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“Universal Theories”

For this talk, a Universal Theory is a theory of NP where,
the NP couples to SM fermions as in the SM:

U(1) mixing model (matched to D10 TC arXiv:2405.04570):

L = LSM − 1
4
XµνXµν + 1

2
M2XµXµ − g1YHk(H†i

←→
D µH)Xµ + g2

1Y
2
Hk

2|H|2XµXµ

−g1k
∑
ψ Yψ(ψ̄γµψ)Xµ
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U(1) mixing model (matched to D10 TC arXiv:2405.04570):

L = LSM − 1
4
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M2XµXµ − g1YHk(H†i
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D µH)Xµ + g2

1Y
2
Hk

2|H|2XµXµ

−g1k
∑
ψ Yψ(ψ̄γµψ)Xµ

Other examples include:

R Scalar singlet, (matched to D8, TC et al. arXiv:2404.03720)

Scalar triplet with Y = 0, (matched to D8, TC et al. arXiv:2404.03720)

Composite Higgs models,
(e.g. ρ from SO(5)/SO(4) matched to D8, TC et al. arXiv:2404.03720)

Extra dimensions (5d see Barbieri et al. arXiv: hep-ph/0405040)

Little Higgs models (see Barbieri et al. arXiv: hep-ph/0405040)

Higgsless models (see Barbieri et al. arXiv: hep-ph/0405040)

Any new scalar not coupling to fermions

W ′ model (see e.g. arXiv:2307.10370)
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Matching the U(1) mixing model

Starting from the NP L, we want to ‘match’ onto the low energy EFT (SMEFT):

L = LSM − 1
4
XµνXµν + 1

2
M2XµXµ − g1YHk(H†i

←→
D µH)Xµ + g2

1Y
2
Hk

2|H|2XµXµ

−g1k
∑
ψ Yψ(ψ̄γµψ)Xµ

Derive the EOM, solve for X, plug back into original L
(See Henning et al. arXiv:1412.1837)
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= ∂µ
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−�δρµ + ∂ρ∂µ −M2δρµ − 2g2
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2
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2|H|2δρµ
]
Xρ = −g1YHk(H†i
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D µH) + g1k

∑
ψ Yψψ̄γµψ

Solve for X (in the limit M is large):
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M2

YH(H†i
←→
D µH) +

∑
ψ

Yψψ̄γµψ

+ · · ·
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YH(H†i
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D µH) +

∑
ψ

Yψψ̄γµψ

+ · · ·

Plug into L:

LSMEFT = LSM −
g21k

2

2M2
(H
†
i
←→
D µH)

2 −
g21k

2

2M2

∑
ψ

Yψψ̄γµψ

2

−
g21k

2

M2
(H
†
i
←→
D µH)

∑
ψ

Yψψ̄γµψ


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YH(H†i
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D µH) +
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Yψψ̄γµψ
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Plug into L:

LSMEFT = LSM −
g21k

2

2M2 QT −
g21k

2

2M2

(
Q

(1)
Hl

+QHe +Q
(1)
Hq

+QHu +QHd

)
−
g21k

2

M2

(
Qll + 2Q

(1)
lq

+ 2Qle + 2Qlu + 2Qld +Q
(1)
qq + 2Qqe + 2Qqu + · · ·

)

Tyler Corbett (Universität Wien) The Universal SMEFT 14 March, 2025 2 / 17



What is an EFT/what is the SMEFT?

Last slide: took M to be large
⇒ the EFT describes a NP model with mass gap

The EFT imprints on the IR (low E theory) in terms of the low energy field content
⇒ All operators were formed of the SM fields, no Xs were left!

The EFT is a Taylor expansion in 1/M
⇒ If we need better precision, we go to next order (this talk)

Motivated by a specific UV (NP model) theory = “top down”

All NP theories with (sufficient) mass gap described by enumerating all operators
= “bottom up”
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⇒ the EFT describes a NP model with mass gap

The EFT imprints on the IR (low E theory) in terms of the low energy field content
⇒ All operators were formed of the SM fields, no Xs were left!

