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Abstract
We describe our experiment MAGIA (misura accurata di G mediante
interferometria atomica), in which we will use atom interferometry to
perform a high precision measurement of the Newtonian gravitational
constant G.

Free-falling laser-cooled atoms in a vertical atomic fountain will be
accelerated due to the gravitational potential of nearby source masses (SMs).
Detecting this acceleration with techniques of Raman atom interferometry
will enable us to assign a value to G. To suppress systematic effects we will
implement a double-differential measurement. This includes launching two
atom clouds in a gradiometer configuration and moving the SMs to different
vertical positions.

We briefly summarize the general idea of the MAGIA experiment and
put it in the context of other high precision G-measurements. We present the
current status of the experiment and report on analyses of the expected
measurement accuracy.

Keywords: Atom interferometry, Raman interferometry, gravimeter,
gradiometer, gravitational constant, precision measurement

1. Introduction

Demonstrated for the first time more than 20 years ago,
atom interferometers (AIs) [1–4] have developed into very
powerful measurement devices with many applications [5].
However, so far only few atom interferometry experiments
have been performed to test fundamental physics or to measure
fundamental physical constants. Most commonly known, in
this context, is the measurement of h̄/mCs [6], which can be
used to determine the fine structure constant α. Furthermore,
atom interferometry has been used to measure the gravitational
acceleration on the earth surface g [7], its vertical gradient
g′ [8] and rotations [9].

We will apply the techniques of atom interferometry
to determine the Newtonian gravitational constant G .
This fundamental coupling constant was first measured by
Cavendish about 200 years ago [10]. Since then, many
experiments have aimed at the high precision determination
of G . The motivations for such G-measurements range

from purely metrological interest through determinations
of mass distributions of celestial objects to geophysical
applications. In addition, many theoretical models profit
from an accurate knowledge of G [11]. However, despite
some 300 measurements [12], G has remained the least
accurately known fundamental physical constant. The 1998
CODATA [13] recommended value of G = (6.673±0.010)×
10−11 m3 kg−1 s−2 contains an uncertainty of 1500 parts per
million (ppm).

Recent measurements with smaller uncertainties of
13.7 ppm [14] and 41 ppm [15] have resulted in G-values
that still disagree on the order of 100 ppm. Hence, there is
a strong need for G-measurements with different methods,
which may help to identify possible systematic effects. Note
that so far only a few conceptually different methods have
resulted in G-measurements on the level of 1000 ppm or
better [12]: the torsion balance, the torsion pendulum, the
beam balance and the pendulum cavity. All these methods
have in common that masses, which probe the acceleration
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Figure 1. Graphical illustration of the Raman atom interferometer. (a) λ-type three-level atom with lower states |a〉 and |b〉 sharing an
excited state |e〉. The Raman lasers have frequencies ω1 and ω2 slightly below the transition frequencies with a difference that matches the
splitting �ωab of the lower states. (b) Scheme of the Raman interferometer: on the vertical axis we plot the atomic vertical position z(t)
after subtracting the free-fall trajectory z̄(t). Atom paths are split, reversed (rev.) and recombined (rec.) using a π/2–π–π/2 pulse sequence
(see text).

caused by well known source masses (SMs), are suspended,
e.g. with fibres. In order to exclude this possible source of
systematic effects, one can perform a free-fall experiment. In
fact, a determination of G using a free-falling corner cube
has already been performed [16]. However, the uncertainty
remained on the order of 1400 ppm.

In order to surpass this result, we are setting up the MAGIA
(misura accurata di G mediante interferometria atomica)
experiment [17]. Free-falling 87Rb atoms forming a vertical
Raman atom interferometer [4] will be used to probe the
gravitational acceleration originating from nearby SMs. The
powerful combination of Raman atom interferometry [18]
and laser cooling [19] will allow us to achieve high
sensitivity. Using atoms with well known properties, instead
of macroscopic probe masses, will help to reduce systematic
errors.

The purpose of this paper is the following: we briefly
summarize the technique of Raman atom interferometry and
show how it can be used to determine G . Then, we present
the set-up of the MAGIA experiment and report on its current
status. In addition, we carefully investigate the experimental
demands that have to be fulfilled to achieve the 100 ppm
targeted accuracy and precision of the G measurement.

2. Raman atom interferometry and its application to
determine G

Raman atom interferometry (RAI) and its application to detect
vertical accelerations of atoms is described e.g. in [7, 18, 20].
Here, we first briefly present the general scheme and the
theoretical results. Then we show how one can use RAI to
determine G .

