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It i~ shown thati~ order' t~ d~scrihe the hound'stat~s in ~u~ntu~fleld theory itl; possible to' construct 
' ,· ' •• • • • , ~ - '~ • <.. ' ·~ • I \ 

a local potential which is a superpositl~~ .of Yuka~~ p~t~ntials with energy dependent inten~ities. 
• , /. I ·• • •• , • I ' 1 , . • • ~ , ~ - • · / __ • 
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. ,.It has :been shown/1/ that in th~· fram~wo~k ~f ~ua~tum fjeld theory ~ ·s~~te~ co~sisting of ~wo interacting particles . 
·.~·.- ~ ~ ~ • ~I~. :. ~~~. '·.: , ·. · .• ·· •. ,-· .• · , ~ \.:' 

.. c~n be described by an equation of tlie Schrodi~gertype with a generaliztid compl~x 'p?tential whi~h i~ dependent on . 

. '' ,, 

• , • •• • • ''· : . ~ • ' .; . ' ' •• ' ~ ~ > ·\ > • • ~ ~· • \ 1 ' 

. energy and particle momenta·. Such an approach allows, on the one hand, to~ find the scattering amplitude* and, on 
• ' ' . ..~ ., . .. I . "' 

: Jhe other, to study th~ structure ofthe bound_~tates . ·'·· . ' 

. Apar~ from ·such an approa.ch: inll/. a ~-ch~m~ is developed for constructing a locarpoten'ti~i to describe the scat-
•• -· . ' • • :· ·' , . 1 ~, • l I ' '' ·-, ' • , ,'• · / • ~ • ·;' :. . • ', • ·' • -: ' • • • 

~ring amplitude. This sc,hem'e ·can be briefly set forth as: follows. 
' /-, .. 

For the scattering amplitude in quantu'ni fiel<ftheolj there exis~ ·an expansion in the coupling constant. It is~· 
/', • , • 1 • •. \ -~ I , 

1 
·' j "': . , \ :. ,' ._ , . , , a • '· 

quit~ obvious that considering·only the partials)lms of this expansion one c~nn'ot answer the 'questions on' a possi~le .: . 
~ -· . ' ~ -' .. ' : ~ . . . ' . . ' . ' . . . ' ; ' . _: '.' ··;.,.. . .. ,' .. ' ' . ' ;" . 

. ·_asymptotic behaviour of the amplitude. and on the character of the bound states and the resonances of the system. In. 
t • 1 . • • ' ' I 

... 

1 'orde~ to:solve these proble~s ~ ~eihod of'summing up the p~rturbation thiory graphs was t;eat~d i~/lf, ·.This approach 
. I '• . •. • • • - ' ' "'!.- -, 

'i";' 

' . :: • ' • ' -~ ~ - . • . ' ·i ' • . •·. l •. • --. • . ' ' ,, > l • . . . . • • .. ' 

ena~les us, to construct s~ch a ·potential for the amplitud~ of the process, that Schrodinge~ equation, with this poten-. 

tial would yield the' ordina;y expression for the scattering ampli~ude in any order of perturb~~ion theory; The k~owled- ·· 
J > '~ ' ~ ' '.' ' ~ 0 0 >,' 0 > ' '> ..: ' • > : ,• • T •• \ • • \.., ', • > '·: ; • ' ' ' ''• ' • ·": •, > < - ' 

. ge <i the pertU~bation th~ory potentialpermitsto establish a 'n~mber of its general features,' as we shali see later on. 
- ·-. • ' , (".,. . . . •. ' ; ', I / -~ ' , • • "/' ' . \ ~ : - ';; ' ' 

·.<Since we restricted ouselves to the problem of the acc~rate description of the ~·cattering amplitude by• the very · · 
! l . -~ ~ "I ' I .. ' . ' \ . . :.' (: . • . . -. . '' . : ' - ' . ' . . \ ~ ' ' . - /\ .. ' ~ 

construction of the potential; then~ the Schrodinger equation tllus obtained makes it possible to find the energy spec- ., 
'· . ' , ...... ' -' . '\, . ,'' . - : ' \ •'. ' ' ' ' 

t~m'of the bo~nd.~tate.s a~d res~rianc~s ofthe system. . . . • . . • 

. . It has:heen established in/1/that the. pro~~ss. of scatterlng as well as~he. energy s~ectr~tri 9f the bound s~tes·. · 
. _.;, • :' ~ ' . ' • • ,' ' ' : -' t ' ' ' • \ 

~and resonances are described by the equation*"' · 
' , I ,· " . ' ·: 

'· 'I (1) 
' . . ~ 2 . . 3 

J v ( E, (q.,...pJ J l/JJpJ a P = o, 

• ·. . I 2 
V (. E, ( p .;.. q ) ) .. is a function of the energy. E and of th~ momentu~ transfer ( p - q) 

2
• · 

/ . 

