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The propagation phase is given by the action functional difference along the upper and lower path:
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Consider the following differential interferometer geometry between a Mach-Zehnder 
Interferometer (MZI) and a Symmetric Double Diffraction Interferometer (SDDI):

Introduce a detuning of the last pulse like                                      with              .
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Additional gravitational field:

Movable along 
complete baseline.

Gravitational background:

Create unique 
gravitational field for 

each run.

Differential measurements 
to obtain gravity variations 

as in [5].

Choose detuning (as a function of     
and     ) such that FSL phase cancels.
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Gravitational potential expressed via its Taylor series around the origin: <latexit sha1_base64="+YeZgB+LQJJ0E7PgIr+16/dTsg0="></latexit>
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To get an understanding of how this phase originates, let us 
consider the idealized gravitational potential of Earth, i.e.
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Mitigating the FSL phase shift:
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With the Lagrangian corresponding to the COM Hamiltonian

Consider the time interval             in the propagation phase:
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Initial condition gives 
tidal phase in MZI

Vanishes in SDDI 
due to symmetry!

Tidal phase survives 
in differential setup
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Consider Bragg transitions, i.e. two light fields with individual wave vectors                 and effective 
wave vector                          . The FSL phase is given by:
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Atom Interferometers become ever more accurate as quantum sensors, especially regarding measurements of gravity. We previously analysed how (general) relativistic effects alter interferometers (IFs) in 
idealised gravitational fields [1, 2].

Using the gravitational field measurements of the VLBAI in Hannover, we can model future experimental setups very accurately. We do so using an open source Python algorithm.

Additionally, local gravitational effects have been analysed in the context of „spacetime curvature“ and gravitational tidal effects [3]. Also in recent gravitational Aharonov-Bohm-type experiments [4], macroscopic 
test masses have been used to generate additional sources of the gravitational field.
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This „tidal phase“ arises from the propagation phase along the quadratic term in the gravitational 
potential. It is therefore at least cubic in time and quadratic in the photon recoil.

The FSL phase depends on the explicit experimental setup and the type of laser interactions, i.e. being 
single, or two-photon interactions and the photon path lengths inside of the IF baseline [6].

However, local gravitational effects like those can also be unintentional: Ground water variations, concrete structures, lab equipment, or even people disturb the gravitational environment. A detailed theoretical 
model of non-ideal gravitational fields becomes evermore important.

We present a novel IF geometry that — dominantly — results in a phase which is connected to local gravitational field fluctuations.
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Tzz = �(2)(0)as in [3] with a grav. non-linearity                                 .
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The interpretation as a „tidal“ effect comes from this quadratic behaviour and is similar to the effect 
discussed in [3], i.e. 
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Figure 3.1: Tidal phase geometry.

Similarly analysed in [3] and 
described as a „tidal effect“

Resulting from the finite speed 
of light (FSL)

Tidal Phase Interferometer (TDI)
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VLBAI Abstract

I. INTRODUCTION

Atom interferometers (IFs), at the forefront of quantum
metrology, are highly precise instruments extensively em-
ployed across diverse research domains. Their versatility en-
compasses tasks such as determining the fine-structure con-
stant, serving as quantum sensors to measure Earth’s gravita-
tional field, proposing measurements for gravitational waves,
exploring fundamental physics and alternative gravitational
models, as well as conducting measurements related to time
dilation and gravitational redshift. Notably, their accuracy as
sensors for gravitational fields and gradients thereof is increas-
ingly vital for applications in industry and geodesy.

In the majority of theoretical depictions of atom interferom-
eters (IFs), Earth’s gravitational field is typically approximated
at a specific height through a Taylor expansion to some fixed
order. This expansion commonly includes the gravity gradient
and occasionally extends to the second gradient.

In the context of the ‘Very Long Baseline Atom Interfer-
ometer’ (VLBAI) facility in Hannover, Germany, a di↵erent
approach can be taken: Here, the gravitational acceleration
is precisely measured along the 10m baseline and especially
accurate along the magnetically shielded ‘region of interest’
(ROI) between roughly 4.5 and 12.5 meters above the baseplate.
This allows for a direct comparison between the commonly
used description of IFs, which often relies on an idealized
gravitational potential, and the actual gravitational potential
encountered in real-world scenarios. To scrutinize these dis-
crepancies numerically, we will employ an updated version of
the Python algorithm developed earlier, specifically tailored to
the experimental conditions of the Hannover setup. We will
analyze these di↵erences between numerical and analytical
results for a usual Mach-Zehnder interferometer (MZI).

The algorithm is now expanded to encompass not only the
description of elastic scattering processes such as Bloch oscil-
lations and Bragg di↵raction but also inelastic processes like
Raman di↵raction or single-photon transitions. This extension
enables the interferometric atoms to undergo changes in their
internal state along path segments, a phenomenon commonly
referred to as ’clock interferometry.’

II. GRAVITATIONAL MODEL

Earth with radius R� at the experiment.
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FIG. 1. Gravitational acceleration g(z) and gravitational gradient �(z)
as functions of height in the ROI of VLBAI. Building cross-section
taken from [1].
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Gravitational field along ROI:
Gravitatoinal potential of Tungsten 74W with mass density
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