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Martin Gonzalez-Alonso

M. González-Alonso EFT for β decays5

๏ How to compare different nuclear beta decays? 
➔ Effective Lagrangian at the hadron level! 

Which EFT?

[Lee & Yang’1956]

dΓ ≈ f (Ci, MF, MGT)
For some transitions and observables: 
# ≈ f (Ci) + small corrections

High precision 
measurements

UV meaning of the C 
coefficients?  

(within & beyond the SM) 
(hadronization, RC, EFT, …)
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Martin Gonzalez-Alonso

M. González-Alonso EFT for β decays

SM fit

Inner RC:  

[Seng et al., PRL121 (2018)] 
[Gorchtein & Seng, JHEP10 (2021)]

gA = 1.2642(93) CalLat, Nature'18 + update 
gA = 1.218(39) PNDME, PRD'18 
gA = 1.246(28) FLAG'21

Axial charge

NEW: missed % level corrections? 
Cirigliano et al., 2202.10439

Tyler Corbett (Niels Bohr Institute) Rambling about 1/Λ4 14 October, 2021 3 / 32



The Fermi-theory example

In the SM In the Fermi theory

e

νµ

ν

e

νµ

ν

M∼
g2
W

2

(ν̄µγ
µPLµ)(ēγµPLνe)

k2 −M2
W

M∼ −
g2
W

2M2
W

(ν̄µγ
µ
PLµ)(ēγ

µ
PLνe) + · · ·M ∼ −

g2
W

2M2
W

(ν̄µγ
µ
PLµ)(ēγ

µ
PLνe)−

g2
Wk2

2M4
W

(ν̄µγ
µ
PLµ)(ēγ

µ
PLνe) + · · ·

1
M2
W

(ψ̄γµPLψ)2 1
M4
W

∂2(ψ̄γµPLψ)2
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Fetscher & Gerber PDG review of muon decay

L =
4GF√

2

∑
χ=S,V,T,
ε,µ=L,R

gχε,µ 〈ēε|Γχ|νe〉 〈ν̄µ|Γχ|µµ〉

3 57. Muon Decay Parameters

fl ≠ 3
4 = 3

4 (≠a+ 2 c)/A (57.7a)

÷ = (– ≠ 2—)/A (57.7b)

÷ÕÕ = (3 – + 2 —)/A (57.7c)

” ≠ 3
4 = 9

4 · (aÕ ≠ 2 cÕ) /A
1 ≠ [a+ 3 aÕ + 4 (b+ bÕ) + 6 c ≠ 14 cÕ] /A (57.7d)

1 ≠ ›
”

fl
= 4[(b+ bÕ) + 2 (c ≠ cÕ)] /A

1 ≠ (a ≠ 2 c)/A (57.7e)

1 ≠ › =
#!
a+ aÕ" + 4

!
b+ bÕ" + 6

!
c+ cÕ"$

/A (57.7f)

1 ≠ ›ÕÕ = (≠2 a+ 20 c)/A (57.7g)

with A = a+ 4 b+ 6 c (57.7h)

The di�erential decay probability to obtain a left-handed ‹e with (reduced) energy between y and
y + dy, neglecting radiative corrections as well as the masses of the electron and of the neutrinos,
is given by [7]

d≈

dy =
m5
µG

2
F

16 fi3 · Q‹e
L · y2

Ó
(1 ≠ y) ≠ ÊL ·

1
y ≠ 3

4

2Ô
. (57.8)

Here, y = 2 E‹e/mµ. Q‹e
L and ÊL are parameters. ÊL is the neutrino analog of the spectral shape

parameter fl of Michel. Since in the Standard Model, Q‹e
L = 1, ÊL = 0, the measurement of d≈/dy

has allowed a null-test of the Standard Model (see Listings below).

Table 57.1: Coupling constants g“
Áµ and some combinations of them.

Ninety-percent confidence level experimental limits. The limits on |gSLL|
and |gVLL| are from [8–10], and the others from a general analysis of muon
decay measurements. Top three rows: [11], fourth row: [12], next three
rows: [13], last row: [14]. The experimental uncertainty on the muon po-
larization in pion decay is included. Note that, by definition, |gSÁµ| Æ 2,
|gVÁµ| Æ 1 and |gTÁµ| Æ 1/

Ô
3.

