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The 84- and 85-neutron isotopes of Tm and Yb were produced by heavy-ion reactions on neutron-deficient 
rare-earth targets. These isotopes, which are 16 to 18 neutrons removed from the beta stability line, decay 
predominantly by alpha-particle emission. A search was made for proton emission in the decay of these 
nuclides and in Tm151 and Tm152, but none was observed. The alpha-decay properties of these nuclides were 
measured and compared with the systematics of alpha decay of the 84- and 85-neutron isotopes. Evidence was 
obtained for the existence of a long-lived alpha-emitting isomeric state in Tm164. 

I. INTRODUCTION 

IN previous papers, we have reported results on the 
alpha-decay properties of isotopes of the rare-earth 

elements between Tb and Er.1-"3 Most of the results 
were obtained for the 84- and 85-neutron isotopes 
which possess enhanced alpha-decay energies due to the 
effect of the 82-neutron closed shell. 

The work reported here on Tm and Yb isotopes is a 
continuation of this study. The main objectives of this 
program are twofold: to provide a set of experimental 
alpha-decay data which can be used to study the effect 
of proton configuration on alpha-decay rates, and to 
obtain some information on the production and proper­
ties of ultra-neutron deficient nuclides. 

II. EXPERIMENTAL DETAILS 

The nuclides Tm153 and Tm154 were produced by 
Pr141(Ne20,#w) reactions and Nd142(F19,x#) reactions 
using 131-195-MeV Ne20 ions and 121-185-MeV 
F19 ions from the Berkeley heavy-ion linear accelerator 
(Hilac). Yb154 and Yb155 were produced by Sm144-
(Oie,xn) reactions using 106-151-MeV O16 ions and 
by Nd142(Ne20,m) reactions. Rare-earth oxide targets 
( ~ 2 mg/cm2) of enriched isotopes of Nd142 and Sm144 

were used. The isotopic abundances of Nd142 and Sm144 

were 93.93% and 94.6%, respectively. Relative excita­
tion functions were obtained for each of the alpha 
activities studied by measuring the intensities of the 
alpha groups at different bombarding energies. Alu­
minum absorbers of varying thicknesses were used to 
degrade the energy of the heavy ion beam. The data 
of Northcliffe and Hubbard were used to determine 
energy losses in the aluminum absorbers, vacuum 
windows in the target assembly, and the targets.4'5 

*This work was performed under the auspices of the U. S. 
Atomic Energy Commission. 
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The activity produced during bombardment was 
collected by thermalizing the recoils ejected from the 
target in helium, and then pumping them through a 
small orifice onto a collection plate in vacuum. A gold-
surface-barrier-alpha-particle detector was used to 
measure the alpha activity collected on the plate. 
Details of this system are reported in an earlier paper.6 

Single-component decay curves were obtained by 
selecting the desired group in the alpha-particle spec­
trum using a single-channel pulse-height analyzer and 
following the decay of the group after bombardment. 

Alpha-particle energy measurements were made using 
as standards the alpha particles from Dy150 (4.23 MeV),1 

Er152(4.80 MeV),3 and Po210 (5.30 MeV).7 

III. RESULTS 

A. Pr1 4 1+F1 9 and Ce 1 4 0+Ne 2 0 

The reaction Pr141+F19 was used to study the ener­
getics of the (F19,8w) and (F19,7^) reactions in the 
neutron-deficient rare-earth region. This information 
was used in assigning the mass numbers of the new 
Tm and Yb alpha activities. Using a Pr141 target, these 
reactions produce two known alpha emitters, Er152 and 
Er153. Figure 1(a) shows the excitation functions for 
the production of these two nuclides. In addition to 
these activities, Ho1 5 U and Ho152*1 [Fig. 1(b)], and 
Dy150 and Dy151 were also produced. The absolute 
cross sections for the production of Dy150 by the re­
action Pr141+F19 have been measured by Alexander, and 
his results were used to convert our relative yield meas­
urements to an absolute basis. The normalization point 
was taken at a bombarding energy of 166 MeV, where 
the cross section for Dy150 production was found by Alex­
ander to be 260 mb.8 

