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The optical relativistic model based on deep attractive forbidden state quasipotentials describes
well the angular and energy dependence of differential np- and pp-scattering cross sections and po-
larizations, including the transition from the U-shaped form of the angular distributions of np
scattering to forward scattering at the energy Ei,b «1 GeV, when the scattering P-phase shifts,
equal to ~ at low energies, pass through m/2 (the triplet and singlet S-phase shifts start from the
values 2~ and ~, respectively). The higher scattering phase shifts (I. «2) are small everywhere. The
potentials are determined from the scattering phase shifts in the low-energy region Ei,b & 1 GeV.
They have been chosen in the simple Gaussian form and for different partial waves they differ in

depth and width (from Vo =0.73 GeV, a=0.85 fm to Vo =2.40 GeV, a=0.45 fm). A few negative
phase shifts 'D&, 'I'3, '63, which reAect the peripheral repulsion due to the spin-orbital and tensor
interactions, are calculated by means of the one-boson-exchange potential periphery matched to the
central attraction. The imaginary part 8'of the optical potential V+i8'is determined by the value
a.„,/o. „and grows rapidly with increase in the energy Ei,b, so that the phase-shift values lose sensi-
tivity to the real part V of optical potential if E&,b exceeds 5 GeV. Finally, the quantum chromo-
dynamics (QCD) effects are discussed which may underlie the potentials considered.

I. INTRODUCTION

There are many indications of the manifestation of
quark degrees of freedom in atomic nuclei, starting from
the two-nucleon system, but all of them, unfortunately,
are very indirect, which brings about the feeling of dis-
satisfaction. For example, in the description of deuteron
magnetic form factors, the quark many-body theory'
and the traditional hadron theory, with such elements as
the Bonn potential and meson-exchange currents, may
compete with each other if diFerent form factors, soft or
hard, are used at the meson-nucleon vertices. Next, the
data on cumulative eFects may be described on the basis
of the hypotheses about both cold and hot fluctuations.
Especially demonstrative is the problem of the nucleon-
nucleon interaction in the short range r + 1 fm. The ab-
sence of a common standpoint here is rejected well by
the fact that, now, six or seven diFerent approaches are
being developed, each of which, apart from a certain
empirical success, has appreciable physical disadvan-
tages. We touch upon two of them. Specifically, the con-
cept of "realistic" meson potentials with short-range
repulsion, ' which is associated in ideology with the
vector-meson exchange, fails to describe the 5- and P-
phase shifts, apart from the weak point that here is a very
great number of variable parameters (as a cost for empiri-
cal success), and the authors of the above-mentioned pa-

pers invoke here either the purely empirical parametriza-
tion of potentials or the phenomenological form factors
at the meson-nucleon vertex, which now belong to the
quark description. There are also such aspects of the XN
interaction as cannot altogether be rejected by the meson
exchange; namely, the formation of a string in the virtual
exchange of color between nucleons, etc.

The quark approaches, which rest most actively, i.e.,
microscopically, on the quark-nucleon structure and deal
with the six-quark (6q) problem, represent the method of
expansion of the wave function in the nucleon overlap
region in terms of the quark shell-model 6q
configurations " and the resonating-group-method
(RGM) components. "' In the former method, con-
sideration is given to quark configurations in the spheri-
cal 6q Massachusetts Institute of Technology (MIT) bag
model which expresses the nonperturbative e6'ects in a
simplified manner in terms of the external pressure of the
expelled vacuum. The levels in this bag model are split in
energy by the perturbative quark-gluon interaction. In
this way, a useful result has been obtained, ' " namely,
in the description of the deuteron and NX interaction, the
important role of the nontrivial quark configuration
s p [42] [42]cs was revealed, which occurs along with
the simple configuration s [6],[2 ]cs and becomes most
favorable energetically if the strong co1or magnetic qq in-
teraction is prevailing. The excited configuration men-
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tioned above, as has long been noted, " is a microscopic
basis for deep attractive forbidden state NN poten-
tials' ' (FSP's) which we use in the present paper.

