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A loose analogue

Could be a vast ocean before the new physics continent...




Update of European Strategy for Particle Physics
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igh-priority future
Initiatives

A. An electron-positron Higgs factory is the highest-priority next collider. For the
longer term, the European patrticle physics community has the ambition to operate a
proton-proton collider at the highest achievable energy. Accomplishing these compelling
goals will require innovation and cutting-edge technology:

* the particle physics community should ramp up its R&D effort focused
on advanced accelerator technologies, in particular that for high-field

superconducting magnets, including high-temperature superconductors;

- Europe, together with its international partners., should investigate the technical
and financial feasibility of a future hadron collider at CERN with a centre-of-mass
energy of at least 100 TeV and with an electron-positron Higgs and electroweak
faclory as a possible first stage. Such a feasibility study of the colliders and
related infrastructure should be established as a global endeavour and be
completed on the timescale of the next Strategy update.
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FCC project I
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New Infrastructure
e 90.7 km tunnel

* 8 surface points

* 4 experimental sites

* Deepest shaft 400 m,
average 240 m

Two stages
» FCC-ee (~15 years)
 FCC-hh (>20 years)

— |/
1 . o/ i
; s Schematic of an
\ 80 - 100 km
g long tunnel
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FCC-ee program @ﬂ(“‘

— CDR baseline runs (2IPs)
— Additional opportunities

Total
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sensitivity to Higgs self-coupling via quantum effects




FCC-ee dataset @ SIT
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Working point Z,years 1-2 Z, later WW, years 1-2 WW, later ZH tt
Vs (GeV) 88, 91, 94 157, 163 240 340-350 365
Lumi/IP (104 cm™2%s™1) 70 140 10 20 5.0 0.75  1.20
Lumi/year (ab™1) 34 68 4.8 9.6 2.4 0.36  0.58
Run time (year) 2 2 2 — 3 1 4
1.45 x 10° ZH 1.9 x 10° tt
Number of events 6 x 1012 Z 2.4 x 103 WW + +330k ZH

45k WW — H +80kWW — H
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* Higgs factory

- Complementary to hadron colliders

« EW+QCD factory
- Huge leap (10°) from LEP

* Flavor factory

- > 10 times more data than Belle Il

* Discovery machine
- Direct and indirect probes for BSM
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Higgs factory

- couplings overview

- Cross section, mass, width

I
200 —

NN

- H— gg, cc,ss

- self-coupling

MMN

100 —

- electron Yukawa

Integrated luminosity [ab™]

DA\

.

0 I1 é :'4 4 5 é 7 é sla 10 11121I31|41|516
More discussed in talk of G. Panico 61027 2%1085 WW 2x10° ZH 7 % 100 {7

0
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https://agenda.infn.it/event/41113/contributions/240927/
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Higgs as we know today @ﬂ(IT

Nature 607, 52 59 (2022) Nature 607, 60—6 (2022) 35 9- 137 fb (13 Tev)
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Great success, albeit
« (Certain modes are difficult to probe (light fermions, hadronic final states)

* No direct access to total width (measurements not model-independent)
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https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04892-x
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Higgs coupling at FCC-ee @

precision reach on effective couplings from SMEFT global fit FCC-ee MTR

W HL-LHC S2 + LEP/SLD Z & WW denote Z-pole & WW threshold |
(combined in all lepton collider scenarios)| @ FCC-ee Z/WW/240GeV (41P) TS
Free H Widtg BFCC-ee +365GeV (2IP) .
@ 1 K noH exotic decay B FCC-ee +365GeV (41P) —1072
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* Model-independent I';; from 6(ZH) and BR(H — ZZ)

* High precision in modes complementary to HL-LHC | |
More discussed in talk of J. de Blas
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https://cds.cern.ch/record/2887250
https://agenda.infn.it/event/41113/contributions/240928/
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FCC WIP
i ' 2 . 2 _ .,
USII‘\Q recoll mass, m., .. =S+ m;,— 2Ell\/g 3000 FCC-ee simulation s =240 GeV, 10 ab "
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¥ Zhy | i T

