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I , INTRODUCTION 

In recent year owing to the development of the dynamical 
quark models constructed on the basis of QCD, the Blokhintsev 
fluctuons/1/ (the fluctuations of the nuclear density) have 
been realized as multiquark states. Among the latter the 6q
,-states are most simple and important. The study of NN- states 

will obviously provide the new understanding of the origin 
of the so-called "repulsive nucleon core", i.e., of the effect 
arising in the region of small internucleon distances. 

The behaviour of the NN -wave function in this region is 
essential for describing many intensively explored phenomena: 
electromagnetic form factors of the proton, deuteron, triti
um 121 , NN- and N -nucleus scattering with high p /3/, the cu-
mulative nuclear effect 141 , etc. · T 

In the nonrelativistic nuclear reactions the region of the 
small RNN is very essential also for the consideration of pa
rity violation effects 151 as the weak interactions have 
a contact character. 

Thus, the understanding of the dynamical nature of the core 
is the daily necessity. May the core be explained by the me
son exchanges between nucleons only, i.e., on the particle le
vel, or is it a specific quark phenomenon, arising due to the 
existence of the multiquark states? This question has been 
raised in the papers 16-81. 

Indeed, the consideration of the NN-systems into the confi
nement region R < 1 fm requires the quark approach, as all 6q 
may 11 fall into o;_e bag". In the colour model the antisymmet
rization of the whole wave function of 6q -system can be con
centrated in the space CST (Colour, Spin, Isospin). Then, the 
orbital part of the wave function is symmetric [f]x ={6] and all 
6q may be in s -state. 

Nevertheless, s 6 configuration has to be hindered in nuclei, 
as the large probability of the adhesion of nucleons is inad
missible in view of the nuclear matter stability. This follows 
also from the data on the low-energy NN-sc~ttering, of the 
deuteron parameters, which demand the introduction of the re
pulsive core in NN-potential. The applications of the mass 
of ~~-systems taking into account the QCD-forces give evidence 
for the potential barrier with the height of a few hundreds 
MeV 191, preventing the mutual penetration of nucleons. 
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However, besides s6 there is a low-energy state of the 
confi~uration s 4p2 due to the colour magnetic forces of 
QCD 18 (§2). Its wave function on the relative coordinate of 

4 lr+ -+4 1-++-~>-!o • • 3q.~-clusters R:::z\r1;tr?+r3 )-§"{r4 +r5+rs) has .a node ~n the reg1on 
R-(0.4.;.0,5)frn, wh1ch 1m1tates the core, 1.e., such a wave 
function describes the data on the NN-scattering and the 
electromagnetic deuteron properties /6,?/ in the same way, as 
the wave function with the core. At the same time, it gives 
a higher probability for producing the 6q -states (§3). In 
this case the effect of repulsion in the NN-systems arises 
as a consequence of the general Pauli principle. The CST
parts of the wave functions in the s6 and s4p2 configurations 
differ in form, that is connected with their different permu
tation symmetry in the orbital space. For example, in the 
s4p2 -configuration the orbital Young scheme may be [42]x;then 
in CST-space we have the conjugated Young scheme [2212] CST 
(in the s 6 configuration there are (6]X and [1 6] 0ST, respec
tively). This difference will be manifested in the processes 
depending on spins and isospins of quarks, e.g., in the weak 
interaction effects and in electromagnetic form factors. As 
a result for the calculation of such effects, it is necessary 
to know both the total probability of the admixture of the 
6q -component in a deuteron and the relative weights of dif
ferent configurations and their phase factors. Such informa
tion about quark wave functions can be provided by a full 
dynamical calculation using the pair qq -interaction, that is, 
impracticable today. 