The qualitative conclusions outlined above were
confirmed by the RGM calculations. "' In this scheme,
use was made of the frozen internal structure of the nu-
cleon s of three constituent quarks and of the simple
phenomenological confinement (such as a "funnel" ) in
their interaction. It has also been elucidated that an im-
portant role is played by the inclusion of internal excita-
tions of negative parity in each of the nucleons of the NN
system, and the corresponding RGM calculation, on a
very broad basis for the first time, has given the NN at-
traction in the intermediate range r =1 fm. ' This argu-
ment certainly is similar in spirit to the above-mentioned
important role of excited quark configurations, which is
also associated with the formation of a repulsive core.
Namely, the destructive interference of the excited
configuration s p and the simple one s (they have been
mentioned above) leads to the fact that, as the RGM cal-
culations show, "' the wave function for the relative
motion of nucleons &P(r») in the S wave dies out in the
short range, and the interaction between nucleons, as fol-
lows from most of the RGM calculations, acquires a soft
repulsive core" which is so habitual in the meson "realis-
tic" potentials. The above-mentioned destructive in-
terference of the quark configurations s and s p is quite
compatible with the electron-scattering form factors for
the deuteron' if, as has been noted above, one assumes
soft meson form factors. Yet, since there is noticeable ar-
bitrariness here, we need a wider range of data. Such
data, it would appear, are involved in the momentum dis-
tribution of nucleons in the deuteron, which is extracted
from several types of experiments, both exclusive and in-
clusive. The corresponding theoretical procedure' '

takes into account the final-state interaction but ignores
the important feature of composite particles, which is
well known in the theory of nucleon clustering in atomic
nuclei: ' the significant role may be played by the ampli-
tudes of deexcitation of virtual orbitally excited nucleons,
which is characteristic of the quark configuration s p .
Therefore, traditional conclusions' ' that the momen-
tum distribution of nucleons in the deuteron corresponds
to the repulsive core potentials should be regarded as
some preliminary orientation in the intricate problem.
With all this in mind, we sum up the main features of the
quark microscopic picture of the NN interaction (for a
wider discussion, see the review in Ref. 22). Namely, al-
though we still virtually try, in a very naive phenomeno-
logical manner, to fit the fundamental quantum chromo-
dynamics (QCD) results to the confinement region, very
difficult for this theory, we yet understand in this case
that, in reality, the question concerns a rather unstable
balance of the quark configurations s and s p, with
which the existence or nonexistence of the short-range
NN repulsion is associated. Therefore, the repulsion cit-
ed is not at all a stable fundamental property of the NN
system and may, for example, be absent even in the
ground state, or, if the repulsion is still present in the
ground state, then it may be replaced by the nucleon-
nucleon attraction with increase in the particle energy

(with the accompanying appearance of a wave-function
node characteristic of the FSP concept) since, in this
case, obviously the configuration balance is shifted to-
wards the excited quark configuration s "p . It can look
like an "invisible" jump up (equal to ~) of the scattering
phase shift when crossing the corresponding positive-
energy bound state.

In such a situation, on the one hand, it is necessary to
enhance the reliability of microscopic calculations of the
NN system, taking into account more and more adequate-
ly the nonperturbative interaction between constituent
quark s.

In the nonperturbative QCD vacuum, the initial chiral
invariance of the theory is spontaneously broken, being
realized in the Goldstone mode; that is, light quarks
(u, d) acquire constituent masses m = —,'mz (Ref. 23) and
new carriers of the interaction between quarks (~, o, etc. )

appear. The resultant change in the quark-quark poten-
tial may not at all be reduced to only some renormaliza-
tion of constants of the perturbative quark-gluon interac-
tion, as it is sometimes assumed empirically. Moreover,
the assumption itself of the pairwise interaction between
constituent quarks is problematic. Furthermore, all this
is complicated by the effects of a strong external meson
field.