Hen~e,: frir the t~ansition amplitude 
. '· . ' . ".. '; 

T ( q,, q') we have an equatio'n of Lippman-Schwinger type 

T(q,i/.') 

. ,. 

:On the ~ass shell 

the function ~ T 

·.I 

' . 
2 '2. 2 ... '.2··· 

q =. q' .= E - m . 

.~oincides with the scattering amplitude ~ /J 
' . ' \. ' 

·, 
•.. where 

~s =1 .:.. i . .1L 8 ( , E - E:' J :.t 
, E~ 

I 

·' 

. (2) : 

(3) 

*' . 1,' ~- .·, I . o •' : ' / , •• ' ·, •, j . • • ' -" • 

We call tho scattering a"'plltude a quasi potential one If Its projections on the even a11d odd· states In the varlab1e .. :cos (} 
• ' ', I ' . ' . . '· '; •'' / • , ." " I > 

'Can b~ represented as superpostLfons Ot·Fourter transforms of Yukawa pottnittals .. ·· 
~ ' ' ' ' . , . ' . . - _/ .' 

... 
'** Here and In what follows P 

., 
-~nd q .denote the three~dlmenslonal momenta.' 
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~rese~ting the ~fiction · , T in the fof!n. 
' ~. __ ._.·,:·-·, ··,'~ /.~~,-:-:·:,· ___ •. - .-,. 'y, ..• 

· ·T (q, cl)."" V (E + ii, ( q- q' /) + J V (E + ie, ( q .:_ p /)'G(E+ie''j p, k) .V (E.f. ic, (il'-k-)2)~ ·. 
• · · · · · · • / · ·· · · -·_ • · · 3 .. '3 · -- ;,··<4r:·_.;;·---~-

. ,, \ ' ' • d p d 'k ' ' ' ' ' ' 
., . 

• f " '• " ~-:.... . ' • - ' •.. ' \ - ••• 

we get an equation f~r th~Gr~e n function_ G (E; q, · q') ~ . :_" ' '··· ·- . . ··:- ; 
>·. I l' ..... · . ~ .,. .. 

'.' 2' ~;, ·j.-·. _:·.·. ·, ·: '.:>.''"·.,/:_· '2:--. -"~ . '_ .,. ·.·'. '; 
(E :...q.-m )~<G(E; q,q'}-fV(E, (q-p)-)G('E, p, q')dp '=o (q...;'q~)";· . ' . . ' . . . . ' , . /' . ~ . "' ::. ' . . . . ·. 

,_.;__ ··._. r •'; 

'/ 

. >··<sr ... 
•, ,•t. •· 

. , \ ., r . 
1
•• _ •• .--, _ I . •. ,, . . r •. ' • • .• 

'Before investigating the' properties of Eq.''(2) we niake a reinarh The dispersion relation in_ S: e with.one subtraction 
- '.·· l ... ····: -~. ,·, .· - >:· · .... · ,-__ "• ' ··' ' ' ' " ' 

,without taking the u: ~i:han?el 'info ·a:ceount, has the {orlrl 
- ·- \ 

··.·' r·· ,,, 

M ( s;t) "~ V (_t)· + j;rr 
J"':da lm M(a, t). 

4m2 (]- s ' 
t: 

'' ~ .... • ·:.: ,"Y •. ' .. ,-

From the iwo-parti:l~ unita_rfty ·•· · 
,·. ;', . 

'i 
_-... _ 

/'."· 

' ' ' ' + ' ' •,\ '•'', '' : ' +' ~ 

i I Af(Pa ; Pf3 ), -__ nf}Pa i Pf3) I+. nr '(pa,-P) !I (p, ~{3) d 
3
p :.· o: 

".--

~ ,.-. 

' ' ' 
. ·~- '! 

