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Muon Cooling for a Muon Collider

My previous work. (after bunch merge)

Conceptual design almost finishes.

(10 stages, channel length: 428.8 m)

• Normalized transverse emittance:

5.129 to 0.1403 mm

• Normalized longitudinal emittance:

9.991 to 1.563 mm

• Channel transmission: 27.4%

(including decay)

My present work. (before bunch merge)

Conceptual design starts. (4 or 5 stages)

Goal:

• Normalized transverse emittance:

17 to lower than 1.48 mm

• Normalized longitudinal emittance:

46 to lower than 2.35 mm



Cooling Stage 1~10 (after bunch merge)

Stage 1Quadratic fringe

(to be replaced)

Cooling cell configuration On-axis field

Stage 1
Stage 1

Beta evolution and momentum acceptance (π to 2π）
Closed orbit and dispersion



Cooling Stage 1~10 (after bunch merge)
➢Cooling performance ✓ Channel length: 428.8 m

✓ Normalized transverse emittance: 5.129 to 

0.1403 mm 

✓ Normalized longitudinal emittance: 9.991 to 

1.563 mm

✓ Channel transmission: 27.4% (including decay)

Start End



Cooling Stage 1~10 (after bunch merge)
➢Tentative parameters of the cooling cells (hardware parameters to be confirmed)



Heat load in LH2

➢Rough calculation (assuming the Gaussian beam)

From 𝑐 =
𝑄

𝑚∆𝑇
 and 𝑄 = 𝑁

𝑑𝐸

𝑑𝑧
𝑧 where c is the specific heat capacity, Q is the energy deposit, m is the 

mass, ΔT is the temperature change, N is the particles number (10^13) and dE/dz is the energy loss per 

unit,

we get ∆𝑇 =
𝑁
𝑑𝐸

𝑑𝑧

2𝜋𝜌𝜎𝑥𝜎𝑦𝑐
 where ρ is the material density, σx and σy are beam size in 1 sigma.

For the start of stage 1, the 𝜎𝑥 = 𝜎𝑦 = 3 𝑐𝑚, then ΔT=0.015 K (can be ignored)

For the end of stage 10, the 𝜎𝑥 = 𝜎𝑦 = 1𝑚𝑚, then ΔT=13.7 K (very huge)   Try to use lithium hydride 

wedge instead?

Thanks for Jose’s correction!



Cooling Stage 1 (before bunch merge)
Cooling cell configuration On-axis field Maxwellian dipole fringe field

Ref: Analytical expressions for 

fringe fields in multipole magnets, 

PRST-AB, 18, 064001 (2015)

Beta evolution and momentum acceptance (0 to π） Closed orbit and dispersion



Cooling Stage 1 (before bunch merge)
Start End

Emittance reduction

• Normalized transverse emittance: 17.1 to 6.49 mm

• Normalized longitudinal emittance: 45.7 to 13.4 mm

• Stage length: 101 m

• Transmission (including decay): 71.5%

t is squeezed by 325 MHz/352 MHz

Pz is stretched by 352 MHz/325 MHz



π-mode RF

From Alexej’s talk at the Cooling Cell workshop,

20240118_Multicell RF cavities for muon 

cooling.pdf (cern.ch)

352 MHz RF cavity length (200MeV): 19 cm (current) and 36.2 cm (π mode)

Will this affect the cooling performance a lot? Need to check!

https://indico.cern.ch/event/1335151/contributions/5727259/attachments/2782660/4850452/20240118_Multicell%20RF%20cavities%20for%20muon%20cooling.pdf
https://indico.cern.ch/event/1335151/contributions/5727259/attachments/2782660/4850452/20240118_Multicell%20RF%20cavities%20for%20muon%20cooling.pdf


Next Steps

• Continue the design for other stages (2, 3 and 4, even 5) before 
the bunch merge. 

• Use the Maxwellian dipole fringe field in the cooling channel after 
the bunch merge and do the cooling simulations again. 

• Try to use the lithium hydride wedge for the later stages. Try to 
use the π-mode RF cavities. Try to make the simulation design 
as realistic as possible.
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