
a set of three-dimensional equations for the
transition operators are obtained. Taking Into
aooount the decomposition of quasipotential
у  on the sum of pair lnteraotlon, three,-
four,- ... - forces terms ( following from
spectral representation (3) ) these equations
can he reconstructed to Faddeev form.
therefore the general representations for some
distributions obtained ln our approaoh depend
oruolally an the properties of constituent
wave funotlon and their soattering amplitudes 
/5,6/

•

Note that there are also the equations 
and normalization conditions for the ware 
functions entering ln (10) Ш  .
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INVESTIGATION OF TBE SOLUTIONS OF QUASIPOTENTIAL 
EQUATIONS

7.Sh.Gogokhla, D.P.Mavlo, A.T.Filippov 
JINR, Dubna

Quasipotentlal equations (QE) in
quantum field theory are a convenient method 
for Investigating relatlvlstio bound state 
problems Z2»-3/ , itt connection with possible 
applications of QE to the quark models it Is 
neoeasary to note that there are many forms 
of QE and therefore it is not clear a priori 
whiob form is preferable on general grounds.
On the other hand this fact ls an advantage 
when It oomes to possible applications /2,3,4/^ 
Different physical problems may require diffe
rent forms of QE.

Let us oonslder QE for the soattering 
amplitude of the equal mass (m) soalar 
particles ( quarks):
TVsD'i=Vi7s--b'ii'u K'+m'fr VKP-Wmp') <i) mr /  L r r j  j (ч ,+ т ,ул ;

where V = i oorreapond s to the ordinary 
Logunov-Tavkhelidze quasipotentlal equation 
(LTQB), V = 2  - t o  the modified LTQE ( MLTQE). 
Let Vo(p,p'J be the S-wave quaslpotential, 
corresponding in the ooordinate representa
tion to the quasipotential of the form V(7j=-<]'l'1 
Then eq. (1) oan be reduoed to the differential 
boundary value problem of the seoond order in 
momentum representation Z2/ :

j jP + A 'V & e )  f0d«0, V & e H i + x r W r (2)

^ ( x ) ~ x ;  i w ~ a o n & i ,  (з)
% + Q *-•<*> 4 *

where Xepm-',
x 6 X  3  [0,° o j , E <£ g =  [0, 1].

We have investigated in detail the oase V s  1,2. 
Let us reoall now one of the Sturm-Llouvllle 
theorems:

THEOREM: If the non-negative funotion



V(x,E) le incremented in lt3 domain X E  X  
£ e S  then positive eigenvalues Л’ will 

always decrease and negative ones lnorease.
lo apply this theorem to our boundary value 

problem (2)-(3) it is necessary to find such 
functions V<V*'E) and (x,E) , which
satisfy the inequality

and whloh, when inserted instead of V$,E) 
make eq. (2) solvable ln terns of known 
special functions. Then, using the mentioned 
theorem, we can derive exaot upper and lower 
epectral hounds for the original problem (2)- 
(3):

<>>racf I r > [ .
(5)

For the LTQE we use the following approxlnati-» 
ons:

Х/<7х,е) =  (1 + хГ '(х  + ЕГг 

(Хг+ЕТ', X<1v;'(x,eJ = .
, Х И

(7a)

(7Ъ)

The eigenvalue problem (2)-(3) with potential 
(6) has the following solution ( upper spectral 
condition); ,гА П л У Г М ’+ М Г Ы )

[' 1 )  Г М Г ( ^ И П и ’) 

Ffc,-vt‘;2<*;?fr) I £  j2'*-* С0)
f V W ; 2 ^ ;  JL-) (Е - м

where d  = (1-E)'1 - V v ] ‘Л .

For the function (7) the corresponding (lower) 
spectral condition is L  i. т ^Г2Я>) _

* +Я>1 ^ й  *

_  21 • ^ a ^ laF ( i * a r a ’; Z a * ^ ; - E1)*C.C. (9)
~ Ъ  B ( a ) £ iaF(a,-a'iZa + i ; - £ ‘) +  C.C.

where Cl - L/4 + ‘■/г (/Г> - % ) 1/2,

A(a)*
[ " (h - a )

D/a i~ Г'(>Л)Г(Уг -2a)

Г('л-а) Plh-ct) •

For the MX/FQE we ohoose the following 
approximations:

V<"(x.e) = (1+х)'г(х + Е)'г

V?(X,E) =
(ХЧЕТ1, x<i

X U

(11a)
(lib)

These as well as (6)-(7) accomodate properly 
the analytic and asymptotic properties of the 
original potentials. The eigenvalue problem 
(г)-(З) with potential (10) has the solution:

Ли,<(Е]=^1-£’]2+[«Л--l^ -J* n-i,2,3,...

Talcing into aocount, that V > '(*>£) a V>Vx,f; 
for Xe[o,l) , we obtain the solution of eigen
value problem (2)-(3) with funotion (ll) from 
the spectral condition (9) with the help of the 
substitutions

Consider now the llait of strongly bounded 
states ( £Г = 1). The analytic results for eigen
values ( V =r 1,2; /  = > , < ,  exaot)

An,<(i)=^ae„l; Уп[* а ) = я 2п3;

C w = w - i ,  Q4>

where П -  1,2,3,... and Э?м is the n-th 
root of the Bessel funotion (Z) .

Numerically: = 1.155, Л!,> =  5.759,
=  1.632, /\г!> =11.162. These results

satisfy the main restriction (5).

In the weak-binding limit ( E-*0 ) we 
obtained from (8), (9), (1 3 ) the following 
behaviour of the energy eigenvalues:

E Z m = « p { - « L _ + K ; v  о д а м у ] . < «



where K > ■ = K t> - ^ . 6 5 ,  H<*0.77, K < - 0 № d / »  
*>,< , n = i ,2,3,...

Therefore, using the main Inequality (5), 
we proved, that the behaviour of the exact 
energy eigenvalues in this limit eust be of the 
type (15)
e ::l w= “ f f  i f r ^ + }  < “ >
with K<v)̂  K t l ^  K > ' , In oonneotlon with this 
formula we point out that the original eigen
value problem (2)-(3) cannot be solved in terms 
of known special functions even if the В is 
aaall, and It ls the Stanm-Llowrille upper 
and lower apeotral bounds technique which 
renders the problem solvable. The spectral bounds 
considered make It possible to prove, that!
1) there exists the limit point of the speotrum 

En(7\) for E-*0 ; 2) the dependence 
Is nonanalytlc, namely of the type (16);
3) there are no energy eigenvalues in the inter
val , Uote, here that boundary
value problem (2)-(з) for V -  1 has been
solved formerly /2/ by the ( asymptotic)
comparison equation method ( CSM) ^5/ with the 
following result for eigenvalues ( O ^ E . 3̂ !  ):

2 ЭР» (17)
^ Гп(£> /V' “ &(%X)

whioh for £-*0 reads

l ^ * /v +0WFT5)}.
Theft» the Sturm-Liouvllle upper and lower 

speotral bounds method as well as CBU «ay he of 
great use for solving the broad olase of linear 
differential boundary value problems often net 
with ln different branohes of theoretloal 
physics,

la conclusion we note that in the nonrela- 
tivlstlc limit the quaeipotential 
corresponds to the potential 
ln the Sohrodinger radial equation, but ln our 
oase there ls no problem of oollapse Into 
scattering oentre.
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