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FCC-ee main parameters for Z configuration

LCC (Z mode)
456

Optics.
Beam energy  (GeV)

Circumference C (m) 90644.816
Arc-cel setup 5245
Momentum compaction factor a.. (1e-6) 95
Energy Loss per tum 177 (GeV) 0035
Beam Intensity \ (1e12particles) 2424
Bunch Intensity A, (1e1particles) 202
Number of Bunches 12000
Horizontal #-function at IP 5 (cm) 9
Vertical 3-function at IP 4; (mm) 07
Horizontal emitance <, (nm) 071
Vertical emittance , (non.colljcoll) (pm) | 1.77/2.37

Transverse tune Q./Q,

194.14/170.22
Chromaticity @,/ 1215

Harmonic number / at 400MHz 121200
Total RF voltage of 400 / 800 MHz (GV) 009
Synchrotron tune Q. 0031
Bunch length o-. (non.coll./coll.) (mm) 517167
Rel. mom. spread o, (non.coll/coll.) (1e-3) | 0.39/1.34
Longitudinal damping time = (turns) 1207
Crab-waist ratio (%) 55
Boam-beam parameter ¢.., (1e-3) 14,80
150

Luminosity £ (1e34~1%)

Table 1: Parameter table for the LCC lattice v105 at Z mode.

Future Circular Collider @
i 80-100km 0

Energy: ToV (pp)
5350 GeV (e'e)

Large Hadron Colhdev .
gremtarsnce: .
nergy: o on .
200GeV(ers) %

Tevatron (closed)
Circumference:  6.2km
Energy: 2TV

Necesshty of a highly fleible model to account for changes during
this development phase



O FCC-ee beam coupling impedance
of the collimation system




The collimator design is still volving = All

and analysis

new” LCC straight

P. Raimendi: LCC optics developments.pdt




Collimators with step taper

Proposed taper section design for the FCC-ee collimators

Jaw end (30mm from jawflat) — .. — .. — .. — . Features:
"+ Smallfts a 10 from jawsfor
| B
e
i ™™ Smpfted mechanical desin
; Tasbilty neodd narly onb
I direction
+ Mora robust RF fgers
i * Ennanced mechanatelabity
status:

10mm from jawflat — - — . — . — . —
1 i + Lengths adjustable; taper angle is

ot a limiting factor

Jawflat

Beam n n

End of jaw 30mm

The design allows the use of flexible elements in only 1 direction, offering improved conductance and

9
more robust sf \g around the edge of the jaw and simplifying mechanical design B




Criticality of the collimation system

Criticality of the collimation system = identified as one of the primary impedance sources in FCC-ee.

Challenging simulation regime:
+~ Combination of large beam pipe dimension (30 mm radius) and short bunch lengths (5:15 mm)
> : ° :
+ Very high number of mesh cells (~billions) in electromagnetic solvers  CST.

Beam coupling ions of the collimation system: ~ 1008 meshcells
+ Geometrical impedance
> Optimizing taper transitions
> Z, (f) increases with taper angle

+ Resistive wall impedance

> Optimizing material selection
2> 2.0« 1/J7
+ Impact of optics

> 7, (0 o« 1/gap®
2>7,(Hxp
27, (L

taper angle




Collimation optics: LCC v105

Collimator parameters from version 105 of the LCC collimation layout optics. It is important to highlight the contribution of the
vertical primary collimator tep.v.b1, which plays a critical role in the overall impedance of the collimation system.

