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cle, including a discussion of the normalisation chosen for the individual effective inter-
actions. Section 3 contains a brief description of the basic ingredients of the SMEFT
calculations for pp ! Zh and h ! bb̄ and their combination and implementation in our
NNLO+PS event generator. The impact of the SMEFT corrections on kinematic distribu-
tions in pp ! Zh ! `

+
`
�
bb̄ production at NNLO+PS is presented in Section 4 by using

simple benchmark scenarios for the Wilson coefficients. We conclude and present an outlook
in Section 5. The lenghty analytic expressions for the squared matrix elements that are
relevant for our work are relegated to Appendix A, while Appendix B contains numerical
estimates of higher-order QCD corrections associated to the subset of the SMEFT opera-
tors that are considered in this paper. The discussed corrections have been neglected in our
phenomenological study because they all turn out to contribute less than a percent once
existing experimental limits on the relevant Wilson coefficients are taken into account.

2 Preliminaries

In this article we consider the following set of dimension-six operators

QH2 = (H
†
H)2 (H

†
H) , QHD = (H

†
DµH)

⇤
(H

†
D

µ
H) ,

QbH = yb(H
†
H) q̄LbRH , QbG =

g
3
s

(4⇡)2
yb q̄L�µ⌫T

a
bRHG

a,µ⌫
, (2.1)

QHG =
g
2
s

(4⇡)2
(H

†
H)G

a

µ⌫G
a,µ⌫

, Q3G =
g
3
s

(4⇡)2
f
abc

G
a,⌫

µ G
b,�

⌫ G
c,µ

� ,

which appear in the full SMEFT Lagrangian

LSMEFT �

X

i

Ci

⇤2
Qi . (2.2)

Here 2 = @µ@
µ, �µ⌫ = i/2(�µ�⌫ � �⌫�µ) with �µ the usual Dirac matrices, H denotes the

SM Higgs doublet, qL is the left-handed third-generation quark doublet, bR is the right-
handed bottom-quark singlet, while gs =

p
4⇡↵s and G

a
µ⌫ denote the coupling constant and

the field strength tensor of QCD, respectively. The definition of the covariant derivative
is Dµ = @µ � igsG

a
µT

a with T
a being the SU(3) generators and f

abc denote the fully
antisymmetric QCD structure constants. The bottom-quark Yukawa coupling is defined
as yb =

p
2m̄b/v, with the MS bottom-quark mass m̄b and the Higgs vacuum expectation

value (VEV) v, while ⇤ denotes the new-physics mass scale that suppresses the dimension-
six operators Qi entering (2.2) and Ci are the corresponding Wilson coefficients. Notice
finally that in the case of QbH and QbG the sum over the hermitian conjugate in (2.1) is
understood.

The normalisations of the dimension-six operators introduced in (2.1) deserve some
additional comments. First, the two mixed-chirality operators QbH and QbG include a
factor of yb which serves as an order parameter and explicitly appears in a broad class
of ultraviolet (UV) completions that match onto the set of operators in (2.1). See for
example the discussions in [23, 24]. Second, the factors of gs and 1/(4⇡)

2 that arise in

– 3 –

QCD operators 

Have already been considered in ref. [1].

Sources: [1] ArXiv:2204.00663 (U. Haisch, D.J. Scott, M. Wiesemann, G. Zanderighi, S. Zanoli).

Figure 1: Tree-level SMEFT contributions to qq̄ ! Zh production. The diagram on
the left involves an insertion of one of the operators defined in (2.1), while the two graphs
on the right stem from an insertion of one of the operators given in (2.2). The operator
insertions are indicated by the green squares.

article [6]. This basis contains the following three independent operators

QHB = H
†
HBµ⌫B

µ⌫
, QHW = H

†
HW

a

µ⌫W
a,µ⌫

, QHWB = H
†
�
a
HW

a

µ⌫B
µ⌫

, (2.1)

that modify the couplings between the Higgs and two vector bosons at tree level. The SM
Higgs doublet is denoted by H, while Bµ⌫ and W

a
µ⌫ are the U(1)Y and SU(2)L gauge field

strength tensors and �
a are the Pauli matrices. In the case of the operators that result in

couplings between the Higgs, a W or a Z boson and light quarks, we consider the following
four effective interactions

Q
(1)
Hq

= (H†
i

$
DµH)(q̄�µq) , Q

(3)
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= (H†
i

$
D
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DµH)(ū�µu) , QHd = (H†

i

$
DµH)(d̄�µd) ,

where H
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Dµ

�
H and H

†
i

$
D

a
µH = iH

†�
�
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Dµ�

a
�
H with Dµ the

usual covariant derivative. The symbol q denotes left-handed quark doublets, while u and d

are the right-handed quark singlets of up and down type, respectively. Example tree-level
Feynman diagrams that contribute to Zh production and involve an insertion of one of the
operators in (2.1) or (2.2) are displayed in Figure 1.

Besides the two set of operators (2.1) and (2.2) that alter the pp ! V h production
process, we also consider effective interactions that modify the Z ! `

+
`
� and W ! `⌫

decays at tree level. In the Warsaw basis there are three such operators, namely

Q
(1)
H`

= (H†
i
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DµH)(¯̀�µ`) , Q
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$
D
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$
DµH)(ē�µe) . (2.3)

Here ` and e denotes a left-handed lepton doublet and right-handed lepton singlet field,
respectively. Notice that in writing (2.2) and (2.3) we have assumed that the full SMEFT
Lagrangian respects an approximate U(3)5 flavour symmetry which allows us to drop all
flavour indices.

The final type of SMEFT corrections that change the Higgsstrahlungs process indi-
rectly is provided by the Wilson coefficients of the operators that shift the EW SM input
parameters. In order to fully describes these shifts the following two additional operators
are needed at tree level:

QHD = (H†
DµH)⇤(H†

D
µ
H) , Q`` = (¯̀�µ`)(¯̀�

µ
`) . (2.4)
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Figure 1: Tree-level SMEFT contributions to qq̄ ! Zh production. The diagram on
the left involves an insertion of one of the operators defined in (2.1), while the two graphs
on the right stem from an insertion of one of the operators given in (2.2). The operator
insertions are indicated by the green squares.

article [6]. This basis contains the following three independent operators

QHB = H
†
HBµ⌫B

µ⌫
, QHW = H

†
HW

a

µ⌫W
a,µ⌫

, QHWB = H
†
�
a
HW

a

µ⌫B
µ⌫

, (2.1)

that modify the couplings between the Higgs and two vector bosons at tree level. The SM
Higgs doublet is denoted by H, while Bµ⌫ and W

a
µ⌫ are the U(1)Y and SU(2)L gauge field

strength tensors and �
a are the Pauli matrices. In the case of the operators that result in

couplings between the Higgs, a W or a Z boson and light quarks, we consider the following
four effective interactions

Q
(1)
Hq

= (H†
i

$
DµH)(q̄�µq) , Q

(3)
Hq

= (H†
i

$
D

a

µH)(q̄�µ�a
q) ,

(2.2)
QHu = (H†

i

$
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the left involves an insertion of one of the operators defined in (2.1), while the two graphs
on the right stem from an insertion of one of the operators given in (2.2). The operator
insertions are indicated by the green squares.
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DµH)(ē�µe) . (2.3)

Here ` and e denotes a left-handed lepton doublet and right-handed lepton singlet field,
respectively. Notice that in writing (2.2) and (2.3) we have assumed that the full SMEFT
Lagrangian respects an approximate U(3)5 flavour symmetry which allows us to drop all
flavour indices.

The final type of SMEFT corrections that change the Higgsstrahlungs process indi-
rectly is provided by the Wilson coefficients of the operators that shift the EW SM input
parameters. In order to fully describes these shifts the following two additional operators
are needed at tree level:

QHD = (H†
DµH)⇤(H†

D
µ
H) , Q`` = (¯̀�µ`)(¯̀�

µ
`) . (2.4)

– 3 –

V(h)ll

1. Introduction
1.2 Theoretical predictions (BSM)

Figure 1: Tree-level SMEFT contributions to qq̄ ! Zh production. The diagram on
the left involves an insertion of one of the operators defined in (2.1), while the two graphs
on the right stem from an insertion of one of the operators given in (2.2). The operator
insertions are indicated by the green squares.

article [6]. This basis contains the following three independent operators

QHB = H
†
HBµ⌫B

µ⌫
, QHW = H

†
HW

a

µ⌫W
a,µ⌫

, QHWB = H
†
�
a
HW

a

µ⌫B
µ⌫

, (2.1)

that modify the couplings between the Higgs and two vector bosons at tree level. The SM
Higgs doublet is denoted by H, while Bµ⌫ and W

a
µ⌫ are the U(1)Y and SU(2)L gauge field

strength tensors and �
a are the Pauli matrices. In the case of the operators that result in

couplings between the Higgs, a W or a Z boson and light quarks, we consider the following
four effective interactions

Q
(1)
Hq

= (H†
i

$
DµH)(q̄�µq) , Q

(3)
Hq

= (H†
i

$
D

a

µH)(q̄�µ�a
q) ,

(2.2)
QHu = (H†

i

$
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Figure 5: As Figure 4 but for benchmark scenario (4.23) with ⇤ = 1TeV. The yellow
lines correspond to the BSM results.

linear SMEFT effects are largest in the benchmark scenario with C
(3)
Hq

= 0.05 where they
can exceed +50% compared to the SM for pT,Z > 300GeV. The respective effects in the
benchmark scenario with CHd = �0.1 (CHu = 0.1) just correspond to around +7% (+20%).
The observed hierarchy of SMEFT effects can be traced back to the approximate pattern
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Figure 12: As Figure 11 but for benchmark scenario (4.23).

comparisons of SM+SMEFT predictions present in this appendix represent a non-trivial
validation of our new NNLO+PS MC code for Higgsstrahlung.
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NLO EW effects
• EWPO    [(Bellafronte), Dawson, Giardino (1909.02000), (2201.09887), (2304.00029)], 

Partial results: [Hartmann, Shepherd, Trott (1611.09879)], [Biekötter, Pecjak, Scott, Smith (2305.03763)]

•       [(Cullen), (Gauld), Peciak, Scott (1904.06358), (1607.06354), (1512.02508)]

•      [Dawson, Giardino (1807.11504); Dedes et al. (1805.00302); Hartmann, Trott (1507.03568), (1505.02646)]

•     [Corbett, Rasmussen (2110.03694)]  
  On-shell: [Dawson, Giardino (1801.01136); Dedes, Suxho, Trifyllis (1903.12046)]

•     [Dawson, Giardino (1801.01136)]

•  [Dawson, Giardino (1807.11504)] 

• Drell-Yan (partial) [Dawson, Giardino, Ismail (1811.12260)] 
•  [Martini, (Pan), Schulze, (Xiao) (1911.11244), (2104.04277)] 
• 4-quark ops in  [Alasfar, de Blas, Gröber (2202.02333)] 
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How large are the NLO effects?
How are NLO degeneracies affecting global fit results?
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Size of NLO corrections
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Size of NLO SMEFT effects in EWPO

7

[Dawson, Giardino (1909.02000)] 
[Giardino (HEFT2020)]

EW corrections cause up 
to 30% effects in fits!

(8-parameter fit)

https://arxiv.org/abs/1909.02000
https://indico.cern.ch/event/855352/contributions/3759828/
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NLO degeneracies

8

[Dawson, Giardino (1909.02000)] 

EWPO: 10 ops @LO, 32 ops @NLO 
(suppressing flavour indices)

Appendix A: Observables to LO and NLO in the SMEFT

In this appendix, we report the contributions to the observables of Table II using the

definitions of Eq. 17. The contributions to the Z width are,

��(Z ! ⌫⌫)LO =
v2

⇤2

⇢
�0.3318C(1)

�l + 0.1659Cll � 0.0829C�D

�
GeV
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v2
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⇢
�0.3446C(1)

�l + 0.1640Cll � 0.0853C�D � 0.0003C�d � 0.0003C�e

�0.0018C(3)
�l � 0.0073C(1)

�q + 0.0054C(3)
�q + 0.0083C�u � 0.0004Cld

�0.0004Cle � 0.0061C(1)
lq � 0.0061C(3)

lq + 0.008Clu � 0.0002C�⇤ � 0.0001C�W

+0.0063C�WB + 0.0001CuW � 0.0001CW

�
GeV

��(Z ! l+l�)LO =
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�l + 0.114Cll � 0.057C�D

�0.0713C�WB

�
GeV
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�0.0349C�WB � 0.0001C�W � 0.0002Ced � 0.0005Cee + 0.0035Ceu
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�0.0027Cqe � 0.0007CuB � 0.0007CuW � 0.0001CW

�
GeV
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Higgs self coupling [Alasfar, de Blas, Gröber (2202.02333)] 
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41-parameter fit

EWPO+Higgs+Top+Dijets+Flavour+Drell-Yan

Assuming a  symmetry at the high scale
<latexit sha1_base64="IiWt8WE3O2SvEkTl9CnjiHHHE1g=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FX4+MYEMRjBDcJJGuYnUySMbMzy8ysEJaAn+DFgyJe/R9v/o2Tx0ETCxqKqm66u8KYM21c99vJLC2vrK5l13Mbm1vbO/ndvZqWiSLUJ5JL1QixppwJ6htmOG3EiuIo5LQeDq7Gfv2RKs2kuDPDmAYR7gnWZQQbK9X84unx/Vk7X3BL7gRokXgzUoAZqu38V6sjSRJRYQjHWjc9NzZBipVhhNNRrpVoGmMywD3atFTgiOognVw7QkdW6aCuVLaEQRP190SKI62HUWg7I2z6et4bi/95zcR0L4OUiTgxVJDpom7CkZFo/DrqMEWJ4UNLMFHM3opIHytMjA0oZ0Pw5l9eJLWTkndeKt+WC5Xrp2kcWTiAQyiCBxdQgRuogg8EHuAZXuHNkc6L8+58TFszzizCffgD5/MHPnKOrw==</latexit>

U(3)5NLO degeneracies

8

[Dawson, Giardino (1909.02000)] 

EWPO: 10 ops @LO, 32 ops @NLO 
(suppressing flavour indices)

Appendix A: Observables to LO and NLO in the SMEFT

In this appendix, we report the contributions to the observables of Table II using the

definitions of Eq. 17. The contributions to the Z width are,

��(Z ! ⌫⌫)LO =
v2

⇤2

⇢
�0.3318C(1)

�l + 0.1659Cll � 0.0829C�D

�
GeV

��(Z ! ⌫⌫)NLO =
v2

⇤2

⇢
�0.3446C(1)

�l + 0.1640Cll � 0.0853C�D � 0.0003C�d � 0.0003C�e

�0.0018C(3)
�l � 0.0073C(1)

�q + 0.0054C(3)
�q + 0.0083C�u � 0.0004Cld

�0.0004Cle � 0.0061C(1)
lq � 0.0061C(3)

lq + 0.008Clu � 0.0002C�⇤ � 0.0001C�W

+0.0063C�WB + 0.0001CuW � 0.0001CW

�
GeV

��(Z ! l+l�)LO =
v2

⇤2

⇢
�0.1408C�e + 0.191C(1)

�l � 0.037C(3)
�l + 0.114Cll � 0.057C�D

�0.0713C�WB

�
GeV

��(Z ! l+l�)NLO =
v2

⇤2

⇢
�0.1596C�e + 0.1834C(1)

�l � 0.0221C(3)
�l + 0.0985Cll � 0.0508C�D

�0.0349C�WB � 0.0001C�W � 0.0002Ced � 0.0005Cee + 0.0035Ceu

�0.0002C�d � 0.0042C(1)
�q + 0.0032C(3)

�q + 0.0049C�u + 0.0002Cld

+0.0001Cle + 0.0034C(1)
lq � 0.0031C(3)

lq � 0.0045Clu � 0.0001C�⇤

�0.0027Cqe � 0.0007CuB � 0.0007CuW � 0.0001CW

�
GeV

17

Higgs self coupling [Alasfar, de Blas, Gröber (2202.02333)] 

https://arxiv.org/abs/2311.04963
https://arxiv.org/abs/1909.02000
https://arxiv.org/abs/2202.02333


Anke Biekötter - JGU Mainz

C
H

W
B

C
H

D

C
(1

)
H

l

C
(3

)
H

l

C
(1

)
H

q

C
(3

)
H

q

C
H

u

C
H

d

C
H

e

C
0 ll

°0.6

°0.4

°0.2

0.0

0.2

0.4

0.6

95
%

C
L

li
m

it
on

C
/§

2
[T

eV
°

2
]

