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The main scientiﬁc goal of the AEGIS experiment (Antimatter Experiment: Gravity, Interferometry, Spectroscopy) is the direct measurement of the Earth’s gravitational acceleration g on a beam of cold antihydrogen (H). The production of an antihydrogen beam is achieved by a charge exchange reaction between Rydberg positronium and cold antiprotons. The H beam will be accelerated up to a velocity of a few 100 m/s and the gravitational acceleration will be obtained by measuring the small vertical deﬂection of the beam (a few tens μm) using a Moire’ deﬂectometer. 1. INTRODUCTION It is widely expected that the gravitational interaction of matter and antimatter should be identical and there are a number of theoretical arguments that support this assumption. However, same quantum gravity models leave room for possible diﬀerences in the behavior of matter and antimatter in the Earth’s gravitational ﬁeld. These supposed diﬀerences would of course violate the weak equivalence principle for antimatter. So far there has not been a single direct measurement of gravity on antimatter, all the available information have been extrapolated from matter results or inferred from indirect measurements, that often are model dependent. The AEGIS experiment under construction [1,2] at the CERN Antiproton Decelerator aims to directly measure the gravitational acceleration g by detecting the vertical deﬂection of the H beam, after a ﬂight path of about 1 meter, with a 1% relative precision. The essential steps leading to the production of H and the measurement of its gravitational interaction in AEGIS are: i) the production of cold (100 mK) antihydrogen based on the charge exchange reaction between cold (100 mK) antiprotons and Rydberg 0375-9474/$ – see front matter © 2010 Elsevier B.V. All rights reserved. doi:10.1016/j.nuclphysa.2010.01.136
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Figure 1. Sketch (not to scale) of the AEGIS setup where antiprotons and positrons are manipulated to form and accelerate the antihydrogen.This is mounted inside a 100 mK cryostat in 1 Tesla magnetic ﬁeld.



positronium, ii) the formation and acceleration of a Rydberg antihydrogen beam using inhomogeneous electric ﬁelds and iii) the determination of g in a two-grating Moire’ deﬂectometer coupled with a position-sensitive detector. 2. PRODUCTION OF COLD ANTIHYDROGEN Cold antihydrogen in AEGIS will be produced by the charge exchange reaction between cold antiprotons and Rydberg positronium Ps* p + P s∗ → H ∗ + e− (1) Antiprotons, delivered by the CERN Antiproton Decelerator, will be captured, accumulated in electromagnetic traps and cooled to 100 mK inside a 1 Tesla magnetic ﬁeld. Positronium will be formed by bombarding a porous material with bunches of 108 positrons, with a time length of 10 - 20 ns. A fraction of the positrons are re-emitted as positronium atoms with a velocity of ∼ 104 m/s. They are subsequently excited, by a two laser process, to Rydberg states with principal quantum number n = 20 - 30, optimizing the cross section of Eq.(1) which depends on the fourth power of n. The production of cold (100 mK) antihydrogen happens when the Rydberg positronium traverses the cold antiproton cloud. Taking into account the velocity of the Rydberg positronium and the antiproton cloud dimensions (of the order of a few mm) the production time of H is deﬁned within about 1 μs. This pulsed H production allows the possibility to measure the H temperature by a time of ﬂight method. Fig.1 shows the region where the antihydrogen will be formed, accelerated and sent to the grating system. 3. FORMATION AND ACCELERATION OF ANTIHYDROGEN BEAM The formation and acceleration of antihydrogen beam in AEGIS will be obtained by switching the voltages applied to antiproton trap electrodes from the usual Penning trap
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conﬁguration to a new conﬁguration that we call ”Rydberg accelerator” [3]. This new conﬁguration consists in applying appropriate voltages to generate an electric ﬁeld, having an amplitude decreasing with the z axis, able to accelerate the H atoms. The accelerating electric ﬁeld will stay on for a selected time interval (∼ 70-80 μs), then the ﬁeld will be switched oﬀ and the H atoms continue to ﬂy toward the grating system, decaying to the fundamental state. The time when the ﬁeld is switched oﬀ will provide a t=0 time for the gravity measurement. The Rydberg H atoms will be produced with a distribution of quantum states, with principal quantum number n = 28 - 45, as a consequence the simulation of the expected horizontal velocity shows a broad distribution peaked around ∼ 500-600 m/s. 4. MEASUREMENT OF THE GRAVITATIONAL ACCELERATION The measurement of the gravitational acceleration g will be achieved by detecting the vertical deﬂection, due to the Earth’s gravitational ﬁeld, of the antihydrogen beam. This vertical displacement, given the AEGIS realistic numbers (1 m ﬂight path, H horizontal velocity ∼ 500 m/s) would be very small (about 20 μm) and will be measured using a classic Moire’ deﬂectometer. It consists of two material gratings, that select speciﬁc trajectories of the atoms, coupled with a position-sensitive detector. The distribution of the number of atoms arriving on the detector as a function of the vertical coordinate shows a periodical pattern due to the gratings. The gravity force causes a vertical shift of this pattern which depends on the time of ﬂight between the two gratings. From the measurement of the vertical position and of the horizontal velocity of the particles, it is possible to reconstruct the value of the gravitational acceleration g. The shadow image of the antihydrogen beam will be obtained by reconstructing the annihilation point of each atoms on the position-sensitive detector. To ensure an accuracy of 1% for the g measurement, this detector must have speciﬁc requirements: spatial resolution ∼ 10 μm, active area of 20 × 20 cm2 and work at cryogenic temperatures. Simulations have shown that these requirements can be satisﬁed by a silicon microstrip detector 300 μm thick, with 8000 strips and a 25 μm pitch. 5. CONCLUSIONS The AEGIS experiment, proposed for the measurement of the gravitational acceleration of antihydrogen, develops a new approach to antimatter studies. The ﬁrst peculiarity is the production of a pulsed cold antihydrogen beam, that allows the determination of the H velocity, secondly inhomogeneus electric ﬁelds will be used for the ﬁrst time to accelerate H atoms. The experiment has been approved at CERN and the installation in the experimental hall will begin in 2010. REFERENCES 1. http://doc.cern.ch/archive/electronic/cern/preprints/spsc/public/spsc-2007-017.pdf 2. A. Kellerbauer et al. (AEGIS Proto-collaboration), NIM B 266 (2008) 351. 3. G. Testera et al., AIP Conference Proceedings Vol.1037 (2008) 5.
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