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1. Introduction . 

. The quasipoteritial app;oach to the qi.tantum field theory, propo

. s~d by Logu~ov and Tavkhelidze/1/, has been succes-sfully applied. 

·.• to proble.rM of' quantum el~ctr~ynamics by Faus_tov/2/'a~d· F~usto~ 
·and Tuhtyaev/3/. They calcUlated higher order corrections (up to 

f • • • -

siJdh order in . the coupling constant) to the energy levels of posit- . 

·· ·ronium and hydrogen atom, constructing the quasipotential with. the 

.· 'help~ of the matrix:elements of the scattering matrix on the mass shell.An . ' . . ' . 
investigation of the off-mass-shell correction to the quasipotential 

) .. """ . ' • .;t . 
·.has been~ done ·by- Desimirov and Mateev for the cases of electron:., 

positron/4/ and · electron-proton/5/ interactions. 
' . . ' . . ... ' 

A new, manifestedly ~ovariant, version of the. quasipotentlal 

approach has been .. prdpose~- by Kadyshevsky/6/. A ge':'lerali~at~on 
of tJ:is apprbach ·to 

ti~on· has been done 

particles· with spin. 1/2 and· pseudoscalar 

by Ka~yshev5ky and Mat~~v/7/. 
The . pres~;.t paper is ·an ·initial step ·in the application · of the 

quasi potential appr~~h of :Kadysh~vsky to sY.items of particles 

. "":"ich inte~act electromagnetically. ~t is devoted · ~o two ~sic sc~tte
ring process~s -e:lectrc:>n-p<?sitron and Compton scattering. Its aim 

is to ~give the nece'ssary t~ols for inve,;,t~gating electrodyi-lamics, s~ch. 
a~· diag!'am rules, equationS for ·the scattering matrix ar:ct the wave· 

fu~ctions, the spin structure of the quasipotential. We stress 'on 

some specific 'features appearing becau5e of the zero mass of the ·. . ·.' . . . 
photon. Some first. applications, such as,''constructing the quasipoten-

tial in second order of the coupling constant, are also made~· ·.,: ·. 
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Jn Section 2. the diagram ·technique rules iri. th~ :_ease of electrO::: 

magr~;~tic ~nteraction'. Hamiltonian are obtained._ In se:ctiori. 3 quasi7 

potential eguation~ for. the scattering amplitude a~d the wave function 

des_cribing electron-positron arrl. photo~electron sys terns a."re corist-
,. . .. -. ·. .... ' 

. ructed; ~o~e specific properties of these equatio~, conne~ted .with-

the_· :zero ma~s of the photon are aisc;:ussed •. in seC::tiori 4 the spin-. 

stru~~es of, the . 'luasipotential in both. cases of elctron-positron .•. 

"':-,-

. '( 

·.":';·:a.i 
·:~:.~ ~ 

. .. . . - . - . . . .. ' - .. . . . .·. 
and photon-electron· interactions -~re obtai~ed; In ·section 5 Uie quasi_:; .. · 

pofent~al for the ~electron-positron system has .been calculated. in . : ·- .· . . . . 

lowest· order of perturbation theory, and a comparison of its , off ener-

' ' ':~':1 
. . ~- J 

. I 
.:·;.: 

j 

·:·_ J 
:: __ ·:; . ; '\ 

,·. 

, ' gy "shell_ .term:5 is . made ~ith the ~ff mass shell terins of. the . corre~-: 
pending 'quasi potential in· the -apprOa.ch of Logunov and· Tavkhelidze~· 

-· . ·"' 

,. 

. ~ : ··-· . -. --. . . : ... . . :· . 
A useful gUide to the notations used in the present. paper i~ .:• 

given in the Appendix to ref./7/. 

... ';. • · 2. Diagram Rules in ·the Vase of Electromagnetic 

Interaction 

In this' section we bri~fly,sc~tchx/ the way in which the diag- · .: 

ram rules corresponding, t~ the electromagnetic interacti~n Hamiltoriian 
': . ·.•.· 

- '.··· - -.. ' .:..~ -. 
tfr(x) y· · ,P(x)A (x): 

n· 

....... (1) H(x)=~: 

can be obtained. In-eq. (1) rfr (x) ··are .the field . operators ~f.the 

ele.ctr~ns and th~ positronS> and: A,; (x) of the electromagnetic field •. 

~~- i~tr~d~c~, ·aft~r refs)6/ and/7/, ·fu~ ina;ri~ iHAK, AK' ), .. 
" ., .. . .- . -- : .. ~: _' • I . , . ~. .. . . : \ . 

__ •where ··A . ·,is .an ·arbitraiy unit tim~like four veCtor and K and:··-;.· . . .. . . . -~ 

are scalar Pa-rameter. 'H(AK,AK') defines· the off-energy shell conti-. 

nuation of the scattering .. matriXo. On . th~ ener~y. ~hell (which is defi-

ned by · -K·= K '= o ) . .;,e have/6/ 

. X/The ~procedure of developing diagram technique· is worked. 
out- in detail, on the example ~'bf interaction Hamittonian 

· H(x)=g: tfr(x)y rfr(x)¢(x):in ref./7/. · 
.. 5 . - -

4 
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., 
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1 

R(AK,AK') = R(O,O)=T, 

T being connected with S -matrix in the. usual way 

S=l+iT . 
~--

The matrix R(AK,AK') satisfies the equation (/~/ 
rences threin) .. 

~ 1 - . dK I 
R( AK,AK')~ -H (AK-.AK ') -- f H (AK-AKI) --.- R ( AK I' 

217 K -1£ 
I 

= 
where H ( p) is the Fourier-transform of the interaction 

~ -lpx 
H(p) = fe H(x)dx. 