§ = 4 TeV LO

(part.) NLO

[Bartocci, AB, Hurth (2311.04963)] 

41-parameter fit

EWPO+Higgs+Top+Dijets+Flavour+Drell-Yan

Assuming a  symmetry at the high scale
<latexit sha1_base64="IiWt8WE3O2SvEkTl9CnjiHHHE1g=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FX4+MYEMRjBDcJJGuYnUySMbMzy8ysEJaAn+DFgyJe/R9v/o2Tx0ETCxqKqm66u8KYM21c99vJLC2vrK5l13Mbm1vbO/ndvZqWiSLUJ5JL1QixppwJ6htmOG3EiuIo5LQeDq7Gfv2RKs2kuDPDmAYR7gnWZQQbK9X84unx/Vk7X3BL7gRokXgzUoAZqu38V6sjSRJRYQjHWjc9NzZBipVhhNNRrpVoGmMywD3atFTgiOognVw7QkdW6aCuVLaEQRP190SKI62HUWg7I2z6et4bi/95zcR0L4OUiTgxVJDpom7CkZFo/DrqMEWJ4UNLMFHM3opIHytMjA0oZ0Pw5l9eJLWTkndeKt+WC5Xrp2kcWTiAQyiCBxdQgRuogg8EHuAZXuHNkc6L8+58TFszzizCffgD5/MHPnKOrw==</latexit>

U(3)5NLO degeneracies

8

[Dawson, Giardino (1909.02000)] 

EWPO: 10 ops @LO, 32 ops @NLO 
(suppressing flavour indices)

Appendix A: Observables to LO and NLO in the SMEFT

In this appendix, we report the contributions to the observables of Table II using the

definitions of Eq. 17. The contributions to the Z width are,

��(Z ! ⌫⌫)LO =
v2

⇤2

⇢
�0.3318C(1)

�l + 0.1659Cll � 0.0829C�D

�
GeV

��(Z ! ⌫⌫)NLO =
v2

⇤2

⇢
�0.3446C(1)

�l + 0.1640Cll � 0.0853C�D � 0.0003C�d � 0.0003C�e

�0.0018C(3)
�l � 0.0073C(1)

�q + 0.0054C(3)
�q + 0.0083C�u � 0.0004Cld

�0.0004Cle � 0.0061C(1)
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+0.0063C�WB + 0.0001CuW � 0.0001CW

�
GeV
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v2

⇤2

⇢
�0.1408C�e + 0.191C(1)

�l � 0.037C(3)
�l + 0.114Cll � 0.057C�D

�0.0713C�WB

�
GeV

��(Z ! l+l�)NLO =
v2

⇤2

⇢
�0.1596C�e + 0.1834C(1)

�l � 0.0221C(3)
�l + 0.0985Cll � 0.0508C�D

�0.0349C�WB � 0.0001C�W � 0.0002Ced � 0.0005Cee + 0.0035Ceu

�0.0002C�d � 0.0042C(1)
�q + 0.0032C(3)

�q + 0.0049C�u + 0.0002Cld
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�
GeV
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41-parameter fit

EWPO+Higgs+Top+Dijets+Flavour+Drell-Yan

Assuming a  symmetry at the high scale
<latexit sha1_base64="IiWt8WE3O2SvEkTl9CnjiHHHE1g=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FX4+MYEMRjBDcJJGuYnUySMbMzy8ysEJaAn+DFgyJe/R9v/o2Tx0ETCxqKqm66u8KYM21c99vJLC2vrK5l13Mbm1vbO/ndvZqWiSLUJ5JL1QixppwJ6htmOG3EiuIo5LQeDq7Gfv2RKs2kuDPDmAYR7gnWZQQbK9X84unx/Vk7X3BL7gRokXgzUoAZqu38V6sjSRJRYQjHWjc9NzZBipVhhNNRrpVoGmMywD3atFTgiOognVw7QkdW6aCuVLaEQRP190SKI62HUWg7I2z6et4bi/95zcR0L4OUiTgxVJDpom7CkZFo/DrqMEWJ4UNLMFHM3opIHytMjA0oZ0Pw5l9eJLWTkndeKt+WC5Xrp2kcWTiAQyiCBxdQgRuogg8EHuAZXuHNkc6L8+58TFszzizCffgD5/MHPnKOrw==</latexit>

U(3)5NLO degeneracies

8

[Dawson, Giardino (1909.02000)] 

EWPO: 10 ops @LO, 32 ops @NLO 
(suppressing flavour indices)

Appendix A: Observables to LO and NLO in the SMEFT

In this appendix, we report the contributions to the observables of Table II using the
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Input schemes

10

• Lagrangian written in terms of  
• Choice of input parameters

<latexit sha1_base64="dB+vCYhKLhGLEf8TPGZXRd/86h0=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsgotSZqSoy4IbwU0Fe4HOMGTSTBuauZBkKmWoCL6KGxeKuPUt3Pk2ptMutPVAyMf/n0Nyfj/hTCrL+jaWlldW19YLG8XNre2dXXNvvynjVBDaIDGPRdvHknIW0YZiitN2IigOfU5b/uBq4reGVEgWR3dqlFA3xL2IBYxgpSXPPHQy1PPsMnLK+r5HOQyRM/bMklWx8kKLYM+gBLOqe+aX041JGtJIEY6l7NhWotwMC8UIp+Oik0qaYDLAPdrRGOGQSjfLNxijE610URALfSKFcvX3RIZDKUehrztDrPpy3puI/3mdVAWXbsaiJFU0ItOHgpQjFaNJHKjLBCWKjzRgIpj+KyJ9LDBROrSiDsGeX3kRmmcV+7xSva2WajeP0zgKcATHcAo2XEANrqEODSDwAM/wCm/Gk/FivBsf09YlYxbhAfwp4/MHgmKUzw==</latexit>

{g1, gw, v}

<latexit sha1_base64="yB91FGdTza8p3ZRjtFNBtGBhkqc="></latexit>

{g1, gw, v} ! {input 1, input 2, input 3}

• Typical choices
<latexit sha1_base64="xVaAnpVy8qcGcV+bdEfaTBDQZwE="></latexit>

MW 80.433(9) GeV
MZ 91.1876(21) GeV
GF 1.1663797(6) ⇥10�5 GeV2

↵(MZ) 0.007127(2)

[Brivio et al. (2111.12515)]
WG note recommends 

 
<latexit sha1_base64="zJivrUQYWNYu/ArIHkR9RpTw9bc=">AAACA3icbZBLSwMxFIXv1Fetr1F3ugkWwUUpM1LUZUFQQYQK9oGdYcikaRuaeZBkhDIUuvGvuHGhiFv/hDv/jelD0NYDgY9zbkju8WPOpLKsLyOzsLi0vJJdza2tb2xumds7NRklgtAqiXgkGj6WlLOQVhVTnDZiQXHgc1r3e+ejvP5AhWRReKf6MXUD3AlZmxGstOWZe0566V2gAnIK6Mar/8A9cgaembeK1lhoHuwp5GGqimd+Oq2IJAENFeFYyqZtxcpNsVCMcDrIOYmkMSY93KFNjSEOqHTT8Q4DdKidFmpHQp9QobH7+0aKAyn7ga8nA6y6cjYbmf9lzUS1z9yUhXGiaEgmD7UTjlSERoWgFhOUKN7XgIlg+q+IdLHAROnacroEe3bleagdF+2TYum2lC9fDyd1ZGEfDuAIbDiFMlxBBapAYAhP8AKvxqPxbLwZ75PRjDGtcBf+yPj4BkgUlS4=</latexit>

{GF , MW , MZ}

Considerations:

• Number of Wilson coefficients 
appearing 
(at LO and at higher orders)

• Convergence in term of the 
Wilson coefficients

https://arxiv.org/abs/2111.12515
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Meet the schemes

11

• The  scheme - 
•  and  are renormalised on-shell

•  is renormalised through muon decay

• Sometimes called “  scheme” in the SMEFT

• The  scheme - 
•  and  are renormalised on-shell

•  is renormalised in -lite scheme

• The LEP scheme - 
• Inputs renormalised as above
• Sometimes called “  scheme” in the SMEFT

<latexit sha1_base64="0ZrfvgoCsiSmm9dmAUNI78oHQVA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPPA7BJ6J7PJkNnZZWZWCEvAj/DiQRGv/o03/8bJ46CJBQ1FVTfdXWEquDau++0UVlbX1jeKm6Wt7Z3dvfL+QVMnmaKsQRORqHaImgkuWcNwI1g7VQzjULBWOLye+K1HpjRP5L0ZpSyIsS95xCkaKz34KNIBdv0465YrbtWdgiwTb04qMEe9W/7yewnNYiYNFah1x3NTE+SoDKeCjUt+plmKdIh91rFUYsx0kE8vHpMTq/RIlChb0pCp+nsix1jrURzazhjNQC96E/E/r5OZ6CrIuUwzwySdLYoyQUxCJu+THleMGjGyBKni9lZCB6iQGhtSyYbgLb68TJpnVe+ien53XqndPs3iKMIRHMMpeHAJNbiBOjSAgoRneIU3RzsvzrvzMWstOPMID+EPnM8fyNORbw==</latexit>↵µ
<latexit sha1_base64="zJivrUQYWNYu/ArIHkR9RpTw9bc=">AAACA3icbZBLSwMxFIXv1Fetr1F3ugkWwUUpM1LUZUFQQYQK9oGdYcikaRuaeZBkhDIUuvGvuHGhiFv/hDv/jelD0NYDgY9zbkju8WPOpLKsLyOzsLi0vJJdza2tb2xumds7NRklgtAqiXgkGj6WlLOQVhVTnDZiQXHgc1r3e+ejvP5AhWRReKf6MXUD3AlZmxGstOWZe0566V2gAnIK6Mar/8A9cgaembeK1lhoHuwp5GGqimd+Oq2IJAENFeFYyqZtxcpNsVCMcDrIOYmkMSY93KFNjSEOqHTT8Q4DdKidFmpHQp9QobH7+0aKAyn7ga8nA6y6cjYbmf9lzUS1z9yUhXGiaEgmD7UTjlSERoWgFhOUKN7XgIlg+q+IdLHAROnacroEe3bleagdF+2TYum2lC9fDyd1ZGEfDuAIbDiFMlxBBapAYAhP8AKvxqPxbLwZ75PRjDGtcBf+yPj4BkgUlS4=</latexit>

{GF , MW , MZ}
<latexit sha1_base64="gi+yO8s4W9H2IAureNalydb6hOY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4IIEc0DkiXMTnqTIbOzy8ysEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JEcG1c99vJrayurW/kNwtb2zu7e8X9g4aOU8WwzmIRq1ZANQousW64EdhKFNIoENgMhlcTv/mISvNYPphRgn5E+5KHnFFjpfvbbrNbLLlldwqyTLw5KcEctW7xq9OLWRqhNExQrduemxg/o8pwJnBc6KQaE8qGtI9tSyWNUPvZ9NQxObFKj4SxsiUNmaq/JzIaaT2KAtsZUTPQi95E/M9rpya89DMuk9SgZLNFYSqIicnkb9LjCpkRI0soU9zeStiAKsqMTadgQ/AWX14mjbOyd16u3FVK1ZunWRx5OIJjOAUPLqAK11CDOjDowzO8wpsjnBfn3fmYteaceYSH8AfO5w8vaY4t</latexit>

MW
<latexit sha1_base64="OYl+QB1gdGFxH9kYJHrLuYs7bcE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF0GEiOaByRJmJ7PJkNnZZaZXCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEihUHX/XZyS8srq2v59cLG5tb2TnF3r27iVDNeY7GMdTOghkuheA0FSt5MNKdRIHkjGFyO/cYj10bE6h6HCfcj2lMiFIyile5uOg+dYsktuxOQReLNSAlmqHaKX+1uzNKIK2SSGtPy3AT9jGoUTPJRoZ0anlA2oD3eslTRiBs/m5w6IkdW6ZIw1rYUkon6eyKjkTHDKLCdEcW+mffG4n9eK8Xwws+ESlLkik0XhakkGJPx36QrNGcoh5ZQpoW9lbA+1ZShTadgQ/DmX14k9ZOyd1Y+vT0tVa6fpnHk4QAO4Rg8OIcKXEEVasCgB8/wCm+OdF6cd+dj2ppzZhHuwx84nz8z9Y4w</latexit>

MZ
<latexit sha1_base64="8bdYMzu4b1QcxYNfPebfTgGilb0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAoIKXiOYByRJmJ7PJkNnZZaZXCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEihUHX/XZyS8srq2v59cLG5tb2TnF3r27iVDNeY7GMdTOghkuheA0FSt5MNKdRIHkjGFyO/cYj10bE6gGHCfcj2lMiFIyile6vO1edYsktuxOQReLNSAlmqHaKX+1uzNKIK2SSGtPy3AT9jGoUTPJRoZ0anlA2oD3eslTRiBs/m5w6IkdW6ZIw1rYUkon6eyKjkTHDKLCdEcW+mffG4n9eK8Xwws+ESlLkik0XhakkGJPx36QrNGcoh5ZQpoW9lbA+1ZShTadgQ/DmX14k9ZOyd1Y+vTstVW6fpnHk4QAO4Rg8OIcK3EAVasCgB8/wCm+OdF6cd+dj2ppzZhHuwx84nz8MgY4W</latexit>

GF
<latexit sha1_base64="gi+yO8s4W9H2IAureNalydb6hOY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4IIEc0DkiXMTnqTIbOzy8ysEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JEcG1c99vJrayurW/kNwtb2zu7e8X9g4aOU8WwzmIRq1ZANQousW64EdhKFNIoENgMhlcTv/mISvNYPphRgn5E+5KHnFFjpfvbbrNbLLlldwqyTLw5KcEctW7xq9OLWRqhNExQrduemxg/o8pwJnBc6KQaE8qGtI9tSyWNUPvZ9NQxObFKj4SxsiUNmaq/JzIaaT2KAtsZUTPQi95E/M9rpya89DMuk9SgZLNFYSqIicnkb9LjCpkRI0soU9zeStiAKsqMTadgQ/AWX14mjbOyd16u3FVK1ZunWRx5OIJjOAUPLqAK11CDOjDowzO8wpsjnBfn3fmYteaceYSH8AfO5w8vaY4t</latexit>

MW

<latexit sha1_base64="WMfYlGcAlNZ7QZovB50L+4887Gw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4KXCOYByRJ6J5NkyOzsMDMrhCXgL3jxoIhXv8ebf+PkcdDEgoaiqpvurkgJbqzvf3u5tfWNza38dmFnd2//oHh41DBJqimr00QkuhWhYYJLVrfcCtZSmmEcCdaMRjdTv/nItOGJfLBjxcIYB5L3OUXrpGYHhRoi6RZLftmfgaySYEFKsECtW/zq9BKaxkxaKtCYduArG2aoLaeCTQqd1DCFdIQD1nZUYsxMmM3OnZAzp/RIP9GupCUz9fdEhrEx4zhynTHaoVn2puJ/Xju1/esw41Kllkk6X9RPBbEJmf5OelwzasXYEaSau1sJHaJGal1CBRdCsPzyKmlclIPLcuW+UqrePc3jyMMJnMI5BHAFVbiFGtSBwgie4RXePOW9eO/ex7w15y0iPIY/8D5/AA8Dj9Q=</latexit>↵
<latexit sha1_base64="PIEyKmGwXubcyfAlTXZk7c7apzE=">AAACBnicbZBLSwMxFIXv1Fetr1GXIgSL4KKUGSnqsuBGEKGCfWBnGDJppg3NPEgyQhkKghv/ihsXirj1N7jz35g+BG09EPg454bkHj/hTCrL+jJyC4tLyyv51cLa+sbmlrm905BxKgitk5jHouVjSTmLaF0xxWkrERSHPqdNv38+ypt3VEgWRzdqkFA3xN2IBYxgpS3P3HcyB/Okh1EJOSV05TV/4BY5Q88sWmVrLDQP9hSKMFXNMz+dTkzSkEaKcCxl27YS5WZYKEY4HRacVNIEkz7u0rbGCIdUutl4jSE61E4HBbHQJ1Jo7P6+keFQykHo68kQq56czUbmf1k7VcGZm7EoSRWNyOShIOVIxWjUCeowQYniAw2YCKb/ikgPC0yUbq6gS7BnV56HxnHZPilXrivF6uX9pI487MEBHIENp1CFC6hBHQg8wBO8wKvxaDwbb8b7ZDRnTCvchT8yPr4BFOCWwg==</latexit>

