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Wake field (t) or Impedance (f) 

◆ Limits performance of ALL machines (high intensity and/or high brightness) 
✴ Beam instabilities => Increased beam size, beam losses 
✴ Excessive heating => Deformed / melted components, beam dumps 

◆ Each equipment of each accelerator has an impedance (several 
complex functions of f) => To be characterized and minimized!
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◆ A new physical regime was revealed by LHC collimators              
=> Small aperture paired with large wall thickness ask for a 
different physical picture of resistive-wall effect than classical one  

◆ In 2005, starting from Maxwell equations and using field matching, 
a consistent derivation of the transverse (resistive-)wall impedance 
of an infinitely long cylindrical beam pipe was performed for 2 
layers (see https://cds.cern.ch/record/895805/files/ab-2005-084.pdf) => Results valid for any beam velocity, 
frequency, conductivity, permittivity and permeability (and )L > > b
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in vacuum

jLZ0

2πb2β
(for	 )μ = μ0
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◆ Note: for a cylindrical beam pipe or two parallel plates, with any 
number of layers, the ImpedanceWake2D code was developed 
(see https://gitlab.cern.ch/IRIS/IW2D), which is valid when the 
length of the structure is (much) larger than the beam pipe radius 
(or half gap in the case of two parallel plates) => Nicolas Mounet, 
“The LHC Transverse Coupled-Bunch Instability”, PhD thesis, 
EPFL, Lausanne, 2012

(Resistive-)wall impedance  
in vacuum

https://gitlab.cern.ch/IRIS/IW2D


E. Métral, IMCC and MuCol annual meeting, DESY, Hamburg, Germany, 12-16/05/2025 8

Case of 1 layer  
of Perfect Conductor

Assuming here  
that layer 1 is a PC



E. Métral, IMCC and MuCol annual meeting, DESY, Hamburg, Germany, 12-16/05/2025 8

Case of 1 layer  
of Perfect Conductor

Assuming here  
that layer 1 is a PC



E. Métral, IMCC and MuCol annual meeting, DESY, Hamburg, Germany, 12-16/05/2025 8

Case of 1 layer  
of Perfect Conductor

Assuming here  
that layer 1 is a PC

γ =
1

(1 − β2)



E. Métral, IMCC and MuCol annual meeting, DESY, Hamburg, Germany, 12-16/05/2025

Direct  
space charge 

impedance 

Case of 1 layer  
of Perfect Conductor

Assuming here  
that layer 1 is a PC

8

γ =
1

(1 − β2)



E. Métral, IMCC and MuCol annual meeting, DESY, Hamburg, Germany, 12-16/05/2025

Indirect space  
charge impedance (or

Case of 1 layer  
of Perfect Conductor

Assuming here  
that layer 1 is a PC

8

γ =
1

(1 − β2)

Direct  
space charge 

impedance 



E. Métral, IMCC and MuCol annual meeting, DESY, Hamburg, Germany, 12-16/05/2025

Indirect space  
charge impedance (or 

“wall” impedance when 
layer 1 is not a PC)

Case of 1 layer  
of Perfect Conductor

Assuming here  
that layer 1 is a PC

8

γ =
1

(1 − β2)

Direct  
space charge 

impedance 



E. Métral, IMCC and MuCol annual meeting, DESY, Hamburg, Germany, 12-16/05/2025

 and  are the first  
order modified Bessel functions of first 

and second kind respectively

I1 K1

Case of 1 layer  
of Perfect Conductor

Assuming here  
that layer 1 is a PC

8

γ =
1

(1 − β2)

Direct  
space charge 

impedance 

Indirect space  
charge impedance (or 

“wall” impedance when 
layer 1 is not a PC)



E. Métral, IMCC and MuCol annual meeting, DESY, Hamburg, Germany, 12-16/05/2025 9

◆ If the layer 1 is a  PC, then                         , with       

Case of 1 layer  
of Perfect Conductor



E. Métral, IMCC and MuCol annual meeting, DESY, Hamburg, Germany, 12-16/05/2025 9

◆ If the layer 1 is a  PC, then                         , with       

=> ZTotal
x ( f ) = −

jLZ0I1(x0)K1(x0)
πa2βγ2

+
jLZ0I2

1(x0)
πa2βγ2

K1(x1)
I1(x1)

