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Intrabunch (coherent) motion in the 
presence of both impedance and beam-beam

https://accelconf.web.cern.ch/ipac2022/papers/wepotk062.pdf


logo 
area

Introduction and motivation

2E. Métral, BB24 workshop, EPFL, Lausanne, 02-05/09/2024



logo 
area

Introduction and motivation

2E. Métral, BB24 workshop, EPFL, Lausanne, 02-05/09/2024



logo 
area

Introduction and motivation

2E. Métral, BB24 workshop, EPFL, Lausanne, 02-05/09/2024



logo 
area

Introduction and motivation

2E. Métral, BB24 workshop, EPFL, Lausanne, 02-05/09/2024



logo 
area

Introduction and motivation

2E. Métral, BB24 workshop, EPFL, Lausanne, 02-05/09/2024



logo 
area

Introduction and motivation

2E. Métral, BB24 workshop, EPFL, Lausanne, 02-05/09/2024



logo 
area

Introduction and motivation

2E. Métral, BB24 workshop, EPFL, Lausanne, 02-05/09/2024



logo 
area

Introduction and motivation

2E. Métral, BB24 workshop, EPFL, Lausanne, 02-05/09/2024



logo 
area

GALACTIC VLASOV SOLVER (impedance only)

E. Métral, BB24 workshop, EPFL, Lausanne, 02-05/09/2024 3



logo 
area

GALACTIC VLASOV SOLVER (impedance only)

E. Métral, BB24 workshop, EPFL, Lausanne, 02-05/09/2024 3

Matrix to be diagonalised: 
1) Eigenvalues give the mode frequency 

shifts (  and ) 
2) Eigenvectors give the coefficients  
to be used in the equation above to be 
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- q = |m| + 2 k: radial mode number => q nodes
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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
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★ We start with the study of the centroid motion of each discretized element, or beamlet, in the transverse plane and the 
goal is to obtain the full one-turn matrix. Then, the properties of the dynamical system are studied via the 
eigenvalues (and eigenvectors) of the full one-turn matrix 

★ CCM is very versatile and can be used with impedance (driving and detuning), transverse feedback, beam-beam, second-
order chromaticity, space charge, etc. 

★ These effects have been implemented in a code called BIMBIM started by X. Buffat during his PhD thesis                              
(https://cds.cern.ch/record/1987672/files/CERN-THESIS-2014-246.pdf)
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logo 
area

E. Métral, BB24 workshop, EPFL, Lausanne, 02-05/09/2024

-1.0 -0.5 0.0 0.5 1.0
-2

-1

0

1

2

2 t / τb

In
tr
ab
un
ch
m
ot
io
n
[a
.u
.]

This case can be predicted without maths…  

15



logo 
area

E. Métral, BB24 workshop, EPFL, Lausanne, 02-05/09/2024

-1.0 -0.5 0.0 0.5 1.0
-2

-1

0

1

2

2 t / τb

In
tr
ab
un
ch
m
ot
io
n
[a
.u
.]

S0(t,0)

This case can be predicted without maths…  

15



logo 
area

E. Métral, BB24 workshop, EPFL, Lausanne, 02-05/09/2024

-1.0 -0.5 0.0 0.5 1.0
-2

-1

0

1

2

2 t / τb

In
tr
ab
un
ch
m
ot
io
n
[a
.u
.]

S0(t,0)

−S−1(t,0)

This case can be predicted without maths…  

15



logo 
area

E. Métral, BB24 workshop, EPFL, Lausanne, 02-05/09/2024

-1.0 -0.5 0.0 0.5 1.0
-2

-1

0

1

2

2 t / τb

In
tr
ab
un
ch
m
ot
io
n
[a
.u
.]

S0(t,0)

−S−1(t,0)

S0(t,0) − S−1(t,0)

This case can be predicted without maths…  

15



logo 
area

E. Métral, BB24 workshop, EPFL, Lausanne, 02-05/09/2024

-1.0 -0.5 0.0 0.5 1.0
-2

-1

0

1

2

2 t / τb

In
tr
ab
un
ch
m
ot
io
n
[a
.u
.]

This case can be predicted without maths…  

16



logo 
area

E. Métral, BB24 workshop, EPFL, Lausanne, 02-05/09/2024

-1.0 -0.5 0.0 0.5 1.0
-2

-1

0

1

2

2 t / τb

In
tr
ab
un
ch
m
ot
io
n
[a
.u
.]

−S0(t,0)

This case can be predicted without maths…  

16



logo 
area

E. Métral, BB24 workshop, EPFL, Lausanne, 02-05/09/2024

-1.0 -0.5 0.0 0.5 1.0
-2

-1

0

1

2

2 t / τb

In
tr
ab
un
ch
m
ot
io
n
[a
.u
.]

−S0(t,0)

S−1(t,0)

This case can be predicted without maths…  

16



logo 
area

E. Métral, BB24 workshop, EPFL, Lausanne, 02-05/09/2024

-1.0 -0.5 0.0 0.5 1.0
-2

-1

0

1

2

2 t / τb

In
tr
ab
un
ch
m
ot
io
n
[a
.u
.]

