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Ea6yuHn3e T.D. "np. 

KsapK -Knacrepaa:s~ Monenb H.apa H ~nepHbie cHnbl. 

1 • .ilsyX'lJ8CTH'lJHbi8 CHnbi 

E4 · 12318 

KaapKOBa£ MO,aenb Hll.pa, f'JJ.e H.apo npencrasnSieTCSI KaK CHCTeMa 6ec

usen"'hL( TpeXKBBpKOBbiX KJ18CTepOB-HYKJIOHOB, 0606W8€TCH H8 cnyqaif, K0f'.ll8 

yqH:TbiB810TCSI, TBK.>Ke B036y1i\.QeHHbie HYKJIOHHble H pa3Hbl6 6, -H306apHbie 

COCTOSIHHSI. Ha OCHOBe 38.ll8HH0f'O JlOKanbHOf'O noTeHUHana KBapK-KB8pKOBOf'O 

B38IIMO,Ileti:CTBHSI, yqHTbiB8IOIUer-o 06MeH f'JliOOH8MH HB M8Jlb!X pacCTOSIHHHX 

H Koa¢aHaMeHr Ha 6onbiiiUX paccTOSJHIHIX, s f5aMKax paccMa TpHsaeMoH MoaenHi 

6bin IIOCTpOeH flOTeHUH811 6apHOH-6apHOHHOf'O B38HMOileiicTBHH. 3TOT IIOTeH

llH811 COll8p}!{HT K8K UeHTp8JibHyiO, TBK H CflHH-CflHHOBYJO H TeH30pHyJO qacTH, 

51Bn.HeTC:H cyry6o aenoKanbHhiM, liTO o6ycnosneHo o6MeHHbiM xapaKrepoM 

B38HMOileti:cTEHH H HMeeT panuyc neHCTBHH IIOP51llK8 p83MepOB 6apHOH8. 

Pa6ora BbflOJIHeHa s Jla6oparopaH reopeTH"<IecKoH $H3HKH Ol1HH. 

Coo6meHue 06beJlHHeHHoro HHCTHTyra SI.nepHbiX uccneJlosaauft. ily5aa 197.9 

Babutsidze T.D. et a!. 
E4- 12318 

Quark-Cluster \/lode! of Nuclei and Nucleon Forces. 
I. Tvv-o-Bcxiy Forces 

A quark model suggested in ref.f11. according to which a 
nucleus is considered as a system of colourless three-quark 
clusters-nucleons, is gener,=tlized for the case vvhen besides the 
nucleon states the possibility of producti'lg the excited nucleon 
and different L\. isobar states is taken into account. Beginning 
vvith ='i given local quark-quark interaction potential, including a 
gluon exchange at small distances and a confinement at large 
distances, baryon-bctryon interaction potential is constructed in the 
frameT..vork of the mcxiel under consideration. This potential contains 
central, spin-spin and tenzor parts and is basically nonlocal, due 
to the €"'<Change character of this interaction, and has an interac
tion radius of the order of the baryon r.m.s. radius. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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Introduction 

It has become widely accepted that a nucleon (N)is the three
quark composite object in which any two quarks are in the re
lative s- state, as to the colour state of this object it be
longs to the singlet representation ({13}c) of SUc(3} group. 
If now we accept nucleon model of nuclei we come to a model 
of the nucleus which is a JA-quark system of the colour singlet 
three-quark object (colourless three-quark clusters - nucleons) 
in a given instant of time. Such a model can be called the 
quark-cluster model of nuclei by an analogy with the ~ -clus
ter model. Indeed: as in the ()(-cluster all allowed spin and 
isospin states are occupied,and as a result the corresponding 
wave function is completely antis~nmetrical (the singlet repre-