·f 

'and assumin~ tha't. V (t)_. and lm M( s, t)' admit ~epresentations of.,the fo~ ! 
·. . -

~ .... . _, ··.··~·~ .• .r_ ~--· • \,_ ~<..;·: , -.·oo ·- ;. _, .. ~ 

V(t) ""'1/TT _{; 

~f' 

'· ' IJ. 2 

U(v) dv,lm'if(s,t)=_1!rr( p(s,v) dv 
v.-.. t_ .:·- \· ·, ,4~2~-t. ·· .. · 

. it is-p~s13jble ~o 'get/2/ a no~-li~:ar.equ~tion for the ~p~ctral functto!l ,P ( s, ~ )_ 
. ' ' ~ . ~.--: . : ~ \. . . . ...: ~ / . . .. ' . ~ . . . . _,_ 

t ·---1·, 

~ r \\~ 

''' ' .- r. o· .. , , ·'• , 2 7T 

~ (a' v )-= - ci, Va-
00 . '. ' +' -
ff ·r (a+ i e, l't .) r ( u + i E,' v2 ) 

R(a_,y
1

, v
2

, v) dv1 d':'::z)' .-, 

.\. ' 2 ' ' 
·ll 

'where'·· :--· 
p(a,·v) :>da:, 

' { 

(] ·- 'S 

00 

'· r(s,v)"" U(v)+.1!rr·.f ' ''' ' ,, -4~2-
/ .... 

·and the f~nctio~ · R can be expressed by-· 
,. ,.; ' . 

. I 

' . ' 1 :' . t l ' ' - {2 : 1 t 
~ ( ~~ _t; 1 t 2;~ ,tl ""-2fi2 If (1,+~,1 +I~ I + ~. 

•/ 
l 

'· 

·,, 2'2·2 ' ,·ttt 

_1_ l((1+~ 
2q2_: :_' 2q2 

1 + _!i_; 1 + -· _t-) ,;; 
' 2 q'2 . . 2 q 2 ' ' 

-e< t,+t
2
+t -2(tt,+tt2+tit~-7J _ 

(t:+t;+t~::._2(tt1+tt2+t t)':... t1t2t ]'h) 
• " ' l 2 'q2 

~ _ .... 
. -:-~. 

-. s = 
,' '2: • 2 . ' 

4(1!1 +q.). ;·_ 

(8) 
,\: 

'I 

-.:..-

'(g) 

(10) 

(11) 

.,: . 

(12). 

. "-, .-~ 

. ' ' "r·- ' ' ' -;. . ' ' ' ' ,' '' ·- '.- r ,. ' ' ' ' ' 

It is ~asy to see that the solution of the linear equation (2) with tlie potential' r v: (t) '_:of the form (8) can be reduced 
/' -' '

0 
·~ -, ~. ~-·;--, .. ,·· '' v,_ ,·~ _. J, I ~-- ' .. ..f ,, ,1, 

to the solution or' the non-linear equation for the ~pectral functio~. / 

' ·I~l~ed, llS far !1~ 'tli~'rotential -~(t) ': i·s.'real ana its Fou,r;er-tra;~form i~ d·~pend.ent on the distance only' ~he a~-
plit:d~ found from Eq: (2) s-a~;sfi~~ the unibt~ity' co'ndition (7): It foll~w~ froci the:analy;is ~f Eq. (2) with th~ ' 

• -' I; . . i'- .• ,'.· • <' • / ' ·.I .;' _,. •'- ~-· • 

:\ r? ,. 
'' 

._,j 

' ( 4. { 

'./ 

' 



pot~nti~l. (8) which i~ a sup.erposition of yukawa potentials, that th~ scattering amplitude ha:s the represen~tion <6), (8), 
. . . . . ~ ' - -.. \ .-· -

.:the subtr~ction c~n~tant in (6) c6inciding with. the-potential. V (t)~ -, ·. · ~. i 
I ' • • ,•· ' ; ~- ., .,. ' \. 

