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Why SMEFT?
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The EFT approach: bottom-up

Advantages: 

‣ RG evolution known (for dim 6 and most of dim 8) 

‣ Generic commonly-used description to parametrize new physics  

 many fitting tools developed:                                                                                                                    … 

 and likelihood generators: 

↪

[Allwicher et. al., 
 2207.10756] 

[Aebischer et. al., 
1810.07698] 

flavio 
[Straub, 
1810.08132] 

[Giani et. al., 
2302.06660] 

[De Blas et. al., 
1910.14012] 

[van Dyk et. al., 
2111.15428] 

Fitmaker 
[Ellis et. al.,  
2012.02779]

 ℒSMEFT = ℒSM +
dmax

∑
d=5

1
Λd−4

nd

∑
i=1

C[d]
i O[d]

i

power counting parameter

number of operators at dimension d

Extend the SM with an organized tower of new operators:

Wilson coefficients 

Operator basis
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A need for the UV

Limitation of the bottom-up EFT approach: 

1) Too many parameters! 
2 499 (B conserving) operators at dim 6 
36 971 (B conserving) operators at dim 8       
…                                                            counting with Hilbert series  
                                                                                         [Henning, Lu, Melia, Murayama, 1512.03433] 

2) no correlation between parameters 

3) only valid up to a cutoff scale  EFT is not a fundamental theory 

  
 start from a renormalizable UV theory  1)  2)  3)  

But 
‣ new RGE needed for each theory 

‣ new observables calculation for each theory 

Take best of both worlds: the top-down EFT approach

→

⇒ → ✓ ✓ ✓

 less predictive→
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ℒUV [ϕH, ϕL]

The EFT approach: top-down

E

ΛUV

vH

mb ℒLEFT

RGE (running)    Ci(E)exp. 
 reach

Matching

ℒSMEFT [ϕL] = ℒSM [ϕL] + ∑
i

Ci Oi [ϕL]

4

The top-down EFT approach: 

Combine the reusability of EFTs with the 
predictivity of UV theories. 

Match at  

Run from  to  

(Repeat) 

Compare at observable scale (e.g. )

ΛUV

ΛUV vH

mb
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ℒUV

The EFT approach: developed tools

ℒSMEFT

E

ΛUV

vH

mb
ℒLEFT

RGE

Matching

Matching

RGE

Observables

For  

• Tree-level matching to the SMEFT for generic NP mediators 

• One-loop RGE in the SMEFT 
 [Jenkins, Manohar, Trott, 1308.2627]  
 [Jenkins, Manohar, Trott, 1310.4838]  
 [Alonso et al., 1312.2014] 

• One-loop matching of SMEFT to LEFT 
 [Jenkins, Manohar, Stoffer, 1709.04486]  
 [Dekens, Stoffer, 1908.05295] 

• One-loop RGE in the LEFT 
 [Jenkins, Manohar, Stoffer, 1711.05270]

dmax = 6

[de Blas, Criado, Pérez-Victoria, Santiago, 1711.10391]  

MatchingTools [Criado, 1710.06445]

DsixTools 
[Cellis et al., 1704.04504] 
[Fuentes-Martín et al., 2010.16341] 

wilson 
[Aebischer, Kumar, Straub, 1804.05033]

New model
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• One-loop matching to the SMEFT from any UV theory 

• Two-loop  

‣ matching   [Fuentes-Martín, Palavric, Thomsen, 2311.13630] 

‣ RGE            from functional methods? 
         from amplitudes?  [Bern, Parra-Martinez, Sawyer, 2005.12917]                   

                                                      from field-space geometry? [Jenkins, Manohar, Naterop, JP, 
                                                                                             2308.06315 + 2310.19883] 

• Higher-dimension operators    growing interest for dimension 8 

‣ matching                        e.g. [Hays, Martin, Sanz, Setford, 1808.00442] … 

‣ RGE       from field-space geometry?    [Helset, Jenkins, Manohar, 2212.03253; 
                                                                Assi, Helset, Manohar, JP, Shen, 2307.03187] 

• EFT above the electroweak scale is not necessarily the SMEFT 
         i.e. contains light states which cannot be integrated out (SM + ALP EFT, SM + DM EFT, …) 

→
→
→

→

→

The EFT approach: ongoing effort

ℒUV

E

ΛUV

vH

mb
ℒLEFT

RGE

Matching

Matching

RGE

Observables

ℒSMEFT

ℒEFT

New model
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Automation of one-loop matching

One-loop matching from an arbitrary UV model to the corresponding EFT must be automatized since: 

‣ there exists a jungle of new physics models  

‣ calculations are very long and repetitive 

‣ algorithmic nature of the computation is more suited for a machine than for a human  

Tools to automate:

[Guedes, Olgoso, Santiago, 
 2303.16965]IR/UV dictionary

MatchMakerEFT 
[Carmona, Lazopoulos, Olgoso,  
Santiago, 2112.10787]

Diagrammatic methodsFunctional methods

[Fuentes-Martín, König, JP, Eller Thomsen,  
Wilsch, 2212.04510]
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Functional v.s. diagrammatic matching

Matching procedure

For , compute the Wilson coefficients  as function of  such that 

      

mH ≫ mL {Ci} {λUV}

ℒUV[ϕH, ϕL] ℒEFT[ϕL]

Diagrammatic approach

‣ Equate correlators from diagrams

                 GUV({λUV}) = GEFT({Ci})

=

λi λj

λk λl

Ci

Functional approach

‣Use background field method to compute path 
integral in UV theory 

‣ Equate the 1LPI effective action

                 ΓL,UV({λUV}) = ΓEFT({Ci})

  

E ≪ mH
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Functional v.s. diagrammatic matching

Diagrammatic approach

Matching procedure

For , compute the Wilson coefficients  as function of  such that 

      

mH ≫ mL {Ci} {λUV}

ℒUV[ϕH, ϕL] ℒEFT[ϕL]

• Traditional procedure, valid to any loop order 

• Can be performed on-shell                              
(more diagrams, no redundancies)                                                            
or off-shell                                                     
(only 1LPI diagrams, additional redundancies) 

• EFT basis must be constructed by hand

• Recent developments at two-loop order                                   

• Manifestly gauge invariant 

• EFT basis is automatically derived                       
(up to redundancies)

Functional approach

E ≪ mH
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Functional matching

Use background field method       where 

on the 1LPI effective action at            

At one-loop:                                                              where  

ϕ → ̂ϕ + η

mH ei Γ[ ̂ϕ] = ∫ 𝒟η exp (i∫ ddx ℒ[ ̂ϕ + η])

Γ[ ̂ϕ] = S[ ̂ϕ] + i
2 STr log δℒ

δη̄iδηj
η=0

S[ ̂ϕ] = ∫ d4x ℒ[ ̂ϕ]

Loop expansion

 : background field (tree line) 
  : quantum fluctuation (loop line)

̂ϕ
η

9
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qq q

scaleless scaleless
0 0

Functional matching

EFT power counting expansion

Expand in inverse power of heavy scale  and replace heavy field by its equation of motion  

and use method of regions                               hard                           soft 

    

 The 1LPI effective action can be split: 

   

                                           only heavy fields                                   mix                                   only light fields

m−1
H ϕH[ϕL]

∫ I(q) ddq= ∫ I(q ∼ mH) ddq + ∫ I(q ∼ mL ≪ mH) ddq

⇒
Γ = Γ

hard
+ Γ

soft

10
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Matching formula

The matching formula                                                     

‣ At tree level:                        with          standard EOM technique 

‣ At one-loop level:                

ΓEFT[ ̂ϕL] = ΓL,UV[ ̂ϕL] = ΓUV[ ̂ϕL, ̂ϕH[ ̂ϕL]]

ℒ(0)
EFT = ℒUV[ϕL, ̂ϕH[ϕL]] δℒUV

δϕH ϕH= ̂ϕH

= 0

∫ d4x ℒ(1)
EFT + Γ(1)

EFT = Γ(1)
UV[ ̂ϕL, ̂ϕH[ ̂ϕL]]

one-loop contribution to {Ci} one-loop eff. action from tree-level {Ci}

         +  

                                                                                                  hard region matching

∫ d4x ℒ(1)
EFT + Γ(1)

EFT
hard

+ Γ(1)
EFT

soft
= Γ(1)

UV
hard

Γ(1)
UV

soft

⇒         ∫ d4x ℒ(1)
EFT = Γ(1)

UV
hard [Fuentes-Martín, Portolés,  

Ruiz-Femenía, 1607.02142]
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The program

                                              : Mathematica package aimed at fully automating one-loop matching of a 
generic weakly coupled UV theory to the corresponding EFT.

Matchete v0.2 publicly available: 

‣ Simple and intuitive usage:            
input   output  , 

‣ Can match any UV model with 
heavy scalar, fermion, vectors ,                          

vectors only at tree-level 

‣ Up to any mass dimension , 

‣ Handles all representations of 
any semi-simple Lie group ,               

only limited by computation time 

‣ Fully simplified output  
‣ fierzing coming soon

ℒUV → ℒEFT

*
*

*

*
*

*
*[Fuentes-Martín, König, Pagès, Thomsen, Wilsch, 2212.04510]

func. derivatives 
       STr evaluation

12
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Demo with a toy model

Integrating out a heavy vector-like fermion  of mass , charged under   

coupling to a neutral light scalar  and a charged light fermion  

 

    

       Validated against diagrammatic computation by hand    

Ψ M U(1)e

ϕ ψ

ℒUV = − 1
4 FμνFμν + 1

2 (∂μϕ)(∂μϕ) + ψ̄ iD ψ + Ψ̄(iD − M)Ψ − (y ψ̄L ϕ ΨR + h . c . )

→
3 weeks by hand 

v.s.  
 30 s for Matchete∼

13
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Demo - model definition

14
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Demo - Match

32 operators
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Operator reduction

Initial output contain many redundancies (off-shell matching). 

