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What’s the point of SMEFT?

It captures the leading effects of any heavy new 
states on Standard Model processes at low energy.
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What’s the value in a SMEFT-only view of future 
collider reach?

It can powerfully illustrate correlations.
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Is SMEFT reversible?  Any decoupling UV clearly 
captured by SMEFT…

But that does not mean that any SMEFT point will 
correspond to a sensible UV.
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In other words, be wary of informing future collider 
discussions based on SMEFT alone.  All 
operators/combinations are not created equal!

Thanks to Giudice for the “Swamp” term…
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In other words, be wary of informing future collider 
discussions based on SMEFT alone.  All 
operators/combinations are not created equal!

Thanks to Giudice for the “Swamp” term…
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In considering the opportunities presented by a 
future collider, insufficient to demonstrate EFT 
operator sensitivity alone:  Must demonstrate 
measurement is not in the SMEFT Swampland!

Example:  “Indirect” Higgs Self-Coupling.
• Custodial quadruplet model.
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In considering the opportunities presented by a 
future collider, insufficient to demonstrate EFT 
operator sensitivity alone:  Must demonstrate 
measurement is not in the SMEFT Swampland!

Example:  “Indirect” Higgs Self-Coupling.
• “Gegenbauer” Higgs models.
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Context is key!



In considering potential weaknesses of a future 
collider, insufficient to demonstrate EFT flat 
direction alone:  Must demonstrate EFT flat 
direction is not in the SMEFT Swampland!

Example:  Ztt vertex modification in Precision 
Electroweak.

One model at tree-level that this corresponds to: A 
vector-like right-handed top quark.  Nonetheless 
constrained at one-loop…
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In other words, be wary of informing future collider 
discussions based on SMEFT alone.  All 
operators/combinations are not created equal!

Thanks to Giudice for the “Swamp” term…
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So, what is the alternative?Can we capture all generic SMEFT 

“patterns” that come from 
reasonable UV?



Informed Agnosticism



Organising the UV
Suppose dim-6 SMEFT operators arise at tree-
level:

Is it possible to categorise all possible states?  Yes!

“Granada Dictionary”.  
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Organising the UV
Suppose dim-6 SMEFT operators arise at tree-
level:

Is it possible to categorise all possible states?  Yes!  
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Organising the UV
Suppose dim-6 SMEFT operators arise at tree-
level:

Is it possible to categorise all possible states?  Yes!

Loop-level will generically give rise to more 
operators, so studying tree-level is a conservative 
estimate of “generic” possibilities.  
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but the full family of scenarios is.



Proposal:  Take the families of operators generically 
arising from these models as representative of the 
space of SMEFT generated in all non-tuned UV 
possibilities.

Organising the UV
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Challenge to model-builders:  Map 

the space of untuned, generic, 

counterexamples…



The intention is to employ this family of models to 
attempt to map the realistic reach of future 
precision programmes.

Organising the UV
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Tera-Z Comments
Extreme precision offered by Tera-Z means 
quantum effects become highly important.

We include one-loop RGE, within SMEFT, from 
matching scale (assume 2 TeV) to EW scale.

Finite one-loop matching terms not included, 
typically.

Assume all couplings are unity, in Granada 
conventions.  For simplicity.



Tera-Z Comments
Observable projections from 2311.00020:



Tera-Z Comments
Observable projections from 2311.00020:

Three inputs of “LEP” scheme.
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Power of Tera-Z:  Punchline

Save for a few exceptions, the Tera-Z programme 
gives comprehensive coverage of new UV 
physics. 
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Power of Tera-Z:  Punchline

Allwicher, MM, Renner:  2408.03992

Save for a few exceptions, the Tera-Z programme 
gives comprehensive coverage of new UV 
physics. 

If a signature shows up elsewhere, it will show up 
at Tera-Z.  Quantum RG effects play a crucial role.

Exceptions:         ,        .

But there’s an awful lot more to 
Tera-Z than precision EW…



Rich interplay at FCC-ee between flavour 
programme…

and the precision EW programme.

The Flavour of Discovery

See e.g. 2311.00020

2.5 TeV Scale



Rich interplay between FCC-ee indirect sensitivity 
and FCC-hh direct discovery.

N.B.  Direct exploration in a post-FCC-ee era will 
require a machine with                        partonic CM 
energy.       

FCC-hh:  Seeing the Unseen.



For new states respecting a Z2 symmetry, such that 
they only appear in pairs, have no tree-level.

FCC-hh, on the other hand, still has significant 
discovery potential in this scenario!

FCC-hh:  Seeing the Unseen.

Generically, as 
compared to tree-
level, expect 
indirect FCC-ee 
mass reach to be a 
factor of 4𝛑 less for 
unit couplings.



Summary

Tera-Z offers unprecedented indirect exploration 
of physics at the shortest distance scales.

Quantum effects are crucial:  Consider as LEP at 
your peril! 

Flavour is a powerful key element of the 
programme.

FCC-ee offers the springboard to direct exploration 
at the highest energies, well beyond 10 TeV.



Backup
FCC-ee stat vs syst.


