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What comes next?
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Minimum bias 1‘ 1.2 oales | \ywth \/
W(ln) 1.6
Zw J1.7
7 | J2.0
t (s-channel) =9 2.2
t (t-channel) | J2.5
WH | J2.0
H (ggF) 2.3
H (VBF) | 2.4
tt | 133
e
ttH _[__—_J 3.9
A(0.5 TeV, ggF+bbA) | J 4.0

stop pair (0.7 TeV) ]% 8.4
gluino pair (1.5 TeV) § J 46

At 103 cm—2s'@ 13 TeV
pp the LHC produces:

- 200HzW —£v
- 19HzZ —>¢¢
- 8 Hztop pair
- 0.5Hz Higgs

[

13/8 TeV sensitivity formula:

L
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E.g.: Kigs = 0.87 for ttHa gy
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« RRIRTODIIVMDZIZ, TAREES - B EZ I
&M " E% e.g. European Strategy, US Snowmass
year :r
%/ Executing the current plan
plan‘__rjing
W Executing the current plan
planning —
~ Europe |
= >
i H.ﬁ. /s
planning
« S [E|MEuropean Strategy update

— FEaN—OMN TEQREBEIMEZIZIHMDLHCHDZHEH?]
— RecommendationlZ. 3 HACERN CouncilCHAEZE T E>E

(DARANIELARLTHELRNDZ
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— The 2020 European Strategy update:
« CERN Yellow Report “Physics of the HL-LHC, and

perspectives at the HE-LHC”
(1418 pages as inputs from the experiments)
http://dx.doi.org/10.23731/CYRM-2019-007

Open symposium in Granada (2019£
https://indico.cern.ch/event/808335/

Physics Briefing book (2019410H, 254 pages):
https://cds.cern.ch/record/2691414

— The 2021 US SnowMass process:
* Energy Frontier wiki page: https://snowmass21.org/energy/start

F5H, 600&3):
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Collider

Type
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w1 [%] g E—JL

EEL EinHifE
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Schematic of an

4 80-100 km
¢ long tunnel

"

[e /e] [10*%em %s7"] | [ab™ '] [years]
a HL-LHC | pp| 14Tev | - 2 5 6.0 12
o |HELHC | pp| 27Tev | - 2 16 150 20
FCC-hh ppI 100 TeV | — 2 30 30.0 25
FCC-ee ee = 0/0 2 100/200 150 4
=i 2My, 0/0 2 25 10 1-2
240 GeV 0/0 2 7 5 3
2m,,, 0/0 2 0.8/1.4 1.5 5
(ly SD befoge 2m;, , run) (+1)
o | IIC ee| 250GeV | £80/+£30 1 1.35/2.7 2.0 11.5
@ R 350 GeV | +80/+30 1 1.6 0.2 1
il preCl 500 GeV | £80/+30 1 1.8/3.6 4.0 8.5
ly SD after P50 GeV run) (+1)
CEPC ee M, 0/0 2 17/32 16 2
M 2My, 0/0 2 10 2.6 1
240 GeV 0/0 2 3 5.6 7
CLIC ee +80/0 1 1.5 1.0 8
531 ‘ 1.5 TeV I +80/0 1 3.7 2.5 7
BinE 3.0TeV | +80/0 1 6.0 5.0 8
(2y SDs between energy stages) (+4)
LHeC ep 13TeV = 1 0.8 1.0 15
Q. HELHeC | ¢p 18 TeV - 1 1.5 2.0 20
D I'FCCeh | ep 35TV - 1 15 2.0
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Collider | Type Vs iR 3_ [/:] R tﬂ 7_ZL » *E%-_Ll 12 B HA A I%I*)l,#—

[e /e ] [107"cm “s '] | [ab '] [years]

HLLHC | pp] 14Tev | - 2 5 o0 12 \ J7IR)—
% HE-LHC | pp| 27Tev | - 2 16 150 20

FCC-hh ppI 100 TeV | — 2 30 30.0 25

FCC-ee ee = 0/0 2 100/200 150 4

=5 2My, 0/0 2 25 10 1-2

240 GeV 0/0 2 7 5 3
2m,,, 0/0 2 0.8/1.4 1.5 5
(ly SD befoge 2m;, , run) (+1)

o ILC ee| 250GeV | £80/+£30 1 1.35/2.7 2.0 11.5
@ R 350 GeV | +80/+30 1 1.6 0.2 1

