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What is the SMEFT? What is GRIFFIN? Adding SMEFT to GRIFFIN?

SMEFT Basics

Effective Field Theory extension of the Standard Model
[1008.4884]

Add operators that obey the SM symmetries, corresponding to
physics at higher scale Λ

LSMEFT = LSM +
∑︂
d=5

1

Λd−4
C

(d)
i O(d)

i

Ci are Wilson coefficients, O are in the Warsaw basis
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Why SMEFT

Non-model dependent way to analyze BSM physics

Treats SM as a low-energy approximation with new physics at
a higher scale

Can perform global fits on experimental data on Wilson
coefficients

Lots of interesting phenomenology in all areas of particle
physics
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GRIFFIN Basics

Interested in measuring f f̄ → f ′f̄ ′ scattering (often) near the
Z boson resonance.

Interpret results through Electroweak Pseudo-Observables
(EWPOs) plus additional effects

GRIFFIN (Gauge-invariant Resonance In Four-Fermion
INteractions) [2211.16272] is a C++ package providing these
values for calculating four-fermion processes

Easily modifiable to add higher-order corrections
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GRIFFIN Structure

Chiral structure:

M = [MVV γ
µ⊗γµ−MVAγ

µ⊗γµγ
5−MAV γ

µγ5⊗γµ+MAAγ
µγ5⊗γµγ

5]

Differential cross-section:

dσ

d cos θ
=

Ncs

32π

[︂
(1 + c2θ )

(︁
|MVV |2 + |MVA|2 + |MAV |2 + |MAA|2

)︁
+ 4cθRe{MVVM

∗
AA +MVAM

∗
AA}

− 2Pf (1 + c2θ )Re{MVVM
∗
AV +MVAM

∗
AA}

− 4Pf cθRe{MVVM
∗
VA +MAVM

∗
AA}
]︂
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Z-pole Expansion

Near Z resonance, expand matrix element as

Mij =
Rij

s − s0
+ Sij + S ′

ij(s − s0)

i , j = V ,A and s0 = M2
Z − iMZΓZ

Can write the pole coefficient in terms of form factors F f
V , F

f
A,

and the effective weak mixing angle sin2 θfeff.
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Form Factors

sin2 θfeff =
1

4|Qf |

[︃
1− Re

ZVf

ZAf

]︃
s=M2

Z

F f
A =

[︃
|ZAf |2

1 + ReΣ′
Z

− 1

2
MZΓZ |aZf (0)|

2ImΣ′′
Z

]︃
s=M2

Z

+O(α3)

F f
V = F f

A

[︄
(1− 4|Qf | sin2 θfeff)2 +

(︃
Im

ZVf

ZAf

)︃2
]︄

ZVf (s) = vZf (s) + vγf (s)
ΣγZ (s)

1 + Σγγ(s)
ΣZ (s) = ΣZZ (s)−

[ΣγZ (s)]
2

s +Σγγ(s)

ZAf (s) = aZf (s) + aγf (s)
ΣγZ (s)

1 + Σγγ(s)
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Zff vertex

vZf (s) and aZf (s) are the Zff vertex form factors.

LZff = Zµf̄ γ
µ(vZf − aZf γ5)f

At tree level,

LZff (0) = Zµf̄
e

sW cW

(︂
(I f3 − Q f s2w )

1−γ5

2 − Q f s2w
1+γ5

2

)︂
vZf (0) =

e
2sw cw

(︁
I f3 − 2Q f sin2 θW

)︁
, aZf (0) =

eI f3
2sw cw

f

f

Z
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Tree level SMEFT in GRIFFIN

Due to modular nature, easy to add code for SMEFT
corrections

Allows for studying BSM corrections to EWPOs [1909.02000,
1502.02570]

Can perform global fits now with high precision in the SM

Starting just by adding tree-level SMEFT-SM interference
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SMEFT Contributions to GRIFFIN

Three general classes of contributions

Operators contribute to Zff vertex: OφWB , OφD , O
(1)
φl , O

(3)
φl ,

Oφe .

Operators contribute to non-resonant: Oll , O
(1)
lq , O(3)

lq , Oee ,
Oeu, Oed , Ole , Olu, Old , Oqe

In addition, some contribute again Gµ: [Oll ]1221, [Oll ]2112,

[O(3)
φl ]11, [O

(3)
φl ]22, OφWB , OφD

Relevant because GRIFFIN accepts MW or Gµ as inputs, then
calculates

Gµ =
πα√

2M2
W (1−M2

W /M2
Z )

(1 + ∆r)
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SMEFT Contributions to Form Factors

At leading order, SMEFT corrections to form factors simplify
greatly

ZVf (s) = vZf (0)(s) + δvZf ,SMEFT(s) ZAf (s) = aZf (0)(s) + δaZf ,SMEFT(s)

sin2 θfeff =
1

4|Qf |

[︄
1− Re

vZf (0)(s) + δvZf ,SMEFT(s)

aZf (0)(s) + δaZf ,SMEFT(s)

]︄
s=M2

Z

δ sin2 θfeff ≈ −1

4|Qf |

[︄
Re

vZf (0)

aZf (0)

(︄
δvZf ,SMEFT

vZf (0)
−

δaZf ,SMEFT

aZf (0)

)︄]︄
F f
A =

[︂
|aZf (0) + δaZf ,SMEFT|2

]︂
s=M2

Z

, δF f
A ≈ 2aZf (0)δa

Z
f ,SMEFT

F f
V = F f

A

[︂
(1− 4|Qf | sin2 θfeff)2

]︂
.
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Form Factors (cont.)

