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Cold atoms physics in space 
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Experiments using new quantum devices based on ultracold atoms, namely atom interferometers and atomic 
clocks, to test fundamental physics laws are discussed. For some experiments, the full potentialities of these new 
systems can only be achieved in space. Prospects for cold atoms experiments in space are presented. 

1. Introduction 

Laser cooling of atoms has been one of the 
most active fields of research in physics in the last 
decade. Atoms from a room-temperature vapour 
can be cooled to temperatures as low as a few 
microkelvin by interacting with laser light. At 
such low temperatures, the wave properties of 
the atoms become relevant and the correspond- 
ing de Broglie wavelength can be comparable to 
the distance between the atoms. This gives rise to 
completely new phenomena such as Bose-Einstein 
condensation and allows to perform experiment 
where the matter waves interfere just as usual 
waves do. In 1997, the Nobel prize in Physics 
was awarded to C. Cohen-Tannoudji, S. Chu and 
W.D. Phillips for their contribution in this field. 
In 2001, the Prize was given to E.A. Cornell, W. 
Ketterle and C.E. Wieman for the observation 
of Bose-Einstein condensation in ultracold dilute 
atomic gases [l]. 

The field is now mature both from the point 
of view of the understanding of the basic physics 
underlying laser cooling and laser manipulation of 
atoms and for the development of a solid technol- 
ogy for the experimental implementation of new 
quantum devices. In this paper two types of new 
devices are described, namely atom interferome- 
ters and atomic clocks. Examples of experiments 
to test fundamental physics laws are presented 
and the interest and prospects of performing such 
experiments in space are discussed. 

Matter-wave interference with neutral atoms 
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was first demonstrated in 1991. In analogy to 
optical interferometers, atomic wave packets are 
split and recombined giving rise to an interference 
signal. Different schemes can be used for split- 
ting, reflecting and recombining the atoms and 
the atom optics components can be either mate- 
rial structures or light fields [2]. In a particular 
class of interferometers, which is the one relevant 
for the experiments described in this paper, the 
separation of the atoms is achieved by inducing a 
transition between internal states of the atoms by 
an electromagnetic field. The spatial separation 
in this case is induced by the momentum recoil 
and the internal and external states of the atoms 
become entangled. Atom interferometers are al- 
ready competing with state-of-art optical inter- 
ferometers in terms of sensitivity in the measure- 
ment, for example, of gravity acceleration [3] and 
rotations [4]. The inertial sensitivity of an atom 
interferometer can be much larger than the one 
of neutron interferometers because of the larger 
mass and the possibility of manipulating internal 
and external atomic degrees of freedom. Indeed, 
the sensitivity of atom interferometers as detec- 
tors of rotations and accelerations increases with 
the observation time so that it can be extremely 
high if slow laser-cooled atoms are used. 

Strong analogies exist between atom interfer- 
ometers and atomic clocks both for the experi- 
mental methods involved and for the underlying 
physics. Atomic clocks strongly benefitted from 
the advances in laser cooling of atoms and the 
best clocks at present are based on fountains of 
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ultracold Cs atoms. Atom interferometers and 
atomic clocks will achieve their maximum perfor- 
mances in space because of the possibility of a 
long observation time and the reduction of dif- 
ferent noise sources. The methods developed to 
cool and manipulate atoms are already space- 
compatible and recent advances showing the pos- 
sibility of observing BEC using integrated micro- 
traps open new important prospects [5]. 

In this paper, different experiments are dis- 
cussed that rely on cold atoms devices to inves- 
tigate fundamental physics laws. In particular, 
experiments in which the author’s group is in- 
volved are described. In Sect. 2, schemes de- 
veloped to measure Earth’s gravity acceleration 
and gravity gradient with atom interferometer- 
based gravity sensors are presented. An ongo- 
ing experiment to measure the gravitational con- 
stant G with an atom interferometer is discussed. 
In Sect. 3, a planned experiment to detect the 
Earth gravitomagnetic effect with a set of atom 
interferometer gyroscopes in a satellite orbiting 
around the Earth is presented. In Sect. 4, the 
work in progress to operate high precision cold 
atoms clocks on the international space station 
and to compare them with ground clocks is de- 
scribed. These experiments will lead to new ac- 
curate tests of quantum physics and relativity. 

2. Gravity measurements by atom interfer- 
ometry: a new experiment to measure 
the gravitational constant 

Recently, two experiments demonstrated the 
potentialities of atom interferometry for accu- 
rate measurements of the Earth gravity accelera- 
tion [3] and gravity gradient [6]. 

