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            Abstract
The hydrogen atom is one of the most important and influential model systems in modern physics. Attempts to understand its spectrum are inextricably linked to the early history and development of quantum mechanics. The hydrogen atom’s stature lies in its simplicity and in the accuracy with which its spectrum can be measured1 and compared to theory. Today its spectrum remains a valuable tool for determining the values of fundamental constants and for challenging the limits of modern physics, including the validity of quantum electrodynamics and—by comparison with measurements on its antimatter counterpart, antihydrogen—the validity of CPT (charge conjugation, parity and time reversal) symmetry. Here we report spectroscopy of a pure antimatter atom, demonstrating resonant quantum transitions in antihydrogen. We have manipulated the internal spin state2,3 of antihydrogen atoms so as to induce magnetic resonance transitions between hyperfine levels of the positronic ground state. We used resonant microwave radiation to flip the spin of the positron in antihydrogen atoms that were magnetically trapped4,5,6 in the ALPHA apparatus. The spin flip causes trapped anti-atoms to be ejected from the trap. We look for evidence of resonant interaction by comparing the survival rate of trapped atoms irradiated with microwaves on-resonance to that of atoms subjected to microwaves that are off-resonance. In one variant of the experiment, we detect 23 atoms that survive in 110 trapping attempts with microwaves off-resonance (0.21 per attempt), and only two atoms that survive in 103 attempts with microwaves on-resonance (0.02 per attempt). We also describe the direct detection of the annihilation of antihydrogen atoms ejected by the microwaves.
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                        Hyperfine energy levels.
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Figure 2: 
                        The ALPHA device.
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Figure 3: 
                        Transition lineshapes and resonance conditions.
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Figure 4: 
                        Appearance mode data.
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        Editorial Summary
Towards antimatter spectroscopy
The aim of the ALPHA experiment, which uses the Antiproton Decelerator at CERN, is to make a precision comparison of the spectra of atomic matter and antimatter, in the form of hydrogen and antihydrogen atoms. The comparison should allow a test of CPT (charge conjugation, parity and time reversal) symmetry, a fundamental part of the standard model of particle physics. This paper reports a first step in that direction. In a proof-of-principle experiment, the ALPHA team magnetically trapped cold antihydrogen atoms and observed their interaction with resonant microwave radiation. The group describes the direct detection of the annihilation of antihydrogen atoms ejected by the microwaves.
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