Soviet-era science, translated into English

ON THE POSSIBILITY
OF TAKING
THREE-PARTICLE
FORCES INTO
ACCOUNT IN THE
RELATIVISTIC
THREE-BODY
SCATTERING
PROBLEM

V. P. Shelest
1966

SovietRxiv

View the original and related papers at https://sovietrxiv.org/items,/ru-196601.91161
Source: Math-Net.Ru and CyberLeninka. Machine translation. Verify with the original.


https://sovietrxiv.org/items/ru-196601.91161

Abstract

Full Text
UDC 529.121.72
PHYSICS

V. P. SHELEST

ON THE POSSIBILITY OF TAKING THREE-
PARTICLE FORCES INTO ACCOUNT IN THE
RELATIVISTIC THREE-BODY SCATTERING
PROBLEM

(Presented by Academician N. N. Bogolyubov, June 29, 1965)

1°. At present the convenience of using L. D. Faddeev’ s integral equations (1)
for studying the nonrelativistic three-body scattering problem is generally rec-
ognized. The merits of these equations are also preserved in the case of applying
the relativistic generalization obtained by D. Stoyanov and A. N. Tavkhelidze
(%2). In (*), with the aid of this relativistic generalization, a method was indi-
cated for obtaining matrix elements of the amplitudes of three-particle processes;
namely, it was shown that these matrix elements have the form

_ 0+ 0
Tij = X(i) Min(]‘)v (1)

where the transition operators M;; satisfy the equations
My =3 Kot MpggsKs  (2)
o B#i

Here g, is the two-particle Green’ s function

9; = 90 + 90K,9;; (3)

K, are the two-body Bethe-Salpeter kernels, g, is the free Green’ s function,
and X(&.) are solutions of the two-particle Bethe-Salpeter equations for the i-th
two-particle subsystem.

The transition operators M;; can also be defined by the relations )

giMijgj = g;(Kn — K;)gn = gn(Ky — K;)g;, (4)
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where g is the complete three-particle Green’ s function (for the case of pair
interaction)

gn = 9; + 9;(Ky — K;)gn, (5)

Ky=)» K, (6
From relation (4) it is seen that

giMijgj = 9;M;,95. (7)

Using (7), we have, instead of (2),

M;; = (Ky — K;) + M;g,(Ky — K;).  (8)

1] J

2°. We shall distinguish two types of possible states of a two-particle system—
scattering states and bound states. In an arbitrary coordinate system the total

energy E, of scattering states is equal to \/ p? + m? + \/ pi + mz, whereas the

energy of a bound state is E' = \/(pj +pp)? + pi2, where ! is the mass of

the bound state. Since

for which the inequality pi < m;+my, is satisfied, it is obvious that, for identical
momenta entering the expressions for F; and E*, we have E' < E;,. Making use
of this circumstance, one can obtain the following expression for the two-particle
Green function (5)* (in Jacobi coordinates)

i

9(Pzy;) = P(E}) / fep, (@)%(Pﬂ_’i)%D;i@ (¥;) df_?ﬂrz ©p, (@)ng(gi)(s(Pz2*Nf«L2)9(Ho)- (9)

Here P(E}) means that the integral is taken in the sense of the principal value
at all points corresponding to the energies of the bound states; w™ satisfies the
Bethe—Salpeter equation for the wave function of the bound state

- 1 A D= m N (D= = N
wp, (Z;) = W/go(PifUi“ﬁKi(PiuiUi)wﬁ (v;) du;dv;; (10)

wt™ satisfies the corresponding adjoint equation; f is the Bethe—Salpeter wave
function describing the scattering of two particles, and satisfies the equation
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fop (E5) = 95 (1) + oo / Go( Py R (Pigo) frp (5,) digds,, (1)

pop, (X i) = exp[—iPX — D& far, o (3); (1)

Xpp, (XZ;2;) = exp[—iPX —ip, &)Wy |, o (3:); (15)

M; =m; +my, M =m; +m; +my, (16)

multiplying (8) on the right and on the left by the corresponding x’ s and
integrating over the intermediate variables, we obtain, in accordance with (1)

and (9), the following systems of equations:

~ 2=

.7 m P
T (Ppiby) = (Ko = Ka)i™ (PPibi) + 5 51 / T70(Pp,5, B’ )
e M; ~1r =1/ ~1r=17 ~77
XS(MP_ )gé(JP—&—pi ’pi)<KH_Ki>?¢07m(P i D' D) dp; dpy

M
2

+ Z Tnn (P~ ﬁ//)S(@P_i?//>6 < P+~//) _MiZ/
bip; N\ M i n

9 MZP ~// K _ K n/7n ~/1~ d~// 17
X o+ Pio | (Kn o (PP p;) dpy; (17a)

(27‘()12

T (PRBD:) = (K~ KR (PhGb) + vy / 70 (PP, B!