ALtl. - Rare (e(e)Z Y —9 ;.L e s ) '

v Very precise m;; measurement

2500

v Model-independent s(ete™ — ZH) determination
With the 0(€+ - — ZH) 2000

2
8HXX

o(ZH) X B(H — XX) x 2%, X

(ZH) ( ) & 8iizz Iy 1500

G(ZH)Z ; | | i ; | |

v Model-independent total 'y,
v Determine other gy vy
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measurement mH G(ZH) FH s il T O e e e
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preCiSion 4 MeV 0.6% 1% Myec (GeV)
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Higgs to hadrons @S(IT

FCC WIP
Major aspect of Higgs properties FCCAnalyses: FCC-ee Simulation (Delphes)
— > 1015TTIITT']ITI]TTIIITIIITIITTIIIT]IIIIITI]IITIII
. Only H — bb observed so far G 1oL IDEA, e*e” — Z(vv)H(j)
& 1onL Vs=240.0GeV, L=5ab "
Require exquisite understanding of jets = 102k T :ZZ = o
c 10" P
o i At ' S Hee H Z
Nature of hadronization, QCD modeling 310 e — -
. : : 107 — Hrr B HZZ
Jet clustering and flavor tagging algos 10°F g
An ensemble of final states o
SL
c L ->CC,v,jj) ® (H— bb,cc,ss,gg) 124
10°
mode Hbb Hcc Hss Hgg 10°
10
SM BR 58% 2.9% 0.024% 8.6% 1 /
il f.fr'y el
rel prec. 0.22% 1.7% 120% 0.9% 90720 40 60 80 100 120 140 160 180 200 220 240

M, (GeV)
o Also upper limits on H — uu, dd, and FCNC H — bs, bd, sd, cu
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Higgs self-coupling

Indirect probe of 4, through NLO contributions

+ Oypo = Lo ol +1,C))

O(1%) level modification

C, Is energy-dependent

vvvvv

Use both 240 GeV and 365 GeV to life degeneracy

vvvvvvvvvvvvvvvv

0 s Al L L4 16

FCC
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ZH Higgsstrahlung

BKA ~ 24%

xxxxx
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VBF processes
Both CC/NC diagrams B
Ve
W= 6,77~ h
"
W "~
— —— e
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¢ S 240 GeV Z(uuH
¢ :
‘ g e +365 GeV Z(puu)H
\ ! ... +365 GeV VBF
o
= Add VBF
- X
i -
-~ = :
B |
S o menrasnes
- L gt ' -
- ‘ 7 2nd energy point :
. ¢ ¥ s, [liftthe degeneracy /.
— ' ‘! 1 :
. o - . .
W / More discussed in
T RSP, IRCCE SRR e ’/‘ __________________________________________________ .
: talk of G. Panico
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https://agenda.infn.it/event/41113/contributions/240927/

Born
S. Jadach, R.A. Kycia (2): with ISR

arXiV:1509.02406 (2): 6‘\,5 =4 MeV
(3): 8v/s = 8 MeV

Electron Yukawa

Resonant Higgs production at 125 GeV =

1)

AN

(3) s

o —— y L - - | —

. Only possibility to probe electron Yukawa, B(H — ee) ~ O(107°) 0.4

IlIlllllli'lll'llllllllIllIlllIll

f——
———
- —

* Beam monochromotization is crucial e P PP B e
25.69 125.695 125.7 125.705 125.71

Very rare COuntlng eXpel‘Imen’[ e~ Yukawa limits. e'e— H, {s = 125 GeV

. o(ete” = H)~0(1) b

. oleTe” = 7Z)~0(10%) b

eTe” — ggis golden channel
* Only mediated by Higgs, no real background

Expectations

. 20ab~!/y ~ 6k eeH eventsly

| More di di
 Potential to probe y, at SM level taﬁ(rzf E?BZ?,?CQm

1 2 3 4567 10 20 30 100 200
arXiv 2107.02686 L (ab")
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https://arxiv.org/abs/2107.02686
https://agenda.infn.it/event/41113/contributions/240927/