2.1. Raman atom interferometry and measurement of vertical
accelerations

To measure—as an example for a vertical acceleration—the
gravitational acceleration g on earth using RAI, free-falling
atoms within an atomic fountain are illuminated by a sequence
of three light pulses. The light pulses are realized with two laser
beams, which have frequenciesω1 andω2 (see figure 1(a)). The
laser beams counter-propagate along the vertical z-axis with

wavevectors �k1 = k1�ez and �k2 = −k2�ez (ki = ωi/c, i = 1, 2).
ω1 and ω2 are close to the transitions of a λ-type three-level
atom with two lower states |a〉 and |b〉 and an excited state
|e〉. The lasers drive two-photon Raman transitions between
|a〉 and |b〉. A π-pulse, which has a duration of τ = π/�

(� being the two-photon Rabi frequency), switches the atomic
state from |a〉 to |b〉 or vice versa. In contrast, a π/2-pulse
with duration τ = π/(2�) splits the atomic wavepacket
into an equal superposition of |a〉 and |b〉. Besides altering
the real amplitudes α, β of the atom’s internal wavefunction
	 = αei
α |a〉+βei
β |b〉, the light field affects the atoms in two
more ways. An atom that changes its internal state receives a
momentum transfer by an amount of h̄keff = h̄(k1 + k2). At
the same time, the phases 
α,β are modified according to the
local phase of the light field.

Applying first a π/2-pulse, then a π-pulse and finally
another π/2-pulse, each separated by the time T , results in
the RAI scheme. This is illustrated in figure 1(b). After
recombination of the two paths (path I = ABD, path II =
ACD), the probability Na/N of finding the atoms in state |a〉
shows a typical interference-like behaviour:

Na/N ∝ 1 − cos(
I − 
II). (1)


I,II are the phases accumulated on paths I and II, respectively.
The phases 
I and 
II depend on the local phase of the
light field seen by the atoms during the Raman pulses. This
links the vertical atomic position to the phase evolution of
the laser field. The phase evolution depends on the effective
frequency ωeff(t) = ω1(t) − ω2(t) and on the phase relation
between the Raman pulses. Usually, one varies the effective
frequency linearly in time to compensate for the first order
Doppler effect of the free-falling atoms. Otherwise, the Raman
resonance condition (effective frequency matching the energy
splitting of the two lower states) is quickly violated. With
ωeff(t) = ωeff(0) − γ t one obtains


I − 
II = (γ − keff g)T 2 − φ(0) + 2φ(T ) − φ(2T ). (2)

A proper Doppler effect compensation (γ = keff g) and an
unperturbed evolution of the offset laser phase φ leads to

I − 
II = 0. Actively changing the laser phase between T
and 2T by δφ will result in φ(2T ) = φ(0) + δφ = φ(T ) + δφ
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Figure 2. Graphical illustration of the experimental set-up with the relevant part of the vacuum system, the atomic trajectories and the
source mass positions. Not included are the laser systems, the detection units and the source mass holder. The atomic trajectories during the
time of the interferometer pulse sequence are sketched (dashed arrows).

and hence 
I − 
II = −δφ. In this way, one can scan the
interference fringe to prove (γ − keff g) = 0 (for right γ ) or to
reveal the phase offset (γ − keff g)T 2 (for imperfect Doppler
compensation). In both cases, the value of g is obtained
combining the measured phase offset and the value of γ , which
is set by a frequency generator.

2.2. Raman atom interferometry and measurement of G

If one adds SMs close to the atomic trajectories, the local
acceleration changes due to the gravitational potential of the
SMs. Since the amount of change depends on G , the latter can
be determined by an acceleration measurement. However, in
order to achieve high sensitivity and accuracy, we will extend
this general scheme as will be described in the following.

Firstly, we will launch two clouds of atoms to realize
two fountains that are displaced vertically (see figure 2,
clouds 1 and 2). The Raman lasers will act on both clouds
simultaneously and generate two interferometers at the same
time. In a detection of the differential phase shift between the
two interferometers, spatial homogeneous accelerations cancel
and common mode measurement noise is reduced. The two-
cloud set-up results in an atomic gradiometer which allows us
to detect the vertical gradient of the gravitational acceleration
on earth g′ [8, 22]. If the trajectory of the first cloud is
located above the SMs, atoms will experience a SM-induced
acceleration in the −z direction. In contrast, choosing the
trajectory of the second cloud below the SMs, the SM-induced
acceleration of this cloud will be in the +z direction. Taking
the difference of these two accelerations yields a signal, which
is about twice the one obtained with only one cloud.

