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It can be seen in Figs. 2, 3, and 4 that the coupled-
channel theory predicts the changes in cross sec-
tion between Sm'** and Sm'*® in close agreement
with experiment solely on the basis of changes in
the deformation parameters. A similar observa-
tion was made by Glendenning, Hendrie, and
Jarvis® in an analysis of the previously referred

to a-particle scattering results.’:®

DISCUSSION

The above analysis indicates that in the case of
16-MeV protons scattering from Sm'%* and Sm**®
a value of B, less than the value obtained from Cou-
lomb excitation studies seems to be called for,
Some possible reasons for such a discrepancy
have been pointed out in Ref. 6 and by Bromley
and Weneser.'® Coulomb excitation measures only
the distribution of nuclear charge., The distribu-
tion of nuclear mass which gives rise to the nucle-
ar potential need not be the same as that of nucle-

ar charge. Also, the shape of the optical model
and of the nucleus may not be rigidly connected.

In this particular case the reaction is nearly adia-
batic and the incoming particle sees the target nu-
cleus as a static deformed shape, Thus, the reac-
tion should be relatively independent of nuclear
dynamics.

Finally, a more exhaustive parameter search
together with inclusion of a B; term should quanti-
tatively improve the over-all fit, and especially
the 4(+) fit,

ACKNOWLEDGMENTS

We would like to thank T. Tamura for providing
us with a copy of the JUPITOR-1 computer program,
and his samarium parameters. We are also grate-
ful to the Rensselaer Polytechnic Institute Depart-
ment of Nuclear Science for the use of their com-
puting facilities,

*Work supported in part by the National Science Foun-
dation.

!p. stoler, M. Slagowitz, W. Makofske, and J. Kruse,
Phys. Rev. 155, 1334 (1967).

2T, Tamura, J. Phys. Soc. Japan Suppl. 24, 288 (1968).

5T, Tamura, Rev. Mod. Phys. 37, 679 (1965); T. Tam-
ura, Ann. Rev. Nucl. Sci. 19, 99 (1969)

4. Stelson and L. Grodzms Nucl. Data, Al, 21 (1965).

D. Hendrie, N. Glendenmng, B. Harvey, 0. Jarvis,
H. Duhm, J. Saudinos, and J. Mahoney, J. Phys. Soc.
Japan Suppl. 24, 306 (1968).

SD. Hendrie, N. Glendenning, B. Harvey, O. Jarvis,
H. Duhm, J. Saudinos, and J. Mahoney, Phys. Letters
26B, 127 (1968).

"T. Tamura, Oak Ridge National Laboratory Report
No. ORNL-4152, UC-32, 1967 (unpublished).

87, Tamura, private communication.

’N. K. Glendenning, D. L. Hendrie, and O. N. Jarvis,
Phys Letters 26B, 131 (1968).

1op, Bromley ‘and J. Weneser, Comments on Nucl, Par-
ticle Phys. 2, 55 (1968).

PHYSICAL REVIEW C

VOLUME 2, NUMBER 2

AUGUST 1970

Relation Between the 2/ + 1 Rule and Channel Correlation

Chu Chung Hsu*¥
Depaviment of Physics and Astrvonomy, Univevsity of Mavyland, College Park, Mavyland 20742
(Received 24 February 1970)

The fluctuation cross section is derived as a function of the reduced-width correlation co-
efficient and also as a function of the channel cross correlation, with the resulting indication
that the fluctuation cross section depends strongly on the channel cross correlation. The to-
tal average cross section is shown to be proportional to the quantity 2I +1 only when the total
level width is sufficiently large. Finally, the author suggests that only for experiments in
the region of very large I'; should the total cross sections be compared with the 21 +1 rule.
In order to get the above condition, low energy with a high @ value are highly desirable.

This is one of a series of discussions of the 27
+1 rule which indicates that the average total
cross section is proportional to the quantity 27+1,

where the spin 7 is that of the residual nucleus in
a compound-nuclear reaction.
Recently,® four conditions for improving the 21
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+1-rule proportionality were presented by the au-
thor. They are: (a) A large number of compound
states should be excited with the spin J of com-
pound states larger than the spin 7 of the final
states; (b) the energy of outgoing particles should
be large enough to ensure that the effect of the bar-
rier penetration does not significantly suppress
any possible [ value; (c) the spin cutoff parameter
o® of compound nuclei should be small; and (d) the
total level width I, should be large. In this com-
munication, I would also emphasize the importance
of the condition (d) by discussing the channel cor-
relation effect.