After investigation of the first order terms in the cou1= 

we. get the rules for the graphical description of the I 

the initial and the final states, which are suml'ILirized 

Moreover, in any vertex we add an incoming and an . ~ . . 

spurion line (or quasiparticle line) which carry fou~ me 

pondingly AK and AK' so that a four-momentum cc 

holds ref./6, 7/ • 

The graphical representation of the particles in 

states we obtain· when consider the structure of the h 

the coupling constant terms of R(AK,AK'). The resulb; 

ted in Table II. 

The rules. of constructing the matrix elements ar• 

as those in ref./7/, . with evident changes in accordanc• 

and II. 

It was demostrated in refs./6,7/ that the. most cov 

of A is in the direction of the total· momentum of the 

incoming or outgoing particles 

A= ql +q2 = pi+ p2 

v (q 2+q )2 y''(p.;p)2 
. I 2 I 2 

5 



----------------------------~--------------~----------------~~------------------------------

l- th~:.case of electro:' 

Section 3 quasi-:- . 

;d the' wave function 

s~tems are const

'~• connected with. 

e~tiori 4 the spin

elctron-positrol"l. 

·section 5 the· quasi-:·· 

en calculated. in 

Lrison of its off ener

e~ms of the corres- . 

r:r· a;.;d Tavkhelidze. 

~ present. ~per i~ .• 

:Iectromagnetic 

in .which the diag

nteraction ·Hamiltonian 

: :·: .. . 

.. : {1) ....... 

operators of .the . 

el~ctromagnetic field. 

·ix R('AK .: >.K. '), 

:tor and K ·and ~.~' 
[f-energy shell conti- .. 

shell. {which is defi-

::hnique "Is worked 
lttonian 

•' •. 

'·; 

R ( AK. AK') = R (0,0) "'T, (2) 

T being connected with S -matrix in the. usual way 

(3) 

The inatrix R('AK,'AK') satisfies the equation {/~/ and the refe

rences threin) . 
.. . I ~ . dK I 

R('AK,'AK')~ -H(.\K .. 'AK') ---2 J H('AK-AK.)---R('AK ,'AK'), 
o TT K - i£ I {4) 

I 

.. 
where H ( p) is the Fourier-transform of the interaction Hamiltonian 

"' -lpx 
H(p) = fe H(x)dx. (5) . 

After investigation of the first order terms in the coupling constant 

we. get the rules for the graphical description of the particles in 

the initial and the final states, which are summarized in Table. I,· 

Moreover, in any vertex we add an incoming and an .outgoing dotte~; 

spurion line {or quasiparticle line) which carry four momentum, corres

pondingly 'AK and 'AK' so that a four-momentum conservation 

holds ref./6, 7/, 

The graphical representation of the particles !~ the intermediate 

states we obtain· when consider the structure of the higher order in 

the coupling constant terms of R('AK,'AK'). The results are presen

ted in Table II •. 

The rules. of constructing the matrix elements ~re the same 

as those in ref,/7/, with evident changes in accordance with Tables 

and II. 

It was demostrated in refs,/6, 7/ that the. most covenient choice 

of 'A is in the direction of the total momentum of the . physical 

incoming or outgoing particles 

A= q 1 +q 2 pI +_P_.2.___ 

\1 (q 2+ q ) 2 y' (p--.;:p)'2 
I 2 I 2 

(6) 
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Tab~e I ~ ;. > - ~ 

I .. . l . 
. 1 -. l 

c '1 

.I 

[ine-~. . particiei.· . -:..~actor £n the - ·. . j ' .· . . t. . matrix element ; 
------ --- - .... I " . I . . .a . ; 

I •. ,. 1• f · L e~ect~on 1_ ~n ;; I (.21i) Uy(~) ' j 
. 'I . . . . .2. . . . , I 

.. I . . I .. ~ . 
t----~--. . . I 3 --

1 
· r,f' ·1·· . · ' I ·l{t:rr )r - fL 

. . ~ . 0 e~ectron out· . ··v~ro'. u (p) 

.· ~-----l-:~~+ +--r-= 
1., '4. V I pos1Uon I ·. in l (:Jrr) lf' Y('f,} · .. : 

. . · · ··. · · : . I V 2'f; · 
-o:--~~~~--l.... 

I. 

I 

. 4 P.t"D I. pa. sitran .. i_ . ... .out r~ IJ'r"(p) ' 

h-- ~ .,.--t---t-:-- I t ,.- .- - . ' 
. t ~ 1_ .photo~ ·L in r~Lr-_ ~- en. (KJl 
I I . . . .· -1{£Ko . . ..--. +-. --. -. . . - .-1 . . . .· . ~ I 

1 1(,~ ,. · · I ,r~"Jk r_ <f{} 
0 o<f1 . 

I~ I photon I . out wK·[ i.e., ~ 
~--· .. -- ~~ 

.. 

-·· .·:-,. 

~: .. ~ 

6 

.. 

I 

,. 

!ra.Uen 

---- ---~ 

rl 11118 + partic~e I pldring 

- --- I -
. ) I - I 

lo. • _oil Jf,{1j'>}(lj) I ( I j' j e~eotron ·I .. 
I I ·(j'<J) I 
1--,-~ .,_ 
I I I . . . I 
1 ,~ i .P positron 't,l~)fpl1j').· · ·, 
·l dl ···...J ·I' 

. 1 ·---1--- - (j'<d-J_L 
. . . I 

I A ( I(.J.,) A" {llj) I 
n7' J I _ I .. .J 

-~ ~ . i (i'<{Lj . ---r--- -- I . ··-~-
1 A~; I . . . I . I 
I r ---;,1 quas1part1ol•l . jl 
L . I I ------------------ -----.L.-



> ,,.. 