Secondly, we will determine the differential interferome-
ter phase shifts with the SMs moved to distinct positions (posi-
tions 1 and 2, see figure 2). Evaluating the difference between
those measurements will further reduce systematic errors if
their origins are constant during the timescale of the SM repo-
sitioning. One example for such a removable systematic error
is the effect arising from spatially inhomogeneous accelera-
tions like the earth’s gravity gradient g′.

Thirdly, choosing well adapted atomic trajectories
and source mass positions will reduce dramatically the
experimental demands, like precision and stability of the
atomic fountains, that have to be fulfilled to achieve the
targeted accuracy of �G/G ≈ 10−4. Note that e.g. due to
g′ a vertically displaced atomic fountain detects a modified
vertical acceleration. This mimics an acceleration caused
by the SMs and leads to a systematic error. With a SM-
induced acceleration of less than 10−6 m s−2 and g′ = 3 ×
10−6 s−2, a measurement accuracy of 100 ppm requires a
launch accuracy better than 30 µm. In contrast, if the atomic
trajectories lie in regions where g′ is (nearly) compensated by
the SM gravitational potential (see section 4), even vertical
displacements on the order of 1 mm can be tolerated.

The combination of these three modifications will allow
us to reach an accuracy of better than 100 ppm when using
RAI to determine the Newtonian gravitational constant.

3. The MAGIA set-up and its current status

The MAGIA experiment will be performed using 87Rb atoms
because they are well suited for laser cooling and atom
interferometry. Compared to caesium, rubidium has the
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Figure 3. Beat note of the phase-locked diode lasers that are used
for the Raman pulses. The signal is taken after the first mixing stage
and detected with a spectrum analyser. The resolution bandwidth is
3 kHz and no averaging has been performed.

advantage of a smaller collisional shift of the transition
frequencies (a well known problem in Cs atomic fountain
clocks). Furthermore, rubidium has two stable isotopes and
can be Bose–Einstein condensed easily leaving the way open
for further extensions of the experiment. In this section we will
describe the laser systems, the vacuum system and the source
mass design.

3.1. Laser systems

All the lasers used in the experiment are close to transitions
from the two lowest hyperfine states 5 2S1/2, F = 2 and
5 2S1/2, F = 3 of 87Rb to the 5 2P3/2, F = 0, 1, 2, 3 manifold.
The corresponding wavelengths are around 780 nm. To trap,
launch and detect Rb atoms, we use grating stabilized diode
lasers. They are locked to atomic transitions using standard
spectroscopy techniques or a Doppler-free dichroic atomic
vapour laser lock [23]. If necessary, the lasers are amplified
in master–slave configurations with the slave being either a
high power laser diode or a tapered amplifier. Frequency
modification and amplitude control of the laser light is achieved
using acousto-optical modulators.

The lasers for the Raman pulses are a critical part of the
atom interferometer experiment. Note that the light field—
more precisely the relative phase between the two lasers
that drive the two-photon Raman transitions between |a〉 =
|5 2S1/2, F = 2, m F = 0〉 and |b〉 = |5 2S1/2, F = 3, m F =
0〉—is used as a ruler to measure the free-fall of the atoms.
Random variations of this relative phase will therefore show
up as noise in the acceleration measurement and could limit
the precision in determining G . For the Raman pulses we have
also set up grating stabilized laser diodes. However, to avoid
uncontrolled variations of their relative phase and to stabilize
a difference in frequency of about 6.8 GHz between them, we
have implemented an optical phase-lock loop (OPLL) [24]:
the two lasers are overlapped and partly sent on to a fast
photodiode. The detected beat signal is then mixed down to low
frequencies in two stages. The resulting signal is proportional
to the phase difference between the two lasers and can be used

to stabilize their relative phase. Figure 3 shows the detected
beat signal of the phase-locked lasers after the first mixing
stage. Already our first version of the OPLL proved to be
very stable. As can be estimated from the presented beat note
signal, the OPLL results in an error of the phase between the
two lasers on the order of �
 ≈ 0.07 rad. Currently, we are
setting up an improved OPLL and an amplification stage of the
Raman lasers using a tapered amplifier.

