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PHYSICS
N. F. NELIPA

ON THE THEORY OF RADIATIVE PRODUC-
TION OF ELECTRON-POSITRON PAIRS ON
A NUCLEUS

(Presented by Academician Ya. B. Zel dovich on 10 VII 1962)

A theoretical analysis of the process of radiative pair production on nuclei:
~v+nucleus — recoil nucleus+et +e~++” was carried out in several papers (
Various special cases were considered in them. The purpose of the present article
is to find a general expression for the differential cross section of the indicated
process in the first nonvanishing approximation of perturbation theory (in order
of magnitude it is equal to ~ 1/137 of the pair-production cross section).

Let k1 (wy, ky), ka(wa, ko), pi(€1,P1), P2(€2, P2), q(0, P1+P2+ky—k; ) denote the
energy-momentum vectors, respectively, of the incident and emitted photons,
the positron, the electron, and the recoil nucleus (we neglect the kinetic energy
of the recoil nucleus).

1—3)-

In the first nonvanishing approximation of perturbation theory, the contribution
to the matrix element will be given by six diagrams, which are obtained by
all possible permutations of the photon lines (with fixed electron and positron
lines).

After summation over the spins of the final particles and averaging over the
spins of the initial particles, the expression for the differential cross section of
the process is written as follows*:

do — —y2 Z2a®|py| |py| ks dQ, dQ, dS, deydey 1
o=-rg —

2(21) 4w, ¢ T (1)

Here
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Sp F = Sp { vl + Dyolfy + 1)y, Yl + 1)%0?2 + 17 Yolla + D (fy + 1)y,

—poky - p1ky —pakalp1q — ¢*/2] P1k1pag — ¢*/2]

. s+ D7, (o + D% 7.5+ Dvo(fs+ 1% 7ol + Dy, (fs + 1),

P2k1[P1q - ‘12/2] —p1ky - Doky —p1ksy [pzq - q2/2]

o { ’7,u(f1 + 1)’70(21 +1)7, ’Yo(f2 + 1)7#@1 +1)v, ’Yp(fl + 1)%(22 + 1)

—poky - P1ky —Paka[p1q — q2/2] P1ky[Paq — q2/2]

’Yo(fQ + 1)%(23 + 1), ’Yy(f:; + 1)70(23 + 1), ’Yu(fS + 1)’&@2 + 1)

poky [P1q - q2/2] —p1kg - Doky —p1ksy [pzq - q2/2]

(2)

ly = patks, ly = py—q, ly = po—Fky, i =—p1tky, Jo=—p1t+4,

|af [b|

ap0g

f3=—p1—ks, q = p1+pytkeo—ky, the scalar product ab = agb, |1 —

* In what follows, Feynman notation is used throughout (see, for example, (4));
energies and momenta are expressed in units of the electron rest mass.

Generally speaking, after multiplication in (2) it is necessary to calculate 21
traces™:

}(1—131)
}(252+1);

cos(ab) | ,

Spll Sp22 Sp 66 Sp12 Sp23 Sp 34 Sp 45
SpF = P + p 4+t p +2 P 4+ 4 p 4+ 4 p 4+ p 4+
Y11 V22 Vo6 Y12 V23 V34 (?17)45

However, in fact one may restrict oneself to finding expressions only for 7
traces: 11, 12, 14, 15, 22, 23, 24, since from them the expressions for the
remaining traces are obtained by simple substitutions (see Table 1). The ex-
plicit form of the denominators +;;, is easily obtained from (2), for example
Y13 = —Daka(p1k1)?[p2g — 4% /2], ete.

Table 1
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Connection of Form of Connection of Form of

traces substitution traces substitution
11 — 55 Iy =13, fi = f3 15 —26 Ly = fo f1—
—P1, —P1 —
Iafs =1y, I3 =
Doy P2 —
12 — 13 Iy < f1, —p & 1534 ly = po, f1 —
Doy fo — 1o ly, —py —
fifs —
—p1, I3 —
fos Py = 13
12 — 45 Iy =13, fi — f3 2233 li = f1, fa—
ly, —p1 2 o
12 — 56 fi—=ls, L — 22 — 44 L=
f37 —P1 —
p27 f2 — l2
14 — 16 L&af, p& 22 — 66 L= s fa—
Do, fo — ly, —p1 — Do
ly, g = fa
14 — 35 I, = fs fi 2 23 — 46 b=y, f1— 5
l37 _pl —
Doy fo = 1o
14 — 25 L3 fr— f3
24 — 36 L= f5 fo—
ly, I3 —

1, —P1 2 Do

Calculations of the basic traces lead to the following result:

1 _ -

I Sp 11 = 2p,ly {p, [, (ff —1) =21, f1(pr f1 +2) = 2(p /L + 1)}
+ 5{2p1 fi(pofi +2) + Pioa (1 — f7) + 4(po fr + f7 + 1)}
—4f12(p211 +ﬂ— %P1P2 -1) - 217111(@_ 4@‘ 2)
+4(4l [y = pofy + il — $ iP5 + 1);

1 .

