
Particle tracks
 at a glance

3 Curved tracks

The positive pion sweeps across the image in an anticlockwise path 
(the yellow/green/blue track). 

A charged particle moving with velocity v at an angle θ to a 
magnetic field B experiences a force F at 90° to the field and its 
direction of motion: 

F = Bqv sin θ
The left-hand rule, with the second finger (‘current’) pointing along 

the motion of a positive charge, shows the force direction. 
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The force deflects the particle into a curved path of radius r:

r = 
p

qB 

where p is the particle’s momentum. 

4 Decay

The positive pion decays into a positive muon (µ+), which travels a 
short distance before decaying into a positron (anti-electron, e+). 

π + → μ+ + νµ

μ+ → e+ → νe + -νµ

The positron loses energy and moves in a tighter spiral until it comes 
to rest. Neutrinos and antineutrinos (ν and  -ν) leave no tracks because 
they are uncharged and do not produce ionisation.
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1 The CERN 2-m bubble chamber

The CERN 2-m bubble chamber was used from 1964 to 1976 to 
study subatomic particles. The chamber contained liquid hydrogen; 
ionisation by charged particles made it boil, leaving streams of 
bubbles along the particles’ tracks. 

In the main image on these pages (about 80% of actual size) high-
energy negative kaons (K−) enter the chamber from the left. There is a 
1.7 T magnetic field acting into the page.

2 Collision and production

A kaon collides with a hydrogen nucleus (proton, p) above the yellow 
cross. Some of its kinetic energy is transferred to the proton, and two 
pions (π) are produced:

K− + p → K− + p + π + + π −

To produce the pions, the kaon’s initial kinetic energy, EK, must 
exceed the pions’ rest-mass energy: 

EK > 2mπc
2

where mπ is the rest mass of a pion and c the speed of light. 
mπ = 2.5 × 10−28 kg
c = 3.00 × 108 m s−1

1 eV = 1.60 × 10−19 J
So:

 2mπc
2 = 2 × 2.5 × 10−28 kg × (3.00 × 108 m s−1)2

 = 4.5 × 10−11 J
 = 2.8 × 108 eV
 = 280 MeV

In this experiment, EK ≈ 2.8 GeV, which is more than enough to create 
a π+ and a π−.
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