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What is FCC? (A sales pitch) @E

e FCC project: Future circular collider
with ~100km circumference
e With options
o FCC-ee: Presented last meeting

o FCC-hh: In this presentation
o FCC-eh: Next meeting

e .. provides the broadest perspective
to shed light on new physics and
serves as a powerful research tool

till the end of the 21st century *
o FCC-hh at the energy frontier, a
discovery machine

[l Future Circular Collider

*According to this summary report



https://indico.desy.de/event/30224/#2-fccee-accelerator-overview-d
https://indico.desy.de/event/30416/#2-lhecfcceh-project-overview
https://indico.cern.ch/event/765096/contributions/3298184/

What is FCC? (A sales pitch) E=D)

0 fthe FCC-hh \ e FCC project: Future circular collider
verview of the -hh project e )
for pp-collisions @ 100 TeV with ~100km circumference

e With options

Will not cover cost & o FCC-ee: Presented last meeting
organisational o FCC-hh: In this presentation
structure/project management o FCC-eh: Next meeting

e .. provides the broadest perspective
Speaking as an ATLAS analyst to shed light on new physics and
and fairly new to the FCC effort serves as a powerful research tool

till the end of the 21st century *

Main reference: FCC-hh CDR/ o FCChh at the energy frontier, a
discovery machine

*According to this summary report



https://indico.desy.de/event/30224/#2-fccee-accelerator-overview-d
https://indico.desy.de/event/30416/#2-lhecfcceh-project-overview
https://indico.cern.ch/event/765096/contributions/3298184/
https://link.springer.com/article/10.1140/epjst/e2019-900087-0

FCC timelines @FCD

Roadmap to FCC stage 1 (with FCC-ee integrated program)

>2030 >2036
start tunnel machine
construction installation
2028 approval >20 f ITSt =
ee collisions | S
2026/7 >2030 - 37 &
ESPPU element production &
2025/26 >2026 - 30 full E
2014 FCC — Feasibility proof technical design §
sy kit ESPPU 2020 FCCIS _2025/26 3
2013 \ 2018 FCC CDR kickoff Flnanm-ng model
ESPPU \ Operation concept
><< \ 2020 2025
— " today o
2012 Higgs discovery announced FCC Feasibility Study
2011 circular Higgs factory proposal FCCIS H2020 DS

FCC operation timeline (with FCC-ee integrated program)
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https://indico.cern.ch/event/923801/contributions/3942030/attachments/2138793/3603660/201109_FCC-FeasibilityStudy-and-FCCISProject_ap.pdf

Collider design: Key parameters

Parameter

(HL)-LHC

FCC-hh

ECM

14 TeV

100 TeV

Peak inst. lumi. I

(1-5)x 103 cm=?s’

(5-30)x10* cm3?s™

circumference and higher B-field
O E, [GeV]=0.3(Bp)[Tm]

parameters stay the same

(GEDD)

Circumference 26.7 km 97.75 km
Dipole field strength 833T ~16T
FCC-hh 6-7 x energy and lumi. than HL-LHC 10% T
Energy increase achieved by larger gl HELHC Lsi(‘(‘—hh
g *uL-Lhc |
\2, l()’u o LHC
. ; : : | .
Linear increase of luminosity natural dueto | 'z | 10" )
. . . = \ e ISR e RHIC Tevatrgn
shrinking beam size when other beam = |io»
o Further increase possible from 3 PP
. * . 1030
decreasing g* functions at IP e - : - - —

c.m. energy [TeV]




Collider design: Key parameters D)

Parameter (HL)-LHC FCC-hh

E., 14 TeV 100 TeV

Peak inst. lumi. (1-5)x10%* cm?s (5-30)x10** cm3?s™
Circumference 26.7 km 97.75 km
Dipole field strength 833T ~16T

Goal int. lumi. 3 ab™ 30 ab™

e Total of >=30 ab™' during operation time of 25 years
o Between two experiments and two phases:
m 10 years w. initial values collecting 5 ab™
m 15 years w. nominal values collecting 15 ab™
m Required upgrade between phases: Crab cavities
e Possible to gradually evolve beam parameters, following progress of detector

developments to deal with pile-up + high rates ;



Collider design: Key parameters

Challenges

Parameter

(HL)-LHC

FCC-hh

ECM

14 TeV

100 TeV

Peak inst. lumi.

