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1
the Standard Model EFT: £ = Lsyi + ) 45— O

Order dim 4 dim 5 dim 6 dim 7 dim 8
of interactions Standard Model 2 84 30 993

Important to flesh out all structures as EFT gets complicated

— Use field-redefinition invariance



What can we learn from field-redefinition invariance?

 Lesson from QCD:

All these terms are related by (background field) gauge invariance

 Why off-shell? All one-loop running of operators are given by simple masters



[Meetz, Honerkamp, ...]

Geometry in the Scalar Sector Aonse, Manonar o

The field redefinition w/o derivatives is identical to diffeomorphism
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Diffeo-invariant quantities <+«— fjeld-basis invariant quantities

curvatures, covariant derivatives, ... amplitudes, RG equations, ...



Applications of Geometry

 Manifest basis-invariance in amplitudes, can be applied to
soft theorems, double copy, identifying hidden symmetries, etc.

[Alonso, Manohar, Jenkins; Cohen, Craig, Lu, Sutherland; Cheung, Helset, Parra-Martinez; Helset, ...

 Loop-level application: simplifying RG

~ —“ N ‘d'
‘—_— ~~~ ”4‘
. - S am= ~ m -
- .- . .- -~
d ~. L.
Phd -

I 71 I
o' =9+
baCKQIFOUHdT i Tquan’cum fluctuation
77/ T \‘ 77 " TN \‘ ', e s \‘
l\‘ , ,' ¢ "‘ /' é l‘s "l ¢

many seemingly unrelated terms



Applications of Geometry

 Loop-level application: simplifying RG
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background covariant quantum fluctuation
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Applications of Geometry

 Loop-level application: simplifying RG [Alonso, Manohar, Jenkins]
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Field-Redefinition invariance



FermiOniC SeCtOr [Assi, Helset, Manohar, CHS, Pages]
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Dim-6 Examples

<> _
trivial in Warsaw basis (byy*e,) (H'iD,H) (H'H)(lpe,H)  (bpot’e,H)B,,

Sufficient for all dim-6 fermonic operators™ and most of dim 8.



Fermionic Sector
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Field Redefinition
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Geometry in the Fermionic Sector
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RG With FermiOniC LOOpS [Assi, Helset, Manohar, CHS, Pages]
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Simple structures in RG from Geometry

* New RG equations for dim-8 operators in the SMEFT

[Agree w/ Chala et al.; Das Bakshi et al.; Accettulli et al. in overlap regions]
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Summary & Outlook

o (Geometry structures in EFT emerge from field-redefinition invariance

* Organize physical quantities (amplitudes/RGE/...) into simple building blocks

 We extend this to the fermionic sector and obtain new RG equations

e Extension to mixed type of loops [work in progress w/ Assi, Helset, Pages]
 Understand the relation to SUSY"? New seeds for double copy?

 Still off-shell so far. Merging with on-shell calculation?



QCD Meets Gravity in Taiwan

* Dec. 2-6: Cosmological Correlators in Taiwan

e Dec. 9-13: QCD Meets Gravity
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