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Experiments with antiprotonic atoms 

With the exception of antiprotonic helium only low-precision
spectroscopic measurements of some antiprotonic atoms have been
made
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Xe x-ray spectroscopy

x-ray spectroscopy of “last energy level”
Sensitive to strong and coulomb interaction

G. Backenstoss, Antiprotonic atoms, Contemporary 
Physics, 1989, volume 30, number 6, pages 433-448 
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Energy shifts, width and strong interaction
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→ Neutron skin measurements 
→ Antiproton – nucleon scattering parameters at 

threshold
→ Annihilation 
→ QGP searches in “deep” annihilations

G. Backenstoss, Antiprotonic atoms, Contemporary 
Physics, 1989, volume 30, number 6, pages 433-448 



Antiprotonic atoms

• Gravity measurement

• Laser spectroscopy 

• Fluorescence and x-ray 
spectroscopy

• Highly Charged Nuclei

• Fragments

• Atomic clocks  
• Fundamental constants

• Atomic structure

• Nuclear structure

• …
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Cold antiprotonic 
atoms

Spectroscopy
Highly Charged 

Ions

Low-n 
states

High-n 
states

Short-lived Long-lived

Weak equivalence principle



ELENA: 100 keV antiprotons
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XLVI-th IEEE-SPIE Joint Symposium Wilga 2020, 31.08 - 6.09 
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Nucl.Instrum.Meth.B 266 (2008) 351-356
Nature Commun. 5 (2014) 4538
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Direct measurement of the
gravitational acceleration of neutrally-
charged antihydrogen pulsed beam.
• Antiprotons from ELENA
• UHV vessel
• 5 T and 1 T Penning traps
• Laser system
• Scintillator array

AEGIS Coll., Pulsed production of antihydrogen, Commun.Phys. 4 (2021) 1, 19
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Fast HV amplification for the trap 
electrodes
Characteristics: 

• 8 channels
• +-200 V range
• 1  MHz
• 50R output impedance 
• Overtemp protection
• quick output 

disconnect controlled 
via EEM using 
OptoMos to limit the 
noise

https://github.com/sinara-hw/meta/wiki and 
https://m-labs.hk/artiq/

https://github.com/sinara-hw/HV_AMP_8CH/wiki

https://github.com/sinara-hw/meta/wiki
https://m-labs.hk/artiq/


Scheme of production of pulsed and cold antiprotonic atoms
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Anion source I: charge transfer collisions
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10L. Kłosowski and M. Piwiński , private communications

Charge transfer reaction as a source of anions:
Two step production starting from H2

H2 + e → H+ + H-

H-+A → A- + H



Anion source II
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R. Middleton, Nucl. Instr. And Methods 214 (1983) 139

Alternative path: 
Middleton’s scheme as a 
source of anions

Bombarding with Cs+ a 
sputter target a high 
intensity beam can be 
formed and separated in 
a magnetic 
spectrometer. 
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We propose:
1. Precise laser 

spectroscopy of Rydberg 
antiprotonic atoms

2. Trapping  of cold highly 
charged radioisotopes 
produced after 
annihilation of 
antiprotons on the 
surface.     

Cold 
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