EW+QCD factory

- Precision landscape

- m, scan

- QCD precision

Integrated luminosity [ab™]

6x10%2Z 2x105WW 2x10°ZH 2x10°+7




Precision landscape

10° times luminosity of LEP

Sensitive to heavier NP in loops

. (mass scale) « (unc)™!?  (stat)™ /4

“LEP Iin a minute”

xunwu.zuo@cern.ch

constrain in dim-6 EFT |

Observable present FCC-ee FCC-ee Comment and
value =+ RIror Stat. Syst. leading error

mz (keV) 21186700 £+ 2200 4 100 From 7 line shape scan
Beam energy calibration

'z (keV) 2495200 = 2300 4 25 From Z line shape scan
Beam energy calibration

sin? @5 (x107) 231480 = 160 2 2.1 From A%% al Z peak
Beam energy calibration

1/aqep(mz)(x10%) 128952 + 14 3 small From AfL off peak
QED&EW errors dominate

R,Z, (x103) 20767 =+ 25 0.06 0.2-1 Ratio of hadrons to leptons
Acceptance for leptons

ae(mz) (x10%) 1196 <+ 30 0.1 0.4-1.6 From RZ
Ugm (x10%) (nb) 41541 = 37 0.1 1 Peak hadronic cross-section
L.iminasity measurement

N, (x10%) 2096 £ 7 0.005 1 Z peak cross-sections
Luminosity measurement

Rp (x 106) 216290 + 660 0.3 < 60 Ratio of bb Lo hadrons
Stat. extrapol. from ST.D

A}.’-B, 0 (x 10) 992 =+ 16 0.02 1-3  b-gquark asymmetry al Z pole
From jet charge

Ag-'i;l"r (% 10%) 1498 = 49 0.15 <2 T polarisation asymmetry
7 decay physics

7 lifetime (fs) 2003 = 0.5 0.001 0.04 Radial alignment
7 mass (MeV) 1776.86 =  0.12 0.004 0.04 Momentum scale
T leptonic {uv, ) B.R. (%) 1738 £ 0.04 0.0001 0.003 e/p/hadron separation
my, (MeV) 80350 -— 15 0.25 0.3 I'rom WW threshold scan
Beam energy calibration

My (MeV) 2085 + 42 1.2 0.3 From WW threshold scan
Beam energy calibration

as(mi, ) (x10%) 1010 £ 270 3 small From R}"
N, (x10%) 2920 = 50 0.8 sinall Ratio of invis. Lo leptonic
in radiative 7 returns

my,,, (MeV) 172740 + 500 17 small From tt threshold scan
QCD errors dominate

Fiop (MeV) 1410 =+ 190 4b small Fram tt threshold scan
QCD errors dominale

Atop/,\f’j‘g 1.2 + 0.3 0.10 amall Fram tt threshold scan
QCD ecrrors dominate

tt7 conuplings + 30% 0.6 1.8% small From /3 = 363 GeV run
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https://cds.cern.ch/record/2887250

top mass scan

o)
m, from template fit %— 1.4
+ Also T, a, y, 2 1.2
Line shape depends on ISR and & 3
beamstrahlung 7
» ~30% loss of xsec 8 0.8
* Very precise templates needed 06
High requirement on theory
» High order calculations -
» QCD scale uncertainty 0.2
0

xunwu.zuo@cern.ch

6(I )stat ~ 45 MeV |

‘FCC‘
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February 2022
I

| I |

1 threshold m"s 171 5 GeV

B
<

- —QQbar_Threshold NNNLO —FCC-ee 350 LS only
—|SR only —FCC-ee 350 LS+ISR

91 km ring circumference

|

/ implementation of corrections

lIIIIlIII|III|lII|III|

I | ] | | | | | | |

A

based on EPJ C73, 2530 (2013)