;> This sh~;s tha(the investigation of the ~~altering amplitud~ ·with the aid ~f Eq. (2) is fairly effectiv'e ~ince w~ . 
' . -· . .... . ' \ . . ~· - . '. ' '. . ' . . ' ·-

.are dealing h~re with aiin~ar equ'ati;,n· which is~ gener~lii~tion of the well-s!udied.Schr~dinger equation, ~bile usi~g 
'. ·.•· ' ' ' - . .'' ' ' . ' ' . '' . - ·. ·. - . - . 

th~ unitarity 'condition and dispersion,relations we have a rather complic~ted ~on-line~r sy·;tem of integral·e~ations • 
. ·-, :. . ' ' .. ' ' .. ,: .· ·" •' ' ' ;' ··.- ·:' \ . ' : ·._ /' .. : ·. . ·, > ' . : ', ' 

·. ·We procee'd 'now to the study of some prdperties of Eq. · (2). In order to obtain the asymptotic behaviour of the scat-
, . . ' - . , / - ·,. ' - ' • -~ . ,.. I ' • .-

. te~ing amp~itUde in the s -channel, Eq. (2) employed for discribing the· bo~nd states has. to be,used in the 't. '~channel~ 
. / ' 2' '' ...... · '; .· ..... ·· --· ·.- ... · _,'\' >/ ... ; -·· .. 

where t =4 E ~while' 'S ·, and u ... ,are the momentum trartsfers; To describe the direct and exchange inte ... 
. . • , _ , , r : . 

1 
• • .; • t • , • •.• , ·, : . , , . , : • ·-~ · : _..·· " 

'· 'raction we introduce the potentials for the eyen and odd states respectively. Then Eq. (2) can be written for the even 
. ' . ' . . I. ' ' ' ·' ' ' -_ ' 

. and odd states separately: 
' ' \, 

' 
',•. 

+. ' 
T.- (q,· q') = (13) 

.,_.. 3 . 
dp_. 

... Let the p~te~tials. in some energy range have the £oim. 
- ' - .. 

. -, • . -~., ·, • I ' ' 

' ' 
''. ·,' + .· . 

,.: 
00

- u-.c E., v_) . 
) f dv. 

;=' ' '')2' , v+(q-q .· 
. 112 . . 

-... . ' . ~ . . 

'(14). +.. . '.-'" ,·: 
v:-. c E, c q :- q J 

~--· 

''/' 

. Th~ solution of Eq. (2) for the even au"d odd states in. thesaine· energy range' is 
• ' ·' 

1 
,..· '. / 1 ' .- _· -· -· -. -' ~ ··"_, , I·:...'' . - . -- ' 

± oo ~/'(q-~q'?v.;,E)_ dv; 
·,r.(q,_q') J 2 

· IL 2 • v +· ( q,.::: q'), · 

.. -( 

- ' (15)' 
1' 

Let us check up this ~.~tement by r~sorting to-pe~turbation th:o~. F~~ t~is purp~s~ we write' do~ Eq:, (2) in a" symhO· 
' ' 1~ .. \, 

. /'' 
> lic'form 

'.-

' ' ,• 

± 
T 

± -c..± 
v ·~_.'f, ,· (16)_ 

'<-.1.:-

. ·and expand 
- ·. 

v.: in the coupling constant 
' ' 

T and 

;.'-' ' . ~-

.•, _· \ 

.! 

' ' ' (is), 
,f 

T· . .,: v· 
I . .· I , . - . 

; so, the statement-is obvious in .this _case.'. n;;, 1 _ ... ,. 2 .2 

We sho~v now that if the fdnctions 
. ·r 

2 

.·.function' can be :put in the 'same form, as well. 

·Let us c:onsider the prod~ct-

':,_ < .,._ ·_, • ' ' 

' .'can be represimted in the form {15), .t~en the , ... , T 
2n·2 

r2n _;,(u, q'2,'E; v2) !J2m( E, V1),, 

['E~- ~ 2 ..,..u) y'U""+z? : ,. 
,_ - .. 

~5 
'- ,. 

I, 

.~ ,_' . 
(19) 

; ''j 

/ . 

-··· ... 

l, _. 



\ 

0 L ,, 

. -, '-

,·.· 

where. 

Si~ce. 

.wh~re 

'•' ·~ 

:•"._. 

·f(v
1

, v 2 );;,J cl3 p 
' ' - ~ ' 

r ,I ,r ... -,• 

·I 

.• · 

. , 
·";., 

' I (vI 'v2) :0 ·._; J 
.. ··,2 ', ' '. 2 

K(q ,t ,u,v1,v2 , q.) 

I t I+ ( q- q'J 2 :· ' 

[(. 

'\ 

. -·,< 

· e c v t • -..; "', :.. ..; "'2 > e c11 , 
'~·:-

dt' , 

). \. /; 

{ 

"/~ . 