. { 4}C'<" tl'<"( • sentatJ.on 1 of SU 4) group), J.n nucleon all the allowed 
colour states are occupied; further the exchange of nucleons 
with the same spin-isospin quantum numbers is allowed between 
any two ~-clusters analogously the exchange of quarks with the 
same colour quantum numbers is allowed between two nucleons. 
In the framework of the model under consideration there is a pos
sibility of the appearance of the three, four and other many-

body forces besides the two-body forces arising as a result of 
the single-quark exchange between two nucleons in a given instant 

of time. The model described above was suggested in reff1/. 
This model is easily generalized for the case when besides 

the nucleon states the possibility of the production of the ot-
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her three-quark 
etc., are taken 
objects are the 

* objects, e.g. , 6. -isobars, excited nucleons N, 
into account. These new types of three-quark 
result of the exchange o£ quarks with the diffe-

rent s pin-isos pin and radial-orbital quantum numbers, but with the 
same colour quantum numbers. It is clear that due to the excha
nge of quarks between cluster states with a "hidden" colour/ 21, 
i.e.,states corresponding to the octet representation {21}c of 
SUc(J) grvup can appear. We do not consider here this possibili
ty. Therefor we come to the model according to which a nucleus 

is the 3A-quark system divided into the colourless three-quark 
clusters (baryons). 

Two-Body Nuclear }'orces 

The similarity of nuclear forces with forces acting between 
nouble gas atoms, e.g.,between Helium atoms (see, e.g., review 
article/3/) is well known. In this case He-He forces are there
sult of the averaging over the electrons from closed shells of 
an electron-electron interaction from different atoms taking in
to account an exchange effect. Analogously, baryon-baryon inte
raction potential can be considered as a result of the averaging 
of the quark-quark (qq) interaction potential between the quarks 
from different closed colour shells (colourless three-quark clus
ters) having the exchange between the clusters with the same co
lour quarks. 

The present paper is devoted to the construction of bary
on-baryon (BB) interaction potential on the basis of the model 
described above. There are different two-baryon state vec-
tors for six-quark system in this model 

llf.,Jly,), I!J.J(,./J.'fs), INy:N: .. )IA;.Ay:) 'INZ,N~),jN,h[J.¥J.+8¥J''Iz)• 

IN<J..N: +N~~N'Ia),IA: t:..,._+t:..¥.~>. INt.,N~ +N:_Ny._), (1) 

b • • I • • I • • I • • • *) !!'7.A~,. + !)..,._ Ny.), N'kA~ + l::..'b.NYz), tl'I..N'h. +N'~> {;:),.), N1N>f.o +N._. Nr. > 

• • • *) I • * * *) IA.,:LN''" +N,/,. A 'Ia • !)..,.,_ N 'h. +N 'h. IJ..,. • 
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where we designated by li'k and /J.'h. nucleons and ~-isobars in 
the ground states with spin-isospin wave functions correspon
ding to the irreducible representation (IR) {3} of SU6~(4) gro
up end with the s- state space wave function. Nucleons and f:l
isobars in the excited states with spin-isospin wave functions, 
corresponding to theIR {21} of SU6~(4) group,and with a space 
wave function,characterized by the non-zero orbital angular mo
mentum are designated by N~t.(>tsland ~::...,: In this basis the BB -

interaction potential is a many-row matrix. It is convenient to 
begin with a shortened basis taking only ,two state vectors ~~~~~) 
and l l::uh.C:.on.J• As for the construction of the full matrix it will 
discussed bel ow. 

