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Abstract

Effective two nucleon, (NN), interactions in the nuclear medium have been
defined from an accurate mapping of NN g matrices obtained by solving
the Brueckner-Bethe-Goldstone (BBG) equations for infinite nuclear matter.
Those effective interactions have been used in fully microscopic calculations
of (nonlocal) effective proton-light nuclei interactions with which we have ob-
tained predictions of the differential cross sections and analysing powers from
elastic scattering. Results for incident proton energies of 65 and 200 MeV are
considered in particular herein. The relative motion wave functions so found
then have been used as the distorted waves in distorted wave approximation
(DWA) studies of select inelastic scattering events. The same effective in-
teractions were used as the transition operators in those calculations. The
relevant nuclear spectroscopy for the elastic and DWA (p,pr) calculations has
been found from full (O+2)7ta> shell model evaluations of the nuclear structure;
wave functions of which give good descriptions for many measured longitu-
dinal, transverse electric and transverse magnetic form factors from electron
scattering.

I. I N T R O D U C T I O N

Understanding the nature and specifics of the potential energy of interaction between
two colliding nuclei is central in almost all studies of their possible reactions. It remains so
now that (secondary) radioactive beams can be produced and used to study collisions and
structure of systems off of the stability line with the results having relevance, for example,
in modern studies of stellar processes.

Conventionally, elastic scattering data have been used as the measure of the candidate
form of any such (nonrelativistic) interaction and it has long been an aim to ascertain that
interaction with a proper direct approach in which underlying NN g matrices are folded
with the density matrix elements of the colliding systems. The optical potential so defined
is then nonlocal due to proper antisymmetrisation of the projectile and target nucleons,

VOL 2 7 H & 1 8



and to any nonlocality in the actual form for the chosen g matrices. The study of proton
scattering from nuclei (or the equivalent, inverse kinematic scattering of nuclei from protons)
is then favoured with such an approach as the antisymmetrisation is least problematic in the
theoretical development of the optical potential. That is also the case for inelastic scattering
when scattering amplitudes are specified in the DWA with appropriate, large basis space
spectroscopy specifying the one body density matrix elements (OBDME) of each transition
considered. The g matrices used to specify the nonlocal optical potentials should also be
used as the transition operator effecting the inelastic events. But, to date, there have been
few calculations made using such a stringent specification of a fully microscopic description,
of nucleon-nucleus, (AM.), scattering.

II. THE NN t- AND g MATRICES

A realistic microscopic model of NA reactions is one that is based upon realistic NN t
matrices fully off of the energy shell; i.e. with E = fc2, solutions of

{ p ' | t(E) \p)=(p'\V + VG0V + VG0VG0V + • • • | p )

= ( P ' I VNN I P )

+ / ( P' I VNN | q ) (fcTTJ?) ( q I KE) | P ) dq . (1)

Partial wave decomposition of these equations leads to the set of integral equations (the
Lippmann-Schwinger (LS) equations)

There are diverse methods existent to evaluate these quantities, of which the most common
would be to first find the (real) partial wave NN reactance (K) matrices

+ IE V rv&FV^T^KiFfanE) fdq, (3)
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wherein V is the principal value operator arising from use of the operator identity

1 V r r
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The problem is cast then in the form of a matrix inversion one by replacing the integrals with
grids of Gauss-Laguerre integration points and subtracting the pole terms. The off-shell t
matrix elements are then found by using the Heitler equation

k,P]E) . (5)



Input to these equations are the NN interactions, (V^ij^(p',p))^ which should be chosen
from one of the 'realistic' set in the literature [1]. For convenience, in most of our studies
we have used the Paris interaction. Contour plots of full-off-shell values of the t matrices
have been published [2] but it suffices to display here select energy and channel half-off-
shell properties in the form of Kowalski-Noyes /-ratio plots. Those / ratios for uncoupled
channels are purely real quantities and are given by

tJST{+)(v h E)
h{pXE) = ( 6 )

For a set of (on-shell) energies and three NN channels the / ratios for the Paris interaction
are shown in Fig. 1. The dotted curves depict the exact calculated results. The solid curves
are the ratios found [3] by use of inversion theory to give NN potentials phase equivalent
to the (on-shell) values of the Paris phase shifts.

