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Abstract: The differential cross sections for the reactions *®Fe(d, ''L i)’^Cr and ’ ®Ni(d, *Li)^*Fe 
leading to the ground 0'^ and the flrst 1* excited states are measured at 27.25 MeV. A DWBA 
analisis o f these data and those previously obtained for three Zn isotopes at the same energy 
is performed. The calculation of the microscopic form factors is carried out within the frame- 
work o f diíTerent approximations.

NUCLEAR REACTIONS “ Fe(d, ®Li)” Cr, ^®Ni(d, ®Li)*'‘Fe, E  =  27.25 MeV; 
measured a(Q). ’ ^Cr and ’ ^Fe levels deduced relative S. Enriched targets.

1. Introduction

In  a recent paper (d, ®Li) reactions at = 27.25 MeV induced on 
isotopes were reported and the experimental results analyzed using both  phenomeno- 
logica! and microscopic form  factors. The microscopic form  factors were calculated 
on the basis o f  a BCS plus R PA  description o f  the initial states and the first O'̂  and 
2^ states o f  the residual nuclei. Here, we extend the experimental differential cross- 
section data  by including the (d, ®Li) reactions on ^®Fe and ^*Ni targets and make 
an overall discussion o f (d, ®Li) reactions in the f-p shell using different approaches 
to  the microscopic description o f  the nuclear states.

In sect. 2 we describe the experimental procedure. In sect. 3 we show the experi­
m ental data and m ake a DW BA analysis o f the differential cross sections. Sect. 4 is 
devoted to the m icroscopic calculations o f the form  factors which are carried ou t in 
four different ways; (i) through an exact diagonahzation o f the residual pairing forcé 
in a four-level shell model basis; (ii) considering a simple shell model configuration 
to  account for the cross sections leading both  to the O’'' and the first 2"̂  excited states 
o f  the ^^Cr and ®®Fe residual nuclei; (iii) assuming tha t the (d, ®Li) reaction leading 
to the 0"̂  ground states o f  the ñnal nuclei are transitions between vibrational states 
o f  the T  = \ pairing H am iltonian with ^®Ni as the zero-phonon State; (iv) by a 
BCS treatm ent o f  the pairing degree o f  freedom in the Zn región.

Finally in  sect. 5 we make a general discussion o f  the results on four-particle transfer 
reactions in the f-p shell in the light o f the different approaches.

t Fellow of the Consejo Nacional de Investigaciones Científicas y Técnicas.
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2. Experimental method

The m easurements described in this paper have been perform ed by bom barding 
self-supporting metallic foils o f ^®Fe and ^*Ni with the 27.25 MeV deuteron beam 
o f  the Buenos Aires 180 cm synchrocyclotron.

The experimental set-up was similar to that reported in ref. *). Considerations 
abou t the 0-values and stopping power for the different possible products o f  the 
reaction allowed a good Identification o f the ®Li ions for the first 0^ and 2"̂  states 
o f  the residual nuclei by using E-AE  telescopes o f (100-50)í<m and (90-50)jum fully 
depleted surface barrier Si detectors.

Nevertheless in the case o f ’ ®Fe this situation was modified by the presence o f the 
®Li ions produced in the ^®0(d, ®Li)^^C reaction. The cross section for this reaction 
was m easured by bom barding a PbO target and the yields were subtracted from  the 
corresponding ones in ^®Fe(d, ®Li)’ ^Cr. U nfortunately, the poor statistics obtained 
and the overlap with the level o f ^^Cr did not perm it a correct evaluation of the 
angular distribution a t forward angles.

The overall energy lesolution obtained was 400 keV FW H M .
The targets used in the experiment were enriched self-supporting foils o f  ^®Fe 

(99.95 % )an d  ^®Ni (99.96 %), 0.800 mg • cm ”  ̂and 1.13 mg • cm “  ̂thick respectively.

CHAN NEL N UM BER

Fig. 1. The spectrum of Li ions obtained in reactions on *®Ni induced by 27.25 MeV deuterons, at
e..b =  34^



Fig. 2. The differential cross sections o f the reactions ®^Fe(d, ^Li)*^Cr, *®Ni(d, ^Lij’ ^Fe and 
64.66.68zn(d 6Li)60.52,64Nj^ Icadiog to thc 0+ ground state at =  27.25 MeV. Solid lines

represent the DWBA calculations.



