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Abstract

The Future Circular electron-positron Collider (FCC-ee),
with a circumference of approximately 91 km, is being
rapidly developed by CERN and its collaborators. Two
collider-ring optics proposals have been developed in parallel
over recent years. Each proposal features its own strengths
and challenges. The Global Hybrid Correction optics (GHC)
came first with a ring-distributed correction of the horizontal
chromaticity generated in the Interaction Regions (IRs), us-
ing many sextupole pairs. A local conventional chromaticity
correction section is used in the IR for the vertical plane. The
more recent Local Chromaticity Correction (LCC) scheme
proposal uses both vertical and horizontal chromatic cor-
rection sections in the IRs and keeps a modular design. A
comparison process was carried out between late 2025 and
early 2026 to prepare for the review process of the FCC-ee
baseline magnetic lattice and optics in view of the Technical
Design Report. This contribution presents the comparison
process of these two optics designs from the perspective of
beam dynamics and performance.

INTRODUCTION

Following the recommendation of the European Strategy
for Particle Physics (ESPP) in 2013 [1], CERN has launched
the conceptual design phase for Future Circular Colliders
(FCC) for an electron-positron (FCC-ee) or a hadron-hadron
(FCC-hh) synchrotron storage ring at the luminosity and en-
ergy frontiers with a circumference of approximately 100 km
for the post High Luminosity Large Hadron Collider (HL-
LHC) era [2]. Four conceptual design reports (CDRs) have
been published in 2019, which also formed the basis for the
input to the following ESPP Update (ESPPU) [3-6].

In 2020 the ESPPU recommended, among others, a fu-
ture hadron collider at CERN with a centre-of-mass energy
of 100 TeV with an electro-weak and Higgs-factory as a
possible first stage [7]. The so-called integrated FCC pro-
gram foresees first the construction of the tunnel, associated
infrastructures, and the FCC-ee with about 20 years of oper-
ation, followed by the FCC-hh, which would provide high
energy physics research until the end of the 215 century. The
FCC Feasibility Study (FS) has been launched in 2021 to
investigate in detail the technical, geological and financial
feasibility of the FCC-ee, and concluded in 2025 with the
FS report (FSR) in three public volumes, which have been
submitted to the ESPPU in 2025 [8-10].

Including various input of the community, e.g. [11-13],
in early 2026 the recommendations have been published,
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with the HL-LHC and the FCC-ee as the, respectively, first
and second highest priority for the European community of
particle physics [14]. The FCC is currently entering the next
phase of the project, the so-called Reference Design Phase,
allowing for a possible Council decision in 2028, followed by
a Technical Design Report (TDR)-phase currently foreseen
to be finished by 2033.

For any present or future collider the accelerator lattice
and optics forms the basis for numerous studies and technical
designs and must, hence, be designed carefully. The Global
Hybrid Correction (GHC) [15] optics has been designed
and optimised over more than a decade and represents the
baseline presented in the FSR. Over the past three years,
the Local Chromaticity Correction (LCC) optics has been
developed and investigated in parallel.

To ensure a coherent and cost-effective path towards the
TDR a baseline choice between GHC or LCC design must
be taken with a first attempt in early 2025 [17]. Therefore,
between end of 2025 and beginning of 2026 a detailed com-
parison between both optics has been performed and sum-
marized in a report. This contribution discusses the path
towards the new baseline and focuses on lattice, optics, pa-
rameters and performance reach. Technical aspects such as
considerations from magnets, power converters, availabil-
ity, vacuum, or beam instrumentation are not covered, yet
further details are provided in the full document [18]. Re-
sults described here focus largely on the lowest beam energy
of 45.6 GeV per beam corresponding to physics around the
Z-pole. Furthermore, first insights on the highest energy of
182.5 GeV, are presented in a separate section.

COMMON OVERALL LAYOUT

Despite several key differences between the GHC and
the LCC lattice, both designs respect certain key layout and
design principles. The FCC-ee features four experimental
Interaction Regions (IRs) and four Long Straight Sections
(LSSs). The high energy booster is installed on top of the
collider rings, allowing for top-up injection at the collision
beam energy. Experimental IRs and LSSs are, respectively,
1400 m and 2032 m long. The LSSs host collimation, RF-
cavities for either the FCC-ee or the HEB, injection and
extraction, as shown in Fig. 1.

* The overall machine geometry is preserved.

* A circumference is defined by detailed placement and
is about 90.6 km.