|gSRR| < 0.035 |gVRR| < 0.017 |gTRR| © 0
|gSLR| < 0.050 |gVLR| < 0.023 |gTLR| < 0.015
|gSRL| < 0.420 |gVRL| < 0.105 |gTRL| < 0.105
|gSLL| < 0.550 |gVLL| > 0.960 |gTLL| © 0

|gSLR + 6 gTLR| < 0.143 |gSRL + 6 gTRL| < 0.418
|gSLR + 2 gTLR| < 0.108 |gSRL + 2 gTRL| < 0.417
|gSLR ≠ 2 gTLR| < 0.070 |gSRL ≠ 2 gTRL| < 0.418
QRR +QLR < 8.2◊10≠4

1st June, 2022
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The “canonical” example of an EFT
⇒ leading order contribution at |MD6|2

Tyler Corbett (Niels Bohr Institute) Rambling about 1/Λ4 14 October, 2021 5 / 32



Ambiguities of (D6)2

Imagine we match a UV model ⇒ this IR Lagrangian: (top-down)

LIR = LSM +

(
c
(6)
eH
Λ2 (H†H)L̄eH +

c
(8)
eH
Λ4 (H†H)2L̄eH + h.c.

)
+c

1,(6)
Hl

(
H†i
←→
D µH

) (
L̄γµL

)
+ c

1,(8)
Hl (H†H)(H†i

←→
D µH)(L̄γµL)
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L→ L+ α(H†H)L
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Equivalence theorem ⇒ can xform fields (consistently) & the S-matrix remains invariant:

L→ L+ α(H†H)L

LIR → iL̄ /DL− Y (L̄eH + ēLH†) + iα
Λ2 (H†H)L̄

←→
DµγµL+ iα2

2Λ4 (H†H)2L̄
←→
DµγµL

+

(
c
1,(6)
Hl

)
Λ2 (H†i

←→
DµH)(L̄γµL) +

c
1,(8)
Hl

+2αc
1,(6)
Hl

Λ4 (H†H)(H†i
←→
DµH)(L̄γµL)

+
c
(6)
eH
−Y α

Λ2 (H†H)(L̄eH + ēLH†) +
c
(8)
eH

+c
(6)
eH
α

Λ4 (H†H)2(L̄eH + ēLH†)

+
c
1,(6)
Hl α2 + 2c

1,(8)
Hl α

Λ6
Q

1,(10)
Hl +

c
(8)
eHα

Λ6
Q

(10)
eH +

α2c
1,(8)
Hl

Λ8
Q

1,(12)
Hl
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Ambiguities of (D6)2 II

So we have two different bases of operators:

L(0)
IR = LSM + c

1,(6)
Hl

(
H†i
←→
D µH

) (
L̄γµL

)
+ c

1,(8)
Hl (H†H)

(
H†i
←→
D µH

) (
L̄γµL

)
+c

(6)
eH(H†H)(L̄eH + ēLH†) + c

(8)
eH(H†H)2(L̄eH + ēLH†)

L(1)
IR = LSM + iκ(6)(H†H)

(
L̄
←→
D µγµL

)
+ iκ(8)(H†H)2

(
L̄
←→
D µγµL

)
+κ

1,(6)
Hl

(
H†i
←→
D µH

) (
L̄γµL

)
+ κ

1,(8)
Hl (H†H)

(
H†i
←→
D µH

) (
L̄γµL

)
+κ

(6)
eH(H†H)(L̄eH + ēLH†) + κ

(8)
eH(H†H)2(L̄eH + ēLH†)
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(6)
eH(H†H)(L̄eH + ēLH†) + κ

(8)
eH(H†H)2(L̄eH + ēLH†)

Which are related by:

κ(6) = α κ(8) = α2

2

κ
1,(6)
Hl = c

1,(6)
Hl κ

1,(8)
Hl = c

1,(8)
Hl + 2αc

1,(6)
Hl

κ
(6)
He = c

(6)
eH − Y α κ

(8)
He = c

(8)
eH + αc

(6)
eH
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Ambiguities of (D6)2, Z → L̄L

L̄

Z

L

M(0) = gZ
2

[
©SM + c

1,(6)
HL v2 + c

1,(8)
HL

v4

2

]
ū/εPLv

M(1) = gZ
2

[
©SM + κ

1,(6)
HL v2 +

(
κ

1,(8)
HL − 2κ(6)κ

1,(6)
HL

)
v4

2

]
ū/εPLv

|M(1)|2 ∝ g2
Z
4

[
©SM

2
+2v2©SM κ

1,(6)
Hl︸ ︷︷ ︸

Invariant

+
(

(κ
1,(6)
Hl )2 − 2©SM κ6κ

1,(6)
Hl︸ ︷︷ ︸

Not Invariant!