The information obtained from these measurements 
that was used in interpreting the Tm and Yb results 
was the position of the peaks of the excitation functions 
for the (F19,8n) and (F19,7w) reactions. As shown in 
Fig. 1(a), maxima were observed at excitation en-

6 R. D. Macfarlane and R. D. Griffioen, Nucl. Instr. Methods 
24, 461 (1963). 

7 A. H. Wapstra, Nucl. Phys. 28, 29 (1961). 
8 J. Alexander (private communication, 1963). 
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Excitation energy (MeV) 

83.3 100.9 118.6 136.2 153.8 

FIG. 1. Excitation func­
tions for the reactions (a) 
pr141(F19j8w)Er152(A)j a n d 
Pr141(F19,7w)Er153(V); a n d 
(b) Pr141(F19,9w+^8w)Ho151* 
(D) and Pr141(F19,^)Ho152A 

(O). 
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ergies of 117 and 105 MeV, respectively (the term 
"excitation energy" is denned as the difference be­
tween the center-of-mass bombarding energy and 
the Q value for compound nucleus formation calcu­
lated from the Seeger mass formula9). 

Excitation functions were also obtained for the 
(Nt20,Sn) and (Ne20,7^) reactions using a Ce140 target. 

100 

Excitation energy (MeV) 

75.2 92.7 110.2 127.7 145.2 

FIG. 2. Excitation func­
tions for the reactions (a) 
Ce140(Ne20,MEr152(A), and 
C e i40(N e20 )7^)E r i53(V) . a n d 

(b) Ce140(Ne20,9rc+^)-
Ho15lA(D) and Ce140(Ne20,-
p7n)Ko152h(o). 

120 140 160 180 200 
20 

To convert to absolute cross sections, the cross-section 
data of Alexander for Dy150 production by Ce140+Ne20 

were used.8 The normalization point was 171-MeV 
bombarding energy where a Dy150 cross-section value 
of 262 mb was obtained by Alexander. The cross-
section results for Er152 and Er153 are shown in Fig. 2(a), 
and for Ho1 5 U and Ho152/i in Fig. 2(b). The position 
of the maxima in the excitation functions for the 
(Ne20,8w) and (Ne20,7^) reactions correspond to excita­
tion energies of 120 and 108 MeV, respectively. 

The results obtained for the production of Ho15U and 
Uon2h by (K.I.,p%n) reactions (where H.I. means 
heavy ion) are also shown in order to point out the 
usefulness of these results in providing additional data 
for deducing mass assignments of new activities. Both 
Figs. 1 and 2 show that for (H.I.,xn) and (ELl.,pxn) 

Alpha particle energy (MeV) 
4.43 4.65 4.87 5.09 

FIG. 3. Alpha-par­
ticle spectra taken 
from the Pr141+Ne20 

runs showing the 
new Tm alpha emit­
ters taken at bomb-
barding energies of 
(a) 195 MeV, (b) 
178 MeV, (c) 159 
MeV, and (d) 138 
MeV. 

9 P. A. Seeger, Nucl. Phys. 25, 1 (1961). 
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products, the independent excitation functions of iso-
baric pairs (e.g., Er152 and Hon2h) peak at the same 
excitation energy in the neutron deficient rare-earth 
region (Er152 has a very small /3+/EC branch to Ho152A).3 

The excitation function for Ho1 5 U is actually a sum 
of the Er151 and Ho1 5 U excitation functions, since Er151 

is not an alpha emitter. For example, one would expect 
that the excitation function for the production of Tm153 

by a (H..I.,xn) reaction will peak at approximately the 
same excitation energy as that for Er153 produced by 
a Qi.I.,p(x— \)fi) reaction from the same compound 
nucleus. 

B. Nd 1 4 2 +F 1 9 and Pr 1 4 1 +Ne 2 0 

The formation of Tm161 compound nuclei by Nd142 

+ F 1 9 and Pr141+Ne20 reactions produced three new 
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alpha activities which were not seen in the Pr141+F19 

or Ce140+Ne20 bombardments. On this basis, these 
activities were assigned to isotopes of thulium. Figure 
3 shows alpha-particle spectra of these activities pro­
duced at different bombarding energies. In addition to 
these, the known alpha emitters of Dy, Ho, and Er 
were also observed. 