Can get these shifts from the SMEFT Lagrangian
[1704.03888]

δvZ
f ,SMEFT =

e

2sW cW

(︂
δgZf

L + δgZf
R

)︂
, δaZf ,SMEFT =

e

2sW cW

(︂
δgZf

L − δgZf
R

)︂
δgZf

L =− CφD

Λ2

M2
W

8πα

(︃
2 (I3f − Qf )− 2 (2I3f − Qf )

M2
W

M2
Z

)︃
−

C
(1)
φf

Λ2

(︃
1− M2

W

M2
Z

)︃
M2

W

2πα
+

I3f
C

(3)
φf

Λ2

(︃
1− M2

W

M2
Z

)︃
M2

W

πα
+ I3f

CφWB

Λ2

M2
W

πα

MW

M2
Z

√︂
M2

Z −M2
W

δgZf
R = −Cφf

Λ2

(︃
1− M2

W

M2
Z

)︃
M2

W

2πα
+ Qf

CφD

Λ2

(︃
1− M2

W

M2
Z

)︃
M2

W

4πα
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SMEFT Contributions to W Mass

Gµ picks up corrections from the SMEFT due to corrections
to muon decay

Gµ =
1√
2v2

− 1√
2
Cll +

√
2C

(3)
φl

Additional shifts in MZ lead to the following corrections to
M2

W (c2W s2W = πα√
2GµM2

Z

)

δM2
W =

1

2Λ2Gµ

M2
Zc

2
W s2W√︂

1
4 − c2W s2W

(︄
Cll√
2
−
√
2C

(3)
ϕl

−
√
2CϕWBcW sW

1
2 −

√︂
1
4 − c2W s2W

+
CϕD

2
√
2

⎛⎝1−

√︂
1
4 − c2W s2W + 1

2

c2W s2W

⎞⎠)︄
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SMEFT Non-Resonant Contributions

Non-resonant contributions to f f̄ → f ′f̄ ′ scattering from
four-fermion SMEFT operators

Similarly, can find quickly from chiral structure, then rewrite
in terms of GRIFFIN’s vector/axial vector structure

f = e/µ/τ, f ′ = e/µ/τ :

MLL = − 1

Λ2
(2[Cll ]fff ′f ′ + 2[Cll ]ff ′f ′f )

MRR = − 1

Λ2
4[Cee ]fff ′f ′

MLR = − 1

Λ2
[Cle ]fff ′f ′

MRL = − 1

Λ2
[Cle ]f ′f ′ff
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Future Steps

Still more work that needs to be done to incorporate
same-fermion scattering (additional MSS , MPP contributions)

Include higher-order contributions

Include dimension 8 operators

Jackson Wallace
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Conclusion

The SMEFT is a powerful framework for evaluating
model-independent impacts of BSM physics on (e.g.) EWPOs

GRIFFIN is a useful package for gauge-invariant, modular
higher-order corrections to four-fermion scattering

Now, can perform more accurate SMEFT fits

Two great tastes that taste great together

Jackson Wallace

PIKIMO 2026: SMEFT in GRIFFIN



Backup
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SMEFT Operators

Table: dimension 6 SMEFT Operators in the Warsaw basis
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Form Factors (cont.)

These factors, in addition to higher-order imaginary corrections,
combine to form R (at NNLO):

R
(0+1+2)
ij = 4I f3 I

f ′

3

√︂
F f
AF

f ′
A

[︂
Q̃ f

i Q̃
f ′

j

(︃
1 + ir IAA − 1

2
(r IAA)

2 +
1

2
δX (2)

)︃
+(Q̃ f

i Ij,f ′ + Q̃ f ′

j Ii,f )(i − r IAA)− Ii,f Ij,f ′
]︂
+MZΓZZif (0)Z

′
jf ′(0)x

I
ij

Q̃ f
V = 1− 4|Qf | sin2 θfeff Q̃ f

A = 1

IV ,f =
1

(af (0))2

[︂
aZf (0)ImZVf (1) − vZ

f (0)ImZAf (1)

]︂
IA,f = 0

r IAA =
ImZAf (1)

aZf (0)
+

ImZAf ′(1)

aZf ′(0)
− ImΣ′

Z(1) δX (2) = −(ImΣ′
Z(1))

2 + 2
BR

γZ ,ij(1)