+©SM κ
1,(8)
Hl

)
︸ ︷︷ ︸

Invariant

]

©SM = c2W − s
2
W
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Ambiguities of (D6)2, H → ¯̀̀
¯̀

H

`

¯̀

H

`

←→
∂ µ

M(0) = − 1√
2

[
Y − 3v2

2
c
(6)
eH −

5v4

4
c
(8)
eH

]
(ūv)

M(1) = − 1√
2

[
Y − v2

2
(3κ

(6)
eH + Y κ(6)) + v4

8

(
6κ(6)κ

(6)
eH + 3(κ(6))2)Y − 2(5κ

(8)
eH + Y κ(8))

)]
(ūv)

+ v
[
κ(6) +

(
κ(8) − [κ(6)]2

)
v2
]
m̄(ūv) (/pψ = ±m̄ψ)

|M(1)|2∝ Y 2

2
− 3v2

2
Y

→(c
(6)
eH
−Y α)+Y α︷ ︸︸ ︷(

κ
(6)
eH + Y κ(6)

)
+ v4

8

[
9(κ(6))2 + 28Y κ(6)κ

(6)
eH + 24Y 2(κ(6))2︸ ︷︷ ︸

Not Invariant!

− 10Y
(
Y κ(8) + κ

(8)
eH

)]
︸ ︷︷ ︸

Invariant
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Ambiguities of (D6)2, III

Let’s denote:

1
Λ2M6 = the amplitude at 1/Λ2

1
Λ4M62 = the amplitude with two insertions of D6 operators

1
Λ4M8 = the amplitude with one insertion of D8 operators
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Invariant

+
1

Λ4
M62 +

1

Λ4
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Invariant

So:

|M6|2 = Invariant!

(M62 +M8)×MSM = Separately Invariant!
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Ambiguities of (D6)2, the Equivalence Theorem

The equivalence theorem, per I.V. Tyutin hep-th/0001050

The equivalence theorem states “The independence of physical observables, in particular,
the S–matrix, in quantum theory on changes of variables in the classical Lagrangian, i.e. on
the choice of parametrization of the classical action”

Schwartz’s textbook:

S = 1 + (2π)4δ4 (Σpi) iM

〈f |S − 1|i〉 = i(2π)4δ4 (Σpi) 〈f |M|i〉

If S is invariant then so is M
Implies that M6 and associated |M6|2 term are well defined
& and can be freely translated between bases (in the SMEFT)

This doesn’t apply to the corresponding M8 term, only M62 +M8 is well defined
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What are we actually measuring? (In Warsaw)

Say we can actually measure the H`` process at the LHC:

In the SM we measure:

M2 ∝
m̄2

v2

In the SMEFT to 1/Λ2 we measure

M2 ∝
m̄2

v2
+

[
m̄2

(
2c

(6)
H� −

1

2
c
(6)
HD

)
−
√

2m̄vc
(6)
eH

]
1

Λ2

In the SMEFT to 1/Λ4 we measure

M2 ∝ m̄2

v2 +
[
m̄2
(

2c
(6)
H� −

1
2
c
(6)
HD

)
−
√

2m̄vc
(6)
eH

]
1

Λ2

+ v2

4

[
m̄2
(

[4c
(6)
H� + c

(6)
HD]2 − c(8)

HD − c
(8)
HD,2

)
+ 2
√

2
(
c
(8)
HD − 4c

(6)
H�

)
m̄vc

(6)
eH + 2v2

(
c
(6)
eH

)2
]

︸ ︷︷ ︸
Inseparable♥

1
Λ4
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¡Baloney/Bologna!
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What are we actually measuring? (In Warsaw)

− Y√
2

+
v2
(

3(c
(6)
eH

)−4(c
(6)

H�
)Y+(c

(6)
HD

)Y

)
2
√

2
1

Λ2

+
v4
(
Y

(
(c

(8)
HD2

)−((c
(6)
HD

)−4(c
(6)

H�
))2

)
+3(c

(6)
eH

)(4(c
(6)

H�
)−(c

(6)
HD

))+5(c
(8)
eH

)

)
4
√

2
1

Λ4

+
v6
(

2(c
(10)
HD2

)Y+(c
(8)
HD2

)

(
−3(c

(6)
eH

)+8(c
(6)

H�
)Y−2(c

(6)
HD

)Y

)
+(4(c

(6)

H�
)−(c

(6)
HD

))

(
5(c

(8)
eH

)−(4(c
(6)

H�
)−(c

(6)
HD

))

(
−3(c

(6)
eH

)+4(c
(6)

H�
)Y−(c

(6)
HD

)Y

))
+7(c

(10)
eH

)

