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I. INTRODUCTION 

Strong Coulomb correlations are now considered to play a 
very important role in forming the electron sr,ectrum in ox ide 
superconducting compounds (see, for example, ! ! ). Anderson 
was the first !! ! to note the proximit~, of these compounds to 
the Mott-Hubard system near the insulator-metal transition. 
He proposed the theory of superconductivity on the basis of 
the effective exchange Hamiltonian of the form ! 31 : 

+ 1J{ = t}; (l-Dl_a)ClaCja(l-nj-a) + J I. (81 8 j -'4n1nj ) ( 1 ) 
< 1j>,a < i j> 

with <ij > nearest neighbouring sites on a square lattice; 
J = 4t 2 jU is the antiferromagnetic coupling. The Hamiltonian 
(I) results form the Hubbard model when U» t and acts in 
the subspace of singly occupied sites (i.e. in the lowest Hub
bard subband). Anderson suggested that the exchange interac
tion on the 2D square lattice brings about a resonating va
lence bond state consisting of an ensemble of singlet elect
ron pairs and giving rise to the superconductivity in the 
system. At the same time it was pointed out in ! ~1 (see al
so/6/) that superconducting pairing may be caused by a kine
matic interaction. This interaction is included immanently 
into the Hamiltonian (I) through operator factors(1-n 1_ a ) 
which restrict the phase space available for an electron mo
tion. . 

In the present paper the role of exchange and kinematic 
interactions is considered and their contributions to a 
superconducting gap equation are investigated by the two
time Green function method on the basis of the Hamiltonian 
( 1 ) • 

2. GREEN FUNCTIONS AND GAP EQUATION 

A very complicated problem, one encounters when treating 
an electron system on the basis of ( I), is a relat ion between 
charge (boson) degrees of freedom and spi n ( fermion) ones. 
A coupling between these two classes of excitat ions is taken 
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into account in/SI in the simplest way by applying the mean
field approximation. This approach was elaborated in /6 ,?1 by 
using a mixed boson-fermion (slave boson) technique 18,91 • Howe
ver, in our opinion, the approximations employed in / 3 ,6,?1 

ignore effects which may arise due to the kinematic interac
tion. To avoid the difficulty just pointed out and to keep 
possible kinematic effects we choose an equivalent represen
tation for the Hami ltonian (I) by using Hubbard operators 110 1 

0'0 + 00' + 0'0 0'0' 

XI = cia (1- n l_0')' XI =X I ,XI =nl a (1- n l_a ). 


a(J + 

Xi = C I a C i-a' etc. 


'rhen we have 

aa aa
J{= l X;o XOO'j +..1. J 1 (X~a X _ X~a l'fI" _I.! l X (2)j ia 1 , 

.<1j> , (J 2 <ij> ,a J 

wh8re &, is the chemical potential and 0", - a • The operators 
Xf (X 1) correspond to creation (annihilation) of electrons 
in the lower Hubbard subband. Concerning the nature of commu
tation relations it should b~ noted that X~o ,x?a bahave like 
fermion operators; while Xra like boson ones. 

Now to take acoount of pairing, let us introduce two-com
ponent Nambu operators 

X00' 
ia +0' + 00' Ou 

Xi + - ) , Xi (Xi ,Xi) (3)
XOa 

i 

and define two-time (anticommutator) matrix Green function 

a a + a 
Gij (t - t') = « X I (t) I X j (t') >> 

+ (4)«X~a(t) IXr' (t') >> «X ~ (t) I Xr' (t') » 

+00 + 00' +oa oa 


« XI (t) I X j (t') >> « X! (t) I X j (t') >> 

with normal diagonal m~trjx elements and anomalous nondiago
nal ones. The Fourier transform of it is given by 

(J 1 -too
G (t - t') = -- r dw G(J (w) e-IW(t-t') ( 5 ) 

ij 2" IJ 
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To obtain a quasiparticle spectrum of the system, we em
ploy the method of the irreducible Green functions develo

in / 11 ,121ped • According to this method the equation of mo
tion for a dynamical variable X~(0 is written as a sum of a 
regular linear in Xf(0 part due to time averaged forces and 
an irregular part Zf(0 due to an inelastic quasiparticle 
scattering 

d a a a a a
i--Xi(t)=[Xi(t),H] =lAeXe (t)+Zi(t). (6) 
~ e i 

Here the irreducible part Zr(0 of the operator X
'0' 

i (0 is defi 
ned as an orthogonal one to the linear term l~eX~(t) by the 
equation 

0' + 0' 

<!ZI ,Xe l> =0. (7) 

Simultaneously this equation determines the coefficients A~ , 
as it will be shown below (see eq.(IO». 

