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ABSTRACT 

The differential cross sections for the production of polarized positons 

and nagatons by polarized photons in an external field are calculated in the 

Born approximationo 

This work was done under the auspices of the Uo So Atomic Energy Commissiono 



I . .. 

·"li'.:c .. ·.L::_·J ~r .. ;Russ ,~f<.:Gl'lOl-'S Ji'OH r-~F; T".r:tOOlJ~;l'JCJ .__.,."' , ·· 
'Q}'A'l'O~!S SY POI..\.RJZEI) PLiJ!'OHS J"i A: to ~ L.l..LJ •· .·1 ~ .. J 

Radie.tion Labor a tory 
Uni varsity of C'tB.lifornia 

Bel"'kele;r f) California. 

September 16~ 1958 

I. IN'l'RODUCTION 

Tnis paper l"epor·':.s the evaluation o.f the dlfferential 01 oss .:-e-::·~.i.ou3 

fo1~ pair production in·rolving polarized particles in an externaJ fi3:•.d, sc ·"l: 

anyone uho Hlnhes to cu.r11 y the calculations further ma;y use 'i.J:31 fo-~ a c.:.h~ ~:·: 

The rea~on for this particular calculation is the recent intere~ ·t in sho .e,· 

pheYlomena involving po:•.arized particles o 

II~ R~A.ATlON OF THE CROSS SECTION TO 'l'lif_; S >lATRIX 

Ths cross sect:' on for a process wh1.ch involves only one pho C.on 5 n ;_ :1E 

initial stAte is given by 

uhare Ef anti E1 denote the final and initial energies and 

( ' 

The S mtd;rixp {f \ S \ i) 11 'is the matrix element of the op·:;)ra~·.o:c S le: 
I 

t.he ;_nitic:.:_ and fi11al states considered in the partlcular proble J~ an•j ·: ~3 _'") 

ops:.:·ator 1n quantum e1EctrodJ·narn:i.cs is given by 

oO 

S;;;;1+5 S .. ""'--- n 
n:::J. 

'. 

- .-

1 ' 
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III" :r;IJALUATION OF THE S HA'fFJX ~'OR PAIR PRO~IJC.,.r!OL 

In our case H(~) can be split into two partsp 

H(T) :;; ~ ( 

~(i;) 
(5 

-where Jp(x) is the electron current operator 11 a.P(x) is the electromagnet)c 

field operator 9 and ¢f(x) is the operator associated with the exte1·nal electro 

magnetic field; ¢~(x} will be treated as a number (since we are justified in 

neglecting the quantum properties of this strong external field)o 

The terms of lowest order in e vhich contribute to the nmtrix element 

when the initial state contains just one photon and the final state one negaton 

and positor. are given by 

2 
ie mZe = 

:: -=-=--= ~(2 ---1/2- ~( f + ( = l0) ¢(q)u(p )O'p o )V(11 2 1 2 3 2 t = = ~~> .• = •. 

(211'} (2WG.;..~=) (2v) (6) 

where 

ih•- ~ u) = m 1(! = f.) = m 
Q(p-~-p~) ::: g_ ,,\,; ; 2 • ll + !) ·-· == 2 2 fl. 9 

(p_ - k) + m (p = k) + m 
i-

_,. "'* ... ~ 
q : k = p = P- o 

-t-

l!ere p , ( : p_E_, k 9 w refer to the four momentum and energies raspectt"fely 
'·1- + -

(7) 

vf the positon 9 negaton~ and photon» while ~(p=) and V'(p) are the ~pinors 

t:ssoci.ated uith the outgoing negaton and positono The polarization four~"7scto.c 

?f \he pho·ton is denoted by jJ o A line under a vector means multiplicatlon by 

~'{ (:for example 11 fl = "";-J(P) o 
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IV. EVALUATION OF THE CROSS SECTIOll . 
Subst:ltuting Eq" (6) in Eqo (l) one obtains the cross section fo~· ,,,:i · 

production 11 

whare 

Making use of 

3 .3 
Xb(t:~+ ~- =4>) d p.._d P= 

r = classical electron radiusp 
0 

C>(.o c fine=structure constant. 