BInE 500 GeV | +£80/+30 1 1.8/3.6 4.0 8.5

ly SD after P50 GeV run) (+1)
CEPC ee M, 0/0 2 17/32 16 2
M 2My, 0/0 2 10 2.6 1
240 GeV 0/0 2 3 5.6 7
CLIC ee +80/0 1 1.5 1.0 8
‘f‘iﬁ/ I 1.5 TeV | 1+80/0 1 3 7 2.5 7
=38 2 N Ta\/ 1

o ILITIFEICMITT: RADESTH

- TSXTINE

[ oo oA T LRI R S 5108 S T
e pp: FoRILEXIEIZTEBAA. 7
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HE-LHC/FCC

FCC: Future Circular Collider

=734 5—(F
RKIRESADN—USH

Vs L/IP (cm2s') | Int. L/IP(ab') | Comments
ete ~90GeV Z 230 x1034 75 ab-1 2 experiments
FCC-ee 160 WwW 28 5
240 B 85 25 Total ~ 15 years of S
~365 top | 15 0.8 P — & :
pp 100 TeV 5 x 103 2.5 ab™ 2+2 experiments + Schematic of an -
FCC-hh 30 15 Total ~ 25 years of e :
operation " N
pp 27 TeV 16x10% | 15 LHCho LIz, R
HE-LHC FCC-hhnFA®D W
16 TR =
204 & %R
Parameter Unit FCC-ee FCC-hh
Annual energy consumption TWh 1.9 4
CERN today: 1.2 TWh
Power consumption MW ~300 550
Contruction c;;t (tunnel micgged) BCH 11 1267 68015 e ;Zhg ;f}:; I;SC-ee; FCC-eefﬁ:fﬁli_EO)in—é 187
- = FCC-hhiE# D 155264
Preliminary, purely technical schedule for |8 yearst_ t1u0 years ) |1:-’(>: yoars 1 yearsr ig years
. preparation nnel an -ee preparation -
integrated programme (FC(?-ee followed by FCC-ee operation [for FcC-hh | operation
FCC-hh), assuming green light to construction and installation | pp/PbPb/eh
preparation work in 2020. 2020-2028 2038-2053 2064-2090
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BRI — A E R MG, European Strategy 2ARRIIZE A NEZ NS
SEEBATLNET A, ..
HI iR
o BT RIFIMN)—DOYEHEEZENERMZEHELLTEELTLS
e HE-LHC 27 TeVIX. T ANV (R TRELLREREET)
« FCCOEMHIRT D a—IUIX, J5FFLURPSEIR FCCOURTHNT:

https://indico.cern.ch/event/838435/contributions/3635822/attachments/1967874/3272551/200113 FCC-Status.pdf

BTl

= HL-LHC#ZMCERNEL TH BAGERER(E. ee EVI X TF7UR)—

> FCC-ee > FCC-hhT#H2S (LEPSLHCERIL . BADILCEERIS @
- Stage 1: FCC-ee (Z, WW, H, tt) 154 [H 3EEE (e.g. @Z pole 230e34)
. Stage 2: FCC-hh (100 TeV, 16 TH:A Nb3Sn) 2/5Eﬁ5ﬁ 20/ab

N\

MW ~~
acH o wﬂ/m% FCC-eef k35418700 M

1276015"3% otherwise 24 FCC-hh[E*&@i’%éZ64OO1%H

Preliminary, purely technical schedule for |8years |10years  }15years 11 years 25 years
intearated proaramme (FCC-ee followed b preparation | tunnel and FCC-ee preparation FCC-hh

g prog . ) y FCC-ee operation [for FCC-hh operation
FCC-hh), assuming green light to construction and installation | pp/PbPb/eh
preparation work in 2020. 2020-2028 2038-2053 2064-2090




FENMERDRT S1— I BIRESSR Ty M5

NB: number of seconds/year differs: ILC 1.6x107, FCC-ee & CLIC: 1.2x107, CEPC: 1.3x107
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CEPC
ILC
FCC-ee
CLIC
LHeC