Tm15Z(Ea= 5.11 MeV) 

The highest energy Tm alpha group observed has 
an alpha-particle energy of 5.11±0.02 MeV and decays 
with a half-life of 1.58 sec. This activity was tenta­
tively assigned to the 84-neutron isotope Tm153 on the 

Excitation energy (MeV) 

79.8 97.3 114.9 132.6 150.2 

50 

Excitation energy (MeV) 

73.0 90.5 108.1 125.6 143.1 

ab (MeV) 

FIG. 4. Excitation functions for the reactions (a) Nd142(F19,8w)-
Tm163(A) and Nd142(F19,7^)Tm154A(V) where Tm164* denotes the 
high-spin isomer, (b) The excitation functions for the reactions 
Nd1 4 2(F1 9 ,9w+^)Er1 5 2(n) and Nd142(F19,^7w)Er153(o). 

basis of alpha-decay systematics. Conclusive evidence 
for this mass assignment was obtained from excitation 
function data. Figure 4 shows the excitation func­
tion for this activity when produced by Nd142+F19, 
and Fig. 5 shows the results obtained for Pr141+Ne20 

which forms the same compound nucleus. In both 
cases, the excitation energies where the cross section 
was a maximum were very close to those observed in 
the Er work discussed above for (H.I.,8^) reactions. 
This new activity, therefore, must be due to Tm153. 
Figures 4(b) and 5(b) show that the Er153 excitation 
functions peak at approximately the same energy as 
that for the activity we have assigned to Tm153, a 
result which is consistent with our previous observa-

- i 1— 
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FIG. 5. Excitation functions for the reactions (a) Pr141(Ne20,8w)-
Tm1M(A)andPr141(Ne20,7w)Tm154A(v) ;and (b)Pr1 4 1(Ne2 0 ,9w+^)-
Er152(D) and Pr141(Ne20^7w)Er153(o). 

tions of the similarity of the energetics of (H.I.,sm) 
and (H.I.,p(x—l)n) reactions in the rare-earth region. 

Tm15ih(Ea= 5.04 MeV) 

A second Tm alpha group decaying with a half-life 
of 2.98 sec was observed at an alpha-particle energy 
of 5.04 MeV. On the basis of alpha-decay systematics, 
the most likely mass assignment appeared to be Tm154. 
The excitation functions for the production of this 
activity by Nd142+F19 and Pr141+Ne20 are shown in 
Figs. 4(a) and 5(a), respectively, and are labeled Tm154,t. 
These results, when compared with the Er data (Figs. 
1 and 2), compare most favorably with the energetics 
of an (H.I.,7^) reaction which would produce Tm154 

from a Tm161 compound nucleus. 

Tmlul(Ea= 4.96 MeV) 

Alpha-particle spectra of activity collected from Nd142 

+F1 9 bombardments at energies below 134 MeV gave 
an indication of a weak alpha group just below the 
5.04-MeV Tm154 peak. Experiments with Pr141+Ne20 

at bombarding energies below 158 MeV also gave an 
indication of a weak alpha group at the same position. 
An alpha-particle spectrum showing this activity can 
be seen in Fig. 3(d). The alpha-particle energy of this 
activity is 4.96 MeV, and it decays with a half-life of 
5 sec. The half-life was obtained from an analysis of 
alpha-particle spectra taken in a series of timed se­
quences after bombardment. This experiment clearly 
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ruled out the possibility that the 4.96-MeV group was 
associated with the decay of the 2.98-sec Tm154 activity. 

