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Introduction: the machine

* FCC-ee is an electron-positron collider sharing infrastructure with
a subsequent hadron collider (FCC-hh)
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* Beam energies range from 45.6 to 182.5 GeV
covering the Z-pole, W-pair threshold, .
/H production and the top-pair production
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* Double-ring collider with 2 (or 4)
interaction regions and a booster J (RF)
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* |njector complex with linac, pre-booster,
and e+ source with damping ring
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Introduction: timeline
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Introduction: goals

Overall goal

« Perform all necessary steps and studies to enable a definitive project decision by
2026, at the anticipated date for the next ESU, and a subsequent start of civil
engineering construction by 2029.

This requires successful completion of the following four

main activities

* Develop and establish a governance model for project construction and operation

* Develop and establish a financing strategy

* Prepare and successfully complete all required project preparatory and
administrative processes with the host states (debat public, EIA, etc.)

« Perform site investigations to enable CE planning and to prepare CE tendering.

In parallel development preparation of TDRs and physics/

experiment studies

« Machine designs and main technology R&D lines
 Establish user communities, work towards proto-experiment collaborations by 2025.



Introduction: European Strategy

Preamble: The particle physics community is ready to take the next step towards
even higher energies and smaller scales. The vision is to prepare a Higgs factory,
followed by a future hadron collider with sensitivity to energy scales an order of
magnitude higher than those of the LHC, while addressing the associated technical
and environmental challenges.

High-priority future
Initiatives

An electron-positron Higgs factory is the highest-priority next collider. For the longer
term, the European particle 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 technologles, In particular that for high-fleld
superconducting magnets, Including high-temperature superconductors;

- Europe, together with Its Iinternational partners, should Investigate the technical
and financlal feasibliity 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
factory as a possible first stage. Such a feasibllity study of the colllders and
related Infrastructure should be established as a global endeavour and be
completed on the timescale of the next Strategy update.

The timely reallsation of the electron-positron International Linear Collider (ILC)
In Japan would be compatible with this strategy and, In that case, the European
particle physics community would wish to collaborate.



Introduction: event rates

Phase Run duration | Center-of-mass Integrated Event
(years) Energies (GeV) | Luminosity (ab™ ") Statistics ‘I-_Q
FCC-ce-Z 4 88-95 150 3 x 10 visible Z decays ©
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FCC-ee: The Higgs Factory

(4y) Z peak E., = 91GeV 51012 e+e-—> Z
(2y) WW threshold E__ =161 GeV 108 e+e- > WW
(3y) ZH threshold  E_ =240 GeV e+e- 2> ZH

(4y) tt threshold  E__ =350 GeV ete- > tt

(ny) H(optional) E., =125 GeV ete-> H




HL-LHC Higgs Legacy
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| | I I |
HH production at 14 TeV LHC at (N)LO in QCD
M,=125 GeV, MSTW2008 (N)LO pdf (68%cl)

Vs = 14 TeV, 3000 fb ' per experiment
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b 37 18 18 a2 ATLAS CMS ATLAS CMS
K. b 1o 09 08 15 HH — bl_)bb 1.4 1.2 0.61 0.95
T ' ' ' ' HH — bl_)TT 2.5 1.6 2.1 1.4
« HH — bbyy 2.1 18 2.0 1.8
“ — 43 38 1.0 1.7 —
) HH — bl_)VV(lll/l/) - 0.59 - 0.56
K : : 08 72 17 64 HH — bbZZ(4l) - 0.37 - 0.37
ne|ee—_—_r—m—m oy combined 35 28 30 2.6
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Case for precision Higgs physics

= How large are potential deviations from BSM physics?

= How well do we need to measure Higgs couplings?