The EFT is a Taylor expansion in 1/M
⇒ If we need better precision, we go to next order (this talk)

Motivated by a specific UV (NP model) theory = “top down”

All NP theories with (sufficient) mass gap described by enumerating all operators
= “bottom up”

Weinberg 1967:
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What is an EFT/what is the SMEFT?

Last slide: took M to be large
⇒ the EFT describes a NP model with mass gap

The EFT imprints on the IR (low E theory) in terms of the low energy field content
⇒ All operators were formed of the SM fields, no Xs were left!

The EFT is a Taylor expansion in 1/M
⇒ If we need better precision, we go to next order (this talk)

Motivated by a specific UV (NP model) theory = “top down”

All NP theories with (sufficient) mass gap described by enumerating all operators
= “bottom up”

This is the SMEFT
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Motivating the Universal SMEFT

Our example EFT was:

LSMEFT = LSM −
g21k

2

2M2
(H
†←→
D µH)

2 −
g21k

2

2M2

∑
ψ

Yψψ̄γµψ

2

−
g21k

2

M2
(H
†←→
D µH)

∑
ψ

Yψψ̄γµψ



Purveyors of EFTs know we can use the SM EOM to change operator bases:

∂νBµν =
g1

2
(H†i

←→
D µH) + g1

∑
ψ

Yψψ̄γµψ
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Our example EFT was:

LSMEFT = LSM −
g21k

2

2M2
(H
†←→
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2 −
g21k

2

2M2

∑
ψ

Yψψ̄γµψ

2

−
g21k
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M2
(H
†←→
D µH)

∑
ψ

Yψψ̄γµψ



Purveyors of EFTs know we can use the SM EOM to change operator bases:

∂νBµν =
g1

2
(H†i

←→
D µH) + g1

∑
ψ

Yψψ̄γµψ

Resulting in a purely bosonic operator basis:

LSMEFT = LSM −
g21k

2

8M2 (H†i
←→
D µH)2 − k2

2M2 (∂νBµν)(∂ρBµρ)− g1k
2

2M2 (H†i
←→
D µH)

(
∂νBµν

)
Universal NP can be described by a purely bosonic SMEFT:

This basis needs to include “redundant operators”

In practice we swap operators like (∂µBµν)2 for fermionic
(extra poles in propagators are’t fun, see: Brivio et al. arXiv:1405.5412)
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The SMEFT vs Universal SMEFT at D6

In the general SMEFT at D6 we have 59 operator forms and 2,499 free parameters:

Type I: X3 Type II, III: H6, H4D2 Type V: Ψ2H3 + h.c.

QG fABCGAνµ GBρν GCµρ QH (H†H)3 QeH (H†H)(L̄eH)

Q
G̃

fABCG̃Aνµ GBρν GCµρ QH� (H†H)�(H†H) QuH (H†H)(Q̄uH̃)

QW εIJKW Iν
µ WJρ

ν WKµ
ρ QHD (H†DµH)∗(H†DµH) QdH (H†H)(Q̄dH)

Q
W̃

εIJKW̃ Iν
µ WJρ

ν WKµ
ρ

Type IV: X2Φ2 Type VI: Ψ2HX Type VII: Ψ2H2D

QHG (H†H)GAµνG
Aµν QeW (L̄σµνe)τIHW I

µν Q
(1)
HL

(H†i
←→
D µH)(L̄γµL)

Q
HG̃

(H†H)G̃AµνG
Aµν QeW (L̄σµνe)τIHBµν Q

(3)
HL

(H†i
←→
D I
µH)(L̄τIγµL)

QHW (H†H)W I
µνW

Iµν QuG (Q̄σµνTAu)H̃GAµν QHe (H†i
←→
D µH)(ēγµe)

Q
HW̃

(H†H)W̃ I
µνW

Iµν QuW (Q̄σµνu)τIH̃W I
µν Q

(1)
HQ

(H†i
←→
D µH)(q̄γµq)

QHB (H†H)BµνB
µν QuB (Q̄σµνu)H̃Bµν Q

(3)
HQ

(H†i
←→
D I
µH)(q̄τIγµq)