In this paper as a rough estimation of the probabilities 
of the Sq -components we suggest using the phenomenological 
NN -wave functions for describing the relative motion of the 
centre masses of two 3q -clusters (nucleons). In that case 
using the usual methods of cluster nuclear physics 110/ we can 
calculate the probabilities and the phases of any 6q-configu
rations. This approach has first be.en used to the deuteron 111/ 
for the calculation of the probability of the L\6. -component 
determined by the configuration s 6 . Like in 1111we use here the 
oscillator basis of the translational invariant shell model 
(TISM)1101 for the 3q- and 6q -states. Thus, the quark dynamics 
is taken into account only effectively through the oscillator 
parameter of the basis n "" 7.56 fm-~ which has been fitted 
in/121by the data on the nucleon form factors. On the other 
hand, the phenomenological NN-wave functions permit the cor
rect description of the NN-scattering. We use two alterna
tive phenomenological models of NN -interactions: a model 
with the repulsive core 113/ and a model with the node wave 
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function 161 • In conclusion we discuss the correspondence of 
our fluctuon probabilities with the earlier results /11,18·20/ 

and with experimental restrictions. 

2. REPRESENTATION OF THE NN -STATES IN TERMS 
OF THE 6q -QUARK SHELL BASIS 

In the region of overlapping of the nucleon wave functions 
the identity of quarks is very important, as the quarks are 
the fermions evidently. The identity of fermion quarks from 
different nucleons implies a full antisynnnetrization of '11 NJ6q) 
with respect to any quark permutation. 

1 3 6 2 
Let A~~ I-:!: :!: P .. ] (A ~A) be the antisyrrnnetrizer of quarks 

10 i=1 j:=:4 lJ 

from different nucleons. In the rough approximation, we can 
write: 

'I'NN(Sq) ~JA AI<!J~N(R)'I'N,(3q)'I'N"(3q)l CSTI 

where 1'l~N(R) is the orbital part of the usual nuclear wave 
function (of the deuteron or the NN-scattering state) and 

(I) 

(2) 

where x~l 
quark wave 
TISM 1101 

· 

is the spin-isospin parts. Here we substitute the 
functions of the nucleons constructed in the quark 

'I' , (3qJ~IOC 00)0[3]x' [1 3 Jc's,~.!..r2t]cs'r,~.!..rt 3JcsT~ 
N ' 2 2 • TISM - (3) 

~<ll 00 (x 1 , .!!.)<ll
00

(y
1

, .&.OJII1 3 lc' s-~.l[21]cs' T'~..!..rt 3 ]csT'> 
2 3 2 2 

where 
lator 

. II b . 
~nf are the oscillator wave funct1ons,fl e1ng 
radius of the lowest states 

<!J ( (!)- !2( (1)'3/4 
20 X, - Y3-;; 

I (I 2 
3 -- X 

(--Ox2 )e 2 
2 ' ... etc, 

the oscil-

(4) 
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x i , y i , R , X are the Jacobi coordinates for the two 
3q -clusters: 

~ 

X 
1(2) 

~ 

= r 
1( 4) 

~ 

-r 
2(5) 

having the properties: 

Y - .!..<r + t J -' 1(2)- 2 1(4) 2(5) 3(6) 

d " d3 d3 d3 d 3 d3 d3 d 3R d3X ' "'1 '2"' 's = •1 Y1 •2 Y2 

(5) 

(6) 

In the right-hand side of eq. (I) the factor Nf.1 takes into 
account the change of the normalization of the wave function 
under the action of the projector A: 

N = 
A 

<I<I>NN lJI N ''I' N" If A! I<!> NN lJI N ,lJI N "I 

<I<I>NN'l' N'ljiN"III<I> NNljl N' 'I' N "I> 
(7) 

The curly brackets 1 ... 1 CST£ in the right-hand side of eq. (2) 
mean the vector summation of all the moments of the 3q -clus
ters into the. total moments of the 6q -system: 

C=C'+Co, 8=8'+8", T=T'+T 0
, L=L'+L 0 +Eo 

in the given case we have 

C'=C 0 =0, 8'=8'' = ~, T'=T''=:, L'=L"= 0. 
In the first row (3) the symbols, standing before the comma, 
refer to the orbital part of the wave function and are stan-. . X 
dard for the s,p -shell of the TISM1101: IN~(A !')L'[f'] •"'>.Here N~ 
is the number of p-quanta of excitation of the oscillator; 
(A'~') are the symbols of SU 3 -scheme 1101 in the space of 
oscillator p -excitations (if [rp] is the corresponding Young 
scheme, characterizing the permutation symmetry of p -quanta, 
then A'=f' -f' ~·=f' -f' where f' are the lengths of the 

Pt P2' P2 P3' Pi 
Young scheme rows); L' is the orbital moment; [f']X is the per
mutation symmetry in the coordinate space. 

