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r'. Introduction ,r 

. Descript:l,on of the relativistic _bound states ·in q\lantum field 
theory represents one of. the ~entral problems in quantum field- theory. 
There exist vario~s appr~aches to that problem. OnJ of thetn~is based 
on the four-dimensional·Bethe.;.Salpeter equa,tion /l .- This equation -
is employed for describing quantuuieiectrodynami.o systems / 2,J/ and 
quark systems, the latter b.eing not only two-particle systems ( ~ 'ij ) 
but a].so systems of the type {'(if~J ) 14 ,'>1. · . . . . _ 

. Allother approach is based on three-dimensional relativistic •. ' 
- e~uations derived ~ithin (iwi~tum field theory (see a rev-iew 161 ). 
' This appr~ach. fs'.Widely used for t~e /~escriptio~ of~two~ and _N...;.p~rtic
le lsystems. For .. instance, in refs.-.7 ·, multiquark _systems of>the· type · 
.s 61 ) are described v;ith-~th~ help of \:~;~ functions :in the three:
-dimensional approach at the light-front- I, Note is. to. be made ·~hat 
this 'three..:dimensionaL ·approach ha-;ing a lot of merits is in ·f~rm : 
essentially differtmt from the -conventional well-elabo~at~d a;parafus 
;:f the_ nonrel~tivistic the~ory of N_:pa~ticle b;und, systems. 

.. ' Jtt the sam.e time, the·:·covariant ~irigle-time ·thre~-dim.ension~ 
approach. to the des~~iption of bound states within the f~ainework of 
quantum .field theory 19-:-111 may 'be considered . .as a' direc.t g€meraliza

' tion of the nonrelativistic potential theory.·~. .. . 
It is. specified .by-the abse~~e of the :r.el~tive time'and by the 

prcrbabilistic interpretation of ·the 'wave .fJnotio~. This method was . 
earlier apnlied ·to determine 'th~ explicit foi'I!l of relativistic in-
teraction of two-particle-systems~ sc'alar/12/;. scalar and spinor/131,' .. 
two spinor_parti~lesJl4,15/ .- · · · . · · ·· · 

In this paper, we consider a system 'of N particl~s with spin 
1/2 which. we ass'ume to. be distinguishable, so to say ignoring the 
identity principle· •. Two":"time Green functions are dete:i:mined pe:r:_tur
·batively, and then they-are used to calculate a. basic quantity of ·the· 

\ - . . ._ - . . . . 

covariant .single;_time' approach, the kerriel (quasipotential) of an 
integral eq~ation,i.e., tlie operat.or of·interaction: :· ·.. · · .· 

of spinor'-part:i.cies through· the/ photo~ or (pse.udo)scala:r boson ·;ex
cliange.For ·a .colourless bound three-qu~rk system (the baryon) we 
det-ermine quasipotentials responsible for the gluo~ exchange. Also we 

i·~~~~j:::;~:~4:·it~~~ .. ~:;~ .. ~ ~ ' { 
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establish a parametric dependence~of a~l the quasipotentials on 
the total _energy of the N-particle· system". 

""' -- . '" ' - .. 
2• _The_ Green fUnction's of N-particle _systems 

-~-

The covariant two.:..time Green function of' a system of· N spinor 
particles ~n the- moment~- re·p~esentation is_- defined· ~s follows: " 

,-_ 

G __ (ol.l (trl; (_K) l_i};; \ ex~{\I(r __ · i:.:_ "J· ~(. )}· • / c2.1) 
((I>) • ' -~ . J -_ J=i -- . J d d • 

· <;; (lx) ; ( Yl)l~ li(Ax,-•i<c) b ( ).~ j-' ~J (J\) (J'~ ( 
' ' ' . 

Here we made use of the abbrevia'tions: 

' . .• • _ •.. , , : I . ' ; / . •. ----- .,_ , (2o 2) 

(dJ==(o£~,···~.d.N); c~r=(~J.;···,/>.v)i (x),:,(X.i,···,X.v)'; (d~)=J~.i•••J'x., 

-for spinor indi~es (~) ~ momenta c r~ _ andTI<) , -~oordinates (x} 
and {ll) . 'of particles, and ele~ents' of integration- (,J.Yx) and (d':~); 
The Gre~n .function in the c()ordina:te··~epres~ntation .:i~ (2,1) is the
expectati~n- value --of ·th~- fime.:.:orde;ed- product of Heisimberg op~ra:.. 
·. ·.- " . .. . --· . , ~ I ' . -

tors of spinor fields of the form- ' · 

G~::.( tx); (~)) = -t <o(TX~(x.i) ... ~.£ ... (~J ;,~G:) .. : i~~(;J.~ \o Y · _--
- . \ . 

(2:J)_ 

A time-like _u.-,.:i.t vector A specifie-s the frame of reference in 

which times cf ~ll particles 1) 2,, ~, N are m'ade equal to each other· 
since .h-= >.·x~-Y,;· = (L:,..txy,. where. L~~ -- is the Lorentz trans-
fcrmation:\;ith~.the property f._-L \- = (i 0) ·-.--

. . . . /A 1\ '- • ,....._, ~ 
The covariant two-t.ime Green-·function · G may also _be. expres-

sed in terms of the conventional :F'ouriertransfopn G~:~ ( (th(~V Cwi th-
out - S' -functions) , of the 2N-time . function (2 ,'J)- in the form ·, 

G(<•>( (~).;t~:).l A)_~_( · i ~*-'·T,G_t-)/(<r;~~;;(K~f~V ~-(~ ~\~(~_ · f/(d~)(~~>2_~;) 
P> , -· Z1i} z. j- C~ , c_ ,_ J~t. i) .J=t i) .J _ 

' ' < -. -' • • • < ' ". > .·~ ' 

H~re (d:le){~f)=J21 •• :J-zoV'J~1 ••• ~f.,, ;,e. integ~at:ion runs,~ver. 2N one-di-. 

mensional variables, and · (~+-;eX).= ( P1.-+ Z1.A, .•• , p., + ';k").) ~ _ 
It is not difficult to determine· the Loremtz' transformation 

of the Green function (2.4) /1 6/· : ' . 
"- ,, 

2 

I: 

-- -" 

- ' 

.. -, 
·, ( 

,_. 

/ 

. C' :; (C ~l; (•l I• )~.m Aj(clJ G:((Lj, );(£'.)\L'A) m x;(L~ ' (2;5) 

' ' ' : _/ . t . 

. where· A (L.) · are. matri'ces o:f a. bispirior-representation of .the -Lo
rentz group. Choosi"ng L 'to ~e the tr~~f~rmation L).·. and denoting 

~-=itt> , k = 1.~1 I< _ ~ we arrive at :the Green:· f~ctio~ G" ~: ( (p); 
(K) I).) which, as follows fro,m (2,4), may be written'in the__.. form /, 

;....(..!)(' •' lo)' '1r-(.l)·c~-. -0 o_ .. 0 ~-
G(f>) (f);(t<) _>. = G(p) f~("f)_;K~,(K");=. . (2.6) 

\ .... 