But if the struck nucleon is embedded in a nuclear medium, it is more appropriate to use
medium modified NN g matrices in NA optical potential calculations. Those g matrices
are solutions of the BBG equations

wherein Q(q> K; kf) is the (angle averaged) Pauli operator and K is the average centre of
mass momentum as defined previously [4,5], with the latter specified at a laboratory incident
momentum p0 and for a Fermi momentum kf, so that

K(k;kf,p0) = (k2
 +PI)* if 0 <2k <kf —p0

= l(k2+pl)-]\(2k + p0)
2-)

if kf-po<2k<kf + po . (8)

The energies in the propagators of the BBG equations include (real) auxiliary potentials,
U, and are defined by

E(q, K; kf) = (q2 + K2) + tf(|q + K|) + tf(|q - K|) . (9)

Details of the calculations have been given previously [5] and the result is tables of complex
numbers for each incident energy, Fermi momentum value and set of relative momenta for
each NN channel. In a free NN collision the struck nucleon initially has zero momentum.
Now, as it is embedded in (local) nuclear matter, that struck nucleon can have a range
of momentum values. Due to Pauli blocking and the angle averages used in defining g
matrices [4,5], that range extends from 4jfc/ to the (local) Fermi value (kf) itself. That
complicates calculations severely and so we average over the range of Fermi momenta. The
most significant effects of the 'medium' are to change the 'on-shell' values. But they also
alter off-shell attributes as is displayed in Fig. 2. Therein the 1SQ ratios at energies of
50, 200 and 500 MeV (top, middle and bottom panels again) are shown with the free, Pauli
blocked and full g matrix calculation results displayed by the solid, dashed and dotted curves
respectively.



III. THE EFFECTIVE NN INTERACTION

The tables of g matrix elements are the input data base for an effective interaction
parametrisation scheme [6]. Specifically we have selected the half-off-shell t- and g matrix
elements in the procedure to find an optimum effective interaction which, in coordinate
space, has the form

4—. (10)
i=i r

This form is that used in the optical potential and DWA calculations performed by the com-
puter program DWBA91 [7] when the index (i) identifies each operator of the set according
to the scheme:

i = l central forces:- {H , (o • a) , (r • r) , {a • a)(r • r)} ,
1 = 2 tensor force:- {S12} ,

and
2 = 3 two body spin-orbit force:- {L • S}.

In this specification, Sj(E; kf) are complex, energy and density (kf(r)) dependent strengths,

and Â -l) = Ifff are ranges, of the (n») Yukawa functions. This effective interaction then
is expressed in the form of projection operators onto each NN channel and, when double
Bessel transformed, are defined as g^j(p',p;E,kf). The selected sets (n; < 4 suffice) of
ranges and strengths are then defined by finding an optimal fit to the actual (half-off-shell)
g matrices in the set of NN channels considered important. To facilitate this task we as-
sume that the ranges of the Yukawa form factors are independent of both energy and density
(Fermi momentum) and so the first step is to optimise those ranges prior to defining the
best set of complex strengths for a given energy, density and for each spin-isospin channel.
Across a large energy spectrum (to 800 MeV protons), we have selected the inverse ranges,
Hi, to be 0.71, 1.758, 2.949 and 4.0 /m." 1 for the central components and 1.25,̂ 2.184, 3.141
and 4.0 /m." 1 for both the tensor and two body spin-orbit attributes. However, the system
of equations in this mapping scheme is grossly overdetermined and there are other possible
"optimal" sets of parameters that give equally good fits. But the key factor which we have
stressed is that the resultant effective interaction chosen must remain a good representation
of the NN t- and g matrices central in a microscopic theory of the optical potential. This
has not been the case generally with other effective interactions, especially those predicated
in the end, upon fitting many nucleon data. The original Hamburg interaction did seek to
remain "faithful" although in a somewhat limited fashion being determined with respect to
on-shell properties only.

The effective interactions we have formed by mapping to half-off-shell g matrix elements
are shown in Figs. 3 and 4 for the free NN case {kf = 0) and for the major channels (lPi,
15o, 33i and 3Pi as indicated). The on-shell momentum was taken as 1.55 fin"1 since these
are the quantities to map for the effective interaction with 200 MeV protons. The exact
values (half-off-shell t matrices) are shown by the solid curves. The dashed curves are the
mapping fits of our effective interaction. Clearly, save for the imaginary part of the 3Pi



channel (which however is not very large), the fits are very good especially for a range of
momenta in the region around the on-shell point.

