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B⃗

ẑ µ⃗ ∝ S⃗

The magnetic moment ~µ associated with the spin polarization ~S
precesses at the Larmor frequency

ωL = γF |~B| where γF
2π ≈ 3.5Hz

nT
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Free Induction Decay
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Free Polarization Decay
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FID cycle

B⃗

pump beam
=

probe beam

Cs vapor
cell

Tcycle
Tpump

Pprobe

Ppump

duty cycle

Tprobe

We use an amplitude modulated waveform with ωmod = ωL.
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Optical pumping

6 2S1/2

F = 3

F = 4

6 2P1/2

F = 3

F = 4

894 nm
(diode laser)
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Optical pumping

6 2S1/2

F = 4

6 2P1/2

F = 3

mF = 0

mF = 1

σ+

pump light
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Basic idea

B⃗

ẑ µ⃗ ∝ S⃗ ∝ ⟨F⃗⟩

PD

We can make a connection with the population distribution by using

µz ∝ 〈Fz〉 ∝
4∑

m=−4

m pm .

The absorption coefficient can be written as

κ(t) = κ0(1− ~µ · k̂) = κ0[1− Sz(t)] = κ0(1− |~S | cosωLt) .
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A free induction decay signal

By manually introducing a damping we get

κ(t) = κ0(1− e−γt |~S | cosωLt)︸ ︷︷ ︸
FID signal

.
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A free induction decay signal

0.002 0.004 0.006 0.008 0.010
-0.15
-0.10
-0.05

0.00
0.05
0.10
0.15

time HsL

a
m

p
lit

u
d

e
HV

L

0.055 0.056 0.057 0.058 0.059 0.060
-0.15
-0.10
-0.05

0.00
0.05
0.10
0.15

time HsL

a
m

p
li
tu

d
e

HV
L

The fit of the FID yields

B = 1.0152622(2) µT .
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Sensitivity characterisation

The magnetometric sensitivity of a single FID on the measurement
time Tprobe scales as

δB1FID ∝
1

SNR T 3/2
probe

.

The sensitivity using N consecutive FID cycles is given by

δBN =
δB1FID√

N
.

We typically get values of

δB1FID = 1.5 pT and δBN=5 = 300 fT .

In shot noise limit we may achieve δBN=5 = 60 fT .
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For 30% duty cycle
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For 30% duty cycle

The highest sensitivity can be reached for a pump amplitude of
≈ 20µA.
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The highest sensitivity in shot noise limit we get is δB = 60 fT√
Hz
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Optimal parameters

100 ms
30 ms

6
5

 μ
W

3 μW

Pump

Probe

The duty cycle of the pump waveform has to be 30%.
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Investigation of systematic effects
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