After the Fourier transformation (5) we obtain the foll ow
ing equation for the Green function 

(J " +0' a a 0'+0' 
wGiJ(w) = < !X I ' Xj I> + ~ Ate Gej (w) + « ZI I Xj » w ( 8) 

To derive an equation for the irreducible Green function 

« Z~ (t) 13t~(t')>> entering into (8), we differentiate it 

wi th respec t to the second time t' : 


d a +" ;: a + a a +" - i - « Z 1 (t) IX j (t ' ) >> = 1 1\ ~o « Z! (t) IX e (t') >> + « ZI (t)IZ j et ')>>, 
dt' e ~ 

(9) 

where we have used eq s .(6) and (7). As it is easy to check 

that the irreduc i ble Green funct i on «Zai I~ ~ » is proporti 
+ w 

ona l to t he scattering mat rix «Z~ I Z r » . Thi s matr i x def ines 
a l l the inelas tic s ca t tering processes of quasipartic les a nd 
is proportiona l to the s econd and h i gher order in t and J 
interaction te r ms. 

In the present paper we der ive a r enormalized quasipar t i c 
le spectrum only to the l owest ord er i n in teraction s, keep
ing i n (6 ) an (8) the linear t er ms , and i gno r e t he finite 
li f e-time effects de scribed by t he irreducibl e Green f unct i 
ons (9). This approximation can be call ed t he general i zed 
Har t ree-Fock-Bogol ubov approximat ion a l lowing to t ake into 
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account effects of superconducting pa IrIng. Sometimes it is 
also ca l led the moment -conserving approximat ion since i n 
t his approach the f i rs t t wo momen t s of the spectral densi t y 

. IXa(t) X+O'(t ' )! /19, 141functIon < 1 • j > are conse rved • 
Now t o calcul a t e t he Green function in t h is l owest order 

approximat ion, we should determine t he coeff i c i en t s A~gby 
means of (7). Since a ccording to (6) Z~ = [Xi, H] - };.Aif xr ' 
one ge ts f rom (7) the fol l owing equations 

0' I 0' + 0' 0 +0 ( 10)f Ale < Xe' X J \> =< \[XI·HJ, Xj I > . 

Remember i ng tha t the coe f fic ients A~ a r e (2x2) ma t rice s wi th 
components (A ~ )a f3 and using the cormnutation re l a t ions for 
the Hubbard operat ors one may expr ess f r om (10) the compo 
nent s (A~ )af3 through corre lation func tions as 

0' 1 00 00' ut1 aO 

(A u )11 = - I-t I <x 1 X f > + J I «X eX I > 

<~ > f O) f ( 1 I ) 

- < X£'" Q~ )j + /.l <XO't> \ , 

1 I ( uO' oa 0 0 •. ,0 0 oli 
(A';j ) 11 -;;- t <XI Xj> + <Q1Q j » -J <"'I Xj > \, 

<Ql> 
( 12) 

(i';' j ) 

0' 1 oa ou Oti Oa 
( Ali h2 = -_- t I <X 1 X f - Xi X e > , ( 13)

<~ > eO) 

0') 1 Oa aU aU Oo ( 14 ) (A lj 12 = ~J<XIXJ -XI XJ > 

<QO' >


1 

(AO) __ (AO') * (1 5) (A~ £ )21 = (AO'tf );2' If 22 - Ie ~ ~ . 