!able II ,---+- -~---TJfao~ the 

~ 
lille pa:rtiole . -~ pair1 .. ng ·· ..•... matrix elemen .. t 

- ---- - ---- - -. . 

. . ) I . - . 

I 0 . ~ D 'I I <f, {fj'>} (fj) l+l . r i- . eJ.e otron . I' ~"-( ~ ' ... ) 
· ... L- I. --~<J). 1---

1 I · 1- · · · -I (+) · . I j, • /I positrOil ~11j') I ,g)'.<. ('lvfi>) 

···r:' ---1--'~ (j'<cfi_l ... · . ---
1 r 1 . 

. . . . I A l .c.,) A (llj) I '"J· 'h:i'' J+) · . · 
~ photon 1 1 nj' J __. 

11
} 1 - 9" Ll.~ (~) 

. II . . I (i'<t_U . ' . t---'-~-r---. _..;.... 
I A ~; I ' . I I . - . I 

I r--- J:d . quas1part:1al.oj I :ir.- Jtr L E. 
L __ _j_ __ ...;._j _ _j__ 

,. 

l . 
r .... 
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Particularly, with this choice of ..\ 

have simplest form. 

the matrix and wave function 

·~. 
.l 

In !he _case of electromagnetic interaction .one has, to be care

ful when,'uses ..\ from eq. (6). The reason can be easily under

stood if ·we consider the vertex on Fig. 1, where the particles "Wth 

momenta . q 
1 

and q 
2 

are incoming or ·outgoing. Such· vertices give 

contribution. to the exchange. {a~nihilaJ:ion) type diagrams. In the vertex 

we have the four-momentum co~erVa.tion law 
,. 

-~· 

q.2 
Fig.1. 

'A K + q + q - A K ' - k = 0. 
· t t 2 r., (7) 

The particle momentum q 1 the antiparticle with momentum q 2 

.and the particle that carries the interaction with momentum k are 

on the · mass shell •. Let us . consider first the case when 

From eq. (7) it f~llows that .the direction of ..\ 

arbitrary~ and in _particular as in eq. (6). In this 

from eq. (6) 

A (•K -K ' .f_..Js ) = k . l ... . ·q •. 

and klking intonaccount that ,\ 2 
= 1 : 

K
1 

-K '+ ....;sq = m t . 

can be choosen 

latter case. we have 

(8) 

(9) 

Let now m ·=0 ·, as it is -in the case of quantum electrodynam_ ics 
• I • . . 

where· the photon is the field which carry the interaction. It follows 

then eqs. (9) and (8) that k =0 , 'which is impossible. Eq. (7) exhibis 

the fact uW.t such inconsistency hai>pens only when ..\ is chosen 

as i~ 'eq. · (6)
1

. and of course when k 2 =0 x/. There exist two ·ooys. 

XfN~te th~t this difficUlty does not happen in the case of Comp
ton scattering (in this case the photon is incoming or outgoing 
particle and do~s not appear alone in intermediate states). 

;f4 8 

1.· 

,· 

to overcome this difficUlty - either to choose ..\ differenl 

and leave the photon in the intermeadiate states on. the 

k 
2 

= 0 , or to choose ..\ in accordance with ( 6), but for 

cribe a mass my f. 0 t<;> the photon, i.e. to regard it, thr 

calculation of the matrix elements, off its mass shell. Be 

extreme convenience which creates a choice of ',\ in 

tion of the total momentum of the incoming and outgoing 

we sr:.all choose the second way. At ·the end of the 

. tion after passing on the energy-shell K = K ' = 0 we shal 

m;= 0 to obtain the matrix element of the physical am1 

3. Relativistic Quasipotential Equation in 

of Electron-Thsitron and Photon-Elec 

Scattering 

The form of the quasipotential equations depends c 

of the external particles. Therefore, in the case , of elecb 

ron scattering in the centre of mass system, taking into 

(6) the quasipotential equati~n for the scattering matrix iE 

in the form/7 / 

Tplvl 
p2v2 

( 
... ... p~q)=Vplvl 

p2v2 
(plq;E )+ 

'q 

,+~~ JVPIPI 

-> .... .... Tplvl ... 
( p I k ; E ) d k p2 v ( kl q ... ) 

(417 ) p1.p2 p2p2 
q =-~-~2~--~ 

/'k\ m 2 E k ( E -E -i E) k q 

where E k = ,.(k.2 + m 
2 

• The quasi potential· V is the sum ol 

irreducible connected corresponding to the interaction. Ha 

given by eq. (1). The definition of irreducible and connec 

is given_ in ~ef./7 /. 

Eq. (10) can be written in two-component form 

( ... ...) A. 1
1k·lk P~q '~'k.xk 

I 1' 2. 2 I 2 

v (pI q ; E ) rp X + 
II k I: I 2k2 q k I k 2 

9 



:i -wave function 

e.' has, tO be care- ~ ' 

>e · E!asUy under-

the. particles "Wth 

luch vertices give 

grams. In the vertex 

(7) 

momentum q 2 

momentum k are 

when 

~n· be choosen 

latter case we have · 

(8) 

(9) 

lectrodynamics 

1raction. It follows 

,le, Eq, (7) exhibit:; 

en >. is chosen 

·e . exist two ·-ways . 

