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Physics motivations (- e

No (additional) signs of BSM physics.

1 After intensive searches at LHC = My, > 1 TeV

ATLAS Preliminary
Vs

AS SUSY Searches* - 95% CL Lower Limits
13 TeV

Reference

Model Signature - Mass limit

PPt Oc.u 26jets  £mi 3 § [2x.8x Degen] z 1712.02332
mono-jet 1-3 jets 6.1 G [1x.8x Degen] ( 1711.08301

Oc.p 26 jets
J 3ep 4jets
ee.up 2jets  EP

Ocp TAljots E
SSeu 6 jets

0-1ep 3b

GUEOT

»qqW 2Ky

Inclusive Searches

byby, by —bY Multiple
miFy )
mii})=200
b1by, by—b¥3 — bhY) - b ) )=100GeV
2 0G

—WhYY or 1k}

2¢

3" gen. squarks
direct production

mono-jet  E
4h 1706.03986
1h ATLAS-CONF-201

14035294, 1806.02293

ATLAS-CONF-2019-014

Y1 via WW . ATLAS-CONF-2019-008
Y3 via Wh 2 7 / Y Gov | A& CONF-2019-XYZ

i (0 emiE D) ATLAS-CONF-2019-008

m(¥})=0 SONF-2019-018

0:46-0:37 0.12-0.39
INF-2019-008

2e.p Ojets
2ep >1 - 0.256 m(Z)m

EP™ 0.13-0.23 0.29-0.88 BR(T}
i 0. ¢

brbig, (-

AR, A—hGzG Oep >3b
dep Ojets

prod., long-lived Disapp. trk 1jet

Stable g R-hadron Multiple

etastabl Multiple

Long-lived
particles

0jets Ef

4-5 large-R jets 36. m(t’ fi arge 47, 1
Multiple e-4, 2¢-5) X mi¥})=200 GeV, bino-like ATLAS-CONF-2018-003
Muttiple § M ~2ed1e2] m(E7)=200 GeV, bino-like ATLAS-CONF-2018-003
1710.07

2jets +2b i lgq. bs]
BR(T, —be by)>20% 1710.05544

06, i)—qf 2b iy
DV g fi [1e10< X <168,30-10< 2, <3e-9) BR{f —qu! ATLAS-CONF-2019-006

i 2ol ;
T, (=00, Xy = tbs

fi—bs

Mass scale [TeV]
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Physics motivations

No (additional) signs of BSM physics.

1 After intensive searches at LHC = My, > 1 TeV

ATLAS SUSY Searches™* -

Model

i, —q¥) Oc.p

95% CL Lower Limits

Signature  [Ldt (']

2-6jets e 36.1 § [2x, 8x Degen]

mono-jet 1-3 jets 36.1 § [1x.8x Degen]

Oept

»qqW 2Ky

Inclusive Searches

e

2-6jets T 36.1 4

4jets 36.1
2jts  EPS 364
7-11jets  EF 361
6 jets 139
3b R 79.8
6jets 139

Mass limit

0.43

1By by b fRT

Biby, by —hPs — bt Ocp

1> Wb or £F] 0-2e,
e
Tr+1e

Oent

3 gen. squarks
ect production

Oep

1-2e.

3ep

YY) viawz 2-3 e
eyt

YiXT via ww e
via Wh 0-1e.4

Yixy viafy fv 2ep
o 27
fiwbig, 6] 2¢e.p
2ep

AH, H-hGZC Oep
dep

pu 0-2jets1-2b

07 2jetsi b

u 4b

I

Multiple 36.1
Multiple 36.1
Multiple 139

6h s 139
3jetsi1 b
2¢

mono-jet

1h

(

FL R
Ojets

0.23-0.48

0.44-0.59

01603 0.12-0.39

=1 i 0.256
>3b g i 0.13-0.23

Ojets

Direct ¥{ X7 prod., long-lived ¥ Disapp.

Stable  R-hadron
Metastable # R-hadron, Z—qq¥|

Long-lived
particles

trk 1jet
0.15
Multiple
Multiple [¥(2) =10 s, 0.2 ns]

LFV pp—¥; + X, Vr—epferiut Gueryr

YLVT /S — Wwyzeetevy den
0 en
24qX1, X1 = 44y

! = tbs

i, H—qf 2eu
1u

Ojets ki XIRy [y # 0,202 2. 0]
4-5 large-R jets 36. g lm{X )-2OOGeV 1100 GeV)

Multiple ~2¢-4, 2e-5]
Multiple 2 [,I:"L'-Ze»l, 1e-2]
2jets+2b f lgg. ks

2b

0.42

o
DV [1e-10< J;n <1e-8, 3e-10< "lxu <3e-9)

