Mboller scattering 1

Moller scattering is the process e~ +e~ — e~ +e.
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The scattering amplitude M is
M= M; — M,

where M is the 1 — 3, 2 — 4 amplitude
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M, = ?(ﬂzxﬂuwb)(ﬁ:’,c%ma)

and Mj is the 1 — 4, 2 — 3 amplitude
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The expected density (|M]?) is the average density.
(M) 2}%2 2} — Ma)(My = My)*
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Expand the summand.
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The summation results are
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Z MiMT = j_? (8% + 8u* — 64m®s — 64m*u + 192m™*)
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> MM; = E( 8% + 64m?s — 96m*)
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D MoM; = — (852 + 8% — 64m*s — 64m*t + 192m")
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where s, t, and u are Mandelstam variables

s = (p1 +p2)2
t=(p1 —p3)°
u=(p1— 194)2

For clarity define

fi1 = 85?4+ 8u® — 64m?2s — 64m>u + 192m*
fiz = —8s% + 64m?s — 96m*
fao = 857 4 8t* — 64m>s — 64m*t + 192m*

and write (|M|?) more compactly as

gmpy =5 (Le -2y )
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For F > m we use the approximation m = 0 and obtain
fi1 = 8s? + 8u?
Ji2 = —8s?
fao = 85% 4 8t?
Then (|M|?) simplifies as

M) =2 (

For m = 0 the Mandelstam variables are
s = 4E>

t = —2F*(1 — cosf)

u = —2FE*(1+ cosb)

2+ u?  2s? N s2+t?
12 tu u?

Hence

) 4 1+ cos*(6/2) 2 1 +sin(6/2)
(IM[7) = 2e 7 5
sin(0/2) sin(0/2) cos?(6/2) cos*(0/2)
This can be written more compactly as
(cos? 0 + 3)?
sin? @

(M[?) = 4e”

The differential cross section is
do  o®(IM]*)  a? (cos®f+3)?
dQ et 4s  4E?  sinte
Multiply by (%ic)? to convert from natural units to physical units.
do o (cos®f+ 3)?
Q) 4E?  sin'é
Zee p. 134 has the cross section formula
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do (e L 0)
ds? dr ) 8E?
where f(0) is the function

_ 1+cos?(0/2) 2 1+ sin(0/2)
1O = —Gma2) " 5t 0/2)co(0/2) T cosi(9)2)

Function f(0) is equivalent to

(he)?

(cos? 6 + 3)?
sin* 0

f(0) =2

Noting that in natural units e? = 4w we have
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do  o* (cos?6 + 3)?

dQ  4E?2  sine

Hence
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https://georgeweigt.github.io/examples/moller-scattering-1-demo.html

