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Schwartz QFT Solutions
Chapter 2 – Problem 2.2

Each proton has energy Ep = 7 TeV. Using

v

c
=
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p

, mpc2 = 9.38 × 10−4 TeV,

we get
v

c
≈ 1 − 9.0 × 10−9, c − v ≈ 2.7 m/s ≈ 9.7 km/h.

The relative speed is
vrel = 2v

1 + v2/c2 ,
vrel
c

= 2β

1 + β2 ,

with β ≈ 1 − 9.0 × 10−9, giving
vrel
c

≈ 1 − 1.6 × 10−16, c − vrel ≈ 4.8 × 10−8 m/s.
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