. =c,.{.-: ~ C::( C~l; (ic~. b'{P. ~~· ~.;}~ ( ¥.-J <~;) ( J;.) ( J q . 
~· . ' . . : ·• ( 

., 

.. - ., . - ' "'., . . '· .·· ' . ', . --......· 
.The function (2~6) depends only on .spatial components of. the'particle · 

- m~ment; . f· ; .-· t: ~d ~!l- the total.inihar' and :t:inal energies' Po ; ' -
J . ,J -- . . . .· . . . . . . . ' . K • In this aspect, it is similar to_the nonrelativistic Green· 

• f~cttono We,_ how~ver, for keeping the' re'fatirtstic covariance at-. 
all stages- of .consideration, ··will employ in calc\.ilations the ·general,' 
'eXpressi6n · (2.4) rather than (2,6). . . . .. 

. In th~•freecas~,-the•2N-time-Green'functiClnofa system of, N. 
spinor particles in ,the momentum representation' is. of the' form 

' . •. • I • : tJ .,_ '. ' ' , • : . . . . 
(all (, ,· .'· . . • .. \\ "'-1 ~~~ . ( ~ ,l4) . . . . )' . 

Go \(~+~~);(~+.f~)rt (21r) _n s.,[ .. Pj+~~Jd (rj+~)_;~j.::,f) , . 
. (pl . ' . . . . ' J :4 j p) . -· ' . '. 
where·-. s are propagators of the /spinor' particles given by 

- - . '· • -. 1\ . " 

S ( \'.+~.>.\ ~ tttJ + Pj + ~j ,\ _ cl . J '} . . . . . .·. 

'.. _· ~: (~+~--~)~ ht~ + t" 0 
, r . ·- J '. J 

II. r 
p.=.o. ( 
J lj )' 

,: .. r-
f.=XK"t~·, 

(2. 7) . 

I. 

(2.8) 

and Yt' are the Dirac matrices. Substituting (2~7) into (2.4) we 

ma.r, integrate aver : < ~~)CtA.v) a.nd determine the function/ Go\~>~. 
However, it is known /l _there is no an· inverse function which . 

is necessary. for construction of the interaction operator. For this 
reaso~, the two-time Green fw'tction {2.1) am (2~4) is projected ante;:-

. _/ 

/ 



.,._,>' 

positive-frequency states ll6/~ This projection i~ U:~ually made.'after 
the transition to the 11 ~ingle-t.ime 11 • formalism, :l,.e; after(2.6)~ Let· 
us. perform thfs 'projection._in an arbitrary frame .of 1 referen~e; · and 

'before we should p;esen:t-a set of covariant definiti~ns. 
We expand each of-th~ ·4::momenta .P' and. K into components 

longi tuciinal. aDa. transverse to_ :the ~ector .. A as: follows: 

'p ~- j (.\ p) +. p~ ; -~·xrJ.) =·a· (2.9) 

and introduce the on.:..shell 4-mome~tax.) 
/ 

~1+ r~(p.~.r= p_~). (~J>f+ A-ti>,(r.~.), ,1'. 
(2. IO) . ·F 

where 

' 
,._z --, 2. 

I> ==: ht • 
(2;11) w(r;)~V mz~p~·-· -

It is then not ,difficult to_ verify that the spinoJ:' propagator (2.8) 
can be represented :in the following covariant--form ,· 

S-·( ·+ ·_. ')~-- 1_·_ :_·_-_· ~ .. {m_.· .i+_· ~w(_PJ~). +_ -~~ -~~ ~~_:f~(~j~)+~j~·-,}· 
. ~ -~JA . . .. · . . , '· . . . .. . 
. · · .· .z w(l'jJ.J tj>. +~j.:.. ~ (pcil.)+ ~o;. ~) +~ :t-.w(~jl-)-:-i.O 

(2.i2Y 

Positive-: and_ nega:ti~e-frequency;: spinors U-z(~.) ~df 1f~('~f 
( 'l. :i:s''the pola:dzation index) will-be. defined. as solutions to 
the ~quations. ·. · : -. · · · · ~--

. . ; (. . . ~-) ··.'i(:.) . 
- 11'l~p v. p ~0 . ( . ~ ). . .'t ( """) ·a. 

Wl~ p u p ~ .. 
,. - ' ., . 

(2.1J) . 

which, according to (2.10), may be written in the form' 

( ~tt-·i_~(PJ-- ~l:).u~ (f)='~'; · (wt~.1 w(~J.)+k) 1f(1+=o. (2.14) 

These spinors will- be .tiormalized by the :foiiowing inviD-ill.Ilt condi
ll£n __ .:._: 

x) We stress that the mom_ enta· b . and k. 
2. ·z. z. a r 

mass -shell: p i= f1tt ; . I( t. m • -
are, .generally, off the . 

I 1 
l 
i •· 

I 
I 
j 

.' '" . ·. . 

.1f(f)" t.t"(~) == s;-; · ~\~)~ ir'"(f)= s; c2:15) 

Since' 

. (~-+Jw(~J~~J_J} ·=j (»t+ 1_~(pj- ty·, . (2~'i6) 

it can. be verified that the 'propagator (2.12) 'and spinors (2:14) 
possess .'the follOY/ing properties:. / 

l,. 
\,; .. ·· .• -' " ~ '--. 1 . . . . u ( p .• .• . • • .•• ? '2; . ...___.) 

·,'S(r+.~A)A U ~p)==~A+~~tf(h)+i:O . (2.17) 

. .' A. . . . . ·... ~ . . . .,.· 

-: ~u\~JX SJr+~A) = if(~) r'X • ·;£ 
1
w(p) . 0 • 

. . .. . . . ' . ,. • . -+ .:-:. . .L +t .... 

Now we define· the two-time Green function of. a system ·of.·. N 
.spinor part'i'cles. projected onto the positi~e-f:re.~u~ncy states as 
·follows: 

":I 

·. G :((rl ;l•l\A}=J~[ a ~(t,l~J a.:(l;l;(<l\A\~ [xu"' lS~ .. (2.18) 

. oL. . . •• . . fj 
. ' . J . . 

c Note that the operation of-.time equating,· which. in .the momentum . 
space mean~ intee:r:ation'in (2.4)ov'er (a:) ?-nd ( y) (in. fact, over. 
relative ellergies), and the' opera.tion of pr~jiwting (2.18), which 
is perforrned :with the use of the. spinor·~ ' u~ ( ~) intlepcndent of. 

(ae) and. ( s>) i coriunute with each othex2. ;rherefore, ~t first. :per
forming theprojection (2.18) 

1

0f the function (2.7) and usinr, the 
properties (2.17), and then integrating ~er (a::) and (y) acc~rding 

··-to; (2:4); we :get . ' . . . 