An approximative representation of a many-particle wave 
function in the form (I) is used in analogous problems of the 
nuclear physics for a long time, in particular, in the calcu
lation by the resonating group method (RGM)'' 17 ,', suggested by 
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Wheeler as early as 1937'' 141oRecently, the first RGM calcu
lations have appeared in the quark approach 11 5.'oWe should like 
to emphasize that our method is essentially simpler than the 
RGMo The RGM is the variational approach for determining the 
unknown function <l>NN(R), while we use in eqo (5) already known 
functions <l>NN (R) from different phenomenological models of 
the NN -interactions /13,6/ (Figure) 0 

Thus, constructing the full orthonormalized basis of the 
TISM for completely antisymmetrized oscillator 6 -quark 
states /21-' \fl n (6q), n =0,1 ,2, ... and expans ing over this basis 
the wave function (I) of the NN-systemwe have 

'V NN (6q) ~ 2 '1V n (6q) :'V n (6q) itf-A I<!JNN 'II N '(3q) 1V N" (3qJ I· , 
A 

(8) 
n 

In a calculation of effects sensible only to the small inter
nucleon distances, we may take into account only the low-lying 
states of the TISH in the expansion (8). We use the states 
of the s -shell (configuration s6) and the first excited 
states of the same (positive) parity (configuration s 4p2) 0 

We consider the states •vith the deuteron quantum numbers only: 
(S, T) =(1,0). In the configuration s 6 the Pauli principle fixes 
uniquely the only allowed state in the TISM basis: 

(9) 

In the case of the orbital symmetry s 4p2 [42J X the Pauli prin-
ciple requires the Young scheme [221 2]CST in the CST-space, 
which is compatible with any scheme [f]cs in the expansion 

[ 23]C,_, [ 42Js ~[ 42jCS ,[ 3211 cs.,[ 2 s1cs+[31 3 ]CS>(2l4]CS, (I 0) 

Thus, the Pauli principle selects six TISM-states with the 
deuteron quantum numbers: 

(I I ) 

The degeneracy of the states vanishes due to the colour-magne
tic forces HM of QCD 1161.If the dependence of the orbital part 
of HM of the quark orbital state ( s or p) is emitted, we 
can express the mean value of HM through the proper value of 
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Figure. The deuteron wave 
function in the models 
of "core" and "node". 

the Casimir operator c~s) 
116f 

of the group sucs(6) 
4 fl. o8N ± -S(S+ 1) -

n 3 
( 12) 

-4<'1' Ices> I~' > 
n 2 n ' 

6. n depending on the 
Young scheme l f] cs . As 
a result we find the 
following Table 1 of 6. n 
for the vectors ~ , 

n 
Thus, the state ~l (6q) 

is the most low-lying 
in the configuration 
s 4p 2 . The more exact 
calculation, that takes 
into account the orbital 
dependence of HM, has 

been made in 18 / by the model of the MIT quark bag 117/ and the 
oscillator model. They confinned, the state I.J1

1 is peculiar 
in the configuration s~ PJ and close in energy to the state 
s't . Therefore, in expans1hn (8) we may leave the vector 
(9) and the vector 

~1 1 (6q) "!2(20)0[42]X ,[2 3 ]CC"0Sol[42]CST o0[2 2 12 ]CST> • (13) 
TISM 

Then we shall denote IJI 0 (6q) as 11' 6 , and '11
1 (6q) as 11' 

8 84p2 

and the quantities, related to \11
0 and IJ't, will be indexed 

s 6 and s 4p 2 , respectively. For example, the overlapping coeffi-
cients of IJ'0 and IJ1

