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¢ Motivation

* Higher-loop computations in EFTs

* Functional formalism at one- and two-loop order

e Generating functional, effective action, topologies

 Applications
e Scalar toy model

e Euler-Heisenberg Lagrangian
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e Why Higher-Loop Computations in EFTs?
® Precision demands
* ‘New' phenomena - FCNCs in the SM
 Operator mixing in EFT
e Consistency checks

UV completions - neutrino mass models, ALP models
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inctional app

e Diagrammatic approach

* Based on equating the
amplitudes

* Valid at any loop order
e Possible both on- and off-shell

e Redundancies in EFT basis
construction

* Symmetry factors
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Diagrammatic vs functional approach

N/

e Diagrammatic approach * Functional approach
* Based on equating the * Based on equating effective
amplitudes action

* Valid at any loop order Fov(®w,¢r) = lerr(oL)

e EFT basis automatically

e Possible both on- and off-shell |
obtained
e Redundancies in EFT basis

construction * Symmetry factors automatically

taken care of

* Symmetry tactors |
* Automation
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 Generating vacuum functional
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 Generating vacuum functional
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e Action expanded around background configuration
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 Generating vacuum functional
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e Action expanded around background configuration
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Equations of

motion
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e Action expanded around background configuration
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Equations of One-loop

motion contribution
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Equations of One-loop Two-loop
motion contribution contribution
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¢ Quantum effective action




 Generating vacuum functional
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¢ Quantum effective action

e Generating functional for 1Pl diagrams

* Legendre transformation  T'[j] = W[J] — Jrir, ]
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e Up to O(h?) quantum effective action is expressed as
Fuentes-Martin, Moreno-Sanchez, AP, Thomsen [2412.12270]
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e Up to O(h?) quantum effective action is expressed as
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e Up to O(h?) quantum effective action is expressed as
Fuentes-Martin, Moreno-Sanchez, AP, Thomsen [2412.12270]
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vh ih? A 153(1) h?
v 12
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One-loop
contribution

Automation
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e Up to O(h?) quantum effective action is expressed as
Fuentes-Martin, Moreno-Sanchez, AP, Thomsen [2412.12270]
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e Up to O(h?) quantum effective action is expressed as
Fuentes-Martin, Moreno-Sanchez, AP, Thomsen [2412.12270]
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e Up to O(h?) quantum effective action is expressed as

Fuentes-Martin, Moreno-Sanchez, AP, Thomsen [2412.12270]
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e Extraction of the relevant two-loop topologies
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e Extraction of the relevant two-loop topologies

Fuentes-Martin, Moreno-Sanchez, AP, Thomsen [2412.12270]
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e Extraction of the relevant two-loop topologies

Fuentes-Martin, Moreno-Sanchez, AP, Thomsen [2412.12270]
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e Extraction of the relevant two-loop topologies

Fuentes-Martin, Moreno-Sanchez, AP, Thomsen [2412.12270]
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e Extraction of the relevant two-loop topologies

Fuentes-Martin, Moreno-Sanchez, AP, Thomsen [2412.12270]
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e Extraction of the relevant two-loop topologies

Fuentes-Martin, Moreno-Sanchez, AP, Thomsen [2412.12270]
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e Extraction of the relevant two-loop topologies

Fuentes-Martin, Moreno-Sanchez, AP, Thomsen [2412.12270]
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e Extraction of the relevant two-loop topologies
Fuentes-Martin, Moreno-Sanchez, AP, Thomsen [2412.12270]
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e Extraction of the relevant two-loop topologies
Fuentes-Martin, Moreno-Sanchez, AP, Thomsen [2412.12270]
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e Extraction of the relevant two-loop topologies

Fuentes-Martin, Moreno-Sanchez, AP, Thomsen [2412.12270]
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e Extraction of the relevant two-loop topologies

Fuentes-Martin, Moreno-Sanchez, AP, Thomsen [2412.12270]
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e Model involving one heavy (®) and one light scalar (¢)
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toy model

e Model involving one heavy (®) and one light scalar (¢)
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e Computation of one-loop counterterms

Fuentes-Martin, AP, Thomsen [2311.13630]
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e Model involving one heavy (®) and one light scalar (¢)

