Annihilation 1

Annihilation is the process e~ +e™ — v +~. The arrow for e* is reversed because a positron
is treated mathematically as an electron moving backwards in time.
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The scattering amplitude M is
M = My + M,

where M is the t-channel amplitude
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and M, is the u-channel amplitude
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Matrices gl and g2 are momentum transfer.
d, = (p1 — D3)*gas?”
d, = (p1 — 1) gap?”

Expected density (|M]?) is the average density.
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Expand the summand. (Note indices p and v of M are interchanged relative to M.)
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The summation results are
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where s, ¢, and u are Mandelstam variables

s=(p1+ p2)2
t=(p1 —ps)?
U= (pl - ]94)2

For clarity define

f11 = 8tu — 24m?2t — 8m?u — 8m*
fi2 = 8m?s — 32m*

foo = 8tu — 8m?2t — 24m?u — 8m*

and write (|M|?) more compactly as
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For £ > m we use the approximation m = 0 and obtain

fi1 = 8tu
fi2=0
fao = 8tu



Then (|M|?) simplifies as

4
9 et (8tu  8tu afu
= — B — _— :2 — —
(M) 4(t2+u2 T+

For m = 0 the Mandelstam variables are

s =4F?
t = —2E*(1 — cosf)
u = —2E%(1+ cosd)

Hence

1—(:039jL 1+ cos@

(M) =2 (
The differential cross section is

do _o* (M) o (1—1—0059 1—(3089)

dQ et 4s :8E2 1—cos€+1+cos<9

1+cosh 1 —cos&)

Multiply by (%ic)? to convert from natural units to physical units.

do  o? 1+COSH+1—COSQ (he)?
dQ  8E2 \1—cosf 1+ cosf ¢
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https://georgeweigt.github.io/examples/annihilation-1-demo.html

