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Homework 10 Solutions

10.1 - Helicity/chirality amplitudes for e+e− → µ+µ−
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10.2- Electron-muon elastic scattering
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10.3 - A number for cross-section

10.3.1 - Basic/benchmark cross-section

In problem 10.1, we calculated the total unpolarized differential cross-section,
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Therefore, the total cross-section is,
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At the center-of-mass energy of 100 GeV, the cross-section is,

σ =
2π

3(100)2

(

1

135

)2

GeV−2 = 1.149 × 10−8 GeV−2 (5)

This is in natural units, where area is of dimensions [M ]−2. To convert it into m2, say, we
can supply factors of ~ and c.

σ = 1.149 × 10−8(~c)2 GeV−2 (6)

= 1.149 × 10−8

[

~c

GeV

]2 [

1 GeV

109
× 1.6 × 10−19 kg m2/s2

]2 [

1.05 × 10−34 kg m2/s

~

]2 [

3 × 108 m/s

c

]2

(7)

= 4.45 × 10−40 m2 (8)
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The more commonly employed unit for cross-sections in particle physics is the “picobarn”,
where 1 pb = 10−40 m2. Then,

σ = 4.45 pb (9)

10.3.2 - Scaling of cross-section with charge and energy

Part (i)

The cross-section scales as 1/E2
CM (which you could have guessed without any calculation!

When electrons and muons are massless, then there is only one scale ECM in the problem to
provide the dimensions of cross-section). So the cross-section will be twice at center of mass
energy ECM = 1√

2
100 GeV = 70.71 GeV.

Part (ii)

The cross-sections scales as α2, or in other words, the amplitude scales as α(∼ e2). The two
powers of coupling constant (or charge) arise from the charge of the electron and the charge
of the muon, which are both equal to e.

Therefore, for down-quark (coupling −
e
3
) annihilating to up-quark (coupling 2e

3
), the

amplitude will be 2

9
of the amplitude for e+e− → µ+µ−.

σdd̄→uū =

(

2

9

)2

σe+e−→µ+µ− (10)

at the same energy.
Thus, the quark annihilation cross-section at 2

9
× 100 GeV = 22.2 GeV will be the same

as the electron-muon cross-section at 100 GeV.

Part (iii)

If the fundamental charge was twice as large, α would be four times larger. Consequently, the
cross-sections in part (i) and part(ii) would be 16 times larger. Numerically, the cross-section
in part (i) would become,

σ = 16 ∗ 4.45 pb = 71.2 pb (11)
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