* Four baseline beam energy stages are considered,
namely, 45.6, 80, 120 and 182.5 GeV, corresponding
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Figure 1: Schematic view of the FCC-ee lattice, with the
high energy booster on top of the collider.

to physics at the Z-pole, the W-pair-production, the
ZH-peak and above the ¢7-threshold.

» The Synchrotron Radiation (SR) power is limited to
a maximum of 50 MW per beam. Since SR losses in-
crease with the fourth power of the beam energy, the
beam currents differ by almost three orders of magni-
tude between the highest and lowest operational ener-
gies, such that severe intensity related effects render
the machine design even more difficult for operation
around the Z-threshold.

* In all experimental interaction regions, the beams col-
lide with a crossing angle of 30 mrad, approaching from
the inside outward and exchange aperture in all LSSs.

* Weak bending dipoles are installed upstream of the
interaction points to limit the critical energy of SR
photons to approximately 100keV.

* The damping partition numbers are J,,, . = (1,1,2).

GHC AND LCC DESCRIPTION

Despite several common considerations, GHC and LCC
feature fundamentally different design strategies, which are
recalled here. More details can be found in [17].

The GHC optics [15] is based on a hybrid correction
scheme. This combines a global correction of the horizontal
chromaticity distributed along the arcs with local correction
sections in the IRs for the vertical plane, combined with the
crab-waist transformation, as shown in top Fig. 2. The LSSs
are identical to ensure a four-fold super-periodicity. The
arcs are based on a FODO structure with a large number of
non-interleaved sextupole pairs. The GHC optics benefits
from extensive optimisation over more than a decade.

In contrast, the LCC optics [16] implements fully local
chromaticity correction in both transverse planes within dedi-
cated sections in the IRs and dedicated crab-waist sextupoles,
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as shown in bottom Fig. 2. The arcs are based on the Hybrid
Focusing Defocusing (HFD) lattice, designed in a modular
way, with nested sextupole families to minimise higher-order
optics aberrations. The LSSs rely on transparency conditions
for each insertion, allowing increased flexibility in lattice
design and integration. The current design of the LCC has
the IPs shifted outside by approximately 7 m with respect to
the GHC.

PROCESS OF COMPARISON AND
DECISIONS TAKEN

The comparison between the GHC and LCC optics has
been performed as a collaborative exercise within the FCC-
ee study, involving multiple working groups covering beam
dynamics, lattice design, and accelerator subsystems, up to
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Figure 2: FCC-ee Experimental IR optics at Z operation
for GHC (top) and LCC (bottom) optics. Horizontal and
vertical B-functions are shown in, respectively, blue and red.
Dipoles, quadrupoles and sextupoles are shown, respectively,
in blue, red and green. Focusing and defocusing elements,
respectively, are shown above and below the horizontal axis.
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Table 1: Parameter Table For The GHC And LCC Lattices At Z And 17 Mode

Optics GHC LCC

Mode Z tt Z tt
Beam energy E (GeV) 45.6 182.5 45.6 182.5
Circumference C (m) 90658.525 90644.816

Arc-cell setup 90°/90° long 90°/90° short 52°/45° 99°/77°
Mom. comp. factor a,. (1 x 1075) 28.5 7.3 28.6 9.5
Energy Loss per turn W, (GeV) 0.039 10.01 0.035 9.01
Beam Intensity N (1 x 10'2 particles) 2400 9.405 2424 9.435
Bunch Intensity N,, (1 x 10!! particles) 2.02 1.85 2.02 2.20
Number of Bunches 12000 51 12000 43
Horizontal g-function at IP g% (cm) 9 90 9 90
Vertical B-function at IP 87 (mm) 0.7 14 0.7 1.4
Horizontal emit. ¢, (nm) 0.74 1.74 0.70 2.10
Target vert. emit. in collision &, (pm) 1.48 1.75 1.40 2.11
Transverse tune Q, /0, 214.16 /21420 394.19/390.27 | 194.16/170.20 346.19/262.27
Chromaticity Q/Q;, 12/5 0/0 12/5 0/0
Harmonic number 4 at 400 MHz 121200 121200

Total RF voltage of 400 / 800 MHz (GV) 0.09 2.1/89 0.09 2.0/8.1
Synchrotron tune Q; 0.031 0.086 0.031 0.111
RF momentum acceptance (%) 1 2 1 2
Bunch length o (non coll./coll.) (mm) 54/16.3 1.9/2.7 5.1/16.7 1.9/2.8
Rel. mom. spr. ¢, (non coll./coll.) (1073) 0.40/1.29 1.58/2.21 0.39/1.34 1.52/2.33
Longitudinal damping time 7, (turns) 1159 18 1297 20
Crab-waist ratio (%) 55 40 55 40
Beam-beam parameter &,/¢, (1073) 1.5/80 61.2/108.9 1.4/790 67.1/120
Luminosity % (1 x 1034571 /cm?) 151 1.54 150 1.45

and including operational aspects such as the capacity to
switch between energy points for agile physics data taking.