0.55
0.61

Roma3, January 29, 2020

Heavy Gauge Bosons

Leptoquarks

Extra Dimensions

Dark Matter

SSMZ/(t1)
SSMZ'(qg)

LFVZ', BR(ey
SSMW'(tv)
SSMW'(gg)
SSMW/(tv)

LRSM WaltNx), My

Axigluon, Coloron, cott

scalar LQ (pair prod.), coupling to 1
ar LQ (pair prod.), coupling to 1’

ar LQ (pair prod.), coupling to 2
scalar LQ (pair prod.), coupling to 2°

LQ (pair prod.), coupling to 3
scalar LQ (single prod.), coup. to 3

excited light q

quark ¢
quark ¢

quark ¢

ADD (ji) HLZ, ne
ADD (yy. #) HLZ, n,

ADD Gux emission, n =2
ADD QBH (jj). n

ADD QBH (ep), e

RS Gexlqd, 99).

RS Gux(!1!

RS Guxl yy!

RS wBH (Gj). ne

RS QBH (ep), ne:
non-rotating BH, M,
split-UED, pz4 TeV

scalar mediator (fermion portal), A

gen. fermions,

gen. fermions, 8
gen. fermions

gen. fermions

gen. fe

gen. fem., g =1

complex sc (dark QCD), m,,, =5 GeV, cty,

aw,B,=8,=8

nance

Overview of CMS EXO results

CMs

36 fb~! (13 TeV)

1803.06292 (21)
1806.00843 (2j)
1802.01122 (ept)
1803.11133 (£ + E7™)
1806.00843 (2j)
1807.11421 (x +E;
1803.11116 (21 + 2j)
1811.00806 (27 +2j)
1806.00843 (2j)

e+ 2j)
1808.05082 (2 +2j)

1811.00806 (27 + 2j)
1806.03472 (21 +b)

1 0 e+ 2j;e + 2j +ET™)

BOB 05082 (2pu+2j; p+ 2j + E7™

1806.00843 (2j)
1711,04652 y + j)
1711.04652 y + j)
1811.03052 (y + 2e)
1811,03052 (y + 2p)

1803.08030 (2j)
1812.10443 (28
1803.08030 2j)
1812.10443 (21)

1803.08030 (2j)
1812.10443 2y, 20)
1712.02345 (= 1j + E7™)
1803.08030 (2j)
1802.01122 (ep)
1806.00843 (2j)
1803.06292 (21)
1809.00327 (2y)
1803.08030 (2j)
1802.01122 (ep)
1805.06013 (= 7j(L, y))
1803.11133 (£ + E7™)

wa |1712.02345 (= 1j + ET™)

, |1806.00843 (2j)
, |1901.01553 (0, 1 + =3j + E7™)
, |1901.01553 (0, 11 + =3j + ET™)

1712.02345 (= 1j + E7™)
1810.10069 (4j)

. |1708.07962 (= 31)

1806.00843 (2j)

L

01

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included)

10
mass scale [TeV]

January 2019
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Physics motivations -

5
di Fisica Nucleare

Higgs properties SM-like.
H Couplings
ATLAS Preliminary

Vs=13TeV,245-139fb™
m,, =125.09 GeV

SM Higgs boson

m,(m,,) used for quarks

Particle mass [GeV]

Roma3, January 29, 2020 3 F. Bedeschi, INFN-Pisa
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Physics motivations

5
di Fisica Nucleare

Higgs properties SM-like.
After HL-LHC precision level of several % Granada 2019

(s =14 TeV, 3000 fb™' per experiment

Total ATLAS and CMS

B — Statist-ical HL-LHC Projection
—— Experimental

—_— Theory Uncertainty [%]
Tot Stat Exp Th
1.8 08 1.0 13
1.7 08 07 13
15 07 06 12
25 09 08 21
34 09 1.1 31
3.7 A3 18 182

19 09 08 15

43 38 10 17

98 72 17 64

002 004 006 008 01 012 014
Expected uncertainty

Roma3, January 29, 2020 3 F. Bedeschi, INFN-Pisa
CLLLLLLLL———_—_——_—_——_—————SSSSSSSSShEEEE



=

. . . INFN
PhYSlCS mOthathnS L/ Istuto Nasionsle
Higgs properties SM-like.
After HL-LHC precision level of several %
Deviation from SM: 6 ~v?/M? v =246 GeV
1 M scale of new physics
IM~1-10TeV =2 06~6-0.06%
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Physics motivations -

Istituto Nazionale
di Fisica Nucleare

Higgs properties SM-like.
After HL-LHC precision level of several %
Deviation from SM: 6 ~v?/M? v =246 GeV

il M scale of new physics
IM~1-10TeV =2 06~6-0.06%

Need <~ % sensitivity = beyond HL-LHC

Supersymmetry Composite Higgs
(MSSM) (MCHMS5)

MSSM (tang =5, M, =700 GeV) MCHMS (f = 1.5 TeV)

-
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Higgs coupling deviation from SM
Higgs coupling deviation from SM

endent
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INFN

Current physics landscape (s

No (additional) signs of BSM physics.