In these experiments, the separation and re- 
flection of the atomic wave packet is achieved 
by inducing a Raman transition between internal 
states of the atoms by an electromagnetic field. 
The spatial separation in this case is induced by 
the momentum recoil and the internal and exter- 
nal states of the atoms become entangled. 

Alkali atoms collected from the background va- 
por using laser cooling and trapping methods are 
launched upward with a well controlled velocity 
to form an atomic fountain. Initially the atoms 

are pumped in one of the hyperfine states of the 
atomic ground state. During the flight, optical 
pulses are used to stimulate Raman transitions 
between two different hyperfine states. In the 
transition, a momentum ??k is transferred to the 
atom along the direction of motion. Assuming 
that the atom is initially in the internal state 11 > 
with a momentum p, the sequence is schemati- 
cally the following: 1) a first pulse (7r/2 pulse) 
puts an atom into a superposition of the initial 
state ]l,p > and the second state 12,~ + tLk > 
which separate spatially. As an atom optics com- 
ponent, this corresponds to a beam splitter. 2) 
After a time T, a second pulse (r pulse) in- 
duces the transitions ]l,p >+ 12,~ + file > and 
12,~ + fLk >+ ]l,p > for the two parts of the 
atoms. This corresponds to the mirrors in an op- 
tical interferometer. 3) After another time T, the 
two parts of the atoms overlap again and a third 
pulse (7r/2 pulse) acts as a recombining beam 
splitter. 4) At the end of the pulse sequence, 
the number of atoms in either of the states is de- 
tected. 

For a proper arrangement of experimental pa- 
rameters, it can be shown that the phase differ- 
ence between the two arms of the interferometer is 
Ad = kgT2. The sensitivity of the method there- 
fore increases with the interrogation time and this 
is the reason to use an atomic fountain scheme. 
An important advantage of this atom interferom- 
eter scheme is that it is intrinsically free of instru- 
mental drifts thus allowing integration over very 
long time intervals to increase sensitivity. The ex- 
pression also shows that an increase in sensitivity 
can be obtained if a shorter wavelength is used to 
induce the Raman transition. In the same way, 
a significative increase of the sensitivity can be 
achieved if each pulse of the sequence is replaced 
by a sequence of pulses [7], thus increasing the 
spatial separation between the two parts of the 
atomic wavepacket. 

The Raman transition between two internal 
states can be induced using two laser beams 
whose frequency difference is phase-locked to a 
stable microwave source. This insures a precise 
control of the relative phase. Alternatively, op- 
tical modulators can be used to produce the re- 
quired frequencies. Another crucial element of 
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the interferometer is the mirror used to retrore- of a macroscopic free-falling body was tracked by 
fleet the Raman laser beams. This mirror plays a laser interferometer and the perturbation to its 
the role of an inertial reference during the mea- acceleration induced by a source mass was mea- 
surement. The two laser beams can be arranged sured [9]. We believe that the idea of using atoms 
to travel along the same path and only vibrations instead of macroscopic bodies as proof masses will 
of this mirror can affect the relative phase. There- provide important advantages in terms of achiev- 
fore this mirror needs to be stabilized using ac- able sensitivity and final accuracy. The use of 
tive low-frequency vibration isolation systems to atomic proof masses insures reproducibility in dif- 
reduce vibrations in the 0.1-10 Hz range. The ferent experiments and allows for accurate char- 
better the mirror vibration isolation, the larger acterization of environmental perturbations. For 
can be the time T between pulses and the result- example, the effect of magnetic and electric fields 
ing sensitivity. can be directly measured from atomic properties. 

