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ABSTRACT

The elastié enhancement factor in charge exchange
reactions proceeding via the compound nucleus, predicted to
attain the value of 2 in the weak isospin mixing regime by
Harney, Weidenmiller and Richtér five vears ago, 1is tested
here in the system *%B(p,nf'C at <E* = 14.3 MeV. Both the
DWBA and Hauser-Feshbach calculations employed in the analysis
are used in a way which physically simulates.a.two coupled-
channels model. Our results show an enhancement factor larger
than 1 indicating that isﬁspin.is.mainly conserved in this

reaction.




2.

The elastic enhancement factor in statistical
nuclear reactions {those that proceed via the compound nucleus) ,

which is predicted to be about 2 in the strong absorption

limit?'zl, is an important deviation from the simple Hauser-

Feshbach description. Back in 1978, Kretschmer and Wangler3’
gave a very nice and convincing experimental verification of
the existence of this factor in the compound e}asticrprocess
2°Si(p,p)3°sir at Enz$91é MeV. Sibseguently, Harney,
Weidenﬁﬁllér and Riéhterq)“(gwk)'sgggested that charge exchange
reactions proceediﬂgléhrough.the compound nucleus should also

show. the above. feature of compound elastic scattering namely,

they are enhanced by a factor close to two over zll other inelastic

channels if iéosgin is conserved.

The purp@ngQf the present.Leﬁter is . to suéply an
experimeptal 'ﬁégé}:de tbe pteﬁiéiion of Ref. 4) through
a caﬁéfﬂl an§ly$iS of the reaction %'B(p,n}*c at <EP> =
= 14}3 MéVQ-'Tﬁe'C:oss éec@ions.of (p,n) eneray avefaged
traﬁsitions}tg;thergxéugé, as well as the first three excited
states of 11C-';'-hav_e beeﬁ measured. at-the S3o Paulo Pelletron
facilities. A full diﬁcussionjéi fﬁé details of these measurements
has already been reportédsyl- AiSG included in the présent

analysis is the elastic scattering cross section at <ED> = 13.0 MaV
6)

nreasured by Thomson and Watson et al.
The analysis was- somewhat complicated by the fact

that at this incident proton energy the compound nucleus

L

formation is azccompanied by - direct reaction processes.

in such cases one has, in principle, to deal Qith
the problem of several directly coupled channels (the elastic
and the different neutron channels} competing with the compound
nucleus formation in the distribution of- the incoming proton
flux. Owing to the inherent complexity of such a calculation,
we have opted for a midway solution.in which each neutron 7
channel is considered coupled explicitly to ﬁhe proton channel
and not to the other nentron channels. Thus we have effeéﬁively
replaced the N coupled channels problem by a N-1 two coupled
channels problem (the proton channel'éppears_always coupled to
one individual neutron channel}l. -

'Let'ué-now concentrate . .on one such pair.of coupled
channels which we denote by 1 ;ﬁd.z.:'if ﬁe call their respective
wave fuﬁctions ¥, and Y., then the eguations that héve to be

solved are, schematically
(E:-Hi}Yy = Via¥: (1)
{E2-H3)Y, = Vay: . , L ~(2)

where H! and H) are non-hermitian channel Hamiltonians.
Their non-hermiticity stems from the fact that we allow campound
nucleus formation to occur both in channel 1 and 2.

The exact transition amplitude for the process

~t+2 is then
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AR AR _ ' (3)

" Ty4y = <¢2
where ¢f+) is the exact solution of equation (1), whereas ¢§—)

is the solution of ({2} with its right-hand side set equal to
Zero.
‘Clearly,’ the complex optlcal potentlal which is

used to generate w(+) ; .in a reduced effectlve one—channel

problem; must be the one that descrlbes exactly the elastlc

scattering in channel 1. In contrast, ¢§ )

