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¢ ABSTRACT

A lower limit for'the spreading width of doérway
resonances is derived as a function of absorption coefficients
and the branching ratio of the doorway to chapgels that are
not directly coupled to it. Equations are ébtained that

- provide a means of experimental deteimination of the fluc-
tuating part of the cross sections without measurement of the

fine structure..
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{ I. INTRODUCTION e

Isobaric analogue states (IAS) haQe becoﬁe a
standard tool for the study of nuclear sﬁructuie. Due to the
fact that 1AS are dponﬂa&;States that coupie Eq‘the more
complicated T, states of the compound nucléus, cross sections
may contain an apreciable amount of fluctuation cross section.
This fluctuating part is neglected in nearly all anal&ses of
expefiméntal data on heavy nuclei. One reason is that it is
difficult to calculate except in simple cases, the other is
that from theoretical arguments using the Hauser-Feshbach
theory one expects it to bé small if the number of open ' neu-
tron channels is big. (Eq. 13.9.12 and 13.9.14 of ref. 1) .How-
ever the usé of the Hauser-Feshbach theory is not exactly jus-

tified and one would like a more direct experimental critexion.

] -The: fact that attempts to measure the fine structure of isoba
ric analogue resonances (IAR) in the lead region failed, can

be due to the absence of fine structure or insufficient ex-
pefiﬁental enérgy resolutién. We want to derive hére'somé
relations that can be used to get an experimental determination
oy of the fluctuating part of the cross-section without measure -
ment of the fine structure. Of course, the formulas derived
here, do not apply only to IAR, but more generall§ to doorway
resonances. In the following we shall omit all geometrical fac

tors associated with the cross-section. '
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IX. S-MATRIX AND BRANCHING RATIOS

Following ref. 1 we can write the energy averaged

part of the S-matrix for a single doorway'resonance
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wherejr& is'thevtotal wihthwwr+ is the spreading.wiéth, E, is

the resonance enerqy, eééis the resonance mixing phase, 60 and

T, Are the'optical.modé} phase shift and_absofptiOnrcoefficient
respectively. One can define P?; Ec .'Pc . The sum in Eq. 3

is over all.channels cp that are P directly coupled to

thé.doorway (for IARégllpfotonchannels). :

From Eg. 1 it follbws
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From unitarity it follows for the total reaction

cross-section in a channel ¢, omitting an eventual infinite
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._cont;ibution=from~eléstic'nglomb scattering,

T

Gc,total = 2(1 - Re Scc) (5a)
and thérefore e e TeEIm
¢, total”™ 2(1 - Re,<Scc>). - e
. - In the following we will suppdse that the energy
dependence of Gc, Bc and Tc is slow as compared to the
resonant pgrt of S. ?hen we can split <Gc,total> in an
energy independant paﬁ@gand a resonating part
<QC,total> = <0c;',total ?:es;.+'<cc,tota1> off (6)
For the resonating part at E=EO we have
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"We'can'now define a branching -ratio to the channel c
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The branching ratio.Bc can be directly measured by
o : ST - )

(p:n p) or (3He,~ a p) reabfion. Pc r ) T_ and 6 can

p T “c ' Sy Cp T
be obtained from analysis of (p,p ) daLa at least in the

case of elastic scattering that is dominated by the interference

between the Coulomb amplitude and <5,..> + and where thus Isfilz

. can be neglected in nearly all practical cases. Then Eg. 10 can

fl l2 . If one uses the resonance

be used to determine <|S
res

al J< >
1ntegrdll‘ccc res dE instead of the on-rgsonance cross

‘section it is casy to see (see too ref. 2) that the same
u 971
relation (10)' the branching ratio is obtalned except that the
term T2 <|s 1 |2
c,cp
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nels that are directiy coupled to the doorway (proton channels)

. is given by Bp = CZ Bc . This implies for the branching ratio
' p p

: ' fl 2 N
= - . < >
to neutron channels B = 1 Bp If now, lsc,cpl Yos 1S
positive, Eq. 10 can be used to obtain some inequalities. In

‘ref, 3 the following’apprqximaté relation is given for the
resonating part of the fluctuating cross—sectiﬁn

' rc rc ‘ r., -rt
fl _res _ o) : T
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where T. is the mean absorption in the channels,cb. Even if (11)
is approximate{ it should supply a good criterion under what I

conditions <|Sfl |2 > is positive. As one sees from Eqg.11
c,cp res

this is always the case fér\?'i P*/FT. For analogue states one

has typically F*/FT 20.5. This means the condition for a positi

ve value of <0fl > is T >0.5. This condition of moderate
: c,cp res , . : - ,

‘absorption holds for most experimental cases. With the assump-

tion <|Sfl |2>
c,C x

> 0 one obtains from Eg. 10 -
b | : -50
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pd FC +PT (cos Z(Gc+ec)—chos 260)

p = P P T

T

: L (12)
cos 2( 6c+6c) .