From the beam dynamics perspective, the comparison
has been based on a set of common performance indicators,
including luminosity reach, dynamic aperture (DA), mo-
mentum acceptance (MA), or beam lifetime, as discussed
in detail below. These quantities have been evaluated by
simulations studies assuming as far as possible comparable
boundary conditions. Given the different levels of maturity
at the stage of comparison between the GHC and the LCC
optics, the evaluation has combined quantitative simulation
results with expert judgement where complete data were not
yet available. Complementary progress on optics tuning or
energy calibration are presented in [19,20].

Furthermore, to allow an as transparent as possible com-
parison several decisions have been taken to define common
parameters described in the following. SR power was fixed
to a maximum of 50 MW per beam. This set the beam cur-
rents available for tne GHC optics. For the comparison, it
has further been decided to assume the same beam currents
for GHC and LCC to be on par for most beam dynamics ef-
fects. But, due to lower SR losses in the LCC lattice, the SR
power is also slightly lower for a given beam current. This
could be factored as an operational saving for the project
or as an operational margin to increase the luminosity for
the LCC optics. Another assumption underlying the designs
are that Twiss B-functions at the IPs g* of around 1 mm
(from 0.7 mm at Z to 1.4 mm at ¢f) and maximum vertical
beam-beam tune shifts around 0.1 (ranging from about 0.09
at Z to 0.12 at ¢f operation) per IP are feasible. Assuming
that the bunch spacing is limited by electron instabilities, at

Z a maximum of 12000 bunches is assumed, which imposes
a lower boundary on the bunch population.

The comparison of the optics was written up in a report
prepared as a collection of independently written chapters,
but with common assumptions. The report was evaluated by
an external review panel composed of eight accelerator and
large facility experts from diverse laboratories in Europe,
North America, Japan and China. The Panel gave its rec-
ommendation to choose the LCC optics as the new baseline
optics for the study. The Study management has endorsed
this recommendation, along with the recommendations for
clarifications and further studies issued by the Panel.

PARAMETERS AND PERFORMANCE

Many considerations to determine the main machine pa-
rameters are driven by studies on beam-beam interactions.
Colliding long bunches with the so-called nano-beam col-
lision scheme and very large Piwinski angles is mandatory
for low energy operation in order to identify scenarios com-
patible with the foreseen intensities. Both designs, hence,
incorporate the crab-waist collision scheme with strong crab-
sextupoles (n+ % )ar,n € N vertical phase advance upstream
from the IP for both beams.

Equilibrium horizontal emittances increase significantly
with the beam energy for given lattice, and hence, differ-
ent phase advances are foreseen at low and high energies.
Furthermore, at low energies the lower phase advance leads
to lower tunes and a larger momentum compaction factor,
which improves beam stability. At the start of the optimi-
sation of the vertical emittance, it is assumed to be a factor
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Figure 3: DA for Z mode for GHC (left) and LCC (right) with SR, QF and beam-beam.
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Figure 4: MA for Z mode for GHC (left) and LCC (right) with SR, QF and beam-beam.

1000 lower then the horizontal one. Based on this, the verti-
cal emittance is increased further by beam-beam interactions,
which is important to achieve bunch line densities and, in
turn, bunch intensities such that the maximum available
intensity can be exploited.

Q, is set close above the integer resonance between its
synchrotron sidebands (X-Z instability). Q, is set above O,
with minimal separation to keep detrimental effects from
coupling under control yet ensuring a large tune space for
the beam-beam footprint below the half integer. At Z-energy,
studies for GHC use a RF voltage of 90 MV to minimize
transient beam loading, while also ensuring a small spin
modulation index. For comparison the same value is used
for the LCC. Luminosity is estimated with Xsuite [21] us-
ing a single IP set-up with the soft Gaussian strong-strong
beam-beam model including beamstrahlung together with
an effective representation of the lattice based on transfer ma-
trices between the IP and thin crab-sextupoles. The resulting
parameters used for comparison are given in Table 1.

