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Why a Higgs Factory?

| want to start by reassuring my UK colleagues:
the “PartyGate” emerged out of a total misunderstanding!

BJ didn’t mean “Bring your booze” but rather “Bring your boozon”
(when you spend too much time in Brussels, you tend to forget Shakespeare English! )

Let's remember why we need a Higgs/top/EW factory
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Today HEP Status

» SM is now confirmed to high accuracy up to energies of (several) TeV

» Higgs boson discovered

» No direct evidence of new physics at colliders, maybe few indirect hints (B physics, (g-2)....)
» SM is *consistent™ but *incomplete™ in describing the whole Universe

» SM is only a low-energy approximation energy/effective field theory but we don’t know
the scale of New Physics

» We need experiments to probe the laws of Nature further and further

One century of tremendous successes brings fundamental questions:
Why something rather than nothing”? How did matter dominate over antimatter?
What was the dynamics of the early Universe a nanosecond after the Big-Bang?

Is there exo-matter, i.e. matter that can interact with us?
Are the SM particles really all elementary?

Remarkably, we can build a machine to answers these questions!
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Today HEP Status

» SM is now confirmed to high accuracy up to energies of (several) TeV

» Higgs boson discovered

» No direct evidence of new physics at colliders, maybe few indirect hints (B physics, (g-2)....)

» SM is *consistent™ but *incomplete™ in describing the whole Universe

» SM is only a low-energy approximation energy/effective field theory but we don’t know
the scale of New Physics

» We need experiments to probe the laws of Nature further and further

We need a broad, versatile and ambitious programme that
1. sharpen our knowledge of already discovered physics
2. push the frontiers of the unknown
— FCC-ee+eh+hh combine these 2 aspects —
more PRECISION, more ENERGY for more SENSITIVITY to New Physics
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FCC-ee Run Plan

LEP data accumulated in first 3 mn. Then exciting & diverse programme with different priorities every few years.
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order of the different stages still subject to discussion/optimisation)

Phase Run duration | Center-of-mass Integrated
(years) Energies (GeV) | Luminosity (ab™h)
FCC-ee-Z 4 88-95 150
FCC-ee-W 2 158-162 12
FCC-ee-H 3 240 S
FCC-ee-tt S 345-365 1.5

Event statistics (2IP)

ZH

tt

Z peak
WW threshold

Superb statistics

achieved in onl

E..,: 91GeV A4dyrs
E.,,=161 GeV Z2Zyrs

maximum  E_,:240GeV 3yrs
(3yrs?) O(5000) e+e- 2 H

s-channel H E.,:my

E.,,:=350GeV 5yrs

FCC —ee p/7y5 s

5 1012 e+e-=> Z
>10% e+e- 2> WW
> 10 e+e- > ZH

106 e+e- > tt

|5 years

E.\ errors:
LEP x 10° <100 keV
LEP x 2.103 <300 keV
Never done 1MeV

Never done <<1 MeV
Never done 2 MeV ¢
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FCC-ee Physics Programme

'mz, ['z, N, « ot s(mz) with per-mil accuracy

‘R, ArB *Quark and gluon fragmentation

‘mw, ['w *Clean non-perturbative QCD studies

EW & QCD
detector hermeticity particle flow
tracking, calorimetry energy resol.
particle ID
- " -
direct searches Intensity
of light new physics frontier”

e Axion-like particles, dark photons,
Heavy Neutral Leptons
e long lifetimes - LLPs

flavour factory
(10'2bb/cc; 1.7x10" 77)

7 physics B physics
*Flavour EWPOs (Rp, AFBb’C)
er-based EWPOs eCKM matrix,
elept. univ. violation tests oCP violation in neutral B mesons

vertexing, tagging
energy resolution
hadron identification
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momentum resol.

eFlavour anomalies in, e.g., b = szt
tracker

Higgs

MHiggs, rHiggs
Higgs couplings
self-coupling

Top

Mtop, rtop
EW top couplings

detector req.
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Z-Factories are great Flavour Factories

Working point  Lumi. / IP [10°* ecm™2.s71] Total lumi. (2 IPs) Run time Physics goal

Z first phase 100 26 ab™! /year 2
Z second phase 200 52 ab~! /year 2 150 ab™!

