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Schottky noise measurements
Low vs. high intensity beams
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Transverse Schottky spectrum with space charge 
theory/simulation for coasting beams
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Transverse equation of motion (‘rigid beam’):
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Space charge tune shift:

Dispersion function for dipole oscillations:

Gaussian momentum distribution:
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Space charge parameter:
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Modified transverse Schottky band: with

Chromatic tune spread:

with the normalized tune

simulation noise
from a tracking code
with self-consistent
space charge solver.
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Fit of the measured Schottky band to:
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Transverse Schottky spectrum with space charge 
SIS-18 experiments with coasting beams

Measured transverse (lower) Schottky side-band 
for different  numbers of ions in the ring N.

Beam parameter: Ar18+, 11.4 MeV/u, f0=215 kHz 

The space charge tune shift ΔQsc and the 
space charge parameter Usc can be obtained 
from the measured Schottky spectrum
using a fit to the the analytic expression S(f). 

Result of the fit:
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Transverse ‘offset’ noise from the particle
tracking code PATRIC. Bunching factor Bf=0.35.
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Transverse Schottky noise from bunched beams
low intensity
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Synchrotron satellites (synchrotron tune Qs):

Tune spread in a rf bucket (bunch half-length ϕm):
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Head-tail modes with space charge
Barrier airbag distribution
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Transverse simulation noise spectrum with space charge
barrier airbag distribution
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‘Offset ’ noise spectrum from the particle tracking code PATRIC with a 2.5D self-consistent space charge solver.
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o Good agreement with the analytic         for moderate space charge (code validation).

o Satellites with negative k disappear for strong space charge. 

kQ
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Transverse simulation noise spectrum with space charge
Elliptic bunch distribution
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Head-tail modes from the airbag model (analytic) 
vs. parabolic bunch (simulation noise satellites).
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‘Offset ’ noise spectrum from the particle tracking code 
PATRIC with a 2.5D self-consistent space charge solver
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Simulation studies for moderately strong space charge

Positive k: good agreement with airbag model

Negative k: satellites are strongly damped with space charge.

Measure the space charge tune shift in bunches
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Conclusions

Transverse Schottky noise spectrum from coasting beams:

o For moderately strong space charge we find a very good agreement between measured transverse 
Schottky bands and the analytic expression for the fluctuation spectrum of ‘rigid’ dipole oscillations.

o From a fit to the expression one can retrieve the space charge tune shift and the Landau damping rate.

Transverse Schottky noise spectrum from bunched beams :

o We obtain good agreement between the positive k synchrotron satellites from the simulation noise 
spectrum and the analytic head-tail tune shifts from the barrier airbag model.  

o Negative k satellites are strongly suppressed due to the effect of space charge.

Possible application: Measure space charge tune shift ΔQsc from the positive k Schottky noise satellites ΔQk.
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