@ To be sensitive to a deviation 0, the measurement needs a precision of at least &/
3, better &/5

@ Implications of new physics scale on couplings from heavy states or through

mixing
lefﬁ:b[lhl_;{f] type | type Il lepton-spec. flipped
Vv sin?(8 — a) sin?(8 — a) sin®*(8 — a) sin*(8 — a)
_ cos? o cos? a cos® o cos? o
g = gsMm []_ -} A] - A = O(’Uz/Az) u sin? sin® 3 sin? 8 sin? 3
dd cos? o sin? a cos® o sin? o
sin? 8 cos? 3 sin? 3 cos? 3
e cos’ a sin” a sin® o cos”
sin’ 3 cos? 3 cos? 3 sin? 3
= Percent-level precision test TeV scale arXiv:1310.8361

= Requires 106 Higgs events

= There is no strict limit to the precision needed!
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Higgs Production

= e+e-—ZH production maximal at 240-260 GeV

Unpolarized cross sections
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Higgs Precision Measurements

= Recoil method unique to lepton collider

= Tag Higgs event independent of decay mode

= Provides precision and model independent measurements of
® o(ee—ZH) « ghzz?

® My

— L L | L L B BB
> .
i ILC Zh—u'u'X
- Key Ian‘It to rH 8 250 ‘m Model in!:epl:ndent analysis -
. . L, =250 b", s =250 GeV
= Sensitive channel for HIggS to g H P(e, e*) = (0.8, +0.3)
Invisible search = 200 L Seraeasrnatio :
tt gnal+Background .
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Higgs self-coupling through loop corrections

2 ) i}
(.,
Ozh = + 2 Re
[ _
6219 =100 (207 + 0.01455) %

= \ery large datasets at high energy allow e ElEE SIS ks 2016
L. di-Higgs single-Higgs
extreme precision gz4 measurements e N [ ] e e

. HE-LHC < - N ~ — N . FCC-selehinh zsc‘,g:%/%r;mn
= |ndirect and model-dependent probe of ki A A ... Wsrec ﬁpgc

Higgs self-coupling el NS Do Rt
FCC-ce under HH threshold ﬁgég:z)
NN\ \\\\\' 33% (19%)
collider 1-parameter full SMEFT m\\\\ REER ——— :90%9&1 ____
_ a0 e B N
FeC-ee 210 I £
-ee240/365  21% @ 4% | Lo N
FCC-ee (41P) oLIC H‘ DZ,E:{,?% E{Z‘f’“’
ILC 250 36% ' o1 20 a0 a0 o | e
ILC 250/500 32% 58% 68% CL bOUﬂdS on Ks [°/°] All future colliders combined with HL-LHC
ILC 250/500/1000 29% 52%
CLIG.380 117% : arxiv:1312.3322
CLIC 380/1500 72% - .
CLIC 380/1500/3000 49% ] arxiv:1910.00012
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http://arxiv.org/pdf/1312.3322v5.pdf
https://arxiv.org/pdf/1910.00012.pdf

Precision Higgs Couplings

= Measure o(ee—ZH) * BR (H—X) by identifying X
= Example: o(ee—ZH) * BR (H—2ZZ) « guzz*/TH

= Total width from combination of measurements or fit

= Branching fraction to invisible tested directly

Z > Il with H -> bb : =
S0 CMS Simulation Ho1t with Z- qq RS Bttt
3 F C C-ee ) 3400 L 500 o, {5=240 GeV
O 450 e Signal ,500 fb”, 5=240 GeV — Signal FCC-ee
-~ %25 All backgrounds o~ 350 858 All backgrounds
8 400F | — 5 @
s 2300 | %
G 350 S o — W
2w @ w— qabar .
300 250 :
250 200 ; ;
200 o
150 e
150 ‘I‘I:I:I:I I
100 I'I‘Illllll MO
100 R S ;
B i 50 B e R
%60 70 90 100 110 120 130 140 150 % 60 80 100 120 140
Higgs mass (GeV) Higgs mass (GeV)
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Precision Higgs Couplings

Collider HL-LHC ILCys0 CLIC3g¢ FCC-ee FCC-eh
Luminosity (ab™!) 3 2 0.5 5 @ 240 GeV +1.5 @ 365 GeV 2
Years 25 15 8 3 +4 20
'/ 'y (%) SM 3.6 4.7 2.7 13 . SM
Sguzz/guzz (%) 1.5 0.30 0.60 0.2 0.17 0.43
sguww /gaww (%) 1.7 1.7 1.0 1.3 0.43 0.26
3gHbb/ gHbb (%) 3.7 1.7 2.1 1.3 0.61 0.74
88Hee/ gHee (%) SM 2.3 4.4 1.7 1.21 1.35
88Hge/ 8Hgg (%) 2.5 2.2 2.6 1.6 1.01 . 1.17
8gHw/ gH (%) 1.9 1.9 3.1 1.4 0.74 1.10
SgHu/ gHpp (%) 4.3 14.1 n.a. 10.1 9.0 . n.a.