Particle production (10Y) BY /EO Bt /B~ B! /ES Ay /Ay @ 7)1t

(@)
-
=
@
3
()
3
7 Belle 11 27.5 27.5 n/a n/a 65 45
8 FCC-ee 1000 1000 250 250 1000 500
O
O
P
%ﬁ Decay mode/Experiment Belle II (50/ab)  LHCb RunI LHCDb Upgr. (50/fb) FCC-ee
a EW/H penguins
O BY — K* ete” ~ 2000 ~ 150 ~ 5000 ~ 200000
= BB K (5037
op) By — puTpu” n/a ~ 15 ~ 500 ~ 800
8 BY — ptpu~ ~5 - ~ 50 ~ 100
g BB, 5 trr) boosted b’s/7’s
Leptonic decays
. . at FCC-ee
out of reach BT = v 5% 3%

B+ — 7_+Vtau 7% 2%
T T — C——— 0
'P / hadronic decays

BY = J/¥Ks (0sin264)) ~ 2.%10° (0.008) 41500 (0.04) ~ 0.8 -10° (0.01) ~ 35 - 10° (0.006)
B, — DFKT n/a 6000 ~ 200000 ~ 30 - 10°
Bs(B%) — J/W¥¢ (04, rad) n/a 96000 (0.049) ~ 2.10° (0.008) 16 - 10° (0.003)
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https://indico.cern.ch/event/789349/contributions/3298832/attachments/1806342/2948136/FCC_Flavours_CDR_CERN_March2019.pdf

Probing New Physics w/ r Decays

Allwicher, Isidori, Semilovic '21

E.g.: (I) LFU tests in tau decays

A.Pich'l3
FT—)/J,/FT—)G F?T—)[J./FW—)G FK—)p/FK—)e FK—)ﬂ'p,/FK—Hre FW—)u/FW—)e
_ - T
(™) /W) 2 _ I(r — 67/7) Lsm(r — eyﬁ) 19,/ | l 0018 (1—12 1.0021 (16) 0.9978 (20) 1.0010 (25) 0.996 (10)
Np—evw) |T'sm(p —evr)| T o .-
',4 rT—)e/Fp—)e F‘r—m/rw—m FT—)K/FK—)/J, FVV—)T/FW—)[J,
|gT/g#| \1 0011 (15 ) - 0.9962 (27) 0.9858 (70) 1.034 (13)
FT—);L/F/J,—)e T‘W—)T/FVV—)G
9./ L 0030(1 ) 1.031T43)
:"'. - ‘ ----------
L 7V \ W / “Model-independent”
W\ effect linked to
f y /v v present anomalies
b

sensitivity good enough | o
¢ NP expectation from current anomalies in the range (0.2 — 4.0) x 10-3

to PrObe BSM models ¢ SM theory precision ~ 10-3
“explaining”’ current ¢ Belle-II can (at most) reach an error ~ 0.3 x 10-3
ﬂaVOUI’ RK anoma|ieS I ¢« FCC-ee could g0 below 10-4! ' Unique Oppor‘[unity !
(b—c7v)
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https://inspirehep.net/literature/1919150

Discovery Potential Beyond LHC

Precisely measured EW and Higgs observables are sensitive to heavy New Physics
Examples of improved sensitivity wrt direct reach @ HL-LHC: SUSY
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https://inspirehep.net/literature/1333670
https://inspirehep.net/literature/1761133

Discovery Potential Beyond LHC

Precisely measured EW and Higgs observables are sensitive to heavy New Physics
Examples of improved sensitivity wrt direct reach @ HL-LHC: Composite Higgs

Composite Higgs, 20
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Fig. 8.5: Exclusion reach of different colliders on the inverse Higgs length 1/¢;; = m, (orange
bars, left axis) and the tuning parameter 1/€ (blue bars, right axis), obtained by choosing the
weakest bound valid for any value of the coupling constant g, .
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https://inspirehep.net/literature/1333670
https://inspirehep.net/literature/1761133

