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Overview
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Tracking codes: ICOOL an RF-Track

Discussion on the technical challenges of absorbers

1. Heat dissipation of windows
2. Thermodynamic of hydrogen absorbers



Why final cooling?
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[1] H. K. Sayed,10.1103/PhysRevSTAB.18.091001 

• In past, 𝜖trans = 55 𝝁𝒎 [1]

• Goal is to reach 25 𝝁𝒎

Emittance:



Ionization cooling 
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Tracking ionization cooling
• Initial beam parameters from 6D-cooling: 𝜺! = 𝟑𝟎𝟎 𝝁m, and 
𝜺𝑳 = 𝟏. 𝟓mm

• Goal: find a method for efficient emittance reductions 𝜺! =
𝟐𝟓 𝝁m

• Have chosen ICOOL for optimizing parameter:
1. Initial beam energy
2. Magnetic field strength
3. Absorber type and length 
4. Matched beam optics Acknowledgement to Elena Fol
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ICOOL example
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Varying free parameters
• 2 cells without RF structure
• Optics matching mitigates emittance blow up
• Varying initial parameters for finding:

1. Min correlation 𝛼 in absorbers
2. Max 𝜺! decrease, min 𝜺𝑳 increase
3. Max transmission

[2]

Acknowledgement to Elena Fol
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[3]
• RF-Track by A. Latina (CERN)

Ø Tracking code for of low-energy LINACs
Ø Space charge effect included
Ø User interface Python/Octave as user interface

RF-track example

• Same parameter optimizer used, but RF-structure included 
• Preliminary results for the first 4 cells (RF-track still under development)

Note: numbers are preliminary, 
ionisation cooling in RF-Track 
is still under development

Acknowledgement to Elena Fol
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Surrogate modeling
• Optimization routines are time-consuming processes

• Initial and final parameter from the optimized simulations will be stored 

• Surrogate model allows an automatic mapping between initial condition 
and simulated results

[4]

Acknowledgement to Elena Fol
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Technical risks on absorbers
• Due to the target parameters the beam size is small at the end 

of the cooling channel 

• High field magnets up to 50 T and 𝜺!= 25𝝁m→ 𝟏mm beam size 
in diameter

• Follows: energy storage in a small volume

• Question: what does this mean for the absorbers (last cell)?



Absorber choice in the last cell
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• Hydrogen
• Strong B-fields 
• Low beam energy
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Achieving the target trans emittance:

[5]

https://doi.org/10.34726/hss.2022.97540


Absorber confinement
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Window

Field linesSolenoid

• H2 can be solid, liquid, gaseous, 
supercritical,…

• Mitigate muons-window 
interactions 

• Requirements: low Z and thin

• Candidates: Be and Si3N4

L

sAbsorber
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Heat dissipation in the window 
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Beam causes an instantaneous temperature increase
Heat dissipation from inside to the edge

Thermal conductivity

Beam channel volume depends on 
emittance, field and window thickness
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• Beryllium, 
• norm emittance is 25 𝝁𝒎
• Solenoid field is 50 T
• Window in steady cooled 

4 K bath

Example:

0.2 seconds

final conditions

Cold after  
0.03 s
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Thermodynamics in liquid H2
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Minimum window thickness
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d…window thickness [m]
p...pressure [Pa]
R...radial size [m]
𝜈 …Poisson‘s ratio
𝜎𝑚𝑎𝑥…Maximum yield strength [N m-2]

• Thick windows influences the beam
1. Longitudinal emittance
2. Lifetime 
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Alternatives to liquid H2
• Liquid H2 plays an important part in final cooling

• The low 𝜺𝒆𝒒 guarantees high cooling performance for beams with:
1. High initial beam momentum
2. High initial transverse emittance

• But small beam sizes at low energies cause huge pressures

• What about vaporized H2?

First cells
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Vaporized H2 ?
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Initial beam 10MeV -> 5MeV

Temperature increase after the beam 
passes the absorber stays almost constant
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• The temperature increase in gas 
absorbers depends only on the beam 
size (𝜺!𝜷!), the spec. heat capacity 
(𝒄) and the Bethe-Bloch value for this 
gas

• It does NOT depend on the gas 
density!

• Low gas densities mitigate the 
pressure increase caused by the 
beam

• But low densities cause longer 
absorbers and longer solenoids
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Summary 
• First simulation with ICOOL and RF-Track:

ü Emittance reduction achieved by optimizing initial cooling condition
ü 𝜀! reduction: 𝟑𝟎𝟎𝝁m to 𝟐𝟑𝟎𝝁m in the first 4 cells in RF-Track
ü Results trained in a surrogate model for saving simulation time

• Heat dissipation of Be windows is fast (cooled down after some 10 ms)

• Liquid H2 at small beam sizes and low energies leads to a huge pressure 
increase inside the absorber 

• Vaporized H2 at low densities leads to low pressures but to longer
absorbers 
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Outlook 

Special thanks to 

• We focus on engineering works of H2 absorbers design 

• We are going to accelerate the development of RF-Track and 
compare it with ICOOL to generate an optimized baseline 
design

Andrea Latina & Jose Antonio Ferreira Somoza 