(-

Gt~>r(~);tkl\A)= ··2 fi" b'(J?"~·Kx) . · ~ s;cz~fa(>r,~k.) .c2.19 
otr;>~. P_'-w_(.:.. \~_:-w(h_ )··o_J_·=i j -,. J.LJ . .L ·.• -

. II . . ru.J :·· . r.,.L + t .. . . . . . . _. 

) . 

'<. 

' 
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Here !(.;_~ Kj ·. ~d P =.2: l'j _ ~rethe total initial and f'inal 
J-1 . . . . ~=i . . . . 

momenta of. the ll-particle system, •respectively. 
Note ~i.sa that the re.lat~onships_ . 

. JJ \(3) . . ··_ .. (3) . . . . . Jol (3) .· ·.· 

_n -~ (rj...-KjJ =?; (P~-:l(_J.~ -~- (rh_-_Kj.L) 
. J=! . ·... . ': . -~ .: ._: '. . . d- z. .:, . ' .... 

~. ~--' 

(2~20) 

s'''( t: K, yscix ~K ~ l ~ b <•I (P- Kl 
'. 

are valid, where the tmn.sverse momenta Pi: and K-".1. are· defined. as 

foll~ws: "P"" = P::;). (A P)--·~d l:::.1.:='-K.::;). (J.K):. Carisequeritly, the 
twa..:time Green function , -'(i~ ·- ~antiri:ris the :f:unct,ian S~~) (P-'K) 

-that represents the energy-momentum conservation la\v arid does nat · 
depend upon the v~ctor A • The two-:-time Green· ftiDction (2.4) p~sses
ses a similar prope'rt/th~t ,is~ ;e~uit of tr~llslational' inva:rianc; •.. 

Now· let ·lls 'ca.lcula te th~ covariant two-time o;een: function in 
the second o;der- of p~rturbat:).on theory. F~r this reason~ we· sh~ll 
rev1rite (2.3), in· th-e interaction re'Pres.eritatiril1: We ~tart with the 
consideration. of quantum electrodynamics when the interaction between· 
spir10r particl~s is m~diated by 'photons. (the interaction Lagrangian . 
has a standard faZ:m).-. in the second or de~. the function G

2 
. may be 

determined as the ·~um --~2((p); (~c))~_i G ~e ( Ct>); (tl} .. ~, (Fig;p.; .. · 
' ··'.' ' ' <.>[=i . . . 

. _)-

~-: --r-· :; 
3 __ tf: .. : - . 

. 

... . . .. 
G2 = i + + ... •••' ... 

~---... . .. 
N-1--

N---

. .. 

~"'-

------- ___ .... 

. .. +±' + " ~ . '', . '~ 

_:.: .. ·.-- . -; .. _ . 
:' > 

·~··. ·, 

_____ , 
---2 
-~-3 . . ·~ . .. 
. . . ' . .. 

---1-
. .-.... . .. 
:: l ::-1 

Fig.I. The Gre~nfunction _ G- in the second orde-r of the 
perturbation theory z 
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The term corresponding to the exchange by a photon between particles 
i ~d e is (spinor-i~di~es are O~itt~d) ; . 

I\ -- . . . ,-

-a( · . ~ 'f (41{ - ( · . 1 
Gz. (!>+~~)·; (l::+flV =. ( (-?1-) S .·_ i>t .;:_pt~ ~::,-."( + ac,+det-: ~L ~ ~e)J F C2. 21) 

. ' ~- _/ ~ ·"·' 

. .. [· n· · s rp.+~.}\ i.e. ¥rjs(k:+o. ~_)ln •·(1>-~~-.\-lc- g,J.\.·. 
.: • • \ J d IJ d J JJ 'J . ('4• ('- - . L ··. <. L : J J=c.,e . . . -, . . - .. e .· . 

. ·.1\ '[(zrr)'f§(~\l>j+~)--Kj-yj~~ S(~j+~)}J.. . 
. Ji ,£ . ' . - . ; ·\ .. ' 

Here eJ is~he ele;tric ~ha~ge: of· a• ~art~cle . i . ~~ 'J)t""{q) is 
· the phqtan· propagator, · · · - · 

. / . 
1) ~ ( ~) =' . 9~" 

. ;' ('4.. ' 02 . 
. . ; )'·: +1.0 

,(2.22) 

'...-.· ., 

. SLe :x(P)i(K) \~) =-~:e.-e,:(27r)~ ~ (P j~K)).~t3CPu_+Pu~~u_;ku\·. _ 
.. _l' '. .:. -. . ·' . .-' • .. .. - ., . : •. 

:1 j ~ ,,; i/J(P, \ x~j u.; ( k}\l[ j 1~ .. ( ~.) ~l"( PjL- •;S~~] : 
' . . "· . . ~ .. ' ' .. (2.23 ) 

_.-R~-·Rk ·V .. · (P-r; (~J.)'i \K,_~- ~ 
. l"'t re. 

·Here we made use of the notation. 

. il . '-:!.. 

RP == ,[ ,P.\ -j~ w(PJJ.) ~t-o]_ , , < (2.24 ) 

'j·· 

' Jl ... '' . -:i . 

R -~_rpA·-:.L w(k.J.)+to)· 
" L -. =" ·,_ J ·- •. : • - . . . J I 

;' 



.,, 

. "·_: " " .. --~ " .. ; . " ·t " " -_ . . -

v;..~t (P~-) (pJ.);(K~~ ~ ~ri.~t \{ (p~ ;(p.._); (~~~ + · 
(2 .. 25) 

•- - . e . . 
+ (<>L~i)Jr-. A~~ ~-1. (Pr; (r~);(kJ.~-.. 

' ' ', ,·· .,· . . . 
. . . i.e " - .· ·e" 

The scalar fun-ctions ~ _· ~d ~ L : a:;e defined in the following way:-

... V_ .·_· u_/p~. (-~ -) .' (~<)~-~-- 1-: [ R. + R ·]· , .• - . C2. 26) 
. 1 \. J r.L. '. J.I) __ 2W .. _t.l ___ h . 

. •. -:. . - i.€ •· • - .. 

/ 

· v_,"(Pli(rc),(<.~= R,' ('fi. (R;,•()- 4~; (~.A.-R,- R,)l:. 
. .. . . lH"' ~ . >" cz.L 

where,, in turn,.·· 

. ·- . . JJ" ·- ·- •.• 

R. ·~ [Pf-w(P·_~\-~~t:u.)~L u)(P-i)~V.+t_o_~--"-." ' dt . , ' L .} · . , • • · . J _. tl ._• 
. • .... c • J+t,t. - . . . 

-~' - -~ . /. . ... --·. ',. . . : 

(2. 28) ' 

. ' 
'r -, . . . ". . . " - - "'\ - ~. - . : . ,{· 

R,~ [n-~ (r,) ~ w (•,J ~f,w(P,,) -.w,~ • 'of · (2.29 l 

1.T v ( . ·_ z' - • v~ •" " . 2 I.: 'T.T 
W. = : -:_·_ p_-_,..._·K. ) -·=-" _- b··- k --)· . -:::. JV,. ·• (2~JO) 

L f. . t.L. . _ L.l. . · . • . f tJ.. ·· tJ. · - . h 
. ~ " ' : . . - -· . . . 