88Hyy/&Hyy (%) 1.8 6.4 n.a. 4.8 39 : 2.3

dgui/guu (%) 3.4 - - - - . 1.7
BRgxo (%) SM < 1.8 < 3.0 <12 n.a.
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S-channel Higgs Production

Born -
= s-channel production :'i ArAEI09.02480
@ very small cross section 2 8 \évliz_t/fllzlfgﬂ 0
@ reduced by ISR and beam spread = (3); SE/E _ 6x105
® oPon(p+u-—H) = 40.000 oborn(e+e-—H) 0 0.8
® o(ete-—H) = 50ab (nominal 6E/E) \60.6
® o(p+p—H) = 15pb (nominal 8E/E) 0.4
0.2
= Beam-spread improvements 0=125.60 125.605 125.7 125.705 125.71
® FCC-ee via monochromators Upper Limits / Precision on «,
@ Feasibility and impact on luminosity need S F
study 108 i

= Expected significance 0.70/10ab-1 *

® Set an electron Yukawa coupling upper limit:

10 &
ke < 2.5 @95% CL -
1 i Standard Model 1 .
= l '
S I R T
1 o = :: 8 80: 80:
107 & < T i v
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Exclusive Higgs boson decays

= First and second generation
couplings accessible

® Sensitivity to u/d quark Yukawa
coupling

® Sensitivity due to interference

BRhspy Ky (1.9 £ 0.15)k, — 0.24F,, — 0.127]

%1077

= Also interesting to hadron collider
program

= Alternative H—-MV decays should
be studied (V=vy, W, and 2)
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Rare and Exotics Higgs Bosons

= |_argely unexplored!

= /H events allow for detailed studies of rare and exotic
decays

@ improved with hadronic and invisible Z decays
@ set requirements for lepton collider detector
= Coupling measurements have sensitivity to BSM decays
= Dedicated studies using specific final states improve
sensitivity
= Fxample: Higgs to invisible, flavor violating Higgs, and
many more

= Modes with of limited LHC sensitivity are of particular
importance to lepton collider program

= Detailed discussion of exotic Higgs decays at Phys. Rev.

D 90, 075004 (2014)
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FCC-ee: The Electroweak Factory

(4y) Z peak E.,= 91GeV 51012 e+e-—> Z
(2y) WW threshold E_ =161 GeV 108 e+e- > WW
(3y) ZH threshold E_, =240 GeV 106 e+e- 2> ZH
(4y) tt threshold E_. =350 GeV 106 et+e- > tt

(ny) H(optional) E_, =125 GeV 104 e+e-—-> H



W Boson Mass

I I
® m,

w=u Stat. Uncertainty
— Full Uncertainty

80376+33 MeV

80387+16 MeV

PA 80385+15 MeV

80370+19 MeV

r

80356+8 MeV

;ATLAS;
LEP Comb.
Tevatron Comb.
LEP+Tevatron
ATLAS
Electroweak Fit
80320 80540

80360
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W Mass Measurement

512 FCCee W-pair threshold 7 ' .
£ |  — m,=80.385GeV TI,=2.085 GeV T ®
S grvmmeon roemsew W palr threshold scan with
S10 [Imu=s08s 6oV, y=1085:3.085 6047 7~ => AMw = 0.45 MeV (stat. only)
gl AN
L A  |Leading systematic: beam energy
6 0999596 SA5565555555
4- L
| S - —— 5C kinematic fit Mean  82.38
G SIS -~ —— 4C kinematic fit Std Dev 9.568
21 Pty 0.05— — 4C rescaling
- —— Raw Mass Mean — 74.65
,,,,,,,,,, B Std Dev 10
| 1 | 1 | | 1 | | I | 1 | 1 —
955 160 165 170 0'04: Mean  74.39
Vs (GeV) - Std Dev 10.21
0.03— ll Mean  73.13
 Direct W mass reconstruction ¢ Std Dev 9977
0.02—
=> AMw = 0.22 MeV (stat. only) - 240 GeV
0.01:_ WW — qqqq
 Leading systematic: theoretical - | |
%O 50 60 - I70l - I80l - l90 100 110 120

M,, (smaller dijet mass) [GeV]

Can systematic uncertainties meet statistical precision?