Case of 1 layer  
of Perfect Conductor
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Case of 1 layer  
of Perfect Conductor  

=> Plot of indirect impedance
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=> The same formula is obtained replacing  by 

, with  ,  and 

1/γ2

μ1(
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ϵ1μ1
− β2) x0 = νa x1 = νb ν = k (1 − β2ϵ1μ1)
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◆ Inserting                        , yields 
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Some plots: indirect impedance
L = 1m; a = 0.1mm; b = 1cm; β = 0.5; σ = σDC; ϵb = μ1 = 1
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No real part (so no possible 
coherent instability)
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coherent instability)
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L = 1m; a = 0.1mm; b = 1cm; β = 0.5; σ = σDC; ϵb = μ1 = 1

Some plots: indirect impedance
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L = 1m; a = 0.1mm; b = 1cm; β = 0.5; σ = σDC; ϵb = μ1 = 1

Some plots: indirect impedance

A real part appears (which can 
lead to a coherent instability)
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Some plots: indirect impedance
L = 1m; a = 0.1mm; b = 1cm; β = 0.5; σ = σDC; ϵb = μ1 = 1
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Some plots: indirect impedance
L = 1m; a = 0.1mm; b = 1cm; β = 0.5; σ = σDC; ϵb = μ1 = 1
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Some plots: indirect impedance
L = 1m; a = 0.1mm; b = 1cm; β = 0.5; σ = σDC; ϵb = μ1 = 1
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Some plots: indirect impedance
L = 1m; a = 0.1mm; b = 1cm; β = 0.5; σ = σDC; ϵb = μ1 = 1
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Some plots: indirect impedance
L = 1m; a = 0.1mm; b = 1cm; β = 0.5; σ = σDC; ϵb = μ1 = 1
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Some plots: indirect impedance
L = 1m; a = 0.1mm; b = 1cm; β = 0.5; σ = σDC; ϵb = μ1 = 1
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Some plots: indirect impedance
L = 1m; a = 0.1mm; b = 1cm; β = 0.5; σ = σDC; ϵb = μ1 = 1
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Some plots: indirect impedance
L = 1m; a = 0.1mm; b = 1cm; β = 0.5; σ = σDC; ϵb = μ1 = 1
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Some plots: indirect impedance
L = 1m; a = 0.1mm; b = 1cm; β = 0.5; σ = σDC; ϵb = μ1 = 1
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Some plots: indirect impedance
L = 1m; a = 0.1mm; b = 1cm; β = 0.5; σ = σDC; ϵb = μ1 = 1
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- Liquid hydrogen (LH2): ? 

- Lithium hydride (LiH): ?

26

Some plots: indirect impedance
L = 1m; a = 0.1mm; b = 1cm; β = 0.5; σ = σDC; ϵb = μ1 = 1
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- Liquid hydrogen (LH2): ? 

- Lithium hydride (LiH): ?

26

What will be the  
operational temperature and 

pressure? => “Exact” EM properties 
(vs. frequency) will be needed at 

some point and might need to  
be carefully measured!  

=> Demonstrator?

Some plots: indirect impedance
L = 1m; a = 0.1mm; b = 1cm; β = 0.5; σ = σDC; ϵb = μ1 = 1
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- Lithium hydride (LiH) => From 
Wikipedia (https://en.wikipedia.org/
wiki/Lithium_hydride):

σ = 18[S/m]σ = 2 × 10−3[S/m]

Some plots: indirect impedance
L = 1m; a = 0.1mm; b = 1cm; β = 0.5; σ = σDC; ϵb = μ1 = 1

https://en.wikipedia.org/wiki/Lithium_hydride
https://en.wikipedia.org/wiki/Lithium_hydride
https://en.wikipedia.org/wiki/Lithium_hydride
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- Lithium hydride (LiH) => From 
Wikipedia (https://en.wikipedia.org/
wiki/Lithium_hydride):

σ = 18[S/m]σ = 2 × 10−3[S/m]