FCC-eh/hh

HE-LHC

SPPC
HL-LHC

240 GeV

250 GeV e 500 GeV & 350 GeV
z W 240GeV | | 350-365GeV

380 GeV e
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NROVIRIILXT—Da T4T70OHWE:LHC

s BEIRLY—EESLEHERER | [Cor

- F—AIR% ATLASTIZ2000/85EED |
*o24 2 E R EH NN
- ZXITYEEEHSM, Higgs, |

SUSY, Exotics, top, B#i#, HI,
Di-bosons/Di-Higgs

— X105/ T9204, EMPhDESE~604 | 55 1‘,1

« EfRETEENLIZFF /fd)F*IEI’J%)K
— RGBT —RXAR—R -FHHERICE|FEATEEIC
— CERNZ%: 5 TlEMachine LearningD &
- ... : Run-2 Physics:
s ! 8 Reaching
+ CERNTOEERR A’ New Heights

_ oo {4 h Run2¢% E
MEBAFTEBAA e LV

B i oA =g A Y Iy el SRR SR 1TE ) N ATLAS workshop at CERN

9 -13 December 2019

(4004 0)
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MIBOEEREICTRYET

« BULWERITIIEETEZENN—LENLGLDOTUTIZES
— SM Electroweak physics
— Beyond the Standard Model physics
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 SM Electroweak physics
at energy-frontier hadron colliders
1) Higgs#gE & : EDRIDFEE TRIFERTEED?
2) EWIEBRZEAITE AN HHH\?
3) HiggsimDiEE AT AmED T IEIL?
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1) Higgs #5& E%: LHC, HL-LHC 1

- BIR » HL-LHC T REEHE
- A% BEANENER - EBLRERE, S<OER

~ REETIC, HiggsEH3 A 1BF2T. Eaw ek (QCD corr.)
b/t-74—5oTE DIEE A - BITOF R BERE

Vs =14 TeV, 3000 fb per experiment

—~ T T
S gt ?TLAS —e- Data : Total ATLAS and CMS
® : 13 TeV, 79.8 fb™ Bl VH, H — bb (u=1 06)- — Statistical HL-LHC Projection
= 1 6__ 0+1+2 leptons [ Diboson —_ —— Experimental
2 2+3 jets, 2 b-tags R Uncertainty ] —— Theory Uncertainty [%]
8 14 Weighted by Higgs S/B Dijet mass analysis _— K. = Tot Stat Exp Th
0 - ] —> 1.8 08 10 13
- 121 —_
o) - . Ky = 1.7 08 07 13
% 10 + = ,
u ] = 5 07 06 1.
9 8__ E 7 15 1.2
%J . ] Kg = 25 09 08 2.1
6_ ]
hd C ] K == 3.4 09 1.1 3.1
> 4AF E
C ] Ky B 37 13 13 32
O) oF .
o 44 . K, = 1.9 09 08 15
~ S
R O: SHN Ky = 43 38 1.0 17
(o I I N I D N R K
| 1 11 1 11 1 11 111 111 111 111 111 I
() Zy s 9.8 72 1.7 64
© 40 60 80 100 120 140 160 180 200 e SR
LLl 0 0.02 0.04 0.06 008 0.1 0.12 0.14

m,, [GeV] Expected uncertainty
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1: HL-LHC:
ee colliders#lEiT. RIEDFEE ., ee/eh T, 2-10f5H=E

BEHM KIFTE S

F3tH{tfermio

2: K.:ee, enTODH A HE

3: BR

untagge

16
s
A/

\Tbb\éb\? IzsllltE*EEl
u~4%—> X I fZ

\\\

N —omRY21-3%,

Kw

00 04 08 12 16 20

Kz

00 04 08 12 16 20

Ky

00 04 08 1.2 16 20

—_ S p - Ly = SHi| == L,
= ~
4O(ZH):ee TETIILIZIKFE T [CE BRIENIRZ A E AT 6E
-— — H K =
Kt K Kﬂ = Brin,
| ] | ]  —
| E— | ] O
1 1] |
| 1 J— I
00 04 08 1.2 16 20 0.0 0.8 1.6 2.4 3.2 0 | 2 3 4 5 0.0 0.6 ’L.Z 24 3.0
m 9. | - V- éltuntaaged
Kp "¢ Ke Kzy Brunl
|} ] I I |
[ | ] | | | —
| I /] I | | I—
| I I
00 06 12 1.8 24 30 0 1 2 3 4 00 25 50 75 100 0 1 2 3 4
—I BN FCC-ccle/hh  EEEN CLICioo WSS 1LCiooo W LHeC|xy|<1
Ke s FCC-eexqs s CLIC 500 ILCso0  mmmm HE-LHC |ky| < 1
N FCC-ee240 CLIC3g0 ILC>s0 HL-LHC |ky| < 1
— CEPC + A\ =3 EFF o
_— . TR H IE}ﬂK#dBRg)({’H“l HL-LHC [A)]
tur I mnoin th
nggS@FC WG llllrl‘(,lt()ll e \A\L:::x ’IIL wi

00 06 1.2 18 24 30

Kappa-3, 2019 Limits on Br (%) at 95% CL.
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2) EWEEARZ A E TR H M D HV?

