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Tune Measurement Algorithm

According to W. March, the application pgm that
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Tune is maximum value.
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Accuracy of the FFT

For dynamic tune (chromaticity) measurements,
we typically use 128 samples. The resolution is
therefore ~ 0.01.
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Can we Do Better with the Same

no of Samples ?

w "

- We also know that the signal measuring interval is not an exact multiple of
the betatron period. Since the FFT implicitly assumes that the signal is the
periodic extension of the measurement data, spurious frequencies are
introduced into the spectrum. These frequencies can be eliminated
using a window filter which effectively eliminates discontinuities at the

boundaries of the FFT implicit period.
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Hann(ing) Window *

. Hann window function z, =4, sit’(m/N)

. Premultiply data by % (n) to eliminate "edge”

[ ] alAa ~

reduces error on the position of the maximum) .
1>2 not desirable; (affect accuracy of
interpolation) I=2 good compromise.

Tune Error with Hann window: € = O(1/N(+2)))
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Interpolation

. Interpolate in the neighborhood of the peak
using the known continuous spectrum of a
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highest data point.

. The constraints determine the “"exact” tune v*.
. Tune Error: ¢ = O (1/N?)
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Even Better: Windowing +
Interpolation

~O(1/N?) )

. This is easy to implement, so we should try |
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References

*The problem of accurate and efficient determination of the tune
arose in the context of the so-called frequency analysis technique

The book "Numerical Recipes” offers a good discussion.
-"Algorithms for a Precise Determination of the Betatron Tune”

R. Bartolinni et al. , EPAC 96 is a recent paper that summarizes the
application of windowing and spectrum interpolation in the context
of improving the accuracy of betatron tune measurements.
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