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Engineered design for 10m tower available on
arXiv:
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* Mechanical stability
* Magnetic field control
e Vacuum design

e Optics delivery

* Detection

e Construction plan

e ...and more

Charles Baynham @ TVLBAI iii 2025 4


https://arxiv.org/abs/2508.03491



https://doi.org/10.1116/5.0172731

= (L +0L)/c

2 (or more) separate atom

interferometers

e Direct measurement of changes
T — L/C in the flight time of light pulses

* Single arm -> No phase noise
from laser

 Think of this as two freefall
atomic clocks




Differential atom interferometry

Classical Lagrangian for
movement in a
gravitational field in a
rotating frame

Imperfect overlap of
wavepackets

/

¢ = ¢prop + ¢S€p + Praser

Phase of laser
imprinted during
pulses

Energy of optical
transition




The experiment at

Vertical 813nm |C|_
dipole trap

Horizontal 1064nm
dipole traps

Y ¢ 87-Sr atoms in two
- crossed, far off-resonant

e /: : dipole traps

C'rossed optical E E

'(i'E)O'e traps (XODTS)\ WE « Common clock laser
:... interrogates both clouds

ICL30893-2024-11-13T17:39:24-f50a466t




1.0
0.8 /o
: L 2P
g 0.6 _ -~ i
_'Cé t=0ms t=9.7ms t=19.3ms /';:;./
% 0.41 e ::: j j -
AVS Quantum Sci. 6,014408 (2024)  ° | —= 7"
. : ' — - Horizontal, T = +43n
https://doi.org/10.1116/5.0180043 — \H/erticalszTngizBanK
0.0 0 5 10 15 20
l Expansion Time / ms
Drop
ModulatedNarrowband Upper Lower Spin Velocity Differential  State

Sl o red MOT red MOT dipole trap dipole trap polarization slicing interferometry readout

1e8
* ~— "Push" beam disabled
2.04 —— "Push" beam active

— Rit

1.5

AVS Quantum Sci. 6, 014409 (2024)
https://doi.org/10.1116/5.0172731

Atom number
—
=)

2025-08 . . . . . . . .
-0.25 0.00 0.25 0.50 0.75 1.00 1.25 1.50
Time / s


https://doi.org/10.1116/5.0172731
https://doi.org/10.1116/5.0180043

WU\

2025-08

J

Upper Lower
dipole trap dipole trap

| §I2

/054"‘/1"/‘

Charles Baynham @ TVLBAI iii 2025




Spin
polarization

ICL29570-2024-11-02T16:48:59-e0be532

Spectroscopy with 689nm - PRI
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See e.g. Ludlow,
Andrew D. The
strontium optical
lattice clock: optical 30 -
spectroscopy with
sub-Hertz accuracy.
University of
Colorado, 2008.

Excitation fraction (%)

I I 1 I T 1 T T
-1250 —-1000 -750 -500 -250 0 250 500 750
Detuning (kHz)
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Spin
polarization
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Spectroscopy with 689nm , —
1g 3p. t iti ! . = Unpolarised
0 "> “Fy transition L T e A — = Polarised (Iz = -0.39 A)
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See e.g. Ludlow,
Andrew D. The
strontium optical
lattice clock: optical
spectroscopy with
sub-Hertz accuracy.
University of
Colorado, 2008.
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Velocity
slicing

I -
A T
sLot ) JT

A

|

A\/"«‘:;
i \

2025-08 Charles Baynham @ TVLBAI iii 2025 (o) \/ 14



Velocity
slicing
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Chirped Rabi flop
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Space

Differential
interferometry readout

State




Applied differential phase

Stark shift beam

e A Stark shifting beam
controllably shifts the ground
state’s energy:

* Detuned by —-80 MHz from the 1S,
F=9/2to 3P, F'=11/2
87Sr released from

crossed optical * Pulsed for ~30us during
dipole traps (XODTs) ~~ - interferometry




Excitation / %
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Differential interferometry
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Applied phase

Top excitation / %
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Excitation / %

Noise injection
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Allan deviation of §¢ / mrad

Quantification of noise rejection

* Absorption imaging =>
e 1280(130) atoms in top trap
e 1600(160) atoms in bottom trap

e Monte-Carlo simulation to
estimate SQL limit:

e 1000 datasets with 10,000 shots
each

* Ogq = 7.7(3) mrad

103 104

Measurement time / s
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Future work

Large T Pulse shaping /
momentu.m ' optimal control
transfer with / \

clock transition / \
/ /\
o \/’\/A/
1 /
/
) /
\
/
\
lq> =12 Continuous
probing /
Squeezing / interleaving

entanglement
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