« EWEBHEZEAE

SM® 58 NS HREE
— e.g. 7TJLIEH GF, Weinberg#
(Sin29W), mz, mW’ mHa mtop'

— BfZRM4%IL. SMTIEMEIZFE R
S>ALIFHMEDFEZTE

T
— mtop7 mH (IEI

« Higgs{E

¢« HL-LHCTORE

- WE=;

2 DinputéLTHE

goal is ~6 MeV

(PDFOEENEE)
— TopE=: /5% 0.2-1.2 GeV

(poleBEE~NDEH/ATEEIK)

o FFEMIE=RR
— Z-pole (& I',) LT, Tera-Z 704 5.1\ at FCC-ee, Giga-Z at ILC ({RiB+)
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DR E 7z REE
£

L s s B S By N B S S S ¥ B S S B S NS 1
[ 68% and 95% CL contours iy m ""':;'d comb. = o 1
80.5 — Ml fit w/o M, and m, measurements o= —
fit w/o M, m, and M, measurements | | —°%
direct M, and m, measurements
80.45 — i ]
80.4 [ 1. /% = - e

~ My world comb. = 1o
80.35 [— m,, =80.385 = 0.015 GeV

80.3 =
:_ QC‘E o _:
80.25 [ \\/f’ ‘\,\
T L N I
140 150 160 170 180 190
m, [GeV]
Inconsistent theory
/ 2
200 Instabilit® ]
> (E// 8——> Asmu < Mp
B 1s0 [l z |
2 W i
N e B
g 100 Stability g
£ g
& Z
& 5ol &
Degrassi et al ‘12
0 M

0 50 100 150 200
Higgs mass M), in GeV

Method:
Amyop (GeV):

1t lepton+jets
0.17

t-channel single top  mgyy
0.45 0.62

Iy O
0.50 1.2

Standard >{+jets measurement Statistically dominated

Limited by theory uncertainty
and luminosity measurement
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3) Higgsiz M #Z Ik b

» EFPAMEOBNZEZEREMNICAEATES
- EZHFFEFTE TDHiggsis

2
V(h) = %m,%,hz HAsvh® + 41-114114' with 3V =M = ’;”—v’;
- ETHARFE v = 1//V26, ~ 246 GeV
* my, =125 GeV

° BSM@?)]%—C\:s Mﬁwﬁ’b")’Bé KA:K3:i{5{A€IIH

T

- EXEBBOMTEERHD ThHS HiggsiGiEEZIREEL .
BRICHHHMEIZBS
— BE/N\)A DR A -EWHBERFS - FR A Rl HE
- FHZEMTFEET LISA (~2030), DECIGOIZ&5. "I HiIFEMNL-DE
HE B CH AT
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3) HiggsiGZAIE T HIZ1E? BEHEEDAIE

» Di-Higgs &£ Rk GoFERK 1
@/ \FAYaS44— m_+«f
_ SMTHESE a(HH) = 0.01xa(H) 0000 R’

— MR DOEEATENE

5 2 hh->bbbb/bbyy/bbr...

— HL-LHCOTH AV REDRFI—Y
ZHH Bk, < VBF ERBE v

« Di-Higgs %X

@L IS/ 53—

— TEMBY7R A AR

» Single-Higgs 4 &k
- L—THRT
Rl CRE

R
000000 > t

|
|
ttH "___ -
:
1
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3) HiggsiZZHITE I HIZIE? Kk, ~DBE
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- |Di-Higgs 4. R : HL-LHC T40 evidence. k, = E450%

- XEDRRAH HE-LHC (~

— EFZAIFE A~ CLIC3000 (~9%). FCC-hh (~5%)

* | Single-Higgs:

HL-LHCT50%

— A fET
(HL-LHC&):

FCC-ee365+ILC500

(~35%)

FCC-ee #&HiZ&4D

(~21%)

— ERITIEERES
BIE ILHELL

> —RHEBDT A

(FEFE ~O($010%))

20204%4H30H

15%). ILC500(~27%), CLIC1500 (~36%)

HL-LHC

HE-LHC

FCC-eel/eh/hh

FCC-ee

ILC

CEPC

CLIC

Higgs@FC WG September 2019

AR R TSN
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ l
under HH threshold

- SRNNNRNNNNS
NN AR RO NN NN
\ N NN\ N SANNAND A >

0 10 20 30 40 50
68% CL bounds on Ks [%]

di-Higgs single-Higgs

. FCC-eeleh/hh D FCC-eeleh/hh
5% 25%
. LE-FCC D LE-FCC
15%
. FCC-eh,_, D FCC-ehmo
17+24% na.

