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Abstract
SIRIUS is the Brazilian 4th generation synchrotron light

source. Currently, SIRIUS is in its Phase 1 stage of the
project [1, 2], with 14 beamlines proposed, some of which
are already used by external users. Recently, the SABIÁ
beamline underwent a transition where its commissioning
insertion device (ID) was replaced by the beamline’s titular
ID, an in-house developed DELTA undulator [3,4]. This de-
vice offers versatility in generating various polarizations of
light depending on the relative positions of the ID cassettes.
However, each permissible configuration engenders distinct
perturbations in beam dynamics, particularly affecting beam
orbit, optics, and equilibrium parameters. This paper re-
ports the impacts of the DELTA on beam dynamics and
outlines the correction strategies implemented to mitigate
these effects.

INTRODUCTION
As reported in a prior paper on the status of insertion

devices in SIRIUS [5], the SABIÁ beamline was commis-
sioned with a refurbished elliptically polarized undulator
(EPU50) from the former LNLS light source (UVX). This
undulator has since been replaced with a newly constructed
DELTA undulator (DELTA52), enabling the same polariza-
tions as the EPU50 while offering an expanded energy range.
A comparative analysis of the key parameters of these two
undulators is presented in Table 1.

Table 1: Comparison EPU50 - DELTA52

EPU50 DELTA52

𝜆[mm] 50 52.5
𝐿 [m] 2.7 1.2
𝑔min [mm] 22.0 13.6
𝐾max (LH/LV/C) 2.2/1.3/1.1 5.9/5.9/4.3
𝐸min [keV] (LH/LV/C) 0.5/0.9/1.0 0.1/0.1/0.2
𝐸max [keV] 1.6 1.6

Even though the DELTA52 undulator allows full polariza-
tion control, only four distinct light polarizations are required
by SABIÁ beamline: linear horizontal (LH), linear vertical
(LV), left-handed circular (C−), and right-handed circular
(C+). For this reason, the cassettes positions are restricted by
the Programmable Logic Controller (PLC) of the ID to move
only on the lines shown in Fig. 1. Additionally, the transi-
tion between polarizations can only be executed when the 𝐾
parameter is zero, defining another line of null polarization
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Figure 1: Configuration space of DELTA52.

(NP) in the parameter space, with zero transverse field com-
ponents. These position constraints are summarized in Fig.
1, where we can see the five possible lines where the ID is
allowed to move.

The DELTA52 was installed at the center of a low-𝛽
straight section of the storage ring, with 𝛽𝑥 = 1.49 m and
𝛽𝑦 = 1.43 m, thus it is not expected to introduce strong per-
turbations on beam dynamics in general. For the particular
effects on orbit and coupling, the ID has pairs of horizontal
and vertical corrector magnets (HCMs and VCMs) and skew
quadrupoles to be used in a feedforward (FF) system.

The effect of all possible configurations of DELTA52 on
SIRIUS storage ring has been characterized using simula-
tions and measurements. The results of these characteriza-
tions are detailed in the sections below.

EFFECTS ON ORBIT
To counteract the effects of the residual field integrals of

the ID on the storage ring orbit, two corrector coils posi-
tioned adjacent to the ID operate in a FF scheme at an update
rate of 10 Hz. The FF table was calculated to compensate for
the orbit distortions caused by each DELTA52 configuration.

The first step in calculating the FF table involved mea-
suring orbit distortions for several ID configurations (ap-
proximately 10 for each polarization line) with reference to
its homing position (𝐾 = 0, LH). Then, these distortions
were filtered using the slow orbit feedback system (SOFB)
response matrix (ORM) to compensate for orbit drifts due
to other sources during the acquisitions. This process is
accomplished by calculating the kicks of all SOFB correc-
tors that best fit the horizontal and vertical measured orbit
distortions, Δ®𝑟, then rebuilding them using only the SOFB
correctors surrounding the DELTA52. We can express this
process mathematically as:

Δ®𝑟f = 𝑀S𝑃𝑀
+
SΔ®𝑟, (1)



15th International Particle Accelerator Conference,Nashville, TN

JACoW Publishing

ISBN: 978-3-95450-247-9

ISSN: 2673-5490

doi: 10.18429/JACoW-IPAC2024-THPS18

MC7.T15 Undulators and Wigglers

3769

THPS: Thursday Poster Session: THPS

THPS18

Content from this work may be used under the terms of the CC BY 4.0 licence (© 2024). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.