... 
Here , Q~ '" X~O + Xc;"; the suunnation I runs over f s ites e(1) 

nearest t o the r si t e; each pai r (1,J 1) denotes neares t 
ne ighbours too. Note tha t diagonal components (A ~e )11 , (A ~ ) 22 
are corre l ation f unc t ions of the normal type while nondiago
nal ones are of the anomalous type corresponding to a singlet 
pairing. 
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. . . . ,..,u ,,0. ...Further Introduc1n r.r quant1 tIes U '" and Ll'" In the q -repre
• '" q qsentation as 

...... ... 
o U U -lq (R I -Rj}n... = (A i1 ) 11 + I (A IJ ) 11 e , (16)
q j(l) 

QU" = (Au ) I (A U) -i~<lti - RJ) (1 7)Q It 12 + j (1 ) lJ 12 e 

one obtains from (8) under the assumptions made above the 

matrix equation for OU(q, w) 


U 0 o 
w-U"' + /.l 6'" <Q 1> o 

au (ii, w) = ( 0 (18)( (6;)· ~ + n~ ~ " ) <Q~ > )
q q 

Finding solutions of (1 8), we obtain both normal and anomalo
us Green functions, respectively 

w + U~ 
q 

-/.l 

« X !X » ... = <Q 1 > ----~--

00 + 00 0 

Q ,w (19) 
w 2 _(E~)2 

q 

- (Q~) * 
+00 +0c7 U q« X ! X »... = _ <Q > ______ 

j (20) 
q, w w 2 _ (E ~ ) 2 

Q 

where the quasiparticle spectrum E? is given by 

02 U 2 ' 02 
(E ... ) = (U->-/.l) +!Q->! (21)q q Q 

By means of (13)-(15) and (17) we obtain in the usual way the 
following self-consistent equation for the gap Q~ in the 
spectrum q 

QU", E... U 

o 2 k
Q-> = - I --[ ty'" -> ... J th ( __k_) (22) 

q N k EO'''' k + J y k + q 2T 

k


1 ......
wherey ... = ~ I exp(ika) • The equation (22) includes bothk <:. ... 

a (= n.n.) 

contributions _t due to the kinematic interaction and -J to 
the exchange one. 

Let us for a moment neglect the linear in t contribution 
and assume in particular that Q~ = 4Q )' .... Then taking i n to ac
count the equa1.i ty following fro~ a syirrnetry of the Brillouin 
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OCI a 
(' one _ n · 1 k -1.1. E .. 

2 CI --th( k )] ( 28) 
.... E~ Y.... E .... 	 1-=nJ2" = N ~ ( 1 

........ k 	 ~ 2T'
Yk 1 k k 	 k 
k~ - COS ka th(--) = - ~ -th-- (23)

k EJ 2T 2 k E~ 2T 
k k 	 where n = ~ <nlCT > is the average occupation number. 

CI 

we find from (22) the gap equation Thus the quasiparticle spectrum (21) for the superconduct
2 a 	 ing state is determined self-consistently by the set of equay.... E ....

I k k (24) tions (22), (27), and (28). It should be noted that the "Hub1 = - ~ -th(-)
N k E~ 2T' 	 bard-I" type approximation was adopted in deducing equations]


k 	 for the normal state spectrum ~ and the chemical potential
h · h . . d . h h - 131 w lC COlnCl es wlt t at of paper . 1.1. while the form of eq.(22) for the superconducting gap ~~ 

was found without this decoupling procedure. We emphasize 
also that handling with Hubbard operators up to now we have 
trated the problem in terms of "real" electron excitations. 

3. APPROXIMATE CALCULATION OF THE SPECTRUM 
4. COMPARISON WITH MEAN-FIELD THEORIES 13.6.71OF A NORMAL STATE 

To calculate self-consistently 	the spectrum (21), one Let us now compare our results (22), (27) and (28) derived 
needs to estimate, besides,the gap ~~-+, the normal state spect here for the "real" electron spectrum with analogou s expres 
rum O~ in (21). According to (II), (12), and (16) the value sions obtained in / 3 •6 ,71 • To do this, we employ the s l ave bo
of O~qis determined by normal correlation functions of two son representation /8 •91 which allows the mapping from Hubbard 

q. h f . XCID-. OCT ., f . 1 . k types: flrst, t e unctlon < I-x e > c.,9.ntalnlng ermlon-' 1 e operators to new -fermion ! ta, ! ICI and boson b~ , b I operators 
. CIa aa a CIoperators ana, second, the set of <XI Xe >, <QIQe>, etc., as 

with boson-like ones. The former may be calculated by means OCT + aa + 00 + 
of Green function given by (19) while to estimate the boson X I -+ b I ! i CI • X I ..! ICI !1C1" X I -+ bib I ' etc.• ( 29) 
like correlation functions we use a decoupling procedure of 
the "Hubbard-I" type / 10/ : with the completeness relation 