All future colliders combined with HL-LHC

NRAOVIRIILF—Da2T47
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» Beyond the Standard Model physics
at energy-frontier hadron colliders
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e 2 £ Pl RE % A# IR T D 1% 4

I\/Iplanck I\/Iplan(:k I\/Iplanck
1 gluino + A 1 v
::::::::::::?f ---------- top squark N KK
== Higgsino
TMyiggs TMyiggs TMhiggs
“Natural” Higgs ExtraD
SUSY compositeness (RS)
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Canonical SUSYIE#®
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VB EER THEREINSSUSY: hhDSFEER

Gluino:
« LHCEAtREFMNEEA

* Run2:Myy,c~2.5 TeVE TR

(jets+E MissER IR RE

Top squark:
« HiggsFEREMNSEA

« Run2:’holes™,. BIERIIZEERE

Hadron Colliders: gluino projections
(R-parity conserving SUSY, prompt searches)

Model JLanab™) V5 [Tev) Mass limit (95% CL exclusion)

28, B—qa¥1 3 14

%l 88, 3—qa¥! 3 14
=

T 3 14

28, go1eX) 3 14

38, 3-qa0 15 27

- 15 27

LE-FCC FCC-hh

My Luc~3 TeV

HE-LHC: ~2x My, uc

meE)=0

13 TeV, 36.1-139 fb ly 201
;700 Y_lll |3|||e ||3|6|||||3|9 |!:?||||||||||||'Ju|y|||O |9|| — Observed limits
8 C ATLAS Preliminary q - Freecedimte
“— 600 1t production 139.0 b
S C R

(S S,
- Limits at 95% CL 7\\,//’/ N
L & ’

200 500 400 500 600 700 800 500 1090
MyLLie ~1.7 TeV mmicev]
HE-LHC: ~ 2 x M, , 1ic

FCC-hh: ~ 6 x My, , e

[ATLAS-CONF-2019-17]

36.110"

oLt &“’ it~ sz“’
[1709.04183]

B 1L T~ ) 4, — W £~ it 7
[1711.11520]

B oL T ) A - Wi /- bff 7
[1708.03247]
monojet,hl" — bff')"{?
[1711.03301]

i
[1903.07570]

B oLt~ (5(?
[1805.01649]

= monojet,i—» 07(:)

[1711.08301]

~—— Runi,(s=8TeV,20fb"
[1506.08616]
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Higgsino EW SUSY# & e

e A RiB *z X XA N SR
- %1, %2 HNLSP ., .
— EpErmEmiEA IEL, woz()
ERHAAREILLDDH D B

A m(NLSP, LSP) [GeV]

Higgsino-like EWK processes

Xt —

LENN Y I N L Y I L N Y I B B B ™
HLLHC3/b14TV( soft-lepton A) —— ) ] . = =
[ Do, 14 Tov soepn = 11 Hijggsino-like LSP
........ HE-LHC 15/ab, 27 TeV (soft-lepton B) % LHeC monojet-like (proj)
| mimimim FCC-hh (HE-LHC approx. rescaling) ' _ _
= |0 AM NLSP LSP) ~ O(GeV
ILC, 0 1/ab =
o mrrere CLIC,,, / FCC-ee,y, . { ) My FCC-eh monojet-lie
— uropean Strategyj N
10°F= « « 1«1 CLIC,,, 25/ab _
Ceimimim CL|C 5/ b ‘/ FCC-hh monojet [ ) {

Ll

-,
.":
»

‘
»
'
.
‘u

M, uc~350 GeV

HE-LHC: ~ 1.5 x My uc
Mecenn: ~ 1.3 TeV

: ILC: Ns/2E THh/\—
e 1| Mono-jetf2Hi : AMfE% /S

T 200 400 600 800 1000 1200 1400
m(NLSP)

