasineutron i», bands
coupled to the quasiparticle vacuum (ground state).
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Ericson fluctuations of the triton and helium-3 decays of the compound nucleus Al
formed in the ' N+ ' C reaction have been studied for excitation energies between 33 and
38 MeV. These mirror channels are only weakly correlated which is partly attributed to
an isospin-nonconserving width of about 20 keV.

States of different isospin overlap in highly ex-
cited nuclei, where the average width I'of the
levels is much greater than the average level
spacing. Where F is also much greater than the
isospin-mixing width, isospin will be conserved. '
Dd'traz et al. ' examined Ericson fluctuations in
the 'Li and 'Be mirror-channel decays of "Na
near 53-MeV excitation and concluded from strong
cross correlations of mirror channels that charge
symmetry is preserved and that isospin is a good
quantum number. We have studied fluctuations in
the cross sections of the mirror reactions "C("N,
t)"Mg and "C("N, 'He)"Na at "Al excitation en-
ergies of 33 to 38 MeV to test charge symmetry
at a lower excitation energy where F will be

smaller than in their experiment. Briefly, we
find a considerably reduced cross correlation be-
tween mirror channels which can be partly at-
tributed to isospin mixing in the compound states.

Excitation functions were measured at ' N-beam
energies of 39 to 50.2 MeV in energy steps of 200
or 400 keV. Targets were high-purity carbon 10
and 20 pg/cm' in thickness. Because of the rath-
er low cross section for these reactions, we
positioned a counter telescope to identify 'He' s
and tritons at zero degrees, stopping the beam in
a tantalum foil behind the target. This arrange-
ment permitted a reasonably large solid angle
(-35 msr) with a, minimum of kinematic broaden-
ing. In addition, the choice of 0' is expected to
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width I' of the compound states is found to be
about 350 keV, Fluctuations in the deuteron exit
channel give a similar value for j. .

It is evident from Fig. 1 that the cross correla-
tion between mirror channels is not strong. In
Table I are presented two quantitative measures
of correlations between channels. One is the cor-
relation function
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FIG. 1. Comparison of the Quctuations of the mirror
reactions ' C(' N, He) 3Na and ' C(' N H) 3Mg. The
energies of the mirror levels in the residual nuclei
(that for 3Na is given first) and their spin are given
on the figure. Smooth curves are statistical-model
calculations, the upper curve that for the 3He reaction.

enhance fluctuations.
Figure 1 shows excitation functions for two of

the six mirror channels studied, Also shown, as
smooth curves, are statistical-model calculations
of the zero-degree average differential cross sec-
tion calculated with the code STATIS.4 By use of
the peak-counting method' or the auto-correlation
function, '

& cr(z+ e) v(z) &

&.(z+.) & & Wz) &

where && stands for energy average, the average

as conventionally defined in fluctuation analysis';
the other is the usual linear correlation coeffi-
cient, which is used by Detraz et al.' (their p),

r =C(l, 2)/[C(1, 1)C(2, 2)]~' (3)

In both our work and that of Ddtraz et al. the
random-correlation coefficient is large and posi-
tive. This undoubtedly arises from the fact that
there is a general decrease in cross section with
increasing energy. [Although two flat, constant
excitation functions give C(1, 2) =0, linearly
sloping excitation functions give C(1, 2) g 0, a
positive sign indicating that they slope the same
way. ] This effect is demonstrated under columns
(b) of Table I where the experimental cross sec-
tion is divided by the statistical-model predic-
tion before the correlation function is calculated.
In the absence of direct reactions, the self-cor-
relation function C(0) equals 1/N, where N is the
effective number of incoherent contributions to
the cross section. ' The measured value of C(0)
determines N to be 5-6, after correction for the
finite energy range of the data. ' This value of N
is consistent with that expected for a detector at
0 with the finite angular spread used in the ex-
periment. This corroborates the conclusion of
Qlmer et al. ' of a pure compound-nuclear reac-
tion mechanism,

TABLE I. Values of the correlation coefficients g and y, defined in the text. Corre-
lations of a cross section with itself, with its mirror counterpart, and with any other
cross section are termed self-correlation, mirror correlation, and random correla-
tion. The values are averages of all possible combinations for the category. Values
under columns (b) have been corrected for the overall slope of the excitation functions
(see text). Errors of the averages are enclosed in brackets.