The state vector of two identical a- and b- baryons is taken 
in a form 

l¢.u.>-~ U-P<J.b)l¢<>-b>, (2) 

where: 
l ¢"-b) '=I ¢.,_ll2.3))1 ct>.l456) > I Ra.b) , (3) 

I¢.,_') , (¢>b) are a- and b-baryon state vectors antisymmetrized 
over all quark coordinates; IRab)is the state vector of their 
relative motion; Pab is the two baryon permutation operator. It is 

clear that the interaction energy of the, BB - B 'B' transition 
with fixed values of orbital (L), spin (S) and isospin (I) mo
menta has the form 

" -- [H-n"H'••'J;cp.:~·~·lr:f-.v, i:tR-I<flm)Lt-Ht''"J E w 1!>'1!',1!>1/> -.fl:" \ 0- b Ul t;;. l<e i•l i"" \3 CJ-b VI' 
(4) 

- [1-Hl~·•+<J 
W e:s', &B -/i:' 

where vkl is a qq interaction potential and 

<" '"' e P,; .. P,,; P,; P,il (5) 

is (i,j) quarks space, spin-isospin and colour coordinate per
mutation operator. 

Let us take the state vector I cp ~~I) as a product of the 
colour, spin-isospin and space state vectors! 

5 



I ct>'::: > 0:: !{P}{!3}Y ~~ .. !I., t .. t.;SI) I<Po.)lct>b) IR~~>. (6) 

The local qq- potential,in general,has the form 

~ ..., ~ ~ ..., ... ... ... 
v"t-= r .. ·~ r ... cr'l<l, P .... ,t.3t)-lf<A.: .:A~ftc.elr!...,P .. ,!:>.c.,t .. )) (7) 

... 
here ). ( ).

1
, J.." , ••• , X ) are Gell-Mann matrices and f kl is a 

some scalar function. 
Making use of (4),(6) and (7) we have 

3 " _,.. -; 1 

W,;s,sa=-~ L;:: \{13W11~·~ ?.: j{l3l{i'})e{<IVP~Ra\·lf<t;.s:(f'.al")P;~ /cb"~b R!'.) 
~e.."~4tu=ril ~c.t.,,l :~ .J 

(8) 

where 

r~·x·n .... > < t. 1 .... 'I ......... -..~"',. " > J,..';;;(r ... P .. == ),db', O:"lb':.:>I f~(r,..,P .. ,~.~ .. I'<~ ~"'·~~,t:.:lb:.:>I . 
(~ 

Introducing the proper Jakob coordinates in the six-quark 
c.m, frame one has 

'j'•; (..._ -h >1 I rs·~··u o~ I A-. "" ~ ) 
-',t 3 '+'a•'+'b'Ra!~ Iu')~;;r,~ 'VB-'+"~Ra.b ~ 

r ... L!.- ... { ... _, ~ ....... ..- ...... ) .......... ~ ~) 
= jcl.r Ra'b' lr) JcLR,..dia d.~~ ¢a:(r.,r.,rJ;R.a: c:j:>b,(r.,rs,Y'Gj Rb' · 

l'x\~x .... ~ ... [ ... .., .., ~ :to _.. .... ... )il} ~ • ~ ·f... (r,..,P ... )P., 4>c;.(r.,r~,rJ;Ra.)¢.,(r.,,r.,r,;~b~ Rtl.I.(P;;r)J 

where 
... ~ ~ ..... 1 ~ ~) ...... 
'r"e.=rtc.-rt.J R~e.E. ._Tlr..,-trt , :x:.-=ari--r[, 

.. ~ R.. (' ........ . ·I •) l'"'l<a.- bj •• ~ .... lc.; J,J*". 

Let us use an identity/4/ * 

.. .. .. 
'<f•rj-ro'> 

R~lP,~ ~) =l!'Y J€1xf[-~" (P;;i! -ts)jt4:f[r~;:.~5t]R!".l"')ct~Jr; 

( 1()) 

(H) 

which is held for an arbitraty value of parameter ~ with 
Re ~2.) o. This parameter has to be taken for convenience. As a 
result we have 