Direct Searches for Light New Physics

e LLP searches with displaced vertices

e.g. in twin Higgs models glueballs that mix with the Higgs and decay back to b-quarks

Craig et al, arXiv:1501.0531(

g

® Rare decays Gori et al arXiv:2005.05170
e.g. ALP mixing w/ SM mesons:

K; — ma = 7%y (KOTO)
Kt = 7ata— n7yy (NA62)

e ALPs@ colliders
€.9. ete” = a ‘© !
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https://arxiv.org/abs/1501.05310
https://inspirehep.net/literature/1908207
https://arxiv.org/abs/2005.05170

Search for VrH

Direct observation

Electron coupling dominance: 2: UZ: U2 =1:0:0

in Z decays o 1077 h =
from LH-RH mixinchi=a 10—3 N |
I
o 107
107
10°° E , TARN !
o NG A\ S

w—  CEPC, displaced vertex

10-8 = = = » CEPC, Higgs BRs

[ mm.k”‘-.’..‘r

Important to understand
1. how neutrinos acquired mass e
2. if lepton number is conserved 107" a °¢ Saw ————
10—]2 1 1 L 1ol 1 1 Lol 1 Lol 1 . )
10~ | 10 10
my, (GeV)

I FCC-ee, displaced vertex

10—10 ‘

= = = = FCC-ee, Higgs BRs
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https://inspirehep.net/literature/1761133

Exotics/Long Lived Particles
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Decay Topologies

Decay Topologies Decay mode F;
h—2— h—Er
h—=2-23 h=~y+Er

h — (bb) +Er
{< h = (jj) +Et
h= (77 )+ Er
h = (vy) + &1
h— (676 )+ET
h—>2-3324 h — (bb) +ET
h = (j7) + £t
h—=(r"77)+ET
h = (vy) + £t
h—(£)+ET
h— (up) +E7
h =2 (1+3) h = bb + P
h - jj +Er
h—= 151" 4+ E7
h = yy+E7
h—=£4¢ +E7

h—22-4

Decay mode F;

h — (bb)(bb)
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Z. Liu @ CEPC 2020

"he Higgs could be a good portal to Dark Sector
— rich exotic signatures —

LHC’s strength
Hard at LHC due to
missing energy
Hard at LHC due to
hadronic
background

Lepton colliders’ strength

FCC workshop, Feb. 2022


https://indico.ihep.ac.cn/event/11444/session/2/contribution/202/material/slides/0.pptx

Exotics/Long Lived Particles

Z. Liu @ CEPC 2020

"he Higgs could be a good portal to Dark Sector

P ﬂm — rich exotic signatures —
< 95% C.L. upper limit on selected Higgs Exotic Decay BR
(m HL-LHC
10-1 m CEPC |
. m ILC(H20)
wn
% 02| m FCC-ee |
n
L
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VE, (Bb)iye Wsmg, (Drmg, Pormg, M, Mg, Bb)by) COeqy W)  Bb)zy (o Gy (i,

How to imprve’?
> Dedicated detectors, see e.q. talk b
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https://indico.ihep.ac.cn/event/11444/session/2/contribution/202/material/slides/0.pptx
https://indico.cern.ch/event/995850/contributions/4406347/attachments/2273713/3862016/FCC-week-LLP.pdf

Higgs @ FCC-ee: Pivot between LHC and FCC-hh

include HL-LHC
no

BR
e.g. kv<l

BRinv

kappa-2 measured measured
need an assumption to close the fit

hadron collider cannot measure width

Scenario

Christophe Grq Jean

kw (%)

free kv

‘K'V‘ < 1

00 04 08 12 1.6 2.0

K (%)
|
I
I
|
I
0 1 2 3 4

Br;,, (< %, 95% C.L.)