Some plots: indirect impedance
L = 1m; a = 0.1mm; b = 1cm; β = 0.5; σ = σDC; ϵb = μ1 = 1

Let’s have a look  
now to the effect of ϵb

https://en.wikipedia.org/wiki/Lithium_hydride
https://en.wikipedia.org/wiki/Lithium_hydride
https://en.wikipedia.org/wiki/Lithium_hydride
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Some plots: indirect impedance
L = 1m; a = 0.1mm; b = 1cm; β = 0.5; σ = σDC; μ1 = 1; ϵb = 10
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σ = 10−1 [S/m]
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Some plots: indirect impedance
L = 1m; a = 0.1mm; b = 2cm; β = 0.5; σ = σDC; μ1 = 1; ϵb = 10
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σ = 10−1 [S/m]
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Some plots: indirect impedance
L = 1m; a = 0.1mm; b = 2cm; β = 0.5; σ = σDC; μ1 = 1; ϵb = 10
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σ = 101 [S/m]
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Some plots: indirect impedance
L = 1m; a = 0.1mm; b = 2cm; β = 0.5; σ = σDC; μ1 = 1; ϵb = 10
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σ = 101 [S/m]
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◆ The transverse impedance in matter has been computed using the 
same formalism as the one developed in the past (2005) for the 
LHC collimators (see https://cds.cern.ch/record/877819/files/ab-2005-043.pdf, 
https://cds.cern.ch/record/895805/fi les/ab-2005-084.pdf and https://
emetral.web.cern.ch/USPAS09course/WakeFieldsAndImpedances.pdf) => 

Take-home messages

33

L > > b
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https://emetral.web.cern.ch/USPAS09course/WakeFieldsAndImpedances.pdf
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A similar analysis can be done also for the longitudinal impedance
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soon (2025 May committee => Start date ~ end of summer) 

◆ To be compared with what Joséphine Potdevin started with Xavier 
Buffat, Tatiana Pieloni and Mike Seidel (using Nicolas Mounet’s 
PhD thesis https://cds.cern.ch/record/1451296/files/CERN-
THESIS-2012-055.pdf) => And to be continued ;-) 
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✴ Check with a numerical solver such as WAKIS 
✴ Study the impact of the absorber's material  

and geometry, number of layers, interface with vacuum,…
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Take-home messages

“Exact” EM  
properties needed!

A similar analysis can be done also for the longitudinal impedance
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◆ The transverse impedance in matter has been computed using the 
same formalism as the one developed in the past (2005) for the 
LHC collimators (see https://cds.cern.ch/record/877819/files/ab-2005-043.pdf, 
https://cds.cern.ch/record/895805/fi les/ab-2005-084.pdf and https://
emetral.web.cern.ch/USPAS09course/WakeFieldsAndImpedances.pdf) => 

◆ To be studied now in more detail => A PhD student should join 
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◆ To be compared with what Joséphine Potdevin started with Xavier 
Buffat, Tatiana Pieloni and Mike Seidel (using Nicolas Mounet’s 
PhD thesis https://cds.cern.ch/record/1451296/files/CERN-
THESIS-2012-055.pdf) => And to be continued ;-) 

✴ Check with a numerical solver such as WAKIS 
✴ Study the impact of the absorber's material  

and geometry, number of layers, interface with vacuum,… 
✴ And then study the impact on beam dynamics
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Take-home messages
A similar analysis can be done also for the longitudinal impedance

L > > b
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APPENDIX: Demonstrator 
(from ChrisR, 24/05/25)

A-A ( 1 : 8 )
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Wedge (triangle)  
shaped absorber (LiH:  

Lithium hydride)

Windows  
(beryllium or 
aluminium)

The demonstrator  
is a test design for 1 cell 

of the 6D-cooling 
channel

Mattia Castoldi 
& the WP8 team
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APPENDIX:  
6D-cooling (RuihuZ: https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.28.041003)

https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.28.041003
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APPENDIX:  
Final cooling (from BerndS, 24/05/25)
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Cylindrically symmetric absorber 
(LH2: Liquid hydrogen) with 5 mm  

LiH windows at the edges

1 cell of the final cooling  
channel (after 6D-cooling 
channel) in a “realistic”  

scenario