{↵, MW , MZ}
<latexit sha1_base64="gi+yO8s4W9H2IAureNalydb6hOY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4IIEc0DkiXMTnqTIbOzy8ysEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JEcG1c99vJrayurW/kNwtb2zu7e8X9g4aOU8WwzmIRq1ZANQousW64EdhKFNIoENgMhlcTv/mISvNYPphRgn5E+5KHnFFjpfvbbrNbLLlldwqyTLw5KcEctW7xq9OLWRqhNExQrduemxg/o8pwJnBc6KQaE8qGtI9tSyWNUPvZ9NQxObFKj4SxsiUNmaq/JzIaaT2KAtsZUTPQi95E/M9rpya89DMuk9SgZLNFYSqIicnkb9LjCpkRI0soU9zeStiAKsqMTadgQ/AWX14mjbOyd16u3FVK1ZunWRx5OIJjOAUPLqAK11CDOjDowzO8wpsjnBfn3fmYteaceYSH8AfO5w8vaY4t</latexit>

MW
<latexit sha1_base64="OYl+QB1gdGFxH9kYJHrLuYs7bcE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF0GEiOaByRJmJ7PJkNnZZaZXCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEihUHX/XZyS8srq2v59cLG5tb2TnF3r27iVDNeY7GMdTOghkuheA0FSt5MNKdRIHkjGFyO/cYj10bE6h6HCfcj2lMiFIyile5uOg+dYsktuxOQReLNSAlmqHaKX+1uzNKIK2SSGtPy3AT9jGoUTPJRoZ0anlA2oD3eslTRiBs/m5w6IkdW6ZIw1rYUkon6eyKjkTHDKLCdEcW+mffG4n9eK8Xwws+ESlLkik0XhakkGJPx36QrNGcoh5ZQpoW9lbA+1ZShTadgQ/DmX14k9ZOyd1Y+vT0tVa6fpnHk4QAO4Rg8OIcKXEEVasCgB8/wCm+OdF6cd+dj2ppzZhHuwx84nz8z9Y4w</latexit>

MZ
<latexit sha1_base64="WMfYlGcAlNZ7QZovB50L+4887Gw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4KXCOYByRJ6J5NkyOzsMDMrhCXgL3jxoIhXv8ebf+PkcdDEgoaiqpvurkgJbqzvf3u5tfWNza38dmFnd2//oHh41DBJqimr00QkuhWhYYJLVrfcCtZSmmEcCdaMRjdTv/nItOGJfLBjxcIYB5L3OUXrpGYHhRoi6RZLftmfgaySYEFKsECtW/zq9BKaxkxaKtCYduArG2aoLaeCTQqd1DCFdIQD1nZUYsxMmM3OnZAzp/RIP9GupCUz9fdEhrEx4zhynTHaoVn2puJ/Xju1/esw41Kllkk6X9RPBbEJmf5OelwzasXYEaSau1sJHaJGal1CBRdCsPzyKmlclIPLcuW+UqrePc3jyMMJnMI5BHAFVbiFGtSBwgie4RXePOW9eO/ex7w15y0iPIY/8D5/AA8Dj9Q=</latexit>↵

<latexit sha1_base64="Yvll9QfalHJWt+WUSVhtjiQPnfA="></latexit>

MS
<latexit sha1_base64="gOtJdnYl/oIUybVRAWMu2qv2OcI=">AAACBnicbZBLSwMxFIUz9VXra9SlCMEiuChlRoq6LAgqiFDBtmJnGO6kaRuaeZBkhDIUBDf+FTcuFHHrb3DnvzHtdKGtBwIf59yQ3OPHnEllWd9Gbm5+YXEpv1xYWV1b3zA3txoySgShdRLxSNz6IClnIa0rpji9jQWFwOe06fdPR3nzngrJovBGDWLqBtANWYcRUNryzF0ndYDHPcAl7JTwuXeWwZV3h52hZxatsjUWngV7AkU0Uc0zv5x2RJKAhopwkLJlW7FyUxCKEU6HBSeRNAbShy5taQwhoNJNx2sM8b522rgTCX1Chcfu7xspBFIOAl9PBqB6cjobmf9lrUR1TtyUhXGiaEiyhzoJxyrCo05wmwlKFB9oACKY/ismPRBAlG6uoEuwp1eehcZh2T4qV64rxerlQ1ZHHu2gPXSAbHSMqugC1VAdEfSIntErejOejBfj3fjIRnPGpMJt9EfG5w/w1Zar</latexit>

{↵, GF , MZ}

<latexit sha1_base64="WMfYlGcAlNZ7QZovB50L+4887Gw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4KXCOYByRJ6J5NkyOzsMDMrhCXgL3jxoIhXv8ebf+PkcdDEgoaiqpvurkgJbqzvf3u5tfWNza38dmFnd2//oHh41DBJqimr00QkuhWhYYJLVrfcCtZSmmEcCdaMRjdTv/nItOGJfLBjxcIYB5L3OUXrpGYHhRoi6RZLftmfgaySYEFKsECtW/zq9BKaxkxaKtCYduArG2aoLaeCTQqd1DCFdIQD1nZUYsxMmM3OnZAzp/RIP9GupCUz9fdEhrEx4zhynTHaoVn2puJ/Xju1/esw41Kllkk6X9RPBbEJmf5OelwzasXYEaSau1sJHaJGal1CBRdCsPzyKmlclIPLcuW+UqrePc3jyMMJnMI5BHAFVbiFGtSBwgie4RXePOW9eO/ex7w15y0iPIY/8D5/AA8Dj9Q=</latexit>↵

• Wilson coefficients 
renormalised in  scheme

<latexit sha1_base64="+TjBt9U9lWkMbDNexHHNvdS/uO4="></latexit>

MS

[Cullen, Pecjak, Scott (1904.06358)] 

https://arxiv.org/abs/1904.06358
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<latexit sha1_base64="kVpFum5xgCobmkm5nM005H3uwNs=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSZt+lgW3LisYNpiE8pkOmmHTiZhZiKU0L9w40IRt/6NO//G6UNQ0QMXDufcy733hClnSiP0YRU2Nre2d4q7pb39g8Oj8vFJVyWZJNQjCU9kP8SKciaop5nmtJ9KiuOQ0144vVr4vXsqFUvErZ6lNIjxWLCIEayNdOdjnk7w0I+zYbmCbNRsughBZFcbjVrVMcSt1+qoBR0bLVEBa3SG5Xd/lJAspkITjpUaOCjVQY6lZoTTecnPFE0xmeIxHRgqcExVkC8vnsMLo4xglEhTQsOl+n0ix7FSszg0nTHWE/XbW4h/eYNMR60gZyLNNBVktSjKONQJXLwPR0xSovnMEEwkM7dCMsESE21CKpkQvj6F/5Nu1XYatnvjVtpeexVHEZyBc3AJHNAEbXANOsADBAjwAJ7As6WsR+vFel21Fqx1hKfgB6y3TxPlkXg=</latexit>↵µ <latexit sha1_base64="CU4r384TJYwxExSQAOap+ytzkp4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLt9LEsuHFZwWkL7VAyadrGZpIhyQhl6D+4caGIW//HnX9j+hBU9MCFwzn3cu89UcKZNgh9OLmNza3tnfxuYW//4PCoeHzS1jJVhAZEcqm6EdaUM0EDwwyn3URRHEecdqLp1cLv3FOlmRS3ZpbQMMZjwUaMYGOldh/zZIIHxRJyUb3uIwSRW67VKmXPEr9aqaIG9Fy0RAms0RoU3/tDSdKYCkM41rrnocSEGVaGEU7nhX6qaYLJFI9pz1KBY6rDbHntHF5YZQhHUtkSBi7V7xMZjrWexZHtjLGZ6N/eQvzL66Vm1AgzJpLUUEFWi0Yph0bCxetwyBQlhs8swUQxeyskE6wwMTaggg3h61P4P2mXXa/m+jd+qRk0V3HkwRk4B5fAA3XQBNegBQJAwB14AE/g2ZHOo/PivK5ac846wlPwA87bJwI2j7M=</latexit>↵

12

• Inputs 
•  or  is renormalised by 

requiring that Fermi decay is 
exact to all orders

<latexit sha1_base64="zJivrUQYWNYu/ArIHkR9RpTw9bc=">AAACA3icbZBLSwMxFIXv1Fetr1F3ugkWwUUpM1LUZUFQQYQK9oGdYcikaRuaeZBkhDIUuvGvuHGhiFv/hDv/jelD0NYDgY9zbkju8WPOpLKsLyOzsLi0vJJdza2tb2xumds7NRklgtAqiXgkGj6WlLOQVhVTnDZiQXHgc1r3e+ejvP5AhWRReKf6MXUD3AlZmxGstOWZe0566V2gAnIK6Mar/8A9cgaembeK1lhoHuwp5GGqimd+Oq2IJAENFeFYyqZtxcpNsVCMcDrIOYmkMSY93KFNjSEOqHTT8Q4DdKidFmpHQp9QobH7+0aKAyn7ga8nA6y6cjYbmf9lzUS1z9yUhXGiaEgmD7UTjlSERoWgFhOUKN7XgIlg+q+IdLHAROnacroEe3bleagdF+2TYum2lC9fDyd1ZGEfDuAIbDiFMlxBBapAYAhP8AKvxqPxbLwZ75PRjDGtcBf+yPj4BkgUlS4=</latexit>

{GF , MW , MZ}
<latexit sha1_base64="8bdYMzu4b1QcxYNfPebfTgGilb0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAoIKXiOYByRJmJ7PJkNnZZaZXCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEihUHX/XZyS8srq2v59cLG5tb2TnF3r27iVDNeY7GMdTOghkuheA0FSt5MNKdRIHkjGFyO/cYj10bE6gGHCfcj2lMiFIyile6vO1edYsktuxOQReLNSAlmqHaKX+1uzNKIK2SSGtPy3AT9jGoUTPJRoZ0anlA2oD3eslTRiBs/m5w6IkdW6ZIw1rYUkon6eyKjkTHDKLCdEcW+mffG4n9eK8Xwws+ESlLkik0XhakkGJPx36QrNGcoh5ZQpoW9lbA+1ZShTadgQ/DmX14k9ZOyd1Y+vTstVW6fpnHk4QAO4Rg8OIcK3EAVasCgB8/wCm+OdF6cd+dj2ppzZhHuwx84nz8MgY4W</latexit>

GF
<latexit sha1_base64="iCv+Ot/kLaqLH2e5g4mmssNjU/M=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPOAZAmzk9lkyMzsMo9AWAL+ghcPinj1e7z5N84mOWhiQUNR1U13V5Rypo3vf3uFtfWNza3idmlnd2//oHx41NSJVYQ2SMIT1Y6wppxJ2jDMcNpOFcUi4rQVjW5zvzWmSrNEPppJSkOBB5LFjGDjpNa41xUWlXrlil/1Z0CrJFiQCixQ75W/uv2EWEGlIRxr3Qn81IQZVoYRTqelrtU0xWSEB7TjqMSC6jCbnTtFZ07pozhRrqRBM/X3RIaF1hMRuU6BzVAve7n4n9exJr4JMyZTa6gk80Wx5cgkKP8d9ZmixPCJI5go5m5FZIgVJsYllIcQLL+8SpoX1eCqevlwWandP83jKMIJnMI5BHANNbiDOjSAwAie4RXevNR78d69j3lrwVtEeAx/4H3+AKaCj48=</latexit>vµ

<latexit sha1_base64="ucqMk/kF3ZY8NZJv94hOo4qi31Q="></latexit>

1

v2T,0

=
1

v2µ


1� v2µ�v(6,0,µ) � 1

v2µ
�v(4,1,µ)µ ��v(6,1,µ)µ

�

Tree-level
SMEFT

One-loop
SM

One-loop
SMEFT

 scheme
<latexit sha1_base64="kVpFum5xgCobmkm5nM005H3uwNs=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSZt+lgW3LisYNpiE8pkOmmHTiZhZiKU0L9w40IRt/6NO//G6UNQ0QMXDufcy733hClnSiP0YRU2Nre2d4q7pb39g8Oj8vFJVyWZJNQjCU9kP8SKciaop5nmtJ9KiuOQ0144vVr4vXsqFUvErZ6lNIjxWLCIEayNdOdjnk7w0I+zYbmCbNRsughBZFcbjVrVMcSt1+qoBR0bLVEBa3SG5Xd/lJAspkITjpUaOCjVQY6lZoTTecnPFE0xmeIxHRgqcExVkC8vnsMLo4xglEhTQsOl+n0ix7FSszg0nTHWE/XbW4h/eYNMR60gZyLNNBVktSjKONQJXLwPR0xSovnMEEwkM7dCMsESE21CKpkQvj6F/5Nu1XYatnvjVtpeexVHEZyBc3AJHNAEbXANOsADBAjwAJ7As6WsR+vFel21Fqx1hKfgB6y3TxPlkXg=</latexit>↵µ
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<latexit sha1_base64="kVpFum5xgCobmkm5nM005H3uwNs=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSZt+lgW3LisYNpiE8pkOmmHTiZhZiKU0L9w40IRt/6NO//G6UNQ0QMXDufcy733hClnSiP0YRU2Nre2d4q7pb39g8Oj8vFJVyWZJNQjCU9kP8SKciaop5nmtJ9KiuOQ0144vVr4vXsqFUvErZ6lNIjxWLCIEayNdOdjnk7w0I+zYbmCbNRsughBZFcbjVrVMcSt1+qoBR0bLVEBa3SG5Xd/lJAspkITjpUaOCjVQY6lZoTTecnPFE0xmeIxHRgqcExVkC8vnsMLo4xglEhTQsOl+n0ix7FSszg0nTHWE/XbW4h/eYNMR60gZyLNNBVktSjKONQJXLwPR0xSovnMEEwkM7dCMsESE21CKpkQvj6F/5Nu1XYatnvjVtpeexVHEZyBc3AJHNAEbXANOsADBAjwAJ7As6WsR+vFel21Fqx1hKfgB6y3TxPlkXg=</latexit>↵µ <latexit sha1_base64="CU4r384TJYwxExSQAOap+ytzkp4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLt9LEsuHFZwWkL7VAyadrGZpIhyQhl6D+4caGIW//HnX9j+hBU9MCFwzn3cu89UcKZNgh9OLmNza3tnfxuYW//4PCoeHzS1jJVhAZEcqm6EdaUM0EDwwyn3URRHEecdqLp1cLv3FOlmRS3ZpbQMMZjwUaMYGOldh/zZIIHxRJyUb3uIwSRW67VKmXPEr9aqaIG9Fy0RAms0RoU3/tDSdKYCkM41rrnocSEGVaGEU7nhX6qaYLJFI9pz1KBY6rDbHntHF5YZQhHUtkSBi7V7xMZjrWexZHtjLGZ6N/eQvzL66Vm1AgzJpLUUEFWi0Yph0bCxetwyBQlhs8swUQxeyskE6wwMTaggg3h61P4P2mXXa/m+jd+qRk0V3HkwRk4B5fAA3XQBNegBQJAwB14AE/g2ZHOo/PivK5ac846wlPwA87bJwI2j7M=</latexit>↵

12

• Inputs 
•  or  is renormalised by 

requiring that Fermi decay is 
exact to all orders

<latexit sha1_base64="zJivrUQYWNYu/ArIHkR9RpTw9bc=">AAACA3icbZBLSwMxFIXv1Fetr1F3ugkWwUUpM1LUZUFQQYQK9oGdYcikaRuaeZBkhDIUuvGvuHGhiFv/hDv/jelD0NYDgY9zbkju8WPOpLKsLyOzsLi0vJJdza2tb2xumds7NRklgtAqiXgkGj6WlLOQVhVTnDZiQXHgc1r3e+ejvP5AhWRReKf6MXUD3AlZmxGstOWZe0566V2gAnIK6Mar/8A9cgaembeK1lhoHuwp5GGqimd+Oq2IJAENFeFYyqZtxcpNsVCMcDrIOYmkMSY93KFNjSEOqHTT8Q4DdKidFmpHQp9QobH7+0aKAyn7ga8nA6y6cjYbmf9lzUS1z9yUhXGiaEgmD7UTjlSERoWgFhOUKN7XgIlg+q+IdLHAROnacroEe3bleagdF+2TYum2lC9fDyd1ZGEfDuAIbDiFMlxBBapAYAhP8AKvxqPxbLwZ75PRjDGtcBf+yPj4BkgUlS4=</latexit>

