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ABSTRACT

The location of a doorway state in the n + 207pb channel is
established through a statistical analysis of the observed partial
widths for gamma-rays and neutrons. Several statistical tests
developed to help locate doorway states are presented. The statis-
tical analysis focuses on the strong correlation between large
partial widths in the two exit channels, Widths in both exit
channels exhibit extremely large values in the energy region near
E = 120 keV. This .clustering of large widths, even when consi-
dered seperately for each exit channel, is relatively unlikely to
occur in a statistical sample. The strong correlation between
channels decreases the likelyhood for this clustering of large
widths to occur in a statistical sample to less than 0,0003.

INTRODUCTION N

The concept of doorway states, though theoretically well foun-—
ded, has been difficult to verify experimentally except in special
cases, such as with analog states and fission doorway statesl., One
possible candidate for a doorway state is an apparent 1+ doorway
state, common to both neutrons and ground state photons in n+207ph
p—wave data at 120 kev2'3, This apparent doorway state is charac-
terized by a clustering of large widths for levels near 120 keV in
both exit channels. This paper compares the gamma-ray and neutron
partial widths with statistical model predictions. To make such a
comparison it is neccesary to use ts:atistical test that precisely
address the gquestion of how likclaly are the large observed widths
and correlations. The statistical tests and their results are

discussed in detail.
DISCUSSION

Pigure 1 shows the accumulated widths for the neutron and
gamma exit channels. A qualitative indication of the degree of
correlation between widths in the two exit channels can be obtained
from this figure. The shaded areas in the figure show where the
sum of the widths jumps markedly in both exit channels. Such
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Figure 1. Cummulative sums of neutron and gamma-ray partial widths.

qualitative indications of correlations, though a good starting
point are not necessarily convincing demonstrations of a doorway
state's existence.

The statistical model as used to explain fluctuations? re-
quires that resonance partial widths for different compound nucleus
states should be uncorrelated. The actual distribution of widths
will vary according to the type of exit channel. The statistical
model also predicts that partial widths for different exit channels
should Dbe uncorrelated. However, when a common doorway State is
present then the resonance widths for different levels in the
doorway and different exit channels should be correlated and the
widths may be larger than those expected from a statistical distri-
bution of widths. There are many statistical tests that can be used
to search for narrow energy regions where strong correlations exist
within or Dbetween exit channels.

The correlation coefficient defined below is commoniy used in

N
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statistical tests. Ineq. 1 T . and T . are the neutron and gamma

widths for the ith level in the Gompound hucileus, T and o are the

average widths and the variances and N is the number of widths. The
value of p obtained using the data of ref. 2z and 3 is 0.64 (between
0.35 and 0.83 at the 95% confidence level). Thus there is a corre—
lation between the gamma-ray and neutron widths. The value of p
, obtained after removing the four largest widths in the region of
the suspected doorway state is p = 0.13 (—0.27 to 0.5 at the 95%
confidence level). Thus the strong correlation is due to levels
near En = 120 keV.

A statistical test that is useful for locating large widths
within a single exit channel is based on the expected value for the
sum of N randomly selected widths. If the distribution of widths
is known it can be used in a Monte-Carlo calculation to predict the
sum of N randomly seiected widths. In the present case the probabi-—
lity distribution of the I' values is well reproduced by the predi-

cted distribution4 given by eq. 2 with I' = 0.109 eV,
ryar = _1_ (_I'__) -1/2  ~(T/2T) ar (2)
Jr 2T 2r

The incomplete gamma function above I'( 1/2,?) can be used to pre—
dict the distribution of the sum of N widths, which should have a
distribution of the form I'(N/2,T)5. Using these distributions and
the tables of ref. 6 we find that the probability of four T
values adding to 7.1, as do those near E_ = 120 keV, is 0.0005)
The I distribution is not well fit by the predicted incomplete
gamma  distribution. Consequently a Monte-Carlo approach using the
observed width distributions was adopted to try to predict the
distribution of the sum of the four '  values. The Monte—-Carlo
calculation showed that the probabil:l.tynof getting a a3um of 21.4,
vhich was obtained for the four widths neax E. = 120 keV, is
0.0009. This result is clearly at odds with Btatistical predi-
tions.

the distribtuion of runs tests developed by Mood? are well
suited for locating doorway states. In this test one counts the
number or runs, i.e. groups of consecutive widths above or below
the average. The probability of cbserving N1 runs whose members
are all above the average and N2 whose members are all below the
average when there are A (B) widths above (below) the average width

is given by eq. 3.

A—l\ 3—1)
P( N1, N2 ) = _\N1 - 1 N2 - 1] P( N1, N2 ) (3)
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where (B) denotes the standard binomial coefficient and P(N1,N2)
is 2, 1 and 0 for N1=N2, IN1-N2!=1 and IN1-N2I/>1, respectively.
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In the measured partial widths the number of runs in both exit
channels is lower than expected because the large widths are clus-
tered. The probabilities for the observed run distributions are
0.019, 0.25 and 0.032 in the neutron, gamma-ray and combined width
distributions. The later distribution was obtained by counting as
above only those resonances for which both the neutron and gamma-
ray widths were above average. What is even less likely is the
-length of the runs in these three distributions. The probability
distribution for the length of runs is given by eq. 4.

P(N, ) = _if,] ::3] F( N1, N2 ) (9)
13 [*:%]
A

vhere the square brakets denote tha standard multinomial coeffi-
cient. In the above equation N1i is the number of runs whose i
wexbers are all above the average width and N23j is the number of
runs whose j members are all below the average. Summing N1i (N2j)
over all i (j) values gives N1 (N2). The probabilities of observ—
ing the runs distributions seen in the data of ref, 2 and 3 is
0.00019, 0.00041 and 0.00029 for the neutron, gamma-ray and
combined widths, respectively.

CONCLUSION

The clustering of large widths correlated in the neutron and
gamma exit channels which is observed in the n + 287pb reaction is
Clearly non-statistical. Of the three tests used the distributions
of runs test seems to be the most sensitive to the presence of
large, correlated widths. The other two tests worked well in this
case but do not test for all of the characteristics of doorway
states and thus may be less sensitive to their presence than the
runs tests.
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