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Exotic potentials
• 1984 - J. E. Moody & F. Wilczek — introduced 

• 2006 - B. A. Dobrescu & I. Mocioui — extended 

• 2018 - P. Fadeev et.al. — reviewed
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Exotic potentials
Are there any discrepancies between experiment and theory?

Calculate the level shifts caused by exotic interactions  
(they will depend on constant f)

Shifts cannot be bigger than discrepancies - constraints on f 

Yes No
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Antiprotonic helium
Short history

• 1991 - first observations of 
long living states 
(microseconds) 

• 2009 - measurement of 
magnetic moment 

• 2011 - resolving hyperfine 
structure 

• 2016 - precise measurement 
of antiproton-to-electron mass 
ratio (inspiration for us)



Antiprotonic He levels

M. Hori et.al., Buffer-gas cooling of antiprotonic 
helium to 1.5 to 1.7 K, and antiproton-to–electron 
mass ratio, Science 354, 610 (2016)



(37,35) state
In general, variational method  

is used to obtain ground states.  
In this case it would be (1,0)

We may postulate test wavefunctions  
with fixed angular momentum l=35

For these test wavefunctions,  
(36,35) is a ground state

We still need to find a way  
to get (37,35) state



(37,35) state
We use the variational principle  

in space of l=35 test wavefunctions

We get an approximated  
wavefunction for (36,35) state

We build a space of l=35 test wavefunctions  
orthogonal to the (36,35) state

We use the variational principle in the new space  
to find the lowest state - it will be (37,35)



(37,35) state
Variational principle works flawlessly for the first excited state 

only, if we know the precise wave function for the ground state.

We also check: if our wavefunction was a little bit 
wrong, how much would it change our final results?

[12] T. Yamazaki et.al., Antiprotonic helium, Physics Reports 366 (2002) 183–329



Hyperfine structure
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T. Pask, et.al., Antiproton magnetic moment determined from the HFS of  pHe+, 
Phys. Lett. B 678, 55 (2009) 
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Summary

• First constraints on semileptonic spin-dependent 
interactions between matter and antimatter 

• First constraints on non-static spin-dependent interactions 
between matter and antimatter 

• Proof that we can easily obtain constraints on exotic 
interactions using various atomic systems
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