)
8
√

2
1

Λ6

+
v8
(
−6(c

(10)
HD2

)(c
(6)
eH

)+16(c
(10)
HD2

)(c
(6)

H�
)Y−4(c

(10)
HD2

)(c
(6)
HD

)Y+4(c
(12)
HD2

)Y−(c
(8)
HD2

)2Y+3(c
(8)
HD2

)(4(c
(6)

H�
)−(c

(6)
HD

))

(
−2(c

(6)
eH

)+4(c
(6)

H�
)Y−(c

(6)
HD

)Y

)
−5(c

(8)
HD2

)(c
(8)
eH

)−144(c
(6)
eH

)(c
(6)

H�
)2(c

(6)
HD

)+192(c
(6)
eH

)(c
(6)

H�
)3+80(c

(8)
eH

)(c
(6)

H�
)2+36(c

(6)
eH

)(c
(6)

H�
)(c

(6)
HD

)2−40(c
(8)
eH

)(c
(6)

H�
)(c

(6)
HD

)+7(c
(10)
eH

)(4(c
(6)

H�
)−(c

(6)
HD

))−3(c
(6)
eH

)(c
(6)
HD

)3+5(c
(8)
eH

)(c
(6)
HD

)2+9(c
(12)
eH

)−96(c
(6)

H�
)2(c

(6)
HD

)2Y+256(c
(6)

H�
)3(c

(6)
HD

)Y−256(c
(6)

H�
)4Y+16(c

(6)

H�
)(c

(6)
HD

)3Y−(c
(6)
HD

)4Y

)
16
√

2
1

Λ8

+
v10

(
−2(c

(10)
HD2

)

(
Y

(
2(c

(8)
HD2

)−3((c
(6)
HD

)−4(c
(6)

H�
))2

)
+6(c

(6)
eH

)(4(c
(6)

H�
)−(c

(6)
HD

))+5(c
(8)
eH

)

)
−12(c

(12)
HD2

)(c
(6)
eH

)+32(c
(12)
HD2

)(c
(6)

H�
)Y−8(c

(12)
HD2

)(c
(6)
HD

)Y+8c14HD2Y+3(c
(8)
HD2

)2(c
(6)
eH

)−12(c
(8)
HD2

)2(c
(6)

H�
)Y+3(c

(8)
HD2

)2(c
(6)
HD

)Y−144(c
(8)
HD2

)(c
(6)
eH

)(c
(6)

H�
)2+72(c

(8)
HD2

)(c
(6)
eH

)(c
(6)

H�
)(c

(6)
HD

)−40(c
(8)
HD2

)(c
(8)
eH

)(c
(6)

H�
)−9(c

(8)
HD2

)(c
(6)
eH

)(c
(6)
HD

)2+10(c
(8)
HD2

)(c
(8)
eH

)(c
(6)
HD

)−7(c
(8)
HD2

)(c
(10)
eH

)−192(c
(8)
HD2

)(c
(6)

H�
)2(c

(6)
HD

)Y+256(c
(8)
HD2

)(c
(6)

H�
)3Y+48(c

(8)
HD2

)(c
(6)

H�
)(c

(6)
HD

)2Y−4(c
(8)
HD2

)(c
(6)
HD

)3Y+288(c
(6)
eH

)(c
(6)

H�
)2(c

(6)
HD

)2−768(c
(6)
eH

)(c
(6)

H�
)3(c

(6)
HD

)−240(c
(8)
eH

)(c
(6)

H�
)2(c

(6)
HD

)+768(c
(6)
eH

)(c
(6)

H�
)4+320(c

(8)
eH

)(c
(6)

H�
)3+112(c

(10)
eH

)(c
(6)

H�
)2−48(c

(6)
eH

)(c
(6)

H�
)(c

(6)
HD

)3+60(c
(8)
eH

)(c
(6)

H�
)(c

(6)
HD

)2−56(c
(10)
eH

)(c
(6)

H�
)(c

(6)
HD

)+9(c
(12)
eH

)(4(c
(6)

H�
)−(c

(6)
HD

))+3(c
(6)
eH

)(c
(6)
HD

)4−5(c
(8)
eH

)(c
(6)
HD

)3+7(c
(10)
eH

)(c
(6)
HD

)2+11(c
(14)
eH

)−640(c
(6)

H�
)3(c

(6)
HD

)2Y+160(c
(6)

H�
)2(c

(6)
HD

)3Y+1280(c
(6)

H�
)4(c

(6)
HD

)Y−1024(c
(6)

H�
)5Y−20(c

(6)

H�
)(c

(6)
HD

)4Y+(c
(6)
HD

)5Y

)
32
√

2
1

Λ10

+ · · ·

Tyler Corbett (Niels Bohr Institute) Rambling about 1/Λ4 14 October, 2021 13 / 32



What are we actually measuring?

