UCRL &¥c7

UNIVERSITY OF
CALIFORNIA

Radiation
L aboraior,

TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

v

BERKELEY, CALIFORNIA



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



-

.
J SRR} J

v
O a:**( JCRL-3L67

UNIVERSITY OF CALIFORNIA

Radiation Laboratory
Berkeley, California

Contract No, W-7405-eng-48

DIFFERENTIAL CROSS SECTIONS FOR THE PRODUCTION
OF POLARIZED POSITONS AND NEGATONS BY POLARIZED
PHOTONS IN AN EXTERNAL FIELD
Coates R, Johnson

September 16, 1958

Printed for the U. S. Atowic Energy Commizsion



LORL- 84067

DIFFERENTIAL CROSS SECTIONS FOR THE PRODUGTION OF POLARIZED PPSITONS AdD
NEGATONS BY FOLARIZED PHOTONS IN AN EXTERNAL FIELD

Coates R. Johnson
Radiation Laboratofy
University of California
Berkeley, California-

September 16, 1958

ABSTRACT
The differential cross sections for the production of polarized positons
and négétons by polarized photons in an external field are calculated in the

Born approximation.

i
This work was done under the auspices of the U, S, Atomic Energy Commission.
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I, INTRODUCTION
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This paper reporis the evaluatlon of the differential eross raziicus

for pair production involving polarized partieles in an external filsid, sc ui:

anyone who wishes to curry the caleulations further may use ik=

fo~ a che2h

The reason for this particular calculation is the recent interest in sho e-

phenomena involving polarized particles.
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TI. RELATION OF THE CROSS SECTION TO THE S HATRIX

Ths cross section for a process which involves only one phooon in vae

state is given by

ér & (2#)2 S(Ef o Ei) )(fl mi i)‘ 2 9

N denote the final and initial energles and

(f\S\i) = S(E, - E;) (f(m)i) .

The S matrix, (i‘}s ‘i)g‘is the matrix element of the opsrator 3 lav

the initial and final states considered in the particular problea. and -z 3
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in quantum electrodynamics is given by
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I1I., BYALUATION OF THE S MATRIX FOR PATR PROSUGLIOL

In cur case H(t) can be split into two parts,

H(T) = - / 5,(x) ah(x) do - 1, #' ac, (s
a(T) s 4(7;-) a

where jﬁ(x) is the electron current operator, af(x) is the electromagnetic
field operator, and ¢F(x) is the operator aséociated with the external electro
magnetic field; ¢#(x) will be treated as a number (since we are justified in
neglecting the quantum properties of this strong external field).

The terms of lowest order in e which contribute to the matrix element
when the Iinitlal state contains just one photon and the final state ona negaton

and positor are given by

2
@5 |8 |10 2 o 2B 6(E, + - 0) BRI, IV
(2m” (weel) (2w e
where
T = = 1(1{" ) =
Qp,p.) =& - - ) 2'2«»9 = 22 mzﬁg
(p- - k)2 +m (pk - k) + m
) = ¥ 2 f #la)S@™) o F %y (7)
(2m)

3=k~ ﬁ; - P o
lgre Ps &, ¢ Pafos k, w refer to the four momentum and energies rsspectively
of the positon, negaton, and photon, while u(p_) and V(p,) are the splaors
essociated with the outgoing negaton and positon. The polarization four-vsctor
2f “he photon is denoted by-g o & line under a vector means nultiplication by

) A
Yy {for example, ='§%Q )o
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IV. EVALUATION OF THE CROSS SECTIOJ

Substituting Eq. (6) in Eq. (1) one obtains ths cross section fo.- 12i -

prc;duction9
2 2 2
2 ¢ m | g(q)
d(rgmz 5 w8 ‘ ‘ Xs(e, + ¢ W) d3p+d3p= R (8)
(am?  SeE-w
whare
2
X = (2m)?| G(p.) alp,p.) vp,) R - (9)

r = classical electron radius;
~ = fine-structure constant.

Making use of

3 3 . _24dp 2dp. ..
B(e v € -widpdp. Sp " —Ep" — B, € -ddadaded -

=p dp P_dp. &, € do dade , (1¢)

one gets
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It is easily shown that

X2 (20 trace [ TZ(pIAGIZ(,) A(pg] , (o
where
ip, Fop
/\(P+) = —gr;“‘m 9 Z(Pq.) =80 Py * l p,.'
2|»
e = Zoo =88k el

| 2 tp. l

$P=1frn , YW IINWY (13)

spin in the direction of D

=1
& = -1 spin in the direction of = P »
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Tedious evalisitiar of this trace lesds to