Moldauer? has derived the fluctuation cross sec-
tion as

oo (BT L)

where I;; is a resonance interference term and is
expressed as

272
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Where 7 and j express any two channels that are
specified by the usual coupling scheme (aSIJM),
and ¢ and ¢’ are the entrance channel and exit chan-
nel, respectively. The quantities y, and vy, are
single-channel reduced-width amplitudes of level
and v, and |y, [ =T, T, is the total level
width, D is the average level spacing.

Equation (1) can be immediately transformed to

0o =K, <Z,;Tc"F L), (3)
c

where T, and T, are the transmission coefficients

of channel ¢ and ¢’, respectively. And F!is the

width-fluctuation correction factor.

I discussed the first term of Eq. (3) in Ref. 1
assuming that [;; is negligible and concluded that
if the total level width is large enough, the 27+1
rule may be improved.

Right now, I will discuss Eq. (2), the interfer-
ence term [;;. Considering the fact that in the
presence of several channels the sum of two total
widths, p and v, fluctuates very little and further-
more that &, is a slowly varying function® of its
argument, we may ordinarily approximate Eq. (2)
by

27?2 T
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where the function ,(I",/D) is evaluated with Dy-
son’s® two-level correlation function. According

to the assumption of Krieger and Porter* and Ul-
lah,* % the reduced-width amplitude distribution
P;;.... may be expressed as

/2
Hl([tgr’nw exp[ 2 Yu, M)’p)] (5)

where M is an m Xm real symmetric positive-
definite matrix. It is easy to show from Eq. (5)
that

1 8
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and
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For the case of only two channels, ¢ and j,
| a2
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where
M= lM{z ,

so that the channel correlation coefficient C;; be-
comes

- YuiYudu
T (Dl D)7
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M, .

and the reduced-width correlation coefficient is
easily found to be

rui¥ui®u = v =c2..
[(<7pi4>“ - <7p{2>u2)(<7pj4>y - (7’;112)“2)]”2 “
C,.(0)

— czij= C“(o)lcjj(o) T , (12)

where C;;(0), C;;(0), and C,;(0) express the chan-
nel cross correlation, the autocross correlation

of channel ¢/, and the autocross correlation of chan-
nel j, respectively. They are

R SRR )Y
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It should be noted from Eqgs. (9) and (10), that un-

less M is diagonal, (¥,;®,, (¥u,Du, and (v, v,
are not independent with respect to channels.
Using the Eqgs. (10) and (11), it is easy to get

.. Cz 2
l<7yi7yj>y| _[E;(T_i_"cz_”)il . (13)

Substituting Eq. (13) into Eq. (4), I;; becomes

wH e oG] o

When M is diagonal M;;=0 and C;;=0 too, so C?;,
also equals zero. Then I;;=0, so that Eq. (3) be-
comes

ey (E{J—F) (15)
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It is this equation that I discussed in Ref. 1. When
M is not a diagonal matrix, and if M; ; approxi-
mately equals (M;;M,,)"/?, then C,, is approximate-
ly equal to 1, and C?;; must also be approximately
equal to 1. The matrix elements I;; become =, so
they should not be neglected in Eq. (3) when one is
discussing the 2/+1 rule. Next we consider Eq.
(12)

C,;(0)
[C,, 0)C,,;(0)]*2*

For a wide range of angles (~+40°) about 90°,”
C;;(0)=[3(21,+ 1)(2i,+ 1) (21, + 1) (25, + 1)]
C;;(0)=[3@1,+1)@i,+ 1)(21, + 1)(2ic,+1)]' ,
then

C2

i= 321+ 1)(2i,+ 1)(2i,, + 1) (21, + 1)V/2
X (21,+1)¥2C, (0) .

Substituting the above equation into the Eq. (14),
I;; becomes

Ii!

DZ

where I, i, i, are spins of target, incident par-
ticle, and outgoing particle, and I;, I, are spins of
final states of the residual nucleus. It is easy to
understand that I;; is not proportional to 2I+1 of
either final state i or j, so therefore the total
cross section o/, given by Eq. (3) could not be pro-
portional to 27+ 1 of either final state i or j. In
any case, the proportionality could be saved by
®,(I"y/D) when T, is very large. Because $,(I',/D)
will be approx1mately equal to 1 when I', is very
large, the term [1-&,(T",/D)] will approx1mate1y
equals zero, and I;; can then be neglected. Accord-
ing to the above discussion, we can conclude that

4M”2[1~ @r, +1)(2z +1)(2; ,+1)(21,+1)1/2(21,+ D2C, (

)]2 [l_¢o<£D£>:| ’ (16)
one should determine whether or not the experi-
ment proceeds by means of very large I', before
comparing the cross section to the 27+1 rule. In
order to satisfy the conditions of Hsu,! a high @
value and low incident-particle energy are highly
desirable.
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