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Introduction

Introduction

High Energy PHysics Current Context

@ The major recent and most important discovery was the Higgs mson in 2012

@ The Higgs sector in the SM is thought as the most promising potal for possible
Physics Beyond the SM (BSM)

9 Therefore the priority at the LHC for short and medium terms is to search for
BSM

@ Indirectly: through precision measurements, espcially othe Higgs boson properties
@ Directly: through production of new particles or phenomena
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Overview of the Projects

LHC & Its Immediate Extensions

Where we stand & where we know we're heading to

9 LHC: Large Hadron Collider (website)

Circular tunnel of C=27 km, SC dipole magnetsB = 8:3T in NbTi,

mainly pp collider at Ps=14Tevand L =1 2 10%m 2s !
@ Ending date (“low lumi. LHC"): 2026 (after LS3) $ Ldt =300fb !
9 HL-LHC: High Luminosity { Large Hadron Collider (website)

mainly pp collider at PS=14Tevand L =5 20 10%cm 2s 1

@ Ending date: 2035 (after LS5) $  Ldt = 3:000fb *
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http://home.cern/topics/large-hadron-collider
http://hilumilhc.web.cern.ch

Overview of the Projects

LHC & Its Immediate Extensions

How we could go beyond DIS

9 LHeC: Large Hadron Electron gollider (website)

LHC tunnel, e p collider at P S= 4EcEp = 1:3 TeV, with Ee = 60 GeV, Ep =7 TeV

9 Polarization: P, =40% & P+ =40%
33 2 1 R 1
9 L =10%cm “s - $  Ldt=1:000fb

D" Steve Muanza: CPPM Marseille, CNRS-IN2P3 & AMU Future of Particle Physics: Part 3



Overview of the Projects

LHC & Its Immediate Extensions

How we could go beyond reaking the Energy Fron

@ HE-LHC: High Energy { Largq) Hadron Collider (workshop)
LHC tunnel, mainly pp collidgr at = s = 27 TeV and
L=25 10*cm %s '$  Ldt=10:000tb *
@ Key instrumental ingredients

@ B=16T dipole magnets using Nb3Sn
@ New vacuum system
@ These R&D's are conducted in view of FCC-hh
@ Possible starting date: 2040
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Overview of the Projects

Linear Colliders

ew Era of Precision Measurements (Higgs

@ ILC: International Linear Collider (website)

@ 31 km tunnel, incbuding 2 Linacs of 11 km each

e e"q coliderat” s=0:25 0:35 0:50 1TeV
$ Ldt =500 200 5:000 1:000fb !
Polarization: P, =80% & P+ =30%

Possible starting date: 2030

Meetings: Recent Workshop in Strasbourg

¢ ¢ &
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Overview of the Projects

Linear Colliders

Extending Precision Measurements & Direct Discovery Poten tial (1)

@ CLIC: Compact Linear Collider (website)

e'e collider at p§=0:38 1.5 3TeV$ RLdt =500 1:500 2:000fb !
L=@ 2 5) 10*%cm 3%s?

Polarization: P, =80% & P+ =0%

Document: CERN Yellow Report

Meetings: Next Workshop at CERN

@
<
@
@
<
@ Possible starting date: 2035

ot
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Overview of the Projects

Circular Colliders

Extreme Statistics for Precision Measurements

@ FCC-ee: Future Circular Collider- e* e  (website)
Eircular tunnel of C=100 km,
§=(91:2 160 240 365)GeV =
L=(230 32 8 15 10**cm 2s '$ Ldt=88:000 15000 1:000fb 1=y
9 Polarization: under study, P, = 30% achievable o 5$=(91:2 160)GeV
9 Possible starting date: 2039

9 Similar Project: CEPC (Circular Electron Positron Collider) in China (website)
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Overview of the Projects

Circular Colliders

Playing the * Hera"

9 FCC-eh: Future Circular CoHiger-’g p
5=

FCC-ee tunnel,e p collider at 4E.E, = 3:5 TeV, with Eec = 60 GeV, E, = 50 TeV
9 R&D in Common with LHeC: see recent workshop
@ L=1:1 10%cm 2 '$  Ldt =400fb l=y
9 Possible starting date: 2045
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Overview of the Projects