- • - ,..., --~ . ' r-"'1 ,. ' :,_ . 

· · 1~1 Note t~ t .the fun chon_ G z. like G ·., contains .the fUnction 
~. (P-K) corresponding to the conservation law. The other factors 

~ -- r::'1 . - • . . - / 

in· Gz. and Go d~pend only -on," transverse components of 
- particle momenta and paramet"rically on the longitudinal component of 

the total momentum 1> r --' that is. nothlng".but the total energy 
_in the referenc'e frame wher ~ times are equated since- J? A_:: ( C1-~) 

0
-. 

1--

·J'· 
·1 r 

l .· 

r 
I 
I: _,. 

1 

,_ 

I 
i 

( 
_./ . <" 

. ·-

In a form.similar to C2:2J '),the covariant.tvlci_;time Gree~ 
_,. . - . "' 

·function may also ·be \vritten in mesoqynamics, the theory in which 
trxchange between- spinor particles is realisedc eithe~ by, a sccl.lar 

. 1 ·or a .pseudoscal~- boson. . . ,, ··'. . . .-

~' J. Ccivarfunt equn.tion for the sinr;le-time v1ave function 
of an N.:particle system .. 

/ ~low\ve ·shall explicitly derive tbe equation for the single;..time 
- . . .. ·, , . , ; . I _ .. , . , . 

wave function given by the expression 

. ']r~:(Q;(~lli),~jf [t(P,li} Jt•~l··~{·i~;~;} . ,(J:l) 
> • • • ' • '} '. • - • : , • ' ~ 

~;~(Q;(:>l[~~f>'d'·lJ .. 
(Ol) ' , . , . . .. ·: , . : . , . ·. - • , ,• 

.. where Y,~ (Q;(x))is an N:-timc Bethe-S;;lpei:er amplitude 

~~:(a; (4: {o IT ~eli(?<1) ... _~j~(xj I. o., M; 'J,.hi): 
(J.2) 

The vector'·l Q; M; ~. nt) describes a bound state of an' N~particle 
system with the 4.:::m~mentum Q. , mass M· ( -Q.l =_M 2 c), spin 'J ; arid 
its proj~ctionh\ o~to a fixed axiS: , _ ·. . ' (

41 
. , · 

~ Translational invariance allows us to pick. the ;factor b (P- Q) 
I • .· .... ' ' ,,., • • ·• 

out:' of the wave func.tion (J~l), ··where P= .L._.Pj .• It, is also not 
• -. . , , J=1 . . 

difficult to establish the"Lorentz transformation for the function 
C:l. 1) : . . • · .. / - . , , 

,_ · .. ('l:.). . • . ') .[ " + . [ ~J..( -i:.:. ~}' J 
·,"t~ltl(~;(~)ll = d~ 1\GJ\~.- Lpj,pj) -. · 

' 
~~ (J.J) 

, (6") {-J.. (' .:.i, .\ -:1. ). ~ { -·:1..( -:1. - :" '}-

I <'¥,'", \L., ~--; _L. ~) L). 1> ... ;~ YR. L Q; Q) , 
- - . . \ - , . : . . . 

where .. L is an arbitrary Lorent~~j;ransformatio~, and 1>{V~1 (t'"F, ~)} 
is a 2x2 mat-rix' of the Wigner · rofation r;iven. by ·-

I 



. A(i;') A(Pl ~ A(L~F)[i" l>{~;·(i'~_H} l· . <>;•' 
A(~)- be;ng the b~pst mat~ix. 

The inte'gra.lequat:i~n for the wave'function (J.l) c~n be ded).lced 
from- the behaviou; ()f the totB.l_Green function (2.18Y~ro~md the·pole 
of the bo~d state with- the 4-momentilm Q ·and mass M . , .fr~m the. 
identity "G-" G = l · , and from the definition of the interaction 

' " ' ~ - ,.. ~"':""- l. ," . 
ope-rator V by the relation· G = Go - V . . It is of the 
form/!O/ (t:11:e indices. -~- and in are omitted): __ 

-._ 

~· [ G : • ::, ( (p);' (.) 1 • )-v(: (t~;:(-l\ •)] 'i't tu •llA) ( l•.w~~? o ~' 
' ' . '- . ·. 

Now, instead of the momenta ~f:-pal-ticles (t-)and (!c) , we.shall 
introdu"ce relatt-ve momenta ofthe syste~ (.~) and (~) · wi'th the 
relations · · · · ' 

-~J ~ -zje·· re: ; J, \. - 1 . • 
·.-c.ii- :1.. '. 

·.··-~ i.·=·p. 
. . (J.6) 

,, '· 

and in a like manner, for ('~) ~ The explicit fo:rm of the NxN matrix. 
of the. coefficients·_ 2,maybe~hos~n in vari~us ways but. in any case 

cle-t z = f ·from ~lii~h it _fonows .. th~t ( J~kl.) cl KA ... : J~K n J3 k-· ~ -
. . • . . . . . • - Al. 

From (J.6) we may also get the followingcrelations J-z -
. / '" ' 

b . = z - _.-.. . ~- ( .:i,). . . ~ -(· f")·· .. b . - '(J.7) 
-F-j.1. jePe.~., J•j-\i J~-~e.' j.1.-, je,+e:.1.··_ 

~ach of the functions -g_-t ,V ,<"'¥ .· in ·c~:.5) includes ~he S"(~ 
. functions of. the_ total momenta: 

v ,:: ( < p), {•l\l )~ ~i"(P-K) v,:{l!l; c ~.), C..l), · - (J.S) 

:__....:-

v'5,(Q ;_(t) \ >.} = ~'~'(Q~ K)~(~,cQ·; ·L~ ~-: .. , ~AfJ.\if (J;9)··-

-_~)· .. 
.. 

\. ·. 

·' 

•:) .. : . 
l,f 

< •' ·~~ ~r 

; l 

~· 

'-

-
.Using (J.a), (J~9)_and (2.1-9) we mai. in (J~.5) s~ngle out the motion 
·of the.center:of masses and derive-the equation-

.. [ QA ~w(~c)- ... :_ .J(;,~l] ~'"( ~; C ... ,i,,\~)=. 
. -

· (J.IO) 

. : :~ . \.... - ' . . . . . . . 4 

;_ \ vl<zl(QJ~(pJ.); (KJ.)) ~~\Q; ~ZlY"~~;J>.) .rl J_ 

3~jl. • J {6) . .. ·.. .. . . . . J=2. ·. 