The hL̄e correlation function is (más o menos):

〈
hL̄e

〉
∼

〈
0|T

{
h(x1)L̄(x2)e(x3)

}
|0
〉

∼ δ3

δhδL̄δe

∫
D(fields)eiSSMEFT

∼
〈
δ
δh

δ2

δL̄δe
LSMEFT

〉

Tyler Corbett (Niels Bohr Institute) Rambling about 1/Λ4 14 October, 2021 14 / 32



What are we actually measuring?

The hL̄e correlation function is (más o menos):

〈
hL̄e

〉
∼

〈
0|T

{
h(x1)L̄(x2)e(x3)

}
|0
〉

∼ δ3

δhδL̄δe

∫
D(fields)eiSSMEFT

∼
〈
δ
δh

δ2

δL̄δe
LSMEFT

〉
Simplifying:

δ
δh

δ2

δL̄δe
LSMEFT ⇔ δ

δh
δ2

δL̄δe

[
(something)︸ ︷︷ ︸
Not W,B,ψ

L̄e
]

= δ
δh

[
(something)

]
≡ δ

δh
Y
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What are we actually measuring?

The hL̄e correlation function is (más o menos):〈
hL̄e

〉
∼

〈
0|T

{
h(x1)L̄(x2)e(x3)

}
|0
〉

∼ δ3

δhδL̄δe

∫
D(fields)eiSSMEFT

∼
〈
δ
δh

δ2

δL̄δe
LSMEFT

〉
Simplifying:

δ
δh

δ2

δL̄δe
LSMEFT ⇔ δ

δh
δ2

δL̄δe

[
(something)︸ ︷︷ ︸
Not W,B,ψ

L̄e
]

= δ
δh

[
(something)

]
≡ δ

δh
Y

So two important quantities are:

m̄ = 〈Y〉
〈
hL̄e

〉
=

〈
δY
δh

〉
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15/06/2022 Elina Fuchs (CERN|Hannover|PTB)

Higgs characterization model

Allow also modifications of real parts of HVV couplings

Capture BSM effects in effective Hgg and HKK couplings:  

Translate kappa   SMEFT:↔ with

Consider also simpler description of effective Higgs coupling modifiers (kappa framework)

8 / 45
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Let’s try another example:

Higgs two point function:

〈hh〉 ∼ 〈0|T {h(x1)h(x2)} |0〉

∼ δ2

δh2

∫
D(fields)eiSSMEFT

∼
〈
δ2

δh2LSMEFT

〉
+
〈

δ2

δ(DH)2
LSMEFT

〉
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Let’s try another example:

Higgs two point function:

〈hh〉 ∼ 〈0|T {h(x1)h(x2)} |0〉

∼ δ2

δh2

∫
D(fields)eiSSMEFT

∼
〈
δ2

δh2LSMEFT

〉
+
〈

δ2

δ(DH)2
LSMEFT

〉
Consider: 〈

δ2

δ(DH)2
LSMEFT

〉
∼

〈
δ2

δ(DH)2
(something)(DH)2

〉
=

〈
something

〉
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Let’s try another example:

Higgs two point function:

〈hh〉 ∼ 〈0|T {h(x1)h(x2)} |0〉

∼ δ2

δh2

∫
D(fields)eiSSMEFT

∼
〈
δ2

δh2LSMEFT

〉
+
〈

δ2

δ(DH)2
LSMEFT

〉
Consider: 〈

δ2

δ(DH)2
LSMEFT

〉
∼

〈
δ2

δ(DH)2
(something)(DH)2

〉
=

〈
something

〉
This 〈something〉 is the finite renormalization factor for the scalar fields we know and hate:

〈something〉 = 1 +
v2

4Λ2

(
c
(6)
HD − 4c

(6)
H�

)
+

v4

32Λ4

[
4c

(8)
HD + 4c

(8)
HD,2 −

(
c
(6)
HD − 4c

(6)
H�

)2
]

+ · · ·
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Let’s formalize a bit: (AKA geoSMEFT)

Take four-component real scalar and vector fields:

φI ⇔ H =

(
φ2 + iφ1

φ4 − iφ3

)
WA =


W 1

W 2

W 3

B


Then all two-point functions can be defined with just:

hIJ = gµν

d
δ2LSMEFT

δ(Dµφ)Iδ(Dνφ)J

∣∣∣
things→0

⇔ hIJ (Dµφ)I(Dνφ)J

gAB = −2gµνgσρ

d2
δ2LSMEFT
δWA

µσδW
B
νρ

∣∣∣∣
things→0

⇔ gABW
A
µνW

B
µν

Y = δLSMEFT
δ(Ψ̄ψ)

