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Introduction

Following the 2020 update of the European Strateqy for Particle Physics, CERN, together
with international partners, launched the FCC Feasibility Study to address the feasibility of
A hadron collider with a center of mass energy of 100 TeV (FCC-hh)

with a highest-luminosity, energy frontier e*e~ collider as first stage (FCC-ee)

FCC-ee fills the need for a precision EW/Higgs factory

Design targets

« 75ab¥/IP
« S5abl/IP

« 25abIP
e 0.8abl/IP

» Other operation mode (direct H production)

under study
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https://europeanstrategy.cern/european-strategy-for-particle-physics
https://cds.cern.ch/record/2651299/files/CERN-ACC-2018-0057.pdf
https://ipac2022.vrws.de/talks/moplxgd1_talk.pdf
https://academic.oup.com/ptep/article/2013/3/03A011/1556583
https://accelconf.web.cern.ch/a01/PDF/WEAU01.pdf

Tentative Technical Timeline

If project approval before end of

We are here this decade
I FCC-ee start ~2045-2060 FCC-hh ~2070-2090

FCC-gg, 10 years FCC-hh,

1 N - N s BN ¢ EN © K
~15 i _ :

Geological investigations, infrastructure
detailed design and tendering preparation

FCC-ee dismantling, CE
& infrastructure
adaptations FCC-hh

Tunnel, site and technical
infrastructure construction

FCC-ee accelerator and detector

FCC-ee accelerator and detector R&D and technical
construction, installation, commissioning

design

Long model magnats, Higt+-feld magnat
Superconducting magnets R&D L industrialization and
prototypes, pre-series . .
series production

FCC-hh accelerator
FCC-ph accelerator and detector

and detector R&D

and technical design construction, installation, commissioning

M. Benedikt, FCC Feasibility Study overview



https://indico.cern.ch/event/1064327/contributions/4891236/attachments/2452588/4202862/FCC-Week-2022-Study-Overview_ap.pptx

Overview and design choices

« Double ring e*e™ collider with a circumference of 91 km | J

Azimuth = -10.2°

SSS5 = 1400 m Injection into collider

/ Beam dump

Technical site
PB

* Four experimental straights

PL LSS =2160 m

LSS =2160m
s

« Asymmetric layout around interaction points to My

limit SR towards detector e - 1588w, ooser
« Horizontal crossing angle of 30 mrad and 2

crab waist collision scheme ‘SEE;:‘:;:? 77777777 e +‘]

* Minimal changes of the layout between operation modes
and layout compatible with hadron collider 300 M RF

Tochnical ste Betatron &
PF momentum
collimation

s ~
LSS =2160 m LSS =2160 m
SSS = 1400 m

PG (Experiment site)

» Synchrotron radiation power limited to 50 MW/beam at all energies

» Full energy booster in the same tunnel to enable top-up injection



Parameters

Parameter [4 IPs, 91.1 km,T,.,=0.3 ms]

beam energy [GeV] 45 80 120 182.5
beam current [mA] 1280 135 26.7 5.0
number bunches/beam 10000 880 248 40
bunch intensity [10] 2.43 2.91 2.04 2.37

SR energy loss / turn [GeV] 0.0391 0.37 1.869 10.0
total RF voltage 400 / 800 MHz [GV] 0.120/0 1.0/0 2.08/0 25/8.8
long. damping time [turns] 1170 216 64.5 18.5
horizontal beta* [m] 0.1 0.2 0.3 1
vertical beta* [mm] 0.8 1 1 1.6
horizontal geometric emittance [nm] 0.71 2.17 0.64 1.49
vertical geom. emittance [pm] 1.42 4.34 1.29 2.98
horizontal rms IP spot size [um] 8 21 14 39
vertical rms IP spot size [nm] 34 66 36 69
beam-beam parameter &, / &, 0.004/0.159 | 0.011/0.111 0.0187/0.129 0.093/0.140
rms bunch length with SR/ BS [mm] 4.38/14.5 3.55/8.01 3.34/6.0 1.95/2.75
luminosity per IP [1034 cm-2s-1] 182 19.4 7.26 1.25
total integrated luminosity / year [ab-1/yr] 87 9.3 3.5 0.65
beam lifetime rad Bhabha + BS [min] 19 18 6 9 Reference



https://indico.cern.ch/event/1118299/contributions/4766789/attachments/2409541/4122785/Bx%2A10cm_Oide_220317.pdf

Evolution of tunnel layout

« Continued studies to optimize the placement of the ring

in the Geneva basin have concluded

on a new baseline tunnel layout

« Many factors to consider:
Geology, Infrastructure,
Access tunnels, Periodicity, ..