O + +< X ~ a (X F + X ea ) > '" < X ~ CI > < X ~o + X ea > = ~ ( 1 - ~ ) , b l bi + ~ !la!iCl = 1 	 (30) 
CI 


00 (]rJ' 00 (IrJ 00 aCl 00 au n 2 ( 25 ) 

« Xi +XI )(Xe +Xe »", <X I + X I ><Xe + X e >=(1 -2) . for each site i. Then the Hamiltonian (2) may be rewritten 

in the form 
Moreover, becau se a pos s ib le ferro- or ant ifer romagnet ic or ++ 1 + + + +
dering in the system is not considered in this paper we as J{ = t I bi b J f lu fJCI + -2 J I «( ICI(I-a f J -aCjCT -!Ia flo' ( j-u(j-u)

< IJ> ,CI <iJ>.O'sume 
(3 1 ) 

+ + + 
a Cl a a ± + 	 - I' !. clCl C10' + I AI (b I b 1 + !. ( 10' C10 - 1) , (26)<x I X e >~ <8 I 8 e > -+ 0 . I . CI 	 u 

Finally we corne to t he foll owing equation for ~ and the che

mical potent ial 1.1. where t he cons traint s ( 30) are t aken i n to a ccount by means
I 
of Lagrange mul tip l iers AI ' 

CI u 	 Considering a purely f ermion ("spinon") part of an exci ta0k-I' E'kq n 1 o '" '" 2(1 - -)t y .. - 2t - !. Y"' [ 1- --th(-)] - nJy • (27) tion spec t rum fo r t he Hamiltonian ( 3 1) one should f irst de-
q 	 2 q N k E~ 2T 0 


k 
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,' one 
2 a-. E~ y ... E ...

Yk ....... k k k 
L - cos Ita th(--) = ~ ~ --th
k Eg 2T 2 k E~ 2T 

k 	 k 

we find from (2 2) the gap equation 
2 a 

y... E ... 
k k

1 = L --- th(-)
N k EC!. 2T' 


k 


h · h . . d . h h f 13 1 
w ~c co~nc~ es w~t t at 0 paper 

3. 	 APPROXIMATE CALCULATION OF THE SPECTRUM 
OF A NORMAL STATE 

(23) 

( 24 ) 

To calculate self-consistently the spectrum (21 ), one 
needs to estimate, besides , the gap 6~"', the normal state spect
rum ~ in (21). According to (II), (12), and (16) the value 
of nC!. \s determined by normal correlation functions of two 

Q. h f . Xao.. oa .. f . l ' k types: f~rst, t e unct~on < t ~X e > c.9,!lta~n~ng erm~on- ~ e 
, 	 aa aa QaQaoperators ana, second, the set of <XI X e >, < Ie>, etc ., 

with boson-like ones. The former may be calculated by means 
of Green function given by (19) while to estimate the boson
like correlation functions we use a decoupling procedure of 

1 10 !the "Hubbard-I" t ype ' " : 

aa (00 aa) aa 00 aa n ( n ) <X I Xe + X e > = <X I > <X e + X e > = 2" 1 - '2 ' 

00 au 00 (1t7 00 aa 00 (1(1 n 2 (25) 
« XI +XI )(Xe +Xe » '" <XI +XI > <X e +X e > =0 - 2 ) . 

Moreover, because a po ss i ble ferro- or ant i f erromagnetic or 
dering i n t he system i s not cons i dered in th is paper we as
sume 

aa au +:;:
<x I X e >- <s1 Se > .... 0 . 	 (26) 

Fi na lly we come to t he following equation for no: and the che
. 	 1 . 1 Q

m~ca potent l.a 11. 

a a 
a n 1 Ok - 11. Ek 

0 ... = 2(1 - -) t y... - 2t - L y ... ( 1- --th(-» - nJy .. (27)
Q 2 Q N k ~ 2T 0 


k 


6 

__n . 1 
l ~li72= 'N L[l 

it 

where n = L <nla > 
a 

n~ 	-11. E~ 
__th(_k_)] (28) 
~ 2T' 

k 

is 	the average occupation number. 

Thus the quasiparticle spectrum (21) for the superconduct
ing state is determined self-consistently by the set of equa
tions (22), (27), and (28). It should be noted that the "Hub

1 bard-I" type approximation was adopted in deducing equations 
for the normal state spectrum ~ and the chemical potential 
11. while the form of eq.(22) fo~ the superconducting gap 6* 
was found without this decoupling procedure. We emphasize 
also that handling with Hubbard operators up to now we have 
trated the problem in terms of "real" electron excitations. 

