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FOLLOW-UP OF THE FAST VERTICAL SINGLE-
BUNCH INSTABILITY AT SPS INJECTION

E.E. MMéétraltral
Analysis of the time evolution

Animation of the measurements in H and V
Animation of the BBU theory
Animation of the TMC theory (coupling between modes 3 and 4)

Analysis of the FFTs (measurements and theory)
Appendix

Animation of a Head-Tail mode m = 3 or m = 4 alone 
Animation of the linear (unperturbed) head-tail phase shift for 0 
chromaticity and 0.05 (which is the value of the measurements)
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turns300≈ST µs23=revTpNb
1110 1.2≈ 0.05≈yξeVs 0.2≈lε

~ 3.5 ms (~ 150 turns)

BCT

PEAK
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MEASUREMENTS IN THE VERTICAL PLANE (1/4)MEASUREMENTS IN THE VERTICAL PLANE (1/4)

1st trace (in red) = turn 2 Last trace = turn 150 Every turn shown
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MEASUREMENTS IN THE VERTICAL PLANE (2/4)MEASUREMENTS IN THE VERTICAL PLANE (2/4)

Turn 99 shown

∆t ª 1.25 ns 
ï f ª 800 MHz

∆t ª 1 ns 
ï f ª 1 GHz

∆t ª 1.1 ns 
ï f ª 900 MHz
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MEASUREMENTS IN THE VERTICAL PLANE (3/4)MEASUREMENTS IN THE VERTICAL PLANE (3/4)

Betatron phase difference between different temporal slices with 
respect to the central slice (=centre of the bunch)

Slice preceding the 
central one by 1 ns

Slice following the 
central one by 1 ns

Every 250 ps shown
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MEASUREMENTS IN THE VERTICAL PLANE (4/4)MEASUREMENTS IN THE VERTICAL PLANE (4/4)
FFT applied over the full acquisition depth (372 turns ~ 8.6 ms). 
The peaks at 40 MHz are due to the fact that at each turn only  
25 ns out of the full revolution period of 23.1 µs are acquired
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MEASUREMENTS IN THE HORIZONTAL PLANE (1/3)MEASUREMENTS IN THE HORIZONTAL PLANE (1/3)

1st trace (in red) = turn 2 Last trace = turn 150 Every turn shown
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MEASUREMENTS IN THE HORIZONTAL PLANE (2/3)MEASUREMENTS IN THE HORIZONTAL PLANE (2/3)

Betatron phase difference between different temporal slices with 
respect to the central slice (=centre of the bunch)

Slice preceding the 
central one by 1 ns

Slice following the 
central one by 1 ns

Every 250 ps shown
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MEASUREMENTS IN THE HORIZONTAL PLANE (3/3)MEASUREMENTS IN THE HORIZONTAL PLANE (3/3)
FFT applied over the full acquisition depth (372 turns ~ 8.6 ms). 
The peaks at 40 MHz are due to the fact that at each turn only  
25 ns out of the full revolution period of 23.1 µs are acquired
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BBU THEORY (1/3)BBU THEORY (1/3)

1st trace = turn 1 Last trace = turn 115 Every turn shown

/mM10 Ω=yR

GHz1=rf
1=Q

BB resonator
impedance

ns8.24 == tb στ
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BBU THEORY (2/3)BBU THEORY (2/3)

Turn 99 shown

∆t ª 1 ns 
ï f ª 1 GHz

∆t ª 1 ns 
ï f ª 1 GHz /mM10 Ω=yR

GHz1=rf
1=Q

BB resonator
impedance

ns8.24 == tb στ
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BBU THEORY (3/3)BBU THEORY (3/3)

/mM6 Ω=yR
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TMC THEORY: COUPLING BETWEEN MODES 3 & 4 (1/4)TMC THEORY: COUPLING BETWEEN MODES 3 & 4 (1/4)
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ns8.24 == tb στ
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TMC THEORY: COUPLING BETWEEN MODES 3 & 4 (2/4)TMC THEORY: COUPLING BETWEEN MODES 3 & 4 (2/4)

1st trace = turn 1 Last trace = turn 115 Every turn shown

ns8.24 == tb στ

turns SPS 55MOSES
TMC =τ
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TMC THEORY: COUPLING BETWEEN MODES 3 & 4 (3/4)TMC THEORY: COUPLING BETWEEN MODES 3 & 4 (3/4)

∆t ª 1.25 ns 
ï f ª 800 MHz

Turn 100 shown

ns8.24 == tb στ
∆t ª 1.25 ns 
ï f ª 800 MHz
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TMC THEORY: COUPLING BETWEEN MODES 3 & 4 (4/4)TMC THEORY: COUPLING BETWEEN MODES 3 & 4 (4/4)

0 200 400 600 800 1000
FREQUENCY @MHzD

1

2

3

4

E
D

UTILP
M

A
@

Bd
D

VERTICAL PLANE - DELTA - 0 ms



Elias Métral, RLC meeting, 14/11/2005 17/23

APPENDIX 1 : Time evolution for HT mode m = 3 alone APPENDIX 1 : Time evolution for HT mode m = 3 alone 

1st trace = turn 1 Last trace = turn 115 Every turn shown

ns8.24 == tb στAssuming MOSES’s
instability rise-time 
of 43 turns î It is 

for fr = 700 MHz 
0=yξ
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APPENDIX 2 : Time evolution for HT mode m = 4 alone APPENDIX 2 : Time evolution for HT mode m = 4 alone 

1st trace = turn 1 Last trace = turn 115 Every turn shown

ns8.24 == tb στAssuming MOSES’s
instability rise-time 
of 43 turns î It is 

for fr = 700 MHz 
0=yξ
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APPENDIX 3 : Time evolution for linear HT phase shift (1/4) APPENDIX 3 : Time evolution for linear HT phase shift (1/4) 

1st trace = turn 1

Last trace = turn 308

Every turn shown

ns8.24 == tb στ

 turnsSPS308=sT

0=yξ

Head and Tail 
remain in phase

LHC Project 
Report 602 

(Fartoukh&Jones)
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APPENDIX 3 : Time evolution for linear HT phase shift (2/4) APPENDIX 3 : Time evolution for linear HT phase shift (2/4) 

ns8.24 == tb στ

 turnsSPS308=sT

05.0=yξ

1st trace = turn 1

Last trace = turn 308

Every turn shown

LHC Project 
Report 602 

(Fartoukh&Jones)
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APPENDIX 3 : Time evolution for linear HT phase shift (3/4) APPENDIX 3 : Time evolution for linear HT phase shift (3/4) 

turn 2

Head and Tail 
in phase
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APPENDIX 3 : Time evolution for linear HT phase shift (4/4) APPENDIX 3 : Time evolution for linear HT phase shift (4/4) 

turn 150

~ Maximum phase 
difference between 

Head and Tail
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CONCLUSIONCONCLUSION

Using the classical Broad-Band impedance model of the SPS 
machine (Q=1, 1 GHz, 10 MΩ/m), the time evolution of the 
vertical signal can be reasonably reproduced using either the 
BBU or TMC formalism