After intensive searches at LHC
Higgs properties SM-like.
At current precision level of several %

... but SM 1s an 1nsufficient description

Roma3, January 29, 2020 4 F. Bedeschi, INFN-Pisa
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. INFN
Current physics landscape (s

No (additional) signs of BSM physics.
After intensive searches at LHC

Higgs properties SM-like.
At current precision level of several %

... but SM 1s an insufficient description

Prevalence of matter over anti-matter.

3l Not explained by current values of CKM elements
Neutrinos have masses — not acquired in the SM.

Compelling evidence for the existence of dark matter in the
Universe with no candidate particle(s) in the SM.

What new machine in this scenario?

Roma3, January 29, 2020 4 F. Bedeschi, INFN-Pisa




Current directions e

ICFA statement - Tokyo”,. March 2019:

“ICFA confirms the international consensus that the highest priority for the next global
machine 1s a “Higgs Factory” capable of precision studies of the Higgs boson.

ICFA notes with satisfaction the great progress of the various options for Higgs factories
proposed across the world. All options will be considered in the European Strategy for
Particle Physics Update and by ICFA.

ICFA report — LP2019, Toronto, August 2019:
Worldwide effort for et+e- Higgs Factory

# Linear or Circular

3 Asia or Europe (or elsewhere?)

Recent comments on ESPPU preparations (B. Vachon — LP2019)

Emerging consensus for the importance of a “Higgs factory” to fully
explore properties of the Higgs, EW sector, etc.

Need to prepare a clear path towards highest energy.

Roma3, January 29, 2020 5 F. Bedeschi, INFN-Pisa
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- INFN
The FCC integrated program (e

FCC integrated program can respond to these requests in
an optimal way

Roma3, January 29, 2020 6 F. Bedeschi, INFN-Pisa
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. INFN
The FCC integrated program (s

FCC integrated program can respond to these requests in
an optimal way

Comprehensive program to optimize physics opportunities
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. INFN
The FCC integrated program (s

FCC integrated program can respond to these requests in
an optimal way

Comprehensive program to optimize physics opportunities

Stage 1: FCC-ee (Z, W, H, tt)
8 Higgs factory, EW and top factory at highest luminosities.

Roma3, January 29, 2020 6 F. Bedeschi, INFN-Pisa
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. INFN
The FCC ntegrated program (- e

| U H

FCC integrated program can respond to these requests in
an optimal way

Comprehensive program to optimize physics opportunities

Stage 1: FCC-ee (Z, W, H, tt)
8 Higgs factory, EW and top factory at highest luminosities.
Stage 2: FCC-hh (~100 TeV)

3 Natural continuation at energy frontier, with ion and eh options.
8 Complementary physics
3 Common civil engineering and technical infrastructures

i Integrating an ambitious high-field magnet R&D program

Roma3, January 29, 2020 6 F. Bedeschi, INFN-Pisa
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| [re— Istituto Nazionale
l di Fisica Nucleare

The e+e- machine

Roma3, January 29, 2020 7 F. Bedeschi, INFN-Pisa
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FCC-ee L e

Double ring e+e- collider ~ 100 km
RF power limited to 50 MW/beam
2 IP currently - 4 IP possible

Roma3, January 29, 2020 8 F. Bedeschi, INFN-Pisa




FCC-ee

Double ring e+e- collider ~ 100 km
RF power limited to 50 MW/beam
2 IP currently - 4 IP possible
Booster ring for top up injection

Roma3, January 29, 2020 8

Istituto Nazionale
di Fisica Nucleare

Schematic of an
80 - 100 km
long tunnel

F. Bedeschi, INFN-Pisa




beam energy [GeV]

FCCee parameters

45 80

beam current [mA]

1390 147

no. bunches/beam

16640 2000

bunch intensity [10"]

12 1.5

SR energy loss / turn [GeV]

0.036 0.34

total RF voltage [GV]

0.1 0.44

long. damping time [turns]

1281 235

horizontal beta* [m]

0.15 0.2

vertical beta* [mm)]

0.8 1

horiz. geometric emittance [nm]

0.27 0.28

vert. geom. emittance [pm]

1.0 1.7

bunch length with SR/ BS [mm]

3.5/121 3.0/6.0

luminosity per IP [1034 cm2s-1]

230 28

beam lifetime rad Bhabha / BS [min]