1. the case of Comp-
5 · or outgoing 
3: states). 

to overcom~ this difficulty - either to choose >. different from eq,(6) 

and leave the photon in the intermeadiate states on the mass shell 
' 

k 
2 

= 0 , or to choose >. in accordance with (6), but formally to pz:es-

cribe a mass my f. 0 to the photon, i.e, to regard it, throughout the 

calculation of the matrix elements, off its mass shell, Because of the 

extreme convenience which creates a choice of ',\ in' the direc-

tion of the total momentum of the incoming and outgoing . particles 

we sr..all choose the second way. At the end of the calcula-

. tion after passing on the energy-shell K = K ' = 0 we shall put also 

to obtain the matrix element of the physical amplitude, 

3, Relativistic Quasipotential Equation in the Case 

of Electron-Positron and Photon-Electron 

Scattering 

The form of the quasipotential equations depends on the spin 

of the external particles, Therefore, in the case , of electron-posit

ron scattering in the centre of mass system, takil?g into account 

(6) the quasipotential equation for the scattering matrix is written 

in the form/7/ 

(p,q;E )+ 
'q 

(10) 

where E k = /l2 + m 
2 

• The quasipotential V is the sum of all the 

irreducible connected corresponding to the interaction Hamiltonian 

given by eq, (1). The definition of irreducible and connected. graph 

is given in ref./7/, 

Eq. (10) can be written in two-component form 

I 

+ 

9 
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''\ 

t 1 k ;.1 k ( k, q )cp ,..·I X. k
2 I I 2 2 . -.. 1 ~ ~ ) +-- JV (p,k;Eq 

(4 17) 8 1
1

1
1;

12 1 2 yk2+m2 

dk 
E (E -E -i c ) 

k k q 

(11) 

If we define the wave function of the electron-positron system, 

corresponding to the continuous spectrum by 

a ----
t/1 q ( p ) I I = (217) o ( p - q ) y p~ 2 + m 2 cp I X I + 

I' 2 m . I 2 

+-1-1~ (p~,q) c/>k X _____ ::..!! k2 
: 

(:1,2) 

8m E (E -E _. ) 
p p q If 

we obtain the quasipotential wave equation 

E (E-E )t/J (p) 11 P P q q I 2 

(13) 

1 ~ 
= --:r J dk v . ( 417) v' k 2 + 2 II I I; I 2 I 2 ( p • k ; E ) t/1 ( k) m q " 1112 • 

In order to evaluate the equation for photon-electron scattering 

amplitude and wave function we have to introduce some notations. 

Let us denote the ~trix element, corresponding to the ~et of all 

irreducible graphs, describing Compton scattering off the energy 

shell, with 

(217)
4 o(AK+q+kc~P -k2-AK',) Vra (AK,p,k

2
jq,k

1
,AK')= 

V = p.v 
(14) y2qo2kto 2po2k2o 

(211) 4o(A;.+q+ k -p-k -AK') = I 2' . ; p. (p)V {3 (AK,p,k jq,ki'AK')uv{3lq) 
a ar; a 2 . 

y2q 
0
2k10 2p 0 2k 20 

where the content of the indices a and r is 

10 

I' 

! 

V ra = (-g" er )tyn V (-gaae a )y": 
. a/3. n a/3 . m 

e 1 t i = 0,1,2,3) being the polarization vectors of 

. in. the initial (em) and the final state (en ) 

Let us represent V graphically With 

V=~vE 
P,~ 

.. 
k • r k ,a 

V= A K v AK 
, 

p,p. q, v 

For the Compton scattering amplitude off the energy 

T= (217 )4 o ( AK+ q+ k ,-p -k 2-AK1TT a (AK,p, k21 q, k t' AK 
p.v 

v' 2q 2k 2p 2k. 
0 10 0 20 

4 , 
(217) o(AK+q+k1-p-k 2 -A K ) 

ull(p)T/3/3 (AK,p,kjqk 

y2q 02 k10 2p
0 

2 k
20 

a a ; a 2 t 

ra ( · rr r ) n ( au a ) m 
Ta/3 = -g en y· Taf3 -g em Y 

a1d graphically 

T 
Nzt · ~· 
~TE 
p,~ 

~r 

T= AK T 

P,P. 

11 



k, q ) if> k .I )( k 
2 ------

-i ( ) 
(11) 

>n-positron system, 

(:1,2) 

(13) 

t-electron scattering 

~. some notations, 

to .the E?et of all 

off the energy 

(14) 

'· 

e 1 i = 0,1,2,3) being the polarization vectors of the photons 

in" the initial ( em ) and the final state (en ) 

Let us represent V graphically with 

J<z'C v=gv 
P,~ 

k , T k , a 

.\ I< y .\I<' 

P•/L q, v 

For the Compton scattering amplitude off the energy shell we put: 

a1d graphically 

T-

To:= 

u IL(p)T f3 R (.\t<,p,k lq k ,.\t< ')u ~ (q)· 
a a ;f'Ja 2 1 1 tJ 

~~· 
p,~ 9-·~ 

T 

11 

k
1

a 

.At<' 

q v 
I 

(16) 

(17) 
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II 
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. Then we can write the following graphical equation: , 
1,, 

H,'C . . J<,a' Ha'C IM' Kl't: _ N /f1f 

~fllf:9Vf? + ~v ~ 
P,~ . ~~~ P,\' 9,~ P,r' f 9•~ 

Using the rules of the diagram .techniques (see: Section 2} we get 

the integral equation: 

( 2rr )4 8( AK + q + k I -p - k2 ->..K ') T ra (>..K,p, k 21 q • k I' AK' ) = 
- p.v ,. 

y2qo2p o2klo2k 20 . 

(2rr)48(AK+q+kl-p-k:r-\K') v'a (>..K p k I q ,k ,>..K')+ 
pv ' ' 2 1 

y2 q 0 2 p 0 2k 10 2 k 20 

+------" f 8(AK+ f + k -p -k 2 -AK{)8()..K+q tk1 -f-k->..K ')x 
8 

(2rr) 2 y2q2p 2k 
0 0 10 

2k 
20 

p. T, f m mn (+) (+) 
xu a (p)Vay (>.. K,p,k 2 1 ,k,>..K 1)y (-llg !1 0 (k)Sy 8 (£ ,m)x 

l dKI n ,a v _, 
x- . y T

813
(>..K 1 , f.klq,ki'>..K')uf3(q). 