{GF , MW , MZ}
<latexit sha1_base64="8bdYMzu4b1QcxYNfPebfTgGilb0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAoIKXiOYByRJmJ7PJkNnZZaZXCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEihUHX/XZyS8srq2v59cLG5tb2TnF3r27iVDNeY7GMdTOghkuheA0FSt5MNKdRIHkjGFyO/cYj10bE6gGHCfcj2lMiFIyile6vO1edYsktuxOQReLNSAlmqHaKX+1uzNKIK2SSGtPy3AT9jGoUTPJRoZ0anlA2oD3eslTRiBs/m5w6IkdW6ZIw1rYUkon6eyKjkTHDKLCdEcW+mffG4n9eK8Xwws+ESlLkik0XhakkGJPx36QrNGcoh5ZQpoW9lbA+1ZShTadgQ/DmX14k9ZOyd1Y+vTstVW6fpnHk4QAO4Rg8OIcK3EAVasCgB8/wCm+OdF6cd+dj2ppzZhHuwx84nz8MgY4W</latexit>

GF
<latexit sha1_base64="iCv+Ot/kLaqLH2e5g4mmssNjU/M=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPOAZAmzk9lkyMzsMo9AWAL+ghcPinj1e7z5N84mOWhiQUNR1U13V5Rypo3vf3uFtfWNza3idmlnd2//oHx41NSJVYQ2SMIT1Y6wppxJ2jDMcNpOFcUi4rQVjW5zvzWmSrNEPppJSkOBB5LFjGDjpNa41xUWlXrlil/1Z0CrJFiQCixQ75W/uv2EWEGlIRxr3Qn81IQZVoYRTqelrtU0xWSEB7TjqMSC6jCbnTtFZ07pozhRrqRBM/X3RIaF1hMRuU6BzVAve7n4n9exJr4JMyZTa6gk80Wx5cgkKP8d9ZmixPCJI5go5m5FZIgVJsYllIcQLL+8SpoX1eCqevlwWandP83jKMIJnMI5BHANNbiDOjSAwAie4RXevNR78d69j3lrwVtEeAx/4H3+AKaCj48=</latexit>vµ

<latexit sha1_base64="ucqMk/kF3ZY8NZJv94hOo4qi31Q="></latexit>

1
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1
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v2µ
�v(4,1,µ)µ ��v(6,1,µ)µ

�

Tree-level
SMEFT
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SM

One-loop
SMEFT

 scheme
<latexit sha1_base64="kVpFum5xgCobmkm5nM005H3uwNs=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSZt+lgW3LisYNpiE8pkOmmHTiZhZiKU0L9w40IRt/6NO//G6UNQ0QMXDufcy733hClnSiP0YRU2Nre2d4q7pb39g8Oj8vFJVyWZJNQjCU9kP8SKciaop5nmtJ9KiuOQ0144vVr4vXsqFUvErZ6lNIjxWLCIEayNdOdjnk7w0I+zYbmCbNRsughBZFcbjVrVMcSt1+qoBR0bLVEBa3SG5Xd/lJAspkITjpUaOCjVQY6lZoTTecnPFE0xmeIxHRgqcExVkC8vnsMLo4xglEhTQsOl+n0ix7FSszg0nTHWE/XbW4h/eYNMR60gZyLNNBVktSjKONQJXLwPR0xSovnMEEwkM7dCMsESE21CKpkQvj6F/5Nu1XYatnvjVtpeexVHEZyBc3AJHNAEbXANOsADBAjwAJ7As6WsR+vFel21Fqx1hKfgB6y3TxPlkXg=</latexit>↵µ

µ

‹̄e

‹µ

e

µ ‹̄e

‹µ

e

<latexit sha1_base64="cB6IytqABgRdz1PilKrqtGEhQjM="></latexit>

�v(6,0,µ) = C(3)
Hl
11

+ C(3)
Hl
22

� C ll
1221
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<latexit sha1_base64="kVpFum5xgCobmkm5nM005H3uwNs=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSZt+lgW3LisYNpiE8pkOmmHTiZhZiKU0L9w40IRt/6NO//G6UNQ0QMXDufcy733hClnSiP0YRU2Nre2d4q7pb39g8Oj8vFJVyWZJNQjCU9kP8SKciaop5nmtJ9KiuOQ0144vVr4vXsqFUvErZ6lNIjxWLCIEayNdOdjnk7w0I+zYbmCbNRsughBZFcbjVrVMcSt1+qoBR0bLVEBa3SG5Xd/lJAspkITjpUaOCjVQY6lZoTTecnPFE0xmeIxHRgqcExVkC8vnsMLo4xglEhTQsOl+n0ix7FSszg0nTHWE/XbW4h/eYNMR60gZyLNNBVktSjKONQJXLwPR0xSovnMEEwkM7dCMsESE21CKpkQvj6F/5Nu1XYatnvjVtpeexVHEZyBc3AJHNAEbXANOsADBAjwAJ7As6WsR+vFel21Fqx1hKfgB6y3TxPlkXg=</latexit>↵µ <latexit sha1_base64="CU4r384TJYwxExSQAOap+ytzkp4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLt9LEsuHFZwWkL7VAyadrGZpIhyQhl6D+4caGIW//HnX9j+hBU9MCFwzn3cu89UcKZNgh9OLmNza3tnfxuYW//4PCoeHzS1jJVhAZEcqm6EdaUM0EDwwyn3URRHEecdqLp1cLv3FOlmRS3ZpbQMMZjwUaMYGOldh/zZIIHxRJyUb3uIwSRW67VKmXPEr9aqaIG9Fy0RAms0RoU3/tDSdKYCkM41rrnocSEGVaGEU7nhX6qaYLJFI9pz1KBY6rDbHntHF5YZQhHUtkSBi7V7xMZjrWexZHtjLGZ6N/eQvzL66Vm1AgzJpLUUEFWi0Yph0bCxetwyBQlhs8swUQxeyskE6wwMTaggg3h61P4P2mXXa/m+jd+qRk0V3HkwRk4B5fAA3XQBNegBQJAwB14AE/g2ZHOo/PivK5ac846wlPwA87bJwI2j7M=</latexit>↵

12

• Inputs 
•  or  is renormalised by 

requiring that Fermi decay is 
exact to all orders

<latexit sha1_base64="zJivrUQYWNYu/ArIHkR9RpTw9bc=">AAACA3icbZBLSwMxFIXv1Fetr1F3ugkWwUUpM1LUZUFQQYQK9oGdYcikaRuaeZBkhDIUuvGvuHGhiFv/hDv/jelD0NYDgY9zbkju8WPOpLKsLyOzsLi0vJJdza2tb2xumds7NRklgtAqiXgkGj6WlLOQVhVTnDZiQXHgc1r3e+ejvP5AhWRReKf6MXUD3AlZmxGstOWZe0566V2gAnIK6Mar/8A9cgaembeK1lhoHuwp5GGqimd+Oq2IJAENFeFYyqZtxcpNsVCMcDrIOYmkMSY93KFNjSEOqHTT8Q4DdKidFmpHQp9QobH7+0aKAyn7ga8nA6y6cjYbmf9lzUS1z9yUhXGiaEgmD7UTjlSERoWgFhOUKN7XgIlg+q+IdLHAROnacroEe3bleagdF+2TYum2lC9fDyd1ZGEfDuAIbDiFMlxBBapAYAhP8AKvxqPxbLwZ75PRjDGtcBf+yPj4BkgUlS4=</latexit>

{GF , MW , MZ}
<latexit sha1_base64="8bdYMzu4b1QcxYNfPebfTgGilb0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAoIKXiOYByRJmJ7PJkNnZZaZXCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEihUHX/XZyS8srq2v59cLG5tb2TnF3r27iVDNeY7GMdTOghkuheA0FSt5MNKdRIHkjGFyO/cYj10bE6gGHCfcj2lMiFIyile6vO1edYsktuxOQReLNSAlmqHaKX+1uzNKIK2SSGtPy3AT9jGoUTPJRoZ0anlA2oD3eslTRiBs/m5w6IkdW6ZIw1rYUkon6eyKjkTHDKLCdEcW+mffG4n9eK8Xwws+ESlLkik0XhakkGJPx36QrNGcoh5ZQpoW9lbA+1ZShTadgQ/DmX14k9ZOyd1Y+vTstVW6fpnHk4QAO4Rg8OIcK3EAVasCgB8/wCm+OdF6cd+dj2ppzZhHuwx84nz8MgY4W</latexit>

GF
<latexit sha1_base64="iCv+Ot/kLaqLH2e5g4mmssNjU/M=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPOAZAmzk9lkyMzsMo9AWAL+ghcPinj1e7z5N84mOWhiQUNR1U13V5Rypo3vf3uFtfWNza3idmlnd2//oHx41NSJVYQ2SMIT1Y6wppxJ2jDMcNpOFcUi4rQVjW5zvzWmSrNEPppJSkOBB5LFjGDjpNa41xUWlXrlil/1Z0CrJFiQCixQ75W/uv2EWEGlIRxr3Qn81IQZVoYRTqelrtU0xWSEB7TjqMSC6jCbnTtFZ07pozhRrqRBM/X3RIaF1hMRuU6BzVAve7n4n9exJr4JMyZTa6gk80Wx5cgkKP8d9ZmixPCJI5go5m5FZIgVJsYllIcQLL+8SpoX1eCqevlwWandP83jKMIJnMI5BHANNbiDOjSAwAie4RXevNR78d69j3lrwVtEeAx/4H3+AKaCj48=</latexit>vµ

<latexit sha1_base64="ucqMk/kF3ZY8NZJv94hOo4qi31Q="></latexit>

1
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v2µ
�v(4,1,µ)µ ��v(6,1,µ)µ

�

Tree-level
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One-loop
SMEFT

 scheme
<latexit sha1_base64="kVpFum5xgCobmkm5nM005H3uwNs=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSZt+lgW3LisYNpiE8pkOmmHTiZhZiKU0L9w40IRt/6NO//G6UNQ0QMXDufcy733hClnSiP0YRU2Nre2d4q7pb39g8Oj8vFJVyWZJNQjCU9kP8SKciaop5nmtJ9KiuOQ0144vVr4vXsqFUvErZ6lNIjxWLCIEayNdOdjnk7w0I+zYbmCbNRsughBZFcbjVrVMcSt1+qoBR0bLVEBa3SG5Xd/lJAspkITjpUaOCjVQY6lZoTTecnPFE0xmeIxHRgqcExVkC8vnsMLo4xglEhTQsOl+n0ix7FSszg0nTHWE/XbW4h/eYNMR60gZyLNNBVktSjKONQJXLwPR0xSovnMEEwkM7dCMsESE21CKpkQvj6F/5Nu1XYatnvjVtpeexVHEZyBc3AJHNAEbXANOsADBAjwAJ7As6WsR+vFel21Fqx1hKfgB6y3TxPlkXg=</latexit>↵µ

• Inputs 
• Differs from the  scheme through 

the way we renormalise the vev
•  is a derived parameter

<latexit sha1_base64="PIEyKmGwXubcyfAlTXZk7c7apzE=">AAACBnicbZBLSwMxFIXv1Fetr1GXIgSL4KKUGSnqsuBGEKGCfWBnGDJppg3NPEgyQhkKghv/ihsXirj1N7jz35g+BG09EPg454bkHj/hTCrL+jJyC4tLyyv51cLa+sbmlrm905BxKgitk5jHouVjSTmLaF0xxWkrERSHPqdNv38+ypt3VEgWRzdqkFA3xN2IBYxgpS3P3HcyB/Okh1EJOSV05TV/4BY5Q88sWmVrLDQP9hSKMFXNMz+dTkzSkEaKcCxl27YS5WZYKEY4HRacVNIEkz7u0rbGCIdUutl4jSE61E4HBbHQJ1Jo7P6+keFQykHo68kQq56czUbmf1k7VcGZm7EoSRWNyOShIOVIxWjUCeowQYniAw2YCKb/ikgPC0yUbq6gS7BnV56HxnHZPilXrivF6uX9pI487MEBHIENp1CFC6hBHQg8wBO8wKvxaDwbb8b7ZDRnTCvchT8yPr4BFOCWwg==</latexit>

{↵, MW , MZ}
<latexit sha1_base64="YvODkYLUQuxhiC28ZO2hdK4f6io=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMFHVZcCO4qWAf0BnKnTRtQ5NMyEMoQ8Ff4caFIm79M+78N860XWjrgcDHOTfk5sSKM2N9/9srrK1vbG4Vt0s7u3v7B+XDo5ZJnCa0SRKe6E4MhnImadMyy2lHaQoi5rQdj2/yvP1ItWGJfLATRSMBQ8kGjIDNrDAErkbQC4XDpV654lf9mfAqBAuooIUavfJX2E+IE1RawsGYbuArG6WgLSOcTkuhM1QBGcOQdjOUIKiJ0tnOU3yWOX08SHR2pMUz9/eNFIQxExFnkwLsyCxnuflf1nV2cB2lTCpnqSTzhwaOY5vgvADcZ5oSyycZANEs2xWTEWggNqspLyFY/vIqtC6qwWW1dl+r1O+e5nUU0Qk6RecoQFeojm5RAzURQQo9o1f05jnvxXv3PuajBW9R4TH6I+/zB1qWka0=</latexit>↵µ

<latexit sha1_base64="vyOqtuzyIGOn96S47WlCQQqRxaU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4KXCOYhyRJ6J7PJkJndZWY2EJaA/+DFgyJe/Rxv/o2Tx0ETCxqKqm66u4JEcG1c99vJra1vbG7ltws7u3v7B8XDo4aOU0VZncYiVq0ANRM8YnXDjWCtRDGUgWDNYHgz9ZsjpjSPowczTpgvsR/xkFM0VnocdTsokgGSbrHklt0ZyCrxFqQEC9S6xa9OL6apZJGhArVue25i/AyV4VSwSaGTapYgHWKftS2NUDLtZ7ODJ+TMKj0SxspWZMhM/T2RodR6LAPbKdEM9LI3Ff/z2qkJr/2MR0lqWETni8JUEBOT6fekxxWjRowtQaq4vZXQASqkxmZUsCF4yy+vksZF2bssV+4rperd0zyOPJzAKZyDB1dQhVuoQR0oSHiGV3hzlPPivDsf89acs4jwGP7A+fwBohGQvQ==</latexit>v↵

<latexit sha1_base64="V15FggEDbNI/0LMUUQ305Ob5F6o="></latexit>

�v↵
v↵

⌘ �MW

MW
+

�sW
sW

� �e

e

 scheme<latexit sha1_base64="CU4r384TJYwxExSQAOap+ytzkp4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLt9LEsuHFZwWkL7VAyadrGZpIhyQhl6D+4caGIW//HnX9j+hBU9MCFwzn3cu89UcKZNgh9OLmNza3tnfxuYW//4PCoeHzS1jJVhAZEcqm6EdaUM0EDwwyn3URRHEecdqLp1cLv3FOlmRS3ZpbQMMZjwUaMYGOldh/zZIIHxRJyUb3uIwSRW67VKmXPEr9aqaIG9Fy0RAms0RoU3/tDSdKYCkM41rrnocSEGVaGEU7nhX6qaYLJFI9pz1KBY6rDbHntHF5YZQhHUtkSBi7V7xMZjrWexZHtjLGZ6N/eQvzL66Vm1AgzJpLUUEFWi0Yph0bCxetwyBQlhs8swUQxeyskE6wwMTaggg3h61P4P2mXXa/m+jd+qRk0V3HkwRk4B5fAA3XQBNegBQJAwB14AE/g2ZHOo/PivK5ac846wlPwA87bJwI2j7M=</latexit>↵