. ·The transve;.se mo?Jenta in' this equation,· Pjl_ and \{j.L ·, are expres- · 

-sed~ through ~;.1..' and r~~ by the ~el~ti,OIJ.S (J. 7) in Which.f
1

J.. = 1?J.: 
, =· ~u.= IC.L=: Q.s:_ • We stress that (J.IO) is an equation J-dimensio-

. ·. naL_in each of relative._ momenta; the .total momentum_ of the. system, 
Q , is a parameter. . - . . ' . , . 

. Now consider·~ essential._part_::_of the integr~l equation (~.IO), 
the operator kernel · Y . Proceeding from the definition y; 'G;~..:. G-1

. 
... ,...., . 

. and- exl?anding v and G- int 0 perturbative series 

· v-"7 L: ~k , 

00' r-t :- .-.. L: " --(' . - . ~ .. 
· .. '· (J.ll) 

·- ~<~~.-. 
U ·- · 2K 

·k=O 

we derive the followl.ng formula for V, · 
. :lk 

'·' 

. . .. l(:.i 

"%k .;_ G'o-i ~k 'Go-:i - L: V21:-2·b ~2.~ G'o-i 
j>=-t- • r ~ 

/ (J:l2) 

To the second order of perturbation theory;' we -have; 'V;_ = 
. ~ G.;..• Ga GD~~ • -There~~re~ usin? (2.19) for :'G., · .. and{2~2J) fo;~:r. 

and separating the g_ -functionmpresenting the 4-momentum conser-
v~tion w~ obtain 'the kernel. of eq~ . (J~ IO)in the f~nii . 

(~> .· '·- . • . .· It! .. - ·[· ·.oz.'.: • .. b:. -~- -.. . . . . e.: et - J .... tj J .... . · ~ v ~ cQ).; (pJ; (l<l.v = ~ L (
2

tr)3 -~ lA (~l) r u ( kj~ . _ 
(). .. · -· i,..,.f-..{ J=-Lf . · ·.. . · · (J lJ) 

~··. . . ' ' ' . '· . : . ·~' . . . . 
.[.f\t..~~-- ~l3)(~J.:-~j~) j• ~.r.( Ql;t~:\, (•.~, 

H=L, - ._ / ·. . . 
' ~.' ·- . ,. . 

'-·. 



~·- ; ' ~ 

' 
·: "' 

where the functions Vt<: t< . m:e ·given by the relations C2. 25);;;. 
( J O) . ·. - ' L l 

2. • . ,- .. . 
The kernel _of-the interaction~operator (J.lJ) was obtained on 

- • -...., < - "' • • ' ' • ' • :, 

the bas:l.s of quantum electrodynamics. Without repeating the above 
considerations ~e present th~ result fa~ the c~rr~~po~ding k.e-;nels in.' 

mesodynam:l.cs, the theov with the i.ag~ang:l8,n ~= -~ :h·:1tj r "tl If:,-· 
. where r-= ! ( r."" i y . ) for. the €)!:change by a (pseudo)scalar· 

boson 'f . clf'·th'e ·ma,;s wl ': . ; ' • _._;_ . . -.. . ;, '· 

· · v<'' (QX;(r,:);( .::~·.~ · t.c~/9):· -[·.n. ci'i(~)r.u'\<;i].- :_: ---~~ Ofi4) 
(6) .. · . - £- i 2r. . ;J-- £ • ' ' .. ) .. / . :"' .· ·- > - '.:. __ ,. l"> .-, . r ," -~.- -~~~ ,-~- ::· _ • • • ,. -·' ' 

[-~ __ ;· ~s;::·_ ~ll)(pj~- ~j- ~1] ._._~_v.i\Q-~_i·-cP~) j ck3)--;, /-:· 
where 

J -t L, e : J . _ .- • ··-: • 
• • ·, ,' ~ "'·.: • ~ ? ' '·' • -; .-, • :.· ' ,;/ ·.,: .·• I 

. ~;. 

I 
l /-

y'iel~>,;(h)~;Ck~)\_=-_ .. ·_··· \ . ·[·R~t(~)+. Ru l~)J' 
\ . ' . - } J .• - 2 w. "'-) . . . . ·. ···-- a . - - . 

• "~ •• ! ' ' , 

(J:l5)-

. The functions 
(2. 29) by the 

Ri.~ liM.) . -ana Re{ (Wt) -· differ from c2~ 2s) and 

change of Wi.t and_ Yti ' t~ th~ quantity. 
'. . -. ( ·). v I . _-··_ . 2.. 2.' _. ·- v- (. - . 2 ••. z.'. ·, ··_ -, 

w;_e · kt -~ .--;- \Pt.L;;;. kn_J -t-~ _ =, . - I>~J..;;-_I(u}+"'- :""'~)~)}3 ~~6) 
. . - '-... :· : ' . . ·- ' . ~ . ·. . . - ,- -:·. 

:-

Note the co~6t:ton of 'the ~uait;otential~ (J.lJ) ~d (J.l4) · 
with the qUasipotimti.ll sc~ttering ;amplitude defirted, generally, off. 

. the energy shell· (ES). by the r~latlon . 'G = Go + 'lfo· T <t• .· . . 
from which it follows .that to the second· order of perturbation theory 

~ = c.-LG2' Go-i ~~ V-z. · .~. Thei~xpre~~ions (J::iJ) ~d (J.l4) vi~ have ., 
found are valid not only'for a bound system of n particles but. also 
for scatteri_ng state~ with Q~>(_i m-)2. (.)n"this case, on the 

· · r1 J - · energy shell - ·. . . .,. · . . 

"' . . :"' 
_t)).= QA =..!·w(pj~) = 2:_ w('S.~.): 
. --~ ' . j = c . . . j = ~ . 

...., 
_(J~l7) 

.-

J -:·. 

; . 

the q~asipotent:tal: ~pl:ttudes 'T2- ~ v2. CJ•lJ),- CJ.l4) exactly· ,.... 
coincide v1ith the physical amplitudes in electrodynamics and meso-_· 

dynamics: [T2. ] e:s · :=· T2. tl\"tS. • . We shall demonstrate this. fo-r the. 

, expression (J.lJ) in which the f';ffictions : Vt'<t't \_ Q.). ; ( P-1.); ( '<1.)) 
are given by formulae (2.25)...:(2.JO) •. When the conditions (J.l7) are 

fulfi_lled, we h_ ;~~ [· ~- 1] = [ R-1] -= 0 , and then from (2•27) 
p E'>- "' ES. · . .. · 

we get the relation_ . T. ~ti!.J = O . ·' and consequently, 
/ .(. ES . · 

-[ v;,~, ( Ql; (p.);l •.l)l ~ • ~ ~. ~j v,"(Q q ~.), t•.:l)J.. (J.l8) 

. ~:.Besides' 
"that 

due to • &_l
31 

-functions· in (J.lJ), from (J.l7) it. follo~s 

;[QA -.i __ · . ~(pj~\]- =- w\~•i) + ~ (p(J = w(K:l.) + ~(Ku\ 
... Ji:l,t . E5 

(.).19) 

Therefore, from (2. 28) and (2~·29) on the energy shell we have 
. . . . . . . -! . . - :· ': . . . -i 

[Ri.et; [wt~t.L)...:~(h·J-Wtt+to] ;·;.rR~~l; [~(p,~-w(K,i)-~r-t-LoJ . (3.2o) · 

an~, on the basis of (_2. 26)' we get ':.. ~'' 

[V/ (Q-~;.{~~);{KJ)l:=· 2~ .{. [wl~~~.)~ w(~<~i)-WLe ~to]~ 
• · ~ES lq ; . . .. . (J. 21) 

':[ ~[p,J- W ( ,,,) ~lf<t.- iOn,~ [( w(p,,)-w(•,,~ ~ w.>co] -: •· 
=' [ c~ ( P.~) -,we K~~IY + ( p~~ ~ "'~)2- ~ l o]~~ 

And finally, :it may be verified tnat the momenta on the mass. shell 
defined by. the .(2.9)-(2.ll) obey the..-.equalfty · 

. . '. '. • . . ', . - . . .. 2. 