Eq. (12) is the same if resonance integrals are used
instead of the on-resonance cross-section. With Bn=l~-Bp one
gets from Eq. (12)
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Using Eq. 3 onc can write Eq.13 in an other form
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This establishes a lower 11m1t for P+ . We will

dlscuss Eq. 14 with some simplifying acznm;iz&n:. Let's suppose
coSs ZGC ~1l, cos 2(Oc+8c)~1, and Tc ~ﬂT, whlch is Justlfled
when the phase shifts are small and - the absorptlon coef-
ficients don't vary much in the differént’éhannels c._.. Then

(14) simplifies to

> -TH2B 4 1-T+28 r, (15 )
- (T= B (147) 1+7 '

' For weak absorption T~1l, this still simplifiesrto

‘
’

T Bn pt

'l-Bn

= B PT | (16)

We note here, that in the Egs. (12)-(16) tﬁe
equality is valid Qhén and only when the fluctuéting part of
the .cross~-section is zero.rTheréfore'all these equations can.
be used to determine wether or not the fluctuating part of the
cross-sections can be neglected. However Egq. 10 seems best
suited to determine the fluctuatlng cross-section because- the
values that enter in (10) are more easily detcrmlned experimen
tally.

If the fluctuating part of the crOSs—sgction can be
neglected, experimental data can be ahalysed uging a S—-matrix
of Eg.1l only, and the analysxs of (p,p') data will give Bpp =
é Te /FT Pf/r . In Eqs. (12)~(16) the equality holds in

this-case, and for weak absorption and small phase




shifts Eq. 16 gives inBn r or F*/F = Bp. Therefore, for

TI

small absorption and small phase;éhifts, a Qgéessar condition

for the neglection of the fluctuating part of the cross-section

is B = B . In table 1 some experimental values for B and B
PP P B P PP

are given. Within experimental errors, #loirgiaidty seems to
hold, as soon as the IAR is above neutron ’threéhold, with

perhaps the exception of 208

Bi, where there is some difference
between Bpp and Bp somewhat outrof error'bars. It would be bet-
ter to use Eq. (14) or Eq.(15) instead of Eq. 16, because they
involve less aséumptions (Eq. 15 gives . (Bp?(l~%)) =F+/PT=
Bpp) but the low experimental precision does not seem to justi-
fy the extra effort implied. Better precision measurements

~would be necessary.

-

? III*’ijSISCUSS ION

For moderate absortion ( T 3,F+/FT ) lower‘limits
have been derived for the spreading width. Equations have been
obtained that permit the experimental determination of the -
flucfuating part of_the cross-section without measurement of-
the fine structure. Experimental information known to the
author is not precise enough to provide a good test of the
equations derived. Good quality (SHe,d p)and (p,n p)
measurements of branching ratios would be welcome. ‘
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TABLE 1 ﬁ
vnuc;eusijAfkl;f . B, - reaction »Bpp”,:  “En(MeV)’

a1 1eed Cea P

R S

e 0.09:.02°  (p,n §$ “ ;.Q§d’i" 1.7
M2 0 0.32¢.059  (pyn B -f.éde): - 3.45
5, o 102  am .21 .73
e 0 0.31£.059 (o P 389 1,50
1194y, 0 0.38:.05% (p,n B) .34%) 2.74
125, 0 0.30£.05 (pin B) 279 3.48
2085 1 n043Y B L6105 s.36

1.9:.29)  (p,n p)

0.6-2™ . (p,n B

a) ref. 4

b) ref. 5

c) ref. 6; in this Work only the p crbss—section ha§ béen
measured. -The branching ratio Bp has been deduced using a
'calculated tétal 0(p,n).éross—sections.

d) ref. 7 |

e) ref. 8

f) ref. 9

g) ref. 10

i) ref. 11

j) ref. 12 '

.l) ref. 13

m) ref. 14; the authors point out that Bp depends critically

on the underlying background in the P spectra.
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N et ~ - CAPTION TO TABLES - -
L .
" TABLE -1 : The nucleus is the compound nucléus of thé IAR.
P 7% is the muitipolarity of the - transition of the
proton to the ground state of the final_nucleus.
:Bp is the branching ratio to proton channels as determined
— 3 - . : . it
by (p,n P) or (“He 4 P). Bpp is thg ?atlo p) FP/TTV as
determined by analysis of (p,p') data.
En is the energy of the IAR above neutron threshold.
!
v =
4
4 3
“
S
e
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