Because of the low intensity of this group, it was not 
possible to obtain a detailed excitation function. Quali­
tatively, it was determined that the excitation func­
tion peaks at a somewhat lower bombarding energy 
than the 5.04-MeV Tm164, probably around 145 MeV 
when produced by Pr141+Ne20. Alpha-decay energy 
systematics do not favor the assignment of Tm155 to 
this activity because the difference between the alpha-
decay energies of the 85- and 86-neutron isotopes of 
the elements below thulium have consistently been 
^400 keV. This, and the fact that the activity is 
apparently produced in low yield (a small alpha-decay 
branch would give the same result), suggests that the 
activity may be due to a low spin isomer of Tm154. The 
energetics of the qualitative cross-section measure­
ments also indicate that this is the most probable 
assignment. Similar results were obtained for the pro­
duction of low spin isomers of holmium by high-energy r 
heavy-ion reactions.2 Ho152, which has the same number 
of neutrons as Tm154, has a long-lived alpha-emitting 
isomeric state.2 Here the difference in alpha-decay 
energies of the two states is 70 keV, which is close to 
the difference of 80 keV observed for the Tm154 case. 

C. Sm144+016 and Nd142+Ne20 

The 84- and 85-neutron isotopes of ytterbium, Yb154 

and Yb156, were produced by Sm144(016,^w) reactions 
and Nd142(Ne20,x^) reactions. The energetics of the 
(016,xn) reactions have been studied in previous work 
on Dy, Ho, and Er alpha emitters,2'3 and information 
on (Ne20,;m) reactions was obtained from results pre­
sented above on the Tm alpha emitters. 

Alpha-particle spectra of activity collected from Sm144 

+0 1 6 and Nd142+Ne20 bombardments, which form Yb 
compound nuclei, showed two new alpha groups which 
had not been seen in bombardments which produced 
isotopes up to thulium (Fig. 6). They were therefore 
assigned to isotopes of Yb. From excitation function 
data, they were shown to be due to Yb154 and Yb155. 

Yblu(Ea=5.33 MeV) 

One of the Yb alpha emitters has an alpha-particle 
energy of 5.33 MeV and decays with a half-life of 0.39 
sec. As in the study of the Tm alpha emitters, the only 
means available for mass assignment was a comparison 
of the energetics of the excitation functions for this 
activity with those of known activities in this region. 
The activity was produced two different ways: the 
first was by a Sm144(016,rm) reaction, and the second 
by a Nd142(Ne20,;m) reaction. The (016,xn) results 
[Tig. 7 (a)] for this activity showed that the peak cross 
section occurred at an excitation energy of 87 MeV. In 
our previous work with Ho and Er isotopes, we ob­
served that the peak cross section for the (Ou,6n) 
reaction was at ^85-MeV excitation energy, a value 

A l p h a p a r t i c l e e n e r g y (MeV) 

4.48 4.72 4.94 5.17 5.40 

40 60 80 100 

Channel number 

FIG. 6. Alpha-particle spectra taken from the Nd142-fNe20 runs 
showing the new Yb alpha emitters. The solid points refer to the 
scale on the left, and the squares to the scale on the right. Figures 
6(a)-(d) were taken at bombarding energies of 195, 183, 171, 
and 145 MeV, respectively. 

very close to that observed for this Yb activity. This 
result strongly suggests that this new nuclide is proba­
bly Yb154. 

Additional support for this mass assignment was 
obtained from the Nd142+Ne20 results. Here, the ex­
citation function which is shown in Fig. 8(a) was 
compared with results previously obtained for Ce140 

+Ne20 and Pr141+Ne20. The position of the peak of the 
excitation function was found to correspond very 
closely to what had been previously observed for a 
(Ne20,8^) reaction. This result is consistent with our 
mass assignment of Yb164. 

As a further check on our mass assignment, we 
looked at the excitation functions of the (H.l.,pxn) 
products [Figs. 7(b) and 8(b)], making use of our 
previous observation of the similarity of the energetics 
of isobars formed by (H..I.,xn) and (H.I.,p(x— \)n) 
reactions. For both the Sm144+016 and Nd142+Ne20 

results, the Tm154'1 excitation functions peaked at ap­
proximately the same excitation energy as that for 
the activity we have assigned to Yb154. 