The problem of developing a microscopic quark theory
of the NN interaction is complicated by the fact that the
quark-nucleon radius is small, being, as is known, only
0.5 —0.6 fm, and laborious search for convincing, experi-
mentally observed, quark effects, which might constitute
the field of action of such a theory, represents the second
aspect of the possible plan of action under discussion.

In the present work, extending and developing the line
of investigations, '" ' we show that the nucleon-nucleon
scattering data (differential cross sections and polariza-
tions), extended in energy to include the values E„b=6
GeV (for one to be able to judge the short-range NN in-
teraction), seem just to reflect the desired quark effect and
convincingly demonstrate the dominant role of the excit-
ed quark configurations s'p (n =4, m =2 for S waves;
n = 3 =m for P waves). This is reflected by the efficiency
of forbidden state potentials and by the corresponding
very peculiar behavior of the scattering phase shifts,
which is exhibited precisely in a wide energy interval of
0—6 GeV. Experiments are discussed which are neces-
sary for the comprehensive verification of the existence of
a node of the deuteron wave function at the point of the
conventional repulsive core; that is, for an independent
testing of the balance of quark configurations.

II. OPTICAL MODEL

For the analysis of the problems of interest to us, we
use an optical model similar to that which is long known
in low-energy nuclear physics in the description of
nucleon-nucleus and cluster-cluster scattering. Such a
model has not been previously employed here.

We rely on one of the variants of the relativistic quasi-
potential equation, ' which takes the following form for
the partial amplitudes:
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TL's(p p') = Vis(p»p')

+ f Vfs(p, k)g(k, &s )Tls(k, p')dk,

VLs(p, p')=(pE~)' '(p'E~ )' '

&& f Yl*~(n) VLs(q) YLM(n')dndn',

Vls(q)=(2~) f exp(iq r)Vls(r)dr,

'~I.STLs(p, p) = ——sin51se
'lj

The differential scattering cross section is given by the ex-
pression

d cr /d 0=—~ K g Bl (S)Pl ( cos 8),1 22
4 ~s

g(k, &s )= 2k

k4$ E

2 m 2+k2
k

q=p p

B&(S)= g [Z(L,J,L2J2 Sl)].Re(TL'sTL. ,s)
L1 L2J) J

Z(L, J,L2J2:St ) =L,J,L2J2 W(L, J,L2J~:Sl ),
L =&2L +1 .

(3)

(4)

p=np

where the potentials VLs are complex. These equations
were solved using the Noyes-Kowalsky regularization
by the matrix inversion method. ' In the numerical in-
tegration, use was made of the Gauss quadrature formu-
las. The relation between the partial amplitude and the
scattering phase shift is given by the expression

Tls(p, p ) = (1 SLs —) —= (1 —rtLse ), (2)J 1 J 1 J
27Tl 2&l

where 4p =s —4m, and, if the potential is real, then

For the unpolarized initial nucleons, the degree of po-
larization of the nucleon emitted at an angle 0 is given by
the expression

Sp I o TT+
IP(0)=

where o. is the Pauli matrix (the y axis is chosen to be
perpendicular to the reaction plane).

In the denominator of Eq. (5) there occurs the
differential cross section [see Eq. (3)j and the numerator
appears as

v'3 L J 1
S [~ TT+I = ~~y2 y (

1)L'+J'+~ .
P J' L' 1LSL'J'I

L 1 J'.L' 1 J' .Im[TI. , TL*, IP 1(cos8),
I 1 l

(6)

where

L 1 J
L' 1 J' -,

L J 1

J' L' 1

are the 9j and 6j symbols, and the polynomials P I(cos0)
are defined in the monograph.