0 5 10 15 20 25
0

20

40

LH

0 5 10 15 20 25

LV

0 5 10 15 20 25
K param. [mm]

0

20

40

Or
b.

 d
ist

or
tio

n 
[

m
] C

0 5 10 15 20 25
K param. [mm]

C+

25 20 15 10 5 0 5 10 15
Pol. param [mm]

0

20

40

Pol. transition (NP)
Horizontal - FF off
Vertical - FF off

Horizontal - FF on
Vertical - FF on

Figure 2: Effects of DELTA52 on orbit and residue of FF
correction for all DELTA52 configurations.

where 𝑀S ∈ R320×281 is the SOFB ORM and 𝑀+
S its pseudo-

inverse, 𝑃 ∈ R281×281 is a projection matrix that selects only
the closest upstream and downstream horizontal and vertical
correctors (in our case it was 8 correctors in total), 320 is the
number of readouts of the 160 BPMs and 281 corresponds
to all SOFB actuators, 120 HCMs, 160 VCMs plus the RF
frequency, and Δ®𝑟f is the filtered orbit distortion, containing
mainly the variation induced by the new ID position. These
filtered distortions can be corrected using the FF CMs of
the ID. The Jacobian of the FF correctors was calculated
using the storage ring computer model, while SOFB’s ORM
is the one routinely measured. The final stage involved in-
terpolating the kicks for all 5 polarization lines to ensure a
smooth transition between adjacent measured configurations
and continuity at the intersection of the lines. The employed
solution was to create four 2D Gaussian process models [6]
on the space depicted in Fig. 1, one for each FF CM strength.
This model was finely sampled on each polarization line
to create enlarged FF tables that were uploaded to the FF
controller, where linear interpolation is used to define the
corrector’s strength at runtime.

Figure 2 illustrates the r.m.s of orbit distortions across all
beam position monitors (BPMs) for various ID configura-
tions with (dashed lines) and without (solid lines) the orbit
FF acting. With FF-on, the orbit residue is less than 2 𝜇m.

In addition to statically characterizing orbit distortion and
residual effects from FF compensation, the dynamic impact
of device motion was assessed. An example of significant
orbit distortion occurs for circular polarization with negative
𝐾 parameter variations ranging from 0 mm to 13.125 mm,
moving at a maximum speed of 1 mm/s. Figure 3 displays
the r.m.s of the orbit distortion across all BPMs. The figure
illustrates that FF compensation also effectively mitigates
dynamic distortions from ID movement.

EFFECTS ON OPTICS
The effect of DELTA52 on the linear optics was also

measured despite being very small. The betatron tune shifts
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Figure 3: Effects of ID movimentation on orbit and FF com-
pensation. The plot shows the r.m.s of the orbit distortion
across all BPMs.
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Figure 4: Effects of DELTA52 on tunes with and without
FF.

as a function of the device configuration can be seen in Fig.
4, where it is observed a tune shift of only 0.0012 in the
worst-case.

Two methods have been employed to compensate for the
impact on linear optics. The initial approach involves mea-
suring the SOFB ORM for each DELTA52 configuration
and subsequently minimizing the square of the difference
between them and the matrix measured at the homing po-
sition, by adjusting the lattice quadrupole triplets located
immediately upstream and downstream of the ID’s straight
section. Here, each matrix measurement took about 3 min
thanks to the use of the fast ORM measurement algorithm
described in [7]. This method proved ineffective due to the
small perturbation of the ID on optics, as the matrix mea-
surements do not have enough sensibility to capture these
effects.