.. "· (20), 

/' 
; y" 

· A fli tlte .w~ll;'<~own determinant/ 4/;. th'en J '/ 

! 

.. / 
f • 

00 / 

V T · - f ·•· dv , · · 2 . 2 
2m x . 2n•2m- . ' . . 2 X ( q • _q ', ' E, v) 

. ·IL2 v + ( q - qtJ. . . . . . '' 
. .: \ 

with .. 2 • 2 . . oo; ' oo , oo , T ( U I :I . . . T , .. '2 ·. ' . 
X(q ,q' ,E,v).~('du.f,i:Jv1 fdv2 . 2n-2m· ,q ,E,v:I).U2,(E;v1 )l{(q',v,·u,~1 ,v2 ,q2) 

o IL:I .· > 2 2 .. . . • . . . . , 
, . IL [ E ':':' m 2 - u ]y u, + m 2 . . . ' . ' . '(21) 

. '--: r~ 

-\ 

,::.." 

/, -

It follo~s that the function; T . . . ' . ., ~ . . . ' :' . . /. . ." . .· : . ·'·: ~- . 

can he represented in the form of Eq; (1?). So, the representation for solving Eq.(2) :In 

in th~ f~~ (15) is. established; 
. ' . ' ' ' ' . . '· ' ·'. . '\ ' . ' 

- Letus'wriie the equation for the_spectral:function; With this aim,. we substitute ~xpressions (14) and.(l5) into.(l3). 

· Using (20); ~e get::" 

'' + ' ! ' • 

r-(q'~q 2 ,v;:E) 
'' '. -

) 

)+' .: 

u-(E, v) + 

·' .. t 

' +' ' . . o -c , 2 . . , t, . . 2 EJ . . 
f.(. ~ q

2
,'v,u, ,q, ~·(q',!J',t',E)·du'dt.', 

.. (E _;m -u')yu 1 + m 2 
(22) ' 

.. ·\\'here ·J 1:. 

:!:.·'':.~ '• :2 ,·, ,'. ·.~· ... , :' ;,._•,· 2' _I, .. ' 

. Q ' ( q 1 
, v, u 1 " t ', q , E ) = Y:z J K (q' , v; u 1 , t', v , q ) U ( E, v } dv 1 

;/'· 

_\ j' : ··~ ' I. :· ' ·' • '• • / ' I ~- ·,, .' •; - -. ., • • 

Ah eql.~tio~ of th~ type· (22) fo; th_e potenti~l scatterin~·~a~ first ·discussed in/ 4/, wh~re ·the asymp~otic behavio~~-. - . . . . -· . -~ . . -- . .' \ . . 

.. of th~ sc~ttering ~mplltude was ~tudied. I~order to find,·wi~h the aid C:f Eq. (1), the.scatterilig amplitude alul, hence; 
.•, ~- ~ ' . ~ ' . • . • . . • _: - , , ~ i' . I , ' ' . " / '. ', ~ . :_. 

· the' spectrum of the bound states 'and resonances, we choose the potential·so that the function T , on the _mass shell 
.- • -· :~ I' • : :, . . ' . .. _ _-: , ~- ·. ' . ' , . ' ·. / ' . '.,' • .· :I / , . - • . ,., I.~ . ' ..• 

would coincide-exactly with th_e scattering amplitude in.any:order of perturbation theory. This can be _achieved if the 

,' '(23) 

p~tential is determined froi_n the' equations: 
• ,: ....... \ _. -4 

.:-· " i ,._ . 
,··. 

-~ ·~ *--.. The kernal · Q±.· 1~. :extended _to -the region of negative value-., of 
. 2 ;, . . ' 

q and·. q Such ,val~es.appear when the ~mplltude of_ 

the process ,Is eitend,ed t.;· the region. b~l~w the thres~~ld. 

";-, ' 

·,t 

_--I..-' ' 

/,· 
c -, 6 

~· 
.' 

J ~ ' •. 

·<.,'/· 
• -~ < 

.' 

. ·~ ,· 

_j 



·'·'· 

. : .. ~ . : ~...:. "· 

.· ... ±· . +' 
-: ( V . X • T ":':] 

• . 2 ·' 2 
\ . ;, .... ') 

·v· ± . .:±-'· n -1 ;- + . + ' . 
2 _n_ = (. T2~' J_ - ~, 1 ( V2: X T - . ] 

• m-== 1 . . _ 2n- 2m_ 
. . 