(a) (a)

r
Our work

Ref. 3

Self-correlation
Mirror correlation
Random correlation

o.25(o.o3)
0.16(0.03)
o.11(o.o 1)

O.16(O.02)
0.064(0.025)
o.o16(o.oo7)

1
0.65 (0.03)
o.46(o.o3)

1
O.41(0.06)
o.1o(o.o4)

1
0.90
0.48
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TABLE II. Comparison of r with (o~)/(a3 ) for mirror channels. Er-
HCrors on individual y values are statistical. The average y value and its

error are calculated using Fisher's g transformation for y when the true
correlation is different from zero. The uncertainty in the weighted mean
of (a, )/(oq ) is calculated from the average variance.3He

Levels in residual
nucleus(Me V)

Na 23Mg

0
0.44
2.08
2.70
2.98
5.53

Average

0
0.45
2.05
2.72
2.91
5.45

3/2+
5/2
7/2+
9/2+
3/2+

11/2+

0.54
0.57
0.53
0.61
0.51
0.57

0.54(0.02)

0.57(0.07)
0.41(0.08)
0.23(0.08)
0.30 (0.10)
0.16(0.11)
0,55{0.07)
0 41""

Table I shows that the average cross correla-
tion between mirror channels is considerably re-
duced from the average self-correlation. Much
of this reduction can be attributed to the higher
'He cross section. The Q value for the 'He reac-
tion is more positive, and for l values above
about 9, 'He transmission functions are larger
than the triton ones, increasingly so for increas-
ing l. If we describe this effect by postulating
that, for each incoherent channel, the 'He-reac-
tion amplitude f('He) is the sum of the triton-
reaction amplitude f(t) plus an independently
varying random amplitude g,

f('He) =f(t)+g (f and g complex), (4)

then one can show that the cross correlation be-
tween mirror channels is reduced from the value
of the self-correlation function C(0) by the ratio
of the average triton cross section to average
'He cross section':

or

C(1, 2) =C(0) &o,&/& v, „& (5)

r = &o,&/&o,„&. (6)

Table II compares the experimental ratio &o,&/

&o & to the value of r corrected for the slope of
3He

the excitation function as described above, for
the six mirror channels studied. The values of r
are generally what one expects from the ratio of
cross sections, but are generally lower. We con-
sider this reduction to be evidence for isospin
mixing in the states of the compound nucleus. In
a very simple model in which the states of the
compound nucleus are primarily T =0 with some
T = 1 admixed and in which the mixing is the same

in all the compound states contributing to the
cross section, then C(1, 2) and r are reduced by
a factor' (1 —2P')' where P is the amplitude of
T =1 in the compound states. The average value
of r of 0.41 compared to the expected value of
0.54 leads to an average value of the T = 1 ampli-
tude P of 0.25. Crudely speaking then, the iso-
spin-nonconserving width is ~(0.25) I', i.e., 20
keV. We also note that, because the random cor-
relation is still positive, an empirical method of
removing the energy dependence of the excitation
function and reducing the random correlation to
zero will also reduce the mirror correlation be-
low 0.41. Furthermore, although the scatter in
the values of r for different channels may reflect
the finite energy range of data, it might also indi-
cate a variation of the Coulomb mixing in differ-
ent channels.

The results of Dd'traz et al, are probably con-
sistent with the above considerations. Because
of the sloping excitation function in the reactions
they studied there is a large random correlation.
If this is allowed for, their mirror correlation
would reduce to something near 0.5, which ap-
pears to be about the ratio of their 'Be to 'Li
cross sections, Their mirror correlation is in-
sensitive to an isospin-mixing width of 20 keV be-
cause of the larger I' (-800 keg) in their com-
pound nucleus.

We have also examined the frequency distribu-
tion f(R) of the ratio

R =[o,„(Z)—o,(Z)]/[o„(Z) + v,(Z)].
In terms of the simple model discussed above, '
f(R) depends on N, P, and the relative amount of
random amplitude in the 'He cross section, Igi/
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tion is a Q-value effect, there is a further re-
duction caused by isospin mixing in the compound
states and an isospin-nonconserving width of -20
keV. If one were to examine mirror reactions
for decays of a compound nucleus at an excitation
energy where I' was also -20 keV, one would ex-
pect a reduction in cross correlation considerably
in excess of the Q-value effect.
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FIG. 2. The frequency distribution f (R). The exper-
imental histogram combines all six mirror reactions
discussed in the text. The smooth curve is calculated
by using normally distributed random numbers of mean
zero for the real and imiginary parts of amplitudes, the
curve shown being appropriate for N = 6, P = 0.3, and

hagi/if(t) l
= 0.96, the last number giving a ratio (o3,)/

(o,) in agreement with experiment.

if(t) i. As Fig. 2 shows, a very good fit, as mea-
sured by comparing the mean and variance of the
distribution, is obtained for values of the param-
eters determined by correlations. In fact, all
reasonable values of N (4-6) and hagi/if(t) i (0.85
-1.02) require P ~ 0.15 in the model.

In conclusion, we find that cross correlation
between mirror-channel fluctuations is substan-
tially reduced in the reactions "C("N, 'He)~Na
and "C("N, t)"Mg. Although most of this reduc-
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