211 K1-H 

After simple calculations, applying the completness condition for 

Dirac spinors and the relation: . . . 

~n- ~ 

g f>;.p2 
PI PI p2 p2 PI p2 

g g em e 

we obtain 

12 

(19) 

l 
I 
! 

I 

,. 
i 
t 

I 

~} 
l . \ 

I 
\l 
'f .- '} 

'i\ 

! 
I' 

ra ra . 
T '(AK,p,k2lq.kl,h')=V (>..K,p,k2lq.ki,AK')-

p.v ~ 

l rp . 
- ~ -

3
JV 1 (>..K,p,k 2 1 £_ ,k, >..K. 1 )I 0( f 0 )8 ( f 2-m 2)d£0(k0 )< 

P 1•P2 (2rr) P.P2 

dK
1 

pia 
• x8(AKI+q+kl-f-k-AK') . ITpv(AKI,f,klq.kl,>.. 

K
1

- 1£ 2 

Eq. (20) is our quasi~otential equation in a covariant f 

centre .of mass system we have: 

p+k .:o 
2 

q + k = 0 
I 

- f+k =0 

s =(p+k2 )2=(p +k )2 =(Jp ... 2+m~ff~2=(E +E·. )2 
p 0 20 p k2 

2 • 2 ~- ~"2 2 
(q +k ) =(q +k )=(yq 2 +m 2 +vq 2 )=(E +E•) s = 

q I 0 10 q -~ 

2 

s =(k+f> 
k 

2 f-:;-22 r;; 2 2 

=(~ 0 +£ 0 )= (vk+m +vk )=(Ek+E£ ). 

If in eq, (20) we pass to CMS, choose >.. fr,om eq. (6 

the integrations over K 
1 

and f (or k ) ~ obtain 

tial equation in its most covenient for application form 

Tra ( ...... ) ra(_, ... 
p.v p,q .,.yp.v p,q;Eq,Ek)-

dk ... 

pia -+ ... 
T (k, q 

plv 2 ' rp I -+ ·_, 
---~V (p,k;E.,Ek 

(4·rrfpl,p2 P.P2 q v'rf 2+m 2 E <v's -v's 
k k q 

13 



L.lation: 

:;!e Section 2) we get 

,k ,AK')+ 
.·I 

C+l(k) S (+) ( n ) 
0 : yo < ,m x 

etness condition for 

' ,(19) 

T ra. ra 
( ,\ K ,p 'k 2 I q, k I ' ,\ K ' ) = v ( ,\ K 'p' k 2 I q 'kl ' AK ' ) -

fl v llv 

Eq, (20) is our quasipotential equation in a covariant form. In the 

centre .of mass system we have: 

s = 
q 

2 

s =< k + e > 
k 

p+k =-0 
2 

q+ kl =0 

- f+k =0 

2 

) 

(21) 

If in eq, (20) we pass to CMS, choose ,\ fr,om eq, (6) and perform 

. the integrations over K 
1 

and (or k ) ~ obtain the quasipo:e~-
tial equation in its most covenient for application form: 

Tra ( ...... ) ra( ...... flV p,q ... VflV p,q;Eq,Ek)-

(22) 
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Passing then to two-component spinors 

u- T u - A..+ 
a af3 · {3- 't' 1 1 11 c/>1 • 1,, 

(23) 

u v ti -cp+ 
af3 {3- I vll cpl' . a 

we get the quasipotential equation for the Compton scattering in two

component form: 

l (p, q) cpj 
lj 

2 

-__z, }; v 
(4rr) k=l lk 

: 

v (p,q;E ,E )cf> -
lj q k j 

dk t kj <k-,qJcpj .. E ) (p .. k ; E • k
1 

.. 
2 

2 

' q y'k + m E k(y'sk -v'S:, -.i £) 

(for brevity we have omitted the photon polarization indices). 

The wave function of the photon-electron system we define 

as: 

3 

(24) 

cp (p) =(2rr)o(p-qh/i;:;;;-;cf>- tll(p,q) cf>l 
q I m I (25) . 

4m E k<vs-k-v'~-i ( > 

With the help of eqs. (25) and (24) we obtain the quasipotential wave 

equation: 

12 f . dk-> --- ---
3 ---(4rr) y'k .. 2+m 2 

E <v's -v's -i£ >tfr <P> 
k 2 p q q I 

.. ,.. (... ( 
v (p,k ;E , E )tfr k) • 26) 

lj q k q j ' 

Compton scattering is a very special case of scattering of particles 

with different masses, namely when one of them is massless. The na

ture of ·this process is, therefore, purely relativistic and it is clear· 

that such notions as reduced mass are meaningless. Consequently 

the procedure proposed in ref./8/ can not be applied and we do not 

14 

know a way· to interprete the scattering of a massless p< 

a particle with mass as a scattering of- one' effective par 

quasipotential field. Of course it ·is highly desirable to ir 

in more detail this · case and to try to find such an inter 

or to show that it is impossible. The formalism of introdL 

tivistic' r -space .developed in ref./9/, can be formally a 

- the hyperboloid of the particle with mass (we have done 

this when we defined the wa've function (25)). 

I 

4. The Spin Structure of the Quasipotential 

a) Electron-Positron System 

The spin structure of the quasipotential in this cal: 

same as in the case of nucleon-antinucleon system/7/. T 

the quasipotential can be written in the form: 

V V 1
(1) l(2) V (I (llo, (2) (I) ro-.·}(2) ) 

= 1 ® + 2 ""'na +na X$/ + 

(I) (2) (I) 
+V

3 
na (8>na +V 4 f.a ® f, 

(2) 
a + 

(I) (2) 
+V5 m•a (B)m·a + 

(I) (2) (I) (2) 

+ V
6
(f ."a 0Jm • a + m .a Q5) f .a ), 

' 
where f, m, n is a basis of unit vectors defined ·by 

1 
f = -(p + q) A . 