68 />200 49/ >1000

SR power 50 MW/beam
Total site power <300 MW
9

Roma3, January 29, 2020 F. Bedeschi, INFN-Pisa




e*e” Collider Luminosities/IP

FCC - CDR 2019

CepC - CERN Jan. 2020
CepC-2TatZpole

ILC - Briefing book 2019

ILC - Luminosity Upgrade

CLIC in 1% of {s - CERN-ACC-2018-0037
CLIC total - CERN-ACC-2018-0037
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Higgs factory
10° ete- — HZ

| | | | | V4 i I | |
23456789101112131
Year
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PhYSiCS at FCC-¢e L7 e

Higgs factory —
10° ete- — HZ §
EW & Top factory 8
5x10? ete- —» Z §

108 e+e- — WH+W-;
100 et+e- — tt

|1 | L1 ;J S
2 3 4 5 6 7 8 9101112131@
Year
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PhYSiCS at FCC-¢e L7 e

Higgs factory o
106 ete- — HZ §
EW & Top factory [E
5x1012 ete- — Z 5

108 ete- > W+W-;

10 et+e- — tt
Flavor factory

1012 et+e- — bb, cc

10! ete- — T+T-

10 11 12 13 14@
Year
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. INFN
PhYSICS at FCC-ee L7 e
Higgs factory o
106 e+e- — HZ =
EW & Top factory [
5x1012 ete- — Z 5

103 et+e- — W+W-;

100 ete- — tt
Flavor factory |

10!2 e+e- — bb, cc 3456 7 8 910111213 1'@

Year

10! e+e- — t+T-

Potential discovery of NP
ALPs, RHvV’s, ...

Roma3, January 29, 2020 11 F. Bedeschi, INFN-Pisa




Cross section (fb)

—

1 l 1 1 1 Ll l 1 | — l ) — 1 l 1 1 1 l ) I — l i 1 1 l 1 ) —

260 280 300 320 340 360 380 400
Vs (GeV)
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8 TeV 14 TeV . 100 TeV
LHC LHC VLHC

. total....

pp @ LHC — Very clean production
— In et+e-

TI‘IT] rm'!

HI‘[] lm!lTHll‘llTl‘]l
i

| 110001 - 120001 - éOOO
/s [GeV]
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Hi 225 total width L S

Higgs recoil provides model independent [ =5ab!
measurement of coupling to Z

Roma3, January 29, 2020 13 F. Bedeschi, INFN-Pisa
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Hi 225 total width L S

Higgs recoil provides model independent [ =5ab!
measurement of coupling to Z

c(HZ) oc ngZ

Critical:
# Beam energy spread: SR+BS
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Hi 225 total width L S

Higgs recoil provides model independent [ =5ab!
measurement of coupling to Z

c(HZ) oc ngZ

Critical:
# Beam energy spread: SR+BS

Total width combining with

| | o(ee — ZH) - BR(H — Z7) o 82
decays 1n specific channels

Roma3, January 29, 2020 13 F. Bedeschi, INFN-Pisa
CLLLLLLLL———_—_——_—_——_—————SSSSSSSSShEEEE



Higgs coupling fits

Results limited only by statistics

Collider

ILCas0

CLIC3s0

CEPCay0

FCC-ee240-:365

Lumi (ab™ ")

2

1

5.6

5+ 0.2+ 1.5

Years

11.5°

8

'

3+1+4

1.7 / J.
3.7 /

25 | 2.2
19 /3.5
4.3 / 5.5
1B 7 3%
11. / 11.
3.4 /29

/

0.29 / 0.47
1.1 / 0.48
1.2 / 0.83
2.0 /1.8
1.4 /1.1
1.1 / 0.85
4.2 /4.1
1.3 /1.3
11. / 10.
2.7 / 2.6

0.44 / 0.66
0.75 / 0.65
1.2 /1.0
4.1/ 4.0
1.5/ 1.3
1.4 /1.3
44/ 43
15/ 1.4
11. / 9.8
2.7/ 2.7

0.18 / 0.52
0.95 / 0.51
0.92 / 0.67
2.0 /1.9
1.1 / 0.79
1.0 / 0.70
3.9 /3.8
1.2 /1.2
6.3 /6.3
2.6 / 2.6

0.17 / 0.26
0.41 / 0.27
0.64 / 0.56
1.3 / 1.3
0.89 / 0.82
0.66 / 0.57
3.9 / 3.8
1.2 / 1.2
10. / 9.4
2.6 / 2.6

50. / 52.

28. / 49.

45. / 50.

17. / 49.

19. / 34.