−S0(t,0)

S−1(t,0)

−S0(t,0) + S−1(t,0)

This case can be predicted without maths…  

16



logo 
area

E. Métral, BB24 workshop, EPFL, Lausanne, 02-05/09/2024

-1.0 -0.5 0.0 0.5 1.0
-2

-1

0

1

2

2 t / τb

In
tr
ab
un
ch
m
ot
io
n
[a
.u
.]

−S0(t,0) + S−1(t,0)

S0(t,0) − S−1(t,0)

This case can be predicted without maths…  

17



logo 
area

E. Métral, BB24 workshop, EPFL, Lausanne, 02-05/09/2024

-1.0 -0.5 0.0 0.5 1.0
-2

-1

0

1

2

2 t / τb

In
tr
ab
un
ch
m
ot
io
n
[a
.u
.]

−S0(t,0) + S−1(t,0)

S0(t,0) − S−1(t,0)

S0(t, n) − S−1(t, n)

This case can be predicted without maths…  

17



logo 
area

E. Métral, BB24 workshop, EPFL, Lausanne, 02-05/09/2024

-1.0 -0.5 0.0 0.5 1.0
-2

-1

0

1

2

2 t / τb

In
tr
ab
un
ch
m
ot
io
n
[a
.u
.]

−S0(t,0) + S−1(t,0)

S0(t,0) − S−1(t,0)

S0(t, n) − S−1(t, n)

This case can be predicted without maths…  

17



logo 
area

E. Métral, BB24 workshop, EPFL, Lausanne, 02-05/09/2024

This case can be predicted without maths…  

18

-1.0 -0.5 0.0 0.5 1.0
-2

-1

0

1

2

2 t / τb

In
tr
ab
un
ch
m
ot
io
n
[a
.u
.]

-1.0 -0.5 0.0 0.5 1.0
-2

-1

0

1

2

2 t / τb

In
tr
ab
un
ch
m
ot
io
n
[a
.u
.]

−S0(t,0) + S−1(t,0)

S0(t,0) − S−1(t,0)

−S0(t,0) − S−1(t,0)

S0(t,0) + S−1(t,0)

S0(t, n) − S−1(t, n) S0(t, n) + S−1(t, n)



logo 
area

E. Métral, BB24 workshop, EPFL, Lausanne, 02-05/09/2024

This case can be predicted without maths…  

18

-1.0 -0.5 0.0 0.5 1.0
-2

-1

0

1

2

2 t / τb

In
tr
ab
un
ch
m
ot
io
n
[a
.u
.]

-1.0 -0.5 0.0 0.5 1.0
-2

-1

0

1

2

2 t / τb

In
tr
ab
un
ch
m
ot
io
n
[a
.u
.]

−S0(t,0) + S−1(t,0)

S0(t,0) − S−1(t,0)

−S0(t,0) − S−1(t,0)

S0(t,0) + S−1(t,0)

S0(t, n) − S−1(t, n) S0(t, n) + S−1(t, n)

And similarly for  
the modes 0 and +1 
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Very similar 
intrabunch 

signals for 1st 
mode coupling 
and 2nd mode 

decoupling

19
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Beam-beam  
-mode π
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Beam-beam  
-mode σ
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Conclusion
◆ A TMCI can be analysed either through the eigenvalues or/and the 

eigenvectors => Was only analysed through the eigenvalues in the 
past (see e.g. the 2 famous textbooks from A.W. Chao or K.Y. Ng, or 
Y.H. Chin with MOSES code, or Laclare, etc.) 

◆ In some cases, these two approaches lead to the same conclusions and 
one or the other approach can be used in the presence of only one 
mode coupling and decoupling (if any) 

◆ However, in the presence of several mode couplings and decouplings 
(as e.g. discussed in this paper), the situation is more involved and it is 
not possible anymore to tell, from a single picture of intrabunch motion 
only, if it corresponds to mode coupling or mode decoupling                                                                                       
=> To be able to reconstruct what really happens, the intrabunch 
motion needs be carefully studied as a function of the bunch 
intensity

22
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Take-home messages

◆ Better characterizing an instability is the first step before trying to 
find appropriate mitigation measures and push the performance of 
a particle accelerator 

23
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Take-home messages

◆ Better characterizing an instability is the first step before trying to 
find appropriate mitigation measures and push the performance of 
a particle accelerator 

◆ The evolution of the intrabunch motion with intensity is a 
fundamental observable with high-intensity high-brightness beams 

◆ Exactly at the mode coupling (or mode decoupling) threshold 
between 2 modes, the intrabunch signal is the sum (or difference) 
of the intrabunch signals of the 2 unperturbed modes (leading to 
asymmetric pictures with new fixed points)!

23
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APPENDIX 
(Some other TMCI intrabunch pictures with impedance and space charge; impedance only; e-cloud)
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“Just above” 
TMCI threshold

A3
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“Just above” 
TMCI threshold

“Well above” 
TMCI threshold

A3
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GALACTIC Vlasov solver,  
using a “Water-Bag” longitudinal profile
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“Just above” 
TMCI threshold
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This talk is dedicated to Martin, who started his Bachelor  
of Engineering at EPFL in 2021 but who could not finish his studies 



logo 
area

E. Métral, BB24 workshop, EPFL, Lausanne, 02-05/09/2024

This talk is dedicated to Martin, who started his Bachelor  
of Engineering at EPFL in 2021 but who could not finish his studies 

and to Inès, who will start her Master at EPFL in a few days 🌻


