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Every word and character counts: i@agl‘b‘illt'y"df[fhe' olliders (ee and-hh) and related infrastructure.

-- confirmed in meeting with DG on 17 ies continue with 2013 mandate for now
-- FCC is the highest priority for Europe and its international partners
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Feasibility study of FCC integrated program

Feasibility study to be delivered end 2025 as input for ESPP Update
expected for 2026/2027.

» Feasibility study of the 100 km tunnel (infrastructure aspects,
administrative aspects, local authorities, environment, energy, etc.)

* High-risk site investigations included, to confirm principle feasibility

* Host-state related processes included to allow start of construction
begin 2030.

« CDR+ for colliders and injectors, including key technologies.

 HFM intermediate milestones reached, according to long-term R&D plan.
* Physics and experiments CDR + for FCC integrated project.

* Financing concept and operation model.

»For all these activities the sequential nature of implementation of the
colliders and the overall timeline needs to be taken into account!

|

27 August 2020 ECC (ee, then hh) Alain Blondel M. Benedikt



SR CERN MTP 2021-2025 for FCC

- Total material budget for FCC 75 MCHF, i.e. 15 MCHF/y

* Roughly 50% dedicated to host state activities,
Infrastructure preparations, implementation preparation
out of which 10-15 MCHF for high-risk site investigations.

 Remainder for machine studies, technology R&D and
technical infrastructure and related collaborations.

* Personnel: 30 CERN FTE, i.e 150 PY integral.

* New in MTP:
« HFM line (16T program) with 75 MCHF M&P

« Dedicated line for RF power source development (HE klystrons)

- Will include CERN-PH FCC group
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e Feasibility study tunnel — updated planning
Timeplan CE project preparation 2019 — 2030

2019 2020 2021

2022 2023 2024 2025 2026 2027 2028 2029 2030

a1 Q2 Q1 Q2 Q1 Q2 Q1 Q2 o1 Q2 Q1 Q2 Q1 Q2 Q1 Q2 Q1 Q2 Q1 Q2 Q1 Q2 Q1 Q2
—{ug)—= S : : : : : : =
Furo. strategy for particle phy;
< [DRUpdate Update
I LHC operation period : 3 Run4
I I S
ICoIlider and experiments designl Conceptual design studies I Detailed technical design and prototyping
—
Territorial impact Placement optimization
. R e R " Tender HR S
High Risk Site investigation HRSI 10
; : . Tender Main ions
| Main Site investigation I -- MS! 15 F Start of
= Market G en 3sign Constru Yesign construction
[ Consultants' contracts I Contract andtender strategy S d s e > =
I Cwil engineering contracts I

« Schedule of major processes leading to start of construction begin 2030.

* For proof of principle feasibility: High risk site investigations 10 - 15 MCHF
in the period 2022/23.

* Additional CE investments will be required in MTP period to allow start of
construction in 2030: MSI 45 MCHF, PD 10 MCHF: Total of 56MCHF.

@Y | ==Y
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Gy Compare with LEP/LHC
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Swiss Accelerator Research and Technology
CHART Collaboration

Commitments from SERI, ETHSs, PSI, ~ A <
UniGE and CERN for a total sum of 40 PAUL SCHERRER INSTITUT
MCHF to fund these activities for the next i

5 years LJ__

% Delémont
\o:d
o Solothurn

Main activities:

-High field magnets (Nb3Sn and HTS) s %Osffy,ryz Gla@
-FCC-ee injector study, including a - ,
positron target exp’t at Swiss FEL PSI v

-3D geology model of the Geneva basin

(Geology department of UNIGE) -

-Geodesy and Survey concepts for FCC
(ETHZ, Swisstopo, HEIG Vaud)