N
_____

1]
----------------

!
| lIIllIII

f CLIC: extrapolated below 5 GeV
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Pure-Wino LSP 5 1)#: P(e)
« AM(NLSP, LSP) [ZIZ#E:R ~ 160 MeV K
« Fy—U—/NEF

~ + 1
N4 (= \ 1
>V b E U ARR P(e)
= NS 4 _E-
>R SNT JHE B rt
hargin n D : -
x x(x:x pguctlon tanB?%E&% OD%JE%Wmo Thermal reIIC DM{&E
Y —T T
10 I? Dllsappeanngl; Track AnaIyS|s ATLAS Slmulatlon Prellmlnary_% 90% CL Direct Detection Projection | Pure Wino
108 B /s=14 TeV, 3000 b, p=200 7 Indirect Detection |
E All limits at 95% CL EE ;:—C—C—_;ﬂ;——————————————————————————---—— -——---———I-G—-_-I_-é—\—/-——
10° B MHL-LHC = LE-FCC ]
= Ny 3 FCC-eh ]
10t ~1 100 GeVE HE-LHC |
- b E (T — 20, Disappearing Tracks
10° i} E CLIC3000 1 Kinematic Limit: Vs /2 |
T P e rrrr s W IPPETT SN R 3 ClIC 500 [ ] 20, Indirect Reach
10° — 3 ILC | ]
-~ Bxpected Limit (}10,,,) . CLICas0 | |
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s INFTOFMERZED ER"
— (REBIRLF—FFZHLT) EWRT—ILLLEDOSMHLF-&E
ELERITIGEICER

« FLLMEZRETEEME "Hidden/Dark sector”

— EWRST— LU T CSMALFEIFHEBERANTEEE THRESN
WG E FHICERNHLHE EEEMeV and O(10) GeV

(Portal operators%
BL T, SMIZHEES)

Portal

Coupling

T HHV
Vector (Dark Photon, A ) - mFﬂVB
Scalar (Dark Higgs, S) (US+ AysSH)H'H
Fermion (Sterile Neutrino, N) | ywLHN

Pseudo-scalar (Axion, a)

. ~ dya__
ap FHV o aqg GNV’;I_H“W,},#,J;W

f, o uv > f, Jiuvi

— ATLAS/CMSZEERR D #7557 . CERN®D“Physics Beyond
Colliders” M #:#8#4(2016-)bHY) . $FIELI=EERGLE) M BEA

« Hidden sector with “oeam dump”
* Long-lived particles from LHC collisions “IPEL)”

20204%4H30H
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B:&projects (beyond the LHC colliders)