SM

2.4

2.6

1.9

1.2

1.9
SM (0.0)

0.26
1.8

0.63
9 7

0.27
[ |

0.19
1.0

Roma3, January 29, 2020
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Higgs coupling fits

JELLREIRN] {ELVIELINT]

Results limited only by statistics

® HLLHC+LEP2 ® +FCCee ®m +FCCeh ® +FCChh

B ot i i i i e i, e i i, S e e i ' o e 8 ' it ey ' (it e . e e i i e s e o s [l e S i s it

68% prob. uncertainties ;

O9arcclx100]

pos e v . 5 == = . - = :
QHpy  GHrr  YHee  GHe  GHbb  GHw  OGHyy YGHzy 9Hgg 9GHHH OG1z  OKy Az
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Triple Higgs (s

No direct production (@ FCC-ee
Sensitivity through loop effects

Roma3, January 29, 2020 15 F. Bedeschi, INFN-Pisa
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Triple Higgs

No direct production (@ FCC-ec g 7
Sensitivity through loop effects w]

l H I* IGBI‘E-'BI,-EF:'.-ICL blcnulndls,lle;ljt-::;n collliderlor%lyl 0
B 68%,95%CL bounds, combined with HL-LHC

XX XXX 88% CL bounds (combined with HL-LHC)
wunme v« 689 059%,CL bounds, 1h only

from J. Gu

240GeV(5/ab) only (CEPC)

240GeV(5/ab)+350GeV(1.5/ab) (FCC-ee)

. . o
i =baa wWwith 7T 1 = ‘e
v 0 WINL ZESTL) &8 A0S
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Triple Higgs (s

No direct production @ FCC-ee

Higgs@FC WG |l di-H, excl. Jl di-H, glob. [l single-H, excl. [l single-H, glob.

All future colliders combined with HL-LHC

L e
FCC-ee/eh/hh

F(-I(-I-eez40 1

F(_I(_I'eegﬁﬁ ;
ILC,

250
IL("SSD 28

ILCogo
CEPC
CLICsq, .
CLIC, .

CLIC,,.

~3000 ;
30 , 50
May 2019 68% CL bounds on «, [%]

Roma3, January 29, 2020 F. Bedeschi, INFN-Pisa
CLLLLLLLL———_—_——_—_——_—————SSSSSSSSShEEEE




Triple Higgs L~

No direct production @ FCC-ee

Higgs@FC WG |l di-H, excl. Jl di-H, glob. [l single-H, excl. [l single-H, glob.

All future colliders combined with HL-LHC
HL-LHC e |
HE-LHC ; ]
FCC-ee/eh/hh ? | é ;
FCC-eeyyy .
F(_)(_)-ee365 ;
ILCosy

ILC,q, 2

ILCpyy 7
CEPC .

(./ L I (-13813 ¢

3 4 50
May 2019 68% CL bounds on «, [%]
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INFN

E . Istituto Naz 0
l ( " di Fisica Nucleare

Outstanding program of precision EWK measurements
O(10-100) better than LEP precision

Substantially reduce parametric uncertainties in theory

Observable Present value =+ error FCC-ee Stat. FCC-ee Syst. Comment and dominant exp. error

my (keV) 91,186,700 4+ 2200 5 100 From Z line shape scan Beam energy calibration

'z (keV) 2,495,200 £ 2300 100 From Z line shape scan Beam energy calibration

R{ (x10%) 20,767 £ 25 0.2-1.0 Ratio of hadrons to leptons acceptance for leptons
s (mz) (x10%) 1196 + 30 0.1 0.4-1.6 From RZ above [43]

Ry (% 109) 216,290 + 660 0.3 < 60 Ratio of bb to hadrons stat. extrapol. from SLD [44]
‘71‘;;4 (x10%) (nb) 41,541 £ 37 0.1 4 Peak hadronic cross-section luminosity measurement
N, (x10%) 2991 =7 0.005 1 7 peak cross sections Luminosity measurement
sm:Hff( (x10%) 231,480 £ 160 i 2-5 From AL} at Z peak Beam energy calibration
1/agep (mz) (x 10%) 128,952 + 14 Small From \;,ﬂ off peak [34]

A D0
Arp

(x10%) 992 4+ 16 1-3 b-quark asymmetry at Z pole from jet charge

J\‘l‘H " (x10%) 1498 + 49 <2 t Polarisation and charge asymmetry T decay physics
my (MeV) 80,350 £ 15 03 From WW threshold scan Beam energy calibration
I'w (MeV) 2085 + 42 2 0.3 From WW threshold scan Beam energy calibration
as (mw) (x10%) 1170 4+ 420 : Small From R‘W [45]

N, (x10%) 2920 =50 Small Ratio of invis. to leptonic in radiative Z returns

My,p (MeV) 172,740 £ 500 ] Small From tt threshold scan QCD errors dominate

Fop (MeV) 1410 £ 190 Small From tt threshold scan QCD errors dominate

Mop/ )r\,‘ 1.2403 : Small From tt threshold scan QCD errors dominate

itZ couplings k- 30% S5-1.5% Small From Ecy = 365 GeV run

Roma3, January 29, 2020 F. Bedeschi, INFN-Pisa



EWK examples L e

AL A
- tt threshold - QQbar_Threshold NNNLO
-~ ISR + FCCee Luminosity Spectrum
— default - m{® 171.5 GeV, I, 1.37 GeV
m, variations = 0.2 GeV
I', variations = 0.15 GeV

