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Chapter 2

Atoms in external field.
Magnetic and optical
trapping of atoms

2.1 Atomic structure of alkali atoms

Alkali atoms have a single valence electron in the s-orbital. Electron orbital
angular momentum L = 0 and electron spin S = 1/2. Hyperfine coupling mixes
electron and nuclear spins

H = AHFS
~I ~S (2.1)

At zero field states are characterized by the total angular momentum

~F = ~I + ~S (2.2)

Zero field splitting between F = I + 1/2 and F = I − 1/2 states

∆Ehf = (I +
1
2

)AHFS (2.3)

For 23Na AHFS = 1.8 GHz and for 87Rb AHFS = 6.8 GHz. Both have I = 3/2.
Effect of magnetic field comes from electron spin (Zeeman coupling to nuclear

spin is negligible)

H = AHFS
~I ~S + gsµB

~B~S (2.4)

with gS = 2 and µB = 1.4 MHz/G.
When magnetic field is not too large one can use (assuming field along z)

EZ = gsµBFzB + qF 2
zB

2 (2.5)

The last term is often referred to as quadratic Zeeman effect q = h 390 Hz/G2.
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Figure 2.1: Energies of hyperfine levels of an alkali atom with I = 3/2 and
AHFS > 0. The dimensionless magnetic field is b = 4µBB/AHFS. Figure taken
from [1].

2.2 Trapping of alkali atoms

Magnetic trapping of neutral atoms is due to the Zeman effect. The energy of
an atomic state depends on the magnetic field. In an inhomogeneous field an
atom experiences a spatially varying potential. For example, when magnetic
field is

~B = B′(x, y,−2z) (2.6)

the potential is

Vmag(r) = gsµB |B(r)| = gsµBB
′(x2 + y2 + 4z2)1/2 (2.7)

Magnetic trapping is limited by the requirement that the trapped atoms remain
in weak field seeking states. For 23Na and 87Rb there are three states |F =
1,mF = +1〉, |F = 2,mF = +1〉, and |F = 1,mF = +2〉.

Optical trapping of alkali atoms uses AC Stark effect. Oscillating electric
field (typically at optical frequencies) induces electric dipolar moment

~d(ω) = α(ω) ~E(ω) (2.8)

Here α(ω) is a frequency dependent polarizability. Averaging over fast oscilla-
tions of the electric field we find effective potential

VACS = −〈~d ~E〉 = −α
2
E2(r) (2.9)

Far-off-resonant optical traps confine atoms regardless of their hyperfine states.
The main lesson of this chapter is that one can use either magnetic coils or

optical beams to create confining potential for the atoms. In most cases this
potential can be approximated by the quadratic expansion near the minimum.
So atoms in a parabolic potential is a good starting point for describing most
experiments with ultracold atoms.
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