3.2. Vacuum system

The relevant part of the vacuum system is shown in figure 2
together with the SM positions and the atomic trajectories. It
mainly consists of three parts. In the lowest part—a titanium
cube with cut edges—atoms will be trapped, cooled and
launched vertically using a magneto-optical trap and moving
optical molasses. The six independent laser beams are chosen
to be in a 1–1–1 six-beam σ +/σ− configuration. This keeps
the central vertical axis free for the Raman laser beams and
allows us to realize a stable and precise atomic fountain [25].

The second part of the vacuum system is a 316 LN
stainless steel cell with several welded tubes. This cell is
used for pumping and to detect the atoms. Furthermore, it
guarantees additional optical access to implement degenerate
Raman cooling in a co-moving frame [26] while the atoms
traverse the cell during their way up to the top of the vacuum
system. Degenerate Raman cooling can be used as a second
cooling and acceleration stage to increase the brightness of the
atomic fountain.

The interferometer tube on top of the vacuum system is
1 m long, has a diameter of 40 mm and is made of titanium. The
Raman laser beams enter the vacuum system from below at the
central axis of the lower cube and leave the interferometer tube
at the top through a high quality window. They pass a quarter-
wave retardation plate, are reflected from a vibration isolated
mirror and re-travel all the way back down. The actual Raman
laser pulses are applied while the atoms are on their free-
fall parabola within the magnetically shielded interferometer
tube.

3.3. Source masses

The SMs will be two separate major discs of a high density
material. Choosing the tungsten alloy Densimet 180 K, each
major disc will have an inner diameter of ∼0.10 m, an outer
diameter of ∼0.44 m and height of ∼0.18 m. With a density
of 18 000 kg m−3 this results in a mass of about 500 kg per
major disc. Besides the high density, this tungsten alloy
has the advantages of a high uniformity1, a low thermal
expansion coefficient of 5.3 × 10−6 K−1 and a high resistivity
of 0.18 µ� m. The latter ensures fast eddy current damping.
Furthermore, this alloy is hard and can be machined quite easily
and precisely.

The SMs in position 1 (see figure 2, dark grey boxes)
generate a vertical acceleration a(z) on the central axis as
plotted in figure 4(a). The maximum acceleration is amax ≈
9 × 10−7 m s−2. Taking the earth gravity gradient g′ ≈ 3 ×
10−6 s−2 into account, a(z) changes significantly (figure 4(b)).
In this plot, we also indicate the projected atomic trajectories

1 Of the order of 5 parts in 10 000 [27].

S78



MAGIA—using atom interferometry to determine the Newtonian gravitational constant

z [m]

-1 -0.5 0.5 1

α [10 m/s ]-7 2

-5.0

5.0

-7.5

7.5

2.5

-2.5

a)

z [m]

-1 -0.5 0.5 1

α [10 m/s ]-7 2

-4.0

4.0

-6.0

6.0

2.0

-2.0

c)

-0.3 -0.2 -0.1 0.1 0.2 0.3

-3

-2

-1

1

2

3

z [m]

α [10 m/s ]-7 2

atom pathatom path

b)

α [10 m/s ]-7 2

-5.0

5.0

-7.5

7.5

2.5

-2.5
-0.3 -0.2 -0.1 0.1 0.2 0.3

z [m]

atom path

atom path

d)

Figure 4. Calculated on-axis vertical acceleration a(z) with the two 500 kg SMs in positions 1 (a), (b) and 2 (c), (d) (see figure 2). The grey
boxes illustrate the vertical position of the SMs. (a), (c) a(z) without the effect of g and g′. (b), (d) a(z) with the effect of g′. The dashed
arrows mark the projected atomic trajectories.

that include an extremum of the acceleration due to the SMs
and g′. The choice of these trajectories guarantees a reduced
sensitivity of the resulting atomic phase shift on variations
of initial conditions, like atomic position and velocity. This
is essential for the achievement of high accuracy and high
precision in the G-measurement (see section 4). Moving the
SMs to position 2 (figure 2, light grey boxes) changes the
sign and the magnitude of the SM-induced acceleration (see
figures 4(c) and (d)) in such a way that, together with the
unchanged atomic trajectories, the atomic phase shift remains
only weakly dependent on variations of initial conditions.