In Firenze, we are setting up a new experi- 
ment to measure G by measuring the perturba- 
tion to the acceleration of free-falling atoms due 
to a well-known source mass. The experiment is 
called MAGIA (Misura Accurata di G mediante 
Interferometria Atomica). The Newtonian grav- 
itational constant G is, with the Planck’s con- 
stant h and the speed of light c, one of the most 
fundamental constants. While h is known with 
a relative uncertainty of about 80 ppb and the 
value of c was measured to 9 decimal digits be- 
fore being defined as exact, in the last adjust- 
ment of the fundamental quantities of physics [8] 
the recommended value for the gravitational con- 
stant is G = (6.673 f 0.010) x10-” m3kg-1s-2, 
corresponding to a relative uncertainty of 4~1500 
ppm. This is due to the weakness of gravity, to 
the impossibility to shield it and to the difficulty 
of eliminating spurious forces. Starting with the 
famous experiment performed by Cavendish in 
1798, most measurements of G were performed 
using apparatus based on a torsion balance or 
pendulum. In spite of the large improvement in 
the experimental techniques, the reduction in the 
uncertainty in G has only been of about two or- 
ders of magnitude in about 200 years and, still 
worse, measurements are in disagreement with 
each other in a significative way suggesting the 
presence of uncontrolled systematic errors. For 
example, an anharmonicity was recently found in 
the suspension of torsion balances. Atom interfer- 
ometry with cold atoms should allow to increase 
the sensitivity in the measurement of the acceler- 
ation by orders of magnitude with respect to stan- 
dard gravimeters. In an experiment conceptually 
similar to the one we are setting up, the position 

The basic idea of the experiment is then to 
measure the perturbation to the acceleration of 
free-falling atoms due to a well-known source 
mass. From the knowledge of the mass and shape 
of the body used as source mass, the gravitational 
constant can be extracted. We plan to use tung- 
sten source masses with a total mass of 200-500 
kg. As in most previous experiments to deter- 
mine G, we will perform a differential measure- 
ment: The source mass will be placed alterna- 
tively above and below the measurement region 
producing a decrease or an increase of the atoms 
acceleration. The differential measurement will 
allow us to drastically reduce common mode er- 
rors. We plan to combine two similar gravimeters 
to form a gravity gradiometer [6]. The expected 
advantages of this scheme in the measurement of 
G are a reduction of the sensitivity to vibrations 
and to other sources of noise, that would cancel 
in the difference, and an increase of the signal. 
In this case, indeed, we will measure the varia- 
tion in the difference of the accelerations of the 
two samples of atoms as a function of the source 
mass position, that will almost double the signal 
and reduce the effect of common mode noise. 

As for the atomic sample, it is important to 
achieve a control as good as possible on atoms 
position and velocity distribution. The apparatus 
is based on a magnetooptical trap that allows a 
fast collection of the Rb atoms from the vapour. 
The atoms are cooled further using optical mo- 
lasses and then launched upward to form a Rb 
atomic fountain. A possibility is to cool atoms 
from optical molasses using Raman cooling in an 
optical lattice [lo]. Another possibility we will 
investigate is to use atoms from a Bose-Einstein 
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condensate instead of the “thermal” atoms prc- 
duced by laser cooling. This possibility has not 
been deeply investigated yet. Similar to the light 
emitted by a laser, atoms extracted from a Bose- 
Einstein condensate show a high degree of coher- 
ence that can in principle improve the interfer- 
ometer performance. The improvement could be 
not only a simple increase in sensitivity but com- 
pletely different schemes could be devised based 
on the specific properties of this atom source. The 
advantages which can be expected from the use of 
a Bose-Einstein condensate will have to be com- 
pared with limitations due to a smaller number 
of atoms and a higher complexity of the appara- 
tus. Alternative schemes are also under investi- 
gation. We will investigate in particular possible 
schemes for “local” measurements of gravity that 
would not require the correction for the Earth’s 
field gradient which is necessary in the apparatus 
based on free-falling atoms. 

The sensitivity of the apparatus we are devel- 
oping can be estimated using the expression for 
the phase change given above: A4 = kgT2. If 
we consider Rb atoms excited by Raman transi- 
tion using light with a wavelength corresponding 
to the D2 line (X = 780 nm) and T = 200 ms, a 
change of 27r in the phase between the two arms 
of the interferometer corresponds to 10m6 g. A 
sensitivity Ag/g M 10-l’ - lo-‘r can then be 
achieved because of the intrinsic stability of the 
apparatus that allows long integration time. In 
fact, the accuracy of the apparatus is generally 
not as high as its sensitivity. However, because we 
plan to perform a differential measurement, or a 
double differential measurement if a gradiometer 
is used, possible systematic errors will not affect 
the measurement of G. The maximum sensitivity 
can then be assumed as the relevant figure for this 
experiment. The accuracy in the determination 
of G obviously depends on the size of the accel- 
eration change induced by the source mass. If we 
assume to use a tungsten mass similar to the one 
used in [9], the resulting variation in the accelera- 
tion is of the order of lo-’ g. From the estimated 
sensitivity of the apparatus, a determination of 
G with a relative uncertainty AG/G z 10m4 can 
be achieved in our experiment. In fact, we be- 
lieve that the small size of the apparatus will al- 

low us to optimize the shape and the resulting 
effect of the source mass. In addition, several 
aspects of the apparatus can be optimized to in- 
crease the sensitivity significantly. Therefore we 
expect to achieve an accuracy in the determina- 
tion of G better than 100 ppm. It is worth empha- 
sizing that this would represent not only an im- 
provement by more than one order of magnitude 
with respect to the presently accepted value but 
it would be obtained with a method completely 
different from previous experiments. Considering 
the discrepancy between the values obtained even 
in the latest experiments [11,12], this result would 
be important to discriminate amongst them. 

