Electron-Positron Annihilation into a Muon-Antimuon Pair

With Everything (Hopefully) Spelled Out
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This sum of products can be reduced in several ways. Simplest trick:

a) Write explicitly spinor indexes:
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b) Move u; to the front in each term (OK because it is just a number)
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c) Exchange the sum order and split the spin sums:
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Now
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By neglecting m :

[|p1||p2| P, =E
CM
|p3|:|p4|: Pou| = VE* —M*
p=(E 0 0 E),p,=(E 0 0 —E)
p3 :(E pout Sine O pout COSQ)’pét :(E - pout Sine O - pout COSO)

D1 Py =E*+EVE*—M? cosf
D2 D3 =E*+EVE*—M? cosf

2
— P1P4D>Ps :(E2 +ENE*-M* COS@) = 154+E2(E2 —Mz)c0320~|—2E2E\/E2 —M? cosd

M? M?
4 H—[l—?]coszﬁ#—Z,/l—?cosQ

P1P3 :E2 —E E2 —]\42 cosf

— DPsPPs=E

2
— D\P3P Py = <E2 —ENE*—M* COS@)
PPy :EZ_E EZ—ZW2 cosf

M? / M?
1+[1—?]c0520—2 I—FCOSQ

|
(PP mm}Hnmﬂmmﬂswﬁ}

— D\PsP Py = E'

(="

2

2
I—M—2 c0520+21f1—M—20059 +

E E
2 8e* M? / M?
—><‘Tﬁ‘ >:16? +E4 1+[1—F]COS28—2 I—FCOSQ q

+2E*M*

E* |1+

2

M? M
—><Tﬁ 2>:% 2—}—2[1—?]00829—}—4?

4 M2 M2
—><Tﬁ2>:% 2+2[1—? 00829—1—2?

M? M?
=¢' 1+?+{1—?]00520




Therefore, for the cross-section in the CM frame:
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Reminder on 2 - body phase space :
P total 4- momentum, CM components: (\/E 0 0 O)
Dy» P,» m;,m, 4-momentum & mass of final state particles
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Reminder on Dirac representation:
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