4. Expected accuracy

In this section, we present numerical studies on possible
resolution and accuracy limits of our measurement. We
concentrate on the combination of a spatially inhomogeneous
acceleration—caused by the SMs, g′ and g—and atom clouds
with a spread in the initial positions and velocities of the atoms.
Furthermore, we study systematic effects arising from errors in
the mean initial velocity and/or position of the clouds as well
as the influence of imperfect SM positioning. The analyses
are performed for a pulse separation time of T = 150 ms,
which corresponds to a vertical free-fall distance of about
0.11 m. They lead to optimal atomic trajectories and SM
positions that reduce the effects of a non-zero cloud size, a
spread in atomic velocity and deviations of the cloud’s central
position or its mean velocity from the optimal values. We
then give constraints of experimental parameters that allow
us to achieve the targeted accuracy of �G/G ≈ 10−4.
Other sources of noise in a Raman atom interferometer have
already been studied comprehensively [21, 22] and will be
greatly suppressed due to the double-differential method of
measurement.

Our investigations are based on the phase shift detected
by one 87Rb atom (or one single Raman interferometer). To

determine this phase shift 
i = 
I,i − 
II,i (section 2.1,
i = 1, 2 is as in figure 2 numbering the cloud the atom
belongs to), we calculate numerically the atomic free-fall
parabola taking into account g, g′ and the acceleration caused
by the SMs. Knowing the space–time points of the atom, we
determine the phases imprinted onto the atomic wavefunction
at each of the infinitely short Raman pulses and evaluate 
i .

4.1. Optimal atomic trajectories, source mass positions and
detection signal

Generally, 
i depends strongly on the SM positions as well
as on �x0,i and �v0,i , the atomic position and velocity at t = 0
when the first Raman pulse is applied. However, calculating

i for different �x0,i and �v0,i but with the SMs fixed to
position 1 (figures 2 and 4), we find optimal atomic trajectories
(characterized by �xopt

0,i and �vopt
0,i ). They include a local extremum

of the acceleration and result in a phase shift that is relatively
insensitive to variations of the initial atomic position and/or
velocity.

With the obtained �xopt
0,i and �vopt

0,i we then investigate
different SM positions. In this way, we find the optimal
position 2 of the SMs. It is the one that leaves 
i the most
insensitive against small variations in the (unchanged!) initial
atomic conditions. Optimizing the exact position 2 of the SMs
instead of finding new optimal atomic trajectories eases the
experimental procedure. Since one can use the same �xopt

0,i and

�vopt
0,i for both SM positions, the launch of the atoms does not

have to be modified.
Taking ideal clouds with atoms that all have optimal initial

atomic conditions, we calculate the optimal phase shifts 

opt
i

and determine �
pos1 and �
pos2, the differences in the
optimal phase shifts of the two interferometers for the SMs
in positions 1 and 2, respectively. Subtraction of these results
gives the overall differential signal S = �
pos2 − �
pos1 ≈
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Table 1. Acceptable ranges of experimental parameters that still allow us to achieve the targeted accuracy of �G/G < 10−4 (100 ppm).
�z0(�vz0 ) (�r0(�vr0 )) is the tolerable offset of the initial mean vertical (radial) position depending on the offset in the vertical (radial)
velocity. ‘SM pos. accuracy’ is the demanded accuracy in the positioning of the SMs (also after moving). ‘SM pos. knowledge’ is the
knowledge of the distance between the SMs. The calculations were performed for atomic clouds with σz,r = 1 mm and σvz,r = 1 vrec. Noise
due to the light field and the detection has been omitted.

�z0 (�vz0 = 0) �r0 (�vr0 = 0) �z0 (�vz0 = 0.5 vrec) �r0 (�vr0 = 0.5 vrec)
±1.2 mm ±1.7 mm ±0.8 mm ±1.2 mm

�z0 (�vz0 = vrec) �r0 (�vr0 = vrec) SM pos. accuracy SM pos. knowledge
±0.4 mm ±0.7 mm ±0.1 mm ±0.01 mm

0.9 rad. Note that contributions of g and g′ cancel and that S
depends linearly on G .

4.2. Effects of non-zero cloud size and velocity distribution of
the atoms

Real clouds contain atoms with different vertical and radial
positions (z, r ) and with different vertical and radial velocities
(vz , vr ). The measured phase shift of one cloud is the weighted
average over all the individual atomic phase shifts. We model
real clouds considering Gaussian atomic density and velocity
distributions, centred around the optimal initial values �xopt

0,i and

�vopt
0,i . The corresponding 1/

√
e full widths of the distributions

are 2σz , 2σr , 2σvz and 2σvr . The individual atomic phase shifts
are calculated as described above but taking into account their
different initial conditions. Then we perform the weighted
average to obtain the one-interferometer phase shift 〈
i〉 and
compare it to 


opt
i , the value for atoms with optimal initial

conditions. For non-zero widths of the Gaussian distributions
〈
i〉 differs from 


opt
i .