Finally, the total elastic cross section and the total
cross section for all the processes are determined by the
expressions

cr„,= —,'~ K g(2J+1)(1 gLscos261s) . —
LSJ

III. SCATTERING PHASE SHIFTS,
DIFFERENTIAL CROSS SECTIONS,

AND POLARIZATIONS

In the present paper we intend to investigate the
eKciency of the FSP concept for describing the

I

differential cross sections and the polarizations in the
scattering of unpolarized particles. The quark-cluster
model ' imposes rather remarkable constraints onto
the NN-interaction potential parameters. For instance,
the S-wave-function node at r =0.5 fm in the NN chan-
nel, as it follows from the quark configuration s p and
from the baryon excitation spectrum parameter fico=500
MeV, ' requires the potential depth Vo=1.2 GeV and
the width a =0.5 fm. This NN potential being refined
empirically has one forbidden OS state and no forbidden
states in the highest even partial waves D, G,I, . . . , in
perfect agreement with the requirements of the quark
configuration s p .

Turning to odd waves, we automatically obtain that
the P-wave-function node, as it follows from the quark
configuration s p and from the same A'cu value, should lie
at r =0.9 fm (the P wave "hard-core"-position). There
should be one forbidden 1P state and no forbidden states
in F,H, . . . , waves. As it will be shown in what follows,
the phase-shift running versus energy confirmed by the
experimental data gives a rather sound substantiation of
a11 these interconnections.

The pronounced J splitting of the PJ phase shifts in
the energy range of E~,b =0.3 —3 GeV, which will also be
demonstrated, shows a joint effect of short-range spin-
orbital and tensor forces (for some microscopical quark-
gluon estimations, see Ref. 30). The large spin-orbital
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contribution to this splitting, presented by the "spin-
orbital" combination of the PJ phase shifts, ' can be
directly connected, in the usual phenomenological treat-
ment, with the great gradient value of our central poten-
tial, d V/dr =2 GeV/fm at r =a.

Proceeding here in the simplest instructive way, we in-
troduce the J dependence (J=L+S) of the deep poten-
tials characterizing the partial waves with given L, S, and
J values (L ~4). This phenomenological strong J depen-
dence accumulates the above effect of spin-orbital and
tensor interactions in a simplified form (with no mixing
angles), which is just retlected by the polarization.

It proves to be sufFicient to parametrize most of the
partial-wave potentials by the simplest Gaussian form

V(r)= —Vo exp( —r /a ) .

These potentials are listed in Table I and are determined
from the familiar scattering phase shifts at energies of
Ei,b & I GeV. On this basis, the scattering phase shifts,
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V(r) = —Vo exp( r la )——V, exp( r la, —), (10)

where values of the parameters Vo, a are listed in Table I
and V, =0.71 GeV, a, =0.44 fm. Further, three partial
waves D, , F3, and 63 have small negative values of
low-energy phase shifts due to the peripheral repulsion
produced by the tensor and spin-orbital forces within the
one-boson-exchange potential (OBEP) approach. We
represent this repulsion by the simplest OBEP-like
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aP oP gP oF
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3
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F

I I I
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in turn, are extended to include, with no free parameters,
the intermediate-energy region of 1 —6 GeV (see Figs. 1

and 2). The addition to potential (9) in the region of low
energies E&,b & 0.4 GeV of ~-meson exchange tail is of no
essential importance (of course, we have no intention to
compete with the quality of "realistic" potential fit ' of
low-energy data).

However, the singlet D-wave requires, to describe the
low-energy phase-shift running, a little bit more of a Aexi-
ble deep attractive potentia1,

'D:

terms matched to the universal short-range attraction
discussed above,

3 3 3D(, F3, 63..

V(r) = —Vo exp( —r /a )+9(r—1.5a) VoBEp(r),

where the Vo, a values (see Table I) and VoBEP(r) charac-
teristics (see Ref. 34) do depend on the channel quantum
numbers L, S, J. The m-meson exchange potentials are
no longer of importance and lose their meaning at ener-
gies of E~,b & 0.4 GeV, etc.