(1-5)x10** cm?s

(5-30)x10** cm3?s™

Circumference 26.7 km 97.75 km
Dipole field strength 833T ~16T
Goal int. lumi. 3 ab™ 30 ab™
( Events/crossing O(10-100) Max. 1000
Stored energy/beam 04-0.7G) 8.3G)
\ SR power loss/beam <0.01 MW 2.4 MW

(FES))

e Pile-up could be reduced by alternative bunch spacings from the accelerator side

e Losses due to synchrotron radiation become sizeable, first at a hadron collider

(@]

Proportional to £



Collider design: Components

Or: Wir bauen uns einen Teilchenbeschleuniger

A B

0

/l/

Exp
Inj. + Exp.  Inj. + Exp. C

Location of dipole

magnets
J -H- B-coll 9 extr.
=== 8 km main arc
w3 2 Km mini- arC
\ Cross-section

o-coll

(FES))




Collider design: Components E=)

Tunnel+ civil engineering:
e 97.75km long tunnel, 5.5 m internal
diameter
o + caverns, access shafts,
by-passes, surface sites

Equipment caverns & shafts

Experiment caverns & shafts

Main & service tunnels




—LHC

Collider design: Components e

limestone

molasse
= subalpine

- . . FCC [ molasse
Tunnel+ civil engineering: optimum
e 97.75km long tunnel, 5.5 m internal location prevess

diameter
o + caverns, access shafts,
by-passes, surface sites
e Construction key factor of project
feasibility
o Administratively challenging
e Location optimized w.r.t many Geological profile — ..
factors, e.g. geology, shaft depth, voresss fonsor] , L w
distance to existing infrastructure, i
location of surface sites ...
mm) Achievable, construction time ~7
years, but ground + site studies to
be done

Source & more details



https://cerncourier.com/a/tunnelling-for-physics/

Collider design: Components (G

A s 7 \
Beam injection, collimation,

extraction systems & the RF
system all achievable with current
or expected future technologies
with focused R&D

/
—Tocation of dipole
magnets

D ==p No concerns for feasibility

\_ /

=== 8 km main arc
w3 2 Km mini-arc

%

11




Collider design: Components

A B

"
EXxp.
Inj. + Exp. Inj. + Exp.

L

Location of dipole
magnets

=== 8 km main arc
w3 2 Km mini-arc

. A
RF _ _ &-col E
ek
H G F

G5

@qnet system:
e High-field magnets key R&D effort

e Similar system to LHC, but require
4 x more magnets with ~2 times
the field strength (16 T)

e NbDb-Tias used at LHC limited to ~10
T, use Nb,Sn

whole wire critical current density [A/mm?, 4.2 K]

1.0E+04 T T T
\'\ Nb,Sn (FOC, HE-LHC)

1.0E+03 N ; ' — Y
Nb-Ti S
(LHC) - B
1.0E+02 IBS 2017 ——>

1.0E+01
0 5 10 15 20 25 30
applied magnetic field [T] 12



https://arxiv.org/pdf/2003.09084.pdf

Collider design: Components

A B

\. Ei(p. :

L

Inj. + Exp. Inj. + Exp.