0.02

00 0.6 1.2 1.8 24 3.0

kz (%) Ke (%) K (%)

free Ky

‘Kv‘gl

00 04 08 1.2 1.6 2.0

Ky (%) K (%) Ky (%)

ECFA Higgs study group ‘19
Kp (%)

Kzy (%)

& ©

0.0 15 3.0 4560 75 0.0 15 3.0 45 6.0 75 8

Br (< %, 95% C.L.) Higgs@FC WG

FCC-ee+FCC-eh+FCC-hh
FCC-ee345+FCC-eenq

FCC—6624()
CEPC

free Ky

‘K\/" < 1

IIIII
J10 )

CLIC] 500+CLIC380

4 Standalone colliders

FCC—ee p/7y5 s

0

—_—
[\
(O8]

CLIC3000+CLIC 1500+CLIC3 80

13

0 4 8§ 12 16

Kappa-2, May 2019

CLICsg

ILC509+ILC350+ILCo5

ILCaso assumption
LHeC (Jxy| < 1) needed for the fit
HE-LHC (|xv| < 1) to close at hadron

HL-LHC (|xv| < 1) machines
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https://arxiv.org/abs/1905.03764

Higgs @ FCC-ee: Pivot between LHC and FCC-hh

ECFA Higgs study group ‘19
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E g Brin (< %, 95% C.L.)  Br, (< %, 95% C.L.) Higgs@FC WG Kappa-3, May 2019
0.02
o Important synergy HL-LHC — low energy lepton
. colliders
— i Top/Charm Yukawa
0 0c a8 a0 0 1 o 3 4 Statistically limited channels: yy, mumu, Zy
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https://arxiv.org/abs/1905.03764

Higgs @ FCC-ee: Pivot between LHC and FCC-hh
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Bl FCC-ee+FCC-eh+FCC-hh CLIC3g0

B FCC-eezqs5+FCC-eenqg ILC509+ILC350+ILCs50
FCC—6624O ILCZSO
CEPC LHeC (|ky| < 1)
CLIC300p+CLIC500+CLIC3g HE-LHC (|xy| <<1)
CLIC1500+CLIC380 HL-LHC (‘Kvl < 1)

All future colliders combined with HL-LHC

FCC-hh without ee could

still bound BRiny

but it could say nothing

about BRynt

FCC-ee needed for absolute normalisation of Higgs couplings

FCC-hh is determining top Yukawa through ratio tth/ttZ

So the extraction of top Yukawa heavily relies on the knowledge of ttZ from FCC-ee

o(ttH)

o (tFH ) [pb) e

o(ttZ)[pb]

13 TeV

O 475+5.79%+3.33%

0 7854_9'81%—’_3'27%

+2.45%+0.525%
—11.2%—3.12% 0.606

9.04%—3.08% —3.66%—0.319%

100 TeV

33 9—|—7.06%—|—2.17%

57 9+8.93%+2.24%

+1.29%+4-0.314%
—9.46%—2.43% 0.585

—8.29%—2.18% —2.02%—0.147%

Subsequently, the 1% sensitivity on tth is essential
to determine h3 at O(5%) at FCC-hh

uncertainty drops in ratio
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https://arxiv.org/abs/1507.08169
https://indico.cern.ch/event/789349/contributions/3298726/attachments/1806157/2947778/Global_EFT_fits_FCC.pdf

Improved jet flavour tagging Selvaggi @ FCC week 2021
BR(H— ss) = BR (H— cc) (m /m )?~ 2.3 10"

FCCee: 0., ~200fb, L~ 5 ab™ (2 IP): ~1M ZH Back-of-the

[600k H—bb, 100k H—gg, 30k H—cc, 200 H— ss] envelope estimates
Use Loose WP:

[s-tag: 90%, g-mist: 10%, c-mist: 1%, b-mist: 0.4% THOROUGH

- Scenario 1: Z(—all)H: STUDIES NEEDED

N_ =150, N, =1000
(neglecting ee— VV backgrounds)

O(oxBR)/oxBR (%) ~ 21 % (~ 50) [no systematics, only higgs backgrounds, no combinatorics]
- Scenario 2: Z(—vv)H:

N_ =30, N, =200
(neglecting ee — vvqqg and ee — qq, can be important given large q — s fake prob.)

