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Antiprotonic atoms

Can we do alchemy with the annihilation?



Nuclear reaction

G. Kornakov, G. Cerchiari, et al., Phys. Rev. C 107, 034314 (2023)

Annihilation products are highly charged.

Highly sensitive to EM fields

can be trapped



Hyperfine splitting in HCI

• Elements between Kr and Xe

• IR wavelength < 2 µm

• Lifetime >30 min
• Isomers

• Synthetic nuclei
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List of candidates (preliminary)
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Co-trapping with positive ions

• Scheme is used for ഥH synthesis

• Currently limited by 𝑒+ temperature

• Substitute 𝑒+ with laser cooled ions

• The nuclear fragments can be cooled 
sympathetically
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Antiproton transport

• Proven. Antiprotons can live indefinitely in an ion trap. 

• Innovation. Ion trap that can function while being transported.
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Goal we set for 2024

• Store antiprotons in a room-temperature ion-trap

• Trap antiprotons in a Paul trap

• Transport antiprotons in a room-temperature Penning trap

• Transport antiprotons in a room-temperature Paul trap

10



Goal we set for 2024

• Store antiprotons in a room-temperature ion trap

• Trap antiprotons in a Paul trap

• Transport antiprotons in a room-temperature Penning trap

• Transport antiprotons in a room-temperature Paul trap
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The beamline @75 deg

• Converting injection into ejection

• Docking a portable device
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A cross 
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• Access to the 45 port

• Independent pumping

• Beam detection



The beamline @75 deg
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Docking setup
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Docking setup
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Detection MCP
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Extraction strategy
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Penning trap
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Endcap electrode



Magnets

21



Paul trap
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Receiver – Paul trap
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Baking – 240 deg – 1 week
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Test
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Assembly up to the beamline
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Paul trap stability diagram
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In between?
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Extraction of cold antiprotons

ELENA 
gate 
valve

GV1AEgIS

To 1st gate valve
- Catch and e-cooling of pbars
- Pulse on the drift-tube

From 1st gate valve to ELENA
- Current on the bottom coil of the 

PS transfer line

From ELENA to Bending region (data1)
- Antiprotons plasma compression 
𝜙 ≈ 1 cm → 1mm

Parameters of extraction
• Drift-tube voltage 2900 V
• Drift-tube delay pulse 6.5 us
• Resulting acceleration 2000 V

1.548 m

Scintillator

Extraction



Aims for 2025

• Extraction of antiprotons

• Store antiprotons in a room-temperature ion-trap

• Trap antiprotons in a Paul trap

• Transport antiprotons in a room-temperature Penning trap

• Transport antiprotons in a room-temperature Paul trap

• Co-trapping of antiprotons with Ba+

• Annihilation of antiprotons with Ba+
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Imminent tasks for 2025

• Extraction of antiprotons

• Integrating with AEgIS, removing obstacles

• Store ions in a room-temperature ion-trap

• Trapping and laser cool ions

• Transport ions

• Make the trap suitable for crane transport

• Fix detection of the antiprotons in the portable trap
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Great to work
with you 
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