; l' 

. :' 

• ~ • .. J ; '-·· ... 
-: 
. ' 

/" 

~~ ·.·. 

1
Here tile~_ squar~ b_r~c~et:~ de~i~atethe transit:io~ ;o t~~ ~ass ~hell in the ~~;~e~p~;ding ex~ressi~ns*~ 

' .. . ' . '· .. "' 

:'l'ow we. show th~t/iti ~o:Ue en~rgy. region if tlle scattering am~iitudes f~rthe e~~n ~nd-odd states u± 
. '-. . '· - ' ,, • . ,, . l <, '. • \ '- • _, ... - • 

< Serited. as I '·· 

'. + ' 
± 2 ·-·.roo· a- (E' JiJ . M ( E, ( q.:.. q ') ) ~ dv 

!l2v +. (q'-q') ~ 
. :--• ~· -. 

'th~n thepotentials ' v±. we h;ve got fra"m eqs. (24) ~ss~m~ i~ thisenergy'r~~ge th~ form' 

- t. ' . : .. 2 
V(E,(q~q')_) 

-, 

_. (24) . ·'. ;:· 

. "" . ~ -•, 

. / 

(25), 

(26). 

coincides with the scitteri~gamplithde . . . 
-· 

!.!
2 

i~ the 

- ~econd ~rde~. then the above statement for ~ is' evident.'In thefourth ord~r 

v =· M ..; [M_ ~ X M:l. ]_ • -
. 4 . 4·. ~ 

..... .:., 

Hence, hy Eq~ •. (20) an<l (25) . V4 can he also put in the form of (26). 
', , -" I • •' .• I 

;·simn~r a~gu~ents_ can he easily given in any order or' perturoati~-n th~ory. Thus, it .is esta:hlish~d in perturbation 

. 'ih~pry that ifthe scattering ampii,tude in a certain ~nergy regi~n can. he_writi~n down in th~ form' of (25), the_p.oten- 1·, 
' + . ' .' .· ' ' ' ~~- ,-\ '.·" '_.,.-. i ' -- . ,·- ·, -~ '. ,.- -· --~ -~ \ 

tials ·• V':" in this energy region a~e superpositions ofYukaw'apoteritials with e~ergydependent intensitie~. . : 

!'<'. _Let u;makeon~ more re~'ark. W\hen ~se is m_ad~ of the information ab~u~ the s~atteringampli~u;~ fr~m-perturbation 
•. ·- - ~- '. ·_ .: ·:~ -. . • / •• ' _.... ' j ·, .:._ ~- ,._,~ .... ' ~ '·, t ", • • • ' . .,_ '\ .' 

,theory we get some subtraction constants which canrio~ be re:presented in ,the' form· of (25). In reconstructing the poten-
·~ ·- ", _,, .. -'• \' ~··. • • . - ,' --~·.' r-~'.'_. ' ; "__. 

th1l no a~count will he taken of these constants~-Depending on the power· ,n, of the suhtractioJ? pol~riomial ~?~pot-~?-

'•-. 

··;' lial V ( E, t) wiil describe ~~rrectlx 'Only the partial wa-..,:~~ with- f ' > n • 
( 

We will show now that in order to study in field theory the hound state~ in the- t. -chan~el 'it is possible ~o construct . 
...... _ ' . ' . ,. 

< a~loc~l potentiaL~hich is a superposition of Yukawa pote~tial~ with the energy dependent i~tensities. _ 
....: • ' • • ' . . . • • j 1 . . ,. 

'·' '. ;·, . .,.,. -·. ,.'· 
,. ± .· 

1 f 'U.'(E,v) 
' 1T ·. 2 v + ( q- q'-) 2 
' . I IL· 

+- - ' . 
. v ;- ( E:, ( q ·,;_ ci, J 2 J 

' " 
dv •. · 

\ 

:. · .. ', •• ! : _;. ·:'; . '!. . ': '- ·' .. . . ' • ' . ~' ~ ... ' ~ .· .. - . :. :: ''' '.' f • ' ). ' • : . "'. .• 

' We, _state th.at such a represlm~ation follows from the principles of quantU,m field theory in the en~rgyrange 

·•'\ 

- 2 
-:-411-2 .< t < 411-~ 

• . ·. . . · : • . , . ·. ·. . ·· I , · · . . . . , (28) --
,fOe ~alidjfy of the one~dim.ension~l dispersio-n relatio'ns for.the scatt~ring ampli'tude ,was proved/5/in m1y order-of pe~< 

