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The width (1z) of a doorway state, the escape width (I „fP, the damping width (I'&~), and the

interaction ( Vd $ which causes transitions from the doorway state to the more complicated states are

discussed as a function of the ratio (n&/n) between the numbers of the correlating and open channels. The
results show that the widths (1 z P, (1 d f ), (I „)),and the interaction ( Vd ) depend strongly on the

squale of this ratio.

[NUCLEAR REACTIONS Discussed (I'~) (I'~ I), (I'zI), (V~).j

The I'81Rtioll between the escRpe width (I s0} frolll
a doorway state and the ratio ns/II of the numbers
of cox'x elating and open channels has been dis-
cussed by Hsu, ' and the relationship has been also
confirmed expex'imentally by Hsu et al.'" Due to
the agreement bebveen theoretical Rnd experimen-
tal results, the ratio (IIs/II)„„which is determined
experimentally by a limited number of the open
channels can exactly take the place of the theoreti-
cal ratio (ns/II), h„, in the formulation of the rela-
tion between the escape width and the xatio. In the
present paper, I derive the relationships between
(n,/n)„„and the width of a doorway state (I",}, the
dRBlplllg wld'th (I sk}, Rlld tile llltel'Rctloll Vs wlllcll

causes transitions from the doorway state to the
more compllcRted stRtes. Finally I Rlso discuss
those quantities Rs functions of VRx'ious VRx'1RMes

By assuming (i) the compound nuclear reaction
proceeds in a high-excitation region where many
levels are overlapping, (ii) the channel correlation
is in fact a result of a doorway state, that is, the
ratio (II,/II), ~, e0, I derived' the following:

(I)

complicated excited states. Assuming that the in-
teractions Vd, vrhich cause transitions from C~ to
the g, are independent of q, Lemmer' finds that the
widths of the compound states are given by

I „=lA„, l'I', 4, (3)

where the I'd4 is the escape width of the doorway
state 4d, and

{E„-E.)* IV, I* (vlV, I*/D}''

The distribution of lA„„l
in the above equation is

a Lorentzian distribution. It tells us that the v6dth
of the distribution, i.e. damping width I'd4, is given
by the dominant term in the denominator of EII. (4),
either lVsl' or {sjV,l'/D)'. In the present case,
(I'„}»D, we expect the (Ill Vs l'/D)' term to domi-
nate, the I'„0 is therefore

Putting E„=Es in EII. (4) and C„,' = I in Ell. (l),
and combining Elis. (I), (3), (4}, and (5), we ob-
tain the following relations:

~here (1) lA, s I' ls the probability that the doorway
state is present in a compound state at excitation en-
ergy E„, (ii) D is the average level spacing, (iii)
(I'„}is the average total level width, (iv) C„' is
the channel correlation coefficient, and (v) (n~/II)
is the ratio of the numbers of the correlating Rnd

open channels. Suppose the wave function for the
dool'wRy siR't8 4's ls presellt wltll sollle RBlpljtude

A„s in the compound state g„, then

where g, is the wave function describing all more

(I's&}= ~ (I'„)-—,
n exyt m

«,4}=" ' ""-'«.).
2D

From the above equations, it is clear that the
widths (I's}-=(I's0}+(I'sk}, (I's4}, (I'st} and the in-
teraction (V,) depend strongly upon the ratio
(IIs/I),'~, . Hence, an accurate value of the ratio
{IIs/n) is needed to determine those lluantities.
Hovrever, it is experimentally not possible to mea-
sure the exact ratio (IIs/II), and normally the data
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In order to satisfy C„, = 1, Eq. (9) has to be sat-
isfied by the condition of (I'„)2 D according to
Feshbach, Kerman, and Lemmer ' . From Eq. {8),
it can be understood that (I' )/D cannot be smaller
than 2/v. ' If (r„)/D is equal to 2/v, then {n,/n}
must be 1 and the &V~) and &r~k) must vanish. The
escape width (r~f) wouM be equal to the totalaver-
age level width (1"„),and (I'„)=&r„f)=(1"„)if the
doorway state exists in the excited energy region
of the experiment. Combining Eqs. (6)-(8), we ob-
tain

(10)
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FIG. 1. The quantities (I'q ), (~q t), (lq &), and (Vq )
as a function of (nz/n). The dashed and crossed curves
are the cases of (I'& ) = 20 keV, D = 6 keV and (I'& )
=20 keV, D = 4 keV, respectively.

are obtained only for a limited number of low-lying
levels. Anexperimentwith a large number of open
channels should be performed in order to obtainan
experimental ratio (n~/n}, ~ as close to (n~/n), ~,
as possible. Since Eq. (8) has been already con-
firmed experimentally by Hsu et al. "the ratio
(n~/n)„„can exactly take the place of the theoreti-
cal ratio {n„/n},~„; Eqs. (I) and (6) can be used to
calculate &rg, (r~t), and (V„) if the {n~/n), ~„
(r„), and D are determined. ' ' Since ~A„, '~1,'
n, ~n, and C„,'= 1' in Eq. (1), we obtain

(2D/v& r„)}i"~{n,/n}„~~1. (S)

&r i) &&r„&
(r,s) 2D

The above equations show that the escape width
(r,f) is much larger than the quantities of &r~b)
and &V~), since r„&D These. results are reason-
able and consistent with those of Feshbach, Ker-
man, and Lemmer. ' Otherwise the escape width
could not be found in the experiments. In Fig. 1,
we have plotted &r~), &r„k), (r,k), and (V„) as a
function of (n~/n}. The dashed and crossed curves
correspond to the cases of (I'„)=20 keV, D =6 keV
and (I',) =20 keV, D=4 keV, respectively. Since
we require {n~/n} ~ {2D/v (1'„))"', dashed and
crossed curves are cut off at {s~/n) = (0.43V) and
(0.357), respectively. In order to satisfy this con-
dition, the decay width &r~f) has to be greater than
or equal to the total average width (I'„), i.e., &r~b)
and ( Vg have to be small, otherwise we could not
distinguish the decay width from the result of the
random fluctuation. Finally, I would conclude that
(1) the widths (r~), &r~f), (r~b), and &V~) depend
strongly on the (n~/n}, (2) the width &r~) approaches
(r~i), i.e., &r~g) and &V~) become small, when the
ratio (I'„)/D becomes large, and (3) the above re-
sults are valid only if (2D/v &r„))'~'~ (n~/n)„„
~ 1 and (I'„)a D.
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