1 with I.J' d (6q) in (8) will be denoted by 

The antisymmetrizer A 
bra-vectors lJI n act on 
tors 1211, 
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is removed from (13) because the TISM 
the ket-vectors as projection opera-



Table I 

The energy of the colour-magnetic interaction 
EM~<'I'n!H~l'l'n > (Tbe data are obtained by the quark 
bag model !6,!7,!8/) 

n 2 3 4 5 6 

[f] cs [ 42] [ 321] [ 23] [ 31 3 ] [ 21 4
] [2 3 J 

lln -88/3 -28/3 8/3 8/3 80/3 8/3 

EM(MeV) -430 -137 39 393 393 39 

The values of !C s! 2 and !C 4 2! 2 may be considered as the 
probabilities of 6q~ -compon~n~s with different symmetries in 
deuteron, the matter being in the statis-tical object like the 
Blokhintsev fluctuonlll, directly defined by the identity of 
nucleon constituents, rather than in a real exotic 6q -reso
nance. 

3. THE CALCULATION OF ADMIXTURES OF s6 
COMPONENTS ON DEUTERON 

In order to calculate the admixtures of s 6· and s 4p2 we 
need the expansions of 6q -states lV n into sums of products 
of two 3q -cluster states (especially we are needed a coeffi
cient at '~'nll'n -term in this expansion), i.e., 

(15) 

(the latter is a contribution of colour pairs); 
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+ 

+ jf1 :!: <I> (R) 'l'c !'" (3q) 'I' c;? O (3q) I (the same, as above). 
5 i ni fi Bi Bi C=O,S=l,T=O,L=O 

(16) 

Here we denote: qs 6. (3q) is the quark wave function of .!'.. -iso-

bar, 'l'N*(3q) and 'I'N*"(3q) are the orbital excitations of the 

nucleon state with.one or two quanta, respectively. In par
ticular, we use: 

( 17) 

where r(i) are the Yamanouchi symbols, which characterize the 

basic vectors of irreducible representations 1101 of the permu

tation group: 
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The state ~N(3q) is given by (3), and other wave functions 
are not needed. 

Using these formulas we can reduce the expressi.on (14) to: 

(19a) 

and 

c •-2=- _!_ - 1
- J <1> (R ~f!l <1> (R) d 3R ' v- 5 N A 20 ' 2 d ' (19b) 

The final results are obtained by the numerical integration 
in (19) of the wave functions (4) and the phenomenological 
deuteron functions of two alternative models of the NN-in
teractions '1'3.6' (Table 2). 

We see, the fluctuon probabilities fC 6 I 2 and iC
8
4p2l2 in

crease with increasing radius n-~ of the oscillator 6q -state. 
However, as we have already noted, this radius is not arbitra
ry; .it must take into account effectively a quark dynamics. In 
paper'1 2 ' n :-7.56 fm-2 was fitted by the nucleon form factor·s. 
This value gives evidently the radius r

3 =U-Y2 
"" 0,364 fm 

of the "quark core" of a nucleon, while 1he most part of the 
full charge radius r h= 0.8 fm may arise due to a p -meSon cloud. 
We emphasize, in thimodel of NN -interaction with the for
bidden statel61, the position of the node of the wave function 
of the NN-state coincides practically with the radius of the 
quark oscillator RFS ~ (0,3670,4) fm. Then, at Q ~ 7.56 fm-2 node 
the orthogonality condition C<t>';;'~e(R),<t> 00 (R,nF&)}~O is fulfilled 
also for the node less configurations 6 . This 1s the reason 
that magnitude of cF~ is not stable with respect to the 
deviations of the pa'i:-ameter n. Thus, it is necessary to fix 
n = 7,56 fm-2 by the physical considerations, this value cor
responding to all restrictions following from the phenomeno
logical models of NN-interactions. 