ig generated
from an optical poteﬁtlel (in a rigorousty two;coupled channels
situation} which simply generates“tﬁe:coftect transmission
- coefficients in chahhel 2'that'would-apcear in the Hauser;
Feshbach compound nucleus Cross sectlon.
Cbeying: strlctly the above crlterla, the evaluation
of T,,, Egq. (3)~w1th a.usual.DWBA.code would generate a
transition-émplitude, very cloee to the exact one obtained from
“the numerical solution of Eés.(ﬂ and {(2). We adhere to the
above re01pe in our analy51s below, always allowing small
variations CWiqg to the:obvioﬁs*influence of the other not-
exolicity—coneidered ¢hannelis.’ In what follows, channel 1
represents the proton channel and 2 any glven neutron channel.
For descrlblng the dlrect reactlon processes we used

the computer“code DWBA?Oj). The Bertsch et al. 81

- Gematrix .-
lnteractlon prov1ded the central termsr comblnatlons of spln—
isospin scalar and vector 1nteractlons, plus the non-central

spin orbit and tensor terms whose strengths and ranges were

-5.

chosen 'in accordance with reference 9. Knockout exchange
amplltudes were included in the calculatlons.

in both the 1n01dent and emergent channels the
dlstorted waves were obtalned uslng Woods~Saxon complex volume
potential which was tallored. to follow the' Yamaguch11o’
microscopic.interactioﬁ interpolated ‘ot the p-+*°Ca Tsystem

11) Of -iiﬁff"

at EP==14 Mev. Electron scatterlng dens;tles .
and "*%Ca were utlllzed to obtain initial values of the p+
geometric parameters. Further adjustment of these parameters
was allowed in order to obtain a best optical model fit to - the
elzstic cross section (computer code CRAPONETZ’)-which-also
inclnded a spin orbit interaction. Volume integrals of V (r)

are about. 20% larger than ‘those of Yamaguchllol ‘Final values

of the geometrlc parameters were ‘obtained by max1m121ng the

structure (peak to valley ratios) in the calculated groun
state neutron dlrect reaction cross sectlon. Once determlned
all potential strengths and geometrlcal parameters, w1thathe

exception of the-absorptlon strength Wp; were fixed’ for the

entire analysis and for a1l the (p,n) channels. The varlatlons"
allowed in W, thrcughout the analy51s are discussed in
detail bhelow.

3

The neutron-proten z9 . coefficieﬁfs#(spectroscopic

factors) for these "p-shell hucléi "1nvolvea'1n the mﬂ&mlatmm,
based on the Lee-Kurath]3J values,'were prQV1ded by F. PetrOV1ch

and A. Carpenter14). Normallzatlon factors {table 1} for the

YBip,n)*’C cross sections resulting from the analysis of Grimes




et al.is) at Ep =26 MeV . were. applied to all our ecaiculated
neutron cross sections.

The Hauser—Feshbach calculation was performed using
The code HAUSERWS1E}. Five modes of decay n, p, d, ¢ and
pe. were included with a totality of 59 exit channels. Final
state continuum channels wezre degmed-unnecessary17).

7 For the proton”and neutron channels the "microscopic"
Woods—Saxon optical potential was used to calculate the érans-
mission coefficients. The real potential strength and the
geometrical parameters:.for both the real and imaginary potentials

were:obtained as described above.

The values of the imaginary part of the optical po-
tentizal WEF used in the Hauser Feshbach calculation were obtained
from a goodness-of fit procedure of the following type. Various
Hauser Feshbach distributicns were assumed for the nj neutrons
between zero and an arbitrary upper limit estimated from the
{p’ng) differential cress secticn. We denote any given gne of

these by crHF{i),Fcr simplicity, we considered ng(pIoton) 2qual
O wgr(qeutron) and calrcelated the value needed to reproduce
the crHF(i) cross section,labelling it WEF(i)(proton).

Subtraction cof crHF(i)(p,po) from the experimental
elastic crﬁss section gave the shape elastic part of the (p,po)
channel, Oge(p,po),Optical model_fits12) to this G;e(p,po)
determined the value of W, {proton) which was subSEQUenfly used
in the DWBA calculations7) for all the (p,n) channels and referred
DWBA{ 1)

to as W, {proton). (Notice that Q—HF(l)(p,po) contains

the usual width fluctuatieon factbr.)