Loca no

///

-Beam dynamics for FCC-ee and FCC-hh

N

Securing the future of CERN beyond LHC

L. Rivkin, M. Seidel



i I .
Swiss Institute of
Particle Physics

. t s-ch
promatized B¢ eV
MonoCh® 4 uction 2
NRS), A
Genevd &7 "Entertis
tondet € S D. d B
o (CERN), & Cai { MIT), E
M BenedlktI(NP) I Buﬂml(FNAL)/ CERN) lute (KEK),D
Bogomyask? ® Cal’ie (rjCLeb). P12 K, Oide (CERN and a (U,
(CERN), A PR ocikon (SLA B4 4 valdioia G750
Leviche? (BINP) P) 5, gimyatki (BINE) ), A. Zholent
shatiloo BINTL o . Wernin8 € 2pny
Cuanajudto & CEREY Zimmerman® «
st 125
A taetract e adedensd TR

nent of
g s s
The FOCE8 0 s costl Fm‘v“d‘h s
b Ce?ue;)ce cmmp-am\ﬂa o the s
10 MeV

27 August 2020

FCC-¢e as Z, W and H factory

I Agapov (DESY), R. Assmann (DESY), M. Benedikt (CERN), A.
Blondel (U. Geneva and CNRS), A. Bogomyagkov (BINP), M. Boscolo
(INFN), Y. Cai (SLAC), T. Charles (U. Liverpool), E. Gianfelice-Wendt

(ENAL), P. Janot (CERN), M. Kiute (MIT), M. Koratzinos (MIT), E.
Levichev (BINP), C. Milardi (INFN), A.-S. Miiller (KIT), Y. Nosochkov
(SLAC), A. Novokhatski (SLAC), K. Ohmi (KEK), K. Oide (CERN and

KEK), D. Sagan (Cornell), A. Seryt ([Lab), ]. Seeman (SLAC), D.

Shatilov (BINP), M. Sullivan (SLAC), R. Wanzenberg (DESY), |.

Wenninger (CERN), L. Wienands (ANL), F. Zimmermann (CERN)

Abstract

The Future Circular Collider integrated project foresees, as a first stage, a high-luminosity electron-
positron collider (FCC-¢g), to study with high precision the Z, W, and Higgs bosons, with samples
of 510" Z bosons, 10° W pairs, and 10° Higgs bosons. Optionally, the FCC-ge could then be
upgraded to higher energy for top quark production, before later be followed by a highest-energy
hadron collider (FCC-hh) installed in the same tunncl. The FCC-cg should be designed with
maximum energy-cfficiency with regard to hardware, operational scenarios, and parameters. The
beam parameters are limited by several, partly new effects, such as beamstrahlung in collision, a
coherent beam-beam instability with large crossing angle, the available top-up injection rate, and
instabilities related to the large ring circumference. Luminosity optimization must consider these
effects along with numerous other constraints. The number of collision points is a further variable.

Presently setting up collaborations via the LOIs for SNOWMASS
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FCC Physics and Experiments

In 2012-2019 the physics landscape and detector feasibility for FCC (ee&hh) was

established, by a relatively small group of people.
Best/unique for a very broad program (a Higgs factory and much more) well matched to the

present physics landscape. (see spares)
Higgs (ee and hh) /Electroweak Precision (10)/flavours/QCD/BSM feeble (ee) High Mass (hh)

The greatest remaining challenge is the creation of a world-wide consortium of
scientific contributors who reliably commit resources to the development and
preparation of the FCC-ee science project from 2020 onwards.

We thus concentrate now on detector design and collaboration forming for FCC-ee
in view of protocollaborations by 2023 (= LOIs for the next strategy)

Detectors for FCC-ee are similar to the ILC or CLIC concepts but the requirements
are much broader and more demanding on systematic precision
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P&E Organization in 2020-2026

|
P&E Steering
Committee

|

FCC P&E Speakers Board

Study [ Editorial Board
Secretariat

Coordination

|
| | | |

Physics MDI EPOL Physics Detector

Theo Including
Software Performance Y Concepts | magnets

27 August 2020 Alain Blondel



Physics Performance group & conveners

The FCC-ee PE&D SG approved a proposal for a Physics Performance group.
Patrizia Azzi and Emmanuel Perez have agreed to serve as coordinators

operation (see next slide)

