
How do we

achieve

our goal?

Higgs:

CP, κV,f, flavour violation, …

Electroweak:

sin2θ, TGCs, …

Beyond SM:
Supersymmetry? Composite models? …

Standard Model EFT

Flavour:

Top, CKM, …

New Accelerators:

HL-LHC, ILC, FCC

CLIC, CEPC, SppC…

QCD

Standard Model

Cosmology & Astrophysics:

inflation, dark matter,

cosmic rays, grav. waves, …



HL-LHC Plans



H ZZ*, 

γγ

@HL-LHC



Projected e+e- Colliders:

Luminosity vs Energy

t



ILC Measurements of H Couplings



The vision:
explore 10 TeV scale directly (100 TeV pp) + indirectly (e+e-)

Future Circular Colliders



FCC-ee Parameters & Run Plan



Parameters of HE-LHC & FCC-hh

High-field magnets in LHC tunnel High-field magnets in 100km tunnel



• At the LHC and beyond:

Higgs Cross Sections



Examples of Higgs Measurements



FCC Accuracy in H Couplings



FCC Constraints on κV,F



Sensitivity to e+e-H Coupling

Sensitive to ~ 3 × SM



SM Effective Field Theory: Tool to Search for BSM

• D=6 operators in electroweak, diboson data

• D=6 operators affecting Higgs observables



Operators Constraints 

from rates

Constraints including

kinematics

Present & Future LHC Constraints on D=6 Operators

Current 300/fb 3000/fb
Englert, Kogler, Schulz & Spannowsky, arXiv:1511.05170



• Global fit to dimension-6 operators using precision 

electroweak data, W+W- at LEP, Higgs and diboson

data from LHC Runs 1 and 2

• Results in Warsaw and SILH bases

• Improvements in the constraints from Run 2

• Constraints on BSM models

– Some contribute to operators at tree level

– Stops that contribute at loop level

Updated Global SMEFT Fit
to Higgs, Diboson and Electroweak Data 

Murphy, JE, Sanz & You, arXiv:1803.03252



Run 2 Higgs

Measurements

used in

SMEFT Fit

CMS ATLAS

Include all

available

kinematical

information

+ 1 W+W-

measurement

at high pT

Murphy, JE, Sanz & You, arXiv:1803.03252



Fit to all operators simultaneously

Results of Global Fit in Warsaw Basis

NB: Different

scale factors
Murphy, JE, Sanz & You, arXiv:1803.03252



Fit to each operator individually

Results of Global Fit in Warsaw Basis
EMSY, arXiv:1803.03252

NB: Different

scale factors



Summary
20

13Warsaw basis

EMSY, arXiv:1803.03252



Fit to each operator individually

Extrapolating Global Fit in Warsaw Basis

Murphy, based on EMSY, arXiv:1803.03252

HL-LHC 3/ab

HE-LHC 15/ab

Current fit

Assuming

precision ~ σ/√L 



Fit to all operators simultaneously

Extrapolating Global Fit in Warsaw Basis

HL-LHC 3/ab

HE-LHC 15/ab

Current fit

Assuming

precision ~ σ/√L 

Murphy, based on EMSY, arXiv:1803.03252



Precision 

Electroweak 

Measurements

with FCC-ee

Blondel et al, arXiv:1809.01830



Precision 

Electroweak 

Measurements

Blondel et al, arXiv:1809.01830



Precision Electroweak Measurements

Present and future EWPO errors

Comparison of future EWPO errors with TH estimates

Blondel et al, arXiv:1809.01830



Numbers of Diagrams to be Calculated
Blondel et al, arXiv:1809.01830

A lot of work 

for theorists,

but feasible!



• Shadings of green:

– Effect of including 

TGCs at ILC

e+e- H, Electroweak & TGC Measurements

• Shadings:

– With/without 

theoretical electroweak

uncertainties

JE & Tevong You, arXiv:1510.04561

Higgs and electroweak Higgs and TGCs

Should extend to include prospective 

FCC-hh measurements of TGCs, …



Sensitivity enhanced by higher centre-of-mass energy

CLIC Sensitivities to Dimension-6 Operators

JE, Roloff, Sanz & Tevong You, arXiv:1701.04804

Global fit Individual operators Omitting W+W-

350 GeV 3 TeV



Sensitivity enhanced by higher centre-of-mass energy

CLIC Sensitivities to Dimension-6 Operators

Global fitIndividual operators

JE, Roloff, Sanz & Tevong You, arXiv:1701.04804



You must be joking!

We still believe in supersymmetry



What lies beyond the Standard Model?

Supersymmetry
• Stabilize electroweak vacuum

• Successful prediction for Higgs mass

– Should be < 130 GeV in simple models

• Successful predictions for couplings

– Should be within few % of SM values

• Naturalness, GUTs, string, …, dark matter

New motivations

From LHC Run 1



How Light can Squarks & Gluinos be?

Phenomenological MSSM

Squarks, gluinos could weigh ~ 1 TeV if drop gμ-2

Bagnaschi, Sakurai, JE et al, arXiv:1710.11091



Bagnaschi, Sakurai, JE et al,

arXiv:1710.11091

Sparticle Masses in the pMSSM

- 68 & 95% CL ranges

- Best-fit values

- Accessible in pair production at ((ILC500)), (ILC1000), CLIC

& production at e+e- colliders
Fit with gμ-2



Bagnaschi, Sakurai, JE et al,

arXiv:1710.11091

- No issue with

measured Higgs mass
- Central values of decay 

BRs similar to SM

- Substantial deviations

possible

Higgs properties in the pMSSM



Possible HL-LHC bounds

SMEFT Constraints on Light Stops
EMSY, arXiv:1803.03252

Current bounds

Compatible

Mh = 125

tan β = 20 

Possible HE-LHC bounds



Direct Constraints on Light Stops

Depend on mLSP

not on tan β 

Comparison

with SMEFT

depends on

mixing Xt

Range of mstop

compatible 

with SMEFT

and mH

constraints







Squark-Gluino Plane

Discover 12 TeV squark,

16 TeV gluino @ 5σ



Neutralino Reach



Stop-

Neutralino

Plane



• Compatible with LHC measurement of mh

• May extend to mχ = mstop ~ 6500 GeV

Exploring the Stop Coannihilation Strip

LHC 300

(monojets), MET

LHC 8TeV

LHC 3000

(monojets), MET

HE-LHC

(monojets), MET FCC 100 TeV

(monojets), MET

JE, Olive & Zheng: arXiv:1404.5571



• « Empty » space is unstable

• Dark matter

• Origin of matter

• Hierarchy/naturalness

• Masses of neutrinos

• Inflation

• Quantum gravity

• …

• HL-LHC is on its way

• ILC might be next

• CLIC’s energy advantageous

• FCC most versatile The Standard Model