O(oxBR)/0oxBR (%) ~ 49% (~ 20) [no systematics]
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https://indico.cern.ch/event/995850/contributions/4415991/attachments/2273135/3861058/flavour_tagging_fccee.pdf

) - ACCess to e- Yukawa

H
> Xolizbg this measurement is im
Constraints on CPV from EDM measurements

o(ete—H) = 1.64 fb

Opreninsn(€€—H)=0.17 X o(e"e—H)=290 ab would vanish if hee is zero!
¢ 20ab/yearat/s=125GeV (notinbaseline FCC-ee)
¢ Monochromatization oys~1-2xI'y~ 61010 MeV = cececcceeeeeeeeeeeeeeetstccccccccssssossosososccnnnnnos .
@0 o .
. | & — ~ ~ _4 °
e Resonant ee — H production o = ° Ry ~ iz <1074
Upper Limits / Precision on «, g g F = .
QD - ; S OE é
L 3 h NAcpv > 25 TeV
ST ) = o o
102 3 i
10 55 = : .
; e '\+ t 5ghtt S 0‘01
y Standard Model E : (e
- W 0
- 2% DY O < g ‘- E 4 Y, Z /\CPV > 2.5 Tev
- Of 2 & - O ; &
107 & = T 2 © e e e

e 20 excessinoneyearwith2IP
e +15% precion on k. in 3 years with 4 IP
> Not feasible at ILC or CLIC
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http://arxiv.org/abs/arXiv:1208.4597
http://arxiv.org/abs/arXiv:1310.1385

- ACCess to e- Yukawa

H
> < this measurement is im

X=WZb,g

Constraints on CPV from EDM measurements

o(ete—H) = 1.64 fb

O ..usp(€€—H)=0.17x0(e*e—H)=290 ab would vanish if hee is zero!
spread+

¢ 20ab/yearat/s=125GeV (notinbaseline FCC-ee)
¢ Monochromatization o ~ 1-2 x 'y ~ 6 to 20 MeV current ACME 90%CL bound on e EDM

—29
e Resonant ee — H production | |de|< 1.1 x 107" e cm.

Upper Limits / Precision on «,

(SM4 value : 10-37-10-44 e cm)
< F T
103 = : H
= Polyatomic EDM
102 & ESU, arXiv:1910.11775
B L1 b i i Simplisticiview: ¢ bbb
10 & o0 -0 jessumediEdy | 0 O imeasurements -
= § taw oo e iplan L
B dard Model 2 AT Y . 5
1 L Standard Mode E 103 : ' : te{u . ¢ + : t t + + $ ¢ New physics
= = chaum _ : : : Laser cooling
- 25 85 2 £ E® o e ©° T T T T T T T Polarization |
107 L oo EC 7 S '§ srangeness = muon L : muon; iggH | : ’ : : Co-magnetometers  from slide by N. Hutz
= T L 3 : : - : : H H H 0Hg H ; H H
- s potond;; i pmtondg neutfondy : neutrond, i Time scale of 5-10 years:
@ O i ; i i O i O : . —_— ; protpn dq
£ v ' Pan |d,| $107?ecm
e 20 excessinoneyearwith2IP 10+
1-loop, PeV scale sensitivity

0 . . .
® 115A’ precion on X, In 3 years with A IP 1016 1017 1018 1019 1020 1021 1022 1023 }iou 1025 1026 1027 1028 10?° 10% e-cm M. Reece @ Pheno2020
. EDM upper limit
> Not feasible at ILC or CLIC Snowmass LOI
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https://arxiv.org/abs/2010.08709
https://indico.cern.ch/event/858682/contributions/3840424/attachments/2032715/3402456/Reece_Pheno_2020.pdf
https://arxiv.org/abs/1910.11775

CP Violation in Higgs Sector

Searching for source of CPV that can trigger matter-antimatter imbalance
SM: only 1 CPV invariant (Jarlskog)
BSM: 707 new sources of CPV at leading order