∣∣∣
things→0

⇔ Y Ψ̄ψ

(that’s it, at least Warsaw style)
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the geoSMEFT (op forms WA,µνWB
µν)

Consider all operators involving two of {WA,µν , Bµν} and many {H, H†, τA}:

keep in mind, τAτB = 1
4

(
δAB + 2iεABCτJ

)
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the geoSMEFT (op forms WA,µνWB
µν)

Consider all operators involving two of {WA,µν , Bµν} and many {H, H†, τA}:

keep in mind, τAτB = 1
4

(
δAB + 2iεABCτJ

)
D4: − 1

4
BµνBµν − 1

4
WA,µνWA,µν

D6: cHB(H†H)BµνBµν + cHW (H†H)WA,µνWA,µν + cHWB(H†τAH)WA,µνBµν
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the geoSMEFT (op forms WA,µνWB
µν)

Consider all operators involving two of {WA,µν , Bµν} and many {H, H†, τA}:

keep in mind, τAτB = 1
4

(
δAB + 2iεABCτJ

)
D4: − 1

4
BµνBµν − 1

4
WA,µνWA,µν

D6: cHB(H†H)BµνBµν + cHW (H†H)WA,µνWA,µν + cHWB(H†τAH)WA,µνBµν

D8: c
(8)
HB(H†H)2BµνBµν + c

(8)
HW (H†H)2WA,µνWA,µν

+ c
(8)
HWB(H†H)(H†τAH)WA,µνBµν + c

(8)
HW,2(H†τAH)(H†τBH)WA,µνWB,µν
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the geoSMEFT (op forms WA,µνWB
µν)

Consider all operators involving two of {WA,µν , Bµν} and many {H, H†, τA}:

keep in mind, τAτB = 1
4

(
δAB + 2iεABCτJ

)
D4: − 1

4
BµνBµν − 1

4
WA,µνWA,µν

D6: cHB(H†H)BµνBµν + cHW (H†H)WA,µνWA,µν + cHWB(H†τAH)WA,µνBµν

D8: c
(8)
HB(H†H)2BµνBµν + c

(8)
HW (H†H)2WA,µνWA,µν

+ c
(8)
HWB(H†H)(H†τAH)WA,µνBµν + c

(8)
HW,2(H†τAH)(H†τBH)WA,µνWB,µν

D(8+2n): c
(8+2n)
HB (H†H)2n+4BµνBµν + c

(8+2n)
HW (H†H)2n+4WA,µνWA,µν

+ c
(8+2n)
HWB (H†H)2n+2(H†τAH)WA,µνBµν

+ c
(8+2n)
HW,2 (H†H)2n(H†τAH)(H†τBH)WA,µνWB,µν
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the geoSMEFT (op forms WA,µνWB
µν)

Consider all operators involving two of {WA,µν , Bµν} and many {H, H†, τA}:

keep in mind, τAτB = 1
4

(
δAB + 2iεABCτJ

)
D4: − 1

4
BµνBµν − 1

4
WA,µνWA,µν

D6: cHB(H†H)BµνBµν + cHW (H†H)WA,µνWA,µν + cHWB(H†τAH)WA,µνBµν

D8: c
(8)
HB(H†H)2BµνBµν + c

(8)
HW (H†H)2WA,µνWA,µν

+ c
(8)
HWB(H†H)(H†τAH)WA,µνBµν + c

(8)
HW,2(H†τAH)(H†τBH)WA,µνWB,µν

gAB =

[
1− 4

∑(
c
(6+2n)
HW (1− δA4) + c

(6+2n)
HB δA4

)(
φ2

2

)n+1
]
δAB

−
∑
c
(8+2n)
HW,2

(
φ2

2

)n
(φIΓIA,Jφ

J )(φLΓLB,Kφ
K)(1− δA4)(1− δB4)

+
[∑

c
(6+2n)
HWB

(
φ2

2

)n] [
(φIΓIA,Jφ

J )(1− δA4)δB4 + (A↔ B)
]
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All orders finite field/mass renormalizations:

Again, the fermion mass is just:

m̄ = 〈Y〉

The shifts to the mass basis are trivial:

φJ =
√
h
JK

VKLΦL

WA
ν =

√
gABUBCA

C
ν

where

U =


1√
2

1√
2

0 0
I√
2
− I√

2
0 0

0 0 c̄ s̄
0 0 −s̄ c̄


s̄ = f(

√
gAB , g1, g2)