Circular Colliders

Ultimate Conceivable Energy F er

9 FCC-hh: Future Circular Collider- pp (website) R
FCC-ee tunnel,” s=100 TeVand L =5 30 10%cm 2s 1§ ' Ldt = 17:5000 *

¥ Physics potential: see recent CERN Yellow Report
9 Possible starting date: 2043
9 Similar Project: SppC (Super pp Collider) in China (see recent workshop
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Overview of the Projects

Circular Colliders

Extending Preci Measurements & Direct Discovery Poten tial (2)

@ Muon Collider: Future * Circular Collider (w%bsite)
L=2 km tunnel (LINACs+colliding rings) at FERMILAB, s=1:5 3TeV

R
oL=1:25 3 10%cm 2?s '$ Ldt =400 1:000fb ‘=y
¥ Source of high energy neutrinos
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Overview of the Projects

Comparing Facilities (1/2)
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Overview of the Projects

Comparing Facilities (2/2)

Timelines

CNRS-IN2P3 & AM Future of Particle Physics: Part 3



Precision Measurements in Higgs Sector

Higgs Properties

at FCC-ee
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Precision Measurements in Higgs Sector

Higgs Properties

Coupling to Z
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Precision Measurements in Higgs Sector

Higgs Properties

Higgs Total Decay Wid
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Precision Measurements in Higgs Sector

Higgs Properties

Precision on Higgs Coupling Measurements

Coupling | HL-LHC p FCC-ee p FCC-ee
S = 240 GeV s = 350 GeV
OHz 2-4 0.21 0.21
OHw 2-5 1.25 0.43
GHb 5-7 1.25 0.64
OHe { 1.49 1.04
OHg 3-5 1.59 1.18
OH 5-8 1.34 0.81
OH 5 8.85 8.79
OH 2-5 2.37 2.12
H 5-8 2.61 1.55
Table: Accuracy on Higgs couplings measurements in [%]
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Precision Measurements in Higgs Sector

Higgs Properties

Higgs Produc at FCC-hh

9 Cross sections and expected statistics:

ot
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Precision Measurements in Higgs Sector

Higgs Properties

p Yukawa Coupli
|

9 Can be measured very accurately through (ttH)= (ttZ): yit‘ 1%
Stat  Systry

9 Highest sensitivity in 1/2-leptonic boosted topology

D" Steve Muanza: CPPM Marseille, CNRS-IN2P3 & AMU Future of Particle Physics: Part 3



Precision Measurements in Higgs Sector

Higgs Properties
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Precision Measurements in Higgs Sector

Higgs Properties

9 Very large stats for S, but also for B (assume in nite stat. in CRs)

@ More accurate measurements of Higgs couplings than FCC-ee (* , )
9 Measurement of ratios of BR can break the "syst. lumi. wall (2-3%)"
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Search for SUSY

Stop pairs HL-LHC vs FCC-hh

9 SM objects boosted into a single calo cell: std tagging techiques bound to fail
9 Ex: Simpl. Model BR(t! t + B) = 100%, choose a semi-muonic event topology
9 Event selection: pr () > 200 GeV, R( ;jet) < 0:5 El >3 4Tev

miss

9 Result: discovery reach 6 TeV, exclusion 8 TeV
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Search for SUSY

Stop p. HL-LHC vs FCC-hh

9 Drawbacks:

@ does not distinguish between b- or top-jet
@ semi-muonic topology applies for short DK chains, not for long DK cascades
@ hence e orts to also tag hadronic top-jets

9 Stop Simpli ed Models:
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Search for SUSY

Stop pairs HL-LHC vs FCC-hh

¥ Processes w/ multiple boosted t's (b's) in the FS:

D' Steve Muanza: CPPM Marseille, CNRS-IN2P3 & Al

Future of Particle Physics: Part 3



Search for SUSY

Stop pairs HL-LHC vs FCC-hh

¥ Sensitivity to stop-higgsino signal:

4000
Js=100Tev

Ldt=3ab?
3000 109% systematics

2000

m; (GeV)

1000

m; (Gev)
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Search for SUSY

Stop pairs HL-LHC vs FCC-hh

Np Nt

9 Distinguishing the associated LSP:r =

N+ Nt
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