CPV is a Collective effect: CPV is accidentally small in the SM

] — 3 R
SM: Jy =TT [V, YaV]T?) o X3 ~ 10724
Generic | MFV
_ - : 0 0
. B68Y I\ﬂ | L InTr [, Vi XX, I —ImTe[CpYiXaX,]  Li¥ —InTr [C,, ¥/ X2X]] Rank 2 | O(\%) | O(\8)
im.6 Yukawa H - uH _ ' uH _ ’
L = I Tr |C,py Vi X3X2| L =Im T |C,, VIXuX3X2] Ly =TmTr | C, ;Y XaX2X]] Rank 3 | O08) |O(\12)

all suppressed by vR/(New Physics scale)? but no big collective suppression

sizes of CPV sources depend on flavour symmetry of BSM interactions
Bonnefoy et al: arXiv:2112.03889
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https://arxiv.org/abs/2112.03889

CP Violation in Higgs Sector

Searching for source of CPV that can trigger matter-antimatter imbalance
SM: only 1 CPV invariant (Jarlskog)
BSM: 707 new sources of CPV at leading order

0.3 T source

Fuchs et al. 'R0

0.2

see also
de Vries et al.’17 \
0.1 \

- ||
}\ O-OL _i;

N .y

-0.2

-0.3

~0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1
Tr

sufficient baryon
asymmetry within
LHC & EDM limits?
T:yes

t,b, W no

EDM u(h=> ) <1.7

CPV Yukawa could still be the source of EW baryogenesis

EFT Cut-off scales A//XRr.1

Minimal scales maximally allowed T (collider, EDM)
T,b:1-3TeV;t:1TeV (LHC), 9 TeV (EDM)
10 —12 TeV

Maximal scales  minimally required T (EWBG)
A//XF <18 TeV (0.01/T7)">

— continue the exploration, especially in the tau sector —
CAhAristophe 6}*9 Jean FCC—ee ///7y5/c5

FCC workshop, Feb. 2022



https://arxiv.org/abs/2112.03889
https://arxiv.org/abs/2003.00099
https://arxiv.org/abs/1710.04061

Physics Performance On-Going Works

 Common software framework is becoming the "standard" for analyses
* First usage of Full Simulation in analyses will be presented this week

» Several efforts that have started recently will presented for the first time; status
reports on other analyses will be given as well.

Join the efforts! Volunteers welcome!

Christophe Grojean FCC-ee Physics 19 FCC workshop, Feb. 2022



Physics Performance On-Going Works

Flavour

Measurement

Constraining

Bs to Ds K

Many things.. Vertexing,
PID, EM resolution

Bc -> tau nu

Flight distance resolution
(vertexing)

B -> K* tau tau

Flight distance resolution
(vertexing)

Modes with piO’s

EM resolution

Chris fop/?e érc(p Jear

BSM

Tau

Measurement

Constraining

Tau Lifetime

Construction and alignement of vertex detector

Tau mass

Track momentum scale (in multi-track collimated
environment)

Tau leptonic BR

Electron and muon ID

Tau polarisation and
exclusive BR

Photon, Pi0, neutrals, K/pi separation

Lepton Flavor Violation
in Z and tau decays

Lepton momentum scale

HNL

- displaced vertices
- specific tracking

ALPS: ee — ay — 3)/

- Photon resolution

- separation of close-by photons

- displaced y vertices

ALPS: yy =y —yy

Photon resolution

Dark Photons ee — yy

Photon resolution

FCC —ee /p/']yé S
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Physics Performance On-Going Works

Z pole

Measurement

Constraining

WW

Total width of the Z (see next slide)

Track momentum (and angular)
resolution, scale (magnetic field)
stability

Measurement

Constraining

Rb, Rc, AFB of heavy quarks

Flavour tagging, acceptance,
QCD corrections

Coupling of Z to nu_e

( also, at the Z peak: invisible ALP, dark y)

Photon energy resolution,
acceptance, track efficiency

alphaS measurement

Z-> jets

My from WW -> had, semi-lep

Lepton and jet angles, Kinem fits

Ratio Rl

Geometrical acceptance for
lepton pairs

(d)o(WW) for My, TGCs

Lepton ID, angular resolutions

AFB (muons) and a(QED)