=1\ 5 M ~10 =10 ~11 =17 ~77
XS( P_ )90<MP+ bi P 2><Kn_Ki>?i07O(Pzp1pzpz)dzdp

Z ~ ~7 m; ~1 Mi ~1/ i Mi
+w/7””‘ (Ppp; )Si(ﬁp_pi)é (MPH%) — 9(ﬁPo

x (K — K,)3°(Pp!pip) dpi. (17)

2
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* The caret ~ indicates that the quantity is two-particle.

™ (Pp;p;) = (K, — K;) i (Pp;p;)+
P n,00 ~ o~y m; ~
+W/<K — K)o (Pp;p; 2’)52»(MP—1%)><
M,
x o EP + BB ) TOm(PRIRY) d df!

Z 4 nn’ ~ o~
+ (271_7)"121 /<Kp — K,) i (Pp;pi) %
2

x 8,(TEP /)

T (Pppy) = (K, - K; D0 (PP, +
P 0,00 oSN m; ~y
+W/<K — Kiii (Ppipipi)si<MP pi)x
il Mi ' H Om [ DRI EMN G20 =0
xg()(ﬁP—s—pwpl)TOi (Pp!py) dp; dp;
Zn/ n' (D =
* i | (o~ K (PR

X Si(%P —13;.’) 5 [(Aﬁp +;3g’)2

In formulas (17)—(18) the function S; is the one-particle Green’ s function, and
(K,—K;)2"(Pp;p;p;), etc., denote (K, — K;) integrated with the corresponding
functions x (5).

M

Thus, we have obtained two systems of equations: system (17), which relates
the scattering amplitudes on a bound state (without its decay, but with a possi-
ble transition to another energy state within the same two-particle subsystem)
T7'™ and the scattering amplitudes of three unbound particles with the forma-
tion of two-particle bound states T7°, and system (18), which relates the same
scattering amplitudes on a bound state 7)™ and the scattering amplitudes on
a bound state with its decay T5™.

3°. All of the preceding discussion referred to the case of pair interaction. At the
same time, the inclusion of three-particle forces may prove essential for certain
problems involving three particles (°). Therefore we shall include three-particle
forces, assuming that the kernel of the three-particle Bethe—Salpeter equation
now has the form
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K=Y K,+Kp=K,+Kp.  (19)
(07
Let us introduce new transition operators W;;, defining them by the equations

Wi = (K, — K; + Kp) + W;;9,(K, — Kj, + Kr). (20)

Representing W;;, in the form

Wi = My, + Ay, (21)

7

we obtain

Ay = Kp + M9, Kp + Ayjg,(K, — K, + Kp). (22)

Hence, using (4) and (5), we have:

9 A9k = 9. K19, + 9;Aun9x K19, (23)

Putting g;A;,9; = 9,Tg,,, we find the equation for T

2

Again using equations (4) and (5), we obtain from (21)

Wi = Mik + T+ Tngkk + Mijng + Mijngngkk' (25)

4°. Now, applying a technique analogous to that described in 2°, one can obtain
expressions for the matrix elements of the transition operators with allowance
for three-particle forces, assuming that the matrix elements of the transition
operators without allowance for three-particle forces M,; are known (which can
be obtained from equations (17)—(18)) and the matrix elements of the amplitude
T (which should be taken from (24)). Because of lack of space these relations
are not presented here.

However, one can use the approximation of strong binding inside the two-particle
bound state (7). Then instead of (25) and (24) we obtain, respectively,
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/ dpy T (PR S, (™ P — B
TP = (K (P + oy [ PTTPP S G P P

(2m)13 , . . N2 .
P+ — [ (5P D)) +u2 +ie

ro "

P —pl') (Kr)i

X

(26)

" (PP;'Ps)

a5y T (PR S,
<)+ Y [ ) S

n”

Ty (Ppip;) = T (Ppip;) + 33" (Ppip;)
dp) S;("P — !
+ Z 7 ( ) %

’

Ry A \/(MP—F”’) + 2, +ie

< g (PRE T ™ (PBIF) + T2 (PBiFY) 5™ (PEIF)

M py + Bl — \/(“Jf;P+f>§”) +p2, +ie

PRF!) T3 (PREY) S P —B) To ™ (PFYB,) d!

+;/T

5 Po + Pl — \/(%"Pﬂf);”) + p2, +ie

where
Jum (P ) = / N (XE,2) T(X—Y, &,2,5,5,) 30" (Vig,) dX dY dz, dj, dF, dj;

x nm

In conclusion, the author expresses gratitude to Academician N. N. Bogolyubov,
D. Stoyanov, and A. N. Tavkhelidze for valuable discussions.
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