( ~t- i(t t = ( ~~J. + .\!J ( l><~)- Ku_"-A w ( K•1.» = (J.22) 

(w Crt~Y- U) l Kt·~)Y- (P.~. :- \<~1.)~ 
',. 

Thus,using- (J. 22) in (J. 21); we. derive from (J.lJ) '~n the energy 
shell (J.l7) the following- formula 

·-.. 



•,, 

'/~ 

l ·-~ 
'"·, 

/ 

[v.':icGA, l~.), l'·)l.·] = ~ i., ~~;~[:n,·i)~ ~(3(PJ~-~j~) · · . ~ 1 •. · . ES 1..7£=!. . Ji':L.,t .. · , .. ~ (J.2J). 

. • .. \0. • _2 . ' ~t -~ . . 
-'t· . 1' '(~) . e(~\'( . t(~ · u ·(~)t u ~. ~ l.( Pel u_ ~:.e):.J:tr:f'e. 

L 

( ~" ~ 1?. )\ i.'o 
. ' . 

This .expression does' represent' the' physical amplitude 'of ·scattering 
. - . '. ' ' ' . ( ... 

in an N-particle system to the second order of perturbation theory. 
Each te~m ih the -sum (J. 2J) de'f!cribes the exchange by a photcm between> 
particles (i,l)7 the' remaining· partichs are not intera:cting. vie~no'te 

·:,:_hat_!o~ the latt;r,the ~qJa1·uy, b1.= KjJ. re~ult~_ in the ·eq_ua1_ity 

\'j -= j( j • . • . .· . . : .. ·. . . ·. . .· . ;. . . ' . ..... . ' • . . . 

·Thus, we ha'(e proved the 'va~J.dity .of~~ relation [ T~ 1~s":'-t'l]E~' 
= T

2 
rl.'Js. in elect~odynamips •. F.or mesodynamios th~ proof goes ir: a 

similar manner.'· . . . . .· ... ·. . ., ·-·. . ... · ..... · . • ....... ' 

For. the·wave function ~f-.abound ~tate :1J((Q;-?2l.; .. :·, ·'i~.L\X) 
besides. (J.IO)'; we maY derive·~a-normali~ation ~ondition-117/,. Its: 
explicit' form·d~pen:cfs on ~the. ch~ice-of normalization of the' vectors 
\Q., M >. (=. \'O.,M;·'J,Wt>)in the definition.(J_;2) ,wh~ch.we,subject 
to the invaria'nt condition~: '· 1 _.. "' . \ 

1 1 · . . . . . . · (3) 'i(- ' : . . ~3) j ·.' . ;£ . 

( Q, M:\ Q, M> ~~~~;.to._~ (G~Q!}~5;~~~~(~A) ~c:(Q~-ttt (J.24) 

'i . ' . • ,. ' . . 
For the ·explicit form of the n~rmalization "6ondition;:i.t is lmportant 
to know the ~xplicit. dependen~~ of 'the quasipotential on the pa~ameter' : 
Q ~ (the 'total ~nerg; in the fram~ ~f reference whe;e· L=.(i,O) ). -
Indeed, the. normalization oonditl on look~ as follow,s (w~ omit the deri- , 

vation): - 1 .. c 

v z·····f·t~)(.·· .·.·:-·:\·l~)r ··--\\'",3 .-
-Ql.~w ~:.~J'Il' ~ __ ~;_.t?~ •... ,.t?.,J~('¥_,Qi£zl., ... ,,.,L AJjua~jl.--~ 

- , . . - . - : c .. - ) 
. - - - , . >. - J. 25 

-2. J-hn ···lb .. -l_!S . . J<i l~l.( Q; f2~, •• ~) .r.,.L\>.)~ . + .l. J~ .. • . • . . . . 
('Z), (6) . - ,.2.. • . • . . . . 

, .... " 

.. I 

-~-

•. ~~Q~) v;:: c QA; l~.),l .. ))}~·\ ;, $u.~·;·• ~j ~ . 
,_ - c ' • -- . 

. Therefore the second term in the.r.h.s. of (J.25) canbe found only 
with the-expressions (J.D) and (J~i4). Their parametric dependence 
on Q). /is quite"iiefinite; their derivatives with ~spect to Q..\ . can 

. ea;ily .be computed (we do not write the ':i-.-e stU ts in vie~ of their 

- ctunbersome form). . 
·.To. complete the section:, '(ie should note- the following. In most 

. papers on the- quasipotential approach the _vector ·A · characterizing 
a sistem in whicli ti!Ues of· particies ~r~ eiiuated i.s. tall:en :J.n- tb.~ for~: 
A,;,_ AQ = Q/!QZ == Q I M; i~e. ~he unit veiit?r -A is directed . 
along the' total' 4.:..momentum ()f the system·. In this case, passing to.:

th;--c-~m. s. ~~ th th~ help of :tr~nsform~ions ~! 'the:~~ J{ :re arr:l'Ve
1 

at the folloWing properties: Qo = M ; Q : 0; ..\a= (i, 0); ~Q='M • Co?se-· 
-quently, the splitting (2~ 9) .of all vectors into longitudinaJ. and · 
transverse.component~ in f8.ct meansthe splitting into time and spa-

_,... - '.- ~.·· ' -, : . . .- ' " 

tial components ~o.· that '-· 

~~ ~. (o,t)=f j 
w(~J.)=yfr~;,c· = w(F);~ F:;(~lf);t). (J.

26
) 

. -' .. .·' -- ' 

·;- ·' 

In the considered. case (J.lO). assumes. the .form 

. 0 • l't -r. · .. - ·. -~ IJ ·· .]., ), · o· .-o 

M -J~ w(i>;)_ "f _. (~_;: fz; ·~~.' ~.,) : (J. 27) 

., -

... V ('<) (- ', . o .. o ~ ,(.'>) ( • ~ • . ~ '\ .V , '3 !p 

-~ JYt~> M;lp);("K);.'l' \M;!S~·,;.:;~.,JJ..~~~j., 

and it is clear that M:: <U ~s a• ~pectral paramete~. With this 
choice of 'ihe vector A ~ne may re~rite. th~ quasipotentiaJ.s_(J.lJ) 1 

(J.14) and the nonaalization condition (:l. 25) using the exp.~essio~ 
(J.26). 