For all the partial waves, naturally, we go over to com-
plex optical potentials, adding to each real deep attrac-
tive potential the imaginary part which is proportional to
the real one, in which case, the proportionality factor
rapidly increases with increasing energy (Fig. 3). This is
necessary to ensure the experimental relations
(o „/cr„, ) =0.9, 0.62, 0.44, 0.40 at the energies E~,b =0.6,
1.0, 2.2, 3.2 GeV and so on. The main features of the E
dependence of the scattering phase shifts, as presented in
Figs. 1 and 2, are as follows. The FSP description of the
properties of the deuteron and scattering phase shifts at
low energies of E& b &500 MeV is characterized by its
compactness ' the number of parameters is four or
five times smaller than that for the realistic meson poten-
tials. ' However, the main peculiar feature of the FSP
concept, which distinguishes this concept from the oth-
ers, is a specific behavior of the scattering phase shifts as
a function of energy. Namely, all the lowest phase shifts
(i. =0, 1) are positive. In accordance with the general-
ized Levinson theorem, the S- and P-phase shifts, with in-
crease in energy from zero, start from the value 6L =m
(and the triplet S-phase shift is 2' at zero) while the
higher phase shifts (L ~2) start from zero. The Born re-
gion 5L &1, where all the phase shifts "converge" with
increasing energy, lies at the energies E„b-5 GeV. In
order to "recognize" this physical pattern, it is necessary
to involve, in consideration, a wide energy range from
zero to a value of just about 5 —6 GeV. ' In fact, the
quark-gluon interaction of nucleons is more fundamental
than the meson exchange and covers the region of smaller
distances and higher energies. The principal importance
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FIG. 2. (a) and (b) Phase shifts for odd waves of NN scatter-
ing in the optical model [the solid line, our calculation; the
dashed line, experimental data (Refs. 33 and 37)j.

FIG. 3. The E dependence of the coefTicient a,
8'1~(r) =a VL~(r) in each partial wave LSJ, a is dependent on L
parity, too (the solid line, L even; the dashed line, L odd).
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of precisely considering a wide energy range was previ-
ously demonstrated by the example of "recognition" of
the aa interaction. '

As a matter of fact, the experimental data on the XX
scattering throughout the region E&,b =0—5 GeV have, so
far, not been interpreted theoretically; that is, have not
been adopted by theorists, and the present study, as far as
we know, is the first attempt to propose the unified physi-
cal picture for this wide region. Let us also make some
more particular remarks.

First, at the energies E~,b«1 GeV, the odd phase
shifts, while approaching the values of ~/2 at I. =1, be-
come just as active in scattering as the even S- and D-
phase shifts. This immediately implies the disappearance
of the U-shaped form of the angular distributions in the
np scattering in the transition from the energies
E&,b 700 MeV, when the odd waves have no eft'ect, in
practice, on the scattering, to the energies E„b & 1 GeV,
when the destructive interference of even and odd waves
in the backward hemisphere is very significant. Figure 4
shows that the FSP concept explains well this
phenomenon that has long been experimentally estab-
lished, ' whereby, in theory, in the explanation of both
the shape of the curves and the absolute cross section,
there is not a single variable parameter: all the parame-
ters are determined by the description of scattering at
E&,b & l GeV and by the values of the inelasticity cr,~/cr„,

80—

60"

40
„=0,7GeV

in the region under consideration, 600 MeV&E„b &6
GeV. The evolution of the diIterential pp scattering cross
section (Fig. 5) is also well accounted for. All these cir-
cumstances justify our reconstruction of scattering phase
shifts as presented in Figs. 1 and 2.

Second, the small positive phase shifts ('D2, 'F3, and
others) reverse sign because of absorption at energies of
about 1 GeV and the small negative phase shifts D& F3,
63 on the contrary, do not reverse their sign owing to

the absorption at the same energies. Here, the only result
of the short-range attraction is that the negative phase
shifts mentioned above die out very fast as energy in-
creases above 1 GeV. Now we point out the significant E
dependence of the moduli ~SI ~ =ALII, which is presented
for our optical model in Fig. 6. This dependence rejects
well the inhuence of absorption, which increases with en-
ergy. We see that, at the values of E„b &4—5 GeV,

80-
EL b 0.66.eY

60

40—

O

a 60—
20—

o Q

g 60-„

E g0

20
U

GeV 1.7S GeV

~40
1.047GeV

80

60 .2 GeV 3.2 GGv

40 „b=1.71GeV

20

( 5 he~%—x

0.4 0.8 1.2 1.6 2.0 OA. 0.8 1.2 1.6 2.0
It l, (GeV/c)'

I I

0.2 0.6 1.0 1.4 1.6
it, i, (septic)'

FIG. 4. Description of the differential np scattering cross sec-
tions at different energies. The solid line, our calculation; the
experimental data are from Ref. 35.