------------~-------------
*The authors would like to thank V.S.Skhirtladze who has· poin
ted out on the possibility of using this relation. 
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,, r .. "'R~It(, ... (""'I l<lHi I"") n L. (") 'J ~~ = jd.rdi O:'o' l.r) r- Vs•fi,&& r ~a.b r > (12) 

where 

•'IV"t,;; 1 .. ) lt:)~J3~ J; J.!..J~r..~-. r:>'R.. .. "').+. r,4' ......... :Ill' (.;r ,.-,
16 

r "'~. !M\.l<l ~<t~ L'+'a:l..", u 1ru,!:e '+'b'l~'", ~«&,ru,"i!)J · 

fg;i'·Sl.., .. 5 ... ,. J~ •'-> .., "),f., I."'~ .. ...,) [ .. (.~' ")2.] ·r .. ~ lr,..P.c,.) d.SP, 31'+' .. lr,Ru.ru.~ 't'.ll'",~<..._,r .... ~ ~ -r ~,r-iS · (1J) 

· ~ [t&lr"-1.s)"] 

are the elements of the BB -. B'B' transition potential. It is 
easy to see that for a given (kl), e.g., for (kl)~{14) we have 
three types of the different matrix elements of the potential: 

v14;141 v14;15 a v14;16 = v14;24 = v14;J41 

v14;25 = v14;26 a v14;J5 = v14;J6; (13') 

We should like to emphasize that the effective BB poten
tial we have obtained is basically nonlocal, This is connected 
with the exchange character of the BB interaction and that we 
have not used the adiabatic approximation (see below). 

The basis function of the IR { 1J)of SU0 (J) group has been 
used for calculation of the matrix element "({i~}{i•}lr.: ~Po: 1{41}{i•lY. 
Keeping in mind that according to our assumptions colour octet 
cluster states have to be neglected we omit the states appearing 
besides the singlet states after the action of the operator Pij 
on the state vectori{1 3 }{13})C • As a result we have: 

{ 

1/9, 

t { 1JH 13}1 !\flp~j \{ 13}{13J>o= -1/1s, 

1/36, 

The direct calculations show us, that 

(i,j)s(k1 1) 

i•k, jl'l 
ilk, j .. 1 

(i,j)f' (k,l) 

lt·hi--t-;s'I)1 [a.u, a..s .. · ·1 [IH·,{{-;~I)J 
P.~llti>it; ~I) _ a.. .. ,, a.u,... IU·,ii;si) 
·~ -. ~ - . . . . . .. .. . ... . - .. . . .. . 

. - . • . . . SI . . . . . . • 
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The coefficients a.,..._ for fixed values of (SI) in :NN channel 
defined in the basis (1) are shown in the table, If the shor-
tened basis is used this coefficients must be normalized again. 

Taking into account the formula (15). BB interaction potential 
can be written aa a matrix 

IO.u VNN, NOI ~ 0.2\ VNM ea: ... J 
Vae =- ~~ V4~·'"_~ ). ~1~ ~~~.~~~. _· : 

( 16) 

where N (A) denotes a cluster with nucleon ( A -isobar) space 
function, but with spin J/2 (1/2) and isospin 3/2 (1/2). 

As one can see from (9) and (13) we need the exact expres-... ~ ..... -. ) aion for f,.,(r.,_., P ... , ),. , )c. 1Unotion for the oonstruction of BB 
interaction. Let us use the expression for qq interaction sug
gested in ~ef./5/ and generally accepted substitutions 

_l_._.,r l ) I ~-~ ~f._l )~--~ Lr. (r1<2) 
Y""" J~e.t rec.c. J --;::r- ru aru \..r~ rtc:.e dru. l"u ' 

o(~.) ""'- £,~ 6.-... l r~.)-- £,~ l:::..rc.c. fu (ro<e)) 

with the demand of the translational invariance the function 
fK.t. is reduced to 

r.... ~ ,. ~) f I f [ ""t. " r.~ ... p~ l f ... I!" ... ,P .... ~ .... ~. = "'(r,...)-]i;jr alr,.~)L-Pu +rulru·P,...) ""'J + 

( 17) 

-+4~• [htl..-~.J~ .... 5.,.lru)'~-~f3tuS ... 1'{befu:~)(ru·S"t.- ~;...~ .. )}} (1a) 