Fig. 3. The differential cross sections of the reactions ^'’FeCd, ®Li)^^Cr, ’ ®Ni(d, ®Li)’ “Fe and 
6 .66.682n(d, leading to the 2+ first excited State at =  11.25 MeV. Solid lines

represent the DWBA calculations.



220 A. E. CEBALLOS et a!.

3. Experimental results and DWBA analysis

Fig. 1 shows the spectrum o f the ®Li ions produced in the ’ ®Ni(d, '’Li)®‘̂ Fe reac- 
tion a t 34° in the lab system. Only the 0^ ground state and 1.409 MeV 2"̂  level o f 
the residual nucleus are resolved; the ^^Fe states populated in the ^®Ni(d, ’ Li)^^Fe 
reaction are a t least 11.30 MeV below the 0"̂  ground state o f  ^'^Fe. Given the Q- 
valúes for the (d, ®Li) reactions this situation is observed in all the spectra belonging 
to  nuclei o f  the médium mass región.

Figs. 2 and 3 show the differential cross sections corresponding to  the reactions 
^®Fe(d, ®Li)^^Cr and ^®Ni(d, ®Li)^'^Fe leading to  the 0"̂  states and the first 2"̂  
excited states a t 1.433 MeV and 1.409 MeV respectively. To account for the calcula- 
tions o f sect. 4 the differential cross sections reported in ref. are aiso plotted. The 
data  are given in the c.m. system.

The patterns and magnitudes of the angular distributions in the zone cióse to  the 
doubly magic nucleus ^®Ni are quite similar to  those obtained in the Zn región. This 
fact suggests the pick-up o f a superficial a-cluster through a mechanism independent 
o f  the Progressive filling o f the shell. The absolute magnitudes o f the cross sections 
range from  1 ^b /sr to  20 /^b/sr.

The DW BA analysis was carried out with the code D W U C K ^) under the hypoth- 
esis o f a direct reaction and form ulating the same assumptions as in sect. 4 o f ref. ^). 
To get a good agreement between the experimental data and the com puted cross 
sections in the N i región it was only necessary to  change slightly the K-values for 
the real optical well used in the Zn región. The optical param eters are shown in 
table 1.

The form  factor has been constructed by the addition o f coherent contributions

T a b l e  1
The optical parameters for the deutron and lithium channels and the parameters for the bound

a-particle well

d-channel Li channel a-particle well

V (MeV) 71.9

310 for =^Fe 
312 for 
328 for ^^Zn 
321 for «®Zn 
310 for

adjusted to get 
the binding 

energy

W  (MeV) 56.0 75.0

rov (fm) 0.96 1.50 1.25
Oy (fm) 0.99 0.65 0.65

row (fm) 1.35 1.50
aw (fm) 0.75 0.65

roe (fm) 1.25 2.50 1.25
flc (fm) 0.00 0.00 0.00
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T able 2
The renormalization factors Do^ for the different modeis

0+

Shell model harmonic model puré conflgs. BCS shell model BCS

=«Fe 23 ± 6  20 ± 5  330±50 160±60
*®Ni 28 ± 3  41 ± 4  550±50 255±55
«“Zn 11 ± 4  7.2±3.0 20± 7  48± 6
®«Zn 9 .5±2.0  4 .1± l-0  17±4 39±7
«®Zn 12 ± 1  3.4±0.3 24±1 36± 4

correspoiiding to  the allowed orbital quantum  numbers N  for the configurations in- 
cluded in the calculations o f the structure factor as is discussed in sect. 4. The 
potential depth in which the transferred a-particle is bound is adjusted to  obtain the 
correct binding energies.

Sohd hnes in figs. 2 and 3 correspond to the DW BA calculations com puted with 
the Gjvl factors obtained in  the four-level and the single configuration shell model 
and  BCS approaches respectively, as described in sect. 4. Each curve is normalized 
with the corresponding valué o f d I =  cr ,̂p/<rDwucK (see table 2). The shapes o f the 
differential cross sections for the different approxim ations are essentially the same.