1. Physics working groups (conveners) = establish list of BENCHMARK MEASUREMENTS
-- each can correspond to several case studies
-- group case studies from different measurements for efficiency/consistency
-- will start with the Z (as in the run plan)

2. Case study teams establish DETECTOR REQUIREMENTS for optimizing measurement,
and in particular matching exp. systematics with the expected statistical precision.
-- one team already started: c vs b/g jets in Higgs (and Z) decays

3. This requires simulations of detector setup (fast sim or full sim as appropriate)
with help/guidance from detector experts



Hot News: Physics Performance coordinators

P & E Study Coordination  [€-----------------5

1
4 i
1
1
1

Physi .
1, Detector Requirement (DR) | _» Patrizia Azzi <« | Physics Benchmark (PB)
Committee Emmanvuel Perez Committee

1
:
1
: A A
1
1
1
1
]
]

nce

Phys. Group 1
Det. Area 1 cs, | s, | cs,| ..CaseStudies.. | CSn.. | CSy | ) e
: - : Phys. Group 2
Det. Area 2 + Make the link between physics measurements and detector requirements
* Initiate and coordinate the corresponding case study teams Phys. Group 3
Det. Area 3 v" Already one team at work (H—bb,cc,gg measurement) :
* Maintain and complete the list of case studies with PB committee
) , Phys. Group 4
Det. Area 4 * Have Snowmass Lol’s prepared (deadline: August 2020)

v" Can be groups of abstracts related to Z pole; WW threshold;
HZ running; top-pair threshold; Theory; ...
v" Can also be extended abstracts
* Organize November Physics Workshop session

{}

Physics Tools, Analysis Code, Detector Requirements, Public Documentation

Patrick Janot & Alain Blondel Physics PEHorAAES Group Proposal

A Llisema~ DN
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A first selection of Benchmark studies

(mostly experimental, some theory)

has already been prepared.

A list of abstracts is here:
https://www.overleaf.com/read/dyjpdszrgxhz

it will be regularly updated

This was also submitted to the SNOWMASS
process. https://snowmass21.org/ as LOI

If you are interested in contributing this is a
great way to start.

Now writing these up as LOls by 31 August

27 August 2020

A first list of benchmark studies

1.

o [E—hadrons)

Towards an ultimete measurement of I, = Zo——0

. Towards an ultimete measurement of the £ total widch 'y

. Towards an ultimete measurement of the Z pesk croes section
. Diirect determination of :-:i:lzn'.rlf:r and of cgen(mg) from muon pair asy mmetri
. Determination of the QCD coupling constant ms(ms |

. Tau Physics, Lepton Universality, and Lepton Flevour Violation

. Tau exclusive branching ratios and polarization observahles

&, Fpole Electrowesk observables with heavy quarks

19,

Alain Blondel

. Electron Yulmwa via s-channel o™ o

. Long lived perticle searches

. Measurement of the W mass

. Measurement of the Higes boson coupling to the ¢ quark
. Measurement of the ZH production cross section

3. Measurement of the Higgs boson mass - Pare |

. Measurement of the Higrs boson mass - Pare 11

. Inferring the total Hipes boson decay width - Part 1

. Inferring the total Higgs boson decay width - Pare 11

. Decermination of the HEv effective coupling

+ H production at the Higes pole

Messurement of top properties at threshold and sbove

. Search for FCNC in the top sector
.
2.
.
2.

Theory Newds for FCC-ce
Beyond MFV: constraints on RH charged currents and on dipole operators
Conscruction of CP-odd obseresbles to probe CP-violating Higers couplings

Combined ht of Higes and top data

Tera Z
T, b,c

WW

H fact

ee—>H
top

theory

13


https://www.overleaf.com/read/dyjpdszrqxhz
https://snowmass21.org/
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his table presents the statistical errors

