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Henry and Napoly approach (CLIC Note 142 – 1991)

• Longitudinal Impedance Zz /L

Mode m



Henry and Napoly approach (CLIC Note 142 – 1991)

• Transverse Impedance Z⊥ obtained through the Panofsky-Wenzel Theorem

• Warning: conventions are different from Henry and Napoly’s to Zotter’s formalisms:
– Henry and Napoly chose not to divide the transverse impedance by i in their definition
– Henry and Napoly did not normalize the transverse impedance with the offset r0 of the 

beam to the center of the pipe 
– Henry and Napoly used the exp(-iωt) convention while Zotter uses the exp(jωt) convention

• Therefore, we have the following relations:



Henry and Napoly approximation for intermediate
and high frequencies (CLIC Note 142 – 1991)

• Approximated longitudinal impedance Z//

Approximation valid if:
- the skin depth is much lower than the beam pipe radius δ << a
- only the first modes m are considered
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Resistive Wall longitudinal Impedance of…
… a monolayer extending to +∞

• Solution:
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Henry and Napoly approach compared to Zotter approach

• longitudinal impedance Z//   mode 0

Remarks:
- Perfect agreement until 1THz
- After 1 THz, H&N formula leads
CPU precision to its limits. 
- H&N formula seems a bit off 
after 1 THz

to be investigated
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vacuum 
graphite 

with b = 2 mm



Henry and Napoly approach compared to Zotter approach

• Longitudinal impedance Z//   mode 0

Remarks:
- Perfect agreement until 1THz
- After 1 THz, H&N formula leads
CPU precision to its limits.
- Both H&N and Approximated
H&N formula seems a bit off after
1 THz

to be investigated

a

b

e + ∞

beam
vacuum 
graphite 

with b = 2 mm



Henry and Napoly approach compared to Zotter approach

• Transverse impedance Z⊥ mode 1

Remarks:
- Perfect agreement until
1THz
- After 1 THz, H&N 
formula leads CPU 
precision to its limits.

a

b

e + ∞

beam
vacuum 
graphite 

with b = 2 mm



Henry and Napoly approach compared to Zotter approach

• Advantages of Henry and Napoly approach :
– All modes can be calculated

enable to use the Panofsky-Wenzel theorem to compute the 
transverse impedance

• Advantages of Zotter approach :
– Includes non-ultrarelativistic particles
– Includes Materials with any σ, εr and/or μr

– Includes Multi-Layer beam pipe
– Does not lead to CPU precision issues at high frequencies



All our thanks to:

Stéphane Fartoukh
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