FIG. 5. Description of the differential pp scattering cross sec-
tions at different energies. The solid line, our calculation; the
experimental data are from Ref. 35.
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values of Sl ~

are small for the low partial waves L =0,
1, 2; that is, the most informative lower scattering phase
shifts become unstable here from the viewpoint of empiri-
cal reconstruction, and the "transparency window" is
closed, although the higher scattering phase shifts remain
sensitive to the peripheral part of the real potential, also,
at high energies. On the whole, fortunately, the "tran-
sparency window" turns out to be sufticiently wide, and
the energy interval E„b=0—6 GeV reAects quite well the
pronounced individual features of the E dependence of
scattering phase shifts, which are characteristic of the
FSP concept. Figure 7 gives an evidence that our
description of difT'erential cross sections gives the reason-
able results even at the high-energy border of the "tran-
sparency window. " Now we turn to the analysis of the
polarization data, which, combined with the diA'erential
sections, just makes it possible to draw some noteworthy
conclusions.

If the amplitudes TLz are independent of J (at given I.
and S), then the polarization P(8) becomes zero. Our po-
tentials, markedly corrected in comparison with the pre-
liminary work' (see Table I), are strongly dependent on
J, and the polarization data in the wide energy region
considered are a verification of these potentials, which
are independent of the diA'erential cross sections. The re-
sults of calculations of the polarization in the energy re-
gion E~,b =0.5 —5 GeV are displayed in Figs. 8 —10
against the experimental data. It can be seen from
these figures that there is a stable agreement between the
calculated and measured polarizations P (0), and only the
5-CieV data show some inAuence of neglected partial
waves L ~ 5. The even-L —odd-L splitting of the absorp-
tion coefficient n, shown in Fig. 3, is introduced to take
into account the empirical data on the energy depen-
dence of the reliection coefficients rtl =—~SL ~

(see Fig. 6).
Thus, our description has an advantage over the at-

tempt to consider the polarization in the region of
E„b-—1.5 GeV from the conventional standpoint on the
basis of exchange of vector mesons. The J splitting of
phase shifts and the corresponding J splitting of poten-
tials, which we analyze, can be interpreted in terms of the
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FIG. 7. Dependence of the pp and np scattering cross sec-
tions on the momentum transfer value at the energy E~,. b=5
GeV. The experimental data are from Refs. 35 and 36.
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in the optical model. The experimental data are given
after Ref. 37.
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FIG. 8. Dependence of the np scattering polarization P(8) on

the scattering angle at different energies E. The experimental
data are from Ref. 36.
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Gaussian ones.
We now compare the results of our calculation of the

scattering phase shifts (Figs. 1 and 2) with the tentative
phase-shift analysis by Hoshizaki. For this purpose, ob-
viously, it is necessary to move its triplet and singlet S-
phase shifts by a value of 2~ and ~ upward, respectively,
and all the P-phase shifts by rr. As a result, we see (Figs.
1 and 2) the undoubtful general correspondence, against
the background of which narrow dibaryon resonances
can occur, which Hoshizaki attempts to separate out
(this, possibly, refiects the infiuence of the opening inelas-
tic channels and also the decay of some specific multi-
quark states ). In addition, one can see the general insta-
bility of the empirical phase-shift analysis, which comes
from the fact that the total number of significant scatter-
ing phase shifts is large and the phase shifts themselves
are complex quantities as a result of absorption.