Table 5:  Measurement of selected EWPOs at FCC-ee, compared with present precision.
1 tic uncertaintic ]

to new physics up to a scale

higher in specific new physics (non-decoupling) mo

initial estimates,

wil

tor fmprer
= properties, achieves ing
h dim & operators, and p

e down to statistic

vity
Wy much

for EWPQOs, as given by the run plan.
It represents the real potential of FCC-ee

Systematics are ‘just a start’

and next challenge will be to

-- design detectors and analysis
and

--improve calculations/simulations

so that systematics =< statistics

One common mistake in all the

previous studies was to underestimate ....

the ability of a real group of collaborators
to exploit real data to reduce systematics

27 August 2020

Obeervable present FC e Comment and
value + error . Syst. leading exp. error

mz (keV) Q1186700 + 2200 4 100 From Z line shape scan
Beam energy calibration|

Iz (keV) 2405200 + 2300 4 25 From Z line shape scan
Beam energy calibration|

B (=107 20767 £ 25 0.0G 0.1 ratio of hadrons to leprons
acceptance for leptons

g (m3 ) (107 1166 + 30 0.1 [0416 from FY above
K, (= 10F) 2162090 1 Gal 0.3 =Gl ratio of bb to hadrons
stat. extrapol. from SLID

Mg |+ 107) [mb] 11541 £ 37 0.1 1 peak hadronic cross section)
Inminosity measurement

Mu(x107) 2006 + 7 0.005 1 Z peak cross sections
Luminosity measurement,

ST g | > 100 | 231480 + 160 z 24 from AT at Z peak
Beam energy calibration|

1/ oqen({mg )= 107])] 128052 + 14 3 small from AT off peak
QEDEEW errors dominate

ARG, 0 (=10%) 902 + 16 0.02 1-3  |b-quark asymmetry &t Z pole
from jet charge

AT [10%) 1498 + 49 0.15 2 T polarization asymmetry
T decay physics

hyy (MEV) BO3LO £ 15 0.25 0.3 From WW chreshold scan|
Beam energy calibration|

[l (MeV) 20EL + 42 1.2 0.3 From WW threshold scan
Beam energy calibration|

s g ) 2 107) 1170 & 420 3 mall from R}’
N [=107) 2920 + 50 0.5 small ratic of invis. to leptonic)
in radiative & returms

Meap (MeV/c™) 172740 + 500 17 small From tt threshold scan
QD errors dominate

Trop (MeV/c%) 1410 + 190 15 small From tt threshold scan
QD errors dominate

AeopAip 12 +0.3 0.10 | smell From tt threshold scan
QCD errors dominate

ttd couplings 305 [0.5 - 1L5%] emall From /& = 365 GV run

Alain Blondel
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FCC-IS kick-off meeting and 4th Physics workshop
9-13 November https://indico.cern.ch/event/932973/

You can register already and let us know if you wish to present something

Rainer Wallny is member of the international program advisory committee


https://indico.cern.ch/event/932973/

Physics groups

o Current/Previous organization (not all conveners are active)

Physics and Experiment Studies coordination

EW Physics with Z's and W’s ' ' pq physi Y

A. Freitas C. Grojean

QCD and ! Ehisics Flavours physics New EhESiCS

¢ ByagSeptember, we would like to receive

e Your proposals of new physics groups ex: tau physics, Long Lived Particles, (+FCC-hh)
e Your nominations for physics group conveners

Precision Calculations
A. Freitas, J. Gluza

Global Analysis

J. De Blas

S. Heinemeyer

= Current conveners who want to continue should of course let us know

Some have already said they could not continue as conveners

2 Most urgent part of the mandate will be to enlarge international participation

Patrick Janot & Alain Blondel FCC Physics & Experiments Coordination meeting

23 July 2020 4

self-nominations as group member
or convener are most welcome.

27 August 2020 Alain Blondel




National FCC-groups for physics, experiments and detectors

Progress ongoing
-- FCC-FRANCE and ITALY: are well established already.
Contacts (G. Bernardi, R. Aleksan) (F. Bedeschi)

-- UK: lots of progress. Contacts in all HEP groups and at the two STFC lab sites (RAL and DL).
First meeting 11 September. (Christos Leonidopoulos, Guy Wilkinson)

-- Poland: (Tadeusz Lesiak) planning FCC information day at Epiphany conference in January 2021

-- Spain: starting within a national ‘future colliders’ structure (Juan Alcaraz)

-- CH well in the road map, CHART for accelerator (esp. ee injector complex, hh magnet R&D)
discussions on towards effort FCC funding. CH unambiguously supported FCC-INT project.
Rainer Wallny has agreed to serve as contact for the next workshop organization.