. I 'd r 
~., ~ !ulru) 1 

1\ ... 

r =..!:.. 
r 1 

where f .... lr"0 ) is taken in a forrr/ 6/ 

~~- I '""•)""I] fu.lru)=r:;- 1-l~ , 11-;:d. (19) 

A Coulomb-like interaction term in (19) at smali separations ia 
associated with massless vector mesona(gluons) exchange and the 
second term exhibits a "confinement" interaotion at large sepa,. 
ration. 
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An inner state space wave function of a baryon is taken in 

the form 

[4]lf"' r 4 \>I• I " " ~ -n )2.} 
¢<>lo) = 11. \.T) ~ i- (jc>.(>) _!-- lr i - "a.i.•l .> 

•~aU.) 

(20) 

where parameter ol.._~"> is determined from r.m. s. radius of a 

-/"""")'' 1 baryon (lr,-ll. .. t•> ) • -li""''""> - """-lb)• 
The calculations show that static part of NN-NN, IJ~_..{)f::,. 

and Irn~6~ transi tiona potential in r -representation has the 

form 

<r'lV,;,;,~e.lr)- f [~~tin:5,r"l,j'r:J.Y").-/rJ.'1 +d'L • 
·~r[ i lci' 1+,l);;·]B:I'!Xf>[-{~~·'-+f~~)r'2-(ti~'1+i<i"V']. 
r. ,,{'1 I. ... .. 'J. t. } •f"t~:f!)+ ~,:~ l9+\-5..:~b) w>~Lr~r)t cia:! j:;'t(f'.~')] + { ~ .::!rl 

sh!-r'l ) 
c. • i ltrc,a. 8 t2. t.: l:''~'r)"' ___!_f __ + ( .,., ... ,1._1- -=-!:hi~ .!_. IJOl.t .... )I,..:! ""'11+ '- ' :.~ l lf'-~'l ~ 11m t:Vv-' JL•- 8o Jf -r 

Jjf'l/0 ... 

( 

"' ~( .i .l.. g(d.'J."'""•> I .. ""'11~ + 4r:tol'1+cl') '+' - .s.> J. ~- liO !>r- r ~ ) ' I ~ g(.l'-t.t' .... ,1 
;5-ffi": li"l(-1 .1.·- 9(,p'--t-d'-)j,.., -"•j.t.) -:k[<f>(J:>s.>-trlnrl}+ 

~.'IP"+•'5lii"'t' > :~. • 8o "'r- r 

( 

1 rh(.!. )_ 9(«~t«'l , ..... [.1.)) 
+ r.'lo ... +ol':) '-1"'\.- ,_ > s.; - r -tr 

i A.( { t. - oc .. •t+d.'"l l.. "''1 .. ) 
~rll•·• ... r)lk. \.11 - ' > -w- r + r ) 

r'J>t•" .. )... 4 [8..._ 31. ... ,.,) + (~.t~...-""j)L~[.,-~L \3(,1'\o~'-) 1~-;'jt.lt 
" IJ"",f' 11{«':a.-toi)"' 9 ~,.r r b !J' <~G-Ail"'~ -so- J 

( s<Plt•l•-941L+._~)/to•l?.>'-;.'11.) t 11 Vj -·~~- '..! lr•rl ~ . \~}. ~ .... , 
-t 4r.•~.t••d'") +~ en:o{-~lf"l't'f+ r. ~ 

-it(@ '31i - 1 ,, 3"1'> ) 

~~•.'(J"~d.L)i/i. 'b-]l.J.''-..4'~ 
r:rt 9. '"'[q ~~Jg•:a."- /'\ r .. , .. - ... 4, __ r. r: • l.t +d.-, ..,~. ~ ... t 

(.r ,r)- ll(,t'V:fi' T._(r-r) S(r':-r'IS 1" ~ "t m:rstt l~-r tt~l3r-r)· 
rli:~~tr 