O.W— EL b= 2.2GeV

0.2—

20 4 0 60 80 100
8 (de~)

FIG. 9. Dependence of the pp scattering polarization P(6) on
the scattering angle at different energies E. The experimental
data are from Ref. 36.
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FIG. 10. Dependence of the pp and np scattering polarization
P(t) on the momentum-transfer value at the energies E~,. b=3
and 5 GeV. The experimental data are from Ref. 36.

spin-orbit and tensor interactions [in the pure spin-orbit
interaction, the phase shift 6( P, ) would lie between the
phase shifts 5( P2) and 5( Po) but, as we see, the real sit-
uation is far from this]. The total number of adjustable
parameters (which are fixed in our theory entirely by the
low-energy data E„b ~ 800 MeV) can probably be dimin-
ished even more if we try to unify the description of sing-
let waves by means of more fiexible potentials than

IV. DISCUSSION AND PROSPECTS

Thus, a new general picture of the NN interaction be-
comes visible in outline, how it is exhibited in the scatter-
ing phase shifts. The above-mentioned picture is such
that we observe separation of the scattering phase shifts
into two groups: the "large" S- and P-phase shifts (they
are equal to 2' or vr at zero energy) and the "small" ones
which include all the others. This result of Ref. 17 and of
the present study is just in agreement with the quark
configuration s p [42]„[42]cs for the deuteron ground
state. It is well known in the theory of cluster phenome-
na (aa scattering, etc. )

' ' that such a configuration cor-
responds to the wave-function node for the S wave in-
stead of the repulsive core in the NN channel, which is
the cause of displacement of the S-phase shift by the
value w upward (the generalized Levinson theorem ).
The configuration cited has long been discussed in the
literature as the important component of the wave func-
tion for the NN system, ' and the more interesting are
the results we have obtained now in favor of precisely this
configuration that, at the present level of knowledge,
there are no arguments as to why the component
s p [42], may suppress all the others (it would be the
only one, just as in the t-h system, should there be no
color). Next, if the quark configurations below s p are
not realized dynamically, then, for the P wave of NN
scattering, we shall have the quark configuration
s p [33]„[33]csif we proceed from the principle of max-
imum CS symmetry, "' i.e., in the P wave there will
be a node at the radius r =0.9 fm and the P-phase shifts
will start at low energies just from the value m. ' A
change of the absolute scale of the S- and P-phase shifts is
well substantiated in the good and natural matching of
our phase-shift curves to the Orear diffraction cone re-
gime ' at the high-energy border of E&,b & 6 GeV, where
all the phase shifts take on small negative values due to
the very predominant absorption. This matching rules
out the alternative interpretation (possible if there is no
strong absorption) when the asymptotic values of S- and
P-phase shifts are equal to —~ owing to the specific
shape of the hard core.

The main features of the differential cross section and
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polarizations are formed primarily by the profound effect
of a mutually consistent falloff with increase in the energy
of six large phase shifts L =0, 1, and the peculiarity of
the picture lies in that, although the 5-phase shifts move
downward fairly rapidly, the P-phase shifts, due to the
centrifugal barrier inAuence, are "sticking" near the
value 6L =~ up to the energies E„b=300—500 MeV.
Hence, there is no longer question concerning the obser-
vation that, in some P channels, the systems exhibit at-
traction while in the others, repulsion. We see that, in all
the P channels, there is short-range attraction; that is, the
Majorana exchange forces do not manifest themselves in
the short range while, in the long-range region of pion ex-
change, the interaction in odd waves may be absent ow-
ing to a possible structure of pion exchange —,'(1+P ),
which, however, should be substantiated anew since, pre-
viously, this fact was deduced mainly from the U-shaped
symmetry of differential np scattering cross section men-
tioned above.

It turns out that the potentials for singlet waves I. ~ 3
have remarkable features in common. We hope these po-
tentials can be unified by means of some Aexible construc-
tion like the extended expression (9) separately for even
waves ([f],=[42]) and odd waves ([f],=[33]). For
triplet waves, such unification and compactness of the
description will be associated, obviously, with the incor-
poration in the explicit form of the tensor and spin-orbit
interactions with account taken of the qualitative possi-
bilities of the quark approach to this problem.