Location of dipole
magnets

=== 8 km main arc
w3 2 Km mini-arc

e I

RF S-coll
Exp. : E

I\Jr—-/'i
H G E

G5

@qnet system:
e High-field magnets key R&D effort

e Similar system to LHC, but require
4 x more magnets with ~2 times
the field strength (16 T)

e Nb-Tias used at LHC limited to ~10
T, use Nb,Sn

o Will be used for HL-LHC
o 15T field dipole test
mm) R&D progressing, but associated
with uncertainties, e.g.
affordability of superconducting
wires?
Investigating also High

—)
Temperature Superconducting
magnets (EuCard2, WP10) /.



https://inspirehep.net/files/749702ccede3229cbd4ac9055e82d775
https://home.cern/news/series/superconductors/20-tesla-and-beyond-high-temperature-superconductors
https://espace.cern.ch/EuCARD2-Future-Magnets/SitePages/Home.aspx

Collider design: Components

60 enic & beam vacuum s stem\

e Synchrotron radiation from the
50 TeV beams relevant (~5 MW)
o Novel beam screen design

P506
(thickness
Imm) -
Cooling everywhere-

(FES))

14



https://arxiv.org/pdf/2003.09084.pdf

Collider design: Components

@ogenic & beam vacuum system\
e Synchrotron radiation from the

50 TeV beams relevant (~5 MW)

Novel beam screen design

o Operates @ 50 K

o Prototype tested at KIT

Magnets operatingat T<2Tin

such a large scale project

requires unprecedented

cryogenic refrigeration

o R&D programme to use

neon-helium mixture

(©)

(GEDD)

Another of the main challeng
and energy+cost heavy

N -

15



https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.22.083201

Experiments

BRATN:

Location of dipole
magnets

=== 8 km main arc

w3 2 Km mini-arc

N F

I\_ifﬁ "

G

\‘.‘ . "./
nj. C

extr. 4 D

Four interaction points:
o 2 x high luminosity
o 2 x lower luminosity
Focussing on pp-collisions here:
(SM) physics more forward +
boosted @ 100 TeV
o Precisionupto || ~4,VBF
jetsupto ||~
o High granularity e.g. resolve
products of highly boosted tau
o Contain multi-TeV jets
Other challenges due to the much
higher collision rates w.r.t. HL-LHC:
o Radiation hardness
o Pile-up

K o Huge data rates j
16




Reference detector

50 m

D it et

17



Reference detector D)

Forward regions Central region Forward regions

18




Reference detector /é@
Tracking

e Si-Trackers using
(macro-)pixels & strips
Central tracker < 5m from
IP, forward tracker <16 m

o Challenge: Alignment!
Aim: ~20% res. at 10 TeV

o 10 um single point
Central in 4 T solenoid,
two options for forward

o Two solenoids

o Two dipoles

19



https://inspirehep.net/files/70e366ea9069f839895a04ed3c583c1f

Reference detector

p.=10TeV/ic
P 1TeVic
p= 100GeV/c
p= 10GeV/c
p.=2GeVic

Solenoid + Fwd Solenoid (solid) vs. Dipole (dashed):

. p:= 10TeV/c in Gluckstern approx.
p.= 2GeV/c in Multiple-scattering limit

|||H'IT| T T T TTITm T T T

Tracking

Si-Trackers using
(macro-)pixels & strips
Central tracker < 5m from
IP, forward tracker <16 m

o Challenge: Alignment!
Aim: ~20% res. at 10 TeV

o 10 um single point
Central in 4 T solenoid,
two options for forward

o Two solenoids

o Two dipoles

20



https://inspirehep.net/files/70e366ea9069f839895a04ed3c583c1f

Reference detector

—_— -
% =

IIIII"'I T TTTTT

2

T TTTTT T IIIIIIII

Effective pile-up
=

LN
.

10

Pile-up

FCC(CMS)

=1000(140), cu""=75mm:
pT=1 GeV/c, no timing

pT=1 GeVic, 8t=25ps

pT=1 GeV/c, dt=5ps

p,=5GeV/c, no timing
p,=10GeV/c, no timing

CMS ph2: pT=1 GeVi/c, no timing

CMS ph2: p =1GeVi/c, 8t=25ps

. S
| 7
1 "
{ P
o {2
! > 4
o 1 v -

..........

Tracking

Si-Trackers using
(macro-)pixels & strips
Central tracker < 5m from
IP, forward tracker <16 m

o Challenge: Alignment!
Aim: ~20% res. at 10 TeV

o 10 um single point
Central in 4 T solenoid,
two options for forward
Exploit timing information
for vertex reco in high PU?

