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NMI (NEGATIVE-MASS INSTABILITY) & LMCI (LONGITUDINAL MODE-COUPLING INSTABILITY)

FOR BUNCHED-BEAMS WITH GALACLIC

E. Métral

 Reminder: See HSC section meeting on 14/05/18

(https://indico.cern.ch/event/725645/contributions/2992533/attachme

nts/1648470/2635686/GALACLIC_EM_14-05-18.pdf)

 Some update

 Check: Can NMI really be explained by LMCI between azimuthal

modes -1 and +1? => Was it already seen/predicted/checked in the

past?

 Conclusion and next

Many thanks for the on-going discussions with R. Baartman, A. Burov, 

A. Chao, Y.H. Chin, M. Migliorati, N. Mounet, K. Oide, C. Prior and G. Rumolo

https://indico.cern.ch/event/725645/contributions/2992533/attachments/1648470/2635686/GALACLIC_EM_14-05-18.pdf)
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REMINDER: CONSTANT REACTIVE IMPEDANCE (1/3)

 Laclare’s formalism  GALACLIC
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Contrary to transverse case, 

there can be a (negative mass) instability:

1) > 0 inductive imped. BT

2) < 0 inductive imped. (SC) AT

=> Was not mentioned by Laclare1987 

Mode-coupling between azimuthal 

modes m = - 1 and m = + 1
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REMINDER: CONSTANT REACTIVE IMPEDANCE (2/3)

 And x ≈ 0.8 means Keil-Schnell-Boussard criterion (see below)
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REMINDER: CONSTANT REACTIVE IMPEDANCE (3/3)

 As, with my previous approach (normalizing by the synchrotron

tune Qs which depends on intensity due to PWD), the intensity

threshold is given by mode-coupling between -1 and +1, I would

expect that the same threshold would be obtained by normalizing

by the low-intensity synchrotron tune Qs0 because

… And this is what happens…

𝑸

𝑸𝒔𝟎
=

𝑸

𝑸𝒔
×

𝑸𝒔
𝑸𝒔𝟎

It is going to 0 

at the intensity 

threshold

… EXCEPT if 

this term goes 

to infinity…
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SOME UPDATE (1/6)

 Plotting my results wrt the low-intensity synchrotron tune Qs0

instead of the intensity-dependent Qs, the following results are

obtained (for the parabolic amplitude density considered)
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SOME UPDATE: CONSTANT REACTIVE IMPEDANCE (2/6)
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 GALACLIC (using Qs)
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 GALACLIC (using Qs0)

~ 0.8

No mode-coupling 

instability anymore…

It explains why it was not 

mentioned by Laclare1987…
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SOME UPDATE: BB IMPEDANCE  𝒇𝒓 𝝉𝒃 = 𝟐. 𝟖 (3/6)
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Modes 5 and 6

(𝟐 𝒇𝒓 𝝉𝒃 ≈ 𝒎+ 𝟏)

 GALACLIC (using Qs)  GALACLIC (using Qs0)
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SOME UPDATE: BB IMPEDANCE  𝒇𝒓 𝝉𝒃 = 𝟏. 𝟎 (4/6)

 LACLARE1987

- 4 - 2 0 2 4

- 10

- 5

0

5

10

- j Z ϵ

R
e

(
ω

)
/
ω
s

- 4 - 2 0 2 4
- 1.0

- 0.5

0.0

0.5

1.0

- j Z ϵ

Im
(
ω

)
/
ω
s

𝐑
𝐞
(𝑸
/𝑸

𝒔𝟎
)

𝐈𝐦
(𝑸
/𝑸

𝒔𝟎
)

𝒙

𝒙

 GALACLIC (using Qs0)



Elias Métral, CERN HSC section meeting, 04/06/2018

SOME UPDATE: BB IMPEDANCE  𝒇𝒓 𝝉𝒃 = 𝟏. 𝟎 (5/6)
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Close results (with in 

addition the imaginary 

part with GALACLIC)

 LACLARE1987  GALACLIC (using Qs0)
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SOME UPDATE: BB IMPEDANCE  𝒇𝒓 𝝉𝒃 = 𝟏. 𝟎 (6/6)

Even closer when I use 

𝒇𝒓 𝝉𝒃 = 𝟏. 𝟐…
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CHECK: WHAT COULD BE FOUND IN PAST STUDIES? (1/4)
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CHECK: WHAT COULD BE FOUND IN PAST STUDIES? (2/4)
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CHECK: WHAT COULD BE FOUND IN PAST STUDIES? (3/4)

In Ref. [24], the case of a Gaussian bunch is also discussed
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CHECK: WHAT COULD BE FOUND IN PAST STUDIES? (4/4)

 Other work

“In a barrier bucket system, 

NMI is expressed as mode-coupling 

between modes m and –m” 

(Y.H. Chin)
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CONCLUSION AND NEXT

 REMINDER

 This approach is mainly for protons as synchrotron radiation and

quantum fluctuations are not taken into account

 It is the simplest case, i.e. for a small bunch inside the RF bucket (i.e.

there is no amplitude-dependent synchrotron tune)

 Laclare1987 results are recovered

 No LMCI for 1) a constant reactive impedance and 2) a BB impedance

below transition (when PWD is taken into account)

 Similar result for a BB impedance above transition

 The threshold at x ≈ 0.8 is given by

 LMCI between azimuthal modes -1 and +1 (without including PWD effect)

 Loss of steady state (from PWD) => See also

http://inspirehep.net/record/921077/files/HEACC67_299-303.pdf from A.N. Lebedev, thanks AlexeyB!

 Other past studies?

 In a barrier bucket system, NMI is expressed as LMCI between modes

m and –m (YongHoC) => Treatment done including Landau damping

 On-going discussions with many colleagues => Many thanks!

 Checks / benchmarks with other Vlasov solvers to be continued

 Tracking simulations to be done (on-going e.g. by MauroM)

http://inspirehep.net/record/921077/files/HEACC67_299-303.pdf