1 2, 1 o L 90 1o 9290 Ag 4 As_4 Aeg 2,0 K 3 ct
Lov = 5(0u9)” + 5(0u®)" — 5mee”™ — g M7Q" — —7¢" — @ 27T ¥+ Loy
e Computation of one-loop counterterms
. ik oo QB2 B2 B2 o A
'] = S 4+ S 4 22 STrlog O + h28® + - QI}V(D Q” QKLVIJKL+12QZ[1QM1JQN1KVIJKVLMN

Fuentes-Martin, AP, Thomsen [2311.13630]



https://arxiv.org/pdf/2311.13630

e Model involving one heavy (®) and one light scalar (¢)
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e Model involving one heavy (®) and one light scalar (¢)
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e Model involving one heavy (®) and one light scalar (¢)
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e Model involving one heavy (®) and one light scalar (¢)
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e Matching at two-loop level
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Matching at two-loop level
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e Matching at two-loop level
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e EFT RGEs at two-loop order
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toy model

e Matching at two-loop level
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e EFT RGEs at two-loop order
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e Matching QED onto theory with self-interacting photons
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Fuentes-Martin, Moreno-Sanchez, AP, Thomsen [2412.12270]

e Matching QED onto theory with self-interacting photons

_ 1 1

Loep = Yy Dy, —m)y — ZFWFW T

(0, A")% + Loy
* Non-vanishing two-loop functional objects
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Applications: Euler-Heisenberg Lagrangian 2023
Fuentes-Martin, Moreno-Sanchez, AP, Thomsen [2412.12270]

e Matching QED onto theory with self-interacting photons

_ 1 1
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* Non-vanishing two-loop functional objects
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e Full two-loop matching result
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1 1 e 1 e® /49 1 02\
- | —log — || (FF'F,,)*.
167236 mA | (1672)2 m? (324 3 0 m2> S 2
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Applications: Euler-Heisenberg Lagrangian i

Lqep = Y(iy" Dy — m)y —

1

iy 2/
4
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\N/
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Fuentes-Martin, Moreno-Sanchez, AP, Thomsen [2412.12270]

e Matching QED onto theory with self-interacting photons

1

* Non-vanishing two-loop functional objects

Vf(li)A,, = g5y P2,

(1)
wac

2§

=V, = (a3 P, - o).

Yep

e Full two-loop matching result

1] e’ 4 1 e’ 13 [
L = — — |1 — ] | 4log —
s 41 16723 "5 2 (1672)2 ( 3 7S m2
1 7 €t 1 €% /247 14 p?
+ | — log —;
1672 90 m*  (167w2)2 m* \ 810 15 " m? /)
1 1 e 1 e® /49 1 | 02\
167236 mt | (1672)2mA \324 3 °m2z)
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* Necessity of performing computations beyond one-loop order

e Extension of the well-established functional formalism beyond one-
loop order

e Extraction of relevant topologies in the effective action
e Analysis of two simple examples

e Avenues for future work

e Implementation of ys

* More applications: SMEFT, LEFT
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e Expanded version of generating functional

ik
W[j] S(O) + J1ny + be(l) STI‘ log Q + h25(2) CIIQIJV(I)
| CINCIMCJN QLIQMJQNKvg}KvgJ]%JN QIJQKngj)KL

1 1 =<-1 (0 1 1 —<-1 0
" (V‘ '+ —QJKV§}K) Q)1 (v( )+ —QMNVHM) +O(K)
* Topologies

(1 1 1 Vo lils

—-1 ——1 —-1
_ — QIL — — QIL QIL
ik Voun V) e——ey ) vy e




e Background field gauge

Ly, ) = itog [(Pr][Dw] exp i(Sla + 1)+ SGln, w. il + il =1

e Faddeev-Popov procedure

A~

L (D"AM)? — G DH(Dyw? + f4 poABWC)

29%¢

S [n,w, ] =

e Action

Sl + ) + Seln,w, ] = 5+ 3 (V) + S Vs + > Lo, 90, )
=0 — :




and integrals

e Parallel transport

(o) = O5(e, Wl o), Usla o) = Pexpi [, (2|

Y

e Covariant evaluation of integrals

AriBix = /Aad(m,Pm)5db(ﬂ7, Y) By (y, Py)dsc(y, 2) = Aap(z, Pr) Bea(z, Pr)dgc(x, 2)
Yy

e Covariant evaluation of the log term