DA, MA, and beam lifetime are computed using 6D track-
ing simulations with SR and Quantum Fluctuations (QF),
studied with beam—beam interactions and Beamstrahlung
effects. Results are averaged over multiple seeds to mitigate
stochastic fluctuations. At Z-energy, the LCC optics exhibits
a significantly larger DA compared to the GHC, indicating

improved robustness for injection and beam stability. The
MA is also slightly enhanced in the LCC configuration, al-
though the difference between the two optics remains modest.
Comparison plots are shown in Figs. 3 and 4. More informa-
tion on DA and MA with errors is reported in [20]. Beam
lifetime studies, using 10 000 turns, equivalent to 3 s, corre-
sponding to the time interval between consecutive top-up
injections, both lattices show excellent results.

Operational flexibility in the presence of beam—beam
kicks plays a central role in determining achievable lumi-
nosity and beam lifetime. At Z-energy, both optics provide
comparable horizontal emittance preservation, while differ-
ences arise in the available tune space and vertical emittance
blow-up. The LCC optics exhibits a larger region of stable
tune space with acceptable lifetime, indicating increased
operational flexibility.

Delivering the design performance for lattices with mis-
alignments and field errors is one of the major challenges
for the FCC-ee [22-25]. Parallel BBA for 20 quadrupoles
shows an rms accuracy below 10 pm for both, with, however,
significant outliers in the GHC, partially stemming of 90°
arc phase advance. Linear optics tuning studies with incom-
plete error sets achieve similar performance, with, however,
clearly reduced MA in presence of beam-beam, indicating
the need for non-linear corrections.
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STATUS OF ¢t OPTICS

The performance at ¢7 energy currently remains a critical
point for both optics, since the GHC and the LCC optics
exhibit poor beam lifetime at nominal &, > 0.12 per IP. We
note, that, in addition the Z-mode, only ¢7 is assessed in more
detail and other energy points are currently not discussed
here. Therefore, the limitations discussed below may also
be relevant for operation at the ZH energy, which, however,
remains to be investigated.

For the GHC optics, the main challenge arises from the
loss of the ideal four-fold super-periodicity, since at this en-
ergy, a dedicated RF straight section hosting the 400 MHz
and 800 MHz RF systems is required, with optics and beam
trajectory differing from the other technical insertions, which
leads to a significant degradation of performance with beam-
beam. In particular, the tune footprint crosses several reso-
nance lines in tune space, including the 0, =n/ 4 resonances.
In order to recover a beam lifetime on the scale of 1000,
the bunch intensity and the vertical beam-beam parame-
ter must be reduced, which lowers the luminosity to about
0.9 x 103* cm™2s7! in a realistic configuration (—40 %).

In contrast to the GHC optics, the LCC is not based on
a strict super-periodicity. The LCC optics has exhibited an
even more significant loss of lifetime, for nominal parameters
reported in Table 1. This reduction is likely linked to the
larger transverse emittances.

Several mitigation strategies have been explored. For
the GHC optics, two possibilities are identified. The beam-
beam parameter could be reduced by reducing the bunch
population, which, however, lowers the luminosity by about
25-40 %. Alternatively, an additional dummy RF section,
located on the opposite site of the actual RF section, to re-
cover an approximate two-fold super-periodicity, allowing a
luminosity of 1.1 x 103* cm=2s~! with a vertical beam-beam
parameter of 0.1 and sufficient lifetime. For the LCC optics,
detailed investigations are still ongoing. Nevertheless, a re-
duction of the beam-beam parameter by about 25 % restores
an acceptable lifetime in the present configuration, which,
however, also leads to a comparable luminosity drop. In
parallel, reducing the emittance appears to enhance beam
lifetime. Current investigations and efforts are targeted to-
wards the potential decrease of the emittance.

CONCLUSION

A detailed comparison between the GHC and the LCC
optics have been carried out, evaluated by an independent
and international review panel. Based on this assessment
the LCC is recommended as the preferred baseline option.

The recommendation is based on several key features
of the LCC design including its modular design approach,
larger improved DA and MA for the ideal lattices, enhanced
flexibility in insertion design, fewer number of sextupole
circuits in the arcs and reduced SR thanks to a higher dipole
filling factor. Nevertheless, several advantages of the GHC
optics have been identified, such as a simpler interaction
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region lattice with only local vertical chromaticity correction
scheme and fewer magnets.