1 m =s[(p+q)x(pxq)] 

1 n=-(pxq) c 

15 



(23) 

ompton scattering in two-

(24) 

: kJ <k-.qJ¢J 

vsk -vs -id q • 

rization indices). 

·on system we define 

(25) . 
..;:s-q-1 () 

l the qu'7sipotential wave 

VIJ(p,k;E ,EM (k) .(26) 
q k q J 

scattering of particles 
' .~ ' 

em is. massless: The na

:J.tivistic:: and it is clear 

'ingress, Consequently 

applied and we do not 

I 
·I 
j 

I 
~ 

·I' .,... 
r 

know a way· to interprete the scattering of a massless particle and 

a particle with mass as a scattering qf one' effective particle in a 

quasipotential field. Of course it is highly desirable to investigate 

in more detail this case and to try to find such an interpretation' 

or to show that it is impossible, The formalism of introducing rela

tivistic r -space .developed in ref./9/, can be formally applied on 

the hyperboloid of the particle with mass (we have done already 

this when we defined the wave function (25)). 

I 

4. The Spin Structure of the QUasipotential 

a) Electron-Positron System 

The spin· structure of the quasipotential in this case is the 

same as in the .. case. of nucleon-antinucleon system/7/, Therefore 

the quasipotential can be written in the form: 

(2) 
a 

(I) (2) (I) (2) 
+ V

6
(£ .'a G)m • a + m .a ® £ .a ), 

.. 
+ 

where £, m, n is a basis of unit vectors defined by 

(27) 

£ = ~ (p + q) 

1 
(28) 

m =s[(p+q)x(pxq)] 

1 n=-(pxq) c 
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A,B,C are normalizing factors and V1 (i =1,2,3, •• 6)_ are scalar· func-

)_Lo_ns _of the invariant variables tPQ , s P + s ;, ,s - s p q and\ K +K '. .. 
The first five are even d functions of sP - s q and the last odd func

tion of this variable. 

b) Compton Scattering 

Let us first consider the spin structure of the quasipotential 

connected with the photon. The quasipotential is a second range 

tensor as a function of the polarization indices of the initial and 
r 

the final states. of the photon and can be written as: 

V = V UT 

(29) 

where we forget for a while about the spinor indices of the electron. 

Let now K,L,M and N 

which we choose in the form: 
be a set of orthogonal four-vectors, 

K = k + k ; L = k - k = ,\ ( K-K,) + q- p . 
I 2 2 I 

M=p+q-+(p+q) k -v (p+q).,\(K-K') (30) 

.\ .\p.vp M L K • 
N =£ Jl v P 

Let us introduce: 

(I) M 
( =--

V-M2. 
( <2> - N . ---==-. 

V-N 2 
(31) 

(I) (2) 
One can easily check that 

ties: 

and have the following proper-

( ( (I) ] 2 = ( f (2) ] 2 = _ 1 ' ((I) • f (2) = 0 

/2>. k -( (2). k =0. 
- 2 

(32) 
( (I). k = ( (I). k 

I 2 
=0, 

16 

"· 

·· (I) (2) .. 
Therefore, we can use the vectors £ . and £ • to descril: 

Iarization properties of the q4asipotential. 
! ~. ~ ~ 

Taking into account the gauge .invariance of the quaE 

tial, the ·tensor V ru can be decomposed in the usual maru 

V T~ ;, f f (I) f (I) +f .€ (2) 

I T U 2 T 

(2) 
( + 

u 

f [ (I) (2) (2) (I) ] f ( (I) (2) (2) (I)] 
+ 3 (T ( U + ( T ( U + 4 (T ( U - ( T ( U • 

The invariance under space reflections shows us th~t f 1 

have to be scalars and f 3 and f 4 pseudoscalars .'{note 

is a vector, but £ <2 > is an axial). Therefore: the spin-struc;:t 

f I 

be: 

f
2 

,£
8

. and £4 
in the space of the electron spin 

,. 
f =A +B K 

I I I 
f =A +B K 

2 2 2 

f
8

=y
5

(A
3

+B
3

K); f
4
=y

5
(A

4
+B

4
K ), 

,. 
where K = yP. K 

p. 
Then V ru is decomposed to eight str 

V
ru v I <I> <2> ·v ,K,. <I> 0' v I (2·,<2> v K,. <2> <2> = ( ( + ( ( . ·+ f '£ + f . ( + 

I T U 2 ' T U 8• T U 4 T U 

··;... 

V ( <I> <2> <2> co> ·v K" < <I> . <2> c2> co>. 
+sYsfrfu+£r£u+aYs· .£r £u+£rfu. + 

v ( (I) (2) (2) (I)) v K (' (I) (2) (2) (I))' 
+ 7 y 5 f T f U ';" ,( T f U + By fT •• C U- ( T f U • 

The form factors V 1 • _, V 2 
V 

8 
are scalar function": 

invariant variables t = (p -q) 2, 
pq 

s • s 
p q 

K and K' of 

·_; 
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) are scalar .. func-

q· and K +K ' •• 

nd the last odd func-

the quasipotential 

a .second range 

:>f the initial and 

1 as: 

(29) 

lices of the electron; 

:>genal fo4t'-vectors, 

(30) 

(31) 

the following proper-

(32) 

I 

'I 

r 
.~ 

I 
i 
I 
I 

1 
1 
[ ~ 

'I . • . . , 

Therefore, we can use the vectors 
(I) (2). 

c and c to describe the po-

larization properties of the q4asifi6tential, 
I ., .• , 

Taking into account the g~~ge .invariance of the quasipoten-

tial, the ·tensor V ra can be decomposed in the usual manner/10/, 

vra ;,f ((!) ((I)+£ ((2) ( (2)+ 

I T a 2 T a 

[ 
(I) (2) (2) (I) ] [ (I) (2) (2) (!)] 