-- Begium and Netherlands (just starting, contact Freya Blekman)
-- Contacts with Germany (Heinemann, Simon), USA, Austria, Estonia etc..
have been initiated — to be followed.



SUMMARY

With all its careful writing the strategy gives CERN and its international partners
an unambiguous mandate:

Financial and technical feasibility study of the FCC colliders and infrastructure.
National groups are steadily being formed and seeking their own visibility/resources.

Organizing FCC-CH should be discussed for a scientific contribution matching/supporting
the already large infrastructure/accelerator contribution.

Mark the 4th Physics workshop in your calendars and join.

Time to go into high gear!

27 August 2020 Alain Blondel 18



Z WW RZ ¢ FCC-ee

Z;' Z(91.2 GeV) : 4.6 x 10 cmr g™ - -F(.I‘.C-EE {Baseline, 2 IPs)
E LEP3 (Baseline, 4 IPs)
-
:?: o - ILC {Baseline)
E 10 W'W (161 GeV): 5.6 = 10°° cmr?s” CLIC (Baseline)
El-. U e v CEPC (Baseline, 2 IPs)
E ~ HZ (240 GeV) : 1.7 = 10™ ems
= 10
— . tt (350 GeV) ; 3.8 = m;: cm s
(365 GeV) : 3.1 = 10™ emis?
; HZ {250 GeV) : 1.5 = 10 gmris? =
Event o R ——
statistics : 's [GeV] E.\ errors:
Z peak E. : 91GeV 5102 et+e-> Z LEP x 10° <100 keV
WW threshold E_ :161 GeV 102 e+e-> WW LEPx2.103 <300 keV
ZH threshold  E_ :240 GeV 10° e+e-> ZH  Neverdone  2MeV
tt threshold E_.. :350GeV 10° e+e-—> tt Never done 5 MeV

Great energy range for the heawy:particles of the Standard Model.
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First stage ‘Higgs Factory’ (E.,, <365 GeV)

o “Alllow-energy Higgs factories have similar performance, to 1 order”
¢ LG, = CLIC g, = CEPC, o = FCC-€€,,0-1s6: ?

Not quite !

HL-LHC: alone requires
total width assumptions,
with e+e- 2 model indept

Kappa fit, without/with HL-LHC

‘ J. De Blas et al., arXiv:1905.03764

LHC-dominated L

Global EFT fit, without/with HL-LHC — »

29.07.2020

Collider HL-LHC ILCoasq CLIC3g0 CEPCayy | FCC-ee240-365
Lumi (ab™ ") 3 2 1 5.6 5+ 02+ 1.5
Years 10 11.5 8 7 3+1+4
guzz (%) 1.5 0.30 /0.29 | 0.50 / 0.44 | 0.19 / 0.18 0.18 / 0.17
guww (%) 1.7 1.8 /1.0 |08 /073 | 1.3 /0.88 0.44 / 0.41
GHbh ((/F) 5.1 1.8 1.1 1.9 /1.2 1.3 0.92 0.69 / 0.64
gHee (%) SM 25 /20 4.4 /4.1 22/20 1.3 /1.3
guge (%) 2.5 23/ 14 25 /1.5 1.5/ 1.0 1.0 / 0.89
gnrr (%) 1.9 1.9/1.1 31/14 1.4 /091 0.74 / 0.66