FCCee W-pair threshold
— m,,=80.385 GeV T,=2.085 GeV
[ m,=79.385-81.835 GeV, I,,=2.085 GeV
(]1m,~=80.385 GeV, I,=1.085-3.085 GeV,

o
© .

c(WW) (pb)

Q0
L
| o
0
-—
O
Q
w
)
)
O
e
(&)

= simulated data points
20 fbo™' / point

W mass/width =2 0.5/1.2 MeV resolution

WW threshold scan/ direct measurements check and improve

Top quark mass/width = 17/45 MeV resolution
tt threshold scan — N3LO, ISR and FCCee luminosity spectrum
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—— FCC-ee (Z pole)

——— FCC-ee (Direct)
LHC (Future)
LHC (Now)

ERARRRE

Z pole (now)EPS + m |

| — Standard Model

BEER

|

178
My, (GeV)
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INFN
S, T parameters (Peskin—Takeucht) (e

Comparison of Higgs factories

2-0 region
C > HL-LHC

@® HL+CLIC3gg
@D HL+ILCy5
> HL+CEPC
HL+FCC,.

~=” HL+CLIC3g0 gigaz
H L+iLC25{)_‘Gigaz
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NP sensitivity from EFT fits (o

From exclusive fits
Reach to several 10°s TeV

|

(01U 0(3) O(I) O(I) 0(3) O(I) O(I)
D 91 [ [3 #q #q $a

Higgs observables

O¢o O¢wO¢B O¢WBOm Om O;UO;)O% OJ)O?);DO% 0) O O O O
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e .. INFN
NP sensitivity from EFT fits (s

80

T e

From exclusive fits I | M|
ReaCh tO Several IO,S TCV Q 5OF— o o b

Theory uncertainties S8 E ‘ Ml
Parametric~ exp. precision I
Theory precisionneed  _. Higgs observables
13 loopZpole RS < Mo thunc) |
| 2 IOOp WW ..........................................................................................................................................

.............................................................................................................

( & ( (C
G O¢W O¢B O¢WBO¢D O¢a O¢/U O¢/?) O¢e O¢ql)0¢q7) o¢u O¢d O/ap OT¢ ot'q) 0
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Heavy flavors

Large heavy flavor production at Z pole
Particle production (10°) B B~ B]

Belle 11 25 95 s
FCC-ee 400 400 100

A b
n/a
100

Very clean, well separated, pairs

Roma3, January 29, 2020 20
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Heavy flavors L~

Large heavy flavor production at Z pole

Particle production (107) BY B~ B! A,

Belle 11 275 276 n/a 65 45
FCC-ee 400 400 100 800 220

Very clean, well separated, pairs

Example:
(pink) B® = D K*"1 v,

Lepton universality ted) B, — D> DK™

in B0 — K™ 1+1-

0 L g — i e s — / I —
Decay mode  B” — K*(892)ete™ B" = K*(892)r"= B,(B") =u'u

Events / (0.02 GeV/c?)

Belle II ~ 2000 ~ 10 n/a (5)
LHCb RunI 150 - ~ 15 (=)

LHCb Uprade ~ 5000 : ~ 500 (50) A i
FCC-ce  ~ 200000 ~ 1000 ~1000 (100)

Roma3, January 29, 2020 20 F. Bedeschi, INFN-Pisa



Direct NP search example: HNL ("'

HNL mix with active neutrino’s
Fully reconstructable decay with W
Small mixing =2 long lifetime

Roma3, January 29, 2020 21 F. Bedeschi, INFN-Pisa
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N
Direct NP search example: HNL (ML

I mr-.l ale

-4

HNL mix with active neutrino’s
Fully reconstructable decay with W
Small mixing =2 long lifetime

I0cm<ct<100cm
1012 7

10
HNL mass (GeV)
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N
Direct NP search example: HNL ("'

Fisica rcucloam

HNL mix with active neutrino’s
Fully reconstructable decay with W
Small mixing =2 long lifetime

Normal hierarchy Inverted hierarchy

I0cm<ct<100cm
1012 7

1
HNL mass (Ge\/)

Normal hierarchy ) Inverted hlerarch/
it . .

0.01 cm < ¢t < 500 ¢cm
1013 7

Seesaw

Seesaw

10 1 10
HNL mass (GeV) HNL mass (GeV)
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FCChh -

The pp machine

Roma3, Januar y 29, 2020 22 F. Bedeschi, INFN-Pisa
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parameter

collision energy cms [TeV]

FCC-hh
100

FCChh parameters

HE-LHC
27

14

dipole field [T]

16

16

8.33

circumference [km]

97.75

26.7

26.7

beam current [A]

0.5

1.27

1.1

bunch intensity [10"]

2.5

2.2

bunch spacing [ns]

25

25

synchr. rad. power / ring [kW]

7.3

SR power / length [W/m/ap.]