Table below summarizes the main parameters of the primary and secondary collimators for the LCC optics v105:

Name Length (m)  gap/2 (mm) Material nsigma Bx (m) B, (m)

tephbt 025 57 MoGr 8 721.20 7425
topvb1 025 19 MoGr 50 252.20 72745 . ’
tes.h1.b1 03 50 Mo 95 395.33 517.07 Z,(f) Zzl(o([z_i)
tes.vlbl 03 25 Mo 65 169.49 724.37
tes.h2.b1 03 5.0 Mo 95 399.86 79.56 Z, () « 1/gap®
tes.v2b1 03 25 Mo 65 252.11 72300 2.0 < B
tep.hp.b1 0.25 88 MoGr 15 469.73 74147
tes.hp1.b1 03 85 Mo 18 32152 976.55
tes.hp2.b1 03 7.7 Mo 18 263.31 7968

top: primary. tcs: secondary, h: horizontal, v: verlical, dyoc, = 10°S/m, ay, = 18107 S/m



Collimation optics: LCC V105 i ronapimized cotimators geometry

TCP.V.B1 with higher electrical conductivity (o7cpy.s1 = 4 107 S/m )
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Collimation optics: LCC V105 i spimied cotimatrs seomety

imaries (TCP) and

secondaries (TCS) colli

TCP.V.B1 with higher electrical conductivity (o7cpy.s1 = 4 107 S/m ) only

Fesdback on, @y = +5

Unstable

4

Rels00a)

2330 5 a0 s a0 wa 200 )\

L ~Xsuite
7

Ao T am iR Im i sk a7,

Stable

suopeinwis young-alBuis

ators



Guidelines for design and material choices

Summary plots illustrating the intensity thresholds at which instabiliy arises for the LCC optics version 105, considering nominal materials and
varying only the electrical conductivity of the primary vertical collmator TCP.V.B1

The optimized geometry - reducing the taper angles for all vertical collimators and adopting a step-taper design - was used throughout the
analysis.
. Intensity threshold vs material conductivity (LCC optics v105)
--~ Bunch intensity
35 Ny VS Orce.v.01
30

Nominal materials: materials with

electrical conductivity of orcp = 10°S/m

for all primary and orcs = 1.8107 §/m for
all secondary collimators

2.02 %10 ppb
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Guidelines for design and material choices

Summeary plots illustrating the normalized intensity thresholds at which instabilty arises for the LCC optics version 105, considering nominal
materials and varying only the electrical conductivity of the primary vertical collimator TCP.V.

The optimized geometry - reducing the taper angles for all vertical collimators and adopting a step-taper design - was used throughout the
analysis.

intensity threshold vs material conductivity (LCC optics v105

Ny NGt
g

10° 10°
orcev.m (S/m)

107

Nominal materials: materials with

electrical conductiviy of orcp = 10°S/m

for all primary and orcs = 1.8107 §/m for
all secondary collimators




Guidelines for design and material choices

Summary plots illustrating the intensity thresholds at which instability arises for the LCC optics version 105, considering nominal collimators
lengths and varying only the length of the primary vertical collimator TCP.V.B1

The optimized geometry - reducing the taper angles for all vertical collimators and adopting a step-taper design - was used throughout the
analysis.
B Intensity threshold vs length TCPV.B1 (LCC optics v105)
--~ Bunch intensity
35 Ny V5 Lrce v 1
30
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collimators lengths and varying only the length of the primary vertical collimator TCP.V.
The
analysi

intensity threshold vs TCP.V.B1 length (LCC optics v105)
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Guidelines for design and material choices

ummary plots illustrating the normalized intensity thresholds at which instabilit arises for the LCC optics version 105, considering nominal

optimized geometry - reducing the taper angles for all vertical collimators and adopting a step-taper design - was used throughout the
is.

Nominal lengths:

Lrcp = 250 mm for all
primary and Lics = 300 mm for all
s

econdary collimators




O Conclusion and next steps




Conclusion and next steps

model for critical design decisions
The extremely short bunch length makes i and wakefield

A flexible and modular model has been developed to accommodate updates in optics, material choices, coating
thicknesses, geometries, and new machine elements.

+ The model enables i across different scenarios

« Available on GitHub: ImpedanCEl/fcc_ee IW_model. model of the Future Circular Collider (FCC)
o of the i of the collimation system is crucial for FCC-ee beam stability

« Impedance optimization strategies are currently under in ion with the colli team:

> Taper transition design.
> Material choice

> Favor materials with higher electrical conductivity.
> Collimators length

> Keep collimators lengths as small as possible.
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