4. Microscopio construction of the form factor

4.1. TRANSITIONS POPULATING THE J ” =  0+ STATES

The analysis o f the a-transitions populating =  O’*' states has been m ade under 
the assum ption tha t the m ain com ponent o f  the residual nuclear interaction which is 
relevant for this process is the T  =  1 part o f the pairing force^. We perform  an exact 
shell model diagonalization o f  this forcé within the f-p shell, and we com pare the 
results with those tha t have been obtained with some extra simplifying assum ptions 
(puré configurations, harm onic description, BCS). Consequently, as a result o f our 
analysis, we may m ake conclusions about:

(i) The im portance o f  the T  =  O com ponent o f the pairing forcé. This could be 
done by com paring the agreement between theoretical and empirical spectroscopic 
factors for both  small and relatively large valúes o f T.

(ii) The validity o f the simphfying assum ptions, from  the com parison with the 
exact shell model diagonahzation.

4.1.1. Exact diagonalization o f  the pairing forcé. The diagonahzation o f the pairing 
forcé with T  =  1 proceeds along the same lines ai in refs. and, therefore, tech- 
nical details are omitted here. Two m ajor differences with respect to  the calculation

t This is similar to the approximation that is usually made in connection with a-emission in 
heavy nuclei.



o f  ref. are introduced. In  the first place, the four f-p single-particle levels are in- 
cluded here and, secondly, a truncation o f the shell model space is perform ed in 
order to  carry ou t the diagonalization.

The four param eters involved in the calculation are the three distances between 
the single-particle levels and the strength o f  the pairing forcé G. The energy differ- 
ences between the f j , p .̂ and f j  levels are fixed at the same valúes as in ref. The 
presence o f the p^ single-particle state gives rise to another non-adiabatic (incoherent) 
addition mode. Two 7" =  0"̂  states a t about 6.5 MeV are populated in the reactions 
^®Ni(t, p)®°Ni and ^®Ní(t, n)®°Zn, respectively, with appreciable intensity. We have 
assumed tha t these states can be described in terms o f the non-adiabatic pairing mode 
involving mainly the creation o f  two particles in the (p^)^ state. The position o f  the 
corresponding 0"  ̂ states is very sensitive to the distance between the p^ and p^ levels, 
which is taken to  be 2.30 M eV^

O n the other hand, the properties o f  the 6.58 MeV state in ^®Ni are no t very 
sensitive to the presence o f the p^ single-particle state, but they are rather due to 
the fact tha t the inclusión o f  this level requires a diíferent renorm alization o f the 
pairing forcé strength. In  order to obtain the energy for this state as in ref. where 
the p j  level was excluded, we m ust decrease the strength o f the pairing forcé from  
30¡A M eV to 25/A  MeV.

Concerning the truncation o f the shell model space, we allow up to  four particle- 
hole pairs on top  o f  the zeroth-order configuration corresponding to  each ground 
State. F o r the case o f ^®Ni we have verified that this is indeed a good approxim ation 
by com paring with a diagonalization perform ed in the complete f-p space. In this 
case the sum o f the squares o f  the am plitudes corresponding to  the com ponents ig- 
nored in  the truncated spaces is á  2 %.

The relevant spectroscopic Inform ation for the reaction calculation is obtained 
from  the matrix element

c (Á / 'o i)  =  ( i)
2 V 2 r  +  l

where

The spectroscopic am plitudes (1) are used as in ref. in order to calcúlate the 
factors, which m easure the overlap between the a-particle and the wave function o f 
the picked-up nucleons in the ^ 4 -4  system. O ther am pütudes C {jj'J 2 T2 ), with /a  O 
o r/and  J ’2 #  1 contribute to  build the according to  a chain-of-two-particles 
fractional parentage technique used in  ref. *), bu t they can be obtained from  (1) by 
means o f  the overlap o f the four-particle wave functions.

4.1.2. Puré configuratiom. W hen dealing with transitions to the 1'^ final excited

t This interpretation o f the 6.4 MeV State in «“Ni and 6.9 MeV state in ®“Zn has been confirmed 
through a DWBA analysis o f the two-particle transition strength, although the predicted cross 
section appears to be somevvhat larger than the experimental valué.
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states (see subsect. 4.2) an exact diagonalization will be no longer possible and only 
approxim ate treatm ents will be made. In  order to have a com parable treatm ent for 
one o f those approxim ations, also the ground 0^ states are calculated assuming a 
puré configuration. In  particular, this is done for the transitions ^®Ni(d, ®Li)^'^Fe 
and ^®Fe(d, ®Li)” C r where the following configurations are assumed

|=«Ni, J  =  0> =  |(f.)p^(Pi)„^ J  =  0>, (3a)

I^^Fe, J  =  0> =  l( f i)p (P i) ', =  0>, (3b)

\ ^ ^ F c , j y ^ \ { í , ) t , j y ,  (3c)

|=^C r,J>  ^ l ( f , ) t , J > .  (3d)

4.1.3. Harmonic description. The description of the initial and final states in terms 
o f  the removal (r) and addition (a) phonons is made as in refs. ®’^). In  the phonon 
basis, the operators fíj o f eq. (2) are written in terms o f creation and annihilation 
phonon operators:

j  = í . .