OUTLOOK AND STEPS FOR THE
REFERENCE DESIGN PHASE

Following the recommendation of the independent review
panel and the subsequent decision to adopt the LCC as the
new baseline optics, the FCC-ee project is entering the Ref-
erence Design Phase in preparation for the TDR.

In the immediate short term, the priorities are to make the
LCC optics available at all four energy points, to provide con-
solidated tables of reference beam and machine parameters
and to address the specific studies identified by the review
panel. These include a deeper understanding of simulation
results in the presence of realistic errors, updated DA and
MA studies after optics tuning including magnet manufac-
turing errors. Further short-term tasks include extending
polarization and energy calibration studies beyond the Z
energy, evaluating the impact of the shorter sextupole mag-
netic lengths in the LCC lattice on corrector performance
and investigating effects observed in simulations such as the
unexpectedly large vertical emittance growth in the LCC
optics after tuning.

Through the end of 2026, the scope expands to cover both
beam dynamics studies and the technical consolidation of
the LCC design. On the beam dynamics side, the longer-
term panel recommendations are to be addressed, covering
commissioning simulations, beam lifetime and luminosity
performance at all collision energies including 7, integrated
simulations of beam-beam and collective effects, top-up
injection and a determination of the achievable peak lumi-
nosity at each energy point. On the technical side, a layout
compatible with civil engineering requirements is to be es-
tablished, covering the experimental and technical insertions,
arc design and compatibility with the future FCC-hh. This
includes the design of the collimation, RF, injection and
dump insertions. This period also targets the consolidation
of the magnet catalog, the optimization of magnetic circuits,
power converter class requirements and the definition of cor-
rector hardware, solenoid compensation strategy and many
other aspects to be finalized into a coherent and integrated
design.

Looking further ahead into the Reference Design Phase,
the objective is a fully consolidated optics design supported
by a complete and realistic set of beam dynamics simula-
tions. These simulations will define the baseline operational
scenario, drive further optimizations to maximize perfor-
mance and integrated luminosity and provide the equipment
specifications. All of these aspects are key milestones to-
wards a possible CERN Council construction decision in
2028 and will act as the foundation of the TDR phase.

REFERENCES

[1] “European strategy for particle physics update 2013,
CERN Council, CERN, Geneva, Switzerland, 2013.
https://cds.cern.ch/record/1567258



| PAC 26 Prelimnary proceedings (edited version):

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

M. Benedikt, A. Blondel, P. Janot, M. Mangano and
F. Zimmermann, “Future circular colliders succeeding
the LHC”, Nat. Phys., vol. 16, pp. 402407, 2020.
doi:10.1038/s41567-020-0856-2

M. Benedikt et al., “FCC physics opportunities: Fu-
ture Circular Collider conceptual design report vol-
ume 17, Eur. Phys. J. C, vol. 79, p. 474, 2019.
doi:10.1140/epjc/s10052-019-6904-3

M. Benedikt et al., “FCC-ee: the lepton collider: Fu-
ture Circular Collider conceptual design report volume
2”, Eur. Phys. J. ST, vol. 228, pp. 261-623, 2019.
doi:10.1140/epjst/e2019-900045-4

M. Benedikt er al., “FCC-hh: the hadron collider: Fu-
ture Circular Collider conceptual design report volume
3”, Eur. Phys. J. ST, vol. 228, pp. 755-1107, 2019.
doi:10.1140/epjst/e2019-900087-0

F. Zimmermann et al., “Future Circular Collider study vol-
ume 4: the High-Energy LHC (HE-LHC) conceptual design
report”, Eur. Phys. J. ST, vol. 228, pp. 1109-1382, 2019.
doi:10.1140/epjst/e2019-900088-6

The European Strategy Group, “2020 update of the Euro-
pean strategy for particle physics”, Rep. No. CERN-ESU-013,
CERN, Geneva, Switzerland, 2020. doi:10.17181/ESU2020

M. Benedikt et al., “Future Circular Collider feasibility
study report volume 1: physics and experiments”, Tech. Rep.
CERN-FCC-PHYS-2025-0002, CERN, Geneva, Switzerland,
2025. doi:10.17181/CERN.9DKX . TDH9