Effective interactions have been found in that way for protons (on light nuclei to 16O)
with energies in the range 60 to 800 MeV. Those for 12C are available upon request as tables
of strengths [8].

IV. A FULLY MICROSCOPIC MODEL OF ELASTIC AND INELASTIC
PROTON SCATTERING

To date there have been few calculations made using a specification of a fully microscopic
description of NA scattering as stringent as that given in the introduction. To do so one
must have very good specifications of three primary ingredients. First one must make a
large basis space calculation of the structure of the target and of its excited states, from
which one obtains the individual state density distributions (needed to specify the optical
potentials) and the OBDME which are defined by

These we have obtained by making full (0 + 2)hu shell model calculations of the structure
of various light nuclei. The single nucleon wave functions are the second ingredient in
these studies. For the bound states we have used either harmonic oscillator or Woods-
Saxon functions; the parametric values for which have been set, wherever possible, from
analyses of elastic electron scattering form factors. They are not varied thereafter. The
continuum (distorted) wave functions were obtained from the nonlocal optical potentials
formed by folding the third ingredient, the effective NN interaction as discussed above,
with the target state density matrices. The nonlocalities of the optical potentials arise in
part as we properly antisymmetrise the total (A + 1) state wave functions. The resultant
(fully microscopic) spin dependent, nonlocal forms for the optical potentials have been used
in Schrodinger equations; the solutions of which enabled us to predict differential cross
sections and analysing powers for elastic scattering of protons from various light nuclei. The
scattering waves obtained from these nonlocal interactions were then used as the distorted
wave functions in DWA analyses of various inelastic scattering cross sections and analysing
powers. The same effective interactions were used therein as the transition operators. In
all cases, with both the elastic and inelastic transitions, a single calculation has been made
from which the results are compared with the data. No scalings or variation of details have
been made to 'improve' the comparisons that will be shown later.

A. Some details of the calculations

The spectrum and OBDME for 6<7>9<uLi, 12C, 14iV, and 16O have been calculated using
the code OXBASH [9] and with an MK3W force which consists of:-

a) The Cohen and Kurath (CK) Op-shell matrix elements (the (8-16)2BME set),
b) The Wildenthal interaction (provided with OXBASH) for the Od-ls matrix elements,
c) The Millener-Kurath interaction for the Op-(lsOd) cross shell matrix elements
and



d) the matrix elements provided with OXBASH for all other elements in the full (0+2)huj
space considered.

The spectrum of nC so obtained up to 20 MeV excitation energy is displayed in Fig. 5,
wherein it is compared with that found using a particle-hole (PHM) model (based upon a
multiconfigurational Hartree-Fock calculation) and with that (purely positive parity) spec-
trum of the standard Op-shell (CK) study. Note that a restricted (l+3)fuo shell model
calculation was used to obtain the negative parity states, however. With the exception of
the 3J";O (9.64 MeV) and the O ĵO (7.65 MeV) states, our calculation gives excitations to
better than 2 MeV (and usually much better than that). It is a marked improvement upon
the PHM spectrum which places the 2+;0 (4.44 MeV) state so far from the accepted value.
Our specific interest will be with the elastic scattering and with inelastic excitation of the
2f (4.44 MeV), of the 3r (9.64 MeV), of the 1^; 0 (10.85 MeV), of the tf;0 (12.71 MeV),
of the 4f; 0 (14.08 MeV), of the if; 1 (15.11 MeV) and of the 2f; 1 (16.11 MeV) states.

The OBDME for each transition have been found and tables are available [10]. Their
propriety have been assessed by use in analyses of longitudinal and transverse form factors
from electron scattering. By and large there is excellent agreement with observation, es-
pecially when meson exchange current effects are taken into account. As an example, the
longitudinal and transverse form factors from excitation of the 2f;0 (4.44 MeV) state are
shown in Fig. 6. Therein the results found using our (0+2) fko shell model OBDME are dis-
played by the solid curves. Those given by the CK model are shown by the dashed curves.
On allowance for meson exchange current effects, the result is in good agreement with data.
A complete analysis of electron scattering form factors for all the states of interest has been
published recently [11]. Similar good fits to electron scattering form factors from scattering
off UN and 15O have been found as well.