Q
HB̃

(H†H)B̃µνB
µν QdG (Q̄σµνTAd)HGAµν QHu (H†i

←→
D µH)(ūγµu)

QHWB (H†τIH)W I
µνB

µν QdW (Q̄σµνd)τIHW I
µν QHd (H†i

←→
D µH)(d̄γµd)

Q
HW̃B

(H†τIH)W̃ I
µνB

µν QdB (Q̄σµνd)H̃Bµν QHud (H†i
←→
D µH)(ūγµd)

Type VIII: 5× (L̄L)(L̄L) + 7× (R̄R)(R̄R) + 8× (L̄L)(R̄R)
+(L̄R)(R̄L) + 4[(L̄R)(L̄R) + h.c.] = 25(Ψ̄Ψ)(Ψ̄Ψ)

In Blue: Operators generated by our U(1) mixing model example, in this basis.
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The SMEFT vs Universal SMEFT at D6

In the Universal SMEFT at D6 we have 16 operator forms and 16 free parameters:
Zhang and Wells arXiv:1510.08462

Qφ,1 = |DµH†H|2 Qφ,2 =
1

2

[
∂µ(H†H)

]2
Qφ6 = (H†H)3

QWW = (H†H)W I
µνW

I,µν QBB = (H†H)BµνBµν QBW = (H†σIH)BµνW I,µν

QW = (DµH)†σI(DνH)W I
µν QB = (DµH)†(DνH)Bµν QWWW = Tr

[
W ν
µW

ρ
νW

µ
ρ

]
QGG = (H†H)GaµνG

a,µν QGGG = fabcGa,νµ Gb,ρν Gc,µρ

Qy = (H†H)(HjJ
j
H + h.c.) Q2y = J†H,jJ

j
H

Q2JW =
∑
ψ,ψ′

(
ψ̄γµ

σa

2
ψ
)(

ψ̄′γµ
σa

2
ψ′
)

Q2JB =
∑
ψ,ψ′

YψYψ′
(
ψ̄γµψ

) (
ψ̄′γµψ

′)
Q2JG =

∑
ψ,ψ′

(
ψ̄γµTaψ

) (
ψ̄′γµTaψ′

)
In Blue: Operators generated by our U(1) mixing model example, in this basis.
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The SMEFT vs Universal SMEFT at D8

At D8 the full SMEFT has 44,807 free parameters (see e.g. Murphy arXiv:2005.00059)

At D8 the Universal SMEFT has 175 free parameters (TC et al. arXiv:2404.03720)

This is still kind of a lot so let’s consider ops which are separately C & P even:
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The SMEFT vs Universal SMEFT at D8

At D8 the full SMEFT has 44,807 free parameters (see e.g. Murphy arXiv:2005.00059)

At D8 the Universal SMEFT has 175 free parameters (TC et al. arXiv:2404.03720)

This is still kind of a lot so let’s consider ops which are separately C & P even:

Let H=Higgs, X=any field strength, D=covariant derivative of any given field

Fields Tot. Murphy + New
H8: 1 =1+0

H6D2: 3 =2+1
H4D4: 9 =3+6

X4: 26 =26+0
X3H2: 3 =3+0
X2H4: 5 =5+0

X2H2D2: 23 =9+14
XH4D2: 5 =2+3
H2D6: 1 =0+1
X2D4: 3 =0+3
X3D2: 4 =0+4

XH2D4: 4 =0+4
Sum: 87 =51+36
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Universal SMEFT at D8 In practice

Again some of these operators aren’t fun to work with in terms of Feynman rules
So we use EOM to replace with fermionic operator combinations:

(DµD2H)†(DµD2H) → (H†H)(Ψ̄ψH) + (DµH)†(DµH)(Ψ̄ψH)

+(H†H)(ψ̄γµψ)(χ̄γµψ) +Dµ(ψ̄γνψ)Dµ(χ̄γµχ)

+in bosonic basis
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Universal SMEFT at D8 In practice

Again some of these operators aren’t fun to work with in terms of Feynman rules
So we use EOM to replace with fermionic operator combinations:

(DµD2H)†(DµD2H) → (H†H)(Ψ̄ψH) + (DµH)†(DµH)(Ψ̄ψH)

+(H†H)(ψ̄γµψ)(χ̄γµψ) +Dµ(ψ̄γνψ)Dµ(χ̄γµχ)

+in bosonic basis

EOM identities involve similar operators,

R1 = aQ1 + bQ2

R2 = cQ1 + dQ2

Allowing us to treat Q1 and Q2 separately instead of as correlated.