The apparatus we will develop can be extended 
in the future to other experiments to test fun- 
damental physics laws and to search for elusive 
effects. An example is the search for a deviation 
from the l/r2 law for the gravitational field. Mod- 
els based on string theory predict a large devia- 
tion at distances below 1 mm. All accurate mea- 
surements of the gravitational force where done 
so far using macroscopic masses and considerably 
larger distances so that a short distance devia- 
tion might have been hidden [13]. Considering 
the sensitivity achievable with an atom interfer- 
ometer and taking advantage of the extremely 
small size of the atomic probe, a simple estimate 
shows that for distances in the range of 50-100 
pm it would be possible to detect with a large 
signal-tonoise ratio the predicted deviation from 
the Newtonian law. The basic idea of a possi- 
ble experiment would be to realize an atom in- 
terferometer of the type considered in this paper 
but with spatially separated arms and to bring 
near one arm of the interferometer a thin sheet 
of a high density material. The achievable detec- 
tion sensitivity is high enough that a source mass 
made of a sheet as thin as 100 pm is enough to 
measure the gravitational field and therefore to 
search for possible deviations as a function of the 
distance between the atoms and the source mess. 
The minimum distance of the order of 100 pm 
achievable in this scheme is limited by the min- 
imum size of the atomic sample and by the ap- 
pearance of forces for smaller distances due to the 
interaction with the mass surface, such as van der 
Waals forces [14]. 
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Another interesting prospect is to perform 
a test of the weak equivalence principle. An 
atomic gravimeter could be operated simultane- 
ously with different atoms searching for differ- 
ences in the accelerations. Although the maxi- 
mum expected sensitivity with existing methods 
would only be in the range 10-l’ - 10-13, that 
is of the order of present limits but much worse 
than what is planned in future space experiments, 
such an experiment would still be important be- 
cause simple systems would be compared. This 
would open different possibilities as, for example, 
the comparison of bosonic with fermionic atoms. 

In general, atom interferometry has to be con- 
sidered as a powerful method for the detection 
of effects where high sensitivity interferometric 
detection is required. As another example, it is 
worth mentioning that a similar apparatus can 
provide an accurate measurement of the ratio 
h/m of Planck’s constant to the atomic mass 
which appears in the expression of the fine struc- 
ture constant. 

Finally, accurate inertial sensors have also im- 
portant applications including navigation, loca- 
tion of natural resources, prediction of earth- 
quakes and volcanic eruptions. 

For some experiments, the full exploitation 
of cold atoms devices potentialities may need a 
space laboratory. As is shown by the examples in 
the following sections, the required technology is 
already space-compatible. 

3. Mapping of the Earth’s gravitomagnetic 
effect with atom interferometer gyro- 
scopes in space 

Hyper is the name of a project to use preci- 
sion atom interferometry in a satellite orbiting 
around the Earth. It was recommended by ESA 
Space Science Advisory Committee for its scien- 
tific impact on fundamental physics (151. Com- 
pact atom interferometers carried by a satellite 
orbiting around the Earth would enable several 
distinct problems in fundamental physics to be 
addressed during one mission: mapping of the 
Earth’s gravitomagnetic effect; accurate messure- 
ment of the fine-structure constant cr; investiga- 
tion of matter-wave decoherence. The technology 

of Hyper also opens up novel tests of the equiv- 
alence principle with individual atoms instead of 
microscopic objects. All of the scientific objec- 
tives addressed are only feasible in space, where 
the superior potential of cold atom sensors can 
be fully exploited thanks to the absence of grav- 
ity and to the drag-free environment. 

