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Atom interferometry enables precise measurements for long-term observations of accelerations (1), differential
accelerations (2), tilts (3), rotations (4), and for tests of fundamental physics (5). In these devices, three laser
light pulses separated by a free evolution time coherently manipulate matter waves resembling the Mach-Zehnder
geometry in optics. Atom gravimeters demonstrated an uncertainty of few 10−8 m/s2 (1), rotations sensors a noise
floor of 100 (nrad/s)/Hz1/2 (4) and atom gradiometers a noise floor of 3 · 10−8 (1/s2)/Hz1/2 (3).
Our projects target significant enhancements of atom interferometers in residual uncertainty and noise floor by the
integration of novel source concepts providing a high flux of evaporated and well collimated atomic ensembles
(6), extending the free-fall time of the atoms, and enabling enhanced techniques for coherent manipulation.
Implementations of compact setups for mobile operation (7) or large-scale devices for high performance are
investigated (8). These techniques are also explored for space borne applications of atom interferometers. Drop
tower experiments (9) and more recently a sounding rocket mission (10) exploited the unique features of a
microgravity environment to serve as pathfinders for proposed satellite missions for fundamental physics (11) and
geodetic applications (12).
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The presented work is supported by the CRC 1227 DQmat within the project B07, the CRC 1128 geo-Q within
the projects A01, A02, the German Space Agency (DLR) with funds provided by the Federal Ministry of
Economic Affairs and Energy (BMWi) due to an enactment of the German Bundestag under Grant No. DLR
50WM1331-1137, 50WM1641, and "Niedersächsisches Vorab" through the "Quantum and Nano- Metrology
(QUANOMET)" initiative within the project QT3.

(1) A. Peters et al., Nature 400, 849, 1999; A. Louchet-Chauvet et al., New J. Phys. 13, 065026, 2011; C.
Freier et al., J. of Phys.: Conf. Series 723, 012050, 2016.
(2) J. M. McGuirk et al., Phys. Rev. A 65, 033608, 2002; P. Asenbaum et al., Phys. Rev. Lett. 118, 183602, 2017.
(3) H. Ahlers et al., Phys. Rev. Lett. 116, 173601, 2016.
(4) P. Berg et al., Phys. Rev. Lett., 114, 063002, 2015; I. Dutta et al., Phys. Rev. Lett., 116, 183003, 2016.
(5) D. Schlippert et al., Phys. Rev. Lett., 112, 203002, 2014.
(6) J. Rudolph et al., New J. Phys. 17, 065001, 2015; J. Rudolph, Dissertation, Leibniz Universität Hannover,
2016.
(7) S. Abend et al., Phys. Rev. Lett. 117, 203003, 2016.
(8) J. Hartwig et al., New J. Phys. 17, 035011, 2015.
(9) H. Müntinga et al., Phys. Rev. Lett., 110, 093602, 2013.
(10) www.dlr.de/dlr/en/desktopdefault.aspx/tabid-10081/151_read-20337/#/gallery/25194
(11) D. Aguilera et al., Class. Quantum Grav. 31, 115010, 2014.
(12) O. Carraz et al., Microgravity Sci. Technol. 26, 139, 2014; K. Douch et al., Adv. Space Res.,
doi.org/10.1016/j.asr.2017.12.005 (2017).