We find that for σvz < 1 vrec ≈ 6 mm s−1, the difference
between 〈
i〉 and 


opt
i is less than 100 ppm if σz < 1 mm.

Smaller values of σvz , which correspond to a lower temperature
of the cloud or a more severe velocity selection, allow even
bigger cloud sizes. It is worthwhile to mention that the amount
of deviation is predictable. Knowing experimentally e.g. the
cloud size to within 10% allows us to achieve an accuracy
of 100 ppm even for vertical cloud sizes of σz ≈ 2.2 mm.
Similar results are found for the radial velocity and density
distributions. There, the cloud size can be as large as σr ≈
1 mm for σvr < 1 vrec. Again, lower values of σvr allow even
larger cloud sizes and 〈
i〉 − 


opt
i can be calculated.

As a second effect besides the deviation of the averaged
phase shift from the ideal one, atoms with different initial
conditions show dephasing. This leads to a reduction of the
fringe visibility. Our calculations show that for cloud sizes and
velocity spreads well above the given values, the corresponding
reduction in the S/N -ratio is negligible. Note that limited by
other noise sources, like quantum projection noise [28], we
aim at a 1% G resolution per single measurement. Averaging
10 000 measurements should then allow us to reach 100 ppm.

4.3. Systematic errors due to cloud central position and mean
velocity

Systematic errors can also arise from offsets (�z0, �r0, �vz0

and �vr0 ) in the central initial vertical or radial position or in
the mean vertical or radial velocity of the atomic cloud. Such
offsets may arise from an imperfect launch of the atoms and
will lead to 〈
i〉 − 


opt
i 	= 0. This results in a systematic

misinterpretation of the value for G . To analyse these effects,
we consider clouds with σr = σz = 1 mm and σvr =
σvz = 1 vrec and vary their central position and mean velocity.
From the calculations we find acceptable ranges for �z0, �r0,
�vz0 and �vr0 that allow us to reach the targeted accuracy
of 100 ppm. Table 1 shows the tolerable offsets in the cloud
position for several offsets in the mean velocity of the cloud.
We also include the demands on the SM positioning.

From table 1 one can see the following. A cloud (with
size 2σ = 2 mm and velocity spread 2σv = 2 vrec) can have an
offset in the initial vertical (radial) central position as large as
0.4 mm (0.7 mm) even if at the same time the corresponding
velocity deviates by 1 vrec from the optimal value. Still it allows
us to reach an accuracy of 100 ppm. Smaller systematic errors
in the initial velocity reduce the demands on the initial position
even further. The dramatic reduction of the experimental
constraints is achieved by the proper choice of SM positions
and atomic trajectories. Note that otherwise (section 2.2)
e.g. the vertical central position of the cloud would have to be
exact to within approximately 30 µm. However, the reduced
sensitivity to atomic initial conditions comes at the price of a
precise knowledge (0.01 mm) of the vertical distance between
the SM positions and an accurate vertical movement of the
SM (to 0.1 mm). Although quite demanding, controlling and
measuring the relative SM positions to this accuracy can be
done.

Many other sources of noise and systematic errors will
cancel due to the double-differential method of measurement
(two interferometers and two SM positions). Only error
sources that affect both clouds differently and that are not
constant in time would lead to a misinterpretation of the G-
value. The relevant timescale for the constancy of such error
sources is not given by the overall measurement time of several
hours but by the time which is needed to perform a full double-
differential measurement. This time is mainly determined by
the SM repositioning and will be on the order of a minute.

5. Conclusion

We have described the general idea of the MAGIA experiment,
in which we will apply techniques of atom interferometry
to determine the Newtonian gravitational constant G . The
free-fall of 87Rb atoms within an atomic fountain will be
perturbed by the gravitational potential of nearby source
masses. This perturbation depends on the mass distributions
and on the value of G . We will detect the change in the
vertical acceleration using two Raman atom interferometers
in a gradiometer configuration. To suppress systematic
errors, we will perform measurements with different source
mass positions. We have presented the experimental set-up,
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which is already partly functioning. We have numerically
analysed the influence of atomic initial conditions and source
mass locations on the measurement, and found ideal atomic
trajectories. The obtained results are encouraging to determine
G with an accuracy on the order of 100 ppm. Further
improvements may involve atomic Bose–Einstein condensates
or the implementation of optical dipole traps. Using modified
configurations, atom interferometry can be applied to prove
the 1/r2-dependence of Newton’s law of gravitation at short
distances or to test the equivalence principle.
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