340 345

350
Vs [GeV]
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QCD precision @Q(IT

. PD
Measure a (m,) to permille level 035 — : S
« Through z,Z, W decays, and e"e™ — tf : \ T decays low (;2 fgﬁz £N3L0; .
production 03 | \ | Heavy Quarkonia (NNLQO) —+— -
_ [ HERA jets (NNLQ)
Clean dataset to study jet substructure, 1 \, = c'eletsishapes (NNLOWNLLA) -
- : | \ ; e*e” Z pole fit (N°LO) e
parton shower, and hadronization. < __ \\ o0/ jet? N‘Etgﬁ U
. : : .. : O 02 | oo e e N pp top —— -
In par“CUlar, glUOn VS qual‘k discrimination N ’ pp TEEC (NNLO) e
! U 4 — 7
* Precise non-pQCD studies - o (M) = 6_1180 4+ 0.0009
005- . ol ; e s sl : e s 2 sl
1 10 100 1000
August 2023 Q [GeV]
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https://pdg.lbl.gov/2024/reviews/rpp2024-rev-qcd.pdf

Flavor factory

- Rare b decays

- |V..|,|V,| measurements

- T physics

Integrated luminosity [ab™]

O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
More discussed in talk of M. Fedele 6X1012Z 2)(108 WW 2)(106 7H 2)(106 7

xunwu.zuo@cern.ch 19


https://agenda.infn.it/event/41113/contributions/241098/
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FCC-ee as flavor factory

A Z factory is the best next-generation flavor factory|
6 x 10'? Z bosons expected at Z-pole run Beyond the Z pole, WW, ZH, and #f events
 Direct measurement of CKM matrix

 LFU test with W decays

* FCNC in Z, H, top decays

. About 14x as many B'/B™ as at Belle Il (50 ab™!)
« About 9x as many 7 as Super tau-charm factory

* All species of b-hadrons are produced

* Decay products significantly boosted

particle count (x10°) | BY (BY) B* B, (B, B* A, (A) ¢ (¢) T+
Belle |l 55 55 0.6 N.A. N.A. 130 90
FCC-ee 770 770 170 7 150 1400 400

xunwu.zuo@cern.ch




Rare b decays @ﬂ("

/ YA transi

b — svv transition) b — qfU transition]

p b T
;/fé | W
- S
B " K
d - d My C,‘t c Vr

Case: B - K'Vrtr
« SMBR~O0O(107)

Case: H, - Huwv
« SMBR~O0(107)

Case: BT/Bf — t7u,

e Unresolved incl. vs excl.
tensionin |V . |,|V.,]

. * Unresolved R(D) and
 Complex final state, but fully * B, — ¢uvv, A, — Avv unique R(D*) deviaticgn)

reconstructable at Z factories

o Current limit at 1073 » Belle Il expects 10% precision

o
¥ ‘:‘
‘ \
f i
- i
L] ‘4 Al
[ ] '," ‘
L} - \

-

: )
4 F
» |
~ 1 ¥
» % p
" B
il BEH H = H = = =S = = = N S - S S N SN N D N N D BN N BN BN =B

* B — 77v_unique at Z
factories
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Rare b decays

L b—> | sf f transition

“ECC-ee MTR

Precision of BF measurement as function of the resoution

0.6 e  SVand TV longitudinal smearing : 20 um
*  IDEA baseline FCC
» 30%% bettey SH resolution ”,296)': ks
0.5 ===cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc s e cccca e e =
:‘Z .4
<
é" Fvi §
- *
0.31 .
Cl
(177 o o o o -
0

SV and TV transverse smearing in jzm

Case: B - K'0zt¢

e Potential to see this mode

 High demand for vertex
resolution

b — suvv transition)
" JHEP 2024, 144 (2024)

A\'.Z =06 x 1012 ..
w4 v T Current Limit

~ SM Prediction

S+ B/S (%)

S~

— Sensitivity (FCCee) |

B) — gbw? |

4‘ 112% precision for SM siginal |

1075 1072 1074 1073 1072
BF(B? — ¢ub)