+fa cr ca +£rca+£, cr ca -crca' 
(33) 

The invariance under space reflections shows us that f 1 and f 2 

have to be scalars' and f3 and r, pseudoscalars.'(note that c<i> 
is a vector, but c <2 > is an axial), Therefore: the spin-structure of 

f I f 
2 1 

f S . and f 
4 

in the Space Of the electron Spin should 

be: 

" f =A .+B K 
I I I 

f =A .+B K 
2 2 

(34) 

" 
.. 

f4=y~(A 4 .+B 4 K ), 

where K =yil K · 
iL 

Then V ra is decomposed· t? eight structures: 

v ( (I) (2) (2) (!)) v K ( (I) . (2) . (2) (I))'+ 
+ ~y~ cr ca +£rca+ 6Y5 • cr ca.+cr ca. 

(35) 

(I ) (2) (2) (I) " • (I) (2) 
+ V

7 
r . < c c . - c c > + v r K < c c. _ , r a • a B r. a 

The form factors Vi _, V 
2 

, ... V 
8 

are scalar functions· of the 

invariant variables t = (p -q) 2, s , s , K and K ' of• the form: 
pq p q ... 
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V =V (t ,s +s ,s -s , K+K'). 
l I pq p q p q ' 

•,, 

i =1,2, ... , 8) (36) 

If now we require also time inversion invariance we can obtain 

some further information about V 
1 

;: 

Under time reversal we have: 

( k 0 • k ... ) ... ( k 0 ' ..:. k ) (L
0 

,L) ... C-L
0
,L) 

... ... 
(N

0
,N) ... (N

0
,-N) 

... ... 
(M

0
,M) -+(M

0
;-M) 

(37) 
s ... s 

'p Q 
s - s ... - ( s - s )· 

p q p q 

and it is easy to check that the structures which are multiplied 

and V 7 do not change sign, but these by vI' v2 , Va , v4 , v6 

multiplied by V 5_ and V 
8 do change it, Therefore, in order V to be 

T-invariaf!t. brc~use of (36) and (37), VI .v2. v.a.• v4 ,v6and v7· 

have to be . even functions and V 5 and V 8 odd functions of the 

difference s P- s q , On the energy shell sP = s q i,e, sP - sq .~ 0 and 

V 5 and V 8 simply vanish and we have, as it should be, only 

six spin structures of the quasipotential, 

5, The Quasipotential in the Second Order of the 

Coupling Constant 

In this section we shall calculate the quasipotential for the 

electron-positron system in the lowest (second) order of the perturba

tion theory, 

18 

The second order contrib_ution to the quasipciten 

as 'a sum of the irreducible graphs on Fig, 2, 

As usualyy we split V into two terms 

V=V +V 
dfr ex 

The graphs on the first row of Fig, 2 give the direct 

- V dir• and those on the second row - the exchange 

- V ex.. Using the diagram tech[lique rules of SECtion" 

to c.m.s, and taking ;;.·. in direction of the total momer 

incoming particles, we obtain the following expressioru 

v 
dlr 

4 
(271) e 

p q ./1(·--:-----)2 :a--· [ 1 ( ') _,1 ( ')2 ,2 
0 0 y- K-K + m - t ~ K+K + y- K._.K + m -

4 y 2 '4 .y 

+ · · · · < > 
2 

·· . . · +m · :.. 2 
x </> (JL

1 
)x+ (JL

2 
)I [ (p 

0
+m)(q 

0
+mh4pq + P q · +E..2__ q + 

, , (po+m)(qo+m) qo+m 

'[3 p·q ][ o> ( rii<2> I<OI'CI (2) ( .. ) . +I + a • pxq,\0' + '<:Ja x pxq 
(po+m)(q(i+m) . . . ' 

+J2p q -
Po +m 

q2-
q 0,+m 2 ] (1)/V'\ (2) 
-·--p a .. ~a -. 

qo+ m Po +m 

(I)' (2) (I) (2) 
-a· • p (8) a . • q - a • q .x a • p -

1 (I) · (2 · Po+ m (I) 
---.!'---- a • ( p x q) § a >. ( p xq) +---a • q x c 
(p +m)(q +m) · q +m · 

0 0 0 

q o+ m · (I) (2) · 
+ a •pG$la •pl</>(v

1
)x(v:) 

P +m 
0 
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(36) 

riance we can , obtain 

l.> 

h are multiplied 

e . sign, but these 

(37) 

re, in order V to be 

V,
3

_, V
4 

,V
6 

and V
7

' 

I functions of the 

~. sP -sq ":'0 and 

should be, only 

Order of the 

[potential for the 

order of the perturba-

-~ 

I 

The second order contribution to the quasipotential "We obtain 

as ·a sum of the irreducible graphs on Fig. 2. 

As usualyy we split V into two terms 

(38) 

The graphs on the first row of Fig. 2 give the direct interaction 

- V dlr· and those on the second row - the exchange interaction · 

- V ex.• Using the diagram techpique rules of Soction· 2, passing 

to c.m.s. and taking >.'. in direction of the total momentum of the 

incoming particles, we obtain the following expressions: 

v 
dlr 

4 
(2rr) e 

,, 

[ 3 
· P ·q ][ co ( V':l.JC2> 1ct>f'C\ C2> ( .. ) ] ·. 

