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Motivation

Improved control of differential Zeeman energies
of ultracold atoms in (our) quantum-gas apparatus

Example: Rabi-coupled system

Zeeman shifts
Ir) ~ 1 kHz/mG

Q typ. energy scale
b in BEC u ~1kHz

require <100 pG stablility to
study mean-field effects and
dynamics on few-ms scales

Ambient field fluctuations:

« AC line ~ 1mG » limited access for

- Earth mag.field ~0.1mG magnetic field sensors
. other sources ~ 10mG/d | °shielding not possible
(nearby steel posts etc.) (optical access)

Principle of Operation

Idea: use of atomic cloud as in situ field probe
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Magnetic-Field Reconstruction

Reconstruction method

Pr . = N(F,mp)/N post-sequence
+ populations

pr=Pi1+Poo+ P+ P
=P _1/(Pi-1+ P21+ P> _2)
ps =Py _o/(P1_1+ Py _5) transfer prob.
pr=(Pi1+Po1+ P2)/(Pi1+ Pao+ P21+ P2)
ps =Po1/(Pi1+ Po1+ Popo)
=Po/(P11+ Pao)
pi = (/) sin?(Q, 7, /2) Rabi osc.
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h(6; + w;) = E(F;, mp,;B)— E(F’ mp:; B)
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Monte-Carlo performance estimate

«“true field” B,, drawn from Gaussian distrib.around B,
« 10000 runs with Q;/27 = (0.9, 1.9, 3.1, 1.2, 1.9, 3.1) kHz
« assumed fluctuations:
pulse parameters 7; (£2us) Q;(+£1dB) §; (£27 x THz)
instantaneous field (£100u:G)

Reconstruction error
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fulfil optimum condition
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