Electroweak Precision

=
TeraZ (5 X 102 Z) = | A
From data collected in a lineshape energy scan: bg 30 | ALEPH 3v-..:"
e Z mass (key for jump in precision for ewk fits) ~ DELPHI ’ "
e Zwidth (jump in sensitivity to ewk rad corr) < L3
* R, = hadronic/leptonic width (a.(m?,), lepton 20 ! OPAL
couplings, precise universality test )

. . o o . 4} average measurements,
* peak cross section (invisible width, N, )  error bars increased |

by factor 10
Agg(uu) (sin?0.4, aqep(m;?), lepton couplings)
» Tau polarization (sin?0_, lepton couplings)

10

* Ry, R, Ag(bb), Agglcc) (quark couplings) : l J{
Y786 88 90 92 94

Most critical systematic uncertainties: F‘cm [GeV]

* Center-of-mass energy and energy spread —_—

e Luminosity Vs

« AMz =0.004 MeV (stat. only)
21



FCC-ee: The Top Factory

(4y) Z peak E.. = 91GeV 51012 e+e-—> Z
(2y) WW threshold E_, =161 GeV 108 et+e- > WW
(3y) ZH threshold E_., =240 GeV 106 e+e- > ZH
(4y) tt threshold E_, =350 GeV 106 e+e- > tt

(ny) H(optional) E., =125 GeV 104 e+e-—-> H



Top Physics

'3103 3 iy | | |
\>_E1O2 e E
I:l: -
.T 10 F E
(D) =
+ -
£ i
10_1 I LY |/ T I
0 ° 1000 2000 3000

s [GeV]
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Top Mass LHC Legacy
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. . . . 016 _ -1
» Projections for various techniques oqaf ATV S0ORT 170Gy
: : : 3 — m=172.5 GeV
— direct measurement in ttbar or single top 0-;21_ ......... met76Gev

* jet systematics dominate
— indirect measurement from cross sections

PHYS-18-042

« theory and luminosity uncertainties dominate 004F
0.02f ]
—US|ngOf|+(J/l//—))““ﬂna|3tate 0::::l::::,::::,::::,::::_
o M R
 uncert. on modelling of b-fragmentation/-decay dominate 3 i
0.9 "o -
* clean signature, small BR, limited by statistics T T
. . . age W) G
— Usually ambiguity of top mass definition not i
considered g L _ PASFTR-16:006  CMS
: : S 3b -. imi ecti
. ATLAS using only | + (J/y—) pu final states = F Frefiminary Projection
c 0.5F mm I, JHE;;2(2216)1232
— Stat. 0.14 GeV, syst. 0.48 GeV (=0.28%, > L T o saro1e12006
at the level of the current best mass value) s TV e single 1, arXiv:1703.02530
Q ’ 5:_ ] l+jets, PRD 93(2016)2004
« CMS S Bimimmimimmm ey
. s 4 v e
— Can reach between 0.1%-0.7% precision s T 3
0.5 ‘;‘::'::'::'::'::'::'::':

0
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https://arxiv.org/pdf/1604.08122.pdf

Top-pair threshold scan

e [op mass and width can be measured directly with an
accurate top cross section threshold scan
14— ———

-
2 I threshold - 1S mass 174 GeV - 210% | —wcasocev -
i - S L —CLIC 350 GeV -
c 1.2 TTOPPIKNNLO  —CLIC 350 LS+ISR = T b RN
S —ILC 350 LS+ISR ~ —FCCee 350 LS+ISR ~ _ S P e
(@) - E 10 —E
O 1 _ -
7)) _
“ )
008 . 10+ ]
o R
o 1 | | A [ T T e e P

lllllllllllllllllllllll

based on CLIC/ILC Top Study
EPJ C73, 2540 (2013)
| I 1 | | | | | | | 1 I | |

345 350 355
\'s [GeV]