The determ ination o f the coefficients l  and /i is made by equahzing them  to the 
m atrix elements that were obtained in the previous shell model diagonalization:

^  j J =  P i > ’ P i
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< «̂Ni,g.s.iî ;irNi,g.s.> = <r:iiis;iio>=

-V 3 A , j  =  f .

Introducing (4) in (1) we obtain the spectroscopic amplitudes C (jj'O l) after some 
recoupHng algebra and using the reduced m atrix elements ^) < n + l ,  O-

The ^®Ni and ®‘*Fe ground states are pictured as an addition and a removal phonon, 
respectively, while the ^®Fe ground state is made up by an addition and a removal 
phonon coupled to T  = 2, and the ^^Cr ground state as two removal phonons 
coupled to r  =  2. Therefore, for both the ^®Ni(d, ®Li)^‘*Fe and ^®Fe(d, ®Li)=^Cr 
reactions, the spectroscopic amplitudes are proportional to  the m atrix elements of 
the operators

car, =«Ni ^ ="Fe) _ 1 /5 < r;ii{r;rj»||r:> 
car, ^̂ Fe ^̂ Cr) F 3 <{r;r,Y\\{r: r: r> (6) 

=  Vi-

The ratio  o f the transitions corresponding to the ^®Fe and ^®Ni targets is expected 
to  be about two and similar to the puré configurations case (aside from Pauli correc- 
tions), although their absolute valué should be considerably larger.

4.1.4. Superconáucting solution. The collective treatm ent o f the pairing degree of



freedom  allows one to proceed further than the harm onic description and, eventually, 
to  reach the limit in which a perm anent distortion appears. In this o ther extreme 
case ® ®), the degrees o f freedom are represented by ro tations in isospace and gauge 
space plus vibrations around the equilibrium  positions. The last ones are determined 
by two deform ation param eters, and corresponding to the neutrón and p ro ton  
superconducting gaps in the intrinsic frame or, alternatively, by the related param eters

A = ^ { A l + A ¡ } \  r  =  t g - i  . (?)
\A„ +  Ap/

The ground state o f single closed shell nuclei (such as "^Ni isotopes w ith A > 58) 
m ay be described in terms o f the yrast approxim ation ‘ °) corresponding to  = i n  
o r A„ = A, Ap = 0. Thus, only the (intrinsic) neutrons become superconductors and 
the set o f ground states constitutes the yrast band.

The effect o f two protons in the ground state o f Zn isotopes can be described in 
term s o f one-phonon excitations o f an  oscillator in the Ap coordínate (r-v ib ra tions). 
In  this approxim ation (1) is given as a product o f two processes, namely the de- 
excitation o f  a T-vibration and the (stronger) transition between two consecutive 
m embers o f an  yrast band. We simúlate this calculation via the exact shell model 
diagonalization by introducing in (1) only two interm edíate states corresponding to 
the ground states o f  the and '^ '^ N i isotopes respectively (for the transition
from  to '^“ "^Ni).

The previous microscopic calculation corresponding to the yrast description can 
be done in a simpler way ^) by describing the neutrons, in  bo th  the Zn and N i iso­
topes, by means o f the usual BCS solution. In  the Zn isotopes, the two last pro tons 
move like valence partióles in the shell starting a t Z  =  28 protons^ The operator 
corresponding to  the a-particle transfer between O'  ̂ states is

V  =  (8 )

with m atrix elements

< '^-'^N i,g .s.|To |^Zn,g.s.>  =  x { - ) \ ¡ 2 j ^ U j V j . (9)

In  the above expression are the am plitudes o f the I0")^> com ponents in thetw o- 
p ro ton  wave function. They are obtained assuming a pairing interaction with strength 
Cp =  0.714 MeV, resulting in = 0.68, =  0.71 and =  0.19. The BCS param ­
eters Uj  and V¡ are obtained by solving the num ber and gap equations for the seven 
neutrón orbitals starting with f ,.