The above results give us an important evidence for the
bright quark effects in the nucleon-nucleon scattering
based on the composite nucleon structure. We see no al-
ternative interpretation of the broad energy range data
discussed above. However, to reinforce our arguments in
favor of the FSP concept, it is necessary to undertake in-
dependent investigations into the existence of the excited
quark configurations and the wave function node in the
deuteron at r =0.5 fm.

First, the excited quark configuration s p in the deute-
ron gives rise to virtual excited nucleons N* and N**
(with one or two oscillator quanta fico of the internal exci-
tation) which can be observed as spectators in the ex-
clusive quasielastic knockout experiments H(e, e'p)N*,
H(e, e'p)N*", etc. , with the expected probability of

w —10 as compared to the known H(e, e'p)n cross sec-
tion. It is reasonable here to have the final-state relative
p N* (or p-N** -or p n) mome-ntum value p„,&

large
enough, p„„~1 GeV/c, to avoid the meson-exchange
corrections, etc.

Second, here one should keep in mind the calculation
of the momentum distribution of nucleons in the deute-
ron taking into account those "cluster deexcitation"
peculiarities ' which were outlined in the Introduction.

Third, one should theoretically and experimentally in-
vestigate the deuteron photodisintegration y+d ~n +p
in the energy region E —500—1000 MeV, i.e., where the
P-phase shifts pass through m/2 when decreased. Use of
polarized photons enables one to separate out the E1 ab-
sorption. The quark configurations appear in the

theory of the process in question in a quite different
manner than in the electron form factors for the deuteron
(both elastic and spin-isospin-flip inelastic form factors).
So, here we shall have independent valuable information.
Let us now discuss other important, albeit more indirect,
possibilities for verifying the description of NN scattering
with the aid of the FSP concept.

In the foregoing we have pointed out that the peri-
pheral repulsion, associated with the spin-orbit and ten-
sor interactions, outbalances the effect of central attrac-
tion in the case of the phase shifts D, , I"

3 63 etc. ,
which are negative at all energies. The general consisten-
cy of the short-range spin-orbital and tensor interactions
(including mixing angles which were not involved in our
present investigation) can be verified by analysis of polar-
ization correlation experiments.

Next, the mutual transparency of nucleons should lead
to marked changes in the properties of nuclear matter.
In particular, due to large virtual momenta of nucleons in
the region of their overlap, the microscopic picture of
compressibility of the nucleus should change.

It is also interesting to elucidate to what extent the
concept of deep attractive potentials is applicable to oth-
er hadron pairs. As regards the NN interaction, where
no a priori prerequisite arose about the existence of a
repulsive core associated with vector mesons, it has long
been admitted that here the optical potential with the at-
tractive real part is applicable which, according to
modern estimates, is qualitatively similar to what we
have in the NN system, but the strongly bound NN states
are not necessarily dynamically forbidden, although if
they do exist they seem to be greatly smeared in energy.

However, certainly, the most consistent approach, as
has been noted in the Introduction, lies in a further quark
shell-model investigation of the nonperturbative interac-
tion between constituent quarks in the confinement re-
gion of partial nucleon-nucleon overlap.

The results outlined above indicate that significantly
more powerful carriers of the NN interaction are required
that those which are usually considered in the quark
models of nuclear forces. In fact, if we have high-power
NN interaction potentials 1 —2 GeV deep, this is compa-
rable to the energy of a gluon condensate in the volume
of the two-nucleon system. In this respect, of interest is
Ref. 48 where the interaction between quarks via the ex-
change of glueballs or heavy colored gluonic bunches is
discussed. The masses of glueballs and bunches have the
desired energy scale =1 GeV and the interaction they
produce will take place just in the region of significant
nucleon overlap, which corresponds to low partial waves
E~» = 1 —5 GeV. Our results suggest the symmetry
(AA)(cr cr ) for. t. his color-exchange interaction.
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