Case: H, — Huv

* (sub)percent precision with
several modes

 Pinpoint many EFT operators

Candidates / (0.8 GeV)

@

Karlsruher Institut fir Technologie

: - qf v tranS|t|on
" EPJC 84, 87 (2024)

FCC-ee Slmulatlon (IDEA Delphes)

Total fit
N B =Ty,
20001 mmm B+ — 71,
W 2 — b) Bkg
7% — cc Bkg
15001 ¢ Generated data
1000+
O
o(Upi) =1.6%
HB:
500+

25 30 39 40 45 50
Maximum hemisphere E (GeV)

Case:B™/Bf —» t7u,

* |ndependent determination
of |V ]|

 Pinpoint EFT operators

xunwu.zuo@cern.ch
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https://link.springer.com/article/10.1007/JHEP01(2024)144#citeas
https://link.springer.com/article/10.1140/epjc/s10052-024-12418-0
https://cds.cern.ch/record/2887250

V.. |,1V.,| and |V, | measurements (o KIT
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arxXiv 2405.08880
V. |, |V.,| fromW — cs,cb o
. 6| Ves|“/I Ves|” (%)
. PDG current precision o}y | =0.6%, 0}y, | =3.4% 0.09 T
Lo : 0.9 N
» subpercent precision at Z factories, EPJC 82, 646 (2022) <
free from theory input > T Feree Smeron =Y.
| . . S C e'e’ = ZH,H—=jj I :
* Rely on excellent jet tagging 8 [ eudsess ¢ tagging
o - o B‘ - @ 5 : e e
P Ul Vcsl’ Gl Vcbl at 0_1 /o 1 /o :g. 10 1 E_ ....... — svsg ............................ ........................ e W? 0.7
8 - =——sv5ud
g i —svisc il
102k _S"Sb 4 06 R
| V.. | fromt — Ws decay : :
. 3L VA M V.. R B 0.5 A sy R A
« PDG current precision 2% 1075 0.2 04 06 0.8 1 050 055 060 065 070 075 080 085
jet tagging efficiency .

* Sensitive to BSM (4-th gen fermions)

« Expect to observe t — Wi, precision limited by stats
More discussed in talk of M. Tammaro
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https://arxiv.org/abs/2405.08880
https://link.springer.com/article/10.1140/epjc/s10052-022-10609-1
https://agenda.infn.it/event/41113/contributions/241101/

tau properties
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‘FCC‘

High precision measurements

BSM probes

» Lifetime at 10 ppm, benefiting from high boost
| L + 7— uyat107 level
- m_at 14 ppm, depending on track momentum calibration
« 17— 3uat107!level
 LFU testof B(r — evv)/%B(t — uvv), 190 ppm
Canonical Tau Lepton Universality test
HFLAV 2022 in yellow, FCC estimates in blue B(T— uy), measured or expected upper limit
HFLAV 2022 5% 1078 - o .Belle 2008 QO%.CL ® gessu';ement
FCC BaBar 2010 90% CL P - : Gi;r:t?r:ate
/ 2x1078 -
0.1785 -
’l§‘ 1x10°% -
OTJ § _ | Bellell 90% CL
U % 5x 1077 - STCF
M 0.1780- SM prediction @ T
. [9 ppm, STCL]
SM prediction 21077
my 68 ppm, PDG 2022
1x1079 - L)
0.1775- | | | FCC-ee(Z) 95% CL
290.0 290.4 290.8 - T
T [fs] 2010 2020 2030 2040 2050 2060

Alberto Lusiani at FCC Week 2023 2

xunwu.zuo@cern.ch
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https://indico.cern.ch/event/1202105/contributions/5396845/

Discovery machine

- Indirect BSM probes

- Direct BSM searches

Integrated luminosity [ab™]

N\

7/

O 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16
6x10%7Z 2x105WW 2x10°ZH 2x10°+




Indirect probes

In general, combining EWK and Higgs
measurements, constrain NP up to
A\ ~70 TeV in dim-6 EFT

In specific models, new particles usually
correlated with EWK parameters

 Example: real scalar singlet model

« EW baryogenesis requires first-order phase
transition

- Phase transition behavior correlated with g,
coupling

» Almost fully constrained by FCC-ee

xunwu.zuo@cern.ch
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Real Scalar Singlet Model FC_C C?DR

- 1 :_'

I current :
SN
U\g O'1OO:HL—LHC

N -_

I

S5 .

f 0.010|

C’ !