* For feasibility study, new tunnel baseline with
circumference of 91 km, 8 access shatfts,
and four-fold periodicity

» Detailed investigations of high-risk area foreseen

J. Gutleber. et al.



https://indico.cern.ch/event/1064327/contributions/4888577/attachments/2453951/4205560/FCC-2205292015-JGU_FCCWeek2022_Placement_Evolution.pdf

Arc cell optics Z
Il Quadrupole Il Dipole
« FODO cellis used in the arcs due to high packing factor = NAN AN
« Large momentum compaction at Z and W required _OSZ
for mitigation of collective instabilities £ s
and low ¢, for H and tt operation ) SR
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« In current lattice, variable cell length implemented
« For Zand W, cell length of ~100m rn
* Reduce cell length for H and tt to 50m by tt
installing quadrupoles in the gaps between dipoles o
- Tapering of magnets along the ring to compensate for sawtooth effect _XX00XOCXOOOCIONK
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Arcs cell design

« For testing and optimizing fabrication, integration, and transport,
a mock-up of an arc half-cell is in planning
* Including booster hardware on top of the collider
« See presentation by J. Bauche on Tuesday on Magnet design

Side view

0.15m0.89m
1.5m0.5m 74m 0.32m 74m 0.32m

Arc perspective view,
F. Valchkova-Georgieva

F. Carra et al.

7.94m

03m 03m 03m
* In the current design, all arc magnets are normal conducting
« To reduce power consumption,
option with nested SC quadrupoles
and sextupoles under consideration



https://indico.cern.ch/event/1064327/contributions/4888494/attachments/2454587/4207586/Arc%20Half-cell%20Mockup(2).pdf
https://indico.cern.ch/event/1118297/contributions/4743408/attachments/2397304/4099268/new_SSS_assy_2.pdf

Experimental IR

«  Common IR layout for all working points
« L* of 2.2 m and horizontal crossing angle of 30 mrad

« Weak bending of dipoles upstream of IP to keep 0 7T =TT “~
SR E_.;+ < 100 keV

« Detector solenoid with 2 T locally compensated by /f"/ \\1\
anti-solenoids Mo e e W me -

» Local chromaticity correction in vertical plane,
combined with crab sextupoles
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https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.19.111005
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Machine Detector Interface

« Complex integration of different elements (SC quadrupoles, LumiCal, shielding, diagnostics, ..)
« Mechanical integration, thermal analysis, and discussion on alignment strategy ongoing

Shielding Compensation Screening solenoid —
solenoid l =% —:_"‘,_-,.
ST
S “; A N
LumiCal <% = Qc1L3
(thanks to Mogens Dam) A

Figure 1: IR layout with 10 mm radius of the central pipe.

From arXiv:2105.09698
* SR background from last dipoles and quadrupoles upstream of IP and

location for SR collimators under study
« Beamstrahlung radiation to require a photon dump downstream of IP
« Studies on vibration tolerances ongoing

(see presentation by E. Montbarbon on Thursday)

Total Power [kW]

Mean Energy [MeV]

z 370 1.7 .
8c1 O
ww 236 7.2
ZH 147 22.9 o A. Ciarma, et al.
Top 77 62.3


https://arxiv.org/abs/2105.09698
https://indico.cern.ch/event/1064327/contributions/4887414/attachments/2454945/4207762/FCCWEEK2022_ciarma.pdf

(@)=l
RF insertions

- After preliminary survey of surface sites, ‘5'5*’-’ e
recommendation is to place RF in points H and L w (3::..
« To reduce the uncertainty on center-of-mass energy, *;

RF located in a single place for Z and W operation
* In tt operation, RF cavities distributed between points H and L

0.02

= 0.01

« At Z and W, separate RF for each beam —
* Beam crossing in the middle of the insertion F”“
« Common RF for H and tt operation modes O I Y
J. Keintzel
L ) a1 A 00
Z My it SRLE RN
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Collimation

« Stored beam energy in FCC-ee reaches 20.7 MJ,
similar to heavy ion operation in LHC
» A halo collimation system is being developed to protect
equipment (e.g. SC final focus quadrupoles)
from unavoidable loss
» One straight section to host both betatron and momentum collimation

(see presentation by A. Abramov on Wednesday)
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Top-up injection

» Top-up injection essential ingredient to maximize integrated luminosity

* Four feasible injection schemes have been identified

Injection Straight - PB (On-Momentum)
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Sextupoles and DA optimization L septum

Dynamic
Aperture
(150)

Injection beam from booster
(50)

* For on-momentum top-up injection,
a dynamic aperture of more than 150 is required
* For off-momentum injection, DA > 5¢ for chosen setting of A”/p
« Target for momentum acceptance based on beam lifetime
in the presence of large energy spread due to beamstrahlung
* For tt, requirement is §,cceptance > 2.8%, while for
Z, threshold 64¢ceptance > 1.3% —

« Chromaticity correction by families of non-interleaved sextupole pairs, m Oudupols  mm Dpole 1 Sexupol
with —I transform between sextupoles o —h —
= 100
XO00XCOOONNNN

« Al 75(Z)/ 146 (tt) sextupole pair used in o
dynamic aperture optimization
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Sextupoles and DA optimization

» Sufficient dynamic aperture and “ — I —= | I
momentum acceptance | N . I
is found 7 ’\/\ /\
« Tracking for 2 times |

long. damping time . \ s \\ o
45 turns (tt) / 2500 turns (2), . \ s,
including tapering & SR L — L \\ -

« Achievable performance tt - ]
in presence of misalignments ,
together with *g , [ ‘
different sextupole powering schemes °” h o A M
to be studied - | N \\

A - I gl
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Conclusions

« The European Strategy Update 2020 recommends feasibility study of
a 100 TeV centre-of-mass hadron collider with an electron-positron collider as first stage

* Profiting from many accelerator developments in the past decades,
the FCC-ee aims at e*e™ collision with unprecedented energies and record luminosity
« Sheer size and ambitious parameter set provide interesting challenges

* Next steps are to provide a consistent baseline design for the mid-term review in mid 2023
* lteration in time for the completion of the Feasibility Study Report in 2025

* Investigate alternative options with significant impact on cost or performance to define
required R&D and timeline



Thanks for your attention!