15 
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4. A covariant equation for· the single-time wave function 

of a )-quark system, 

Now consider. a bound system of three .quarks (the baryon), in-::· 

teracting via giuon exchange. The ·interaction Lagrangian in· QCD is· 
' . . . . . /18/ . 

of the form (se~;_e.g., ref. ):, 

-~ = ff'L. . ~ cJ. tt. a]. .. ·· '( J' 'l{r. dj .11'" 
I • j · J .. c. cl· · J r" 1 

' . . ' . J J ' 

(4~1) 

w~ere th~·-index j _lab;lsthe q~a;k~la~cillr (u, .. d,s, •• ~ )_, ' cJ,dj 
are c?lour indices,- _Jf,.; are the, gl11on.f1eld.s 1 t . are ·the generators· 
of the. group , SU(J) in .the fundamental representation. - · ·' ' 

'The' covariant' single.:..time wave function of a j-quark system . 

is defined by re~ations .of the_ type (J:1) and o: iD i~ wh~ch the-spi
nor fields.have one 'more~ . ~~lour indei •. :T.herefa'r~ th~ wave .function' 
. y ('<l(<)( Q ;(p) \-}}. _· ~.ep7~ds b~-th on,the p_ol~rizc.tion indices · .. · 

(~)-= (~i,Z2 ,~3 )and_o~t_fe colour indi~es: (e):::(ci.,cz,C 3 )_. 

To determine' the 'operator. V , we, should compute the Green 

functions of a.- J-::qtiark system G~ . and Gz.. • Th~ free Green. funct;.:. 

ion has the form' (2~l9),where now N=J and only the product of three 

b- 'symbols of th~ colour .indices is:,added. \vhe~ calculating the 
Green function "Cf;- we sh~ll take. adva:ntage of the free propagator 

of the gluon field ·in the .covariant gauge. being of the form1181 · 
•· .. 

... t,tg .• (···:·)·_ .·, S:"'a 
1Y. q =qz._;:i.D IIAU · --. ,-- -. - . 

. I 

/' 
I, 

., 

lc (4.2~ 

Upon· calculations,· for· the •interaction operator 'to. the· one-gluon 
' • • > • - .' • -.- • ••• • • • : ' ·,,,-~ 

exchange approximation we get 1he •folloydng. expression 

• ' ' ' 2 . 

v(~):;~(QArlP~ij (k~~~- L ··(~ ~\3~ [tala:. [-fL~ ~C~dk1. 
t t ~ ttl· Tfl '- L. ;L l. 

r I I . . · · ' (4.J) 

· [,~., U\ilr~Ju~t,;l] s:: S"\~.i-,_5 '{.~~JQA;tr,):(•,t 
. ·, . ' " - . 

~ 

' 

\'the:re sumnation over i,l,m runsoverthe cycle (1,2;J)~and '{.i['<L 
is given by the relations .(2. 25)-(2.Jo) in. which N=J. _ · 

To vtrite. an equation for 'ly("L)("), we shall'~ -considering :the ba

ryon to~ be{a- colourle;s object, define the vtave>f~~ti~n being 
singlet in colour 

.('t.).· · · _ i :· _ (~ltc.c,i:,) ..• \\ (4~4) 
"'¥~> (Q i -tu' fH_\.\) ~ R: E.cicZc3 Y ·.. . (G.;~a,f}~ ,\;. . ·. 

". ' 

' ' . ,,. l•>t~l --
.Multiplying· the'equation for_ :·If' · . by the antisymmetric tensor 
£~<CL"3 and C~~Sidering the. prOp.erty Of generatOrS Of the .gro~p 
SU(J)(18/ .. . . • .· . 

E . 
c,czc3 

. . ) i a ·.· t a ·=· . ~·· £.__ c. - ; L l,c~, [ lA, c,J} . J . 3 . ~. a .. J3 ' 
(4.5) 

we arrtve at t[J.e follovdng~~qu~tion for.· the singlet wave functio'n 

,...,..,~'C 

·:-:r~: · . .<[ QX:: w(p;_J.)~ ~(ru) ~~(!u\J 'Y~\lL f~i.,~3~\>.) 7. 

J ' ' . . c4.6) 

. . . \ ~ - 3z 
~={~' -~. J J (2lf)~ f i· [--~ uJ~\~W~ju~(~j)J• ~::. ~t(r.~-k~~· 

tz.;e;~ 3"•,t. • ; . _, 

... 
~ __ ,,' ' 

· . v cQi;(pJ.); (KJ}_l_. ·•· .. '\y t
61

(-Q ;t~J.. ~31.\>-)- r ~2.l.l~3l. 
t'<ft . J s . . ' . 

'· 

Now let us examine the· .change of the quasipotential in sign due 

to the fact~r . (:::2/J).· Unlike the c~s~ of quant~ ~l~ctr~dyn~ics 
when in .a system ,oL three particles with· the same electric charge 
the interaction (J.iJ) is repulsive, i.~. practically there. are no 

. bou~d states, i~ the case-O'f quantum chromodynamics in a syste~ of 

three' quarks With 'the same. colou; charge~ :~ the· interaction is 
. attractive •. 

We hav~:determined the interaction operata~ (4.J) ·to the second 
perturbation order;'· however, as distinct from ·quantum electrodynam,ics, 

~ ., -· . . 

this approxiiilation in quantum chro~ody_namics is· not likely satis

factory. Therefore it seems .reasonable i:llso'to consider higher 
~ . ' . ' - . 



__.. 

>:' 

orders of perturbation the?ry, as well, whieh we .shall make as .. ··-"' 

follows. . .. . . . - • 
In a numbe-r ~f papers (se~, e~g., ref / 19/ ·and reference~ there' 

in), serious ar~ents were' adduced'. ill favour ~f- tha~. the _total' (not 
. ' • . . ·- ' . . 1 . . . 

free) gluon propagator in the COVariant gauge,V/hen q _.0, beh":!eS . 
in the foll'owing maimer: 

~ - / ' 

---{-~ ..• /·, ·)' 9t- 1v. ·}·' a . . + \.d.- i . _ . • 
'. <f ('A~ : Q2 • ' .. · 
. ' . . . I +t.D ' 

-D"'(a)· ·. _l S · • ('4V I = .. · ~c 
(?'+i.0)2-

(4.7) 

where A .is a consi.ant with 'the mass dini~nsi~dality~ M0reover, 

expression (4~ j) :-was as~~ed: as the totaL propag<l:tor for all if'. 
Now ~1e shall calculate the covariant t1~o-time, Green:' functions': 

of a J..:qua~k. ~ystemusi;g the propagator <4. 7) instead of C4. 2), 

which is w~n..:rotinded since the integrals over{J :le) and (J .1' )in 
(2.4) are com~ut:ed' ~n .. th~ b~sis: of· the.'theory ofr~sidues wher~ just 

the pole-behaviour of the propagator(4.7) is important in the in-
- '2 ~ . . -- .· . .-.. .. . . . -'- .. · ' . . . . -:.. - . 

frared region q --+; 0 -~.Using the propagator (4~7) for, computing 
the Green function,~ (the approximation of the ."dressedil:gluon. 