B. The optical potentials and. elastic scattering

With the chosen form of the effective interaction folded with the target density matrices
and upon antisymmetrising the NA wave function, a complex nonlocal spin dependent
optical potential results in the form

U{fU?2',E) = 6(fl-f

+ E Cntf ( r ^ f a , E; P[kf(r2)})<pn(r2)

=* UD(/U E) + UEx(ruf2; E) (12)

wherein vD and vEx are appropriate combinations of the NN ST channel elements of the
effective interaction, <pj{r) are the single nucleon bound state wave functions and £n are the
shell occupancies of the target nucleus. The leading term has been used alone in the past, or
the nonlocal (exchange) elements have been approximated by 'equivalent' local interactions.
Neither is a satisfactory approach for the analyses of data from the scattering of intermediate
energy protons (200 MeV herein) let alone the results for 65 MeV protons, just as one cannot
use simply effective interactions based solely upon the NN t matrices (free interaction) to
obtain the optical potentials.



Results for the elastic scattering of 200 MeV protons from 12C are presented in Fig. 7.
The solid curves given therein were obtained by using Woods-Saxon wave functions and
those shown by the dashed curves were found using harmonic oscillator ones. The results
shown in the left panels were obtained using our effective interactions but with the restriction
that they are only those mapping the free NN t matrices (i.e. kf = 0). It is evident that the
medium modifications are essential to give a good fit to the data, especially the analysing
power. We have also analysed the elastic scattering data from many other nuclei in this
energy region including that of 160 MeV protons from UN. The results are given in Fig. 8.
In this case the harmonic oscillator functions were used to get the results displayed in the left
panel while Woods-Saxon functions were used in the calculations that gave the results on the
right. The solid and dashed curves in this diagram give the results we have obtained using our
effective interaction (based at 160 MeV) throughout and using the density dependent Love-
Franey (LF) force [12] respectively. Our results compare much more favourably with the
data, especially the analysing power. The results for 200 MeV protons elastically scattered
from 7Li are almost as good. They are displayed in Fig. 9 with again the free and medium
modified results being shown by the dashed and solid curves.

Our results at 65 MeV are preliminary. They do not fit the data as well as we would
like and we believe that the deficiency lies mainly with the current specification of the 65
MeV NN g matrices; and with the average potentials that enter the energy propagators
in particular. However, despite the lack of total strength required, there are signatures of
medium effects in data that indicate a propriety in form of the present effective interactions.
The cross section and analysing power for the elastic scattering of 65 MeV protons from
12C are displayed in Fig. 10. Therein the data are compared with the results obtained
by folding the effective interaction found from the free t matrices and with those of the
effective interaction mapped to the NN g matrices. The free interaction results are shown
by the dashed curves while those of the medium modified interaction are displayed by the
solid curves. Clearly our interactions are too weak as both cross sections lie below the
data at the larger scattering angles. But the medium modifications give a mix of operator
terms that lead to the observed shape of the measured analsing power. Likewise, and as
displayed in Fig. 11, the cross section from the elastic scattering of 65 MeV protons from
7Li is underpredicted by calculation whether made using the free or the medium modified
effective interactions. The analysing powers of the two calculations are again noticeably
different with again the calculations made using the effective interaction built upon the NN
g matrices giving the better agreement with observation.

Finally so far as the elastic scattering study is concerned, we show in Fig. 12 the dif-
ferential cross sections found recently from the elastic scattering of 60 MeV/A 9Li and of
62 MeV/A nLi ions from protons. The results displayed came from calculations made using
the medium modified effective interaction, Woods-Saxon bound state wave functions and
(0 + 2)hoj spectroscopy. The result with the 9Li beam underpredicts the data just as was the
case for the 7Li scattering. But the result for the 'halo' nucleus, nLi, is quite good. This is
fortuitous however and we expect that to retain such a good fit when a proper effective inter-
action for this energy regime has been defined, we may need to have a quite different matter
distribution for 11Li, i.e. much more of a 'halo' than the current spectroscopy suggests.



C. DWA analyses of inelastic scattering

In the DWA, transition amplitudes take the form

Wk0>\^ji(l---A)>} (13)

wherein the distorted waves have been denoted by | x^ ' > and AQI is an antisymmetrisation
operator. By using a cofactor expansion of the A-nucleon wave functions, the dependence
upon coordinate ' 1 ' can be isolated so that

E <^/i4)xa(ii)i^>
(hh)

\ <pJ2(l)\ V / (01) Ai{|x(+)(0) > [^(1) >} (14)

The Wigner-Eckart theorem then relates the multi-nucleon aspects of these transition am-
plitudes to the OBDME one obtains from structure calculations, which then weight NN
matrix elements in which the transition is effected by the promotion of a nucleon from orbit
ji to orbit j 2 .