The valué o f the pairing strength was =  0.346 MeV and the single-particle 
levels energies are those o f  table 3 in ref. ‘ ).

t This model was applied in ref. ') .  However, there is a mistake in the matrix elements obtained 
there. Because o f this we give the formulae here explicitly.
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4.2. ANALYSIS OF TRANSITIONS POPULATING J ” =  2* STATES

As stated already, in this case it is m ore difficult to  perform  a complete shell model 
diagonalization. However, because o f the reasonable agreement which was found for 
J ’̂ = O'*' states between the exact diagonalization o f the pairing forcé and simpler 
treatm ents o f the same interaction, we may attem pt to apply also here some simplify- 
ing assumptions.

W e divide the experimental m aterial in two groups o f transitions, according to 
whether they take place around A = 56 or on Zn targets. F o r the first group it is 
easy to  perform  a calculation with alm ost puré configurations. As in the previous 
case we expect th a t the corresponding results should significantly underpredict the 
absolute cross sections, but we expect better relative cross sections.

The corresponding configurations were given in eqs. (3a-3d). F o r 2*' ñnal state 
in ^^Cr, there are two states corresponding to  four particles (or four holes) in the f j  
shell, coupled to  /  =  2. A possible choice o f two orthogonal states would be

i i>  =  m ¡ b t r i b ¡ b ¡ r r y ,

where the kets are properly normalized. The lower 2^ states in ^^Cr are a linear 
com bination o f these states,

l'^Cr, J =  2> =  a|I> +  í!|2>. (11)

The transition spectroscopic amplitude C is then obtained in terms o f the coefficients 
a and p. In  order to get máximum coherence for the O" 2^, E2 transition in *^Cr, 
the sign o f p  m ust be chosen opposite to  tha t o f a. U nder this assum ption the valúes 
o f  the am plitude C  are restricted to a very narrow interval which can be further 
conñned if  the lower state is assumed to have a large seniority-2 com ponent. The 
a-values used in this calculation are not far from unity as it is suggested by the fact 
tha t the pairing forcé is diagonal in the basis |1> and |2>.

In  the case o f the ^Z n targets, the final =  2"- states o f the isotopes are
described in terms o f the pairing-plus-quadrupole model, which are treated within 
the BCS and RPA approxim ations “ ’^^). Here the T 20 four-body operator is

T .;(A  j 2 73 h )  =  F ( J \  h  h m .  b i f o l , ,  (12)
where

V i  for (13)

V I for j i  =  h ^ J i  (14)

F { h  J 2 J3) =  \  for h  *  h , h  =  73 (15)
2^3 +  1

for h = h - ‘ h .  ( 16)
V3 2j 3 +  1
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and the matrix elements are

2 ^ \T ,^ \^Z n , g.s.> =  F{j ,  j ,  í M ^  2 X j X - ) \ j , \ \ r ^ Y ^ \ \ j ^ y { l J  V j ^+ V j ,  Vj^)

X ( - i ^  +  . (17)
\ E . ^ + E j - C  £ ; . + £ ; ,  +  ft)/

The factor Á is the norm alization constant in the RPA  form ulation; the term  
0 ’ill'‘^i^2ll72> is the m atrix element o f  the quadrupole operator; the are the quasi- 
particle energies and oj is the phonon energy which is assumed to  be the empirical 
energy o f the 2'^ State.

The param eters used throughout the calculations are the enes described in sub- 
sect. 4.1.4.

5. Results of the calculation

The factors corresponding to  the different calculations are given in tab leS . 
The BCS results have one extra valué o í  N  = 1 due to  the fact tha t the g . level is 
also included in the calculation. Aside from  this case the lelative valúes for different 
N  are in agreement in all the calculations.

The absoluie valué can be better discussed by studying the renorm alization coeffi- 
cient which has to  be used in the prograni DW BA in order to  fit the cross sections. 
This is given in table 2. The coefficients corresponding to  the puré configuration case 
is much larger than the one used for the other calculations, reflecting the coherence 
o f  the residual interaction for the a-transfer processes.

The harm onic calculations predict a cross section for the ^®Fe(d, ®Li)*^Cr about 
twice the valué corresponding to ^®Ni(d, ®Li)^"'^Fe, as it is suggested by the fact th a t 
the form er is a transition between tw o-phonon states, while the second takes place 
between one-phonon states. In the puré configuration case, this ratio  is somewhat 
smaller, due to Pauli corrections in the tw o-phonons states. However the shell model 
diagonalization predicts nearly the same cross sections, showing the existence o f 
im portan t anharm onicities in the pairing collective degree o f freedom.