Ybm(Ea=5.21 MeV) 

The second Yb alpha activity that was observed has 
an alpha-particle energy of 5.21 MeV, and decays with 
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a half-life of 1.65 sec. The assignment of this activity 
to Yb155 was made by a procedure analogous to that 
used for Yb154, making use of excitation function data 
from previous work to identify the reaction producing 
the activity. I t was first produced by the reaction 
Sm144(016,x?z), where the maximum cross section was 
observed at an excitation energy of 76 MeV. In the 
rare-earth region, this was found to be a characteristic 
value for (0lc\Sn) reactions. 

The Nd142+Ne20 bombardments also produced this 
activity, and the excitation function for this mode of 
production is shown in Fig. 8(a). The peak cross section 
was observed at an excitation energy of 106 MeV. 
From our Ce140+Ne20 and Pr141+Ne20 results, the 
(Ne20,7n) reaction cross sections were found to peak 
at excitation energies of 108 and 106 MeV, respec­
tively. This Yb activity must therefore have been pro­
duced by the reaction Nd142(Ne20,7w)Yb155. 

D. Search for Proton Radioactivity 

The nuclides reported in this work are far on the 
neutron deficient side of the beta stability line. Proton 
binding energies of these nuclides are very small, and 
some of them may be proton unstable. Of the nuclides 
studied above, the Tm isotopes offered the best possi­
bility of observing proton radioactivity, because odd-Z 
nuclei have lower proton binding energies. The Seeger 
semiempirical mass formula gives Tm153 a proton 
binding energy of +0.727 MeV, and Tm152 a value 
of +0.423 MeV.9 The heaviest proton unstable Tm 

Excitation energy (MeV) 
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FIG. 8. Excitation func­
tions for the production of 
Yb154 and Yb165 from Nd142-
(Ne20,xn) reactions, and for 
the production of Tm153 and 
Tm164 by (Ne20,9n+p8n) 
and (Ne20,^7w) reactions, 
respectively. 
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FIG. 7. Excitation functions for the production of Yb154 and 
Yb155 from Sm144(016,xw) reactions, and for the production of Tm153 

and Tm154 from the same compound nucleus. 

isotopes, according to this mass formula, is Tm150 

{Qv=- —0.228 MeV). These, of course, represent large 
extrapolations from behaviors near beta stability, and 
are therefore subject to considerable uncertainty. How­
ever, the mass formula does reasonably well in pre­
dicting the alpha-decay energy of Tm153(5.02 MeV com­
pared to the experimental value of 5.25 MeV), so that 
there is some evidence for the validity of the mass 
formula in this region. 

The lighter Tm isotopes Tm151 and Tm152 appeared 
to be the most promising nuclides for the observation 
of proton radioactivity in this study. Because of the 
effect of the 82-neutron closed shell in suppressing the 
alpha-decay energies of the 82- and 83-neutron isotopes, 
there should not be any competition from alpha decay 
for these nuclides. The Sm144+016 reaction using 152-
MeV O16 ions was used to produce these nuclides 
because of the higher cross section for (016,pxn) reac­
tions in the neutron-deficient rare-earth region. This 
energy should give close to the maximum cross section 
for Tm152 production [see Fig. 7(b)], and probably a 
significant cross section for Tm161. Particle spectra were 
obtained over the energy range of 0.75 to 3.40 MeV, and 
the results are shown in Fig. 9. No groups were observed 
in this region which could be attributed to proton radio­
activity. The background in this region was essentially 
due to the low-energy tails of the intense rare-earth 
alpha groups. We estimate that our limit of detection 
of a proton group in this experiment is equivalent to a 
cross section of 0.2 mb, if the activity has a half-life 
greater than 0.04 sec and decays 100% by proton 
emission (activities with half-lives less than 0.02 sec 
cannot be detected in our experiments). 
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Par t ic le energy ( M e V ) 

0.75 1.05 1.35 1.65 1.95 

TABLE I. Summary of results. 
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FIG. 9. Particle spectrum in the region of 0.75 to 3.4 MeV of 
activity collected from the reaction Sm144+016 using 152-MeV O16 

ions. This spectrum was taken in order to determine whether 
proton and delayed proton emitters could be detected in the 
neutron-deficient rare-earth region. 