% Sp12 = IH{f1 fo - 1Po + fopi (f1Po +2) — f1p1 - fops — [1Po + 2t (Do + 2f10) — 2}
+ 2 po{ il (1= fopy) = fifo - paly + fipy - foly — pofa — 218, + 1}
+ 1 f1(fapy — Afoly) + P fo (411 — Fipa +2) + f1fo(4pyly — pipy)
JFQ{% Jipg — 20, f1 + 1 (2ty + 2115 — pog) — 1};
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1i6 Sp 14 = iy + Bia + pafollsly + fils + 2Liop1g) + pols(lipy + Fipr — fofy — foly)
+ fols(poly + f1p2) = Diba(lily + fily) — pols(fiva + Lipa) — L i (fopy — 1)
—Upy - iy + 1 fa - Fipy 4 2l30(P1p2 fag — P1fapao)
+ 2pyo (I f1lso — Lils fro — filslio — lso)
+ (foly =i fo = pily + D) (pafy + 1311)
+ (Al +pily + fivy + D(fops +13f2)
+ (fipy = lifo = pifo + 1) (paly + 1504)
— (foly + fifo + Fily + 1) (p1p2 + 13p1) — fopy — 2ty + 15

* In the notation ik, the first number corresponds to the ordinal number of the
factor in the first curly bracket of expression (2), and the second number to that
in the second curly bracket.

1i6 Sp 15 = 2pyp, (1 f1 fals 1 s E—Em) +p1p2(2m—@+ 2)—
— fipi (W f3 + L) + fils(Lpy + 1 fs + Lipy — pofs — fape — 2)+
+ fapo(li fy = lipy — Fipy + 1) + fifs (pipg + 1)+
+m<l1p1 +1py + lspy +l3py —2) = 11 f1 (p1l3 +1E+ f3ls +13py — 1>+
+ fipa(lly = pils + 5 f5 —pifs + 1)+
+ 11 f3(I3py = Fipo + 1spa + 2030 1o — 2P10P20 — 2) — 2L f1(f30 + Pao)lso—

— Ll (pyfa+ f3pa +2) + 1py (f3p1 + fals — pils + 1) + Ly l3(PaPr + 2Pa0f10)+

+13f5 (2p1ps — fipr — Lipy + 1) + fily - pipa — (ipy — Dpals+
+ 2 f30P10l102 — l111 @ — fap1 —lspy — lipy — fipy + 1

55022 = B [2upa(pify — 1)+ 34— pypy) — A(2Fapy — 1) + Pipa) +
+2lyp, [ﬂ(f; —1)+2p fo2— 11 fy) —2(fF+1— l1f2)] -
— f3 [4(py — 1) — Pipy) — 2oy [fopo + 41 — 1y f2)] — p1po+

+2fopg +4(lypy — 21, fo +1);

1i6 Sp23 = — ay3 + 2ty [palaty — (fily + lily)pag — (I4pa + f1D2)lag + 25 — to] +
+dtytgly fi + 2t [(fofy + 1 fa)pro + (P1fi + 1Lp1) fao — Prfats — to] +
+ PPz - fals = Pily - fopo — Pits (ol + 1) = ipy - foft — Lty (prfo — 1)+
U fo-pifi +palo(LH 1 ) + Ly - fipe —Lipo - filo + 15
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1 N 1
6 Sp24 =213 |2py fo(py fo — 1) = Pipp(f3 — 1) + 3 +

+ f3 (hpy + Ll + l3py + Prps + Lypy + I3py — 2) —
—2fop1 (folg + fopo + foly +13py + 1ils + 1ipy — 2) +
+ 23 fo + fopo + 1 fo — 1) = I3py + 1ypy — P13 — Loy + l3po,

where

ty = fao = P1o> ty =lio + f10, tz = ly + Pao;
ayy =l fy [Prpa - fols + Bols - Prfo — Pafo - Prlsl+
By [F1 fo - Buls — Fipy « Fols — Fils - Bu fol+
i [Fio - fols + Fils - Bofo — FiFo - Bols] + L folFipy - Bols — Fipa - Buls — Fils - o]+
+lll3[f1p2 “prfo+ f1f2 “P1py — J?1p1 “Dafols

B4 is obtained from ay, by the substitutions p, — f2, Dy — P, fo = Py, and
Qa3 by the substltutlons fi = p1, Py — f2, P — fl, fo = Dy, I3 = 1y, with
ab = ab = ab, ‘@b = ab.

Let us emphasize that, when obtaining the expressions for the other traces from
the basic ones, the corresponding substitutions indicated in Table 1 must also be
extended to the quantities f,, fag, f30, li0s 120> {305 P10, P20o; for example, in order
to obtain 46 from 23, along with the substitution {; — I3, f; — f5, one must
make the substitution l,, — l3q and f, — fso (in this case f1g = —pio + k10s
etc.).

To compute the value of the differential cross section, one must find the trace
quantities using the last expressions and Table 1, substitute the results obtained
into (3), and the latter into (1).

In conclusion, I express my gratitude to M. A. Markov for his interest in this
work.

Lebedev Physical Institute
Academy of Sciences of the USSR
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