EW corrections and control of
IFI (initial-final state radiation
interference)

Vcb viaW -> cb

Flavour tagging

W leptonic BRs

Lepton ID, acceptance

Luminosity from diphoton events ;
NP in diphotons

e/gamma separation, gamma
acceptance

Meas of s via radiative return

lepton and jet angular resolutions,
acceptance

Chris fop/?e érc(p Jear
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Physics Performance On-Going Works
Higgs Physics

Higgs Physics

Measurement

Constraining

Higgs boson coupling to c quark

Flavour tagging, vertexing

Measurement

Constraining

o(ZH) and mH, Z —leptons (Mrecoil);
New scalarsinZ + S

Lepton momentum & energy
resolution

F(H) with bbnunu events

Visible and missing mass
resolutions

HZy coupling

photon identification, energy
and angular scale

o(ZH) and mH, Z — hadrons;
BR( Higgs invisible)

hadronic mass and hadronic
recoil-mass resolution ;
Maybe b-tagging

ee->H production in s-channel at Higgs
pole

- q/ g tagging

NH)inZH,H > ZZ*

Lepton ID efficiencies; jet
clustering algorithms, jet
directions, kinematic fits

top

Higgs boson mass in all exclusive final
states (hadronic, taus, etc)

b-tagging eff and purity, jet
angular resolution, jet reco,
kin fits

Measurement

Needs good:

EW couplings of the top

Jet reco, b-tagging, kine fits

Chris fop/?e érc(p Jear

Top properties from threshold scan

Jetreco, b-tagging, kine fits

FCNC couplings

ldem + photon reco

FCC —ee /p/']yé S 22
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Summary of Physics Potential

FCC-ee note, 1906.02693

e*e™ collisions pp collisions
28TeV Leading Physics
_ HZ max. 2Mtop 500 GeV 1.5 TeV 3 TeV 37 TeV 100 TeV J . Y
Physics ¢ 240250 GeV | 340380 GeV 48 TeV Questions

Precision EW Transverse Transverse Existence of more SM-
(Z, W, top) polarization polarization mw, os Interacting particles
QCD (as) - 8 Fundamental constants
x10* Z x10° W 105H—
QED (claeo) 5 3 % and tests of QED/QCD
Model-independent ee = H 1.2x10% HZ and 75k WW—H <1% precision

Test Higgs nature

Higgs couplings Vs =my .

Higgs rare decays

(*)
<1% precision

(*)

at two energies

Portal to new physics

104 BR
sensitivity
5% (HH prod)
(*)

Higgs invisible decays Portal to dark matter

Higgs self-coupling Key to EWSB

3 to 5o from loop corrections
to Higgs cross sections

Portal to new physics

Flavours (b, T .
(b0 Test of symmetries

RH V's, Feebly Direct NP discovery

101t W

interacting particles

At low couplings

Direct search M, <250GeV. My<750GeV. M, <1.5TeV Up t TeV Direct NP discovery
at high scales Small AM Small AM Small:AM PEE 46 € At high mass

Precision EW Y W 7 Indirect Sensitivity to
at high energy ! Nearby new physics

Quark-gluon plasma
Physics w/ injectors

QCD at origins

Green = Unique to FCC; Blue = Best with FCC; (*) = if FCC-hh is combined with FCC-ee;

Chris fop/]e érc(p Jear
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https://arxiv.org/abs/1906.02693

Conclusions

A circular “Higgs factory” like FCC-ee has a rich potential:
« Direct and indirect sensitivity to New Physics
« Refinements in our understanding of Nature (EW phase transition, naturalness...)
And it is an essential part of an integrated programme to probe the energy frontier

Data always brings new understanding.
We need facts and data: Physics is a natural science!

We have profound questions and we need create opportunities to answer them.
FCC-ee will for sure contribute.

High-Energy Physics provides tools to others fields
(medicine/climate/energy)
It remains a good investment for the future of mankind

Let’s produce our boozons (and fermions) and have a party (afterwards)

Christophe Grojean FCC—ee p/?}/S/‘CLS 24 FCC wor,éS/Zop, Feb. 2022
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