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ASTRID beam vacuum
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∼ 4 ⋅ 10−11 mbar

Li
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ASTRID beam lifetime
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Applications of classical 
cold / crystalline ion beams

A browse through existing literature  
and some brainstorming
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Cold chemistry at DESIREE
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Cold chemistry at CSR
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Cryogenic rings can only cool infrared-active molecules …  
is there a market for experiments with cold atomic ions?
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Something “crazy” …
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[proceedings]

https://arxiv.org/pdf/2105.00992.pdf
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Detecting gravitational waves with storage rings

8

Several proposals discussed at this workshop  
(I can’t claim to have understood all the details!)

Basic idea: compare geodesic of stored particles with 
 geodesic of stationary clock in the lab frame

E.g. particles confined longitudinally in harmonic (RF) potential,  
measure variations in orbital period → highest sensitivity when in resonance 
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Several proposals discussed at this workshop  
(I can’t claim to have understood all the details!)

Basic idea: compare geodesic of stored particles with 
 geodesic of stationary clock in the lab frame

E.g. particles confined longitudinally in harmonic (RF) potential,  
measure variations in orbital period → highest sensitivity when in resonance 

Longitudinal  
damping time

Synchrotron  
frequency

Frequency of  
gravitational wave

CircumferenceStrain
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Detecting gravitational waves with storage rings
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When in resonance:

Strain  
sensitivity

Orbital period

Need: 
• Large orbital period  → low energy beam


• Good time tagging, i.e. small 

• Large damping time 


• Need quiet beam that is stable over long time periods

• Don’t want to increase  


• smaller astrophysical GW amplitude at higher frequencies

T ∼ ω−1
g

ΔT
τl

ωl

Damping timeSynchrotron frequency

(For LHC beam parameters: sensitivity 7 orders of magnitude  
too low for known astrophysical sources)
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Detecting gravitational waves with storage rings
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When in resonance:

Strain  
sensitivity

Orbital period

IOTA: 
•  (for ),  


• How to time-tag the passing ions? BCT? Fluorescence too slow?

• Can assume 10ps single-photon time resolution


• 

• 40 turns with 5V barrier bucket and 50eV beam energy spread: 

T ∼ 0.2 ms L = 40 m ΔT ∼ ??

τl = ??
2πωl ∼ 150 Hz

Damping timeSynchrotron frequency

(For LHC beam parameters: sensitivity 7 orders of magnitude  
too low for known astrophysical sources)

(I think a cold beam is a prerequisite for this simple treatment to apply)
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Detecting gravitational waves with storage rings
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When in resonance:

Strain  
sensitivity

Orbital period

Damping timeSynchrotron frequency

(For LHC beam parameters: sensitivity 7 orders of magnitude  
too low for known astrophysical sources)

For a crystal beam and weak longitudinal confinement,  
 could also be the plasma frequency of the beam 

(Quantum beam: entanglement between internal state of crystal  
and centre-of-mass motion [ref])

ωl

But: RF noise! → Use longitudinally free ion crystal?

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.75.4714
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GW detection with coasting beam
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Minutes of [discussion session]

Need to time-tag individual crystal ions on a turn-by-turn basis
Slow, cold beam of heavy ions plays in our favor

Need precise external time reference 
(Optical atomic clocks: 1e-19 seconds)

Need sufficiently long beam lifetime 
(Concept could provide sensitivity for mHz GWs from supermassive black-hole mergers


→ need several hours beam lifetimes!)

Not easy! Mais c’est la vie …

Need precise, nondestructive ion time tagging 
(???)

https://indico.cern.ch/event/982987/contributions/4240287/attachments/2211655/3743107/SRGW2021%20Final%20Discussion%20S%20Rao.pdf