R
(0)
ij

x I
ij =

ImZ ′
if (1)

Zif (0)
+

ImZ ′
jf ′(1)

Zjf ′(0)
− 1

2
ImΣ′′

Z(1)

Jackson Wallace

PIKIMO 2026: SMEFT in GRIFFIN



GRIFFIN Framework

Two base classes: invals and psobs

An invals object takes boson masses and widths, fermion
masses, and couplings

Two child classes for SM inputs: one for (α,MZ ,MW )
couplings and one for (α,MZ ,Gµ)

All EWPOs are calculated with MW ; for latter inputs
calculate via

Gµ =
πα√

2M2
W (1−M2

W /M2
Z )

(1 + ∆r)

Jackson Wallace
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GRIFFIN Framework (cont.)

A psobs object returns a value used to calculate an matrix
element

Has child classes for F f
V ,A, sin

2 θfeff with corrections up to

complete NNLO (O(α2) +O(ααs))

Child class for matrix elements, from complex-pole expansion
(up to NNLO) and off-resonance (up to NLO, for now)

Jackson Wallace
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Non-resonant

f = e/µ/τ, f ′ = νe/νµ/ντ :

MLL = − 1

Λ2
([Cll ]fff ′f ′ + [Cll ]ff ′f ′f )

MRR = MLR = 0

MRL = − 1

Λ2
[Cle ]f ′f ′ff

f = νe/νµ/ντ , f
′ = e/µ/τ :

MLL = − 1

Λ2
([Cll ]fff ′f ′ + [Cll ]ff ′f ′f )

MRR = MRL = 0

MLR = − 1

Λ2
[Cle ]fff ′f ′

Jackson Wallace

PIKIMO 2026: SMEFT in GRIFFIN



Non-resonant

f = νe/νµ/ντ , f
′ = νe/νµ/ντ :

MLL = − 1

Λ2
(2[Cll ]fff ′f ′ + 2[Cll ]ff ′f ′f )

MRR = MLR = MRL = 0

f = e/µ/τ, f ′ = u/c :

MLL = − 1

Λ2

(︂
[C

(1)
lq ]fff ′f ′ − [C

(3)
lq ]fff ′f ′

)︂
MRR = − 1

Λ2
[Ceu]fff ′f ′

MLR = − 1

Λ2
[Clu]fff ′f ′

MRL = − 1

Λ2
[Cqe ]f ′f ′ff
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Non-resonant

f = u/c , f ′ = e/µ/τ :

MLL = − 1

Λ2

(︂
[C

(1)
lq ]f ′f ′ff − [C

(3)
lq ]f ′f ′ff

)︂
MRR = − 1

Λ2
[Ceu]f ′f ′ff

MLR = − 1

Λ2
[Cqe ]fff ′f ′

MRL = − 1

Λ2
[Clu]f ′f ′ff
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Non-resonant

f = e/µ/τ, f ′ = s/d/b :

MLL = − 1

Λ2

(︂
[C

(1)
lq ]fff ′f ′ + [C

(3)
lq ]fff ′f ′

)︂
MRR = − 1

Λ2
[Ced ]fff ′f ′

MLR = − 1

Λ2
[Cld ]fff ′f ′

MRL = − 1

Λ2
[Cqe ]f ′f ′ff
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Non-resonant

f = d/s/b, f ′ = e/µ/τ :

MLL = − 1

Λ2

(︂
[C

(1)
lq ]f ′f ′ff + [C

(3)
lq ]f ′f ′ff

)︂
MRR = − 1

Λ2
[Ced ]f ′f ′ff

MLR = − 1

Λ2
[Cqe ]fff ′f ′

MRL = − 1

Λ2
[Cld ]f ′f ′ff
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Non-resonant

f = νe/νµ/ντ , f
′ = u/c :

MLL = − 1

Λ2

(︂
[C

(1)
lq ]fff ′f ′ + [C

(3)
lq ]fff ′f ′

)︂
MRR = MRL = 0

MLR = − 1

Λ2
[Clu]fff ′f ′

f = u/c , f ′ = νe/νµ/ντ :

MLL = − 1

Λ2

(︂
[C

(1)
lq ]f ′f ′ff + [C

(3)
lq ]f ′f ′ff

)︂
MRR = MLR = 0

MRL = − 1

Λ2
[Clu]f ′f ′ff
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Non-resonant

f = νe/νµ/ντ , f
′ = s/d/b :

MLL = − 1

Λ2

(︂
[C

(1)
lq ]fff ′f ′ − [C

(3)
lq ]fff ′f ′

)︂
MRR = MRL = 0

MLR = − 1

Λ2
[Cld ]fff ′f ′

f = d/s/b, f ′ = νe/νµ/ντ :

MLL = − 1

Λ2

(︂
[C

(1)
lq ]f ′f ′ff − [C

(3)
lq ]f ′f ′ff

)︂
MRR = MLR = 0

MRL = − 1

Λ2
[Cld ]f ′f ′ff
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