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Absence of sub-TeV sparticles  solution requires a lot of fine tuning. 
However, nothing else prevents me from taking  very large.

⟹
mSUSY
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Why still consider SUSY in 2025?
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View of the believer 

• The hierarchy problem hasn’t gone away; it is even more puzzling. Maybe there is fine tuning… 

• SUSY is the unique extension of spacetime symmetry (for theories with  matrices).  

• The thermal Higgsino is still a good DM candidate. Gauge coupling unification is predicted. 

   Should be taken seriously.

S

View of the skeptic 

• SUSY is well defined with few parameters and represents how new physics may show up. 

• Not too many better ideas for solving the big hierarchy problem…



SUSY is not the main motivation for FCC-ee… 
But could the FCC-ee discover SUSY?
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Discovery correlates with technological advancement.
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FCC-ee will produce  Z bosons ( LEP).∼ 6 × 1012 ∼ 105 ×
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Directly explores energy scales .Λ ∼ 103 GeV



Kevin Langhoff - FCC Workshop 2025

What experiment explores the highest energy scales?
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Super-Kamiokande

Indirectly explores energy scales . 
Searching for decays using  protons.

Λ ∼ 1016 GeV
1034

LHC?

Directly explores energy scales .Λ ∼ 103 GeV



Can the FCC-ee See What The LHC Can’t?
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Motivation 1 : Colored sparticles may be too heavy for the LHC.
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[Martin, 9709356]

• Running motivates .mcolored > muncolored

EWPTs on color neutral sparticles may beat LHC direct searches.

• Alternatively, folded SUSY (for example) has no 
colored sparticles.

• EWPTs are more sensitive to lighter particles.
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Motivation 2 : Blind Spots at the LHC
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dilepton + MET

[1908.08215]

Direct SUSY searches often leave “gaps” in parameter space.



How could the FCC-ee see SUSY?
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Simplified Models
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To make progress, I will consider the following simplified models:

  Dominated ModelU(1)Y

Ẽ(1, 1)1

B̃(1, 1)0

Right Handed Slepton

Pure Bino

  Dominated ModelSU(2)L

Left Handed Slepton

Pure Wino

L̃(1, 2)−1/2

W̃(1, 3)0

A bit overly simplified, but gives us an idea of the sensitivity of the FCC-ee.
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Corrections from SUSY (1-Sparticle Level)
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• If we assume R-parity conservation, all corrections are at 1-loop. 

• Dominant effects from “oblique corrections” if considering only a single sparticle.

<latexit sha1_base64="wW/FYuM+uQPEIsfDWGUcEmwyeqw=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVm71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHtfGM5A==</latexit>
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V 0

BSM

Marandella, Schappacher, Strumia [hep-ph/0502095]

• FCC sensitivity at the  level (not the focus of this talk). 𝒪( few 100 GeV)

https://arxiv.org/abs/hep-ph/0502095
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Non-Universal Corrections to Z-pole Observables
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Let  and .χ̃ = (W̃, B̃) ℓ̃ = (L̃, ẽ)
2

+ΓZ→ℓℓ ∝

(Just one of several diagrams)
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Non-Universal Corrections to Z-pole Observables
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Let  and .χ̃ = (W̃, B̃) ℓ̃ = (L̃, ẽ)
2

+ΓZ→ℓℓ ∝

(Just one of several diagrams)

ΓZ→ℓℓ − Γ(SM)
Z→ℓℓ

Γ(SM)
Z→ℓℓ

∝
g2

16π2 ( mZ

MSUSY )
2  

Mprobed
SUSY ∼ 1 TeV × ( δΓ/Γ

10−5 )
−1/2
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Finding a robust observable
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 is not the best observable. Instead we useΓ(Z → ℓℓ̄)

Rℓ ≡
Γ(Z →  hadrons )

Γ(Z → ℓℓ̄)

• Hadronic decay introduces  dependence. This must be determined by other measurements.αs(MZ)

• Also depends on . We will identify this from θW

sin2 ̂θW cos2 ̂θW ≡
πα̂ (mZ)

2ĜFm̂2
Z

This choice introduces modifications from oblique corrections.
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Bino + RH  Slepton
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[1908.08215]
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Wino + LH  Sleptons
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Conclusion
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• EWPTs are complimentary searches for new physics. 

• SUSY parameter space exists which may be explored at the FCC-ee. 

• Motivates investigating which observables give the greatest reach to new physics.



Thanks!
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• SM has many more observables than parameters  Predictions!⟹
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• Checks like this give us a method of indirectly discovering new physics!
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Supersymmetry

29

The diagrams for Higgs boson mass corrections are the following:

Fermions Bosons

H H H H= (−1) ×

ΔmH = ΔmH,fermions + ΔmH,bosons = 0

If SUSY is exact. But it is broken…
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Supersymmetry
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When SUSY is broken, the Higgs gets corrections

Δm2
H = Δm2

H,fermions + Δm2
H,bosons ∝

3y2
t m2

t̃

4π2
log(mt̃ /mt)
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Supersymmetry

30

When SUSY is broken, the Higgs gets corrections

Δm2
H = Δm2

H,fermions + Δm2
H,bosons ∝

3y2
t m2

t̃

4π2
log(mt̃ /mt)

LHC

Might be just out of reach…

LEP

[FCC-CDR]

https://arxiv.org/abs/1504.05200
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Simplified SUSY Models
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1908.08215

1908.08215
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Simplified SUSY Models
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1908.08215

Constrained by cross section.

LHC

HL-LHC

1908.08215

Nevents = ℒint × σ
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Electroweak Precision Tests at the Z-pole
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There are many measurements which can  be 
performed at the Z-pole.

Many measurements are systematics limited! 

Which systematics should we prioritize reducing?
[FCC CDR]
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Electroweak Precision Tests
• The most general method of indirectly searching for heavy new physics is SMEFT. 

• Assuming CP conservation and MFV, about 20 operators are relevant for EWPTs.
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<latexit sha1_base64="SPvQzBFBzw/WJHGXx5NNySZ6BLY="></latexit>

LSMEFT = LSM +
1X

n=5

X

i

c(n)i

⇤n�4
O

(n)
i

 1907.04311

https://arxiv.org/abs/1907.04311
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A Tale of Two Bar Plots
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How do we interpret these?

1. Which SMEFT operators are most 
interesting? 

2. Which systematics should 
experimentalists be most motivated 
to decrease?

Questions