.exchange); for the interactionoperator.we.obtain a:n· expression-of 

the f0rm (4. J) p~t the functions :: V t"< f"e -. . are replaced b~ the 
functions 

· G! c'b · · , · · · • · · -- • • . · . '·· e · - _ . • · · . . · -··. 
VC:'•C"'t(Q>.; (p._); (k~)) =lJr.~rz ~: acb { Q).;'(_PJ.); (K-'-~~ 

• ,.- • ' l ,- ' ' • / . 
(4.a) 

.+ ,A 7. ( ~-i) J . )\ < • ~~eQc) (Q>. ; lPi) ~ (il.))_, 
• . • . (' • l"e _, _ . , · . .- . • . . ·'. 

where, in turn, 
'!-• 

... - - · .. 

V~:~~l>·\O.A~ (pJ.)';Ji:J.t ;_· i ~· [~~i -~- R~.J 
. ' ·. ' 4W.,__ . ·. ' 4~: [R<_e+ ~u] (4~9) 

~:~,( QJ;(p~);(<,] .. R~' R~' {i,~,i [R,. ~ R" :R, ~ R,j· 

_-:- -~- R z. .z.' . 3 [ ' 
-.. .H. w_lt . . tt_T ~ .. '1_. + 

!-t' - .. t.J. 
i

·w3 g <t. 

•' 

[
R. ~-_+_ .R3

·'-]'} .. 
. <t ' ' e;. -

. . . . ' - ~ 

(4.r'o) 

'J ,":\. '.· 
! -- / 

,, 
I 

,.::...--~' 

~'he que:ntities _ R:~~. , R_;i: and :Wu . a~e given by the same 
_formula~, (2~ 28)-(2. JO) in which now the number of particles, li=J. · 

It _is also not difficult_ to derive·a:n equati'on 'for the singlet 
wave--function of.·the barya·n in the co-nsidered approximation of th·e· 

. 
11dressedl!.:..glu'an~ exchange: It is of the foriu (4. 6) v1ith th~ change 

· of >v : - . to v QC'b • . . . . 

· r<,C"-e ['<; .. tte. 
,,~ 

5. Conclusion· .. · 
• . . . .. -- /1 
Based on the -relativistic quantum field -theory; we have· derived 

-~'" ' 

J(N.:.l)-di.mensiorial· cov~riant singl~-time equations for a l;Jound system 

of N relat:i.vistic_particles_wi:th spin 1/2. Unlike 'the Jcii-1)-dim~n-
sional·.equations: in terms. of the light-front, variables, our formaHsm 

has a close 'analogy with the a;paratus of· nonr~l.ativistic :p;tential 
.theory, which·allo1~s a la;ger clarity fo~'it. Based -~nthefield,-.' 

.... "-' . ·-· -. ' ' ~ '. ,.· ~ . '" ----_ - - -:---........_ 
· thiwretical equal-time Green functions, we hav:e explicitly, found the 

'kernels_ of. these equations· th~t are the_relatlvistic generalization 
' o_f th~ee-diinensional'potent:i.ais of quantum m'echanic~. We:-have sh.own 

. that in tlie:irelativistic case the~e kernels (quasipotentials) depend 
. parametrically on the-total ene~gJ'of a ~omposite. systein. This .depen-

dence-is determin~d···,explicitly, wh~ch allowsu~;, ~o, study its. i.nfluen~ 
ce ;on 'the· physical characteristics of a _bound _system,-mass spe·ctra, 

decay widths, etc. The normalization~.condition i~ established lo~ the-· 

:single-:-time _;nave function_of a bound .state' that t~es into account 

the depen.dence o'f· the qu(lsipotential. on the total energy;. of a com- < 

posite system.·- A J-quark system. is analysed for.which 'the correspond-: 
ing ·quasipofential of qhark ~nt eracti-on is iietermined ; in the frame-
work .of QCD. ' -

The results obbii~ed here can e~sily be· generali~ed to systems con
sisting of spinor particles and antipa:rticies, fo'r instance, of quark

-apti~U:ark syste!ll~ ~f-the typ~ (qif·)., ( ~-if'l'f), ( '!Cf'l'f'l): 
For this case if. the .particle with the number j "is:replq.ced by. the ~· 

:~antipai-ticle, thlmone should-use th'e,spinor-':ir{Pj) instead of the-

~· splnor !A'l pj) . while p'rojecting the Gr~en· function -(2.18). As a 
resUlt, the matrix element · U'l,; ('pj) t t':. U 6j. (~3 ) ~ -in the 

cireen·furiction (2~2J) and the interaction operat-or .{J.lJ) must be 
substituted by if'l li;) yr'j 1f'kj (ii). . , - . ., ~ 

· ·. FUrther publicatione will be devoted to the application of the 
solutions of the relativistic equ~tione for the waxe' functiim~ for . . - ' ' . . _- " ~ : 
describing the, processes of int,eractions of the bound states of N-· 
particles'with other objects as well as the pro6~sses of their 

' . ~ ' . ' - , " 
decays or their productions.-· 

'"-._ 
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JJ.eH: E.A;, KanmaH: B.H., CKaliKOB·H.Fi. 
KoBapuaHTHble OAHOBpeMeHHble ypaBHeHH.SI 
WJ.H_cucreMbl N cnuuopublx llacruu, 

Ha ocnoBe TeopeTHKo-noJieBbiX <PYHKU.HH 
MeHHbiM o6paaoM cucreMy ua. N <PepMHOHOB, 
MepHble ypaBHeHHSI AJISI BOJIHOBOH <ilYHKU,HH ( 
neH .SIBHbiH BHA BXOASIW.HX B 3TH_ ypaBHeHHSI 
TaKJKe yCJIOBHSI HOPMHpoBKH BOJIHOBOH <PYHK 
CMOTpcH CJiyllaH 6apHOHa KaK CB.SI3aHHOH CHCT' 

Pa6oTa BblnoJiueua 8 Jla6opaTopuu Teope~ 

npenpHHT 06-i.CJIHHCHHOI'O HIICTHT)'Ta IIJICpHbl. 

Dey E.A., Kapshaj V.N., Skachkov N.B. 
Covariant Single-Time Equations 
for a System of NSpinor Particles 

Based on the field-theoretical Green func 
fermions in terms of a single-time variables we 
for the wave function of a bound state. Th< 
equation and normalization conditions for the 1 

an example, the baryon is considered as a bou 

The investigation has been performed a 
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