The other approach only corrects the tune shifts by ad-
justing the same quadrupoles from the previous method.
In this approach, the Jacobian describing the influence of
quadrupole strengths on the tunes was measured. As the
quadrupoles are adjusted symmetrically, this Jacobian forms
a 2×3 matrix. The efficacy of this correction method is illus-
trated in Fig. 4, indicating that the tune shifts were reduced
to a variation range of less than 0.0004. This was achieved
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Figure 5: Effects of DELTA52 on coupling with and without
FF. The minimum tune separation was estimated by fitted
models.

with very small adjustments of quadrupole strengths, be-
low 0.07 %.

The impact of DELTA52 on coupling was also charac-
terized and corrected. This correction method mirrored the
initial approach tested for uncoupled optics. However, in this
case, the objective was to minimize differences in the off-
diagonal terms of the ORMs. This was achieved by adjusting
the strength of the FF skew quadrupoles. For a non-invasive
coupling estimation, the measured ORMs were utilized as
inputs for the LOCO algorithm [8] to calibrate the storage
ring model. Subsequently, employing this model, the figure
of merit used to estimate the coupling was the minimum
tune separation. Figure 5 illustrates the difference in cou-
pling with and without the actuation of skew quadrupoles
FF. It’s evident that FF implementation mitigates coupling
variation across the 𝐾 parameters. Similar to the FF for orbit
corrections, a Gaussian model was employed to interpolate
skew strengths for all possible configurations.

DYNAMIC APERTURE
Following the DELTA52 installation, no impact was noted

on the off-axis injection efficiency. This confirmed the expec-
tation from tracking simulations on machines with random
errors. These simulations were executed using Trackcpp [9],
where the measured ID fields were modeled as kickmaps.
Dynamic aperture (DA) calculations were performed for
each ID configuration across 20 machines with random er-
rors. The results of these calculations are shown in Fig. 6.
In this figure, the solid lines represent the average DA for
each ID configuration or bare machine, while the dashed
lines represent the average DA +/− the r.m.s.

EQUILIBRIUM PARAMETERS
The influence on beam emittance and energy spread re-

sulting from the inclusion of the ID was calculated using
analytical expressions derived from synchrotron radiation
integrals [10] and has not been yet characterized in the ma-
chine. Figure 7 shows the effect of all SIRIUS current IDs
on the equilibrium parameters. In this calculation, it was
assumed that all IDs were set to their maximum field config-
uration.
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Figure 6: Impact of DELTA52 on dynamic aperture: Solid
lines depict the average DA across the 20 machines, whereas
dashed lines illustrate the average DA +/− the r.m.s.
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Figure 7: Effects of SIRIUS IDs on equilibrium parameters.
Calculations were made using analytical expressions from
radiation integrals.

The impact of DELTA52 on emittance is small, here it
is worth remembering that the ID was placed in a straight
section, where there is zero dispersion, which contributes to
the reduction in emittance. Also, the DELTA52 introduces
almost no effect on energy spread.

CONCLUSIONS
The results presented in this study indicate that the effects

of the DELTA52 (installed in the SIRIUS low-𝛽 straight
section) are not prejudicial to the beam dynamics. Orbit
distortions can be effectively corrected using the local FF
system. Tunes are minimally affected, and thus, a FF correc-
tion is not a priority with the presently installed IDs. Never-
theless, employing a system using adjacent quadrupoles was
demonstrated to reduce tune shifts by a factor of 3. Addi-
tionally, coupling correction using local skew quadrupoles
has been shown to be effective. As for nonlinear effects, it
was demonstrated that the dynamic aperture did not dete-
riorate, as evidenced by sustained good off-axis injection
efficiency post-ID installation. Finally, it was also shown by
simulation methods that this new ID has a small impact on
the equilibrium parameters.
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