<

Qo ' FCC-ee

- i

3 0.001] [

O — @) @

N | 9 ¥ 9

<~ 10-43—1 . 2 a .g 1 .g: . 2 2 1 . 2 2 2 1 2 2 . 2 L -

0.5 1.0 1.5 2.0 2.5

hhh coupling: A3/Az sm



https://link.springer.com/article/10.1140/epjc/s10052-019-6904-3

Direct searches
Axion-like particles (ALPs)

* Motivated by multiple BSM scenarios

* (Covering large phasespace between beam dump
and LHC limits

FCC-ee MTR
; r
= 10 LEP | and Il
- 1 ;- BaBar | LHC
: Belledt | e (pp)
(PbPh) Y f \. r..
107" E | |
_______ (PoPo) ; ] S
102 Beam dump |
4,5 ----------- “/'{FEC;Z)
107 ete —>vya
- (FCC-ee)
4
10 = SN1987A
10—5— | | Illllll 1 | |Illlll 1 | 1 1 lll | | lllllll 1 | lllllll | | llllll' | |
107° 1072 107" 1 10 102 10°
m, (GeV)

More discussed in talk of A. Biekoetter

xunwu.zuo@cern.ch

Karlsruher Institut fir Technologie

@ AIT

Heavy neutral leptons (HNLS)
 Explain nonzero neutrino mass

 Probe phasespace not covered by astrophysics,
cosmology, or fixed target exp.

, FCC-ee MTR
10~
1074 ¢ .
.......... ~
................... s
o
. \-“ \ \---.;\ \\\
2 ~ R 4 “so N
106~ S 1N FCC —ee
rL r C »)\t"-'\_\.‘_‘_:L l‘: HL - LHC ‘\\\~\ \\\\ F:"(‘)P'\‘F“L l'.‘)t[“
=> FASERZ - T LLP Theo . Ny = Wjj
. 1= i WY \\ S
= SHiP )T \ >
a— 10_8 -:A-'—-/:--- ,' ‘\\“‘ \\ \\
_____ ?_\;’\\‘ Al %X” “\__\ \\ “\
. S—e 1
x\‘\\ ~~~~~~~~~~ - \\\
FCC — g€~ s \
LLP Theo RN e ‘
10—10q . Ssao LLP IDEA )
, J S~ _ Ny - pjj l'
\\\\~\ ’//
. . e == Seesaw
1074 : - ——— 7
2 5 10 50 100
my, [GeV]

More discussed in talk of J. Hajer
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@ AT

What is beyond the (current) horizon?

created by DALL-E

xunwu.zuo@cern.ch




oo T

Karlsruher Institut fir Technologie

If we search far and look carefully, maybe...

-

created by DALL-E
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Summary

An age of exploration ahead...

The

* Higgs factory

« EW+QCD factory

* Flavor factory

* Discovery machine

can be the right vessel for it!
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Feasibility Stud Proi b HLLRC  Speration of FCC Operation of FCG-hh
easibility Study roject approval by Construction starte ande peration o -ee peration o -

(geology, R&D on accelerator, CERN Council (15 years physics exploitation) (~ 20 years of physics exploitation)
detector and computing
technologies, administrative
procedures with the Host States,

environmental impact, financial
feasibility, etc.)