IIIIIIIIII

* Precise knowledge of as improved correlation
of mt, I't, and Y drastically

25 arxiv:1604.08122



https://arxiv.org/pdf/1604.08122.pdf

Top-pair threshold scan

February 2018
1

;‘ L 7T _] (\l>
o 1991 FCCee, flexible, 200.0 fb” + MPV 1418
O, - mPS=171.5GeV —Tocontour O
(- 1.5, =137Gev —2ocontour —- 1 4 6
_— ~ 2D template fit ] 8
— 1 114 =
g 1.45 - - s
= - | X
1.4 — 1.2 0
- s
1.35 — )
- =082
13 os &
- ] . —
il "1 ] =
1.25 ~ preliminary ] 0.4 E
{5 ~ based on EPJ C73, 2530 (2013) E ¥ 8
- R R N A TR A NN NN NN TR SR MR NN N SR N N - O e
o

1713 1714 1715 1716 1717

fitted m, [GeV]

fitted y

- Februa[y 2018
T

1.6 i T T T T I T T T T | T T T T | T T T |
- FCCee, flexible, 200.0 fb' N o ]

-~ PS - .

mS = 171.5 GeV _

14 I =137 GeV 2 o contour n
2D template fit _

1.2 - B
1 | —
0.8 ~
0.6 — preliminary N
i based on EPJ C73, 2530 (2013) i

|

—_ L A = N
N A~ OO

—

o
o

bability [

%] / 0.005 GeV x 0.01

022

04—
1713 1714 1715 1716 1717

fitted m, [GeV]

o Statistical accuracy on mt (I't) is ~17 (45) MeV and 10% on Y
e Systematic uncertainties
* 3 MeV from center-of-mass energy

e 5 MeV from as

e ~40 MeV from theoretical uncertainties (NNNLO)
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Top-pair threshold scan

S _
&
~—80.38— 0
; -
£ -
80.37—
80.36(—
80.35— —— FCC-ee (Z pole)
B —— FCC-ee (Direct)
- ---- LHC (Future)
80.34|— -~ LHC (Now)
B Z pole (now) + m,
— —— Standard Model
8033 . 4"'."'| | I | | 1 I 1 | 1 l | 1 1 I | | | l 1 1 1
170 172 174 176 178

my,, (GeV)

* Precision test of the Standard Model
* Improved understanding in top-W-H radiative corrections
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EW & Top Physics Program

Observable present FCC-ee |[FCC-ee Comment and
value + error| Stat. Syst. leading exp. error

my (keV) 91186700 + 2200 4 100 From Z line shape scan
Beam energy calibration

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

RZ (x10%) 20767 + 25 0.06 0.2-1 ratio of hadrons to leptons
acceptance for leptons

as(m2) (x10%) 1196 + 30 0.1 [0.4-1.6 from RZ above
Ry, (x10°) 216290 + 660 0.3 <60 ratio of bb to hadrons
stat. extrapol. from SLD

oV 4 (x10%) (nb) 41541 + 37 0.1 4 peak hadronic cross section
luminosity measurement

N, (x10?) 2996 £ 7 0.005 1 Z peak cross sections
Luminosity measurement

sin?6% (x 10°) 231480 + 160 3 1 from ALL at Z peak
Beam energy calibration

1/aqep(m2)(x10%)| 128952 + 14 3 small from ARG off peak
QED&EW errors dominate

Abg,0 (x10%) 992 + 16 0.02 1-3 |b-quark asymmetry at Z pole
from jet charge

Ag‘f;” (x10%) 1498 + 49 0.15 <2 T polarization asymmetry
T decay physics

my (MeV) 80350 + 15 0.25 0.3 From WW threshold scan
Beam energy calibration

I'w (MeV) 2085 + 42 1.2 0.3 From WW threshold scan
Beam energy calibration

as(mi, ) (x10%) 1170 £+ 420 3 small from R}V
N, (x10%) 2920 £ 50 0.8 small ratio of invis. to leptonic
in radiative Z returns

myop (MeV/c?) 172740 + 500 17 small From tt threshold scan
QCD errors dominate

Tiop (MeV/c?) 1410 + 190 45 small From tt threshold scan
QCD errors dominate

Atop/ )\tsgg 1.2+ 0.3 0.10 small From tt threshold scan
QCD errors dominate

ttZ couplings + 30% (0.5 — 1.5%| small From /s = 365 GeV run
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First set of main observables -
needs to be improved

Focus was on statistical precision

For Z and W boson mass, center-of-
mass energy uncertainty will
dominate

For cross-section measurements the
luminosity measurement will be
limiting

Possible experimental uncertainties
are indicative

Tau, b, and c observables to be
added

Theory work is critical and has been
initiated. A lot of work ahead.

