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Introduction

* The following slides were shown at the FMIC Strategic Technical Coordination (STC) meeting that took
place last week

* We were asked to present the top 10 highest priority deliverables of the collider & booster design
pillar, that are critical for a large number of teams or to civil engineering studies

* For each of the 10 items there is one slide showing a “high level” view of the task to be done (the aim was
not to have technical discussions, but to ensure that all ATS DHs are supporting the work to be performed
by the different teams)

e Of course there are several other high priority deliverables to be completed this year or next year, in
view of successfully preparing the Reference Design Phase report by end 2027 — we will go through
them in a future meeting
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Overview of highest priority deliverables until end 2026

ATS Area/ Topic Main Deliverable Tlmell_ne/ LS C_Eroups U Dependencies Main Risks / Drivers
Deadline Interfaces in general

RF frequency choice, harmonic
number & circumference

Solenoid compensation scheme

Collider arc layout
Collider & booster layout:
assignment of technical insertions

Booster layout: internal in
experiment caverns, outside in arcs

Impedance optimization, incl. el.-
stat separator and collimators

IR/MDI optics, FQ correction coils,
SR masking

Injector modes and filling scheme,
including electron cloud for Z

Collider and booster optics baseline
and layout

Top-up injection and bootstrapping

RF system baseline convergence Sep. 2026

Choice of IR compensation
concept

Collider arc optics baseline
Location of large technical
systems in technical insertions

1% iteration of adapting booster
survey to collider survey

Full element inventory and
complete impedance model

Integrated interaction region
baseline

Filling scheme baseline

Stable full collider optics and
parameter baseline

Injection baseline

Sep. 2026

Sep. 2026

Sep. 2026

Sep. 2026

Autumn 2026
and June 2027

End 2026

End 2026

End 2026

End 2026

SY-RF, Tl, EN, Injectors,
ABP

PED, BE-ABP, TE, MDI

BE-ABP, SY, EN, TE

BE-ABP, SY-ABT, SY-STI

CEA, BE-ABP, EN

BE-ABP, SY-RF, SY-ABT,
SY-BI, TE-VSC, SY-STI

BE-ABP, PED, TE

BE-ABP, SY-ABT, SY-RF,
PED

BE-ABP, SY-RF, EN

BE-ABP, SY-ABT

exact EU S-band (?!),
TRL,CE

Detector solenoid field,
MDI

CE

SY, CE, TE, EN

CE, EN

Beam parameters

Detector integration,
CE, MDI

Injectors and booster

MDI, CE

Injectors and booster

Global redesign

Layout changes

Design iterations

Design iterations

Design iterations

Performance impact

L* or crossing angle,
performance risk
Performance and
operational risk
Design iterations

Performance and
operational risk
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RF frequency choice, harmonic number & circumference

ATS Area/ Topic Main Deliverable Tlmell_ne/ I /A Qroups J Dependencies Main Risks / Drivers
Deadline Interfaces in general

RF frequency choice, harmonic SY-RF, Tl, EN, Injectors, exact EU S-band (?!),
number & circumference ABP TRL,CE

RF system baseline convergence Sep. 2026 Global redesign

e Assess impact of collider RF frequency change from

400 to 600 MHz on performance and beam dynamics Analytical evaluation of parameter space

* Devise consistent parameter set for all 4 operational 160
energies for 600 MHz RF, accounting for known )
constraints (e.g. larger vertical emittance) e

* Tracking simulations to compare beam lifetime in 120

400 MHz vs 600 MHz

x  Same beam
1001{ « vert. emit. 5 instead of 2.7 pm
x  Ap/p = 0.16 instead of 0.13%
801 = No lower voltage limit from RPO

400 500 600 700 800
RF frequency [MHZz]

* Impact on impedance and power loss

* Simulations of top-up injection — similar performance?

Luminosity [103*cm-2s-1]

e Assess if RF frequency and harmonic number can be
adjusted to have injector closer to exact EU S-band
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Solenoid compensation scheme

ATS Area/ Topic Main Deliverable Tlmell_ne/ I /A Qroups J Dependencies Main Risks / Drivers
Deadline Interfaces in general

Choice of IR compensation Detector solenoid field,
concept MDI

Solenoid compensation scheme Sep. 2026 PED, BE-ABP, TE, MDI Layout changes

e “Working hypothesis”: non-local scheme with 3 T solenoid

* Present status of beam dynamics studies § m_’_’\u/\ /g_f
* Solenoid compensation scheme implemented in Xsuite e P T v
* Emittance (¢, = ~0.1 pm) and polarization (P, = ~80%) OK e 1 ﬂ
from Twiss module - U U
* Next steps until September LOOOOD_W
* Tracking simulations to confirm emittance and polarization, & osossn-

0.99925 4
20 -15 -10 -5 0 5 0 15 20

and assess impact on DA & MA, including non-linear fields
and imperfections (and if available realistic field map)