4. 	 COMPARISON WITH MEAN-FIELD THEORIES / 3 ,5,7 / 

Let us now compare our results (22), (27) and (28) der ived 
here for the "real" electron spectrum with analogou s expres
sions obtained in / S,B,7 / • To do this, we employ the s lave bo 
son representation /8,9 / which allows the mapping from Hubbard 
operators to new fermion ! ta, ! la and boson b; , b I operator s 
as 

00 + aa + DO + 
X I .... b I ! I a ' X I ..! Ia !1t1" X t .... bib I ' etc., ( 29) 

with the completeness relation 

+ + 	 (30 )blbl + L !la!la=l 
a 

for each site i. Then the Hamiltonian (2) may be rewr i tten 
in 	the form 

+	 + 1 + + + +H=t I. btbJ!tafJo+-J I (f lufl_a fj_ufja-flafiaf j _ofj_a) 
<I j> ,a 2 <Ij>,a 

(31) 
+ + + 

- 11. 	 I. flo r It1 + I. AI (b I b 1 + L f Ia t 10 - 1) , 
t, a 	 0 

I where the constraint s ( 30) are taken i nto account by means 
o f Lagr ange multipliers AI' 

Considering a purely fermi on (" spinon") par t of an excita
tion spec trum for t he Hamiltonian (31) one should first de
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fine by analogy with (3) two-component fermion operators T~ :
I 

brf la ) 	 (Cia )X~ (b f+ .... 'lI~ == C+ 	 (32)
I I-a i-a 

and introduce a new Green function j-"~ (t - t') as 
a a +a 

j-"Ij (t - t') = « 'lI1 (t) I 'lI j (t') >> 

= ( << Cla(t) ICra(t') >> « (Ia(t) I C j_a(t') >> ) 	 (33) 

« (r-a(t) l C;(t') >> « ct_a (t) IC j _ a (t') >> 

As before we find a spectrum to the first order in interac
tion by projecting the equation of motion for j-"fj (t - t /) 
onto the original set of operators 'lIf and neglecting the irre
ducible Green functions which describe higher order scatter
ing processes for new effective fermions. Then, after the 
Fourier transform we get the equation analogous to (18): 

a 
W - (C; + 11. 	 I'l.... . a .... 

a q _ j-" (q,w) (34) 
-a ) (: :)( (K~) * w+(q -11. 

where 

(~ =2tYq < bi b~ > - 2J yq <fta (Ja > -nJyO' 	 (35) 

- a · 
I'l q = 4JYq <f la fj -a > , 	 (36) 

(37)11 /I. - A 

and we assumed 	also that the restriction (30) is satisfied 
only in the average, therefore Al is independent of the si 
te i . 

The solutions of (34) are 

(J w + ( .... -/I.+ 
« I fa»"" -~ 	 (38)Ca 	 q,w 

W 2_ (E':.) 2 
q 

(i?)* 
+ IC+ » .... -------	 (39)« C_ a 	 a 'l,w 

2 - a 	 2 
W - (E .... ) 

q 

8 

with the quas i par t ic l e spec trum 

(E~ )2 = «(: _iL) 2 + I-; c: I 2 (40)q 	 'I q 

Finally, by means of (35)-(39) we obtai n the fol lowing set of 
-se l f-cons i s t ent equat i ons f or l':. , I'l-a .. and 11.: 

q q 

(J - - a 

a + 1 €i - !I. E it 

~ = 2t-+ <b l bJ > -J ·Y"'Fl:y.,[l- -(1 th(r-)] -nJy , ( 4 1) 
'I q q ~N "'k K E ... <::T 0 


v k 


-(1 

1 2 Ei
1 = J -N 	 l: y ... th (--) , ( 4 2) 

k k 2T 

-(1
f'!.- 11. E ..._k__ n= .L~ [l  th (_k_)] . (43 ) N k -q 2TEit 

In pr i nc i ple, t hese are the same equations as deduced in /3,6,7 
t o describe t he f ermion (spinon ) excitat i on spectrum for 
which accordi ng (42) the gapK~ is of pur e ly exchange origin 
and doe s not i nc l ude a k i nemat i c contr ibu t i on. 