Allowed operations on the Lagrangian are: 

Exact simplifications: 

 Integration by parts: add a constant term  

                                                                                   GreensSimplify    Green’s basis 
 Dirac and group structures identities 

On-shell equivalence: 

 Field redefinitions: leave S-matrix invariant                                EOMSimplify       Minimal basis

→

→

16
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GreensSimplify

Exact simplifications: 

 Contraction of generalized Clebsch-Gordon coefficients: GroupMagic 

 Linear simplifications 

‣ Integration by parts identities e.g.  

‣ Commutation of covariant derivatives  

‣ Jacobi identities  

‣ Spinor double derivative  

‣ Commutation of gamma matrices  

‣ Index symmetries e.g.  

‣ Product of epsilon  

‣ Projection to a 4D Dirac basis: Levi-Civita relations and Gamma reduction 

‣ Fierz identities

AμνD2Aμν = − (DρAμν)2

[Dμ, Dν] = Fμν

DαFμν + DμFνα + DνFαμ = 0
D2ψ = D/D/ ψ − Fμνσμνψ

γμγν = − γνγμ + 2gμν

ϵijHiHj = 0
ϵi1i2…ϵj1 j2… = ∑

σ
δσ(i1)σ( j1)δσ(i2)σ( j2)

17
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GreensSimplify

Define  as the space of all operator identities 
  
e.g.   interpreted as . 

Applying row reduction, we select a representative element 
for    as our Green’s basis. 

 

I ⊆ O

O1 + 2O2 = 0 O1 + 2O2 ∈ I

[ℒEFT] ∈ O/I

1 . . . …
0 1 . . …
⋮ ⋱ ⋱ . …
0 … 0 1 .

O1
O2
⋮

Ond

# of operators

# of identities

18
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GreensSimplify

Teach computer our taste: assign a score to each operator. 

Scoring criteria: 
‣ Includes equation of motion kinetic term  +++ 
‣ Field strength tensors ++ 
‣ Sandwiched indices in covariant derivatives - - 
‣ Self-conjugate operator + 
‣ Group epsilon in operator - - 
‣ Same fermion fields in bilinears ++ 
‣ Dirac structure not in Dirac basis - - 
‣ Group indices contracted in bilinears + 
‣ Many transpose in bilinears - 
‣ Double tensor Dirac structure - -  

Order them before row reduce           

O−−
O−
O+
O++

19
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Demo - GreensSimplify

32 operators
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Demo - GreensSimplify

14 operators

20
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Evanescent operators: 2HDM example

Two-Higgs doublet model: 

 

Let us focus on the dipole contribution to . 

In the full theory 

 
In the EFT, match to 

                        

ℒ = ℒSM + Dμϕ†Dμϕ − M2
ϕϕ†ϕ − (yprℓ̄pϕer + h.c.)

𝒜er→ℓpW

ℒEFT ⊃ Cpr
eW (ℓ̄pσμντIer)HWI

μν + Cprst
ℓe Rprst

ℓe No contribution from  

 
 

Γ(1)
EFT

= 0

21
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Evanescent operators: 2HDM example

Using Fierz identies we can go from the redundant operator  to the Warsaw basis operator  

 

 

but their contribution to the dipole amplitude is not the same! 

 
                                  

In dimensional regularization, dimensional Fierz relations must include evanescent operators (of rank ) 

          

      gives a finite contribution to the dipole amplitude, cancelling the one from . 

Rℓe Qℓe

Rℓe = (ℓ̄e)(ēℓ)
Qℓe = (ℓ̄γμℓ)(ēγμe)

= 0 ≠ 0
d− ϵ

Rprst
ℓe

d−dim − 1
2 Qpstr

ℓe + Eprst
ℓe

Qℓe

      Rprst
ℓe

4d= − 1
2 Qpstr

ℓe}

loop ~ 
1
ϵ

𝒪(ϵ)
22
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Evanescent operators: 2HDM example

          

Since, by definition, 
       

the only physical contributions from evanescent operators are finite and local. 

In the EFT of the 2HDM, the change of basis is equivalent to  

         

           

where   is generated from   insertion  trade evanescent operator for a shift in the Wilson coefficient. 