4. DISCUSSION OF THE RESULTS. 
RELATION TO THE COR.E PROBLEM 

It is interesting to compare the obtained results with es
timations of the admixture of 6q -components in the deute-
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Table 2 

The admixtures of the s 6 and s 4p 2 components in the 
deuteron for the Reid model with the soft core (SC) 113/ 

and the model with the forbidden state (FS) 161 

2 4 6 7.56 9 

ro= n-Yt (frn) 0.707 0.500 0.408 0.364 0.323 

sc 0.273 0. 135 0.0842 0.063 0.052 
c 6 s 0.315 0.134 0.052 -0.008 FS 0 

sc 0.264 o. 149 0.0983 0.075 0.060 

c 4 2 
s p FS o. 280 o. 123 0.122 0.141 0.116 

sc 0.074 0.018 0.0071 0.0040 0.0027 

!C 6 12 
' s FS 0.099 0.018 0.0027 0 0.00006 

sc 0.070 0.022 0.0097 0.0056 0.0036 
I •2 ,c 4 21 

FS 0.078 0.015 0.0148 0. 0199 0.0135 s p 

ron 111
·1 8 · 20 '. We can write conventionally: 

(20) 

where 

l 6q'· 1~ IC eq' 6(Sq) < c 4 2q' 4 2(6q) + .•. l, 
:) s s sp sp 

(21) 

Let us note, the states INN> and l6q> are not orthogonal as the 
NN -component contributes in the fractional parentage expan
sion (15), (16) of the shell-states s6 and s4p2 with the 
coefficients ~ «<>00(R) and -..L<l>

2
JR),respectively. However, 

the orbital overlapping coefLc>ents Ynf ~ f<l>nr(R) <l>d~R) d3R 

arf small, and with an accuracy up to the factors 3.Y 0 and 
- 5y 20 the admixture of the 6q -components can be aetermined 
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as a magnitude of f 2 in the expressions (20) and (21). From 
Table 2 we find l'sc :: 1% and fl/s =2.%.· A number of extrapola-
tions of the "quark counting rule" formulas to the region of 
sm~ll1 q2 predicts the ~~;adm~xture in the de~ter?n up to 
6%· 18 . The close values , ar1.se from the estJ.mattons of the 
data on the cumul_ative processes /20 1,(But in this case the 
fluctuon approach is not uniquely possible; see, e.g., 1 22/ ). 

The question what configuration ( s 6 or s4p 2 ) dominates 
at small distances has a direct relation to the core problem. 
In / 9 ' the balance of quark forces has been studied in the 
adiabatic approximation as a function of the parameter R. 
In this approach the point R=O corresponds to the shell con
figuration s6[6]X and the position of the level E 0 in the 
s 6 -configuration (E 0 =<!/loiHI!/1 0 >) gives some information on 
the NN -forces at small distances. In the s6 -configuration 
the repulsive colour-magnetic forces prevail, and this result 
agrees well with the phenomenological. NN-potentials /t3/, 
which include the repulsive core at Rc.:::0.5fm. 

However, in the overlapping region of the 3q -clusters the 
real situation may differ badly from the adiabatic picture. 
Particularly, the RGM computations urge us '15/ that the wave 
function depending on R has the node form. The node function 
may correspond to the case, when at small distances in NN-sys
tem the s 4p2 configuration dominates, as it has first been 
noted in /7,23' Really in the expansion (IS) of s4p2 state 
t~e NN -te3m has the nodal :hara:ter (the ?scillator ~unc
tlOn <1> 0 (R.2!1) has a node 1n po1nt R~n-Yz). There 1s 
a possi~ility also, that in the NN-forces the repulsive core 
is in fact only a reflection of the node of the wave function 
li'NJ6q) like in the cluster system a-a, etc,/6,241, At 
small distances 'PNN (6q) is rather to a superposition of the 
TISM basis vectors in the s 6 and s4p2 configurations; this is 
reflected in expansion (8). In the subsequent paper of our cycle 
we shall show that the parity violation effects restrict the 
fluctuon probability in deuteron and perhaps are crucial to 
its configuration content /231. 

We are indebted to V.G.Neudatchin, Yu.F.Smirnov and 
Yu.M.Tchuvilsky for interesting remarks. 
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