+i + a • pxq,-.::; + '<Ya x pxq + 
(po+m )(qo+ m) 

-+12pq-
Po+ m 2] (!)""' (2) 

p a, &a -

(I)' (2) (I) 
-a • p § a , • q - a • q 

(2) 
x a • p 

(1) ( . ) .(2) Po+ m (l) (2) 
a • p .xq §a •(pxq)+---a •q xa •q + 

(p + m )( q +m ) q 
0
+ m · · 

0 0 

q o+ m · (I) (2) · 
+_:___a pQa •p I cp (v

1 
)x(v) 

po+m 
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• ( 2. 
+. ____ P q) . <t> 
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P o+m )( ). · G$)1 
q 9+m 

. ~ .. 

~.,+.lpoqo-~~q 2~~p2.+ (p q~2. 
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0
+m · p +m , (p +m )(q· .. +ni) 

.] (t)t::\. (2) 
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( : )( ) (pxq) [a. @I. +.1 ·QS>a .. J I ¢(v1 >x. (v:i 
p +.m q+m · · ._. 

0 . ·- 0 " 

._ ... · ··:' 

In low-energy approximatlon;.I.e. keeping ter~. ~p to· the 

..... ;V2/C ~ , or in our units up t~ : :: .. and · ·-fi· t.a:ki~g 
the; . "energy" conservation law 

y-;- +K'=V;- +K 
p q· 

,' 

. and . putting 1<.
7 

0 , we· .obtain. for the· direct and : th~. exct 

nents. of:•the quasipotential: 
:.2.. 4; ·~· •. :· +... . .. 1 .... ·. 

vdir =:-e.J277) ¢ (fl1>·x (fl2)[2+.3i 
. . . t 

(
. (1)t:). .(2.) ··) (··. ·. >'· 

. a .>Cia . . p x q 

4m 
2 t 2 

• (I) . ._ • (2 >' • 
p q {a • t )(a ·• t) 

. . _(1) ·-(2) 2 2 (' 2 -q2) 2 . 
. _a .a p· -q _P ____ )¢ ( 

+--+· .. 
m2.t_2 ,: 

. . ~ 2 
4m-t·· -:-~~-2m 1 tl 3

• t .4Jii2 1t14
. 

2· 4 + .. . + . ·. 1 . (1) (2) . 
. Vex=-e(277)¢ (fl

1
>x.(fl2 )-. '[3.+a .a ]cf>(v)x (v2 ), 

· · • • · .· 8m 2 .· • · ·· · ·· : ·· · · 
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2' ' 
(pq): (I) .(2) 

+ ]I Ql + 
( p 

0 
+m )( q Q+m ) -

'·-[' -' p - ' 2' .!L 2 (p q )
2 

.. ,.+ Poqo -~-!;ll_ q :-:-. P '+ ·· · .. 
· · ·q +m p +m ( p +m )( q · .. + m) 
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:: .Po· co· (2) -- -. qo co- -- (2). 
+ .2 ---=~a • q (i9 a • q + 2 --- a • p(8) a • p 

q'o+. m . . .. - p o+m- , ~r:. 

·.•: 
.. p q . . • . (I)" (2) (I) - (2), ' . . - . • : . . . 

-( )( ) (pxq) [a. @I. +I •'(29a, :j I cp(v 1 })(~ (v2 ); 

Po:"Jil qo+m_ . 

In low-energy approximatlori;.I.e. keeping terms up to· the oro~r of 

-V2/C2, or in our units up to P
2 

and: ~· taking into'account 
. 7 m-

the; . "energy" conservation JAw 
., 

: ~: , 

(41) /' V-;; +_K-'=V;- +K- ~ .. · 
P q· , 

· - and putting Kc= 0 .. we--obtain' for the direct and 'the exchange campO..: .:· .... ·: . 

. nents. of:•the quasipotential: 
- - • - 2 · 4: -~- . +·.: · 1' · ·)(.p xq)'::-:;·-

V dlr = _- e ,(211) cp (I' 1) X ( 1' 2 ) [ 7 + 31 -,-;. _ __:;__....;,..---~_.;..-+ 

.. 
--' 

' ·-. 2 4 + - .. . -; - (I) (2) ' . 
. V ex=-e '(211) ¢(I' )x+(l' )-l.-'[3_+a .a ]¢(v_;)x'(v~), 

. - • - . ' I ' 2 Bm 2 -:, '. . ,. .• - . •.. .- .. .• . . --
.. 

.• +•, 

· ... 

21 

(43) 

· .. _ .. 
• • -~~:~·~ •• i • 



' ·-~-

''•. 

··:· 

., 
•'' 

'where. t = p ...;_q Of1 the' energy sh~lll pI "'I q I ' and we obtain the :well' 

known formula-- for·· electron-positron- interaction (see for. ins~nce 
' ' . . . . .. . '. ·. . ' . 

recJ11~ •. The off-'shell interaction is :given by the term: ··• · : .. 

p2-q2 ·. (p2~q2)2 
. +------
2mltl3 4m 2 ltl 4 

(44) .. 

·It is interesting to compare the off-shell. contribution ( 44) . to the 
< • • • ' 

qliasipdential with the corresponding off-shell contribution to the 

~uasipotential i:,f Logunov and Taykhelidze, whi~h vfas calculated 

in ref./4/, The difference be~een the two expressions is due to 

· the different off-shell continuation in these cases ~ in 'the version 

of 'Kadyshevsky the particles are on 'the mass sh~n; . but of the . . ,·. ' . . ) ·. 

energy >shell, while in the approach of L~gunov ~nd Tavkhelidze 

they are off the mass but on the energy shelL Therefore, all the 

conclusions mad~ in/4/ abo~t the positronium energy levels' are 

valis also in the_ pres.ent case~ 
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