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Abstract

In response to the “Call for proposals for projects at the CERN Antiproton Decelerator after
LS2 [1] we describe below the plans for GBAR.

The goals of GBAR as outlined in its original proposal [2] are: to produce anti-hydrogen
ions, sympathetically cool them to µK temperatures, photo-detach the outer positron in an
anti-ion to leave a cold neutral anti-atom in order to perform a free fall measurement with an
estimated precision of 1% on g.

The progress of GBAR has been described in the series of SPSC status reports [3]. In
November 2017, we started to install the apparatus in the experimental hall near the ELENA
extraction beam line LNE50. When fully installed, the GBAR apparatus will consist of five
main components:

1. A positron beam produced with a 9-MeV electron linear accelerator, a target and beam
line followed by traps for e+ accumulation.

2. An antiproton beam delivered by ELENA, a pulsed-drift-tube decelerator and an an-
tiproton trap. An off-line proton source allows the study of the matter reactions with
positronium.

3. A reaction chamber where the input beams are focused to the same point to create
antihydrogen. Positrons are converted into positronium, which is excited with a laser. The
outgoing beams are separated with an electrostatic switchyard. The unused antiprotons
may be recycled back into the antiproton trap. A special setup is inserted to study the
Lamb shift of the anti-atoms.

4. A vacuum chamber receiving the anti-ion beam and which hosts two Paul traps into which
several laser beams are focused to cool the anti-ion and perform the photo-detachment.

5. A micromegas tracker detector and a scintillator-bar TOF array detecting the annihilation
of the anti-atom and measuring the time of its free fall.

Presently, most of the items in points 1 to 3 are installed and are being tested. The antipro-
ton trap magnet (point 2) is being inspected at CERN and the trap itself will be installed in
Jan-Feb. 2020 in the experimental zone. The vacuum chamber of point 4 with its Paul traps
and associated lasers are being made and tested at Mainz and Paris with a goal of installation
in 2020. The detectors mentioned in point 5 should be available early in 2020 at CERN.

During LS2, we are thus installing and testing parts of the apparatus. The linac runs
presently at half its potential performance on a few hours a day, which allows positronium pro-
duction. We obtained a flux of 5×107 slow positrons per second, while the goal in the proposal
is 3 × 108. We soon expect to exceed 108 positrons per second and are working on ways to
approach our goal. The linac should be commissioned at full power by the end of 2019 or early

2



2020 and provide continuous operation. It allows improving the positron trapping schemes and
optimizing the production of positronium. We expect that the production cross sections for
antihydrogen p + Ps→ H + e− and H + Ps→ H

+
+ e− are the same for their matter counter-

part, i.e. hydrogen and H− ions. While there are no antiprotons, we can use a proton gun that
is operational and to produce them.

In addition to installation and tests, we also have a measurement program during LS2 using
protons. As the laser to excite positronium is ready, we expect to measure the production cross
sections under various conditions of incoming beam energies, their relative timing, as well as
illumination of the reaction region with the Ps excitation laser. A part of the resulting hydro-
gen atoms should be in the 2S state. This will allow measuring the Lamb shift of hydrogen in
preparation for the same measurement with antihydrogen. Such a measurement will provide
a complementary test of CPT/Lorentz invariance and a first determination of the antiproton
charge radius at a level of 10% [4].

When antiproton beams resume in 2021, we will apply the above methods to produce the
antimatter counterparts, measure the Lamb shift with antihydrogen, capture and cool H

+
ions,

and proceed with the free-fall experiment.

This programme is ambitious, but follows the scheme described in our proposal. A second
stage of the proposal is to use a scheme of quantum-reflected anti-atoms [5]. Such scheme
would allow obtaining an improvement of a factor 1000 on the precision on g with the same
statistics. This is still planned for the period before LS3, depending on the outcome of the
above programme and the development of the apparatus.

In addition to the Lamb shift and antiproton radius, other ideas for experiments using the
anti-ions or anti-atoms have been proposed to the collaboration. The Paul traps may be built
using the atom chip technology, as proposed by R. Folman from Ben Gurion University [6]. A
first test is already ongoing in Mainz. This technology may then be applied to capture and
trap the ultra-cold neutral antihydrogen atom and perform very precise spectroscopy. With
the same goal the ultra-cold H atoms could be loaded into an optical trap as done for atomic
clocks [7]. Another idea is to make the diatomic anti-hydrogen molecular ion, as proposed by
E. Myers [8] for more precise tests of CPT than can be obtained from antiprotons and anti-
hydrogen. These activities require modifications that appear incompatible with the free-fall
experiment. They will thus be pursued after the gravity experiment has been fulfilled.
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