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Currently no experimental WEP test available for antimatter with high precision  
     normal matter Dg/g:              
     normal matter WEP:               
      
 
Three hypotheses of gravitational interaction  
of matter with antimatter: 
o normal gravity, supported by EP  
o antigravity  
o graviphoton/graviscalar in quantum gravity theory, 
     interaction with slightly different magnitude.  
     Kaluza Metric:                 
 
 
Ą Neutral antimatter (Ὄ) suitable to reach high precision  
Currently hampered by absence of directionally emitted or trapped production in sufficient quantity  

 
ĄPhysics goal of AEgIS: measurement of gravitational interaction between 
matter and antimatter, ╗ ǎǇŜŎǘǊƻǎŎƻǇȅΣΧ  
 

L. L. Williams, J. of Gravity, 6, 901870 (2015) 

H. Mueller et al., Nature, 463, 926 (2010) 

S. Baessler et al., Phys. Rev. Lett., 83, 3583 (1999) 

N. Ramsey et al., Quant. Electrodynamics, 673, (1990) 

Motivation  
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Method 

 

     Ὄᶻ formation via resonant charge exchange with o-Ps* 
      Advantages:  
 

o Pulsed Ὄᶻ production (time of flight)  
laser-excitation to Ps*  

 
o Colder production than via mixing process 
          Ὕ  zdefined by ὝӶ + momentum of Ps*  

 
o Narrower Ὄᶻ n-state distribution  ὲᶻ ὲ  z

 
o Rate: 

 
 

„ὲ ςπὧά ρπ  

„ͯ ὥὲὝ          

ȟὔ ᶻ ὔ ᶻ ρ Ὡ  

Aghion, S. et al., Nat. Commun. 5:4538 (2014).  

Ὄz  

Ὓ ὃ †ς 

ςπ‘ά 

Ą AEgIS proposal: http://cdsweb.cern.ch/record/1037532 

Ą How do we intend to measure g(Ὄ)? 

„ͯ ὥὲὖίὝ ȟӶ
ρͅ 
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Route to WEP measurement using atomic physics techniques: 

Split and recombine the atomic wave 
function in presence of gravity 

ɝ‰ ὯὫ†
ς“

Ὠ
Ὣ† 

Quantum interference if: Ὠ
ς“

Ὧ
Ḻ ‗ ὒ 

Ą Very cold and collimated Ὄ atoms required 

A. Peters et al., Nature, 400, 849 (1999) 
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Method 

‗
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Ą Initial g(Ὄ) measurements planned in classical limit: ὒḺ
Ὠς

‗
 

P. R. Berman et al., Academic, Chestnut Hill, 407 (1997) 

ὨΧ grating periodicity  
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         Measure g for Ὄ using gravitational deflection  
         in two-grating Moiré deflectometer  
 

o First direct measurement of g(Ὄ),  
      without assumptions. Initial order of % 
  
o Falling height: 
 
o Requires velocity information of Ὄ and t0 

 
o Min. detectable acceleration: 
 
o tune ÁάὭὲ  (Visibility ,nƻƛǘŎŀǊŦ ƎƴƛƴŜǇƻ ȟ‮ 
      grating periodicity Ὠ,   ὒ,   Ὕ ,z ὔ... ) 
 
o Requires high detector resolution 
 

AEgIS proposal: http://cdsweb.cern.ch/record/1037532 Ą 

Ὤͯ‏ ‘ά 

Aghion, S. et al., Nat. Commun. 5:4538 (2014).  

ὒ 
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Ὄ 

M. Oberthaler et al., Phys. Rev. A, 54, 3165 (1996) 
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S. Aghion et al., Nat. Commun. 5, 4538 (2014)  
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Experimental layout 

4m 

2. ▬ cooling energy cascade: 

electron cooling 

AEgIS 

1. Antiproton production 

AD, Experiment 

ὴςφ ὋὩὠὧϳ ὴ ᴼὴ ὴ ὴ ὴӶ 

Target: 3.5 GeV/c Ą AD cooling: 100 MeV/c  
Ą AD cooling: 5.3 MeV/c  

ς 107 

Ą Degrader: 9 keV Ą Trapping 
Ą e- cooling in Penning Trap: 30 K (2.5 meV) 

3. AD extraction (~2x107 in 200 ns) 
 