The vector masses are:

m̄2
W =

g2
2
4

(√
g11
)2 (√

h11

)2
v2

m̄2
Z =

g2
2

4c2
Z

(
c̄
√
g33 − s̄√g34

)2 (√
h33

)2
v2
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All orders hV V couplings:

Hays, Helset, Martin, Trott, arXiv:2007.00565

〈hZµZµ〉 =
m̄2
Z

2v

√
h44

[〈
δh33
δh

〉
v2

4
+ 〈h33〉 v2

]
√
h44 = 1 + v2

4
(cHD − 4cH�) + v4

32

(
4c

(8)
HD + 4c

(8)
HD,2 −

[
c
(6)
HD − 4c

(6)
H�

]2)
〈hWµWµ〉 ∼ 2

m̄2
W

2v

√
h11

[〈
δh11
δh

〉
v2

4
+ 〈h11〉 v2

]
√
h11 = 1 + v4

8

(
c
(8)
HD − c

(8)
HD,2

)
κ framework:

15/06/2022 Elina Fuchs (CERN|Hannover|PTB)

Higgs characterization model

Allow also modifications of real parts of HVV couplings

Capture BSM effects in effective Hgg and HKK couplings:  

Translate kappa   SMEFT:↔ with

Consider also simpler description of effective Higgs coupling modifiers (kappa framework)

8 / 45

Also misses:
〈hZµνZµν〉 〈∂νhZµZµν〉

(which are known to all orders in geoSMEFT)
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The geoSMEFT

Helset, Martin, Trott, arXiv:2001.01453

We can define all two-point functions in the SMEFT with just:

gABWA
µνWB

µν ⇔ gAB = −2gµνgσρ

d2
δ2L

δWA
µσδWB

νρ

hIJ (Dµφ)I(Dµφ)J ⇔ hIJ = gµν

d
δ2L

δ(Dµφ)Iδ(Dνφ)J

Y Ψ̄ψ ⇔ Y (φ) = δL
δ(Ψ̄ψ)

Further we can define all three-point functions in the SMEFT with just:

LψJ (Dµφ)J (ψ̄Γµψ) ⇔ LψJ = δ2L
δ(Dµφ)Jδ(ψ̄Γµσψ)

dψA(ψ̄σµνψ)WA
µν ⇔ dψA = δ2L

δ(ψ̄σµνψ)δWA
µν

fABCW
A,µνWB

νρW
C,ρ
µ ⇔ fABC = gνρgσαgβµ

3!d3
δ3L

δWA
µνδWB

ρσδWC
αβ

kAIJ (Dµφ)I(Dνφ)JWA
µν ⇔ kAIJ = gµρgνσ

2d2
δ3L

δ(Dµφ)Iδ(Dνφ)JδWA
ρσ
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Saturation of number of operators

(This information is contained in the Hilbert Series)
(see e.g. Lehman & Martin 2015, Henning et al. 2015)

Mass Dimension
Operator form: 6 8 10

hIJ (Dµφ)I(Dµφ)J 2 2 2

gABW
A
µνW

B,µν 3 4 4

kIJA(Dµφ)I(Dνφ)JWA
µν 0 3 4

fABCW
A
µνW

B,νρWC,µ
ρ 1 2 2

Y ψprΨ̄LψR + h.c. 2N2
f 2N2

f 2N2
f

dψ,prA Ψ̄LσµνψRW
µν
A + h.c. 4N2

f 6N2
f 6N2

f

L
ψR
pr,J,A(Dµφ)J (ψ̄p,RγµσAψr,R) N2

f N2
f N2

f

L
ΨL
pr,J,A(Dµφ)J (Ψ̄p,LγµσAΨr,L) 2N2

f 4N2
f 4N2

f

D6 D8 D10 D12

10

102

103

104

105

106

107

3,045

44,807

2,092,441

75,577,476

Ex
po

ne
nt
ia
l→

O
(1

0
s)
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Beyond 3pt functions:

For 2 point functions, think: p2
i = m2

For 3 point functions, think: pi · pj = 1
2(m

2
k −m2

i −m2
j )

For 4 point fucntions, think: sn, tn, and un...

we cannot sum the momentum expansion beyond 3-point functions...

but we can still do the vev expansion as discussed before
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Z

ψ̄

ψ
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Why 1/Λ4? (why geoSMEFT?)