0.025 4

. . . 0.000 i T4 N .
* If all checks OK, include non-local scheme (3 T) in LCC lattice e

repository and confirm as baseline choice TS T PSS SR S S S

spin x, z
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Collider arc layout

ATS Area/ Topic Main Deliverable VIS LEIT (S S7enps § Dependencies Main Risks / Drivers
Deadline Interfaces in general

Collider arc layout Collider arc optics baseline Sep. 2026 BE-ABP, SY, EN, TE Design iterations

* For context: 1%t iteration on reference layout of the collider ongoing
* Matching LCC IP locations to GHC references

* Homogenizing dipole families (and realistic lengths) / types in the IR and dispersion suppressor region

* Freeze the arc layout by September (strongly linked to ATDC)

* 2 versus 3 dipoles per half-cell (impact on synchrotron radiation absorbers, magnet supports, filling factor)

* Finalize positioning and length of BPMs and vertical dipole correctors in the arc cells

Water
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Collider & booster layout: assignment of technical insertions

ATS Area/ Topic Main Deliverable Tlmell_ne/ I /A Qroups J Dependencies Main Risks / Drivers
Deadline Interfaces in general

Collider & booster layout: Location of large technical
assignment of technical insertions  systems in technical insertions

Sep. 2026 BE-ABP, SY-ABT, SY-STI SY, CE, TE, EN Design iterations

* Assignment of technical insertions (impact on systems design, strong link to other pillars)

* Avoid high radiation environment for RF systems (co-existence with collimation, injection, dumps)

* Narrowed down to two options:

“Improved reference layout” “Option A”
PLIPE F°'f”@sr PBIP2 v' Lower layout complexity, == Polarimeter Pa1 P2 v' Booster RF: 8.63 GV / (-14 CMs), ~60 MCHF savings
s * pemea CE/Integration preferred "o i) * = v" Reduced Booster emittances
4 Injection and dumps in one ~ Betatron collimation with injection - radiation
location = simpler k protection measures (shielding), requires detailed
__ PDIP3 infrastructure (transport, A Polarimeter integration studies
Polarimeter-_- @ 3 - Momentum colimation ") . Momentum collimation (a*) 4 & Y .pe . . . .
h CIan maintenance, spares) downsisan of P ) Modifications in PB: move cryo, electrical/cooling
\ v Betatron collimation in systems, klystron galleries for Booster RF
X / i dedicated insertion PF ) PB has more difficult site access
PHIPE - PEIPS Booster RF: 10 GV /111 CMs ETTos i Modifications in PL: dump cavern and tunnel
Colder 7 PGPS Setan calivton Different energy ramps for PGIPS enlargement moved from PB to PL

) ' Split injections adds some overhead/duplication:
alcoves, spares, shielding, maintenance (add. cost)
FCC-hh RF would use PL klystron galleries

the two beams
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Booster layout: internal in experiment caverns, outside in arcs

ATS Area/ Topic Main Deliverable Tlmell_ne/ I /A (_3r0ups J Dependencies Main Risks / Drivers
Deadline Interfaces in general

Booster layout: internal in 1% iteration of adapting booster
experiment caverns, outside in arcs survey to collider survey

Sep. 2026 CEA, BE-ABP, EN CE, EN Design iterations

* Ongoing booster lattice iterations for adapting layout to LCC collider

* Implemented ballistic optics along 66 m in the experimental caverns (to avoid stray fields to detector)

* Aim for 12 m offset (on inside wall of small caverns) and circumference matched to collider — 1%t version
of adapted booster lattice available for iteration with integration to optimize tunnel / cavern geometries

Arcs — Current Status

Updates from feasibility study

+ Revised booster location

+ LCC optic:
* Quadropole magnets updates
« Support structure

+ Added survey pedestals

« Services (cable trays / pipe layout) are
being updated

=30

d_ds_start_straight_ipa kol straighl_start_ds_ipa

Unchanged from feasibility study
—401—L L. - - A% + Tunnel size held at 5.5m

—-1500 —1000 =500 0 500 1000 1500 Updated Arc cross-section + Overhead robot volume
X [m] «+ Transport volume
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Impedance optimization, incl. el.-stat separator and collimators

ATS Area/ Topic Main Deliverable Tlmell_ne/ I /A Qroups J Dependencies Main Risks / Drivers
Deadline Interfaces in general

Impedance optimization, incl. el.- Full element inventory and Autumn 2026 BE-ABP, SY-RF, SY-ABT, Beam parameters Performance impact
stat separator and collimators complete impedance model and June 2027 SY-BI, TE-VSC, SY-STI P P
* Impedance budget needs careful assessment
and optimization for power loss (especially Z-
mode) and for TMCI threshold Present impedance model (with kickers and collimators)
* Aim for complete element inventory by Total budget 5.0
autumn 2026 - input from equipment
RF Cavity 2.00

groups required and to be included in lattice
Beam pipe (RW)
* Goal to have complete impedance model by

June 2027, following optimization iterations
with corresponding equipment groups Available budget