4.1

0.33

long. emit. damping time [h]

1.8

12.9

beta* [m]

[

0.15 (min.)

normalized emittance [pum]

2.5

2.5

peak luminosity [1034 cm2s™1]

5

16

5 (lev.)

events/bunch crossing

170

132

stored energy/beam [GJ]

8.4

Total site power <600 MW

Roma3, January 29, 2020

1.4

0.7

F. Bedeschi, INFN-Pisa




INFN

FCChh key facts {7

--— O(XIO) Eand L

100 TeV

20 ab-!/exp.
i In 25 years

~
i

W
I\

1

o
(e
o
@
| S—]
—
o p—
W
@)
=
—
o pe—(
jon
a
=
—
y—
—_
(a
O
Q

Key tech. issue:

100 1000 ngh field magnets
20 T with HTS
LHC technology HL-LHC technology
——miTi 11 TNbSn
16 T Nb,Sn
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FCChh ma gnets L7 e

LLiEzL ik

EITTITT 1

CHARTZ — Swiss Accelerator

Research and Technoiogy

A: 15.5 T magnet with 14% IMFM; 14 T magnet with 14 %
load line with current wire margin (FCC spec), 9.5% with
cumeant wire spec

—p C —
] -I [ 1

] &l
s .| et - -

:’i‘g FLC Sty
1 JI Werhmel Benedic 25° 4
=4 CERM, 13 damry A1N
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IN
FCChh magnets L o

G= US — MDP: 14 T magnet tested at FNAL
i

60-mm aperiure
4-layer graded coil

Ouench numbser

12 1T apole demonstrator
Staged approach: In first step pre-
siressed for 14 |

Second test foreseen in r-.||| 2019 with
addltional pre-stress r._.

. | FCE Shhu
1 EI Werhmsl Benedic 25
=4 CERM, 13 Jamry A1
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Followed prescriptions in 1206.2892 [hep-ph]
pp—4qq’
pp — It
— PP — ¥ K3

|
fa)
o,
g
=
o
=
O
D
w2
o
o
o
by
O

| | | | I | 1 1 | I | | | | I | 1 | | I | | | 1 I | 1 | | I | |
500 1000 1500 2000 2500 3000

Mass [GeV]
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Exploration potential

Search reach scaled from HL-LHC (2-3 TeV for SUSY)

ot
Jea
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M

[
o

oo

=1
e!
Lo
o
<
o
o
o
-
-
A
(=)
<
)
™
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v

6 7 8

system mass [TeV] for 14.00 TeV, 3000.00 fbl system mass [TeV] for 14.00 TeV, 3000.00 fb-L
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Exploration potential { e

Search reach scéled from HL-LHC (2-3 TeV for SUSY)

|

95% CL Limits
14 TeV, 0.3 ab™
B 14 TeV,3ab™
5 o Discovery
100 TeV, 3 ab™

95}
! I O

' B 100 TeV, 30 ab”
B

— _0__0 P ing
aqq* — qxgqxg} j —- ;/[:n(i:llzo(l)llgél, FCC meeting
— . R ' P
g9 — qox. 9, | |
gd —amax, L
15 20 25

Mass scale [TeV]
0 F. Bedeschi, INFN-Pisa
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ff’")
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Exploration potential (e

Search reach scaléd from HL-LHC 2—3ﬂ TeV for SUSY)
50. p——

14 TeV 100 TeV

30 ab™!

my [TeV ]
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Dark matter e

Dark matter (simplified models)

100 TeV pp could cover all parameter space allowed by
cosmological bounds M. McCullough, FCC week 2016

DidJet Resonance
FCC-hh

Monodets
FCC-hh

/' Unitarity

gom = 1, gg = 0.25

Roma3, January 29, 2020 27 F. Bedeschi, INFN-Pisa
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INFN

FCC-ee + FCC-hh schedule L S

.

N

Project preparation & Permis-
adminisirative processes sions
y

Fundingand
Funding in-kind
strategy contribution

agreements /

Geological investigations,
infrastructure detailed design and
tendering preparation

Tunnel, site and technical infrastructure

construction

in-kind
contribution

FCC-ee dismantling, CE
& infrastructure
adaptations FCC-hh

FCC-ee accelerator R&D and technical design

J/

FCC-ee accelerator construction,
installation, commissioning

-
FCC-hh accelerator

B 4

R&D and technical FCC-hh accelerator construction,

: installation, commissioning
design

Set up of international
experiment collaborations, FCC-ee detector
detector R&D and concept technical design
development

~

_y

FCC-ee detector
construction, installation, commissioning

A\
FCC-hh detector FCC-hh detector
R&D, construction, installation,

technical design ) commissioning
.