21



https://inspirehep.net/files/70e366ea9069f839895a04ed3c583c1f

Reference detector

e

[0)

©

c

=

(o)

| .

o)

X

(&)

@®©

£ ~-p_(q)=5 TeV

(T -=-p, (q)=5 TeV Hit-based
— —om pT(q)- 500 GeV

. =-p, (q)- 500 eev Hit basea
04 05 06 07 08 09 1
b) b-tagging eff.
§ o= 4 I

Tracking

Si-Trackers using
(macro-)pixels & strips
Central tracker < 5m from
IP, forward tracker <16 m

o Challenge: Alignment!
Aim: ~20% res. at 10 TeV

o 10 um single point
Central in 4 T solenoid,
two options for forward
Exploit timing information
for vertex reco in high PU?
Issue for e.g. b-tagging:
Dense environment in jets
+ displaced vertices

outside acceptance
o !"Trackless" b-tagging

22



https://inspirehep.net/files/70e366ea9069f839895a04ed3c583c1f
https://cds.cern.ch/record/2631478?ln=en

Reference detector

Calorimetry
e (Mostly) Inspired by ATLAS
calorimetry, but finer
segmentation & optimized for
particle flow + PU
suppression
o ECAL: LAr & Pb (Cu)
o HCAL: Scintillating tiles &
Fe/Pb in barrel, LAr on
endcaps + forward

/

23



https://arxiv.org/abs/1912.09962

Reference detector

liquid argon

\
Ist la.yer

(presaampler) ‘ _-:~
,::::‘: . Z /
cryostat—8 .' » /

Calorimetry

(Mostly) Inspired by ATLAS
calorimetry, but finer
segmentation & optimized for
particle flow + PU
suppression

o ECAL: LAr & Pb (Cu)

o HCAL: Scintillating tiles &
Fe/Pb in barrel, LAr on
endcaps + forward

Barrel ECAL geometry new

concept

24



https://arxiv.org/abs/1912.09962

Reference detector

Calorimetry

e (Mostly) Inspired by ATLAS
calorimetry, but finer
segmentation & optimized for
particle flow + PU
suppression

o ECAL: LAr & Pb (Cu)

o HCAL: Scintillating tiles &
Fe/Pb in barrel, LAr on
endcaps + forward

Barrel ECAL geometry new
concept

ECAL ~30 X,, o./E ~ 10%/VE

HCal ~ 10.5 A, o./E ~ 50%/VE

/

25

FCC-hh Simulation (Geant4)
T T 1. etk | T T T L I

"~ electrons
- =0

& (W=0 %%@ ®0.15% @ 231 eV 7

- {(W=200

— (W=1000



https://arxiv.org/abs/1912.09962

Reference detector

Calorimetry

Slngle p|on

- —e— (p)=OTE®2A1

- EMB+HB

025 FCC hh simulation (Geant4)
= T @ 1=0.36, topo-cluster 4-2-0, R<0.4

—m— (=200 120 @21

-Barrel: ECal + HCaI ,

10?

10°

(Mostly) Inspired by ATLAS
calorimetry, but finer
segmentation & optimized for
particle flow + PU
suppression

o ECAL: LAr & Pb (Cu)

o HCAL: Scintillating tiles &
Fe/Pb in barrel, LAr on
endcaps + forward

Barrel ECAL geometry new
concept

ECAL ~30 X,, o./E ~ 10%/VE

HCal ~ 10.5 A, o./E ~ 50%/VE
PU degrades energy

resolution significantly /

26



https://arxiv.org/abs/1912.09962

Reference detector

40

—_

—_—

— 200 GeV/c

D GeV/c
D0 GeV/c

0.GeVic

— ]
_2
—_1

@ simulation 1

TeV/c
TeVic
0 TeV/c

Inl

Muon systems

Proposal: Combine drift

tubes (sMDTs) & RPCs

Mainly for muon

identification + trigger, less

focus on muon

stand-alone precision

o Forward MS can only

provide trigger with
the 2 dipole design!