A B C , %5 0= A, B, ..
- 4X = 5 * 5 + + " - + 5 4~
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A= 2(kp, ) (kp_) + 4we(kp_) +4a(kp,) - 2d(kp_) + Bwe,a - 4(p,p.)a ~ B€ca + 4e
B = 2(kp,) (kp_) + 4we_(kp,) +4b(kp.) - 2d(kp,) + 8web = 4(p p-)b - 86D + 4u%b
C = 4wefkp.) +4we_(kp+) - sz(p_‘_pg) + 4a(kp,) + 4b(kp ) + 4o’

+d [402 - 4we - 2(kp_) < 2(kp,) - 4w, + BEE_+ 4(pp) - z.mzj ,
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21 Lmz - e*g‘:] h_ - 2iwer_ - 21(p B Je_ *+ 2iwe, (ko) (5, 2 x 8

9

210ep ) (3,5, &4 < 1),

=21 {mz - e,,e_] h, + 2i(F,5,)e, - 2dwe,r, - 20(p_)(F,5,) 1"~ )
- Uwe, (kp_) (B, £ :?9’) - 41 I(kp”) 4 2%_} h, - 4iee_(p,p,) (®07x9)

- 4 E»e,,(r:i) - we, (E5.) + BB)®ES,) 6,40,

LR

2 2 ‘ - - e
21 {m - t*e_] h_ =21 [m - e"ea_] h, - 2i(p p )g_+ 2i(p,F,)g, + 2dweh,

2dwer, - 2lwer_ +41 [mzﬁ -1;*") - we*(ﬁ;p;)] (0" 28)

i

Liwe(F B )F. 2290 - 4e s & ® =) x 5)

2 [m‘? - e@e.] (% 5)(EF.) - 2 [m’" - e @FJa + 4[15 - ] ®F)a
266 (B_P.)d = 4oe_(B,B, )a + 2we (K B )(PF.) - 2w (K p-)(5,p,)
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2 - -\ (o = 2 3 - 22
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- — - -, e 2 -
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_ - - 2 e
w4 n® - e e ] ®BIb ¢ 4w (5D, )a + dwe,BB)b + 4 [m - e,g_] (k ,)(k »..)
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where & = ({'p.)(0p.), b= (p, )@p,),

GIW'p) +@oI W) o

- (Qp_)(Q"p?) - (@) ({R,) »

(o) (B =B.) - (Q*p,) @K #5.) ,

= (Qp) (€K sB,) = () QEB,) ,

(gps) (B, x B.)~ (@'pa) §F, x5) &

d
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& refers to the spin direction of the negaton with respect to B; »

refers to the spin direction of the positon with respect to fi »

-

So refers to the spin direction of the photon with respect to k

and use has been made of the relations

xQ) = o, ,Qﬁ = (£, 2, % 0) . (15)

V, EXPLICIT EVALUATION OF ds IN TERMS OF THE ANGLES INVOLVED IN THE PROBLEM

If cne makes use of

¢

ALEEUN N

Ky = (05 0, Ky @) 20=1, ~(16)
ons gets relations such as

. (k B
A L2"xQ) =« 15, 5~

(£ 3,)( 5)
2 H

@p )W) + (WP IYp) = (B,F.) - (17)
w
* 15, - -
(0p ) {%) = ("p)Up,) =7 (kp_=p,)

atc,

» and §, where 8, and O. ars the angles made

Introducing the angles 8,, 8
by the outgoing positon and negaton respectively with the incoming photon, and

g is the angle between the k -p, and k - p_ planes, one easily geis
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(90 )°p,) +("p_)p) = €¢_ pgp sin e, sin6_cos ¢ ,
(18)

i

D )(??p’) = (Q*p_)(!?p{_) 16,66 p,p. S0 6 sin @ sin g ,

etcny

where f = velocity.

Now it is very simple to express the differential cross section in

terms of these angles. As an example one easily finds
2 2 2 2 2 2 2 2 2 2 2 2 2
A =26, €¢_ By A rRWE € Ap. €08 8, -~ 2wE, &_ By p_ cOS e_
L 2 2 2 2 2 2 2
+ E?ém €, fa g. - 20 ¢ ,e, f'_j sin 6, - w €, €_ f,ﬁ- cos e*_ cos ©_

2 2 2
€.,f fm z sin €. cos 6

- 2 1 - €€ } e_35+pm3‘g§ sin2 €.: cos 6. cos fé*

2

m2wee pp Qina sin 6. cosfé-Z{ -G€}€3&*F3381nu3103@ cos

-2 %2 - e*e-} we € p*g__z sin @, sin 6. cos €~ cos @ .

The other coefficients can also easily be expressed in terms of 9*, 8., and ¢ o