( 

s ¢ll.,'i- ._ 9\l\...~) ~~-i!'I~:J 
• r M.!. .!.. - 9(d''\•')l~ .. "''I~)+ 4(..1'' .. •') r.• .. Y> 

80 
t 

l'-t'\.::2., s., --ro- r-r ~-;~ rt.r. i:.· _9(p'Vll~-r'l1) 
1r;,z .. a ..... •'Jiir! '¥\.l, 11.' 80 
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'I 

( •l. ') A [< D 12. ,, 
J +.t ( .. ..,,):a.rrr ("' "'') ..+-rs- 1 ,c.,+<>' 1., ~~~:a. +~ r-tr 1 1 ~ r-tr '{./l,_~>:a.>---IG-- r-tr -t 

(21) 
1'1--12, ]: • - Q(J.I'\ .. '-) ,; ... ;.,~..) 
'+'~~l1J ~ 

+ ( r:C..;''+c~') 
:.oii:<ilCt,-f, -~l;tr't• 

~.~'\o~')>t'" 

~ ..., ~ 

'1\,_l~) = (o(_~-3a.)(t-- ::;b)- fl sa.: sb (_t;, <:. =1 )) 

where the upper row in the brackets corresponds to the case n=~ 
in the formula ( 19) and the lower one - to the case n:o2; ¢( o~, ~, 'i) 

is a degenerate hypergeometrical function. 
The expression (21) allows us to estimate the value of the 

BB interaction radius. According to the leading exponent for NB 

interaction radius rliN is obtained rMN"" 1'!~ = r, • i,.e. • 
the nucleon radius. other factors in (21) will increase this va
lue. To exhibit the exact behaviour of the effective potential 
at large distances and at small separations where the existence 
of a repulsive core is expected one needs to factorized this po
tential. At present this problem is being studied. 

The matrix elements which are not shown in (16) correspond 
to the excitation of the baryon radial and orbital degrees of 

freedom. For their construction suitable wave functions of ba
ryon excited states have to be taken instead of the ground state 
wave function (20). 

It's easy to generalize the potential (21) in the case when 
the baryon ground state wave function is taken as a superposi
tion of the functions of the type (20). Such wave functions pro
vide the better description of the baryon form-factors at a wide 
range of transfer momentum. It is clear that such generaliza
tion will increase NN interaction radius rNN and will give the 
better description of the potential behaviour at large dis
tances because of·an extention of the two baryon distribution 
functions ovelap. 

As it was mentioned above we have not constrained the baryon 
center mass motion at constructing the potential (21) 1 in particu
lar we have not used an adiabatic approximation - have not 
fixed a relative distance between the cluster during the inte-
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raction. The adiabatic approximation in the case of BB interac
tion is not founded, because a mass of a quark being exchanged 
between baryons must be of the order 1/3 of baryon mass at non
relativistic treatment of the problem. As a result the quark ex
change leads to the substential alternation of the two baryon 
relative radius-vector r. l;evertheless we consider such 
approximation which leads to a local potential allowing us to ma

ke some qualitative conclusions on a potential behaviour. This 
approximation had been used in ref,/7/ for the construction of 
short range NN interaction on the basis of the nucleon quark mo-

del, 
For a construction of a BB interaction potential in the adi

abatic approximation some approximation has to be done in the 
r - ~ 

exact expression (10). Namely, PiJ. r must be replaced by r in 
L ~ _, ....., ....., 

a wave ftmction R a.1> (P .. r) and R.a. and l<~o must be repla-
...., l.J ~ 

ced by 1/2 Z and -1/2 ~. correspondingly (Z is a fixed relative 

radius-vector of baryons) in the wave functions ¢"- and 4\ • 
As a re~ult for elements of the local potential we have 

