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Introduction

Chromaticity measurements in a synchrotron are rou-
tinely performed for understanding and optimization of the
machine model. The typical measurement method involves
a systematic beam momentum offset, and measurement of
the corresponding tune for each offset. However, this re-
quires several machine cycles and is a dedicated experi-
ment in itself. Here we present a fast method based on tem-
poral excitation of the transverse center of mass of head-
tail modes [1] using frequency sweep. Chromaticity is ex-
tracted by fitting transverse offset of the resulting modes
with an analytical expression.

Experiments and Results

The head-tail eigenmodes for an airbag bunch distribu-
tion in a barrier potential [1] with the eigenfunctions

x̄k(φ) = cos(kπφ/φb) exp(−iχφ/φb) (1)

where x̄k is the local transverse bunch offset, χ = ξφb/η0

is the chromatic phase, φb is the full bunch length and η0 is
slip factor.

Experiments were conducted on the injection plateau of
11.4 MeV/u with a bunched N7+ ion beam with 5.0 · 109

particles. The frequency sweep excitation is used to excite
each mode individually which allows to resolve the differ-
ent head-tail modes both spectrally and temporally. The
measured bunch offset of each excited mode is fitted to the
analytical expression for the head-tail eigenfunction given
in Eq. 1, with the chromaticity ξ as the fit parameter.

The fitting method is shown in Eq. 2; the head-tail eigen-
function from Eq. 1 is multiplied with the beam charge pro-
file Q̂(t) and corrected for the beam offset (orbit distortion)
Δx at the BPM where the signal is measured.

F (φ, ξ, A) = Δx · Q̂(t) · (1 + A · x̄(φ)) (2)

E(ξ, A) = (M(φ) − F (φ, ξ))2

The fit error E(ξ, A) is minimized as a function of indepen-
dent variables, chromaticity ξ and head-tail mode ampli-
tude A. Typical measured curves and the fitted eigenfunc-
tions are shown in Fig. 1 for k = 0, 1 and 2. The measured
chromaticity is independent of the order of head-tail eigen-
function. The fit error is used to determine the error bars
on measured chromaticity. Figure 2 shows the measured
vertical chromaticity for various set values of chromaticity
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Figure 1: Analytical curves from Eq. 1 (dotted) are fitted
to the local transverse offset for the k = 0, 1 and 2 modes
with the chromaticity as the fit parameter.

using sextupolar settings. The measured tune values have a
dependence on the value of chromaticity. It is important to
note that this method works only with sweep excitation and
requires high signal-to-noise ratio in time domain, which
amounts to higher beam current or high excitation power.
More details of the experimental set-up can be found in [2].
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Figure 2: Vertical chromaticity measurement using the
mentioned method. The black dashed line marks the mea-
sured natural vertical chromaticity of SIS-18.
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