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Outline
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● Laser cooling introduction

● Xenon cooling rates

● Xenon vs IBS

● Comparison with lead and calcium

● Conclusions

Outline
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Laser cooling: excitation & emission
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excitation
Step 1:

excitation
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Laser cooling: excitation & emission
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excitation

emission

Step 1:

excitation

Step 2:

emission
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Laser cooling: Doppler shifting

Doppler shift

Detuned laser

perfect 

dp/p

small 

dp/p

Conclusion: Only excite narrow band of dp/p

Key: every particle experiences a different laser 

wavelength due to Doppler shift
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Studied ions
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Studied ions
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Laser wavelength + Doppler shift -> Transition energy

(Doppler shift scales with γ)



March 25th 2024 Peter Kruyt | Laser cooling of the SPS ion beams – the Xenon case

Studied ions
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Laser wavelength + Doppler shift -> Transition energy

Results will only cover cooling with single laser

(Doppler shift scales with γ)
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Xenon simulations
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● Code: laser cooling module was 

developed in Xsuite (CERN 

beam dynamics code) [1]

● Excitation: solve Optical Bloch 

Equations (OBE)

● Emission: particle loses energy 

based on emission angle
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Xenon simulations
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Longitudinal cooling + horizontal cooling 

thanks to coupling with dispersion (2.4m)

● Code: laser cooling module was 

developed in Xsuite (CERN 

beam dynamics code) [1]

● Excitation: solve Optical Bloch 

Equations (OBE)

● Emission: particle loses energy 

based on emission angle
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Optimal transverse cooling
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cooling rate = -a 
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Optimal transverse cooling
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cooling rate = -a 
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Optimal transverse cooling
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cooling rate = -a 
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Transverse cooling
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shift beam

cooling rate = -a 
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Transverse cooling
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shift beam

cooling rate = -a 
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Transverse cooling
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shift beam

Conclusion: trade-off between 

longitudinal and transverse cooling

cooling rate = -a 



March 25th 2024 Peter Kruyt | Laser cooling of the SPS ion beams – the Xenon case

Xenon IBS growth rates
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● Compute IBS 

growth rates for 

different dp/p and 

emittance

growth rate = b
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Xenon IBS growth rates
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● Compute IBS 

growth rates for 

different dp/p and 

emittance

growth rate = b

cooling IBS

Question: when does cooling 

reach  equilibrium?
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Xenon equilibrium
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Equilibrium:

IBS growth rate = laser cooling 

decay rate

Assume cooling rate 

same everywhere 

cooling IBS
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Xenon IBS growth rates
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Equilibrium:

IBS growth rate = laser cooling 

decay rate

cooling IBScooling IBS

Assume cooling rate 

same everywhere 
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Xenon IBS growth rates
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Conclusion: longitudinal plane

is the constraint
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Optimise Xenon cooling
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How to circumvent longitudinal constraint?
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Optimise Xenon cooling
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Decrease laser-ion offset to trade 

transverse cooling for longitudinal cooling 
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Optimise Xenon cooling
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Decrease laser-ion offset to trade 

transverse cooling for longitudinal cooling 
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Optimise Xenon cooling
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Decrease laser-ion offset to trade 

transverse cooling for longitudinal cooling Question: how does Xenon compare to 

other ions?
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How does Xenon compare to other ions?
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Question: How does this compare to IBS 

growth rates?
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Cooling equilibrium of ions
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Summary and outlook

Summary:

● Developed laser cooling tools in Xsuite

● Used tools to estimate cooling rates of xenon,calcium, and lead

● Compared cooling rates against IBS

● Xenon and calcium show small equilibrium emittances

Outlook:

● Simulate lead cooling of  Gamma Factory proof-of-principle experiment.



Thanks for your attention & 
enjoy the workshop!
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Photon generating mode
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dispersive cooling
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Transverse cooling example
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Reducing momentum in 

dispersive region can heat/cool 

the beam depending on location 

of momentum reduction



backup
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Xenon example
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small gamma -> small Doppler shift large gamma -> large Doppler shift
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Second harmonics: Xenon
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● smaller laser wavelength

● smaller laser pulse energy

[3]
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Results:

Theoretical linewidth = 3.6e-8

Observed linewidth = 5.7e-6

Xsuite linewidth ≈ 5e-6

Lanzhou benchmark

● Solve Optical Bloch 

Equations (OBE)

● Compare with Lanzhou 

experiment
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