As discussed, we’re not measuring |M6|2 separately from MSM × (M62 +M8)

Cen Zhang, SMEFTs living on the edge, arXiv:2112.11665
“Our results indicate that the dimension-8 operators encode much more information
about the UV than one would naively expect, which can be used to reverse engineer
the UV physics from the SMEFT.”
(See also Ken’s talk)

If we can do the calculations, why not do them to the best of our abilities?

Duarte & Felix say it’s a good idea
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Motivation EFT2HDM Results Conclusions

Duarte Fontes, BNL06/15/2022 16

Type-I 2HDM

Exact 2HDM
Dim-6, Λ-2

Dim-6, Λ-4

Dim-8

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
0.1

0.5

1

5

10

cos(β-α)

ta
nβ

Now, the fits. Type I:

For high 
constrained

, the dim-6 results are poorly

the only WCs are the Yukawa ones

The exact 2HDM has more info than Yukawas

But that info is contained in the dim-8 results

gauge-Higgs interactions

The dim-8 EFT is thus a good reproduction
of the exact model – whereas dim-6 is clearly 
insufficient for some regions

Obviously, this does not change with the 
squared terms
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High-  constraints for semileptonic operators in the SMEFT —  HEFT 2022pTFelix Wilsch

 effects for the  leptoquarkd = 8 U1

30

95 % CL
Matching the  LQ 
to the SMEFT at 




Compare effects of: 
, , 

model

U1

d = 8

d = 6 d = 8

Pre
lim
ina
ry

 for comparisonZ′ 
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Why 1/Λ4? (why geoSMEFT?)

As discussed, we’re not measuring |M6|2 separately from MSM × (M62 +M8)

Cen Zhang, SMEFTs living on the edge, arXiv:2112.11665
“Our results indicate that the dimension-8 operators encode much more information
about the UV than one would naively expect, which can be used to reverse engineer
the UV physics from the SMEFT.”

If we can do the calculations, why not do them to the best of our abilities?

Duarte says it’s a good idea

Can we constrain the full parameter space at D8? Probably not at the moment...
(what about in the context the the geoSMEFT-y quantities like 〈δM〉)

Can we differentiate c
(6)
HW from c

(8)
HW without multi-Higgs? Nop...
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What about the HEFT at the HEFT workshop?

(I know it’s Higgs and EFT)
(Ilaria did mention it a bit)

Corbett, Éboli, Gonzalez-Garcia arXiv:1509.01585
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What about the HEFT at the HEFT workshop?
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Consider the scalar Singlet extension:

L = (DµH)†(DµH) + 1
2

(∂µS)(∂µS) + µ2
H |H|

2 − λ|H|4 +
µ2
S
2
S2 + λS

4
S4+λm

2
|H|2S2

→ 1
2

(∂µh)(∂µh)− m2
H
2
h2 + 1

2
(∂µS)(∂µS)− m2

s
2
S2 +

(v+h)2

4
Tr
[
(DµU)(DµU)†

]
−λmvvsHS − · · ·
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Integrating out S/performing the matching we get the following operators:
(h′ is after rotating to the mass basis):

PC = v2

4
Tr[(DµU)(DµU)†]FC(h′) PH = 1

2
(∂µh′)(∂µh′)FH(h′)

P6 = Tr[(DµU)(DµU)†]2F6(h′) P7 = Tr[(DµU)(DµU)†]�F7(h′)

Fi(h) = ci + ai
h′

v
+ bi

(h′)2

v2 + · · ·
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Matching HEFT vs SMEFT

If I do it above EWSB, I instead get:

QH,2 = 1
2
∂µ|H|2∂µ|H|2 QH,3 = 1

3
|H|6

QH,4 = |H|2(DµH)†(DµH) QH,5 = 1
4
|H|8

QH,6 = 1
2
|H|2∂µ|H|2∂µ|H|2

QH,7 = |H|4(DµH)†(DµH)

QS,1 = (DµH)†(DµH)(DνH)†(DνH)
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Matching HEFT vs SMEFT

The doublet predicts (h+ v)2n, or for hWW vs h2WW :

2nv2n−1 vs. n(2n− 1)v2n−1

In HEFT:

2−X vs. 1− 2X X ≡
λ2
mv

2

2λSM
2
S
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Conclusions

|M6|2 is theoretically well defined

But we only ever measure something like δnLSMEFT

The geoSMEFT lets us calculate δnLSMEFT (sometimes)

we can supplement the geoSMEFT to get complete 1/Λ4 results

we should be able to use the geoSMEFT to sum the v expansion
→ we only have the p expansion left

(generally?) integrating out particles gives the HEFT
→ at least, if ∃ mixing between the ‘heavy’ state and the SM states below EWSB
→ it’s really not measurable at a hadron collider (prop to the mixing parameter)
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