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The centre for “Quantum Engineering and Today’s State of the Art lon Traps
Space Time Research” devotes its work to the
study of fundamental questions in physics related to Neutral Atom Clocks Single lon Clocks * ion trapped in ponderomotive  , _ ¢’E’

gravity and cosmological models and the development pseudo-potential
of new quantum sensors for experimental tests.
e compact, robust systems
One atomic sensor allowing for the most accurate
measurements in physics yet is an optical clock. For
trapped ion clocks, a relative frequency inaccuracy as
low as 1 part in 10" is within reach.

The precise measurement of frequency can open up

* long storage times in trap:
1d to months

« demolition free detection of ions, large trap depth
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(local position invariance, g.raV|tat|onaI redshift) But for single ion: S/N ~ 1
« tearch for a temporal variation of fundamental Short term instability of a frequency [T stability limited by quantum projection noise

constants: o, m/m_ [1,2] D _ c S DD
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(modern string theories predict variation, some SIN QO V1 N \/ (1- )

astrophysical observations indicated variation) Pex Pmax Pex Pma
« gravity sensors for geodesy with quality factor: 0 - L Ansatz:
« future generations of navigation / space navigation  Av salz.

new trap geometries to trap and store many ions,
fast locking of clock laser onto atomic transition

Best result today:

Therefore, we need robust, reliable, accurate and stable comparision of 2 ion clocks (AI'/AI') [3]:

clocks with high short term stabilities to reach targeted _ ~ 8
accuracy within hours and not days. inaccuracy = 8.6x10

e _ 15 . . . — + + b+
_, systematic errors at this level can only be evaluated stability o ~ 2.8x107"in 1s suitable for ions with ® =0 (In’, Al', Si"’, etc...)

with reasonably short integration times quadrupole shift:  hAv =(yJFm|VE ¢®|yJFm)

Higher Q: clock laser performance and long interrogation (Coulomb interaction produces E gradient)
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Clocks with 107°7? | |
Flexible setup for testing
different trap geometries and
Challenges: Trap assembly:

| spectroscopy methods,

-Heating rates due to thermal fluctuations of patch -
potentials causing 2™ order Doppler shift

-Micromotion due to patch potentials, electrostatic stray

fields, trap imperfections, RF phase shifts

large solid angle for detection,
3D control of micromotion

Electrode blades:
(ALO,, AIN, sapphire,...)
precise machining:
laser cutting, < 10um tolerance

| | _ _ _ low RF losses
High resolution FEM simulations of RF fields UHV compatible
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Compact electronic devices:
UHV compatible, non-
magnetic capacitors and
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- soldering with Kester Sn96.5Ag3
- ball bonding with 30um gold wires . _
- RF connection: OFHC Cu foil Cooperations:
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