Here, a short description is given of the planned 
investigation of the gravitomagnetic effect. Grav- 
itomagnetism describes the general relativistic 
curvature of spacetime around rotating massive 
bodies, like the Earth. The contour of the vec- 
tor field of the Earth’s drag resembles a mag- 
netic field of a dipole. On account of this formal 
similarity, this effect is called gravitomagnetic. 
Measurement of the gravitomagnetic effect is a 
long-standing goal as a significant test of general 
relativity. Proposals to precisely track satellites 
with lasers, like the LAGEOS Project, and the 
even more ambitious Gravity Probe B, to sur- 
vey the precessions of free-falling gyroscopes over 
the course of one year, will only be sensitive to 
the mean effect and cannot resolve the latitudinal 
shape of the gravitomagnetic effect. In an atom 
gyroscope, the Earth’s rotation affects the trajec- 
tories of the coherently split matter waves differ- 
ently and thus causes a Sagnac-like phase shift at 
the exit ports of the interferometer. Hyper would 
provide the first map of the spatial contours of the 
gravitomagnetic effect close to Earth. It would 
achieve about 1 % precision with a one-year mea- 
surement time. As they move in their orbit, atom 
gyroscopes with high sensitivity for rotation rates 
(10-12 rad/s at 1 Hz) will trace the latitudinal 
variation of the Earth’s drag with respect to an 
inertial reference provided by a guide star moni- 
tored by a high-performance star tracker. 

A Sagnac effect atom interferometer gyroscope 
can be realized with a scheme similar to the one 
described in the previous section. In this case, 
however, Raman laser beams perpendicular to the 
atomic beam must be used; in this way, a se- 
quence of spatially separated r/2 -r - 7r/2 pulses 
produces a spatial separation of the interferome- 
ter’s arms forming a Mach-Zehnder-type interfer- 
ometer with a non-null enclosed area. Rotation 
induces a phase shift between the two arms of 
the interferometer that can be measured, as in 
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the gravimeter, by state selective detection of the 
number of atoms at the output ports. A sensi- 
tivity of 6 x lo-lo rad s-l over 1 s of integra- 
tion was already demonstrated (41. Hyper will 
include four of such interferometers combined to 
form two atomic Sagnac units to measure rota- 
tions and accelerations in two orthogonal direc- 
tions. The two atomic Sagnac units can work in 
two different modes for coarse (sensitivity lo-’ 
rad/s at 1 s integration time) and fine (sensitivity 
lo-l2 rad/s at 1 s integration time) sensing de- 
pending on the atomic velocity, which is adjusted 
by lasers. While the fine sensing gyroscope is 
measuring the gravitomagnetic effect, the coarse 
gyroscope will support the attitude and orbit con- 
trol system and keep the star tracker directed to 
the guide star. The payload module, with a mass 
of 240 kg and 200 W power consumption, will con- 
sist essentially of two elements: an atom prepa- 
ration bench and the atomic Sagnac unit. The 
atom preparation bench will include two magnet- 
ically shielded vacuum chambers rigidly held by a 
very stable structure. On the vacuum chambers 
the atomic oven and the optics for the prepara- 
tion and detection of the atoms will be mounted. 
The optical bench will be an ultra-stable, mono- 
lithic Zerodur structure with the high-precision 
star tracker (200 mm-diameter telescope) and two 
drag-free proof masses. It will also carry the op- 
tical elements to control the beam splitting and 
recombination in the atom interferometer. 

A 700 km-altitude Sun-synchronous orbit in- 
clined at 98 degrees has been selected, in order 
to meet the science requirements (low-altitude, 
near-polar orbit) as well as to minimise eclipse- 
induced thermal variations. A lifetime of 2 years 
is foreseen, but an extension of the mission is 
in principle possible. The drag-free control sys- 
tem (proof masses, FEEP thrusters, and control 
loop) required for Hyper have first to be demon- 
strated by the SMART-2 mission, expected to be 
launched in 2005 or 2006. Cold atom interferom- 
eter components exist at breadboard level with 
a technology heritage from PHARAO (see next 
section), while the telescope mechanical stabil- 
ity requirements are comparable to those of the 
LISA mission, for which a dedicated technology 
RD programme on high stability structures will 

be carried out in 2003-2004. On that basis, the 
Hyper mission would likely be feasible starting in 
2010. 

4. Cold atom clocks in space: possible tests 
of special and general relativity 

As mentioned above, strong analogies exist be- 
tween atom interferometers and atomic clocks 
both for the experimental methods involved and 
for the underlying physics. In this section, the 
project called ACES (Atomic Clocks Ensemble 
in Space) [16] and its scientific objectives are 
briefly described. The basic idea of the ACES 
project is to operate high performance atomic 
clocks in space and to compare them with clocks 
on the Earth. In particular the ACES payload 
will include an atomic clock operating with cold 
Cs atoms (this clock is called PHARAO). ACES 
will fly onboard the international space station 
in 2005-2006. A similar project by NASA called 
PARCS is in progress. 

