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◆ QUESTION: How can we explain theoretically such asymmetric 

pictures of transverse coherent single-bunch instabilities?
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~ Linear increase 
along the bunch
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=> ANSWER: By mode coupling (interaction between several modes)
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◆ The solution of this equation is
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WITHOUT MATHS: 


Which kind of possible pictures of intrabunch motion can we 
already anticipate when several modes interact?
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◆ The solution of this equation is
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◆ The solution of this equation is
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◆ The solution of this equation is
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2 consecutive modes

=> General case
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◆ The solution of this equation is
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2 consecutive modes

=> General case ~ Linear increase 

along the bunch 
(and 10 nodes)

E. Métral, Space charge workshop, Knoxville, USA, 25/10/2022



logo

area

24

◆ The solution of this equation is
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◆ The solution of this equation is
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◆ The solution of this equation is
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◆ The solution of this equation is
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Much faster  
than linear increase 
towards the end of 

the bunch
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◆ The solution of this equation is

Q± = −
1
2

± ϵ 1 −
2
ϵ

ΔQ

WITH MATHS: 


Which kind of pictures of intrabunch motion do we obtain  
from the GALACTIC Vlasov solver (with impedance only)?
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GALACTIC VLASOV SOLVER (impedance only)
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GALACTIC VLASOV SOLVER (impedance only)
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Low-intensity 
Eigenvectors (for 

independent  
modes)
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GALACTIC VLASOV SOLVER (impedance only)

26

Low-intensity 
Eigenvectors (for 

independent  
modes)

Matrix to be diagonalised:

1) Eigenvalues give the mode frequency 

shifts (Re and Im)

2) Eigenvectors give the coefficients  
to be used in the equation above to be 

able to plot the intrabunch signal

𝒂𝒊𝒋
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◆ GALACTIC was explained and benchmarked against the 
PyHEADTAIL macroparticle tracking code in this PRAB paper
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GALACTIC VLASOV SOLVER (impedance only)
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◆ Any number of modes can be treated with GALACTIC, but, to be 
able to clearly see what happens when the bunch intensity is 
increased, the simple case of 2 modes (0 and -1) is discussed 
in detail below


	 => Using the simple model I used in the past to study the 	
destabilizing effect of the LHC resistive transverse damper:  
	 case of a bunch with a longitudinal “water-bag” distribution 	
interacting 	with a broadband resonator impedance with a quality 	
factor of 1 and a resonance frequency  such that 𝑓𝑟 𝑓𝑟 𝜏𝑏 = 0.8

28

GALACTIC VLASOV SOLVER (impedance only)
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GALACTIC VLASOV SOLVER (impedance only)

2 2 matrix also used to describe  
the ITSR instability => PRAB-2021: 

https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.24.041003 

×
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Conclusion
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Conclusion

Mode coupling (interaction between several modes) explains 
why/how different kinds of asymmetric intrabunch signals are 
observed (in both measurements and simulations) with


✴ Impedance

✴ Impedance and space charge

✴ Impedance and beam-beam

✴ Electron cloud

34

TAKE-HOME MESSAGE
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Outlook
◆ The measurements of intrabunch motion in both the CERN PS and 

PSB (in strong space charge regime) have not been reproduced by 
simulations yet, such as e.g.


✴ It would therefore be great to try and do so

✴ The analysis presented here suggests that these intrabunch 

signals should be mainly explained by the interaction 
between 2 high-order modes => To be confirmed…

35E. Métral, Space charge workshop, Knoxville, USA, 25/10/2022
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Thank you very much for your attention  
& 


Many thanks to A. Burov for our long-term collaboration

&


This talk is dedicated to Y. Alexahin

MCBI 2019  
workshop in 

Zermatt

E. Métral, Space charge workshop, Knoxville, USA, 25/10/2022



logo

area

E. Métral, Space charge workshop, Knoxville, USA, 25/10/2022