The results of our DWA calculations for the cross sections and analysing powers from
200 MeV protons on 12C and exciting the 2+;0 (4.44 MeV) are compared with the data
in Fig. 13. With both the free and density modified effective interactions, the larger basis
structure calculations increase the predicted magnitudes above those found using the CK
wave functions and into quite good agreement with measurement. The results reflect the
similar effects noted when those same structure functions were used in calculations of electron
scattering form factors. The medium modified effective interaction leads to very good results
(in comparison with the data) reproducing the shape and magnitude of cross section data to
50°. The analysing powers are likewise better reproduced by the medium modified effective
interaction calculations. Recall that the effective interaction has been used to define the
optical potentials (initial and final channels) in these DWA calculations and we stress again
that NO arbitrary scaling has been used nor have the bound state wave functions been
adjusted seeking better fits to data. In the remaining results to be shown that is also the
case.

The 200 MeV data and the results of our analyses are compared in Figs. 14 and 15 for
the differential cross sections and analysing powers respectively. The solid curves are the
results obtained by using our effective interaction while the dashed curves are those found by
using the (density dependent) LF force throughout. The diverse final states of the reactions
considered are identified in each panel. Clearly with our force both the cross sections and
the analysing powers for most cases are well reproduced. The 1+; 0 and 4+; 0 excitations are
not as well understood as we would have liked, but the isoscalar magnetic dipole transition
is known to be strongly influenced by the balance between the diverse spin-dependent forces
and the 4+;0 electron scattering form factor was underestimated with the spectroscopy as
well. The 4+; 0 clearly needs 4hui structure let alone channel coupling in the reaction process.
Similar effects and good fits to (most) data have been found with proton energies of 398,
597, 698 and 800 MeV [11]; although the quality of fits decreased with energy. That is
not surprising since the effective NN interactions are determined from real NN potentials
designed to fit NN scattering phase shifts below the pion threshold. Furthermore, with
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increasing (large) energy, the first order term form we have used for the optical potential is
deficient.

The final results, of the differential cross section and analysing power from the inelastic
scattering of 200 MeV protons from 7Li, are displayed in Figs. 16 aud 17. Therein the data
from the excitation of the |~, 0.478 MeV and from the excitation of the |~ , 4.63 MeV
states are compared, in the left and right panels respectively, with the results of calculations
made using Woods-Saxon bound state wave functions and our density dependent effective
interaction. In Fig. 16, the differential cross sections and analysing powers are shown in the
top and bottom segments respectively. Two sets of OBDME, from the 0hu> and (0 + 2)hw
spectroscopies, were used to obtain the results displayed by the dashed and solid curves
respectively. These results clearly demonstrate that a large basis spectroscopy is required to
understand the observations with the ~~ state excitation at least. Not only are the shape
and magnitude of that differential cross section much better reproduced but so also, and
more dramatically, are those of the analysing power. The analysing power prediction for the
|~~ excitation shows the need for a large basis spectrocopy in that case. In Fig. 17, we show
that the major effect of the extended basis is to enhance the E2 character of the transitions;
notably in the cross sections of the |~ case. The Oku results are shown in the bottom section
and those found using the (0 + 2)huj spectroscopy are given in the top. The complete results
are shown by the solid curves while the angular momentum transfer contributions of 1 and 2
for the |~ final state are depicted by the dashed and dot-dashed curves. With the excitation
of the :~ state, transfer values of 2, 3, 4, and 5 are possible and the associated component
contributions to the cross section are depicted by the dashed, dot-dashed, dotted and small
dashed curves respectively. With the (0 + 2)hu spectroscopy, the E2 contribution almost
equates to the total result that is in quite good agreement with observation. It is almost
an order of magnitude larger than the corresponding component calculated using the Ohu
structure.

