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Abstract

The “Lorentz angle” of electrons drifting in both electric and magnetic fields is negli-
gible in liquid argon, due to the low drift velocity.

An electron of charge e drifting in liquid argon with velocity v in an electric field E and
magnetic field B experiences a Lorentz force,

F = e(E + v × B), (1)

in SI units. As an example, for electric field E = 500 V/cm = 5 × 104 V/m, the drift velocity
is v = 1.6 mm/µs = 1.6 × 103 m/s [1]. If the drift velocity v is perpendicular to the magnetic
field B, then the ratio of the magnetic to electric forces is,

vB

E
=

1.6 × 103 · 0.5
5 × 104

= 0.016, (2)

for B = 0.5 T, as might be appropriate for a magnetized liquid argon detector [2]. The resulting
“Lorentz angle” between the electron trajectory and the electric field lines is at most 1◦, as
occurs when E and B are orthogonal.1

In case the liquid argon detector is used to study interactions due to a beam with a known
direction, the electric and magnetic fields are favorably chosen to be orthogonal to the beam
direction, such that the deflection of particle tracks in the beam direction would be orthogonal
to the direction of the magnetic Lorentz force, which further reduces the effect of that force on
measurement of the particles’ momenta.
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1The “Lorentz angle” is not necessarily negligible in detectors using argon gas, including liquid argon detec-
tors with electrons extracted into a gas phase [3].
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