/

27



https://www.sciencedirect.com/science/article/abs/pii/S0168900218313287?via%3Dihub

Reference detector

Muon systems
e Proposal: Combine drift

" tubes (sMDTs) & RPCs
L rticor 7=0 /. identification + trigger, less
Cns ::;::t;:::g E/Igfr:nlt‘ // focus on muon
= Sorhbined 30 1 V-4 stand-alone precision
-~ ¢combined 100 um // // o  Forward MS can onIy
g " dassi iy provide trigger with
< A T the 2 dipole design!
il vl e Achieve combined muon
|7 resolution of 5% with MS
1 // precision of 50 um

102 10° 10*
a) P, (GeVlc)

28



https://www.sciencedirect.com/science/article/abs/pii/S0168900218313287?via%3Dihub

Software for FCC-hh physics studies =D

e Simulation chain employs idea to use common tools
shared between different future projects (e.g. FCC, ILC..)
o Ensure code is well-maintained, well-documented
‘ and easy to adapt to specific usecase
e FCCSW now with key4hep project: "turnkey system"
Detector simulation o Physics studies: Detector simulation with Delphes
m Parametrized response as fast, simplified

‘ simulation

m Full simulations of separate subdetectors

Event generator

Samples used for the design studies only
o Samplesin EDM4HEP format: shared language
‘ between all SW components

o k4SimDelphes: Full production chain in one setup
Physics analysis e Analysis tools available in ECCAnalyses

29



http://hep-fcc.github.io/FCCSW/
https://key4hep.github.io/key4hep-doc/
https://arxiv.org/pdf/1307.6346.pdf
https://edm4hep.web.cern.ch/
https://github.com/key4hep/k4SimDelphes
https://github.com/clementhelsens/FCCAnalyses

Physics: Direct BSM mass reach

e FCC-hhis a discovery machine at the

energy frontier ..

o Collecting 20-30 ab™' extends mass reach by

factor ~ 7 (a(M) ~ 1/ M?)

e Discovery potential in many models: SUSY,

(WIMP) DM, Z', .. significantly extended

o CDRreport

WIMP DM with SM mediators

Search for t — tX}

R L TR I E R R L T TR B Rl I

disappearing tracks

R I Al i S A T il B

Collider Limits

[ 100 Tev
M 14Tev

CL, Discovery wino
o 10
8000; /S=100 TeV —Boosted Top higgsino
- [Ldt=3000 fp" T Compressed
[ £qyersg=20% mixed (B/H)
6000 ¢ o= 20% § s
[ g ] mixed (B/W)
o
E” gluino coan.
n
stop coan.
squark coan.
02000 4000 6000
m; (GeV) 0 1

events /0.4 TeV

FCC-hh Simulation (Delphes), |s = 100 TeV

LN N L L N N L L ) L B B

50 biscovery
2.5ab’

I 20 ab"

100 ab”

o 10 20 30 40 50

Mass scale [TeV.
Z'search
FCC-hh Slmulatlcn (Delphes) FCC-hh S:mulanon (Delphes)
T T T 5
— mZ 30 TeV 5
Vs =100 TeV .= o
Z/ g

L= 30ab" W pp - Ziy* - ' . E
Zssu = K1 = 1
i 8
©

zau (/ ep)

N \
5 10 15 20 25 35 40 QE
[TeV]

m, [TeV]



https://www.dropbox.com/s/zmgl12vupcsrnlc/03-BSM.pdf?dl=0
https://link.springer.com/article/10.1140/epjc/s10052-019-7062-3

Physics: Higgs measurements Self-coupling measurement: key benchmark!