Others

2 3 4 5
Power [MW]
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IR/MDI optics, FQ correction coils, SR masking

ATS Area/ Topic Main Deliverable Tlmell_ne/ I /A Qroups J Dependencies Main Risks / Drivers
Deadline Interfaces in general

IR/MDI optlcs, FQ correction coils, Integr_ated interaction region End 2026 BE-ABP, PED, TE Detector integration, L* or crossmg.angle,
SR masking baseline CE, MDI performance risk

» Several aspects to be addressed concerning

integral IR/MDI optics R T EUTEEE——— R

* Finalize solenoid compensation scheme including 104 ] —+— Beam core
correction coils on final quadrupole (FQ) magnets ‘e Beam core + halo ~ 5min lifetime
-4 3 |
* Issue of excessive synchrotron radiation g w0
background in detectors induced mainly by FQs = 107
(unacceptable for PED) to be addressed — possible n%: 10!
directions include optimization of SR masks o
positioning, optimization of FQ strengths, larger c 10°;
diameter of central beam pipe and redesign of IR E, 10-1] [Tl L
region — this is a hot topic for MDI - , LA
10-2 | | | ] & m. ;
-10 -5 0 5 10

Distance from [P [m]
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Injector modes and filling scheme, including electron cloud for Z

ATS Area/ Topic Main Deliverable Tlmell_ne/ I /A Qroups J Dependencies Main Risks / Drivers
Deadline Interfaces in general

G D10 Es S TG s, Filling scheme baseline End 2026 EIZ B, SR, SRR Injectors and booster
including electron cloud for Z PED

Performance and
operational risk

dipoles
:[Mu\tlpacting regime]

* Define baseline filling schemes for the different
operating points of the collider in parallel to the

1013,

T

DN 1
e ey . @ 1612 1 -10"ppb
definition of baseline beam parameters 2 ! e o
2 o s 0.50

. . g | ‘

* Includes accumulation in the booster (accounting for Sl 150
beam loading constraints) and synchronisation scheme g I 218
2100 | e 250

l

< I

* e-cloud effects in Z-mode

[y
(=]
©

1.0 12 14 16
SEY

* Ongoing efforts on refining simulation models accounting
for photoelectrons and investigations of possible
alternatives to 25 ns bunch spacing and special bootstrap -
scheme (e.g. micro trains)

Z pole 11200 bunches - 1 out of 40 trains  3e13

2500

2000

time (s)

1500

* In parallel efforts on TE-VSC side to minimize SEY and oo ||
number of photoelectrons e

0 S0 100 150 200 250 300
25 ns bunch slot
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Collider and booster optics baseline and layout

ATS Area/ Topic Main Deliverable Tlmell_ne/ LS Qroups U Dependencies Main Risks / Drivers
Deadline Interfaces in general

Collider and booster optics baseline Stable full collider optics and
and layout parameter baseline

End 2026 BE-ABP, SY-RF, EN MDI, CE Design iterations

* Big milestone!

e Consolidated lattices of both collider and booster
iterated with CE and technical systems

* Refined IRs, MDI and technical insertion optics

* Collider optics for both beams

* Booster lattice with optimized layout e6
oo®
* Consolidated beam parameters (booster and collider) \066"/
* Forall 4 energy modes xO

* Addressing known beam dynamics effects achieving baseline
luminosity values and suitable beam lifetime (from tracking
in ideal lattice)
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Top-up injection and bootstrapping scheme

ATS Area/ Topic Main Deliverable Tlmell_ne/ I /A Qroups J Dependencies Main Risks / Drivers
Deadline Interfaces in general

Performance and
operational risk

Top-up injection and bootstrapping Injection baseline End 2026 BE-ABP, SY-ABT Injectors and booster

 Studies of top-up injection performed in close collaboration
between SY-ABT and BE-ABP colleagues

* Up to 91% injection efficiency achieved with available LCC
lattices (without errors and imperfections) including 100 @ raicepopulaion
collimators

Intensity of injected beam in ideal LCC lattice

98

* Ongoing effort to understand loss mechanisms and optimize
injection scheme to improve injection efficiency (aiming for
~100% injection efficiency in ideal conditions to achieve o4 |
target of 80% with realistic imperfections)

92 4 ‘ ‘ ‘ I ﬁ

* Background to experiments and losses of circulating beam o 1 2 3 a4 5 8 7
during injection also being studied and to be considered for
optimization

96

1 [%]

o 416 832 1248 1664 2080 2496
turns
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Baseline changes

e Change of baseline optics from GHC to LCC

* Decision taken following positive results at FCC week

* Will be the pilot case for “FCC Record of Decision (RoD)” document in EDMS

* Upcoming baseline choices to be made
* Collider RF frequency (400 MHz versus 600 MHz)

* Assignment of large technical systems to insertions
* Solenoid compensation scheme

* Filling schemes (including e-cloud mitigation for Z-mode)


mailto:https://edms.cern.ch/ui/file/3466983/