. . " . . ,· . ·' ' . ' ' . ~ . . ·. . . . . 
turbation\heory b~th in the variable forfixed_~af,;~ of s 1 irithe interval . ** 

'· ** " -· .. .. '.: . -.. ' ' ,' i ,.- .: /5/ . . ' .. ' ' - .. ' ' :, 
Th~~ one·dimensional'rclatiO~s.havc ~~en obtai~~~ fo(differ~n~ physical p~ocessCs. H_ere'we. Uf-lf' tlle resultS onlY for· equal 

. ' 

'f • 

:; 
'' 

'-' 

.-, 

.. 7 \ I ' 

. . · .... 

·,,.·· 

; .. 

. ,· 

-.· .. 

,... .. ·: ~ . -
; .~ 

·' 

/·' -/ . 
. ' . ~ 

·. >.:.. ~ 

'/ 



(· 

• 't 

,. 
,·. 

_:__ ',,-..- .. ' 

4m 2 < s < .4m 2 
' .. 

... 
~":: 

.;' 
.(~) ,· ·. ·-~ 

~· 
and in the variable ·~ · , for fixed · t : in the interval 

·I' ·-, 

~· 

~. 

:\. 
,LI 

·_,. 

'-41i, ~<-I< 4p. 2 _. 

·, . , • . . . . . ~ I. . ·.' •. . : .. . ~ . , 

Therefore, for, the scS:ttering amplrtude one can write the representation*: 
. ' '- ~· ~ ., ' 

M(s,t).= r a/(s',tJ·as',+ j._uz~u,,t) 
• . '2 ' - 2 . u' . -· u 1.1. ' s s ,.,., J 

'\ 

d .' u •, 

· · Here the variable 
' . \. ' .. :, . 

t · is .in the region (30). Using _(3l)one 
. . .. . . ± 

can construct the functions A! 

~where .! 
':. 

. J. 

·,: ., 

. 'The amplitude . 1 AI ( s, t) 
\' . . .. -.....: 

·, · M (s, t) 
' ' 

'\ 

/ .+ . . 
M~(s,t) 

. :..... ·_, 

·.-

co -+. 
f a7" (s', t) 

. 2' ' .. ,.,. s - s 
ds' 

" "j 

+ ,· . . ~ ~· . ' " \ -· 
u-.,(s.,t)=a1 (s,t)'± a

2
(s,t), . -. ... ., . ,. . . . '· . 

·is expressed .·in _te~s of these functi~ns as 
. (, ' ,.. 

:.--. 

.. 

' '.. -, ..... 

+ . '',' -· .. '.+· ;". ·,, -" ' 
~[M (s,t)+AI (s,t)+·AI (u,t)-M (u

1
t)]\ 

,,'< .. 

·(30) ~-

\. 

-. 

(3l). -, 

(32) 

' ' . 
... 

...... " -'( 

<'33) 

· ·Since the momentum transfer 
; ' 

,.then-~sing-~he:represimtati~n (32) and th~ previ~us sta-tement (see (25) ,. · ·s 

.·, 

" 

and (26) ), the pote~tials 
._,_ . ,·_,, 

+ 
l_'-,CaD 

~~- . ,..,, . 

·. eriergy_range (30) _are · 

,., ') 
.] 

. .:!;. ' 

V . (E, r f ~ 1/ rr 
'"\.' . ··; 

co .. 
f_e 

,.,.2 

~vr '+ 
_ ·.U-'(E,v)dv. . 

·, __ \, 
./ 

;Thus, it is established thatin qu~~tum fielchheoeyin the &amewofk of'perturbati~~-theorythe amplitude~ 
. . . ··' .. - /',. ; ·- . -. ' . . . :1- . _,- . • - ;'- ' . '/. '. . . 

represented in the form. of (32) in s~me energy\ region, i;e.· they have a. quasip~tentiai. charact~r•.•. ' 
. -,- -._- • - , . • . . t • ~- • • ~ ', • . , I ,. 

_....::. 

. i .· 
(34)' 

+· 
M- _can be 

..... . , . . ·. __ . ,- ~ . - . - , - .. . .- . .._: . r~ -. .,. 
We do not_take Into, account the subtraot~on oonstant_s _since; as :was already_ pointed out, _we_ J!ald no attention to them.ln construe-.~:. 