S | gupu CA) 14 5. /4.2 /44 9.0,/39 89739
gHy (Y0) 1.8 6.8 /1.3 /L5 3.7/ 1.2 3.9/ 1.2
guz (%) 11. / 10. /10, 8.2 /6.3 / 10.
gute (%) 3.4 /3.1 /3.2 /3.1 10. / 3.1
guun (%) 50. / 49, / 50. / 50. ;;Ei z'”F;
Iy (%) SM 2.2 2.5 1.7 1.1
BRiw (%) 1.9 0.26 0.65 0.28 0.19
BRexo (%) | SM (0.0) 1.8 2.7 1.1 1.1

Higher luminosity of circular collider --> more statistics, in less time
- TeraZ program helps (arXiv:1907.04311)
- longitudinal polarization helps little if HL-LHC or Giga-Z are added

2P

2IP
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Higgs factories: FCC-ee + FCC-hh is unbeatable

—_—————— Collider ILC500 ILC 1000 CLIC FCC-INT
Hv,v, guzz (%) 0.24 /0.23 | 0.24 / 0.23 | 0.39 / 0.39 | 0.17 / 0.16
L 1| guww (%) | 0.31/0.29 | 0.26 / 0.24 | 0.38 / 0.38 | 0.20 / 0.19
o' 1| g (%) 0.60 / 0.56 | 0.50 / 0.47 | 0.53 / 0.53 | 0.48 / 0.48
/ /"/ 1 | guee (%) 1.3/1.2 [091/090 | 1.4/14 | 0.96/0.96
10 / A | g1ee (%) 0.98 / 0.85 | 0.67 / 0.63 | 0.96 / 0.86 | 0.52 / 0.50
i i zH gurr (%) 0.72 / 0.64 | 0.58 / 0.54 | 0.95 / 0.82 | 0.49 / 0.46
gupp (%) 94/39 | 63/36 | 59/35 |043/043
"E 1| guyry (%) 3.5 /1.2 19/ 1.1 2.3/1.1 | 0.32/0.32
i auz (%) — / 10. — / 10. 7. /57 |0.71/0.70
107 | 4 | gue (%) 6.9 / 2.8 1.6 / 1.4 2.7 /2.1 1.0 / 0.95
i JHHH (%J) 27. 10. 9. +2(stat)+~3(syst)
. L I'u (%) 1.1 1.0 1.6 0.91
1077 1000 2000 3000 | BRinv (%) 0.23 0.22 0.61 0.024
's[GeV] | BRexo (%) 1.4 1.4 2.4 1.0

FCC-hh (> 10'° H produced)
+FCC-ee measurement of g,,,,

2 Buwn 8hyy » BHzy » BHpp » BRiny

29.07.2020

(*)see M. Selvaggi, 3d FCC physics workshop,
9% precision in 3 years of FCC-hh running, 2004.03505v1

Alain Blondel Circular and Linear e+e-
Complementarity

21

ee

hh



q-l Something unique for FCC-ee: electron Yukawa coupling

Swiss Institute of

Particle Physics

—_

o —
N — o

- Born
1.6 — cMs o
o Run1 §
- [
1.4 s
12 = With ISR ARuns ;; %‘:
“E With o, ~ 4 MeV il
£ 1= With o, ~ 8 MeV HL-LHe =1
@ 08 e
[+ - FCC-hh 2
0.6 — 2
= o
04 Fecge — 2
0.2
B FCC-ee L
= 4 1P, 3yr
Il L L I L ! L A J il il il d J d I.
125.08 125.085 125.09 125.095 125.1

Jadach & Kycia arXiv:1509.02406
e+e- 2 H @ 125.xxx GeV requires
-- Higgs mass to be known to <5 MeV from 240 GeV run (FCC: under study, CEPC group did it)
-- Huge luminosity (special single cell 400 MHz RF is foreseen for low energy runs)
-- monochromatization (opposite sign dispersion using magnetic lattice) to reduce G,
-- continuous monitoring and adjustment of E.,, to MeV precision (transv. Polar.)
-- an extremely sensitive event selection against backgrounds
-- typically 3 years doing this (also neutrino counting+ rare Z decay search with ytagged Zy evts)



