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Abstract
In designing the synchrotron light sources like NSLS-II,

non-linear perturbation from the sextupoles are thoroughly
studied to secure dynamic apertures large enough for the
high-performance operation. Also, it can be well understood
that the offsets in sextupoles affect the overall machine perfor-
mance, closed orbit, linear optics, coupling and dispersion.
In this paper, we introduce our preliminary results.

SUBMISSION OF PAPERS
BIn storage ring light sources, beam-based alignment

(BBA) which adjusts the BPM centers to the quadrupole
magnet centers is a common practice to maintain the ma-
chine performance. For more reliable and conveneint BBA
process, in the design of the storage ring, BPMs are located
as close as possible to the quadrupoles. The most common
method is scanning the position of the beam at the BPM
(equivalently at the adjacent quadrupole) and find the po-
sition where the quadrupole strngth change does not give
change in the closed orbit.

While beam offsets in the quadrupoles give rise to the
closed orbit distortions, offsets in sextupoles affect the
overall machine performance, closed orbit, linear optics,
coupling and dispersion. Therefore, even though usually
sextupoles are considered as the non-linear perturbation
which corrects the chromatic effect and the effect can not-
significant, we need to identify them and correct them if
needed.

Because the sextupole offsets changes various parame-
ters, several different mathods can be used in measuring
them. First, as in LOCO [1] the response matrix fit method
is used [2] and proved to produce reliable results. In NSLS-
II also, they have been measured [3] using ACLO [4] which
adopts response matrix fit technique. For the LOCO or
LOCO like techniques to be successful, the machine is re-
quired to have a very trustful model and especially to mea-
sure the small sextupole effects the requirement is more
strict. Furthermore, the measurement should have even
higher signal-to-noise accuracy and results need to be con-
firmed in various ways. As other parameters, tune [5] and
orbit changes [6, 7] can be used.

Compared to the quadrupole BBA, for the sextupole BBA,
numerous complications are involved. First of all, there is
no design consideration in locating BPMs and we cannot
choose a BPM which can represent the beam position at
the sextupole and accordingly there is no pairing between
sextupoles and BPMs. Sencondly, the sextupole offset effects
are not not straight-forward by including non-linear, as well
as coupling, are also their strengths can be too weak to
measure.
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And, finally, most serious complication involved for
NSLS-II storage ring is that sextupoles are powered not
individually but in family and that means when we want to
measure the offset of a specific sextupole and change the
current, all offsets in the same family affect the measurement.
That means the position scanning at the specified sextupole
is not so useful. Once a sextupole has an offset, it will dis-
tort the closed orbit and optics around the ring. Because we
cannot control the beam position and the field strength at the
specified sextupole, identifying the individual effect should
be far more diffcult than measuring quadrupole BBA.

IN NSLS-II storage ring, we started sextupole offset mea-
surement with the feasibility study. Our method is based on
reconstruction of accurate model representing the machine.
Representing does not mean including all information but
regenerating all the measurement data for the analysis. One
advantege in measuring the sextupole BBA is that the beam
survives even one family is powered off. We measured the
beam properties with various field strengths and analyzed
them based on the model. As the first study, we chose the
simple family having only two elements. In this paper, we
introduce the process and the results are presented.

SEXTUPOLE OFFSET EFFECTS
In general, the multipole field 𝐵𝑥 and 𝐵𝑦 can be expressed

as the function of 𝑥 and 𝑦,

𝐵𝑦 + 𝑖𝐵𝑥 =
∞
∑
𝑛=0

(𝑏𝑛 + 𝑖𝑎𝑛) (𝑥 + 𝑖𝑦)𝑛

𝑛! . (1)

where 𝑏𝑛 and 𝑎𝑛 are representing the normal and skew com-
ponents of the field respectively. Usually, in beam physics
calculations, the new notations 𝐾𝑁𝑛 and 𝐾𝑆𝑛 are introduced
for the convenience which are 𝑏𝑛 and 𝑎𝑛 are normalized by
the beam momentum as

𝐾𝑁𝑛 = 𝑏𝑛
𝐵𝜌 𝐾𝑆𝑛 = 𝑎𝑛

𝐵𝜌 (2)

where 𝐵 and 𝜌 are nominal dipole field and curvature of the
ring.

