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Instability occurs irregularly at C250ms...C500ms,
difficult to catch with the scope;
always the mode k=2 observed.
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For every point in the bunch:
a nice exponential growth
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two intensity thresholds;

very different depending on the rf voltage.
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the space-charge parameter is flat along the intensity;
very strong space charge regime => a minor change not crucial;
no Landau damping for lower-order (k<10) head-tail modes
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the eigenfrequencies of the bunch head-tail modes
for the airbag bunch model

with arbitrary space-charge and coherent force:

AQk _ _AQSC ‘;AQcoh :t \/(AQSC ;AQcoh)2 + ]{32Qg
AQ AQ.con 2 AQcon
st D —3(1 T AQS: )+ Jqf(l - AQS: )+

O.Boine-Frankenheim, V.Kornilov, PRSTAB 12, 114201 (2009)
V.Kornilov, O.Boine-Frankenheim, PRSTAB 13, 114201 (2010)
M.Blaskiewicz, PRSTAB 1, 044202 (1998)
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the negative modes
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with a coherent tune

shift,
AQcoh/AQsc =0.1

gm

the k=0 mode: g K=+1

AQ=-AQ,,, E -4 k=0 .

the k>0 modes enter

the incoherent -6 incoherent tune -

spectrum

-2AQ < AQ<O0 -8 l '

=> Landau damping 0 5 10 15 20
q=AQ../ Qg
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Landau damping is stronger in the vertical plane;

the damping contribution increases with the intensity

This could be the reason for the horizontal exclusiveness and can
contribute to the second intensity threshold, together with the coupling
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Landau damping is stronger in the vertical plane;

the damping contribution increases with the intensity
This could be the reason for the horizontal exclusiveness and can
contribute to the second intensity threshold, together with the coupling
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This can be an experimental proof of the mode
coupling suppression by space charge

Theory predictions: Blaskiewicz prstab 1998; Burov prstab 2009
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Frequency of k=2 mode in the horizontal plane for different rf voltage
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With the higher voltage the Landau damping should be stronger.
But it is not likely to suppress completely the instability.
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An example: the spectrum of the k=2 mode with
a narrowband impedance at 6.4MHz.
With V,=60kV the growth rate is higher.

Vladimir Kornilov, Beam Studies in the PS Synchrotron, CERN, August 29, 2012



1.4

1.2

0.8

0.6

0.4

0.2

-20 -10 0 10 20

Frequency (MH2z)
An example: the spectrum for V,=60kV with

a narrowband impedance at 6.4MHz.
For the k=2 mode the growth rate is higher.
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A classical unstable head-tail mode k=2 is observed at the PS
injection plateau

The PS bunches are in the strong space-charge regime

The Landau damping due to image charges in the combination with
the direct space charge may be the reason for the horizontal
instability and can contribute to the second threshold (together with
the coupling)

A narrowband impedance around 6MHz as a driving force may
explain the observation of the k=2 mode and can contribute to the
better stability at higher rf voltages
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