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Detectable by clocks!
[figure] 10.1086/508162 [theory] 10.1038/nphys3137
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Components of an atomic clock
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Endcap-style RF Paul
trap

d =1 mm
Qpp = 2w X13 MHz
Wradial ~ 21 X 0.5 MHz

Symmetric RF path
avoids uncompensable
stray fields at Qxf

No dielectric near ion to
avoid thermal heating (for
controlled BBR
environment)

Total trap-related
systematic contributions
<0.5%x10718

DOI:

See poster 10.1103/PhysRevA.80.022502

by Billy
Robertson!




Optical cavities NPLE

(4
hy
Quantum Metrology Institute

99.990990909990909090




48cm ultra-low
expansion (ULE)
glass spacer
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Active vibration stabilisation
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Optical cavities
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= Fractional thermal noise
(fundamental limit) T [ O 1 T

] A  Campaign April 2018 - Data set 1000 s
estimated at 6 X 10_17 = Campaign Dec 2018 - Data set 7000 s

® Campaign July 2019 - Data set 5000 s
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= Comparison against PTB & 1,
cryogenic cavity shows total 3 s
noise floorof 7 x 1077 in & I
. < °
this room temperature 3 b I % }
system 3 s 11 { {
S 107° !l ; ) P
» ~ — x diameter of a proton - '} h :
25 Linear drift removed ]

1 10 100
[PTB cavity] 10.1103/PhysRevLett.118.263202

[This work] Publication upcoming Averaging time T (s)
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= Presence of two accessible metastable states including long-lived octupole
transition

= Low sensitivity to external fields

. [ = % so possibility of Amz = 0 — 0 transition
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Why Yb+ for physics?
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4f1454 2D,
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Variation of constants
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a
- < —0.7(2.1) x 10717 year—?!

:—i < 0.2(1.1) x 10~ 16 year~1

(u/u) /107 year’

(a/a) /107 year”

DOI: 10.1103/PhysRevLett.113.210801
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= Large relativistic corrections of the F state create sensitivity to LLI violation

VS.

Orientation 1
Orientation 2
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[theory] DOI: 10.1038/nphys3610 [experiment] DOI: 10.1038/s41586-019-0972-2



Dark matter — the motivation
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= 6X more DM than SM matter
= ...but WIMPs proving elusive

56

= Alternative explanations include
light dark matter:
m(/) K 1eV

= Self interactions could lead to
macroscopic structure:
topological defects (TDs)
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A network of clocks

LNE-SYRTE
LPL
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Use a network of clocks joining
three institutes with 6 optical clocks

Optical fibre links

2215km

Active path-length stabilisation

Rejects noi

se on a single clock

Low correlations between noise

sources

DOI: 10.1038/ncomms12443

SYRTE in Paris

PTB in Braunschweig
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Limits to transient variation in «

loglo d/km
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[ 7 < 0.9 hr === Wcislo et al. (2018)
—17 3 12 hr Weisto et al. (2016)

10 hr = }This work
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arXiv: 1907.02661 log1g Tint/s




Limits to transient topological defects NPLE
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= Add some assumptions:
« All dark matter is in the form of topological defects

* Locally, dark matter has a density of
ppy = 0.3 GeVcm™3

= Pick a model:
« Scalar field ¢ with quadratic interactions with SM, energy scale A,

= => |ink between size of defects, frequency of defects and energy scale of
Interaction with SM matter




Limits to transient topological defects
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Thanks for listening!
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