Thus we see that the method adopted here whi ch i s ba s ed 
on the pro jection technique f or the Green f unct i on i s equi 
valen t to the mean- fi eld approx i mat ion used i n 13 ,e,71 • There
fore , i t i s c l ear that the dis t i nc tion of the quas i par ticle 
spec t rum determi ned by ( 21) , ( 22 ) , (2 7), and (28) f r om t hat 
of papers /3,B,7/ i s not due to app r oxi mat i ons used f o r Green 
func t i ons but rather due to a differ ent cons ider a t i on of t he 
interaction between bos on (b t • b n degr ees of f r eedom and fer
mion (t la' (+(1 ) ones. The r esult (40) -(43) and analogous one s 
der i ved in /J.e,?1 f ol low from a somewhat i ndependent cons ide
ration of these t wo cl a sse s of exc i t a tions that cause s the 
pure l y fermionic char a c ter of the Gr e en funct ion ( 33). While 
t rea ting t he. pr ob l em in t erms of Hubbar d operators by means 
of the Green f unction (4) t hat descr ibe t he r eal electrons 
i n ' the lower Hubbard subband we avoid any decoupl i ng of f er
mi on and bo son de grees of freedom . As a resu l t , a ki nematic
type int e rac tion well-known in the spin-wave theory (see 
e.g. Dyson 116/ ) mani f ests itself in the gap equation (22). 
Being proportional to t , i t gives t he main con t r ibution in 
tbe case of strong repulsion U » t. Therefore, one ca n in 
this case consider the limit J ... 0 i n equations (22), (27), 
and (28) which bring abou t the result of 14,51 for the trans i 
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tion temperature and other physical quant1t1es. A detailed 
analysis and numerical solutions of equations (22), (27),and 
(28) will be considered elsewhere. 

The authors are greatly indebted to Academician N.N.Bolo
lubov for helpful discussions. 
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rIJlaKHp;a H.M., IOLUaHxaH B.IO., CTaCIOK I1.B . EI7-88-749 
o POJlH KHHeNaTH'J:eCKoro H OOMeHHoro 
B3aHMOp;eHCTBHH B CBepxnpOBOP;ll~eM cnapHBaHHH 
3JleKTpOHOB B MOp;eJlH Xaooapp;a 

Ha OCHOBe 3~~eKTHBHoro OOMeHHoro raNHJlbTOHHaHa paCCMOT
peHa CHCTeMa 3JleKTpOHOB B H~HeH xaooapP;oBcKOH nop;30He 
npH CHJlbHOM BHYTpHaTOMHON OTTaJlKHBaHHH U » t . C nOMO~blO 
~YHK~HH fpHHa, onpep;eJleHHb~ Ha onepaTopax Xaooapp;a,MeTo
P;ON npoeKTHpOBaHHll nOJlyqeH cneKTp B030~eHHH c yqeToM 
CBepxnpOBop;ll~ero cnapHBaHHll. rIoKa3aHo, qTO HaHOOJlee Ba~Hbrn 

BKJlap; B ypaBHeHHe P;Jlll onpep;eJllleTCll KHHeMaTHqeCKHM JlH~eJlH 

HeHHblM no t B3aHNop;eHcTBHeN, a He oOMeHHblM C J _ t 2 / U, 
KaK npep;JlO~eHO AHp;epcoHoM H p;p. 

PaooTa BhlnOJlHeHa B naoopaTopHH TeOpeTHqeCKOH ~H3HKH 
mum. 
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Plakida N.}1., Yushankhai V.Yu., Stasyuk I.V. EI7-88-749 

On the Role of Kinematic and Exchange 

Interactions in Superconducting Pairing 

of Electrons in the Hubbard Model 


A system of electrons with strong intraatomic repul
sion U» t in the lower Hubbard subband is considered on " 
the basis of the effective exchange Hamiltonian. An exci
tation spectrum allowing for the superconducting pairing 
is obtained by employing the projection technique for the 
Green function in terms of Hubbard operators. It is shown 
that the most important contribution to the gap equation 
comes from the kinematic interaction being linear in t 
and not from the exchange one with J_t 2/U as considered 
by Anderson et al. 

The investigation has been performed at the Laboratory 

of 	Theor etica l Phys ics, JINR. 
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