(Pro tip: The SM isn’t C and P even, so Q1 and Q2 not necessarily C and P even)
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Universal SMEFT: Ops for Z-pole and Drell Yan
The relevant subset of operators for Z-pole and Drell Yan processes are:
(D6: 6, D8: 11)

Qφ,1 = |DµH†H|2 QBW = (H†σIH)W I
µνB

µν

QBB = (H†H)BµνBµν QWW = (H†H)W I
µνW

I,µν

Q2JB = JB,µJ
µ
B Q2JW = JIW,µJ

I,µ
W

Q
(2)

H6 = |H|2(H†σIH)(DµH)†σI(DµH) Q
(1)

WBH4 = |H|2QBW

Q
(3)

W2H4 = (H†σIH)(H†σJH)W I
µνW

J,µν

Q
(4)

ψ2H4D
= εIJKJI,µW (H†σJH)Dµ(H†σKH) Q

(1)

ψ2H4D
= i|H|2JµB(H†

←→
D µH)

Q
(2)

ψ2H4D
= iJI,µW

[
(H†
←→
D I
µH)|H|2 − (H†

←→
D µH)(H†σIH)

]
Q

(3)

ψ4D2 = (DνJI,µW )(DνJ
I,µ
W ) Q

(2)

ψ4D2 = (DνJµB)(DνJB,ν)

Q
(4)

ψ4H2 = |H|2Q2JB Q
(5)

ψ4H2 = |H|2Q2JW

Q
(7)

ψ4H2 = (H†σIH)JI,µW JB,µ

JµB = g1
∑
ψ

Yψψ̄γ
µψ JI,µW = g2

2

∑
ψ

ψ̄γµσIψ
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Indistinguishable parameter combinations

Some operators are just |H|2 times a D6 operator...

QBW = (H†σIH)W I
µνB

µν ⇔ Q
(1)

WBH4 = (H†H)(H†σIH)W I
µνB

µν

Without Higgs (and multiHiggs) processes we can’t distinguish a lot of these
Introduce tilde (or bar) variables:

c̃BW ∼ c̄BW ∼ cBW +
v2

2
c
(1)

WBH4

This isn’t consistent with the 1/M power counting...
Some justification can be found in the geoSMEFT/geometric methods for EFTs

See: Helset et al. arXiv:2007.00565
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(Preliminary) Results D6
Including Z-pole, W decays, NC & CC Drell Yan:
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(Preliminary) Results D8
Including Z-pole, W decays, NC & CC Drell Yan:
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(Preliminary) Theory/Truncation error
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Truncation, more ops vs different mtm dep

The difference in D6 vs D8 fits shown in the last slide is driven by adding c
(3)

W2H4

not the momentum dep of ∆4F ∼ JI,µW JIW,µ and c
(3)

ψ4D2 ∼ DνJ
I,µ
W DνJIW,µ
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dim-6/dim-8

(dim-6 + dim-62)/dim-8

v̂2∆4F/TeV2 = 0.1 and v̂4c
(3)
ψ4D2/TeV4 = 0.2

v̂2c2JB/TeV2 = 1 and v̂4c
(2)
ψ4D2/TeV4 = 0.8
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On the Oblique parameters (STU, and more)

B B 3 B

3 3 W W
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On the Oblique parameters (STU, and more)

