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Antihydrogen, the bound state of a positron and an antiproton, is typically synthesised by 

merging cold plasmas of positrons and antiprotons in a Penning-Malmberg trap. In order to 

study the properties of antihydrogen, the ALPHA collaboration subsequently traps the 

antihydrogen in a magnetic minimum trap. Precise comparisons of antihydrogen with 

hydrogen are a unique tool for testing fundamental physics such as the CPT (Charge, Parity, 

Time) theorem and the weak equivalence principle. The typical trap depth with state-of-the-

art super-conducting magnets is about 50 µeV for ground state (anti)hydrogen, and it is thus 

of utmost importance that the antihydrogen synthesised is cold. This is a challenge as the 

constituents are sourced from relatively energetic sources, with antiprotons delivered to the 

experiment at MeV energies and moderated positrons from a radioactive source at eV. Due to 

the shallowness of the magnetic trap, initially only about one antihydrogen atom were trapped 

per attempt1 with an attempt possible very 15 minutes. Lately, by improving the ALPHA 

apparatus, significant improvements have been achieved2 and it has been established that the 

positron temperature is the most significant parameter in determining the trapping rate. With 

these improved rates we have succeeded in e.g. a first determination of the 1S-2S transition 

energy to a precision of 12 decimal places3.  

The current scheme relies on cyclotron and adiabatic cooling to achieve positron temperatures 

of around 20-30 K and has resulted in trapping rates as high as 20 antiatoms trapped per 4 

minute cycle. Here we demonstrate the implementation of a novel technique where we laser-

cool Be+ ions mixed with positrons. This has been done previously with small samples of 

positrons and large numbers of Be+ ions, the novelty is that we now demonstrate sympathetic 

cooling of a plasma millions of positrons with parameters equal to those used in antihydrogen 

experiments to below 10K using only a few 100ks of Be+ ions4. This new technique should 

allow an order of magnitude increase in the amount of antihydrogen trapped, and paves the 

way towards hydrogen like precision in our spectroscopy experiments.  
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