. . . FCC-hh Sii
e .. and also a precision machine! 2 "8 b .
. § i :— Combined ;
e E.g. >10"Higgs bosons ! ER
| eeF VBE wH  VH ! s e 13
- ) a9
(100TeV)(pb) 802 6 33 27 o @) : 3
o(100TeV) /o (14TeV)(pb) | 16 16 52 1 S R 1Y
N(/5=100TeV,30ab™") | 25 x10° 25x10° 10° 7.5x10° ! " £ X
|
87 o. D = 12 13

e Precisely measure rare channels (even in Higgs@¥C WG September 2019

H H H di-Higgs  single-Higgs
high pT regime), H-top coupling ... HL-LHC i N
. e o AR (.- .o, D0% (A7) ...
o CDRreport, Granada report, di-Higgs, Zh (..) e e
HE-LHC i's’c"c'l'eé}'e};iﬁi{”'F'ééie;ie'wi{ﬁ"
ici, 5% ~J 25% (18%)
Precision of k parameters oo [ieroo
15% -a.
m 1 = o pox FCC-eh,,,, FCC-ehy,,
— Ky — Kz ¥ I —— 1 - Br,, FCC-ee/eh/hh — 3 S | ™ - 17+24%D"= ..............
- — = ——— - e NN\ NN\ FCC-ee,.
= [ R, = ._ under HH threshold ﬁéég:sz )
== Eu = == = FCC-ee e 2 30% (19%)
I FCC-ee,,,
00 04 08 12 16 20 00 04 08 12 16 20 00 08 1.6 24 32 0 1 2 3 4 5 00 06 12 18 24 30 = phSeSees-eeeseeebeebebebeeeses 49% (19%)
= = o . mm O S e g R
= K, — K = K ——iy, = Bruy ILC N ] ] I1 LoC/ ?fg" (25%)
= - [ I T [ S NN \ Osn w
B e = - e ] e 38%:(27%)
— ; ] T | ——1 [ under HH threshold D ILCos,
== [ [==] = CEPC I ............................... 4095‘5:0(29%) .....
00 04 08 12 16 20 00 06 12 18 24 30 0 1 2 3 4 00 25 50 75 100 0 1 2 3 4 g Dé?_TE)HT%) .....
) 2020
-_ -_ Bl FCC-cc/eh/hh  HEEE CLICio0  WEEE LCio0 MMM LHeClnv|[<1 cLIC 7%+11% 49% (35%)
Ky Kg mmm FCC-cesss mmm CLIC 500 ILCs00 B HE-LHC [xv| <1 LI \ \A\\ \\ \Nl CLIC,,,, CLIC .,
I — | FCC-ee249 CLIC3g ILCysp HL-LHC |xy| < | k \ \\\ % & 36% é?_TZ;(M%)
[E——r [ Erra———| CEPC 0 10 20 30 40 50 o
Higgs@FC WG Fusice collidery combiied witi HL-LHC Xiv:1905.03764v2 68% CL bounds on x; [%]  aituture coliders combined with HL-LHG |
00 04 08 12 16 20 00 06 12 18 24 30 Kappa-3, 2019 Limis on Br (%) a1 95% CL QrXiv:1905.03764v2



https://www.dropbox.com/s/dy761ptu24jiity/02-Higgs.pdf?dl=0
https://arxiv.org/pdf/1905.03764.pdf
https://arxiv.org/abs/2004.03505
https://arxiv.org/pdf/2011.13941.pdf
https://arxiv.org/abs/2004.03505
https://arxiv.org/pdf/1905.03764.pdf

~CC
Summary ED

e FCC-hh provides very ample perspectives to bring answers to questions
which might remain open after HL-LHC and aiming to collect 30 ab™ of data
over 25 years it is not only a discovery machine at energy frontier, but also
at the precision frontier

e Baseline design is a 100 km collider with 100 TeV pp-collisions
o Highest energy hadron collider considered feasible from today's view
o Main challenges of technical feasibility are the need for 16 T magnets and cryogenic system

e Reference detector conceptualised
o Main challenges for the detector are boosted+forward physics, high radiation & pile-up

e Physics potential well established: Direct BSM mass reach extends to O(10)

TeV, Higgs (and other SM) precision measurements
o FCC-hh will bring 5% precision of Higgs self-coupling
e |tisfar ahead in our future, but if (when) it gets realized FCC it will be the
project until the end of the 21st century
e FCC-week 2021 :28.06.-02.07.2021

