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Outline of the talk 

ÅAEgIS physics goals 

ÅMeasuring gravity on anti-hydrogen 

ÅSynthesis of cold anti-hydrogen 

ÅThe actual experimental apparatus 

ÅRecent results in antiproton and 
positron catching 

ÅShort and long term perspectives 
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Universality of free-fall 
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David Scott, mare Imbrium, 1979 



Å 'ÁÌÉÌÅÏȭÓ ÏÂÓÅÒÖÁÔÉÏÎȡ ÆÒÅÅ-fall independent of the body mass 

Å .Å×ÔÏÎȭÓ ÄÙÎÁÍÉÃÓ ÁÎÄ ÇÒÁÖÉÔÁÔÉÏÎ 

 

 

 

> conjecture known as the weak equivalence principle (WEP) 

Universality of free-fall 
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Clifford M. Will, Theory and experiment in gravitational physics (1993) 
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WEP is valid, and the result of any local non-gravitational 
experiment is independent from the velocity of an observer 

in free-fall and his position and time in the universe 

 

EEP = WEP (equivalence of masses) 

             + LLI (local lorentz invariance) 

                   + LPI (local position invariance) 

%ÉÎÓÔÅÉÎȭÓ ÅÑÕÉÖÁÌÅÎÃÅ ÐÒÉÎÃÉÐÌÅ 



Tests of the weak equivalence principle 
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??
antiparticle antiparticle

i gm m=

any unexpected deviation from the usual value of g would have an enormous impact  

Accurate tests of the WEP were performed 
only on matter systems 
Å Lunar laser ranging (LLR) 
Å Eötvös-like torsion balance experiments 

Probing gravity and WEP on a pure antimatter system 
Å Experiments with e+ e- (Witteborn FC, PRL 19 (1967)) 
Å PS200@LEAR with antiprotonsLimits set by Ps 1s-2s spectroscopy 
Å Limits set by antiproton cyclotron frequency in Penning traps (ATRAP) 
Å ALPHA (2014), anti-hydrogen, first limit on gravity 



Brief history of antimatter research 

Å 1928: relativistic equation of the electron with spin ½  (Dirac) 

Å 1931: antimatter prediction (Dirac, Oppenheimer, Weyl) 

Å 1932: discovery of positrons in cosmic rays (Anderson) 

Å 1933: discovery of pair production e+/e- (Blackett, Occhialini) 

Å 1937: symmetric theory for electrons and positrons 

Å 1954: Bevatron construction (Berkeley) 

Å 1955: discovery of antiproton (Segrè, Chamberlain, Wiegand) 

Å 1956: discovery of antineutron (Cork, Lambertson, Piccioni, Wenzel) 

Å 1965: discovery of anti-nuclei (Zichichi, Lederman) 

Å 1978: first antiproton trapping (CERN) 

Å 1982: LEAR construction  (CERN) 

Å 1995: anti-hydrogen synthesis at high energy (CERN, Fermilab)  

Å 2000: construction of Antiproton Decelerator (CERN) 

Å 2002: synthesis of anti-hydrogen at 10K (Athena, Atrap)  

Å 2011: magnetic confinement of anti-hydrogen (Alpha)  

Å 2013: limit on gravity on anti-hydrogen (Alpha) 

Å 2013: beam of anti-hydrogen (Asacusa) 

Å 2015-20: ELENA construction (CERN) 

positron era 

antiproton era 

anti-hydrogen era 
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Antiproton Decelerator 

Antiproton Decelerator (AD) at CERN  

Å Only source in the world of low energy antiprotons (5.3 MeV) 

Å Produced by colliding a proton beam from CERN Proton Synchrotron (PS) on a 
target 

Å Stored and cooled in AD 

Å Extracted towards the experiments in bunches of around σẗρπ every 110 s 

Å Captured in the experiments with energy degraders and high-voltage/RF cavities 
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