« CERNN CERN#}
Table 10.5: Projects considered in the PBC-BSM working group categorised in terms of their Table 10.6: Selection of projects complementary to those considered by PBC-BSM working
sensitivity to a set of benchmark models in a given mass range. The characteristics of the group. Note that the experiments are in different phases: proposals; construction; upgrades.
required beam lines, whenever applicable, are also displayed. Taken from the BSM report. (BD — beam dump; SX — slow extraction; DD — direct detection)
Proposal Main Physics Cases Beam Line Beam Type Beam Yield
Proposal Main Physics Cases Beam Line Beam Type Beam Yield sub-eV mass range:
sub-eV mass range: MADMAX Axions Lab: dielectric/ €osmos -
- - - B field
IAXO Axions/ALPs (photon coupling) axions from sun - STAX ALPs LSW sub-TH . N
JURA Axions/ALPs (photon coupling) laboratory eV photons - * phol():: g cosmos
CPEDM p.d EDMs EDM ring p.d - MAGIS100—+1K  Dark sector Atom interferom. cosmos -
Axions/ALPs (gluon coupling) p.d - (FNAL)
LHC-FT charmed hadrons EDMs LHCb IP 7TeV p - MeV-GeV mass range:
MeV-GeV mass range: DARKSIDE-20k ~ WIMP DD LAr LNGS cosmos 200 tyr
" . . . 20 —Argo — 3000 t.yr
SHiP ﬁg;}" g;{f VP';OtO"“’hD;r.k ls)cMala“ BDF, SPS 400 GeV p 2x 10775 yr DARWIN WIMP DD LXe possibly LNGS cosmos 200 tyr
» S, lepto-phobic DM, .. 8 LUX-ZEPLIN WIMP DD LXe SURF cosmos 15 tyr
NAG2++ ALPs, Dark Photons, K12, SPS 400 GeV p up to 3 x 10" /yr XENONnT WIMP DD LXe LNGS COSMOS 20 tyr
Dark Scalars, HNLs CRESST-III Ph. 2 WIMP DD, A’ LNGS cosmos -
NA64-++ ALPs, Dark Photons, H4, SPS 100 GeV ¢ 5% 10" eot/yr CaWO,
Dark Scalars. LDM SuperCDMS WIMP DD Ge SNOLAB €osmos -
h 2 013 SEAQUEST BD  LDM FNAL MI 120GeV pSX 144 10" pot/2
: t‘l; _CIl;rT leptophobic DM ?{A;':[;)ST() 40120 Se;,; lOIS_l(l):)IZTOUyr MinigooNE—DM LDM FNAL Booster 8 (:;:cVI;) IA;x IOZ'I;Opm g
- =L, leptophobie —H%, eV &.p XA BDX LDM, A’ JLAB 11 GeV e 1072 eot
LDMX Dark Photon, LDM, ALPs,... SLAC/eSPS  8/16GeVe  10'°-10'® eot/yr DarkLight A JLAB 100 MeV ¢ on p SmA
AWAKE++  Dark Photon AWAKE 30-50 GeV ¢ 10" eot/yr SENSEI LDM CCDs (FNAL/ cosmos -
RedTop Dark Photon, Dark scalar, ALPs ~ CERN PS 1.8/3.5GeV p 10" pot ) SNOLAB) o
MATHUSLA  weak-scale LLPs, Dark Scalar, ~ ATLAS or 14 TeV p 3000 fb! MAGIX A MESA 130 MeV e ~ 10 emTs T
Dark Photon. ALPs. HNLs CMS IP MMAPS e’ = YA Cornell synch. 53 GeV e SX L, =10 c]m °s
’ o ) : BELLE-II ALPS, A’ SuperKEKB  ¢'¢* (/5 = 10.58 GeV 50 ab”
FASER Dark Photon, Dark Scalar, ALPs,  ATLAS IP 14 TeV p 3000 fb! e s mg;,‘ Vs © 2
HNLs, B-L gauge bosons N Mu3e I/1T CLFV u* —e¢'ete”  PSIHIMB u 2% 107 stopped /s
MilliQan milli charge CMS IP 14 TeV p 300-3000 Ifb MEG I CLEV u* - ey PSI u 0(10" p/s) to exp.
CODEX-b Dark Scalar, HNLs, ALPs, LHCb IP 14 TeV p 300 fb KOTO(+) K, — v J-PARC MR SX 30 GeV p ~ 10% K/spill
LDM, Higgs decays 50—100 kW at 50 kW
> TeV mass range: Mu2e/Mu2e-11 CLFVu N e N  FNAL 8/<4GeV p— i 7.7KkW pot (Ph. )
17
KLEVER K, — vy P42/K12 400GeV p 5% 10" pot/5 yr 67x10;
TauFV LFV 7 decays BDF 400 GeV p 0(2%) of BDF p COMET I/l CLFVu N —e N J-PARC MR 8GeVp—nu 1.5 % 10"°-1.8 x 10
CPEDM p.d oEDMs EDM ring pod - i i stopped p
Axions/ALPs (gluon coupling) p.d } Accelerator-driven v experiments .
} ) X ’ DUNE v FNAL MR (PIP-Il)  60-120GeV p  1.1-51.9x10°" pot/yr
- S S, S Vv ol
LHC-FT charmed hadrons MDMs, EDMs LHCb IP 7TeV p ToHK v J.PARC MR 30 GeV p ~ 102" potlyr

20204%4H30H
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portal: Dark Photon
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m,, (GeV)
Fermion portal : Heavy Neutral Lepto
10_2 Electron coupling dotinance: U”: Uy: Uz = 1:0:0 __
3 N )
l 0_3 European Strategyj \
107
-5
10 N \
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107 ———
1010 0% Stip e o e
107" S —— ..
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n

(GeV)

sin%0

Scalar portal : Dark Higgs

ILC,Z ¢

+oe\ezzzz2 CEPC.Z0
- FCC-ee,Z¢
et TeraZ

CLic, ,
“IC, all g, hsg

A ——tHcRun1-h NP
== = HL-LHC, 6 ab", h - NP
------- HE-LHC, 15 ab”, h > NP
—— SHIP - 2 10 pot
——— FASER2-3ab’
—— CODEXb - 300 fb™
MATHUSLA200 - 3 ab”
= = ILCy, 6.2ab", h NP
=== CEPC, 5.6 ab", h > NP
FCC-ee, 5.0 ab", h NP
CLIC,, 1ab", h - NP
e = CLIC, 0, 2.5 ab", h — NP
e CLIC 00, 5.0 ab”, h - NP