32


https://indico.cern.ch/event/995850/
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Collider design: Parameters of magnet system

(FES))

Parameter (HL)-LHC FCC-hh
Peak dipole field (T) 8.33 ~16

# Long arcs w. dipoles 8 8
Length arc (km) 3 8

# Dipoles/arc 154 438

# main dipoles 1232 4668
Tot. energy stored in dipoles (G)) 8.8 108-176

140 GJ ~ 35 tons of TNT

34




(FES))

Reaching 16 T magnets: Historical view

Magnetic field evolution for Hadron Collider

20 : I : : : : HE-LHC -
: i i i ;Malta 2010

18

T g TS

— ; ; ; ; : _FCC-hh
= Nb.Sn et

g 12 =h % _HL-LHC

c | e

g 10 —

(T - - —

= ®--

Nb-Ti =T IHC

Tevatron @~ @ __-=~
[ =

SPS & Main Ring (resistive)

o N B o ®
\
\
\)
o

1975 1985 1995 2005 2015 2025 2035 2045

Year Source
- 35


https://www.mdpi.com/2410-390X/5/1/8/htm

Collider design: Components EEE)

/B_eam injection: \

C e Reuse existing LHC injector
chain (Linac4, PS, PSB) + High
~N Energy Booster
Location of dipole . e Two scenarios:
J 1 g-col magnets extr (superconducting)SPS or LHC
H === 8 km main arc H’~ 2 @ 3.3 TeV. _
= 3.2 km mini-arc e Transfer line with 1.8 T (SPS)
. / or 7 T (LHC) magnets
m=) All necessary modifications

RF 3-coll E studied & feasible!
o \ /

H G E
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Collider design: Components EEE)

A éeam collimation & extraction\
L B e Protects machine from
energy stored in beams

Exp.
Inj. + Exp.  Inj. + Exp. o 8,3GJ,>20x higher
than at LHC

/Cﬁtion of dipole * Scalgd-up & optimized
magnets version of the LHCs
J 1 B-coll D collimation system

=== 8 km main arc e Required superconducting

magnets for extraction
under development
- - 5-coll E mm) Feasible with technology

I E>J<rp- ?\- available today
H € F \ /

37
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Collider design: Components (G

L . A W B / \
\'—-E+- RF system:
Xp.

C e Similar to LHC system
o 24 single-cell Nb/Cu cavities,
operating at 400 MHz and

Inj. + Exp. Inj. + Exp.

Location of dipole \ 4.5K, but with 48 MV
magnets m 3x LHCvoltage
-coll .
) e = 8 km mai bl H:.,D e R&D ongoing to operate at
\— 3.2k mini—arcj higher gradients and/or

temperatures (shared w. FCC-ee)
N No concerns about feasibility

LT RN y

H G E
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(FES))

Forward physics
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Fig. 2.2: highest lepton pseudo-rapidity for gluon-gluon fusion Higgs decaying to 4 leptons (left) and
maximum jet pseudo-rapidity for vector-boson fusion Higgs (right)
39



Reference detector
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Fig. 7.2. Longitudinal cross-section of the FCC-hh reference detector. The installation and
opening scenario for the detector requires a cavern length of 66 m, which is compatible with
the baseline assumption of L* = 40 m for the FCC-hh machine.
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Detector: Radiation environment
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Detector: Magnet system
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Fig. 7.6. (a) Cold mass for a central solenoid of 4T with two forward solenoids and
(b) a central solenoid of 4T and two forward dipole magnets with field integral of 4 Tm.
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Detector: Magnet system
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e Twin dipole design (left) provides better precision in very forward region compared to twin solenoid

design (right), but rotational symmetry is lost 43
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Detector: Tracker layout
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Fig. 7.11. Tracker layout using the so called “tilted geometry” (left) and “flat geometry”
(right).
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Detector: Tracker layout
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Fig. 7.14. (a) Material budget in units of radiation length for the flat and tilted tracker
geometries. (b) Material budget in units of nuclear interaction length for the flat and tilted
tracker geometries, assuming a limit of 10 hits on the track.

45