B B 3 B

3 3 W W

ΠV V ′ (p
2) ∼ ΠV V ′ (0) + p2Π′V V ′ (0) +

1

2!
p4Π′′V V ′ (0) +

1

3!
p6Π′′′V V ′ (0) + · · ·

S = − c
s
Π′3B(0) ∼ cBW + D8

X = −m
2
W
2

Π′′3B(0) ∼ r
(13)

BWH2D2

X′ = −m
4
W
2

Π′′′3B(0) = 0
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(13)

BWH2D2

X′ = −m
4
W
2

Π′′′3B(0) = 0

T = 1
m2
W

[ΠWW (0)−Π33(0)] ∼ cφ,1 + D8

U =
[
Π′WW (0)−Π′33(0)

]
∼ c

(3)

W2H4

V =
[
Π′′WW (0)−Π′′33(0)

]
= 0

V ′ =
[
Π′′′WW (0)−Π′′′33(0)

]
= 0
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Comparing full fit to “oblique parameter fit”
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Conclusions

The Universal basis is formed from purely bosonic operators
⇒ but we frequently prefer fermionic, use EOM

The Universal SMEFT has far fewer parameters than the full SMEFT
⇒ It’s less general though...
⇒ But provides an opportunity to see the impact of D8 operators on fits! (thry error)

without multiHiggs processes can’t distinguish some parameters
⇒ but tilde parameters help with this (similar to geoSMEFT approach)

We can achieve D8 fits!
⇒ will provide a realistic estimate of theory/truncation error

Oblique parameters are outdated, SMEFT is more consistent for decoupled NP
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Backup

Tyler Corbett (Universität Wien) The Universal SMEFT 14 March, 2025 18 / 17



An older fit for triple gauge couplings
In TC et al. arXiv:2304.03305, before the D8 basis was determined:

fWQW ∼ fW (DµH)†σI(DνH)W I
µν fBQB ∼ fB(DµH)†(DνH)Bµν

fWWWQWWW ∼ fWWWTr[W ν
µW

ρ
νW

µ
ρ ]

& D8 counterparts (f
(1)

D2φ6 , f
(2)

D2φ6 , f
(1)

W3φ2 , · · · )
All amplitudes grow with S (COM Energy),

so squares of D6 grow differently from linear in D6 or D8.
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An older fit for triple gauge couplings
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Matching the U(1) mixing model

Starting from the NP L, we want to ‘match’ onto the low energy EFT (SMEFT):

L = LSM − 1
4
XµνXµν + 1

2
M2XµXµ − g1YHk(H†i

←→
D µH)Xµ + g2

1Y
2
Hk

2|H|2XµXµ

−g1k
∑
ψ Yψ(ψ̄γµψ)Xµ

LSMEFT = LSM −
g21k

2

2M2 (H†i
←→
D µH)2 −

g21k
2

2M2

(∑
ψ Yψψ̄γµψ

)2
−
g21k

2

M2 (H†i
←→
D µH)

(∑
ψ Yψψ̄γµψ

)
+
g41Y

2
Hk

2

M4 (H†H)(H†i
←→
D µH)2 +

g21k
2

M4 (H†i
←→
D µH) [�ηµν − ∂µ∂ν ]

(∑
ψ Yψψ̄γµψ

)
+

2g41Y
2
Hk

4

M4 (H†H)(H†i
←→
D µH)

(∑
ψ Yψψ̄γµψ

)
+
g21k

2

2M4

(∑
ψ Yψψ̄γµψ

)
[�ηµν − ∂µ∂ν ]

(∑
ψ Yψψ̄γµψ

)
+
g41Y

2
Hk

4

M4 (H†H)
(∑

ψ Yψψ̄γµψ
)2

+
g41Y

4
Hk

4

M4

[
4(H†H)(H†DµH)(DµH)†H + (H†H)2(DµH)†(DµH)

]
+
g41Y

4
Hk

4

2M4 (H†H)2
(
H†D2H + h.c.

)
−
g21Y

2
Hk

2

M4

[
g21
4

(H†H)2BµνB
µν + g22(H†H)(H†σIH)W I

µνB
µν
]

−
g21Y

2
Hk

2

M4 g1g2(H†σIH)(H†σJH)W I,µνWJ
µν
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