In order for a nuclide such as Tm151 to have a meas­
urable proton-decay branch, the energy available for 
proton decay must be at least 0.6 MeV. This would 
give a proton-decay half-life of ~10 sec (an approxi­
mate formula for calculating proton decay half-lives 
given by Goldansky was used to obtain this value.10 

Unfortunately, in our experiments, the background due 
to beta-decay pileup was very high below 0.75 MeV, 
so that the sensitivity for detecting proton groups in 
the critical region between 0.6 and 0.75 MeV was very 
poor. 

IV. DISCUSSION 

A. Alpha-Decay Energies 

The alpha decay energies of the 84- and 85-neutron 
isotopes of Tm and Yb, when compared with the corre­
sponding isotopes of Tb, Dy, Ho, and Er, show that 
the alpha-decay energies of these nuclides are a linear 
function of nuclear charge for constant neutron number. 
An expression for alpha-decay energies can be derived 
from the semiempirical mass formula which shows that 
alpha-decay energy and Z are linearly related if N is 
held constant. Only in the region of spherical nuclei, 
however, does this seem to be borne out experimentally. 

The 86-neutron isotopes of Tm and Yb were un­
doubtedly produced in our experiments, but no alpha-
decay branch was detected for these nuclides. No large 
alpha-decay hindrance factor is expected, so that the 
reason for the apparent small alpha branch of these 

10 V. I. Goldansky, Nucl. Phys. 19, 482 (1960). 

Nuclide 

Tm153 

Tm154 (high spin) 
Tm154 (low spin) 
Yb154 

Yb155 

<2«(MeV) 

5.25=b0.02 
5.17±0.02 
5.09±0.03 
5.47±0.02 
5.35±0.02 

Half-life 
(sec) 

1.58±0.15 
2.98±0.20 

5 ± 1 
0.39=1=0.04 
1.65±0.15 

Estimated 
alpha 

branching 
ratio 

0.90 
0.85 

0.98 
0.90 

S2 

(MeV)a 

0.065 
0.066 

0.091 
0.080 

a Calculated assuming 1=0 alpha wave emission only. 

nuclides can probably be attributed to competition 
from E.C./fP" decay as a result of a significant lowering 
of alpha-decay energy between iV=85 and N=S6. 

Comparisons of our experimental Qa values with 
those calculated by the Seeger mass formula show that 
the Seeger formula gives very close values. The 
Cameron mass formula11 is not particularly useful in 
this region because it predicts that the 85-neutron 
isotopes should have the maximum Qa, whereas the ex­
perimental maximum occurs at N= 84. 

B. Alpha Branching Ratios and Alpha 
Reduced Widths 

It was not possible to obtain direct experimental 
values of alpha branching ratios for the Tm and Yb 
alpha emitters because of their low yield, and also 
because the beta-decay daughters are formed directly 
in greater yield than the parents. Some information 
obtained on the alpha branching ratio of Yb154 from 
a study of the alpha decay of Hf158 to Yb154 indicates 
that Yb154 has essentially a 100% alpha branch.12 

In order to obtain some estimate of the alpha branch­
ing ratios of the Tm and Yb alpha emitters, beta-decay 
half-lives were estimated using previous data on the 
84- and 85-neutron alpha-emitting isotopes of Dy, Ho, 
and Er. Using the Seeger semiempirical mass formula 
to estimate the energy available for beta decay and 
experimentally determined half-lives and alpha branch­
ing ratios of these nuclides, gross log ft values were cal­
culated. Log//values grouping around 5 were obtained 
for even-even, even-odd, odd-even, odd-odd, and high-
and low-spin isomers. 

A gross log// of 5 was taken as a reasonable lower 
limit for the alpha-emitting Tm and Yb isotopes, and 
beta half-lives were calculated on this basis. In all 
cases, it was found that the calculated beta half-life 
was much larger than the experimental value, indi­
cating that the alpha branching ratios of these nuclides 
are close to unity. Estimated alpha branching ratios 
obtained from the calculated beta decay half-lives are 
given in Table I together with a summary of the Qa 

and h/2 results. 