'b(E:.._ + ~ = GJ)d3 d3 :: 2 dpt p 2 d~ 
.- = P.._ P- P-r dt,._ ~ de-

one gets 

I Pt I I P= L 
w 

It is easily shown that 

Nhere 

f\(p_) _ - i~ +- m P 

' 

S=l 

8:: =1 

~~ 

spin in ·C.he direction of p P 

spin in the direction of 
-'!> 

= p 0 

(8) 

(9) 

{ll '; 

(J..3) 
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Tedious evalt~t~~~ of this trace leads to 

. 2 2 
C ~ 4w~}kp_) t 41NE:.. (kp+-) = 4cl(p+p~) + 4a (kp,..) + 4b(kp=) + 4m w 

+ d [ 4'->
2 

= 4wf_ = 2(kp=) ~ 2(kp+) = 4£.>£+ + 8E+ E_ .,._ 4(p+p_) - 4m
2

] ~ 

S 0 A...., ::: - 21 [m 2 
- E, E_ J g_ + 21 (p_p,.)t._ t 2!.6>€.,r_ - 21 (kp) (p_ji_)('kg• • .R) 

= 21w£=(kp,..),(p_ .tt-~R) = 41 ~kp+) + 2wE=..,] g;_ -:- 41"e+(p_p~) (l{.Q"'"' x Q) 

- 4i l_w{p< p_) - w<- <k ii~l 1" <k P .. l<k P-~ (p_,e4l, 

S 
0 

B.., ;: 21 (m2 - t, E .. J g• - 21(ii_'P_)h+ + 2iwE,..r.,_ + 21w<_(kp+) (ii_A• • £) 

- 2i(kp +-) G>_'P_) (k J 11. R~ II 

(14) 

'iioc.., = 21 L m
2 

- E, c] g. - 21 [m 
2 

- E·'-J g_ ~ 21(ii_p_)h, + 21(p_jj..)h_ - 2i<><_r_ 

. 
..... 2iWE=r+ - 4i ~n2 (1< p_) - (..)~}'P.._'P=il (i{Q t:: Q)= 41~= ('k p=) <P- R ~'- .t) 



- 2 b 
0 

A 
0 

: 2i L m = E., E= J h_ - 2i~E-~r= = 2ifP._'P_.)g~ t- 2iwt',..(kp=) \pt !/" )1. j) 

~ 2i(kp_)(p+pt>)(k.R X Qt) p 

&0 B+o : = 2i l m2 - ~+E-] h+ + 2i(p+p+)g,. ~ 2itJe;+r+- - 2i(kp_)(p7p+) (k R,." _{)) 

- ~itVE+ (kp_) (p~ .R X t> ~ 41 [ (kp_) i- 2~-] h._ - 4iM\_ G>.,'P .. > ('K ~~ }< R) 

= 4i tE=crt I:> .. ) - W(+ (k p_) ;. (1{ p_) ('K p+) <P+- .Q. At) !) 

ooc+o = 21 (m2
- t,~-] h_- 21 [m2

- ~.€..] h,..: 21Gi,.P.>g_ • 2ifP,i\lg. + 21w•,h. 

- 21wE.-.._r+ = 21~E .. r_ + 41 [m2 Ck 'P . .) - (tJf:+{p+jL~ Ci{ g• xi) 

= 4iwa.._(k p~)(p_ J ~ g~j - 4E: ... &0 (j{ (k x;i»..) ~ 'P) , 

A-t-: 2[m2 ~ ~+E-] (k p._)(i p_) - 2(m2 - (+E-1 (1( p_)d + 4 l_m2- E..._E-] (J{ p+)a 

- 2lJ~._(p=p_)d = ~=(15.,.l5.)a + 2wi,._(fi p"")(pji=) ~ 2w~= (k p_) (P..,p+) 