<latexit sha1_base64="flaiTfU1X57e6X3KFq728oIw+Aw=">AAACGXicbZBNS8MwHMZTX+d8q3r0EhyCp9GOoV6EgRdBhAluHaylpFm6haVpTdLBKAU/hRe/ihcPinjUk9/GdNtBN/8QeHieJyT/X5AwKpVlfRtLyyura+uljfLm1vbOrrm335ZxKjBp4ZjFohMgSRjlpKWoYqSTCIKigBEnGF4WuTMiQtKY36lxQrwI9TkNKUZKW75pjXwXsWSA4AV0Q4FwVoM3vgOl7+SZK++FyupuQuG0lOdl36xYVWsycFHYM1EBs2n65qfbi3EaEa4wQ1J2bStRXoaEopiRvOymkiQID1GfdLXkKCLSyyab5fBYOz0YxkIfruDE/X0jQ5GU4yjQzQipgZzPCvO/rJuq8NzLKE9SRTiePhSmDKoYFphgjwqCFRtrgbCg+q8QD5DmozTMAoI9v/KiaNeq9mm1fluvNK4fpjhK4BAcgRNggzPQAFegCVoAg0fwDF7Bm/FkvBjvxse0umTMEB6AP2N8/QByFKBq</latexit>

v↵ =
2MW sWp

4⇡↵

<latexit sha1_base64="tihbqNFihjDXgfKD3WtIyrDqPsY="></latexit>

v2↵
v2µ

⌘ 1 +�r
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• Tadpole and divergence free
• Look at decay rates

•
•
•

<latexit sha1_base64="T3UXKdWH3xiEo9mPK1GtlbylEXM=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4KXCOYB2SXMTmaTIbOz60xvIISAf+HFgyJe/Rhv/o2Tx0ETCxqKqm66u8JUCoOu++3k1tY3Nrfy24Wd3b39g+LhUcMkmWa8zhKZ6FZIDZdC8ToKlLyVak7jUPJmOLiZ+s0h10Yk6gFHKQ9i2lMiEoyilYIm8TEhkvgq68hOseSW3RnIKvEWpAQL1DrFL7+bsCzmCpmkxrQ9N8VgTDUKJvmk4GeGp5QNaI+3LVU05iYYz46ekDOrdEmUaFsKyUz9PTGmsTGjOLSdMcW+Wfam4n9eO8PoOhgLlWbIFZsvijJJ7KPTBEhXaM5QjiyhTAt7K2F9qilDm1PBhuAtv7xKGhdl77Jcua+UqndP8zjycAKncA4eXEEVbqEGdWDwCM/wCm/O0Hlx3p2PeWvOWUR4DH/gfP4A4/uR+g==</latexit>

W ! l⌫l
<latexit sha1_base64="2YmeWRhNdHyI2EZNXa3rd5o3RuI=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMgiGFXgnoMeBG8RDAPTNYwO5lNhszMrjOzgbAE/AsvHhTx6sd482+cPA6aWNBQVHXT3RXEnGnjut9OZml5ZXUtu57b2Nza3snv7tV0lChCqyTikWoEWFPOJK0aZjhtxIpiEXBaD/pXY78+oEqzSN6ZYUx9gbuShYxgYyX/HrVMhPjDia3Tdr7gFt0J0CLxZqQAM1Ta+a9WJyKJoNIQjrVuem5s/BQrwwino1wr0TTGpI+7tGmpxIJqP50cPUJHVumgMFK2pEET9fdEioXWQxHYToFNT897Y/E/r5mY8NJPmYwTQyWZLgoTjuyj4wRQhylKDB9agoli9lZEelhhYmxOORuCN//yIqmdFb3zYum2VCjfPE3jyMIBHMIxeHABZbiGClSBwCM8wyu8OQPnxXl3PqatGWcW4T78gfP5Axb4kXM=</latexit>

Z ! l+l�
<latexit sha1_base64="tfAONEUY4h6EYvXhi0S1g797fho=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuiHoMeAl4iWAekF3CzGQ2GTI7u8zMCnEJ+B9ePCji1U/x5t84eRw0saChqOqmu4ukgmvjed9OYW19Y3OruF3a2d3bL7sHhy2dZIqyJk1EojoEaya4ZE3DjWCdVDEcE8HaZHQz9dsPTGmeyHszTlkY44HkEafYWKnnlusoMAkiKCBY5WTScyte1ZsBrRJ/QSqwQKPnfgX9hGYxk4YKrHXX91IT5lgZTgWblIJMsxTTER6wrqUSx0yH+ezwCTq1Sh9FibIlDZqpvydyHGs9jontjLEZ6mVvKv7ndTMTXYc5l2lmmKTzRVEmkH11mgLqc8WoEWNLMFXc3oroECtMjc2qZEPwl19eJa3zqn9Zvbi7qNRun+ZxFOEYTuAMfLiCGtShAU2gkMEzvMKb8+i8OO/Ox7y14CwiPII/cD5/ANzLkwc=</latexit>

H ! bb̄ [Cullen, Pecjak, Scott (1512.02508)]

[Dawson, Giardino (1909.02000), (2201.09887)]

• Process dependent pieces and scheme dependent pieces
• Counterterms contain tadpoles and divergences

Physical processes

<latexit sha1_base64="TD0EdGmeOFp98f+7Wn2P2w2APok="></latexit>

�(4,0)
W⌧⌫ =

MW

12⇡

M2
W

v2T

https://arxiv.org/abs/1512.02508
https://arxiv.org/abs/1909.02000
https://arxiv.org/abs/2201.09887
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<latexit sha1_base64="UCwkZslFk5jKh1bHIB4w/E59VFI="></latexit>

M2
W,0

v2T,0

zW

����
mt!1

⌘ M2
W

v2�


1 + v2�K

(6,0,�)
W +

1

v2�
K(4,1,�)

W +K(6,1,�)
W

�

<latexit sha1_base64="0fpZ1nsl7QnpnCAl01Ada557bc8="></latexit>

K(4,1,�)
W = ��v(4,1,�)�,t + 2�M (4,1)

W,t

<latexit sha1_base64="cSZPZEq0du1L8l2dgkmJOVOjLx4="></latexit>

K(4,1,↵)
W = �r(4,1)t ⇡ �3.4%

K(4,1,µ)
W = 0

K̂(4,1,µ)
W = � s2w

c2w
�r(4,1)t ⇡ 1.5%

<latexit sha1_base64="tihbqNFihjDXgfKD3WtIyrDqPsY="></latexit>

v2↵
v2µ

⌘ 1 +�r

Tadpole and divergence 
free

µ

‹e

‹µ

W

e

t

b

W

t

W

b
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<latexit sha1_base64="MqQlJNyNQFudvYGyRkDN2DrZmnE="></latexit>

�(4,0)
W⌧⌫

+ �(6,0)
W⌧⌫

=
MW

12⇡

M2
W

v2
T

✓
1 + 2v2

T
C(3)

Hl
33

◆
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<latexit sha1_base64="MqQlJNyNQFudvYGyRkDN2DrZmnE="></latexit>

�(4,0)
W⌧⌫

+ �(6,0)
W⌧⌫

=
MW

12⇡

M2
W

v2
T

✓
1 + 2v2

T
C(3)

Hl
33

◆

No large MT 
contribution
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<latexit sha1_base64="MqQlJNyNQFudvYGyRkDN2DrZmnE="></latexit>

�(4,0)
W⌧⌫

+ �(6,0)
W⌧⌫

=
MW

12⇡

M2
W

v2
T

✓
1 + 2v2

T
C(3)

Hl
33

◆

No vT 
dependence

No large MT 
contribution
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<latexit sha1_base64="MqQlJNyNQFudvYGyRkDN2DrZmnE="></latexit>

�(4,0)
W⌧⌫

+ �(6,0)
W⌧⌫

=
MW

12⇡

M2
W

v2
T

✓
1 + 2v2

T
C(3)

Hl
33

◆

No vT 
dependence

Similar MW 
dependence

No large MT 
contribution
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H decay  scheme - SMEFT<latexit sha1_base64="CU4r384TJYwxExSQAOap+ytzkp4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLt9LEsuHFZwWkL7VAyadrGZpIhyQhl6D+4caGIW//HnX9j+hBU9MCFwzn3cu89UcKZNgh9OLmNza3tnfxuYW//4PCoeHzS1jJVhAZEcqm6EdaUM0EDwwyn3URRHEecdqLp1cLv3FOlmRS3ZpbQMMZjwUaMYGOldh/zZIIHxRJyUb3uIwSRW67VKmXPEr9aqaIG9Fy0RAms0RoU3/tDSdKYCkM41rrnocSEGVaGEU7nhX6qaYLJFI9pz1KBY6rDbHntHF5YZQhHUtkSBi7V7xMZjrWexZHtjLGZ6N/eQvzL66Vm1AgzJpLUUEFWi0Yph0bCxetwyBQlhs8swUQxeyskE6wwMTaggg3h61P4P2mXXa/m+jd+qRk0V3HkwRk4B5fAA3XQBNegBQJAwB14AE/g2ZHOo/PivK5ac846wlPwA87bJwI2j7M=</latexit>↵

16

<latexit sha1_base64="cLVxdtWrZdwGUJ+MZXu2etf/1ec="></latexit>

�s

hbb̄

����
mt!1

=
3m2

b
MH

8⇡v2
�


1 + v2

�

⇣
K(6,0)

H
+K(6,0,�)

W

⌘
+

1

v2
�

⇣
K(4,1)

H
+K(4,1,�)

W

⌘

+K(6,1)
H

+�K(6,1,�)
H

�
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H decay  scheme - SMEFT<latexit sha1_base64="CU4r384TJYwxExSQAOap+ytzkp4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLt9LEsuHFZwWkL7VAyadrGZpIhyQhl6D+4caGIW//HnX9j+hBU9MCFwzn3cu89UcKZNgh9OLmNza3tnfxuYW//4PCoeHzS1jJVhAZEcqm6EdaUM0EDwwyn3URRHEecdqLp1cLv3FOlmRS3ZpbQMMZjwUaMYGOldh/zZIIHxRJyUb3uIwSRW67VKmXPEr9aqaIG9Fy0RAms0RoU3/tDSdKYCkM41rrnocSEGVaGEU7nhX6qaYLJFI9pz1KBY6rDbHntHF5YZQhHUtkSBi7V7xMZjrWexZHtjLGZ6N/eQvzL66Vm1AgzJpLUUEFWi0Yph0bCxetwyBQlhs8swUQxeyskE6wwMTaggg3h61P4P2mXXa/m+jd+qRk0V3HkwRk4B5fAA3XQBNegBQJAwB14AE/g2ZHOo/PivK5ac846wlPwA87bJwI2j7M=</latexit>↵

16

<latexit sha1_base64="cLVxdtWrZdwGUJ+MZXu2etf/1ec="></latexit>

�s

hbb̄

����
mt!1

=
3m2

b
MH

8⇡v2
�


1 + v2

�

⇣
K(6,0)

H
+K(6,0,�)

W

⌘
+

1

v2
�

⇣
K(4,1)

H
+K(4,1,�)

W

⌘

+K(6,1)
H

+�K(6,1,�)
H

�

Scheme 
independent

Scheme 
dependent
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H decay  scheme - SMEFT<latexit sha1_base64="CU4r384TJYwxExSQAOap+ytzkp4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLt9LEsuHFZwWkL7VAyadrGZpIhyQhl6D+4caGIW//HnX9j+hBU9MCFwzn3cu89UcKZNgh9OLmNza3tnfxuYW//4PCoeHzS1jJVhAZEcqm6EdaUM0EDwwyn3URRHEecdqLp1cLv3FOlmRS3ZpbQMMZjwUaMYGOldh/zZIIHxRJyUb3uIwSRW67VKmXPEr9aqaIG9Fy0RAms0RoU3/tDSdKYCkM41rrnocSEGVaGEU7nhX6qaYLJFI9pz1KBY6rDbHntHF5YZQhHUtkSBi7V7xMZjrWexZHtjLGZ6N/eQvzL66Vm1AgzJpLUUEFWi0Yph0bCxetwyBQlhs8swUQxeyskE6wwMTaggg3h61P4P2mXXa/m+jd+qRk0V3HkwRk4B5fAA3XQBNegBQJAwB14AE/g2ZHOo/PivK5ac846wlPwA87bJwI2j7M=</latexit>↵

16

<latexit sha1_base64="cLVxdtWrZdwGUJ+MZXu2etf/1ec="></latexit>

�s

hbb̄

����
mt!1

=
3m2

b
MH

8⇡v2
�


1 + v2

�

⇣
K(6,0)

H
+K(6,0,�)

W

⌘
+

1

v2
�

⇣
K(4,1)

H
+K(4,1,�)

W

⌘

+K(6,1)
H

+�K(6,1,�)
H

�

Scheme 
independent

Scheme 
dependent

<latexit sha1_base64="+o6n2g5jLxm6q7tKET4lPUu5Ai4="></latexit>

�K(6,1,�)
H

= K(6,1,�)
W

+ 2K(4,1)
H

K(6,0,�)
W

+
1p
2

v�
mb

K(4,1,�)
W

CdH
33
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H decay  scheme - SMEFT<latexit sha1_base64="CU4r384TJYwxExSQAOap+ytzkp4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLt9LEsuHFZwWkL7VAyadrGZpIhyQhl6D+4caGIW//HnX9j+hBU9MCFwzn3cu89UcKZNgh9OLmNza3tnfxuYW//4PCoeHzS1jJVhAZEcqm6EdaUM0EDwwyn3URRHEecdqLp1cLv3FOlmRS3ZpbQMMZjwUaMYGOldh/zZIIHxRJyUb3uIwSRW67VKmXPEr9aqaIG9Fy0RAms0RoU3/tDSdKYCkM41rrnocSEGVaGEU7nhX6qaYLJFI9pz1KBY6rDbHntHF5YZQhHUtkSBi7V7xMZjrWexZHtjLGZ6N/eQvzL66Vm1AgzJpLUUEFWi0Yph0bCxetwyBQlhs8swUQxeyskE6wwMTaggg3h61P4P2mXXa/m+jd+qRk0V3HkwRk4B5fAA3XQBNegBQJAwB14AE/g2ZHOo/PivK5ac846wlPwA87bJwI2j7M=</latexit>↵

16

<latexit sha1_base64="cLVxdtWrZdwGUJ+MZXu2etf/1ec="></latexit>

�s

hbb̄

����
mt!1

=
3m2

b
MH

8⇡v2
�


1 + v2

�

⇣
K(6,0)

H
+K(6,0,�)

W

⌘
+

1

v2
�

⇣
K(4,1)

H
+K(4,1,�)

W

⌘

+K(6,1)
H

+�K(6,1,�)
H

�

Scheme 
independent

Scheme 
dependent

<latexit sha1_base64="jlp6oVbXL5FCd3jywf2A3AB7J2M="></latexit>

1

v2
↵

⇣
K(6,1)

H
+�K(6,1,↵)

H

⌘
=

⇢
� CHD(1.6 + 9.7) + (0.0� 17)CHWB

� (3.7 + 6.8)C(3)
Hq

33

+ (0.0� 8.8)(CHu
33

� C(1)
Hq

33

) + (0.0� 3.1)CuB
33

+ (�4.6 + 0.42)CuW
33

�
p
2v↵
mb

(1.8 + 1.7)CdH
33

�
⇥ 10�2 + . . .

<latexit sha1_base64="+o6n2g5jLxm6q7tKET4lPUu5Ai4="></latexit>

�K(6,1,�)
H

= K(6,1,�)
W

+ 2K(4,1)
H

K(6,0,�)
W

+
1p
2

v�
mb

K(4,1,�)
W

CdH
33

Scheme dependent  
corrections larger in 
most cases
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H decay  scheme - SMEFT<latexit sha1_base64="CU4r384TJYwxExSQAOap+ytzkp4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLt9LEsuHFZwWkL7VAyadrGZpIhyQhl6D+4caGIW//HnX9j+hBU9MCFwzn3cu89UcKZNgh9OLmNza3tnfxuYW//4PCoeHzS1jJVhAZEcqm6EdaUM0EDwwyn3URRHEecdqLp1cLv3FOlmRS3ZpbQMMZjwUaMYGOldh/zZIIHxRJyUb3uIwSRW67VKmXPEr9aqaIG9Fy0RAms0RoU3/tDSdKYCkM41rrnocSEGVaGEU7nhX6qaYLJFI9pz1KBY6rDbHntHF5YZQhHUtkSBi7V7xMZjrWexZHtjLGZ6N/eQvzL66Vm1AgzJpLUUEFWi0Yph0bCxetwyBQlhs8swUQxeyskE6wwMTaggg3h61P4P2mXXa/m+jd+qRk0V3HkwRk4B5fAA3XQBNegBQJAwB14AE/g2ZHOo/PivK5ac846wlPwA87bJwI2j7M=</latexit>↵

16

<latexit sha1_base64="cLVxdtWrZdwGUJ+MZXu2etf/1ec="></latexit>

�s

hbb̄

����
mt!1

=
3m2

b
MH

8⇡v2
�


1 + v2

�

⇣
K(6,0)

H
+K(6,0,�)

W

⌘
+

1

v2
�

⇣
K(4,1)

H
+K(4,1,�)

W

⌘

+K(6,1)
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Scheme dependent  
corrections larger in 
most cases

SMEFT corrections come from several sources but 
some are common to all processes. 
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Why should I care? Resummation!
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• Knowing where the NLO corrections come from allows us to include 
these in the LO results already
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• Formulate as replacements for SMEFT
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Z decay - resummation
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<latexit sha1_base64="GHhSltcNoHVDrQB1cAjxgGwD/2o="></latexit>

1

v2T,0

��
mt!1 =

1

v2↵

"
1 +

1

v2T,0

�r(4,1)t

#
=

1

v2↵

"
1 +

1

v2↵
�r(4,1)t +

1

v2↵v
2
T,0

⇣
�r(4,1)t

⌘2
+ . . .