V. CONCLUSIONS

Fully microscopic model calculations of elastic and (select) inelastic scattering data taken
with incident protons at energies in the range from 65 to 800 MeV have been made. Both
differential cross section and analysing power data have been analysed. The elastic scattering
data have been analysed by forming optical potentials via folding effective NN interactions
with the density matrices of the ground states of various light nuclei, including the 'halo'
nucleus nLi. The results are complex, nonlocal potentials with which good to excellent fits
were found to both the elastic cross sections and analysing powers; although there remains
new work to improve the details especially at the extremes of the energy range considered.
Two effective interactions were used with that folding procedure. The first, we obtained for
each energy by a mapping to the NN g matrix solutions of the BBG equations predicated
upon the Paris potential. The second was the interaction proposed by Love and Franey.
Use of our force gave better results for the elastic scattering analyses and for the analysing
powers especially.

Those two NN effective interactions were then used as the transition operators in a
DWA study of the various inelastic scatterings considered, and the distorted waves were
found consistently with those same interactions by the folding of the state density matrices,



both of the ground and also of the excited state involved in each case. With OBDME given
by large basis shell model calculations, the cross sections and analysing powers for many
transitions to discrete excited states (to 20 MeV excitation) have been fit very well.
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FIGURES

FIG. 1, Kowalski-Noyes / ratios for three energies and three uncoupled NN channels as shown.

The on-shell momenta are depicted by the large dot in each figure.

FIG. 2. Kowalski-Noyes / ratios for the ^ o channel at energies of 50 (top), 200 (middle) and 500
(bottom) MeV. In each case the free (i matrix), the Pauli blocking alone, and the complete g matrix
(Pauli plus mean field effects) are displayed by the solid, dashed and dotted lines respectively.

FIG. 3. The real parts of the half-off-energy-shell t matrices of the (free) Paris interaction
compared to our effective interaction.. The on-shell energy is 200 MeV in the specified NN channels.

FIG. 4. The imaginary parts of the half-off-energy-shell t matrices of the (free) Paris interac-
tion compared to our effective interaction. The on-shell energy is 200 MeV in the specified NN
channels.

FIG. 5. Energy level diagrams of nC to 20 MeV excitation.

FIG. 6. Electron scattering form factors from excitation of the 2j*~;0 (4.44 MeV) state in 12C.
The results found using the Cohen and Kurath (Ohai) wave functions and those found using our
((0 + 2)hu) structure are displayed by the dashed and solid curves respectively.

FIG. 7. The 200 MeV proton elastic scattering cross section and analysing power data compared
with the results found using the (nonlocal) microscopic optical potentials built using the free NN
t matrices (left) and the full interaction (right).

FIG. 8. Differential cross section and analysing power for the elastic scattering of 160 MeV
protons from UN.

FIG. 9. Differential cross section and analysing power for the elastic scattering of 200 MeV
protons from 7Li.

FIG. 10. Differential cross section and analysing power for the elastic scattering of 65 MeV
protons from 12C.

FIG. 11. Differential cross section and analysing power for the elastic scattering of 65 MeV
protons from 7Li.

FIG. 12. Differential cross sections for the elastic scattering of 60 MeV/A 9Li and 62 MeV/A
11 Li ions from protons.
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FIG. 13. The differential cross section and analysing power from the inelastic scattering of 200
MeV protons from 12C leading to the 2^;0 (4.44 MeV) state. The data are compared with the
results of our DWA calculations made using the microscopic optical model interactions for the free
and density dependent interactions (left and right panels) and the (0 + 2)hu and CK (Op) models
of spectroscopy (solid and dashed curves).

FIG. 14. Differential cross sections for 200 MeV protons scattering off 12C and for the elastic
and select set of inelastic channels as indicated.

FIG. 15. Analysing powers for 200 MeV protons scattering off nC and for the elastic and select
set of inelastic channels as indicated.

FIG. 16. The differential cross sections (top) and analysing powers (bottom) for the inelastic
scattering of 200 MeV protons from 7Li leading to the ^~ state at 0.478 MeV excitation (left
panel) and to the \~ state at 4.63 MeV excitation (right panel). The results found using the OTiui
and (0 + 2)Uu) structures are displayed by the dashed and solid curves r :spectively.

FIG. 17. The differential cross sections from the excitation of the \~ and | ~ states in 7Li by
200 MeV protons. The results are shown in the left and right panels respectively and for QKu)
and (0 + 2)hui structures in the bottom and top segments respectively- The L = 1 and L = 2
components of the calculations are shown for the | case by the dashed and dot-dashed curves
and for the L = 2, 3, 4, and 5 components of the Jf transition by the dashed, dot-dashed, dotted
and small dashed curves.
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