Superconducting wire and magnet R&D

-
SC wire and 16 T magnet

16 T dipole magnet

R&D, model magnets, : :
series production

prototypes, preseries

=)
e~
=
(@]
=
@)
Hﬁ
Y
e
=
=
7
=]
=
=
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F CO Sts Istituto Nazionale

( : ( j di Fisica Nucleare
Domain Cost in
MCHF

Stage | - Civil Engineering

Stage | - Technical Infrastructure 2,200 ) S Stage 2 FCC-hh Machine
il — mtm‘mwumn

Stage 1 - FCC-ee Machine and Injector Complex

Stage 1 FCC-ee Machine and
Injector Complex
14%

Stage 2 - FCC-hh Machine and Injector complex

Stage 2 Civil Engineering
complement —
2%

Total cost FCCee: 10,600 MCHF
Addition for tt 1,100 MCHF

Total additional cost for FCChh: 17,000 MCHE
Stand alone ~25 BCHF

Roma3, January 29, 2020 29 F. Bedeschi, INFN-Pisa




. . INFN
ESG main scenarios {7

uto Nazionale
isica Nucleare

e

5 basic options for the future being explored by ESG

- 2020-2040 2040-2060 2060-2080

1st gen technology 2nd gen technology
HL-LHC CLIC380-1500 CLIC3000 / other tech
HL-LHC CLIC380 FCC-h/e/A (Adv HF magnets) / other tech
HL-LHC FCC-ee (90-365)
HL-LHC LE-FCC-h/e/A (low-field magnets)
HL-LHC __ +LHeC |LHeC

CERN funding:

First 3 scenarios: 10-13% CERN budget in 2025-2045
1 Civil engineering assumed outside of CERN budget

4th gcenario: ~20% CERN budget in 2025-2045
5t scenario is within the regular CERN budget

[Last 2 scenarios assume that an e+e- collider 1s built

outside of Europe

Roma3, January 29, 2020 30 F. Bedeschi, INFN-Pisa
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P
. INFN
Schedule comparisons (-

JELLREIRN] {ELVIELINT]

Possible scenarios of future colliders ™ Proton collider = Construction/Transformation: heights of box construction cost/year
B Electron collider

I Electron-Proton collider

ILC: 250 GeV 500 GeV . 1Tev
4 years 20km tunnel 2ab? 4 ab? =4-5.4 ab?

Preparation

31km tunnel 40 km tunnel

CepC: 90/160/240 Gev
100km tunnel IETFFRTEF

CLIC: 380 GeV
11 km tunnel 15ab?

29 km tunnel 50 km tunnel

FCC hh: 150 TeV =20-30 ab™?
100km tunnel

FCC hh: 100 TeV 20-30 ab™*

FCC hh: 100 TeV 20-30 ab™
8 years 100km tunnel

HL-LHC: 13 TeV 3-4 ab™ HE-LHC: 27 TeV 10 ab™

LHeC: 1.2TeV FCC-eh: 3.5 TeV 2 ab?
0.25-1 ab1®

TEEEE T T T T T S T T EEE EEEEl
2020 2030 2040 2050 2060 2070 2080 p4/10/2015 2090

U. Bassler

2years 17B/6yea
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Final comments L_/ i o

Major physics potential at FCC-ee
Study Higgs x10 better than HL-LHC
EWPO x10-100 better than LEP
HF studies complementary to LHC-b/Belle 11
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Final comments L_/ i o

Major physics potential at FCC-ee
Study Higgs x10 better than HL-LHC
EWPO x10-100 better than LEP
HF studies complementary to LHC-b/Belle 11
Matches right time scale immediately after HL-LHC

Gives time for high field magnet development
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Final comments L_/ i o

Major physics potential at FCC-ee
Study Higgs x10 better than HL-LHC
EWPO x10-100 better than LEP
HF studies complementary to LHC-b/Belle 11
Matches right time scale immediately after HL-LHC
Gives time for high field magnet development
Major physics and exploration potential at FCC-hh

Shares tunnel and much of the FCCee infrastructure
HHH to 5% precision
Huge jump 1n direct discovery potential
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Final comments L

Major physics potential at FCC-ee
Study Higgs x10 better than HL-LHC
EWPO x10-100 better than LEP
HF studies complementary to LHC-b/Belle 11

Matches right time scale immediately after HL-LHC

Gives time for high field magnet development

Major physics and exploration potential at FCC-hh

Shares tunnel and much of the FCCee infrastructure
HHH to 5% precision
Huge jump 1n direct discovery potential

Great vision and plan for the next 70 years of HEP
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