#

=
1

v2↵


1� 1

v2↵
�r(4,1)t

��1

⌘ 1
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Resummed  result reproduces NLO result well
: large-  result  

<latexit sha1_base64="rjWUBQ2HkQIo7xc6hOtgqK2i+FY=">AAAB8XicbVDLSgNBEOyNrxhfqx69DAbBU9iVoB4DgggKRjAPTJYwO5lNhszMLjOzQlgCfoQXD4p49W+8+TdOHgdNLGgoqrrp7goTzrTxvG8nt7S8srqWXy9sbG5t77i7e3Udp4rQGol5rJoh1pQzSWuGGU6biaJYhJw2wsHF2G88UqVZLO/NMKGBwD3JIkawsdJD1lYC3dyOOtcdt+iVvAnQIvFnpAgzVDvuV7sbk1RQaQjHWrd8LzFBhpVhhNNRoZ1qmmAywD3aslRiQXWQTS4eoSOrdFEUK1vSoIn6eyLDQuuhCG2nwKav572x+J/XSk10HmRMJqmhkkwXRSlHJkbj91GXKUoMH1qCiWL2VkT6WGFibEgFG4I///IiqZ+U/NNS+a5crFw+TePIwwEcwjH4cAYVuIIq1ICAhGd4hTdHOy/Ou/Mxbc05swj34Q+czx8qhZED</latexit>

LOK

<latexit sha1_base64="O086ATYVW19bh/ub27oyNAIZCBU=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jEgiAfRCGaByRB6Op2kSS9Dd40QhoA/4cWDIl79Gm/+jZ3loIkPCh7vVVFVL04Et+D7315uaXlldS2/XtjY3NreKe7u1a1ODWU1qoU2zZhYJrhiNeAgWDMxjMhYsEY8uBz7jUdmLNfqAYYJiyTpKd7llICTwqxlJL69uRu1oV0s+WV/ArxIghkpoRmq7eJXq6NpKpkCKoi1YeAnEGXEAKeCjQqt1LKE0AHpsdBRRSSzUTY5eYSPnNLBXW1cKcAT9fdERqS1Qxm7Tkmgb+e9sfifF6bQvYgyrpIUmKLTRd1UYNB4/D/ucMMoiKEjhBrubsW0Twyh4FIquBCC+ZcXSf2kHJyVT+9PS5Wrp2kceXSADtExCtA5qqBrVEU1RJFGz+gVvXngvXjv3se0NefNItxHf+B9/gAHQpGE</latexit>

NLOt
<latexit sha1_base64="K38lEphQ6I6fdDG4zyACz5gY+QY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAIB4jmgckS5idzCZDZmaXmV4hhIA/4MWDIl79Im/+jZPHQRMLGoqqbrq7olQKi77/7eVWVtfWN/Kbha3tnd294v5B3SaZYbzGEpmYZkQtl0LzGgqUvJkaTlUkeSMaXE/8xiM3ViT6AYcpDxXtaRELRtFJ96qDnWLJL/tTkGUSzEkJ5qh2il/tbsIyxTUySa1tBX6K4YgaFEzycaGdWZ5SNqA93nJUU8VtOJqeOiYnTumSODGuNJKp+ntiRJW1QxW5TkWxbxe9ifif18owvgpHQqcZcs1mi+JMEkzI5G/SFYYzlENHKDPC3UpYnxrK0KVTcCEEiy8vk/pZObgon9+dlyo3T7M48nAEx3AKAVxCBW6hCjVg0INneIU3T3ov3rv3MWvNefMID+EPvM8fipyOZQ==</latexit>mt

<latexit sha1_base64="zJivrUQYWNYu/ArIHkR9RpTw9bc=">AAACA3icbZBLSwMxFIXv1Fetr1F3ugkWwUUpM1LUZUFQQYQK9oGdYcikaRuaeZBkhDIUuvGvuHGhiFv/hDv/jelD0NYDgY9zbkju8WPOpLKsLyOzsLi0vJJdza2tb2xumds7NRklgtAqiXgkGj6WlLOQVhVTnDZiQXHgc1r3e+ejvP5AhWRReKf6MXUD3AlZmxGstOWZe0566V2gAnIK6Mar/8A9cgaembeK1lhoHuwp5GGqimd+Oq2IJAENFeFYyqZtxcpNsVCMcDrIOYmkMSY93KFNjSEOqHTT8Q4DdKidFmpHQp9QobH7+0aKAyn7ga8nA6y6cjYbmf9lzUS1z9yUhXGiaEgmD7UTjlSERoWgFhOUKN7XgIlg+q+IdLHAROnacroEe3bleagdF+2TYum2lC9fDyd1ZGEfDuAIbDiFMlxBBapAYAhP8AKvxqPxbLwZ75PRjDGtcBf+yPj4BkgUlS4=</latexit>

{GF , MW , MZ}
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Summary  
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• Tremendous progress in SMEFT precision calculations!
• SMEFT @NLO is curse and blessing: 

new sensitivities + new degeneracies

EW input schemes
• NLO corrections are scheme and process dependent
• Potential for resummation of scheme-dependent (universal) 

corrections
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• Tremendous progress in SMEFT precision calculations!
• SMEFT @NLO is curse and blessing: 

new sensitivities + new degeneracies

EW input schemes
• NLO corrections are scheme and process dependent
• Potential for resummation of scheme-dependent (universal) 

corrections
Thank you for your attention!
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Tools & Methods
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• Calculations performed in unitary gauge and Feynman gauge
• Calculated using in-house FeynRules implementation and cross-

checked with SMEFTsim
• Flavour diagonal but not flavour universal
• FJ tadpole scheme
• Evanescent operators defined in chiral basis, naive dimensional 

regularisation for 
• Tools: FeynRules, FeynArts, FormCalc, LoopTools, PackageX

<latexit sha1_base64="IBWsIJ3IGGUyJEkQl/O1oynm6zs="></latexit>�5

[SMEFTsim: Brivio, (Jiang, Trott) (1709.06492), (2012.11343)]

[Fleischer, Jegerlehner (1981)]

[Dekens, Stoffer (1908.05295)]

[Degrande et al. (1108.2040), (1310.1921)]
[Hahn et al. (hep-ph/0012260)]
[Hahn et al. (1604.04611)]

https://arxiv.org/abs/1709.06492
https://arxiv.org/abs/2012.11343
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.23.2001
https://arxiv.org/abs/1908.05295
https://arxiv.org/abs/1108.2040
https://arxiv.org/abs/1310.1921
https://arxiv.org/abs/hep-ph/0012260
https://arxiv.org/abs/1604.04611
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Warsaw basis 

22

Plus another 24 four-fermion 
operators

[Grzadkowski et al. (1008.4884)]

https://arxiv.org/abs/1008.4884
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The LEP scheme
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<latexit sha1_base64="cwBxMa7a3EBLGCljHpgjux9xj+s="></latexit>
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Renormalising <latexit sha1_base64="CU4r384TJYwxExSQAOap+ytzkp4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLt9LEsuHFZwWkL7VAyadrGZpIhyQhl6D+4caGIW//HnX9j+hBU9MCFwzn3cu89UcKZNgh9OLmNza3tnfxuYW//4PCoeHzS1jJVhAZEcqm6EdaUM0EDwwyn3URRHEecdqLp1cLv3FOlmRS3ZpbQMMZjwUaMYGOldh/zZIIHxRJyUb3uIwSRW67VKmXPEr9aqaIG9Fy0RAms0RoU3/tDSdKYCkM41rrnocSEGVaGEU7nhX6qaYLJFI9pz1KBY6rDbHntHF5YZQhHUtkSBi7V7xMZjrWexZHtjLGZ6N/eQvzL66Vm1AgzJpLUUEFWi0Yph0bCxetwyBQlhs8swUQxeyskE6wwMTaggg3h61P4P2mXXa/m+jd+qRk0V3HkwRk4B5fAA3XQBNegBQJAwB14AE/g2ZHOo/PivK5ac846wlPwA87bJwI2j7M=</latexit>↵

24

•  : renormalised in five-flavour -light scheme (all 
particles heavier than the b quark are decoupled, their corrections 
are calculated on-shell) [Cullen, Pecjak, Scott (1904.06358)]

• Related to  via

<latexit sha1_base64="wKvlzdNFAEY9LMMO6471ORzR/Pg=">AAACCnicbVDLSsNAFJ34rPUVdekmWoR2U5JS1GXBjSBCBfvAJg2T6bQdOpkJMxOhhIA7N/6KGxeKuPUL3Pk3TtoutPXAhcM593LvPUFEiVS2/W0sLa+srq3nNvKbW9s7u+beflPyWCDcQJxy0Q6gxJQw3FBEUdyOBIZhQHErGF1kfuseC0k4u1XjCHshHDDSJwgqLfnmkcu1nU0nLqTREKbdpOhiSktp8dq/61ZKvlmwy/YE1iJxZqQAZqj75pfb4ygOMVOIQik7jh0pL4FCEURxmndjiSOIRnCAO5oyGGLpJZNXUutEKz2rz4UupqyJ+nsigaGU4zDQnSFUQznvZeJ/XidW/XMvISyKFWZouqgfU0txK8vF6hGBkaJjTSASRN9qoSEUECmdXl6H4My/vEialbJzWq7eVAu1q4dpHDlwCI5BETjgDNTAJaiDBkDgETyDV/BmPBkvxrvxMW1dMmYRHoA/MD5/AN3jmsg=</latexit>
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<latexit sha1_base64="6XAtNh3cMwwJ+6fBalKBSJSptSM=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJexKUI8BL4KXCOYhyRJ6J7PJkNnZZWZWCEvAf/DiQRGvfo43/8bJ46CJBQ1FVTfdXUEiuDau++2srK6tb2zmtvLbO7t7+4WDw4aOU0VZncYiVq0ANRNcsrrhRrBWohhGgWDNYHg98ZuPTGkey3szSpgfYV/ykFM0VnrooEgGWHLPuoWiW3anIMvEm5MizFHrFr46vZimEZOGCtS67bmJ8TNUhlPBxvlOqlmCdIh91rZUYsS0n00PHpNTq/RIGCtb0pCp+nsiw0jrURTYzgjNQC96E/E/r52a8MrPuExSwySdLQpTQUxMJt+THleMGjGyBKni9lZCB6iQGptR3obgLb68TBrnZe+iXLmrFKu3T7M4cnAMJ1ACDy6hCjdQgzpQiOAZXuHNUc6L8+58zFpXnHmER/AHzucP8S2QSQ==</latexit>
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• Related to on-shell  via
<latexit sha1_base64="FU9tpjnYZrk09AwjMOkbI2OEPlQ=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZKUVdFtwIIlSwD2yn5U6aaUMzD5KMUkrBn+HGhSJu/S/u/Demj4W2Hgh8nHNDbo4XC660bX9bqZXVtfWN9GZma3tndy+7f1BTUSIpq9JIRLLhoWKCh6yquRasEUuGgSdY3RtcTvL6A5OKR+GdHsbMDbAXcp9T1MZqt1DEfczfdO7bxVPSyebsgj0VWQZnDjmYq9LJfrW6EU0CFmoqUKmmY8faHaHUnAo2zrQSxWKkA+yxpsEQA6bc0XTrMTkxTpf4kTQn1GTq/r4xwkCpYeCZyQB1Xy1mE/O/rJlo/8Id8TBONAvp7CE/EURHZFIB6XLJqBZDA0glN7sS2keJVJuiMqYEZ/HLy1ArFpyzQum2lCtfP83qSMMRHEMeHDiHMlxBBapAQcIzvMKb9Wi9WO/Wx2w0Zc0rPIQ/sj5/AAyTkgE=</latexit>
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https://arxiv.org/abs/1904.06358
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 - SMEFT
<latexit sha1_base64="ubh25hgLv/QNRwwDZzgakcZwQX8=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCqyHTTh/LghuXFZy20A5DJk3b0ExmSDJCLcVfceNCEbf+hzv/xvQhqOiBC4dz7uXee6KUM6UR+rBya+sbm1v57cLO7t7+gX141FJJJgn1ScIT2YmwopwJ6mumOe2kkuI44rQdjS/nfvuWSsUScaMnKQ1iPBRswAjWRgrtkzbs6cQUzmBPZOGChHYROahW8xCCyClVq+WSa4hXKVdQHboOWqAIVmiG9nuvn5AspkITjpXquijVwRRLzQins0IvUzTFZIyHtGuowDFVwXRx/QyeG6UPB4k0JTRcqN8npjhWahJHpjPGeqR+e3PxL6+b6UE9mDKRZpoKslw0yDg0/86jgH0mKdF8YggmkplbIRlhiYk2gRVMCF+fwv9Jq+S4Vce79ooNv7GMIw9OwRm4AC6ogQa4Ak3gAwLuwAN4As/WvfVovVivy9actYrwGPyA9fYJuyyVDg==</latexit>

W ! ⌧⌫⌧

25

<latexit sha1_base64="/EYdMaW0eT2qS8xfSWA0y8KhR5k="></latexit>
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Orange triangles: 
relative sign of NLO corrections

Dashes lines:
Large-MT limit

<latexit sha1_base64="ZDGddAckVfIh4YStyVeN3+fjNYs="></latexit>

µ = MW

Largest contributions from 
top loops (dashed lines)
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Corrections for H decay - SMEFT
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<latexit sha1_base64="dq6dsUH+kxJQH5j2O3CufUTOtkM="></latexit>
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<latexit sha1_base64="RxH3qUKzzl+c6d9B6KIU25ghQA8="></latexit>

j = 1, 2
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Corrections for H decay - SMEFT
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<latexit sha1_base64="dq6dsUH+kxJQH5j2O3CufUTOtkM="></latexit>
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<latexit sha1_base64="RxH3qUKzzl+c6d9B6KIU25ghQA8="></latexit>

j = 1, 2
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Corrections for H decay - SMEFT

26

MW 
dependence 
subdominant
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<latexit sha1_base64="RxH3qUKzzl+c6d9B6KIU25ghQA8="></latexit>

j = 1, 2
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Corrections for H decay - SMEFT
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No vT 
dependence

MW 
dependence 
subdominant
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<latexit sha1_base64="RxH3qUKzzl+c6d9B6KIU25ghQA8="></latexit>

j = 1, 2
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Operators appearing at NLO
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MW MZ vT Total

Alpha 12 29 29 29

alpha_Mu 13 30 12 33

LEP 33 30 23 33
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Operators appearing at NLO

27

W

¸, d

W

‹¸, u

<latexit sha1_base64="a5OGgjRe4Ckiy0Wv4LsL+YEDsKI=">AAACKHicbVDLSsNAFJ3UV62vqEs3g0WoUEqiRd1Z7KbLCvYBTQyT6aQdOnk4MxFKyOe48VfciCjSrV/itM3Cth4YOJxzLnfucSNGhTSMiZZbW9/Y3MpvF3Z29/YP9MOjtghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem4o/rU7zwTLmgYPMhxRGwfDQLqUYykkhz9tu4klohdIREeJQ0GLQtSmqaPSenyPC1DqwwXE0+LCUcvGhVjBrhKzIwUQYamo39Y/RDHPgkkZkiInmlE0k4QlxQzkhasWJBIbUID0lM0QD4RdjI7NIVnSulDL+TqBRLO1L8TCfKFGPuuSvpIDsWyNxX/83qx9G7shAZRLEmA54u8mEEZwmlrsE85wZKNFUGYU/VXiIeIIyxVtwVVgrl88ippX1TMq0r1vlqs3WV15MEJOAUlYIJrUAMN0AQtgMELeAOf4Et71d61b20yj+a0bOYYLED7+QUwsqVv</latexit>