The ratio  betvi^een the norm alization constants for the Zn targets and the ^®Ni 
and ^®Fe targets is about 2.5 for the shell model diagonahzation and abou t 7 for 
the harm onic case. Thus again the harm onic approxim ation overpredicts the increase 
in the cross section with the num ber o f  phonons. I t is clear tha t Pauli corrections 
should play here an im portant role, since the neutrons are alm ost filling the f-p shell.

It is somewhat surprising that the BCS calculation should yield valúes o f  the cross 
sections which are about one-half o f  those corresponding to the shell model diagonal­
ization. This may be a t least partially explained by the fact tha t the ground state 
correlations in the Z  =  28 case are neglected in our BCS approxim ations.

Finally, the renorm alization Z>o valúes corresponding to the shell model diagonal­
ization are such that it is not possible to  use a constant D̂ y for theñveO ''' transitions. 
The theoretical calculations predict tha t the cross sections for the Zn targets are

226 A. E. CEBALLOS et al.



T a b l e  3

The Gul structure factors for the difTerent models

(d, ®Li) 227

N *«Fe 58n í «•‘Zn

Shell 0 0.0026 0.0028 0.0098 0.0097 0.0083
model 1 0.0084 0.0085 0.0204 0.0200 0.0170
0+ -» 0  + 2 0.0185 0.0156 0.0062 0.0064 0.0053

3 0.0759 0.0687 0.0953 0.0919 0.0758
4 0.169 0.153 0.224 0.214 0.176
5 0.207 0.182 0.233 0.222 0.183
6 0.199 0.189 0.398 0.370 0.299

Harmonic 0 0.0027 0.0020 0.0115 0.0137 0.0160
model 1 0.0089 0.0067 0.0243 0.0288 0.0333
0+ ^  0 + 2 0.0192 0.0142 0.0088 0.0104 0.0118

3 0.0779 0.0567 0.113 0.132 0.149
4 0.177 0.128 0.272 0.313 0.350
5 0.225 0.160 0.299 0.339 0.375
6 0.216 0.151 0.480 0.539 0.590

Puré 0 0.00024 0.00021
con- 1 0.0013 0.0011
figurations 2 0.0016 0.0014
0+ ^ 0  + 3 0.0016 0.0014

4 0.0225 0.0187
5 0.0670 0.0549
6 0.0568 0.0459

BCS 0 0.0077 0.0074 0.0061
0+ ^ 0 + I 0.0150 0.0144 0.0120

2 0.00085 0.00062 0.0014
3 0.0600 0.0593 0.0501
4 0.149 0.144 0.120
5 0.154 0.150 0.127
6 0.309 0.282 0.226
7 0.0077 0.0083 0.0082

Puré 0 0.0010 0.00093
con- 1 0.0018 0.0016
figurations 2 0.00096 0.00086
0+ -^ 2  + 3 0.0165 0.0145

4 0.0561 0.0487
5 0.0507 0.0434

BCS 0 0.0050 0.0050 0.0045
0+ -> 2  + I -0.0021 -0.0012 -0.00044

2 0.0137 0.0173 0.0190
3 0.0472 0.0543 0.0559
4 0.0515 0.0632 0.0683
5 0.117 0.122 0.117
6 0.0014 0.0018 0.0022



abou t twice those corresponding to the N i zone, while the experimental results show 
cross sections o f  similar magnitude.

In ref. =) it is shown tha t when T  =  1 and J  =  O pairing foices are present and 
when one o f them is sufficiently strong so as to  distort the corresponding field, changes 
in the other forcé do not modify sensibly the a-transfer cross section. It seems as if  
one o f  the forces is enough to  satúrate the cross sections.

The nuclei studied in this paper belong to  the transitional región, as regard to  the 
T  =  1 forcé %  and the variations o f the theoretical cross sections are a consequence 
o f  this fact. The similar m agnitude o f the empirical cross sections seems therefore to 
stem from  the distortion induced by the T  =  O field, which was not taken into account 
in the present analysis.

The systematic underestim ation o f  the ratio may be an indication o f
indirect processes being present. I t  is know n that different channels are coupled 
stronger for excited 2^  states than for ground states.
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