Aim for next study: detector design
to match experimental systematic
uncertainties to statistical precision


https://arxiv.org/pdf/1604.08122.pdf

FCC-ee: Taus, Flavor and QCD



QCD Opportunities

High precision os (order of magnitude improvement)

determination from

e Hadronic tau decays

« Jetrates and event shapes
e Hadronic Z decays
 Hadronic W decays

oy(Q?)

T T
T decay (N3LO) =
low Q2 cont. (N3LO) e
DIS jets (NLO) H— ]
Heavy Quarkonia (NLO)
e’e” jets/shapes (NNLO+res) H=
pp/pp (jets NLO) +&—
EW precision fit (N3LO)0—°—| ]
pp (top, NNLO)

0.15 -

0.1

= 0o (Mz?) =0.1179 £ 0.0010
0.05 : :

1
1 10 100 1000

Q[GeV]

High precision studies of perturbative

parton radiation e

« Jetrates and event shapes pese 2018 ' pound staes

» Jet substructure iy L

* Quark/gluon/heavy-quark discrimination PO s

* (@, g, b, c parton-to-hadron fragmentation functions (,

High precision non-perturbative QCD studies e

« (Color reconnection ot A

* Final-state multiparticle correlations oang (O |

High precision hadronic studies o
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https://arxiv.org/abs/1811.09408

Tau and Flavor Physics

17.90 —

Today (2018)

17.85 —

B(t—evv) [%]

17.80 —

17.75 —

Lepton universality with
m,=1776.86 £+ 0.12 MeV

arXiv:1811.09408
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Observable

FCC-e_e FCC-ee _

Present

value + error stat. syst.
m, (MeV) 1776.86 £0.12  0.004 0.1
B(r —ev) (%) 17.824+0.05 0.0001  0.003
B(r — piv) (%) 17.39+0.05  0.0001  0.003
7 (fs) 290.3 £ 0.5  0.001  0.04
Decay  Present bound FCC-ee sensitivity
Z —pe  0.75x 1076 10-10-10-8
7 — T 12 x 106 1079
Z—71e  9.8x107° 10~
T—py  44x1078 2 x 1079
T—3u  21x1078 10~10



https://arxiv.org/abs/1811.09408

FCC-ee: Discovery Machine



Discovery Physics

Economic extension by adding a number of Fermionic singlets
=] °
0

(e)r (H)R (T)R

(ve)y (vie) g (Vi)
I=0

“Right-handed” or “sterile” neutrinos.

(e (m) (7
\ve/L \vu/)L \vi)L

1=1/2

Two mass-differences = at least two sterile neutrinos.

New mass scale, a priori unrelated to the known ones.
arXiv:1411.5230

orl—v Many constraints from experiments on all energy scales.
May be connected to e.g. Dark Matter and Baryogenesis
1 ' U U2: U2 =1:0:0
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- 7\ NV ESPD
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Search for New Scalars

= Measurement with OPAL at LEP

Decay-mode independent searches for new
scalar bosons with the OPAL detector at LEP

The OPAL Collaboration

Abstract

This paper describes topological searches for neutral scalar bosons S? produced in association
with a Z° boson via the Bjorken process ete™ — SOZ0 at centre-of-mass energies of 91 GeV and
183-209 GeV. These searches are based on studies of the recoil mass spectrum of Z° — ete™
and ptp~ events and on a search for $°Z° with Z° — v and S° — ete™ or photons. They cover
the decays of the SO into an arbitrary combination of hadrons, leptons, photons and invisible
particles as well as the possibility that it might be stable.

No indication for a signal is found in the data and upper limits on the cross section of the
Bjorken process are calculated. Cross-section limits are given in terms of a scale factor k with
respect to the Standard Model cross section for the Higgs-strahlung process ete™ — H2)Z0.