' . . . . ·. ' 2 
'ilng the' potential. In perturbation theory the amplitude . M ( s, t) .has no' singularities at_. . t < .4,.,.. except forth~ pole at 

2 . ' . '.- ·. . ' ' . ' • \ ' 
t • p. · .• The analytical structure o! the 'amplitude obtained on the basis of Eq. (2) ·will contain poles corresponding .to 

possible b?un_d states In the t ·-oha~neJ, These poles are, ln. fact, the subtra~tion: constants ( In the gen~ral case a p-~lyno..;lal) ,,:· 

th~- s··,ohimnel which m~y affe~t th~ asympto~lo b-ehaviour. of the sc~iterlng ampll~ud-.,, In tlils c~s~ one~· more t~e close _relation: .. :
1 

between th~- bound states and the asympt'otlo _behavl.;ur'of. the _soatte~l,:g amplitude Is manifested. 

'; . ' 

.**- ,.. . ' . '' .· ' . • .· .. . ' ' ' . ' 
Note,·that If the .a!"plltude satisfies, for any re'al s .the•hy!'othetlcal dispersion relation. In the momentum·transfer, It ;"ill ~e.· 

.. quaalpotential. The potentials corresponding to suoban amplitude will be re-presented In the form of (84) for eacbvalue of s . 
. . - . \ . . .. 

We se~ therefore that th_e hYJ,othe,;Js about the .. v~ildlty·o·f the dispersion relations In the ·mom~ntum transfer leads, :for ·any value ' 

,' to.a poten.tlal which 'ta a sup-erposition of Y~kawa potentials .with energy dependent. Intensities; 
' . ·, '-:, . '. . . \. .. . . . 

of the . energl e ··s 

I. 

., . ~.' 

.' 
.~. 

··-., 
8 

-· ~- ' ~ -~ 

1.:·· 

J 



r 
I 
f, 

r 
f 
' ~ 
! 
! .. , 

;· 

t, -· 
. As we:have. seen ·above; the-_potentials -. . V · r-econstructed from thi~ qua~ip~tential scattering amplitude are_a super-

po.siti~n of Yukawa po!entials with en~rgy d,ependent inte~sities. · ·c 

/; ,-·· . '. • . ' " .· ' .. , /, , ' . .._, j ' . • I "• / • ' • ·. :' -·· 

It is worthwhile to note that in' studying the scattering' amplibi~e in !he framework of perturbation theory w~ are 

.. :. n~t ~ble to 'draw str~lghfornard co~iH~sions. ~b~ut the exist~n~e of reso~a~~es and bou~d states of the ~ystem. This 

:~oes/l10t ~ean ~hat the syst~~- has no sucli states, but si~ply tha~ perturbatio~ tli~or}' m~t~~d fails to ~olve these • 

• pr~biem: So: the ~nal~tic~l stru~tu~e-~f· ~h~- scatte;i~g amplitud~ ~hichis obtain~d from perturb~ti;n the~i-y. wil.l have . 

no- sin~l~;ities:as~~ciated with th'e bound ;ta~es'of the sy~tem.- The.;econst;uctio~ of~he. potential ~cc~rding to, ·• . 
• # • '. • •• , •• > :-- • • • '.-:' • l '-. "j . • - '-. ' -'· ~· : • -:· , _· .• ' ' . ~ • - • • 

pert~rbation theory and the subse<plent investigation of the system by making use of the Schr~dinger. equati~n enable 
;-~·-

us; howev~r, to study the .energy spectrum of the-bound states ;nd resonances and the. a-symptotic .behaviour of the 

scat~eri~g amplitude. E~. (2) with the p~tenti~l (34) was a~plied i/61 _to inv;stigate. the asy~pt~tic :behaviour of the . ' ' . . . .· ~ . .· ' - . - ~ . . - . . . . ~-

>"·scattering ~mplitud~ in. the_ s ~~hannel. Following the procedure dey~lop~~I b~ Fubini and Strofolllni for Eq. (22) it 

· " has been sho~ th~~e that the sca~t~ring"amplitude ha~ the Reg~ea~ymptoti'c·b~havi~~r·f~-rlarge s . • .. 

';. ~ 

,. 
' 

.,. 

.--- . .. ' . . . . . 
/t 

'· 
' -... . . . . ; ~ . . . ;~ . . . \ . . - . . ... "';. 
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