11 A. G. W. Cameron, Can. J. Phys. 35, 1021 (1957). 
12 R. D. Macfarlane (unpublished results). 
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The alpha-reduced widths S2 given in Table I reflect 
the probability of alpha decay after the energy de­
pendence has been removed. The exact definition of 82 

and the method of calculation is that given by 
Rasmussen.13 The 52 for the Tm isotopes are very 
close to those obtained for the Ho isotopes with the 
same neutron number, and the 52 for the Yb isotopes 
are in approximate agreement with those obtained for 
the corresponding Er isotopes. The approximate con­
stancy of 52 for nuclides near the 82-neutron closed 
shell has been of particular interest. Theoretical cal­
culations of relative reduced widths using pure single-
particle wave functions show that large fluctuations in 
52 can be expected, depending on the magnitude of the 
radial wave functions near the nuclear surface. Also, 
as a shell is being filled (in our case the hu/2 proton 
shell), 52 should have a maximum value when the shell 
is half-filled (Z=70 for the hu/2 proton shell). Experi­
mentally, however, 52 for the 84- and 85-neutron iso-

13 J. O. Rasmussen, Phys. Rev. 113, 1593 (1959). 

I. INTRODUCTION 

THE statistical properties of the eigenvalue spectra 
and eigenvectors of complex and strongly inter­

acting bound systems such as heavy nuclei have been 
extensively investigated.1 In the continuum part of the 
spectrum, the results of this work are thought to be 
applicable to the artificial discrete states generated by 
the real constant boundary conditions of i£-matrix 

* Work performed under the auspices of the U. S. Atomic 
Energy Commission. 

f Temporary address: Laboratory for Nuclear Science, Massa­
chusetts Institute of Technology, Cambridge, Massachusetts. 

1 See, for example, the notes for lectures by N. Rosenzweig, in 
Statistical Physics (W. A. Benjamin, Inc., New York, 1963), 
Vol. 3, which also includes extensive references. 

topes has been reasonably constant for Z= 60 to Z= 70, 
except for a slight decrease at Z= 66. If wave functions 
derived from residual pairing-force calculations are 
used, fluctuations in calculated 52 are essentially washed 
out.14 The constancy of the experimental reduced widths 
for the 84- and 85-neutron isotopes clearly demonstrates 
the role of the residual pairing force in the alpha-decay 
process. 
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14 R. D. Macfarlane, J. O. Rasmussen, and M. Rho, Phys. Rev. 
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theory.2 The eigenvalues of this boundary value 
problem are then the poles of the R matrix and binary 
products of the corresponding eigenvectors form the 
matrix residues. It is of interest to translate such 
statistical models of the R matrix into statistical 
information regarding the poles and residues of the 
statistical collision matrix,3 since it is the latter which 
directly affects the statistical properties of cross sections 
such as energy averages, mean square fluctuation, 
correlations, etc., as discussed in Ref. 3. 

2 E . P. Wigner and L. Eisenbud, Phys. Rev. 72, 29 (1947). 
A. M. Lane and R. G. Thomas, Rev. Mod. Phys. 30, 257 (1958). 

3 P. A. Moldauer, Phys. Rev. 135, B642 (1964). Extensive 
background references will be found there as well as more complete 
discussions of the concepts and symbols employed in this paper. 
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The relationship between the statistical properties of the parameters defining the R matrix and the dis­
tributions and correlations of the poles and residues of the statistical collision matrix are explored by means 
of some limited numerical computations involving models for reactions in the presence of large numbers of 
competing strongly absorbed channels. The results shed light on the distributions of resonance energies and 
widths, and on the relationship between the partial width to spacing ratios and the channel transmission co­
efficients. The calculations also yield substantial channel-channel and resonance-resonance correlations in the 
complex amplitudes which define the collision-matrix pole residues. These are important for their effects on 
average cross section and fluctuation calculations. It is found that the investigated statistical relationships 
depend on the choice of i?-matrix boundary conditions, and the implications of this for the choice of bound­
ary conditions are discussed. 


