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Outline

Ø Impact of Field Redefinitions on EFTs

Ø Review: Non-derivative Field Redefinitions

Ø Challenge: Derivative Field Redefinitions

--- How does 1PI Effective Action transform?

2

--- Field space geometry

--- All-loop tensor-like recursion relation

--- Transformation lemma
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Field Redefinition Invariance

Different Lagrangian
Same on-shell amplitudes
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Field Redefinition Invariance

--- Enumerating Independent Operators (EOM Redundancies)

--- Distinguishing Linear vs Nonlinear Realizations

--- Calculating Amplitudes and RGEs

Ø This could make the following tasks less straightforward:

Different Lagrangian
Same on-shell amplitudes
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EOM Redundancies among Operators
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Linear vs Nonlinear Realizations

nonlinear
realization

SMEFT
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RG Ambiguities and Infinite RGEs

Impact of Field Redefinitions
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Cohen, Craig, XL, and Sutherland, arXiv: 2008.08597
Alonso, Jenkins, and Manohar, arXiv: 1511.00724, 1605.03602

Ø Distinguishing Linear vs Nonlinear Realizations

Ø Calculating Amplitudes and RGEs
Cohen, Craig, XL, and Sutherland, arXiv: 2108.03240
Alonso and West, arXiv: 2109.13290
Helset, Jenkins, and Manohar, arXiv: 2210.08000, 2212.03253
Assi, Helset, Manohar, Pagès, and Shen, arXiv: 2307.03187
Jenkins, Manohar, Naterop, and Pagès, arXiv: 2308.06315, 2310.19883

Field Space Geometry

Non-derivative Field Redefinitions
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Ø Lagrange Geometry and Jet Bundle Approach

Ø Functional Geometry Approach

Derivative Field Redefinitions?

Craig, Lee, XL, and Sutherland, arXiv: 2305.09722

Cohen, Craig, XL, and Sutherland, arXiv: 2202.06965, 2312.06748

Cheung, Helset, and Parra-Martinez, arXiv: 2202.06972

Craig and Lee, arXiv: 2307.15742
Alminawi, Brivio, and Davighi, arXiv: 2308.00017

Ø Geometry-Kinematics Duality
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Derivative Field Redefinitions
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Derivative Field Redefinitions

Tracking 1PI Effective Action
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same amplitudes

Derivative Field Redefinitions

( ) ( )EFT
i

i icf f=åL O ( )UV ,f FL

[ ] [ ] ( )EFT UV EFT UVFunctional Matching : j jG = G Þ L L

Tracking 1PI Effective Action
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same amplitudes

Derivative Field Redefinitions

Cohen, XL, and Zhang, arXiv: 2012.07851

Fuentes-Martín, König, Pagès, Thomsen, and Wilsch, arXiv: 2012.08506, 2212.04510

Ø Two-loop Formalism
Fuentes-Martín, Palavric, and Thomsen, arXiv: 2311.13630

Ø Automation Packages

Mathematica package: STrEAM.m

( ) ( )EFT
i

i icf f=åL O ( )UV ,f FL

[ ] [ ] ( )EFT UV EFT UVFunctional Matching : j jG = G Þ L L

Tracking 1PI Effective Action

https://github.com/EFTMatching/STrEAM
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Ø All-loop tensor-like recursion

Derivative Field Redefinitions
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Ø All-loop tensor-like recursion
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Tracking 1PI Effective Action
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Ø All-loop tensor-like recursion

Ø Transformation lemma Cohen, XL, and Sutherland, arXiv: 2312.06748
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Ø All-loop tensor-like recursion

Ø Transformation lemma Cohen, XL, and Sutherland, arXiv: 2312.06748

Derivative Field Redefinitions
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-pt 1PI vertices :

full propagator :

k k

k

x x xx

xy
x y

i
k i

i
D

d
dj dj

d
dj dj

-

=

é ù
= - ê ú

ë

G

G

û




V
( )

23 31 2 1 231

3

x x xx xx x xx

i
i i

d
dj dj dj

=
G

=V M

Cohen, Craig, XL, and Sutherland, arXiv: 2202.06965

1PI
1

2

k

3


[ ] [ ]
[ ]

[ ] [ ] [ ]x
x

f

Sf f a f a
f j

df f j j j j j
df =

é ù é ù é ù= Þ G = G + = G +ë û ë ûë û


      

Ø Transformation of 1PI Effective Action up to one loop
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Tracking 1PI Effective Action
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Summary

03/18/2024 LHC EFT WG Xiaochuan Lu, UCSD

Ø Field Redefinitions cause many complications in EFTs

Ø Derivative Field Redefinitions are more challenging

--- EOM redundancies

--- Obscuring linear vs non-linear realizations
--- Complications in calculating amplitudes and RGEs

--- All-loop tensor-like recursion relation

--- Transformation lemma

Ø Tracking the transformation of 1PI Effective Action helps
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