
Reading Jeff’s thesis
A few points that might be important for us
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Some follow-up publications:

• “Laser cooling of a stored ion beam to 1 mK”, 

[link]

• “Laser cooling in storage rings”, [link]

• “Laser cooling of a bunched beam  

in a synchrotron storage ring”, [link]

https://inspirehep.net/literature/331961
https://inspirehep.net/literature/387984
https://inspirehep.net/literature/403340
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ASTRID
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Injection energy: 

100keV
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ASTRID ion source
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(Beam current used in experiments: 1-20µA)

(Could mains frequency coupling 
into the beam be an additional  

heating mechanism?)
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ASTRID ion source (?)
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Is this what they are using?
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ASTRID laser cooling
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Why do they need tunable lasers?
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Laser cooling 7Li+
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δv/v ∼ 5 ⋅ 10−6

δv ∼ 8 m/s

δf ∼
δv
λ

∼ 15 MHz ≪ ΓDoppler broadening due to initial  
longitudinal energy spread:
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Laser cooling 7Li+
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Transverse temperature ~ 1000K couples  
into longitudinal motion

For T ~ 1000K, get , i.e. 2 orders

of magnitude than at injection

δv/v ∼ 6 ⋅ 10−4

δf ∼
δv
λ

∼ 1.5 GHz

Can we start cooling right after injection 
before the beam can heat up?

Or do we need tunable lasers?

(They were suffering from some beam instabilities.)



Applications of classical 
cold / crystalline ion beams

A browse through existing literature  
and some brainstorming
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Cold chemistry
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Is there a need for (actively cooled)  
beams like ours?
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Focused ion beam tomography
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Could this profit from a colder, parallel, beam?

How low can the beam intensity go?
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Something crazy at the end …
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[proceedings]

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

14

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 

• Weak longitudinal confinement ( ) and large damping time 


• Need quiet beam that is stable over long time periods

T ∼ ω−1
g

ΔT
ωl → 0 τl

Damping timeSynchrotron frequency

Some of this sounds vaguely related to our situation; worth investigating more?

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


