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Effective Field Theory

They represent our best connection between theory and experiment Wilson
Coefficients
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Bottom up: Top Down: Separate
Parameterize our lack of scales for precision
knowledge measurements
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Separation of Scales

New Models BSM requires multiscale physics

e Matching of UV theories to low
energy observables

e Process of matching automatized
up to one loop
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[Fuentes-Martin et al-2212.04510]

[Carmona et al-2112.10787]

Observables e Running of the theory via RG
evolution
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Why Loops
A

LEFT

There is physics we must not lose at
the one loop level

Scheme independence RG
evolution at one loop requires two
loops

Precision test of UV models up to
two loops are also interesting
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Amplitude Matching \

q; < <A Feynman Diagrams

‘CU\/(Zhv Zl) ? {AUV(%)} e \Well-established
e Ansatz: Redundancies,
N redefinitions...
Ma.tc.hlng._ e Explicit break of Gauge
Determining Wilson Symmetry in
Coefficients

INtermediate steps
e Normally uses off-shell

Lrrr(2) — {AppT(2;)} computations
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Functional Matching \

Background Field Method &

Classical Configuration: Tree Level

¢ - ¢ —|_ ¢ ¢ Quantum Fluctuation: Loops

Quantum Effective Action: We are going to “Integrate Out” the heavy fields
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Functional Matching N \
uctuation sz (¢<I) 7 ax)

Operator

Expanding Lagrangian \

n i n 1 o 52£UV
Luv(¢ + ¢) = Lyv(e) + 5%i®;

L
O=Q

00;00);

e Tree Level: Q.{jl (65, o1

Lerr(or) = Luv(or, dulor)])




® One-loop:

it (16 = [1Ddleos ( [ #r60,0))

l Gaussian Integration

FS\), = %STr In Q) /
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® Two Loops: More Topologies involved
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Method of Regions i
Multiscale (m<<M) integrals can be separated in regions
dk m? |
/_MQ(kQ_m2> [1_W+"'_ hard (k~M)

In our case, we want to integrate out hard momentum modes

['vv =1luy + ['yv

hard soft
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MatChing COndition [Fuentes-Martin, Palavri¢ , Eller Thomsen-2311.13630]

The soft loops explicitly cancel with the EFT matrix elements

5 UV ‘ hard

0¢H

(Gw, dL] =0

— N ey

Serr = l'uv|9m|¢1], ¢1]

hard

We just have to consider hard loops (with heavy and light fields)

Wilson Coefficients (Local)

O=0+2

Integrate
Out
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EvaluatiOn Of Traces [Fuentes-Martin, Palavri¢ , Eller Thomsen, AM]

Differential operators under a Gauge Symmetry

i 525 ol PG, 6 (2, y) = 8(x — y)U(z, y)
sz (IE y) 5¢a( )Qb?(y) Qz] (flj ) ( y)

Locality of the action: Functional Traces are
dressed loop integrals

OPE around k~A
Stran|hard—/ " (z,y)In QF (x Y) -
Explicit Gauge

_/ In Q;?Z.b(g;,Perk)Uba(a;,y)\x:y Invariance
x.k
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Diagrammatically,

&5,

-- >€ —)
EH

Operators traced in different points of spacetime remain local
by a momentum shift operation
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Two Loops Traces

Gss|ha‘rd — // n,m aa’ y P —k— ()C(n m)( )
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4



Outlook

e EFTis given by the formalism (not by an ansatz)
e Basis reduction is still needed
e Better for Automation: Matchete

e Future study of applications of interest to the community
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Thank You!
Muito Obrigado!