Evanescence-free scheme: compute all evanescent contributions to all one-loop diagrams,  
            then drop completely the evanescent operators in the physical basis. 

     Evanescence-free SMEFT computed in [Fuentes-Martín, König, JP, Thomsen, Wilsch, 2211.09144] 

Rprst
ℓe

d−dim − 1
2 Qpstr

ℓe + Eprst
ℓe

E 0

Rprst
ℓe → − 1

2 Qpstr
ℓe

CeW → CeW + ΔCeW

ΔCeW Eprst
ℓe ⇒

↪

d → 4

23
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Evanescent treatment in Matchete

3 sources of evanescent operators from 4D identities:                                         

‣ fierzing 

 

‣ gamma reduction 
 

                                                                                                                    with  

‣ Levi-Civita identities 
 

                        

Γn = {PR, PL, γμPR, γμPL, σμν}

(X1) ⊗ [X2] = 1
4 Tr4[ΓnX1Γ̃mX2] (Γ̃n] ⊗ [Γm) + EFierz(X1, X2)

X1 ⊗ X2 = ∑
i

bi(X1, X2)Γi ⊗ Γ̃i + Eγred(X1, X2)

Trd[ΓjX1Γ̃jX2] = ∑
i

bi(X1,X2)Trd[ΓjΓiΓ̃jΓ̃i] + 𝒪(ϵ2)

ϵμνρσσρσ = − 2iσμνγ5 + Eϵ
μν

ϵμ1μ2μ3μ4 ϵν1ν2ν3ν4
= − 24 δμ1[ν1δ

μ2ν2δ
μ3ν3δ

μ4ν4] + (Eϵ)μ1μ2μ3μ4
ν1ν2ν3ν4

              All 3 already included in simplification routines. 
         Compute one-loop EFT diagrams with evanescent insertions  

              to go to the Evanescence-free scheme. 
↪

24
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EOMSimplify

On-shell equivalence: 

S-matrix is unchanged by field redefinition [Chisholm, Nucl.Phys. 26 (1961) 3] 

 equivalent to adding an equation of motion (EOM) term to the Lagrangian at leading order 

In Matchete: determine shift to perform by identifying “EOM kinetic term” 

↪

Field type 

Real Scalar  

Dirac Fermion  

Real vector 

ϕ

ψ

A

Redundant operator 

 

 

χ D2ϕ

χ D/ ψ + ψ←D/ Δ

DμAμνχν

Field redefinition 

 

 

ϕ → ϕ + χ

ψ → ψ − i
2 ( χ̄ + Δ)

Aμ → Aμ − χμ

25
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Field redefinition

If working with higher-dimension operators (than 6), field redefinition order by order: 

 

The shifted EFT Lagrangian is 

 

                                            EOM 

Note 1: At leading power, applying equation of motion is equivalent to field redefinition. 
 At sub-leading power, they are not equivalent anymore.  

Note 2: Applying field redefinition after renormalization lead to 

‣ divergent correlation functions 

‣ infinite field anomalous dimension if redundant are ignored [Manohar, JP, Nepveu, 2402.08715]

η → η′ = η + δη(1)

Λ2 + δη(2)

Λ4 + O(Λ−6)

ℒ[η′ ] = ℒ[η] + 1
Λ2

δℒ[η′ ]
δη′ 

η′ =η

δη(1) + 1
Λ4

δℒ[η′ ]
δη′ 

η′ =η

δη(2) + 1
2

δ2ℒ[η′ ]
δη′ δη′ 

η′ =η

(δη(1))2 + O(Λ−6)

26
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Demo - EOMSimplify

14 operators

27
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Demo - EOMSimplify

7 operators

28
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Conclusion

❖ Matching is a crucial step in the automation of the EFT approach. 

❖ Matchete automates tree-level and one-loop matching  

 by evaluating the supertraces from the path integral formulation. 

❖ Operators reduction also automated to a Green’s basis or to a minimal basis allowing 

‣ Output easier to read 

‣ Interface to EFT phenomenology codes 

‣ Comparison between different basis 

Ultimate goal: direct evaluation of new physics models with one code performing 

‣ Matching 

‣ RG evolution 

‣ Connection to observables

 Multiple steps}

v0.2.0
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Matchete Roadmap

Future versions functionalities will include: 

❖ Full basis reduction in the        
evanescensce-free scheme 

❖ One-loop matching of heavy              
vectors and symmetry breaking 

❖ One-loop RGE computations 

❖ Interface with other EFT codes         
(UFO, WCxf formats)                            

v0.2.0 available at:  

https://gitlab.com/matchete/matchete  

soon

soon

theoretical 
development

wip
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