As is well known, the present definition of the 
second is given in terms of the frequency of the 
transition between two hyperfine states of the 
ground state of Cs atom (V = 9 192 631 770 
Hz). The width of the observed resonance sig- 
nal is limited by the available interrogation time. 
In conventional clocks based on a thermal atomic 
beam, the typical resonance width is 100 Hz, 
limited by the transit time between the two mi- 
crowave cavities defining the interrogation region 
in a Ramsey separated zones scheme. A much 
narrower signal with a width of about 1 Hz was 
recently achieved using laser cooled atoms in a 
fountain geometry. In a fountain the atoms can 
spend up to 1 s between the two passages across 
the same microwave cavity once moving upward, 
once moving downward. The best atomic clocks 
at present are based on Cs fountains and have 
a relative frequency instability of the order of 
10-15. A longer interaction time and a narrower 
linewidth cannot be achieved with realistic sizes 
of an atomic fountain. In the absence of gravity, 
instead, it is conceivable to launch atoms with a 
velocity of a few cm/s across the microwave cav- 
ity. With an interrogation region of the order of 
1 m, one can then expect to achieve a resonance 
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width of 0.1 Hz. This is indeed the basic idea of 
the PHARAO clock which is at the heart of the 
ACES project. The relative frequency instability 
of the PHARAO clock operating in the interna- 
tional space station is expected to be less than 
lo-l3 for one second measurement time, 3. lo-l6 
for one day and lo-l6 for ten days. 

The ACES mission has several objectives, some 
of which are of technological interest, others con- 
cerning fundamental physics tests. Amongst the 
technological challenges it is worth mentioning 
the operation of the cold atom clock itself that 
will open the way to future cold atom experiments 
in space as, for example, the HYPER project de- 
scribed above. The clock will be compared with 
a hydrogen maser on board and with a set of ul- 
traprecise clocks on the Earth using a microwave 
link system. Frequency comparison will be per- 
formed at a level of accuracy orders of magnitude 
better than before. The network of clocks will 
include Cs fountain clocks and other clocks oper- 
ating on different transitions. In Firenze, we are 
developing a new clock based on intercombina- 
tion transitions of Sr atom in the visible. Other 
clock systems operating on visible or ultraviolet 
transitions of neutral atoms or ions are under de- 
velopment in different labs. 

The unique characteristics of ACES will allow 
to perform different fundamental physics tests 
with a significant improvement of the precision. 
At the basis of these tests is the unprecedented 
precision of the atomic clocks involved in the ex- 
periment and the extremely high accuracy of the 
link between them. First, the gravitational red 
shift will be measured with more than one order 
of magnitude improvement in precision with re- 
spect to the previous measurement [17]. This will 
be achieved by measuring the frequency differ- 
ence between PHARAO and ground clocks. From 
the precise knowledge of the space station orbit, 
it will be possible to compare the measured ef- 
fect with the one expected from general relativity. 
The ACES experiment will also allow a new test 
of special relativity: A possible dependence of the 
speed of light from the direction of propagation 
will be searched for by comparing the space clock 
frequency to the ground clocks during the pss- 
sage of the space station. Finally, amongst the 

main scientific objectives of the ACES mission, is 
a search for a possible time variation of the value 
of the fine structure constant: Because this con- 
stant enters in different ways in the characteristic 
transition frequency for clocks operating on dif- 
ferent transition of different atoms, a change in 
time of the value of the constant would manifest 
itself as a change in the frequency difference be- 
tween different clocks. Again, the high accuracy 
of the clocks used in ACES and the possibility 
of comparing several clocks will allow to improve 
the existing limit by more than one order of mag- 
nitude. 

5. Conclusions 

New quantum devices based on ultracold 
atoms, namely atom interferometers and atomic 
clocks, promise to become important tools for the 
investigation of fundamental physics laws. Mea- 
surements can be performed with an improve- 
ment by orders of magnitude with respect to 
present data. Thanks to their very high sensi- 
tivity and accuracy, new systems can be inves- 
tigated searching for elusive effects. For some 
experiments, the full potentialities of these new 
sensors can only be achieved in space. 
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