-1 2['-V
2 

+ 2a] (p)i+) (p_p~) = 2(2 tm 
2 

- ~+E-} a 1" m
2ci] (p.._p=) + 2Iit}d 9 

B+-:: 2lm2 
= ~+E-J (i 'P,..)(i p_) = 2 [m

2
- (+"-] (i p+)d +4l m2 

... E._€~ (k p_)b 

- 2~={'p+p+-)d = 4W£+{i)_p_)b + 2~('f j)=)(p+p_.) - 2~.(k p+)fP.~p=) 

+ 2 [ w2 
+ 2a] (p_p_)(p+p_.) = 2(2 tm2 :_ E.+€=1 b + m2tl] (p+p_) -{> 2r/u/-d , 

C-!-··;; 4,}E+E._d - 2l m
2 

= ~+~-] (k 'P..,)d = 2l m2
- t:+e-J (k iL)d 1- 2~_(p+pt)d 

+ 2«~~,..\p_'P_)d t- '• \_m2 - \<;-J (p
4
J5_)d ~ 4(p~p+-) (p_p_)d + 4 L m

2 ~ ~.,E.=] (k p+ )a 

4,~4 [m2 ~ ~~fi.J (k p_)b Jt 4~_(p+-pi)a + 4wf:~{p_p~)b + 4 [m2 
.... EJ:-] (k p~)(k 'P~J 

2 c- - ' J I"' ..- il 
- «+~"' -.::+E &• P4 r-l , 
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where a ~ (Q" P~.) <e P~> 11 b = ( gt p+) (~p), 
' 

d :: (Qp=) (~'·p,...) of.. (~1-P.J (~p.;..) , 

i• :::. (~p_)(~7P,.) - (~+p_)(~pf) ' 

g~ ~ (~p~)(~•k ~p_) - Cti-P:t.HRIC xp_) , 

h.i: :: . (~p;r,)(~ .,.1{ -X P.t') ~ ( tt P) (~!{ ~ i\) D 

r .t: = (~p,t;)(Q1''P.,. )( p_) .. (~tp:h)(Ri>., x p=) , 

~- refers to the spin direction of the negaton .with respect to p_ 9 

~-~ refers to the spin direction of the positon with respect to pt , 
~ refers to the spin direction of the photon with respect to 

0 

and use has been made of the relations 

(k(,{) = o, 

-~ 
It p 

(15) 

V o EXPLICIT EVALUATION OF dtr IN TEIU.f> OF THE ANGLES INVOLVED IN THE PROBLEM 

If one makes use of 

(/ = = iS ~ p 2 0 
(16) 

one gets relations such as 

-- .. 

etc, 

Introducing the angles e+, e_ 9 and ¢, where e~ and 6- are the angles made 

by the outgoing positon and negaton respectively with the incoming photon, and 

¢ is the angle between the k - p and k - P~ planes9 one easily gets 
oQo 
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(Dp) (f"p .. ) +- <t'P)(~p;).) ~ E•f=P~P- sin e .. sine_ cos¢ , 

(18) 

where ~ ~ velocityo 

No~ it is very simple to express the differential cross section in 

terms of these angleso As an example one easily finds 
2 2 2 2 2 2 2 2 2 2 2 2 2 

A+- c 2/AJ E-. ~- fl+ P~ +- 2 wE:+- e._ It~- cos s ... - 2w E:4- (_ p~ (J_ cos e_ 

},. 4224 23221 2 222 
+ e(= ~.,. ~+ ~- - 2t..>f:f. ~- p .. f_ sin 6_ - tJ E+ ~= f._f- cos e t- cos G_ 

+- 2 \.m2 
- lZ., E._} WE.. 

2 
t. tP+(Jc-

2 J sin 
2 

e_ cos G + 

= ~~e2e_? P ... ~-3 sine,.. sin 8~ cos¢- 2 [m
2

- ~t~-1 E_
3t..,.p..,p_3

sin '\sin
3e •. CO'J • 

- 2 ~m2 - f:.,£-] w~ .. (-2 pt~-2 
sin et sin e .. cos e~ cos ¢ o 

The other coefficients can also easily be expressed in terms of e+g S=• and¢ • 