(or alternative project selected)
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Beam specs

‘FCC‘

Running mode Z W ZH tt
Number of IPs 4 4 4 4
Beam energy (GeV) 45.6 80 120 182.5
Bunches/beam 11200 1780 440 60
Beam current [mA] 1270 137 26.7 4.9
Luminosity /IP [103* cm—2 s~ 1] 141 20 5.0 1.25
Energy loss / turn [GeV] 0.0394 0.374 1.89 10.42
Synchrotron Radiation Power [MW] 100
RF Voltage 400/800 MHz [GV] 0.08/0 1.0/0 2.1/0 2.1/9.4
Rms bunch length (SR) [mm] 5.60 3.47 3.40 1.81
Rms bunch length (+BS) [mm] 15.5 5.41 4.70 2.17
Rms horizontal emittance £, [nm] 0.71 2.17 0.71 1.59
Rms vertical emittance e, [pm] 1.9 2.2 1.4 1.6
Longitudinal damping time [turns] 1158 215 64 18
Horizontal IP beta 8} [mm] 110 200 240 1000
Vertical IP beta 3, [mm] 0.7 1.0 1.0 1.6
Hor. IP beam size o [pm)| 9 21 13 10
Vert. IP beam size o, [nm] 36 A7 40 51
Beam lifetime (q+BS+lattice) [min.] 50 42 100 100
Beam lifetime (lum.) [min.] 22 16 14 12
Total beam lifetime [min.] 15 12 12 11
177 2.4T 0.6 0.15%

Int. annual luminosity / IP [ab™!/yr]
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IDEA detector @ ST

Superconducting solenoid |
l+ 2T,R=2.0-24m { .
. 0.74 X,, 0.16 2 @90 |y

Preshower 'j
{+ 2 layers, gas detector
i+ Spatial reso <100 ym

i Wire drift chamber
- 112 layers, R = 35 - 200 cm
j 0.016 X,@90

scintillation fibers
10 % 30 %

{., OEM ™~ > Ohad ™
f,f- \/l_f \/l_f !

| Silicon vertex detector |
t* 5layers, R=1.7-34 cm
{- Pixel 20 x 20 ym’

IMuon chambers L'
te 3 layers, gas detector
+ Spatial reso < 400 um :

{Beam pipe |
f« R~1.5cm ¢
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flavor tagging
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FCC-ee Simulation (IDEA)
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FCC-ee Simulation (IDEA)
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(c) EPJC 82, 646 (2022) (d)
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https://link.springer.com/article/10.1140/epjc/s10052-022-10609-1

flavor tagging

jet misid. probability
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‘FCC‘

FCC-ee Simulation (IDEA)
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https://link.springer.com/article/10.1140/epjc/s10052-022-10609-1

My, M, (oo 2KIT

. Expect a(my,) ~MeV, o(m,) ~O0(10) MeV

* Challenges in beam energy calibration and theory calculations

5127 FCCee W-pair threshold S E
~ | —m,=80.385GeV I=2.085GeV 4 Q -
E 1 m,,=79.385-81.835 GeV, T',=2.085 GeV 980 38 -
= 10— m,,=80.385 GeV, T,,=1.085-3.085 GeV R S
% e [
80.37|—
8 B
80.36—
6— _
80.35|- —— FCC-ee (Z pole)
4— - — FCC-ee (Direct)
— ---- LHC (Future)
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2 - Z pole (now) + m|,
_ : - —— Standard Model
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cost feasibility SR\
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The FCC-ee project has been broken down into a Work Breakdown Structure
(WBS), based on the six following main domains:

® Accelerators: 3 847 MCHF

® Injectors & transfer lines: 585 MCHF

¢ (Civil engineering: 5 538 MCHF

® Technical infrastructures: 2 490 MCHF

e Experiments (CERN contribution only, including host lab responsibilities): 150
MCHF

® Territorial development: 191 MCHF

The total cost for FCC-ee, with two IPs for the experiments and the first three
stages of operation (Z, W and ZH) is currently estimated to be 12 801 MCHF.

The total additional cost for two further IPs for experiments has been estimated
at 710 MCHPF.

To operate FCC-ee at the ttbar energy level would require an additional investment

in RF equipment, together with the associated cryogenic equipment. The total extra
amount is estimated at 1 465 MCHF.
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