These results can be interpreted in general scenarios independently of the decay modes of
the S°. The examples considered here are the production of a single new scalar particle with a
decay width smaller than the detector mass resolution, and for the first time, two scenarios with
continuous mass distributions, due to a single very broad state or several states close in mass.

arXiv:hep-ex/0206022v1 10 Jun 2002
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Discovery Physics
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- EFT D6 operators (some assumptions)
- Higgs and EWPOs are complementary
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Your contributions

= Can you (or your students)
@ use studies to design or optimize detectors?

@ develop or optimize reconstruction, identification, and analysis
using modern techniques?

@ come up with new or unexplored ideas?

= For more details, see case studies for FCC-ee community

= Software tutorial mid September

36


https://indico.fnal.gov/event/43963/contributions/190483/attachments/131245/160593/fcc-snowmass-casestudies.pdf

Conclusion

® FCC-ee offers a huge physics program with
= Higgs and top measurements with > 106 events each in short (3-5y) runs
= Unique possibilities
» Electron Yukawa coupling
» TeraZ + beam energy calibration
» keV and ppm precision on EWPOs at Z resonance and WW threshold

» dgep (Mz), as (Mz), sin2Byefand Gt
» Searches for LLPs and rare phenomena (LFV, LNF, light scalars, ...)

» Flavor physics program with 1012 Bs and 10" r's

» Offering sensitivity to new physics at scales of 10 to 70 TeV
@ Ambitious program aiming for significant progress (order(s) of magnitude) in
understanding of nature

@ Main challenge is to imagine/optimize detector to match statistical power
and to sharpen the theory calculations

@ Last but not least: an essential springboard towards 100 TeV pp collisions
37



FCC documentation

Outcome of design studies recommended
by the 2013 European Strategy

4 CDR volumes published in EPJ

@ Recognized by European Physical Society

Recent FCC publications

Particles and Fields

1) Future Circular Collider - European Strategy
Update Documents

(FCC-ee), (FCC-hh), (FCC-int)

2) FCC-ee: Your Questions Answered - arXiv:
1906.02693

_ 3) Circular and Linear e+e- Colliders: Another
FCC Physics FCC-ee: Story of Complementarity

Opportunities
PP arXiv:1912.11871

4) Theory Requirements and Possibilities for the
FCC-ee and other Future High Energy and
Precision Frontier Lepton Colliders arXiv:

1901.02648
—p 5) Polarization and Centre-of-mass Energy
FCC-hh: HE-LHC: Calibration at FCC-ee, arXiv:1909.12245
The Hadron Collider The High Energy

Large Hadron Collider 38


http://cds.cern.ch/record/1567258/files/esc-e-106.pdf
https://cds.cern.ch/record/2653669
https://cds.cern.ch/record/2653674
https://cds.cern.ch/record/2653673
https://arxiv.org/abs/1906.02693
https://arxiv.org/abs/1906.02693
https://arxiv.org/abs/1912.11871
https://arxiv.org/abs/1901.02648
https://arxiv.org/abs/1901.02648
https://arxiv.org/abs/1909.12245

Higgs Related Physics at Lepton Colliders

Measurements (incomplete list)

mz, [z, As, Aqep, flavor, QCD

My s-channel Higgs production
2mw Mw, Cs
My+Mmz+... MH, [H, JPC, grxx, BSM decays, indirect gurx
2"Miop grww, ['H, Indirect gri, Miop
2*
Miop+MH+... OHHH, OHit
Mnp QHitt, 9, BSM Higgs

39



CP Measurements

for HVV coupling

= CP violation can be studied by
searching for CP-odd contributions; 2N

= Higgs to Tau decays of interest 10-2_ ............. e ................................... .................. | .............. _

= Studies consider intermediated .._%10'?*%— ------------- ------------------ ----------------------------------- -------------- —
resonances (p,a1) 10“*%‘ ............ .................. ................................. ................. ...... 4 .............. __

10 | | | | i |
h b e = e e
p74TeVp747‘ 6250@ e35OG 6500(; 877“31/

! ey, e e e (1,
300&7*! 3000 fbrv' 250&;714 asofbyv' 500 1 000 b7
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Colliders LHC HL-LHC FCCee (1 ab™!') FCCee (5 ab™!) FCCee (10 ab™1)

Accuracy(lo) 25° 8.0° 5.5° 2.5° Mg

http://arxiv.org/abs/1308.1094
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