\j 
""t·'' ... ) {'~~ .-. A..!rl;;,+," 1.., ... ..,_ l ..,),.h• .., ... .., 1 ... ) se:, IOI;lr = jCM<.i«ru'<f~~Q '-~-'a.•'-r.,r,,r:o.•2~ \..lib' Lr,,r,,r.)-!f'1 ' 

~~·r· . .,I,... ... f) .. ,,-I\ ·~ ...... .1. _ rh ~ ....... _j_ ~)u 
• J"" .. \1'\_,,?I<R) 1;

0 
LWo.lr,,r, ,r,~:z)'+'blr,fs•~"J !l.)! .., ., 

,1.::1 z=r 

(22) 

By using the expression (20) for the wave function 

tained 

we have ob-

Lid'lr't 3 { 

VNNlr)"'32 l~''~~ in: e--,- ~a. -~lt ,f; -t! .. N) + 

(:3·~ rk j_ :. . :2. t ')) (2M.M·-ea',...)) 
-t ~'t't !l.'T' -b; d r +l..tq+.iS -~ \ollr -t~•'r' "'"'•l' 1+ 

9 ..Ji. rh ..2..· v~ , ,\ 41. ~ a. •Jm'Le -t :~.Cli: 
>I<D(o.ro)' 't'(-1) :>.) - \:J, " r) =16 l"' r,)l (J3) 

( 

2 rh( .2. ~ £ _2 2. ')) 
3:.,.oro)4 '+'\..'- 1'i j- "" ci r 

1 -ii ¢L· t 1. ·- ~;ot:tr') J 
.f6lolro)' > '-' ' 

l ..,.. ·') c~ 1 ~ 1 B2 rmr s- .. r 1 1 •) + S i"lr -,;;rd. r 1 l'+'\.T>T>-b;ct r + 

o.,=Cl3=i; 
r 1 1 ~ 2. :IS r g 

a.,;=-~; "'• =6 ·, ~~"F) 1o_,=3 · 
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for ~N interaction, Here upper and lower rows in the brackets 
have the same meaning as in the formula (21). 

•ie should lilce to point' out that the qq potential which 
correspond$ to a square confinement does not contribute into the 
spin-spin part of the M• interaction, According to ref /7/ in 
which only this term is taken into account, the main contribu
tion in the Nl~ paten tial at small distances comes from the spin
spin part, The difference between these two results is connected 
solely with the main assumption we have used, that the interac
tion between the clusters proceeds via the exchange of quarks 
with the same colour (see formulae (13') and (14)). 

Keeping in maind the importance of the derivation of the 
NN interaction repulsive core it is interesting to look at the 
short range behaviour of the potential (23). It is easy to see 
that up to the first order of r 2 we have 

V ')~ {["'"' ~ ]+-Krg-t.!..i? .:;t'lf-~+ <'>l•r.)' ]+ 
( 

2a'c·> ) l ~'r'~ 
Nw ,r HO ~ + s .. fffo<'r2 4m2 ( ;:, ·" b/l '< O 

4-.f3lotro)' 

+ ~::-:"r.,. (;) [i + ( *~ ~]} 
.E (d.ro)j/ • 

(24) 

According to the formula (16) the expressions (23) and (24) 
must be multiplied by a coefficient 0.44 and taking its values 
from table I we come to the conclusion that for the odd states 
(I=O, S=1 or I=1, S=O) the central and tenzor part give the att
raction at short distances; as to the spin-spin part it is all
ways repulsive at n=2 in (19), and it is repulsive at n=1 only 
for the value of the linear confinement radius r

0
<2/3 r~. For 

even states(I=O, S=O or I=1, S=1) the situation is opposite. 
Note that if we estimate the NN interaction radius by the 

leading exponent i~ the expression (23) we get that rNN is of 
order ...[312 rN. 

One of the authors(T.I,K) would like to thankV.G,Soloviev, 
V.K.Luk'ianov and I.Revai for interesting and helpful discussi-
ana. 
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