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CERN

Eurdpska organizicia pre jadrovy vyskum

e /alozena v roku 1954
= prvé naznaky od r. 1949

e Sidli v mestecku Meyrin, nedaleko 2enevy

e 23 plnych ¢lenov a 11 asociovanych
e Slovensko je ¢len od 1. jala 1993 (spolu s CR)

Fotografia pred zacatim prvych prac.
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CERN Accelerator Complex animation - QVERVIEW
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Precizne zmerany Standardny mode

Standard Model of Elementary Particles

three generations of matter interactions / force carriers
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Nové hadrony
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FCC

Navrh na urychlova¢ novej generacie

V stadiu skmania konceptov a technolégii

91-kilometrovy kruhovy podzemny tunel popod Francizsko a
Svajéiarsko

Priemerna hlbka 200 metrov s dsmimi povrchovymi lokalitami,
z toho Styri pre experimenty

/aciatok prevadzky sa ocakava v polovici 40. rokov
= Vyskumny program potrva viac ako 70 rokov
Dve fazy:
» FCC-ee | elektrén-pozitrénovy urychlovac:
poskytne bezprecedentn( presnost merani
s FCC-hh | protén-proténovy urychlovac:
novy objavitelsky potencial

/Zapojenych uz viac ako 150 institGtov z viac ako 30 krajin

zdroj: FCC Layout — Aerial View
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zdroj: FCC Week 2024 | F. Gianotti, FCC Poster

25


https://indico.cern.ch/event/1298458/contributions/5975648
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Parametre FCC-ee

Parameter Z tthar

beam energy [GeV] 45 80 120 182.5

beam current [mA] 1280 135 26.7 5.0

number bunches/beam 10000 880 248 36

bunch intensity [10""] 2.43 2.91 2.04 2.64

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 4.0/7.25 Currently assessing

long. damping time [turns] 1170 216 64.5 18.5 teChmcaI_ feaSIb"Ity_

horizontal beta* [m] 0.1 0.2 0.3 1 of Changmg Operatlon
sequence

vertical beta* [mm] 0.8 1 1 1.6 (e.g. starting at ZH energy)

horizontal geometric emittance [nm] 0.71 217 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

luminosity per IP [103¢ cm2s-1] 182 19.4 7.3 1.33

total integrated luminosity / year [ab-'/yr] 4 IPs 87 9.3 3.5 0.65

beam lifetime (rad Bhabha + BS+lattice) 8

X 10-50 improvements on all EW observables

4 years

5x1012Z
LEP x 10°

2 years

> 108 WW
LEP x 10*

6
3 years
2x10%H

S years

2 x 106 tt pairs

Up to 4 interaction points - robustness,

up to x 10 improvement on Higgs coupling (model-indep.) measurements over HL-LHC
x10 Belle Il statistics for b, c, T

indirect discovery potential up to ~ 70 TeV

direct discovery potential for feebly-interacting particles over 5-100 GeV mass range

statistics, possibility of specialised detectors
to maximise physics output

COoO00 O

zdroj: FCC Week 2024 | F. Gianotti
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Parametre FCC-hh

parameter

collision energy cms [TeV] 81-115 14

dipole field [T] 14 (Nb3Sn) - 20 (HTS) 8.33
circumference [km] 90.7 26.7

arc length [km] 76.9 22.5

beam current [A] 0.5 1.1 0.58
bunch intensity [101] 1 2.2 1.15
bunch spacing [ns] 25 25

svnchr. rad. power / ring [kW] 1020 - 4250 7.3 3.6
SR power / length [W/m/ap.] 13 -54 0.33 0.17
long. emit. damping time [h] 0.77 - 0.26 12.9

peak luminosity [1034 cm2s1] ~30 5 (lev.) 1
events/bunch crossing ~1000 132 27
stored energy/beam [GJ] 6.1-8.9 0.7 0.36
Integrated luminosity/main IP [fb] 20000 3000 300

Formidable challenges:

O high-field superconducting magnets: 14 -20 T

O power load in arcs from synchrotron radiation: 4 MW - cryogenics, vacuum
O stored beam energy: up to 9 GJ - machine protection

Q pile-up in the detectors: ~1000 events/xing

O energy consumption: 4 TWh/year - R&D on cryo, HTS, beam current, ...

If FCC-hh after FCC-ee:

significantly more time for
high-field magnet R&D aiming
at highest possible energies
(HTS) and lowest electricity

consumption

Formidable physics reach, including:
O Direct discovery potential up to ~ 40 TeV

O Measurement of Higgs self to ~ 5% and ttH to ~ 1%
O High-precision and model-indep (with FCC-ee input)
measurements of rare Higgs decays (yy, Zy, UM)

O Final word about WIMP dark matter

zdroj: FCC Week 2024 | F. Gianotti

O Insight into EW phase transition in early universe
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https://indico.cern.ch/event/1298458/contributions/5975648
https://indico.cern.ch/event/1298458/contributions/5975648

Detektorové koncepty

12m

CLD

- 106 m -

Design (ILC/CLIC/Calice)

All silicon tracker (pixels + strips)
Si-W EM calorimeter

o 22Xy, 40 long. layers.
Steel-Scintillator hadronic calo.

o SiPM readout
Solenoid outside calorimeter

RPC based Muon system

https://arxiv.org/pdf/1911.12230.pdf

IDEA

i1m

< 13m >

MAPS based vertex detector (1% X,)
High-precision low-mass drift
chamber with surrounding Si
microstrip (ty< 400 ns).
pre-shower with MPGD readout
Lead-Fiber dual readout calorimeter
Sensitive to both Sci/Cerenkov

o Hybrid with crystal EM?

large p-Rwell muon chambers

https://inspirehep.net/files/49ec726758

pre FCC-ee

c422bc454e270a71f6e59f

zdroj: FCC Week 2024 | JA. Hewett

Includes a highly granular noble
liquid calorimeter

Possible design being explored
are lead/steel absorbers (RM ~4
cm), stacked azimuthally inclined
at 50° wrt radial axis with LAr as
the active medium.

Other considerations include
Tungsten absorbers and/or
Liquid Krypton.
https://arxiv.org/pdf/2109.00391.pdf

28


https://indico.cern.ch/event/1298458/contributions/5975653
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https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04892-x
https://www.nature.com/articles/s41586-022-04893-w
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https://indico.cern.ch/event/1202105/contributions/5396828
https://indico.cern.ch/event/1202105/contributions/5396828

Future Circular Collider - Expanding our Horizons
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