C(3)
Hl
ii

, C(3)
Hq

ii

6 opsMW MZ vT Total

Alpha 12 29 29 29

alpha_Mu 13 30 12 33

LEP 33 30 23 33
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Operators appearing at NLO

27

W

¸, d

W

‹¸, u

<latexit sha1_base64="a5OGgjRe4Ckiy0Wv4LsL+YEDsKI=">AAACKHicbVDLSsNAFJ3UV62vqEs3g0WoUEqiRd1Z7KbLCvYBTQyT6aQdOnk4MxFKyOe48VfciCjSrV/itM3Cth4YOJxzLnfucSNGhTSMiZZbW9/Y3MpvF3Z29/YP9MOjtghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem4o/rU7zwTLmgYPMhxRGwfDQLqUYykkhz9tu4klohdIREeJQ0GLQtSmqaPSenyPC1DqwwXE0+LCUcvGhVjBrhKzIwUQYamo39Y/RDHPgkkZkiInmlE0k4QlxQzkhasWJBIbUID0lM0QD4RdjI7NIVnSulDL+TqBRLO1L8TCfKFGPuuSvpIDsWyNxX/83qx9G7shAZRLEmA54u8mEEZwmlrsE85wZKNFUGYU/VXiIeIIyxVtwVVgrl88ippX1TMq0r1vlqs3WV15MEJOAUlYIJrUAMN0AQtgMELeAOf4Et71d61b20yj+a0bOYYLED7+QUwsqVv</latexit>

C(3)
Hl
ii

, C(3)
Hq

ii

6 ops

Z

¸, q

Z

¸, q

<latexit sha1_base64="F6PHmF21HWsvY/pIt9TqR+yavjs="></latexit>

C(3)
Hl
ii

, C(3)
Hq

ii

, C(1)
Hl
ii

, C(1)
Hq

ii

, CHe
ii

, CHu
ii

, CHd
ii

,

21 ops

MW MZ vT Total

Alpha 12 29 29 29

alpha_Mu 13 30 12 33

LEP 33 30 23 33
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Operators appearing at NLO
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W

¸, d

W

‹¸, u

<latexit sha1_base64="a5OGgjRe4Ckiy0Wv4LsL+YEDsKI=">AAACKHicbVDLSsNAFJ3UV62vqEs3g0WoUEqiRd1Z7KbLCvYBTQyT6aQdOnk4MxFKyOe48VfciCjSrV/itM3Cth4YOJxzLnfucSNGhTSMiZZbW9/Y3MpvF3Z29/YP9MOjtghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem4o/rU7zwTLmgYPMhxRGwfDQLqUYykkhz9tu4klohdIREeJQ0GLQtSmqaPSenyPC1DqwwXE0+LCUcvGhVjBrhKzIwUQYamo39Y/RDHPgkkZkiInmlE0k4QlxQzkhasWJBIbUID0lM0QD4RdjI7NIVnSulDL+TqBRLO1L8TCfKFGPuuSvpIDsWyNxX/83qx9G7shAZRLEmA54u8mEEZwmlrsE85wZKNFUGYU/VXiIeIIyxVtwVVgrl88ippX1TMq0r1vlqs3WV15MEJOAUlYIJrUAMN0AQtgMELeAOf4Et71d61b20yj+a0bOYYLED7+QUwsqVv</latexit>

C(3)
Hl
ii

, C(3)
Hq

ii

6 ops

Z

¸, q

Z

¸, q

<latexit sha1_base64="F6PHmF21HWsvY/pIt9TqR+yavjs="></latexit>

C(3)
Hl
ii

, C(3)
Hq

ii

, C(1)
Hl
ii

, C(1)
Hq

ii

, CHe
ii

, CHu
ii

, CHd
ii

,

21 ops

µ

‹e

‹µ

W

e

q

qÕ

<latexit sha1_base64="uGeOCY0rvHBYmKYbLwnzvvr7JoI=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyWxRV0Wu+mygn1AE8NkOmmHTiZxZiKUkJUbf8WNC0Xc+g3u/Bunj4W2HrhwOOde7r3HjxmVyrK+jdzK6tr6Rn6zsLW9s7tn7h+0ZZQITFo4YpHo+kgSRjlpKaoY6caCoNBnpOOP6hO/80CEpBG/VeOYuCEacBpQjJSWPPO47qWOTHypEB6ljXvoOLBSybK7tFQ5yzyzaJWtKeAyseekCOZoeuaX049wEhKuMENS9mwrVm6KhKKYkazgJJLEehMakJ6mHIVEuun0jQyeaqUPg0jo4gpO1d8TKQqlHIe+7gyRGspFbyL+5/USFVy5KeVxogjHs0VBwqCK4CQT2KeCYMXGmiAsqL4V4iESCCudXEGHYC++vEza52X7oly9qRZr1/M48uAInIASsMElqIEGaIIWwOARPINX8GY8GS/Gu/Exa80Z85lD8AfG5w/ZRpgV</latexit>

C(3)
Hq

33

1 op

MW MZ vT Total

Alpha 12 29 29 29

alpha_Mu 13 30 12 33

LEP 33 30 23 33
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Operators appearing at NLO
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W

¸, d

W

‹¸, u

<latexit sha1_base64="a5OGgjRe4Ckiy0Wv4LsL+YEDsKI=">AAACKHicbVDLSsNAFJ3UV62vqEs3g0WoUEqiRd1Z7KbLCvYBTQyT6aQdOnk4MxFKyOe48VfciCjSrV/itM3Cth4YOJxzLnfucSNGhTSMiZZbW9/Y3MpvF3Z29/YP9MOjtghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem4o/rU7zwTLmgYPMhxRGwfDQLqUYykkhz9tu4klohdIREeJQ0GLQtSmqaPSenyPC1DqwwXE0+LCUcvGhVjBrhKzIwUQYamo39Y/RDHPgkkZkiInmlE0k4QlxQzkhasWJBIbUID0lM0QD4RdjI7NIVnSulDL+TqBRLO1L8TCfKFGPuuSvpIDsWyNxX/83qx9G7shAZRLEmA54u8mEEZwmlrsE85wZKNFUGYU/VXiIeIIyxVtwVVgrl88ippX1TMq0r1vlqs3WV15MEJOAUlYIJrUAMN0AQtgMELeAOf4Et71d61b20yj+a0bOYYLED7+QUwsqVv</latexit>

C(3)
Hl
ii

, C(3)
Hq

ii

6 ops

Z

¸, q

Z

¸, q

<latexit sha1_base64="F6PHmF21HWsvY/pIt9TqR+yavjs="></latexit>

C(3)
Hl
ii

, C(3)
Hq

ii

, C(1)
Hl
ii

, C(1)
Hq

ii

, CHe
ii

, CHu
ii

, CHd
ii

,

21 ops

µ

‹e

‹µ

W

e

q

qÕ

<latexit sha1_base64="uGeOCY0rvHBYmKYbLwnzvvr7JoI=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyWxRV0Wu+mygn1AE8NkOmmHTiZxZiKUkJUbf8WNC0Xc+g3u/Bunj4W2HrhwOOde7r3HjxmVyrK+jdzK6tr6Rn6zsLW9s7tn7h+0ZZQITFo4YpHo+kgSRjlpKaoY6caCoNBnpOOP6hO/80CEpBG/VeOYuCEacBpQjJSWPPO47qWOTHypEB6ljXvoOLBSybK7tFQ5yzyzaJWtKeAyseekCOZoeuaX049wEhKuMENS9mwrVm6KhKKYkazgJJLEehMakJ6mHIVEuun0jQyeaqUPg0jo4gpO1d8TKQqlHIe+7gyRGspFbyL+5/USFVy5KeVxogjHs0VBwqCK4CQT2KeCYMXGmiAsqL4V4iESCCudXEGHYC++vEza52X7oly9qRZr1/M48uAInIASsMElqIEGaIIWwOARPINX8GY8GS/Gu/Exa80Z85lD8AfG5w/ZRpgV</latexit>

C(3)
Hq

33

1 op

Operators overlap between different inputs

Operators may overlap with those appearing in the 
bare matrix elements

MW MZ vT Total

Alpha 12 29 29 29

alpha_Mu 13 30 12 33

LEP 33 30 23 33
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 - SMEFT
<latexit sha1_base64="ubh25hgLv/QNRwwDZzgakcZwQX8=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCqyHTTh/LghuXFZy20A5DJk3b0ExmSDJCLcVfceNCEbf+hzv/xvQhqOiBC4dz7uXee6KUM6UR+rBya+sbm1v57cLO7t7+gX141FJJJgn1ScIT2YmwopwJ6mumOe2kkuI44rQdjS/nfvuWSsUScaMnKQ1iPBRswAjWRgrtkzbs6cQUzmBPZOGChHYROahW8xCCyClVq+WSa4hXKVdQHboOWqAIVmiG9nuvn5AspkITjpXquijVwRRLzQins0IvUzTFZIyHtGuowDFVwXRx/QyeG6UPB4k0JTRcqN8npjhWahJHpjPGeqR+e3PxL6+b6UE9mDKRZpoKslw0yDg0/86jgH0mKdF8YggmkplbIRlhiYk2gRVMCF+fwv9Jq+S4Vce79ooNv7GMIw9OwRm4AC6ogQa4Ak3gAwLuwAN4As/WvfVovVivy9actYrwGPyA9fYJuyyVDg==</latexit>

W ! ⌧⌫⌧

28

Lowest number of operators 
at NLO in  scheme

<latexit sha1_base64="0ZrfvgoCsiSmm9dmAUNI78oHQVA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPPA7BJ6J7PJkNnZZWZWCEvAj/DiQRGv/o03/8bJ46CJBQ1FVTfdXWEquDau++0UVlbX1jeKm6Wt7Z3dvfL+QVMnmaKsQRORqHaImgkuWcNwI1g7VQzjULBWOLye+K1HpjRP5L0ZpSyIsS95xCkaKz34KNIBdv0465YrbtWdgiwTb04qMEe9W/7yewnNYiYNFah1x3NTE+SoDKeCjUt+plmKdIh91rFUYsx0kE8vHpMTq/RIlChb0pCp+nsix1jrURzazhjNQC96E/E/r5OZ6CrIuUwzwySdLYoyQUxCJu+THleMGjGyBKni9lZCB6iQGhtSyYbgLb68TJpnVe+ien53XqndPs3iKMIRHMMpeHAJNbiBOjSAgoRneIU3RzsvzrvzMWstOPMID+EPnM8fyNORbw==</latexit>↵µ

<latexit sha1_base64="0ZrfvgoCsiSmm9dmAUNI78oHQVA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPPA7BJ6J7PJkNnZZWZWCEvAj/DiQRGv/o03/8bJ46CJBQ1FVTfdXWEquDau++0UVlbX1jeKm6Wt7Z3dvfL+QVMnmaKsQRORqHaImgkuWcNwI1g7VQzjULBWOLye+K1HpjRP5L0ZpSyIsS95xCkaKz34KNIBdv0465YrbtWdgiwTb04qMEe9W/7yewnNYiYNFah1x3NTE+SoDKeCjUt+plmKdIh91rFUYsx0kE8vHpMTq/RIlChb0pCp+nsix1jrURzazhjNQC96E/E/r5OZ6CrIuUwzwySdLYoyQUxCJu+THleMGjGyBKni9lZCB6iQGhtSyYbgLb68TJpnVe+ien53XqndPs3iKMIRHMMpeHAJNbiBOjSAgoRneIU3RzsvzrvzMWstOPMID+EPnM8fyNORbw==</latexit>↵µ

<latexit sha1_base64="WMfYlGcAlNZ7QZovB50L+4887Gw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4KXCOYByRJ6J5NkyOzsMDMrhCXgL3jxoIhXv8ebf+PkcdDEgoaiqpvurkgJbqzvf3u5tfWNza38dmFnd2//oHh41DBJqimr00QkuhWhYYJLVrfcCtZSmmEcCdaMRjdTv/nItOGJfLBjxcIYB5L3OUXrpGYHhRoi6RZLftmfgaySYEFKsECtW/zq9BKaxkxaKtCYduArG2aoLaeCTQqd1DCFdIQD1nZUYsxMmM3OnZAzp/RIP9GupCUz9fdEhrEx4zhynTHaoVn2puJ/Xju1/esw41Kllkk6X9RPBbEJmf5OelwzasXYEaSau1sJHaJGal1CBRdCsPzyKmlclIPLcuW+UqrePc3jyMMJnMI5BHAFVbiFGtSBwgie4RXePOW9eO/ex7w15y0iPIY/8D5/AA8Dj9Q=</latexit>↵

LEP

<latexit sha1_base64="Y7hWiQrzlVS6kZODsJzebKgU6z0=">AAAB8HicbVDJSgNBEK2JW4xb1KOXxiB4CjMi6kUIeBFEiGAWSYbQ0+lJmvQydPcIYQj4D148KOLVz/Hm39hZDpr4oODxXhVV9aKEM2N9/9vLLS2vrK7l1wsbm1vbO8XdvbpRqSa0RhRXuhlhQzmTtGaZ5bSZaIpFxGkjGlyN/cYj1YYpeW+HCQ0F7kkWM4Ktkx7aIkWX6LbT6BRLftmfAC2SYEZKMEO1U/xqdxVJBZWWcGxMK/ATG2ZYW0Y4HRXaqaEJJgPcoy1HJRbUhNnk4BE6ckoXxUq7khZN1N8TGRbGDEXkOgW2fTPvjcX/vFZq44swYzJJLZVkuihOObIKjb9HXaYpsXzoCCaauVsR6WONiXUZFVwIwfzLi6R+Ug7Oyqd3p6XKzdM0jjwcwCEcQwDnUIFrqEINCAh4hld487T34r17H9PWnDeLcB/+wPv8AbcdkCQ=</latexit>

µ = MW

<latexit sha1_base64="/EYdMaW0eT2qS8xfSWA0y8KhR5k="></latexit>

�W⌧⌫ ⌘ �W⌧⌫

�(4,0)
W⌧⌫

= 1 +�(4,1)
W⌧⌫ +�(6,0)

W⌧⌫ +�(6,1)
W⌧⌫



Anke Biekötter - JGU Mainz

 - SMEFT
<latexit sha1_base64="ubh25hgLv/QNRwwDZzgakcZwQX8=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCqyHTTh/LghuXFZy20A5DJk3b0ExmSDJCLcVfceNCEbf+hzv/xvQhqOiBC4dz7uXee6KUM6UR+rBya+sbm1v57cLO7t7+gX141FJJJgn1ScIT2YmwopwJ6mumOe2kkuI44rQdjS/nfvuWSsUScaMnKQ1iPBRswAjWRgrtkzbs6cQUzmBPZOGChHYROahW8xCCyClVq+WSa4hXKVdQHboOWqAIVmiG9nuvn5AspkITjpXquijVwRRLzQins0IvUzTFZIyHtGuowDFVwXRx/QyeG6UPB4k0JTRcqN8npjhWahJHpjPGeqR+e3PxL6+b6UE9mDKRZpoKslw0yDg0/86jgH0mKdF8YggmkplbIRlhiYk2gRVMCF+fwv9Jq+S4Vce79ooNv7GMIw9OwRm4AC6ogQa4Ak3gAwLuwAN4As/WvfVovVivy9actYrwGPyA9fYJuyyVDg==</latexit>

W ! ⌧⌫⌧

28

Lowest number of operators 
at NLO in  scheme

<latexit sha1_base64="0ZrfvgoCsiSmm9dmAUNI78oHQVA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPPA7BJ6J7PJkNnZZWZWCEvAj/DiQRGv/o03/8bJ46CJBQ1FVTfdXWEquDau++0UVlbX1jeKm6Wt7Z3dvfL+QVMnmaKsQRORqHaImgkuWcNwI1g7VQzjULBWOLye+K1HpjRP5L0ZpSyIsS95xCkaKz34KNIBdv0465YrbtWdgiwTb04qMEe9W/7yewnNYiYNFah1x3NTE+SoDKeCjUt+plmKdIh91rFUYsx0kE8vHpMTq/RIlChb0pCp+nsix1jrURzazhjNQC96E/E/r5OZ6CrIuUwzwySdLYoyQUxCJu+THleMGjGyBKni9lZCB6iQGhtSyYbgLb68TJpnVe+ien53XqndPs3iKMIRHMMpeHAJNbiBOjSAgoRneIU3RzsvzrvzMWstOPMID+EPnM8fyNORbw==</latexit>↵µ