According to the above equations the normal sextupole
field with offsets (𝑥0, 𝑦0) can be written as

𝐵𝑦 = 1
2𝑏2[(𝑥 − 𝑥0)2 − (𝑦 − 𝑦0)2]

= 1
2𝑏2(𝑥2 − 𝑦2) − 𝑏2(𝑥0𝑥 − 𝑦0𝑦) + 𝑏2

2 (𝑥2
0 − 𝑦2

0)

𝐵𝑥 = 𝑏2(𝑥 − 𝑥0)(𝑦 − 𝑦0)
= 𝑏2𝑥𝑦 − 𝑏2(𝑥0𝑦 − 𝑦0𝑥) + 𝑏2𝑥0𝑦0.

(3)

As can be seen in the above equation, horizontal offset 𝑥0
induces focusing effects in both planes while the vertical
offsets 𝑦0 make coupling. And they also make dipole com-
ponents which distort the closed orbit.
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MODEL RECONSTRUCTION
We scanned one sextupole family with two elements start-

ing from no power (0 ampere). Then we increased the power
step by step up to the upper limit of the power supply. The
step is unit integrated field, i.e., 𝐾𝑁2 × 𝐿 = 1 m2 where 𝐿 is
the length of the magnet. The field can be increased upto
9.0 m2 and measured the closed orbit and turn-by-turn data
at each step.

The tune and orbit variations for the scanning are shown
in Figs. 1 and 2. Figure 3 shows the measured Mais-Ripken
parameters 𝛽𝑋𝐼𝐼 and 𝛽𝑌𝐼.

Figure 1: Tune variations depending on the sextupole
strength.

Figure 2: Tune variations depending on the sextupole
strength.

To reconstruct lattice as the basic model, MAD-X [8] is
used with the measured data at no field. By manipulating
quadrupoles, skew quadrupoles in non-dispersive region,
we could regenerate phase advances and the Mais-Ripken
parameters [9] very accurately at the beam position monitors
(BPMs).

The differences of reconstructed phases and the measured
phases are shown in Fig. 4 We can see the deviations are
quite small compared to the NSLS-II horizontal and vertical
tunes which are 33.22/16.27. The peaks might show the
BPMs with issues.

Figure 3: Measured 𝛽𝑋𝐼𝐼 and 𝛽𝑌𝐼 depending on the sex-
tupole strength.

Figure 4: Phase deviations between reconstructed model
and the measurements.

MATCHING PROCESS
With the reconstructed lattice, we performed the match-

ing process using the MAD-X. The horizontal and vertical
sextupole offsets of the 2 sextupoles. The constraints are
obtained from orbits and turn-by-turn data measured at each
scanning step. The matching process are applied to find
the offsets satisfying the constraints with the reconstructed
model.

As mentioned, because the sextupole offsets disturb closed
orbit, focussing, as well as the coupling, it is desirable that
the constraints also reflect all these aspects. For focussing
and orbits, the measured values are included. For the cou-
pling parameters, the Mais-Ripken coupling parameters
𝛽𝑋𝐼𝐼 and 𝛽𝑌1 are considered to be a good choice. Unfor-
tunately, the parameters are measured with the operational
lattice, which is well tuned to minimize the coupling, and the
maximum values of measured 𝛽𝑋𝐼𝐼 and 𝛽𝑌1 are about 3 cm
and the agreements to the model values are not so good as lin-
ear parameters. Still at several positions they agree perfectly
and add the coupling constraints only at those positions.

RESULTS AND SUMMARY
The matching results are slightly different each other de-

pending on the given weights, and the typical ones are shown
in Fig. 5
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Figure 5: Expected sextupole offsets obtained from the
model matching.

The vertical offset measurement looks more reliable. The
large error bars in the lower field region can be expected
from the low signal to noise ratio. However, the variations
at the low and high field region look systematic. Especially
in the high field region, the horizontal offsets are showing
strong non-linear variations.

Even though the measurements are not giving clear num-
bers as in the quadrupole offset measurements, we could get
some ideas about sextupole offsets. Once these values are
verified and the method can be applied to other families, we
believe that we can improve the machine performance with
updated understandings of the system.
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