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What we aim to do:

automating integrating out at mass dimension-8 up to one-loop for spin-0 and 1/2

efficiently remove redundancy and find complete matching contribution to dimension-8 WCs

provide output in a complete and non-redundant basis
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Towards one-loop matching at dimension-8 with CoDEx 

1. One-loop Effective Action up to Dimension Eight: Integrating out Heavy Scalar(s)           

     Upalaparna Banerjee, Joydeep Chakrabortty, Shakeel Ur Rahaman, Kaanapuli Ramkumar

     e-Print: 2306.09103 [hep-ph].


2.  One-loop Effective Action up to Dimension Eight: Integrating out Heavy Fermion(s)          

     Joydeep Chakrabortty, Shakeel Ur Rahaman, Kaanapuli Ramkumar

     e-Print: 2308.03849 [hep-ph].

Computation of effective action up to d8

3. Integrating out heavy scalars with modified equations of motion: Matching computation of dimension-eight SMEFT coefficients                                                                                                                                                                                        
Upalaparna Banerjee, Joydeep Chakrabortty, Christoph Englert, Shakeel Ur Rahaman, Michael Spannowsky


    Phys.Rev.D 107 (2023) 5, 055007; e-Print: 2210.14761 [hep-ph].

Removing redundancies from  and  structures d6 d8
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Computation of one-loop effective Lagrangian

Seff,1-loop ≈ ics Tr log( −
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ℒ [ϕ, Φ] ⊃ Φ†(P2 − m2 − U(ϕ)) Φ + (Φ† B(ϕ) + h.c.) + 𝒪(Φ3)Let’s start with a UV Lagrangian,
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Heat-Kernel 
coefficients 

The Heat-Kernel for operator  can be written as,Δ K(t, x, y, Δ) = < y |e−tΔ |x >
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How to obtain one-loop effective action in terms of Heat-Kernel coefficients?

Use:

ln λ = − ∫
∞

0

dt
t

e−tλ

ℒeff,1-loop = cs tr log(−P2 + U + M2) = cs tr ∫
∞

0

dt
t

e−tΔ= cs tr ∫
∞

0

dt
t

K(t, x, x, Δ)

= cs ∫
∞

0

dt
t

(4πt)−d/2e−tM2

∑
k

(−t)k

k!
tr[bk] =

cs

(4π)d/2

∞

∑
k=0

Md−2k (−1)k

k!
Γ[k − d/2] tr[bk]}

Heat-Kernel 
coefficients 

(∂t + Δ) K(t, x, y, Δ) = 0
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Effective contributions to renormalisable Lagrangian

How to obtain one-loop effective action in terms of Heat-Kernel coefficients?

ℒeff,1-loop =
cs

(4π)d/2

∞

∑
k=0

Md−2k (−1)k

k!
Γ[k − d/2] tr[bk]

For  the Gamma function has simple poles. Assuming ,k ≤ d/2 d = 4 − ϵ

The divergent part of the one-loop effective action, }

 2/ϵ − γE + 𝒪(ϵ)
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For  the Gamma function has simple poles. Assuming ,k ≤ d/2 d = 4 − ϵ

The divergent part of the one-loop effective action, }

 2/ϵ − γE + 𝒪(ϵ)

Renormalised one-loop effective action ,
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How to obtain one-loop effective action in terms of Heat-Kernel coefficients?

ℒeff,1-loop =
cs

(4π)d/2

∞

∑
k=0

Md−2k (−1)k

k!
Γ[k − d/2] tr[bk]

Start with the initial condition, b0(x, x) = I

Operators of the form  appear in the HKC   where .𝒪(DrUs) bn(x, x) n = r/2 + s

𝒪(DrUs) ≡ [br/2+s][[Us]] =
n=r/2+s

∑
k=0

n! (n − 1)!
k!(2n − k)!

{k D2(n−k){Ubk−1[[Us−1]]} − T2(n−k) bk[[Us]]}z=0Use recursive relation,

One-loop effective action and Heat-Kernel coefficients 
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How to obtain one-loop effective action in terms of Heat-Kernel coefficients?

ℒeff,1-loop =
cs

(4π)d/2

∞

∑
k=0

Md−2k (−1)k

k!
Γ[k − d/2] tr[bk]

Relevant coefficients upto D8,

tr[b5][[U5, U4, U3, U2]], tr[b6][[U6, U5, U4]], tr[b7][[U7, U6]], tr[b8][[U8]]

One-loop effective action and Heat-Kernel coefficients 
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 is the matching scale,μ

Universal One-loop Effective Action upto D8
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Method of Covariant Diagram 

Each integral of order  can be mapped into a number of diagrams consisting  number of heavy propagatorsn n

Treat  and  as vertex insertions, each diagram should consist of different combinations of vertices2q . P, − P2 U

ℒeff,1-loop = ics ∫
ddq

(2π)d
tr log(−P2 + M2 + U)P→P−q

≈ − ics tr
∞

∑
n=1

1
n ∫

ddq
(2π)d

[(q2 − M2)−1(2q . P − P2 + U)]n

= ics ∫
ddq

(2π)d
tr log(−P2 − q2 + 2q . P + M2 + U)

For example, at , we can have operator structures of  etc.n = 8 𝒪(P8), 𝒪(P6U2), 𝒪(P2U6)

The most generic form of the loop integral at order  with  number of  verticesn 2nc 2q . P

∫
ddq

(2π)d

qμ1⋯qμ2nc

(q2 − M2)n
≡ gμ1⋯μ2nc ℐ[q2nc]n

Zhang, JHEP 05(2017) 
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Method of Covariant Diagram: a detailed case of 𝒪(P2U6)

Rules:

Draw one-loop diagrams with all possible arrangements of   
black and white blobs

Two black blobs should not be placed side by side

The structure for each diagram can be read off starting from 
 one particular blob and going clockwise until we exhaust all  

the vertices present in the diagram 

The value for each diagram: , if the diagram  
has a -fold rotational symmetry, then we divide  

the value with a factor of 

−ics 22nc ℐ[q2nc]n

N
N

Black blob   insertion, white blob  insertion → 2q . P → U
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Method of Covariant Diagram: a detailed case of 𝒪(P2U6)

Start with covariant structures with unknown coefficients:

Equate the structure coefficients with values 
corresponding to loops:

Solve for the coefficients:
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Universal One-loop Effective Action upto D8
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Some nice features of this formulation

20

1. It’s universal, i.e., does not depend on the specific form of the UV theory as well as IR DoFs

2. Equally applicable for LEFT, SMEFT or any other effective theory at any scale

3. Can be easily implemented in matching tools like CoDEx, or any other to get the WCs

Thanks for your attention!


