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= Optical clock performance

= Two fundamental physics experiments with NPL clocks

1. Search for variation of fundamental constants
2. Test of Special Relativity



Optical clock basics
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| Ultrastable laser




Improvements in optical clocks
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Optical clocks at NPL
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Sr lattice Sr+ion Yb+ ion
optical clock optical clock optical clock

= All 3 clocks have frequency uncertainties in the 1017 — 10-18 range
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= Two fundamental physics experiments with NPL clocks

1. Search for variation of fundamental constants



Atomic clocks to investigate Ao
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* |f o varies, so will the atomic frequency f
= Beware that other quantities may also be varying
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= Most accurate single test of alpha-only variation ﬁ
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The advantage of Yb™ for laboratory tests NPLE
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Frequency ratios between Yb* and Cs
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= Can also investigate variation in y as well
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History of Yb* E3 and E2 against Cs

f- 688 358 979 309 kHz
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Yb* limits on a and g time-variation NPL @? QMI #
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Three-fold improvement on best
previous constraint on p

Improvements to the clock will allow
even more stringent searches for
present-day changes

« Slow variations

* Transients

« Oscillations
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= Three fundamental physics experiments with NPL clocks

2. Test of Special Relativity



Test of Special Relativity
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* Lorentz Invariance is an assumption of Special
Relativity: the outcome of an experiment does not
depend on the velocity or orientation of the inertial
frame in which it is performed

= |f true, atomic clocks in different inertial frames will
have the same frequency

= Compare clocks in different locations and look for daily
variations in their frequency differences
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EMPIRES =9

= Comparison of Sr optical
lattice clocks, linked via optical
fibres
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P. Delva et al., Phys. Rev. Lett., 118 221102 (2017)



Test of Special Relativity

= Need to account for gravitational

redshifts due to tides

* Analysis of clock frequency
differences shows that
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Gravity potential differences between NPL and PTB
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Summary
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= NPL Sr, Sr* and Yb* optical clocks have frequency
uncertainties in the 1017 — 10-18 range

= Can use optical clocks to test fundamental physics at
unprecedented levels

« Variations in a and p
 Lorentz Invariance tests
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