.7,

The wvalue of wo(neutron) used in the DWBA in accordance
with the discussion following Eg. (3) was asgumed to be just tﬁe
WHF(i)(neutncn) described above and henceforth called HPWBA(i)ummtron).
With these yalues of the absorption potential for the direct

reaction process, a DWBATO calculation was made called ODWBA(l).

The theoretical cross sections for the fysDy and Ny

neutron groups were obtained from

THEOR (1) HF (1) (DWBA (1)
g (nXJ = . g (nx) + @ (nx) x=1,2,3 (4) .
and for the ground state neutrons
THEOR (1) HF (1) DWBA (1)
o . = Fo (n,) + a (no) . (5)
4)

where F is the HWR factor®’,

This procedure was repeated for eight presupposed HF
angular distributions with the goodness of fit to the ny. Ny and
ny experimental cross secticons as guide for selecting the most
appropriate ith-predictions. Once chosen, the HﬁR factor was
tested for goodness of fit to the n, differential cross séctions.
The results, for F=2, are the fﬁll curves shown in Figures 1 and
2. The full dots in these figures are the experimental cross
sections with the bars representing their uncertainties and the
dashed curve in the (p,n ) channel, Figure 1, ié the differential

cross section for F=l. The Hauser-Feshbach predictions assumed

for the n;n, and n, channels corresponded to a cross section at
o ’ '

GCM=90 of 0.18 mb/sr, 0.40 mb/sr and 0.32 mb/sr respectively

and in the n; case 0.40 mb/sr for F=1.




&

We concluae that an elastic enhancement, F, larger than
1 is appropriate for this reéction, which seems to indicate weak
isospin mixing in the compound nucieus lgc at the excitation
energy of 29 MeV involved- in this work. It would be interesting
to further apply ocur reduced coupled channels model at smaller
prdtcn”energies, whéfe one expects_a_larger compound contribution
to the cross sectiorn, thus increasing -the sensitivity with
respect to F. "An esPecially'intérestihg-region would be the

d—shell.nuélei where spectroscopic factors have recently become

availablelg) thus permitting a precise description of the direct
proéess with the consequent assessment, through our procedure, of

the degree of isospin mixing in this mass region.
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TABLE CAPTIONS

Table 1 - Normalization coefficients applied to the (p,n) cross

sections taken from reference 15.

Table 2 - Optical potential strengths (MeV) and geometric

parameters (fm) obtained in the analysis for the

HF (i -
ag (-) contribution.
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FIGURE CAP?IONS TABLE 1
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. Figure 1 - The elastic differential cross section at 4EP> = Transition J _an N ‘ot - oo

= 13.0 MeV and the ground state charge exchange . _ N
_ _ : 0 | =) 00950 = 0.950
differential cross section at <Ep> = 14.3 MeV for o R
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Figure 2 - The first three -eéxcited state differential cress 0.950 0.475°

sections.at <E_> = 14.3 MeV for !!B(p,n)lC. The —
S P 0.640 o.621
Sfulio S curves are the theoretical - = :
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-.calculations (see text for details).
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&) Reduction factor of 2'(account for thehiédvéctqffgua;ﬁpbie

rencrmalizatien):, Re

b) Nuclear wave fﬁhétiQthnofméliéation, ﬁéf};iSQuffﬂf'

. ¢) Isovector intéradtioﬁﬂﬁg}iffnbfmalizaticn, Re£.-9 and 15.

d) Isovector ihteractidn'tgiif'ﬁofméliéation, Ref. 9 and 15.

_ \ :
e) NTOT = anNT or (hpnNUT).




neutron

TABLE 2
Vr Ty, 2R
proton
and 50.00 .35 0.56
" neutron :
WEWBA r a
W W
proton 7.17 .63 0.23
neutron 2.47 .63 0.23
P
ot ., .,
proton
and 2.47 .63 0.23
neutron
VSO S0 .aso
proton
and 5.10 19 0.43
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