M. Benedikt et al., “Future Circular Collider feasibility study
report volume 2: accelerators, technical infrastructure and
safety”, Tech. Rep. CERN-FCC-ACC-2025-0004, CERN,
Geneva, Switzerland, 2025. doi:10.17181/CERN.EBAY . 7W4X

M. Benedikt et al., “Future Circular Collider feasibility study
report volume 3: civil engineering, implementation and sus-
tainability”, Tech. Rep. CERN-FCC-ACC-2025-0003, CERN,
Geneva, Switzerland, 2025. doi:10.17181/CERN.I26X.VAVF

Physics Preparatory Group, “Physics briefing book: input for
the 2026 update of the European strategy for particle physics”,
Rep. No. CERN-ESU-2025-001, arXiv:2511.03883, 2025.
doi:10.17181/CERN.35CH. 202P

WG2a, “Report by ESG Working Group 2a: assessment of
large-scale accelerator projects at CERN”, Rep. No. CERN-
ESU-2025-005, 2025. doi:10.17181/CERN.6J0Q.CJIH

WG2b, “Report by ESG Working Group 2b: project compar-
ison — physics potential”’, Rep. No. CERN-ESU-2025-006,
2025:doi:10.17181/CERN.2PP1.RE84

(14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

[22]

(23]

(24]

[25]

VIEV1001

European Strategy Group, “The European strategy for par-
ticle physics: 2026 update — recommendations by the Euro-
pean Strategy Group”, Rep. No. CERN-ESU-2025-002, 2025.
do0i:10.17181/CERN.423R.S20Z

K. Oide et al, “Design of beam optics for
the future circular collider e*e~ collider”, Phys.
Rev. Accel. Beams, vol. 19, p. 111005, 2016.

doi:10.1103/PhysRevAccelBeams.19.111005

P. Raimondi, M. Hofer, S. Liuzzo, L. Farvacque and S. White,
“Local chromatic correction optics for Future Circular Col-
lider e*e™”, Phys. Rev. Accel. Beams, vol. 28, p. 021002, 2025.
doi:10.1103/PhysRevAccelBeams.28.021002

J. Keintzel, M. Benedikt, K. Oide, P. Raimondi, G. Roy,
R. Tomas and F. Zimmermann, “The status of the Future
Electron-Positron Circular Collider”, presented at eEEFACT
2025, Tsukuba, Japan, Mar. 2025, unpublished.

S. Kostoglou and G. Roy, Eds., “FCC-ee optics comparison
report”, CERN, Geneva, Switzerland, 2026, unpublished.

J. Keintzel et al., “FCC-ee energy calibration and polariza-
tion — towards the reference design”, presented at the 17th
International Particle Accelerator Conf. (IPAC’26), Deauville,
France, May 2026, paper MOP1018, this conference.

J. Keintzel et al., “FCC-ee optics tuning — towards the ref-
erence design”, presented at the 17th International Particle
Accelerator Conf. (IPAC’26), Deauville, France, May 2026,
paper MOP1039, this conference.

G. Iadarola er al., “Xsuite: an integrated beam physics sim-
ulation framework”, in Proc. 68th ICFA Advanced Beam
Dynamics Workshop on High-Intensity and High-Brightness
Hadron Beams (HB’23), Geneva, Switzerland, Oct. 2023,
paper TUA21. doi:10.18429/JACoW-HB2023-TUA2T 1

T. Charles et al., “Alignment & stability challenges for
FCC-ee”, EPJ Techniques Instrum., vol. 10, p. 8, 2023.
doi:10.1140/epjti/s40485-023-00096-3

J. Bauche et al., “Progress of the FCC-ee optics tuning
working group”, in Proc. 14th Int. Particle Accelerator
Conf. (IPAC’23), Venice, Italy, May 2023, pp. 3158-3161.
doi:10.18429/JACoW-IPAC2023-WEPL023

L. van Riesen-Haupt et al., “The status of the FCC-ee op-
tics tuning”, in Proc. 15th Int. Particle Accelerator Conf.
(IPAC’24), Nashville, TN, USA, May 2024, pp. 2449-2452.
doi:10.18429/JACoW-IPAC2024-WEPRO2

R. Tomas et al., “Optics tuning of the FCC-ee”, pre-
sented at the 16th International Particle Accelerator Conf.
(IPAC’25), Taipei, Taiwan, Jun. 2025, paper MOPMO009.
doi:10.18429/JACoW-IPAC2025-MOPMO09