Precision EW measurements:
is the SM complete?
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value &+ error| Stat. Syst. leading exp. error 70— > o N LsmerT = Lsn + : A—;(’Ji ..... Bl EcCce (Higes) 7o
my (keV) 91186700 = 2200 4 100 From Z line shape scan - g E’ ! Bl FcC-cc EW+Higes) |
Beam energy calibration o=t~ e —|60
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% 40— 40
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Ry, (x10°) 216290 £ 660 0.3 <60 ratio of bb to hadrons ’<f' - =
stat. extrapol. from SLD 20— | o0
ol (x10%) (ub) 41541 £ 37 0.1 4 peak hadronic cross section - I -
luminosity measurement 10— =10
N, (x10%) 2996 + 7 0.005 1 Z peak cross sections - I IIE
Luminosity measurement ol - - —o
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AE%I'T (x10%) 1498 + 49 0.15 <2 T polarization asymmetry .\ H iall
loeny phyice top quark mass and couplings essentiall
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Beam energy calibration
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QCD errors dominate __ 1
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Low Energy: the realm of FCC-ee

Highest luminosities at 91, 160 and 350 GeV
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D HL-LHC

(O HL+CEPC
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Complete set of EW observables can be measured | Sy
Precision unique to FCC-ee + new physics sensitivity T
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29.07.2020 Alain Blondel Circular and Linear e+e- T o
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More on TeraZ

The Flavour Factory

Progress in flavour physics wrt SuperKEKb/BELLEII requires > 10 b pair events,
FCC-ee(2): will provide ~1012b pairs. “Want at least 5 1012 Z...”
- precision of CKM matrix elements
- Push forward searches for FCNC, CP violation and mixing
- Study rare penguin EW transitions such as b —s 7+ 1- , spectroscopy (produce b-baryons, B, ...)
- Test lepton universality with 10! 7 decays (with 7 lifetime, mass, BRs) at 10-°level, LFV to 10-1°
-- all very important to constrain / (provide hints of) new BSM physics.

need special detectors (PID); a story to be written!

The 3.5 x 102 hadronic Z decay also provide precious input for QCD studies
High-precision measurement of as(mz) with Rt in Z and W decay, jet rates, T decays, etc. : 10 -3 —10 4
huge Vs lever-arm between 30 GeV and 1 TeV (FCC vs ILC), fragmentation, baryon production ....

Testing running of as to excellent precision

29.07.2020 Alain Blondel Circular and_ Linear e+e- 55
Complementarity



With the Higgs discovery SM works perfectly, yet we need new physics to explain the baryon
asymmetry of the Universe, the dark matter etc... without interfering with SM rad. corr.

mediato
or
mixing

fermions?

Dark photons, axion like particles, sterile neutrinos, all feebly coupled to SM particles

29.07.2020 Alain Blondel Circular and_ Linear e+e- 26
Complementarity




Gy

a::;i:;;;:f:fb This picture is relevant to Neutrino, Dark sectors and High Energy Frontiers.
FCC-ee (Z) compared to the other machines for right-handed (sterile) neutrinos
How close can we get to the ‘see-saw limit’?

10_7 Electron coupling dominance: U:.: fo: U2 =1:0:0
] . . 2
== \\
2 10_3 European Strate \ \
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l 0_ £ 5 —  CEPC, EWPO @ 2= I8 = 0 f + 10 F
5 "SH[[)
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1 O = = FCC-ee, Higgs BRs
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lO . ee: aw — FCC-ve, EWPO @ 20 16t = W[ + 10
—12 1 1 'R A B A A | ! 1 g gegegngugi] 1 Lo gl 1 ]
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m,, (GeV)

-- the purple line shows the reach for observing heavy neutrino decays (here for 10%? 7),
-- the horizontal line represents the sensitivity to mixing of neutrinos to the dark sector,
using EWPOs (G; vs sin20,,f"and m,, m,,, tau decays) which extends sensitivity

to 10~ mixing all the way to very high energies (60 TeV at least).
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Similar situation for Axion-like-particles; Luminosity is key to the game
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Complementarity with High energy lepton collider,
Much more left to explore at FCC-ee-Z and FCC-hh!