S

il ' MR |

107! 1 10°

mg (GeV)

Pseudo-Scalar portal : Axion-Like-Particles
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)
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Z /
/
24 i //
=75
........... . s
c 7/
........................ CLUCme'ea__..--""  _~
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FEH

« LHCH#t#tH, HL-LHC# 5% H(2028-36), FCC-hhiL ZE
—E—ml*)bﬂF DNEATL—2 T, TeVR— )LD YR

« EW Higgst#iE N & REATIRERRZHEA SYIBIER
1) Higgs#&&RI%E : HL-LHC 3t K fermion- 47— 1KYV 1-3%,
U~4% > BEERCEHA DR
2) EWEBRFZRE: I el > %‘H%EEHO)FHEH%?%%
3) BC§EE HL-LHC $E50%>Higgsisigs - EZtREnfs 2 280

>ete BV RIF7IRN)—EDL D — 75\53%

» FAIF-FMEOERRR

1) SUSY %
2) Feebly-interacting particles £
3) Exotic £ (#E & Higgs, Ll quarks, EiLIEIREE, Z/W’, LFV, ...)

- 1@%5&&@ /T/_:E)_AEEEE hik @
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* Backup slides
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CLIC : preliminary/#x flitB R 72— )L

CLIC: multi-TeV e*e" linear collider

Parameter Unit Stage 1 Stage 2 Stage 3 sty z e

Vs GeV 380 1500 3000 P itions B
P 3.0 TeV - 50.1 km (CLIC3000)

Tunnel length km 11 29 50 -

Gradient MV/m 72 72/100 72/100

Luminosity 10% cm2s! | 1.5 3.7 59

(above 99% of Vs) 0.9 1.4 2

Beam size at IP (0,/0y) nm 2.9/149 1.5/60 1/40

Annual energy consumption | TWh 0.8 1.7 2.8

CERN today: 1.2 TWh

Power consumption MW 170 370 590

Construction cost BCH 5.9 +5.1 +7.3

Since last ESPP: development of key technologies, progress towards demonstration of design parameters:
O 100 MV/m accelerating structures with low breakdown rate

O two-beam acceleration scheme demonstrated (CTF3) up to 145 MV/m

U R&D on alignment and vibration stabilization systems

QO reduction of energy consumption (optimisation ongoing for 1.5 and 3 TeV) and cost

. 7 years 27 years o
Technically: ' ooy
construction could +Constructon
start in ~2026
(TDR N 2025) . 380 GeV Physics é 1.5TeV Physics : 3TeV Physics
- start operation at : :
\/S=380 Gev in ~2035 0 2 4 6 ' 8 10 12 14 16 18 20 22 24 26 28 30 32 34

202048308 NRAOVIRIILF—Da2T47 ik &
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Higgs width and/or untagged decays

Unique feature of lepton-lepton colliders:
> Detecting the Higgs boson without seeing

decay: “recoil method”

> Measure ZH cross section with high precision
without assumptions on decay

o Often interpreted as quasi-direct measurement

of width

olete” +ZH) o(ete” »ZH) _

o(ete” — ZH)

BR(H —ZZ*) T'(H—ZZ*)/Ty

In kappa-framework: 'y =

800 i S N T T
ILC: full simulation [ qqH(H—bb)

ZZ-q999
W Z—qq
I WW—qqqq

Events/1

Vs = 250GeV
600
/ Ldt = 250"

400

200

%o 110 120 130 140 150
M, [GeV]

[(H — ZZ*) LM <L

SM .2
Uy - Ky

| — (BRinv + BRum)

=> Will probe width with 1-2% precision

20204%4H30H

Collider 8y (%) Extraction technique standalone result oIy (%)
from Ref. kappa-3 fit
ILCys9 24 EFT fit [3] 24
ILCs00 1.6 EFT fit [3,11] 1.1
CLIC3sp 47 k-framework [85] 2.6
CLICs00 26 K-framework [85] 1.7
CLIC3000 25 k-framework [85] 1.6
CEPC 3.1 o(ZH,vvH), BR(H — Z,bb,WW) [90] 1.8
FCC-eepqg 2.7 K-framework [1] 1.9
FCC-eeses 1.3 K-framework [1] 1.2
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