<latexit sha1_base64="0ZrfvgoCsiSmm9dmAUNI78oHQVA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPPA7BJ6J7PJkNnZZWZWCEvAj/DiQRGv/o03/8bJ46CJBQ1FVTfdXWEquDau++0UVlbX1jeKm6Wt7Z3dvfL+QVMnmaKsQRORqHaImgkuWcNwI1g7VQzjULBWOLye+K1HpjRP5L0ZpSyIsS95xCkaKz34KNIBdv0465YrbtWdgiwTb04qMEe9W/7yewnNYiYNFah1x3NTE+SoDKeCjUt+plmKdIh91rFUYsx0kE8vHpMTq/RIlChb0pCp+nsix1jrURzazhjNQC96E/E/r5OZ6CrIuUwzwySdLYoyQUxCJu+THleMGjGyBKni9lZCB6iQGhtSyYbgLb68TJpnVe+ien53XqndPs3iKMIRHMMpeHAJNbiBOjSAgoRneIU3RzsvzrvzMWstOPMID+EPnM8fyNORbw==</latexit>↵µ

<latexit sha1_base64="WMfYlGcAlNZ7QZovB50L+4887Gw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4KXCOYByRJ6J5NkyOzsMDMrhCXgL3jxoIhXv8ebf+PkcdDEgoaiqpvurkgJbqzvf3u5tfWNza38dmFnd2//oHh41DBJqimr00QkuhWhYYJLVrfcCtZSmmEcCdaMRjdTv/nItOGJfLBjxcIYB5L3OUXrpGYHhRoi6RZLftmfgaySYEFKsECtW/zq9BKaxkxaKtCYduArG2aoLaeCTQqd1DCFdIQD1nZUYsxMmM3OnZAzp/RIP9GupCUz9fdEhrEx4zhynTHaoVn2puJ/Xju1/esw41Kllkk6X9RPBbEJmf5OelwzasXYEaSau1sJHaJGal1CBRdCsPzyKmlclIPLcuW+UqrePc3jyMMJnMI5BHAFVbiFGtSBwgie4RXePOW9eO/ex7w15y0iPIY/8D5/AA8Dj9Q=</latexit>↵

LEP

Smallest SMEFT NLO 
corrections in  scheme

<latexit sha1_base64="0ZrfvgoCsiSmm9dmAUNI78oHQVA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPPA7BJ6J7PJkNnZZWZWCEvAj/DiQRGv/o03/8bJ46CJBQ1FVTfdXWEquDau++0UVlbX1jeKm6Wt7Z3dvfL+QVMnmaKsQRORqHaImgkuWcNwI1g7VQzjULBWOLye+K1HpjRP5L0ZpSyIsS95xCkaKz34KNIBdv0465YrbtWdgiwTb04qMEe9W/7yewnNYiYNFah1x3NTE+SoDKeCjUt+plmKdIh91rFUYsx0kE8vHpMTq/RIlChb0pCp+nsix1jrURzazhjNQC96E/E/r5OZ6CrIuUwzwySdLYoyQUxCJu+THleMGjGyBKni9lZCB6iQGhtSyYbgLb68TJpnVe+ien53XqndPs3iKMIRHMMpeHAJNbiBOjSAgoRneIU3RzsvzrvzMWstOPMID+EPnM8fyNORbw==</latexit>↵µ

<latexit sha1_base64="Y7hWiQrzlVS6kZODsJzebKgU6z0=">AAAB8HicbVDJSgNBEK2JW4xb1KOXxiB4CjMi6kUIeBFEiGAWSYbQ0+lJmvQydPcIYQj4D148KOLVz/Hm39hZDpr4oODxXhVV9aKEM2N9/9vLLS2vrK7l1wsbm1vbO8XdvbpRqSa0RhRXuhlhQzmTtGaZ5bSZaIpFxGkjGlyN/cYj1YYpeW+HCQ0F7kkWM4Ktkx7aIkWX6LbT6BRLftmfAC2SYEZKMEO1U/xqdxVJBZWWcGxMK/ATG2ZYW0Y4HRXaqaEJJgPcoy1HJRbUhNnk4BE6ckoXxUq7khZN1N8TGRbGDEXkOgW2fTPvjcX/vFZq44swYzJJLZVkuihOObIKjb9HXaYpsXzoCCaauVsR6WONiXUZFVwIwfzLi6R+Ug7Oyqd3p6XKzdM0jjwcwCEcQwDnUIFrqEINCAh4hld487T34r17H9PWnDeLcB/+wPv8AbcdkCQ=</latexit>

µ = MW

<latexit sha1_base64="/EYdMaW0eT2qS8xfSWA0y8KhR5k="></latexit>

�W⌧⌫ ⌘ �W⌧⌫

�(4,0)
W⌧⌫

= 1 +�(4,1)
W⌧⌫ +�(6,0)

W⌧⌫ +�(6,1)
W⌧⌫



Anke Biekötter - JGU Mainz

 - SMEFT<latexit sha1_base64="LIkHsg4D2nGTiMYkNPa9F84R7pY=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5C0sa27ghuXFUxbbEOZTCft0MmDeQg19EvcuFDErZ/izr9xmlZQ0QN3OJxzL3PvCVJGhbTtD6Owtr6xuVXcLu3s7u2XzYPDjkgUx8TDCUt4L0CCMBoTT1LJSC/lBEUBI91gernwu3eEC5rEN3KWEj9C45iGFCOppaFZvoUDmehCKn+GZsW2bNeuNRrQtqrNi5rraHJerTedOnQsO0cFrNAemu+DUYJVRGKJGRKi79ip9DPEJcWMzEsDJUiK8BSNSV/TGEVE+Fm++ByeamUEw4TriiXM1e8TGYqEmEWB7oyQnIjf3kL8y+srGTb9jMapkiTGy49CxaA+dZECHFFOsGQzTRDmVO8K8QRxhKXOqqRD+LoU/k86VcupW+61W2l5rWUcRXAMTsAZcEADtMAVaAMPYKDAA3gCz8a98Wi8GK/L1oKxivAI/IDx9glWkZMu</latexit>

Z ! ⌧⌧
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<latexit sha1_base64="0ZrfvgoCsiSmm9dmAUNI78oHQVA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPPA7BJ6J7PJkNnZZWZWCEvAj/DiQRGv/o03/8bJ46CJBQ1FVTfdXWEquDau++0UVlbX1jeKm6Wt7Z3dvfL+QVMnmaKsQRORqHaImgkuWcNwI1g7VQzjULBWOLye+K1HpjRP5L0ZpSyIsS95xCkaKz34KNIBdv0465YrbtWdgiwTb04qMEe9W/7yewnNYiYNFah1x3NTE+SoDKeCjUt+plmKdIh91rFUYsx0kE8vHpMTq/RIlChb0pCp+nsix1jrURzazhjNQC96E/E/r5OZ6CrIuUwzwySdLYoyQUxCJu+THleMGjGyBKni9lZCB6iQGhtSyYbgLb68TJpnVe+ien53XqndPs3iKMIRHMMpeHAJNbiBOjSAgoRneIU3RzsvzrvzMWstOPMID+EPnM8fyNORbw==</latexit>↵µ

<latexit sha1_base64="WMfYlGcAlNZ7QZovB50L+4887Gw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4KXCOYByRJ6J5NkyOzsMDMrhCXgL3jxoIhXv8ebf+PkcdDEgoaiqpvurkgJbqzvf3u5tfWNza38dmFnd2//oHh41DBJqimr00QkuhWhYYJLVrfcCtZSmmEcCdaMRjdTv/nItOGJfLBjxcIYB5L3OUXrpGYHhRoi6RZLftmfgaySYEFKsECtW/zq9BKaxkxaKtCYduArG2aoLaeCTQqd1DCFdIQD1nZUYsxMmM3OnZAzp/RIP9GupCUz9fdEhrEx4zhynTHaoVn2puJ/Xju1/esw41Kllkk6X9RPBbEJmf5OelwzasXYEaSau1sJHaJGal1CBRdCsPzyKmlclIPLcuW+UqrePc3jyMMJnMI5BHAFVbiFGtSBwgie4RXePOW9eO/ex7w15y0iPIY/8D5/AA8Dj9Q=</latexit>↵

LEP

Largest absolute SMEFT 
NLO corrections in  scheme<latexit sha1_base64="WMfYlGcAlNZ7QZovB50L+4887Gw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4KXCOYByRJ6J5NkyOzsMDMrhCXgL3jxoIhXv8ebf+PkcdDEgoaiqpvurkgJbqzvf3u5tfWNza38dmFnd2//oHh41DBJqimr00QkuhWhYYJLVrfcCtZSmmEcCdaMRjdTv/nItOGJfLBjxcIYB5L3OUXrpGYHhRoi6RZLftmfgaySYEFKsECtW/zq9BKaxkxaKtCYduArG2aoLaeCTQqd1DCFdIQD1nZUYsxMmM3OnZAzp/RIP9GupCUz9fdEhrEx4zhynTHaoVn2puJ/Xju1/esw41Kllkk6X9RPBbEJmf5OelwzasXYEaSau1sJHaJGal1CBRdCsPzyKmlclIPLcuW+UqrePc3jyMMJnMI5BHAFVbiFGtSBwgie4RXePOW9eO/ex7w15y0iPIY/8D5/AA8Dj9Q=</latexit>↵

<latexit sha1_base64="vr9a2ogw7JmPcXo9R/3QtAK4Pl8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVol6EghdBhAr2Q9ulZNNsG5pklyQrlKXgf/DiQRGv/hxv/hvTbQ/a+mDg8d4MM/OCmDNtXPfbyS0tr6yu5dcLG5tb2zvF3b2GjhJFaJ1EPFKtAGvKmaR1wwynrVhRLAJOm8HwcuI3H6nSLJJ3ZhRTX+C+ZCEj2FjpviMSdIFuug/dYsktuxnQIvFmpAQz1LrFr04vIomg0hCOtW57bmz8FCvDCKfjQifRNMZkiPu0banEgmo/zQ4eoyOr9FAYKVvSoEz9PZFiofVIBLZTYDPQ895E/M9rJyY891Mm48RQSaaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOCDcGbf3mRNE7K3mm5clspVa+fpnHk4QAO4Rg8OIMqXEEN6kBAwDO8wpujnBfn3fmYtuacWYT78AfO5w+7qZAn</latexit>

µ = MZ

 scheme does not contain 
some 4f operators  
(appearing in muon decay)

<latexit sha1_base64="WMfYlGcAlNZ7QZovB50L+4887Gw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4KXCOYByRJ6J5NkyOzsMDMrhCXgL3jxoIhXv8ebf+PkcdDEgoaiqpvurkgJbqzvf3u5tfWNza38dmFnd2//oHh41DBJqimr00QkuhWhYYJLVrfcCtZSmmEcCdaMRjdTv/nItOGJfLBjxcIYB5L3OUXrpGYHhRoi6RZLftmfgaySYEFKsECtW/zq9BKaxkxaKtCYduArG2aoLaeCTQqd1DCFdIQD1nZUYsxMmM3OnZAzp/RIP9GupCUz9fdEhrEx4zhynTHaoVn2puJ/Xju1/esw41Kllkk6X9RPBbEJmf5OelwzasXYEaSau1sJHaJGal1CBRdCsPzyKmlclIPLcuW+UqrePc3jyMMJnMI5BHAFVbiFGtSBwgie4RXePOW9eO/ex7w15y0iPIY/8D5/AA8Dj9Q=</latexit>↵

Large relative SMEFT NLO 
corrections in  scheme (LR 
interference effect)

<latexit sha1_base64="0ZrfvgoCsiSmm9dmAUNI78oHQVA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPPA7BJ6J7PJkNnZZWZWCEvAj/DiQRGv/o03/8bJ46CJBQ1FVTfdXWEquDau++0UVlbX1jeKm6Wt7Z3dvfL+QVMnmaKsQRORqHaImgkuWcNwI1g7VQzjULBWOLye+K1HpjRP5L0ZpSyIsS95xCkaKz34KNIBdv0465YrbtWdgiwTb04qMEe9W/7yewnNYiYNFah1x3NTE+SoDKeCjUt+plmKdIh91rFUYsx0kE8vHpMTq/RIlChb0pCp+nsix1jrURzazhjNQC96E/E/r5OZ6CrIuUwzwySdLYoyQUxCJu+THleMGjGyBKni9lZCB6iQGhtSyYbgLb68TJpnVe+ien53XqndPs3iKMIRHMMpeHAJNbiBOjSAgoRneIU3RzsvzrvzMWstOPMID+EPnM8fyNORbw==</latexit>↵µ



Anke Biekötter - JGU Mainz

 - SM<latexit sha1_base64="LIkHsg4D2nGTiMYkNPa9F84R7pY=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5C0sa27ghuXFUxbbEOZTCft0MmDeQg19EvcuFDErZ/izr9xmlZQ0QN3OJxzL3PvCVJGhbTtD6Owtr6xuVXcLu3s7u2XzYPDjkgUx8TDCUt4L0CCMBoTT1LJSC/lBEUBI91gernwu3eEC5rEN3KWEj9C45iGFCOppaFZvoUDmehCKn+GZsW2bNeuNRrQtqrNi5rraHJerTedOnQsO0cFrNAemu+DUYJVRGKJGRKi79ip9DPEJcWMzEsDJUiK8BSNSV/TGEVE+Fm++ByeamUEw4TriiXM1e8TGYqEmEWB7oyQnIjf3kL8y+srGTb9jMapkiTGy49CxaA+dZECHFFOsGQzTRDmVO8K8QRxhKXOqqRD+LoU/k86VcupW+61W2l5rWUcRXAMTsAZcEADtMAVaAMPYKDAA3gCz8a98Wi8GK/L1oKxivAI/IDx9glWkZMu</latexit>

Z ! ⌧⌧
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Large differences between 
schemes at LO (5 %)

Schemes closer at NLO

Largest correction given to alpha 
scheme



Anke Biekötter - JGU Mainz

 - SM
<latexit sha1_base64="5ZY/rTpnYJ2OFAzxAnZEZnWdTjY=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCqzBp08ey4KbLCqYtNKFMppN26OTBzESooV/ixoUibv0Ud/6N04egogcuHM65l3vvCVLOpELowyhsbe/s7hX3SweHR8dl8+S0J5NMEOqShCdiEGBJOYupq5jidJAKiqOA034wu176/TsqJEviWzVPqR/hScxCRrDS0sgsd6CnEhhAL8AiDxYjs4Is1Gw6CEFkVRuNWtXWxKnX6qgFbQutUAEbdEfmuzdOSBbRWBGOpRzaKFV+joVihNNFycskTTGZ4QkdahrjiEo/Xx2+gJdaGcMwEbpiBVfq94kcR1LOo0B3RlhN5W9vKf7lDTMVtvycxWmmaEzWi8KMQ/3qMgU4ZoISxeeaYCKYvhWSKRaYKJ1VSYfw9Sn8n/Sqlt2wnBun0nbb6ziK4BxcgCtggyZogw7oAhcQkIEH8ASejXvj0XgxXtetBWMT4Rn4AePtEyfdkxA=</latexit>

H ! bb̄
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Large NLO corrections

LEP and  scheme are identical
<latexit sha1_base64="0ZrfvgoCsiSmm9dmAUNI78oHQVA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPPA7BJ6J7PJkNnZZWZWCEvAj/DiQRGv/o03/8bJ46CJBQ1FVTfdXWEquDau++0UVlbX1jeKm6Wt7Z3dvfL+QVMnmaKsQRORqHaImgkuWcNwI1g7VQzjULBWOLye+K1HpjRP5L0ZpSyIsS95xCkaKz34KNIBdv0465YrbtWdgiwTb04qMEe9W/7yewnNYiYNFah1x3NTE+SoDKeCjUt+plmKdIh91rFUYsx0kE8vHpMTq/RIlChb0pCp+nsix1jrURzazhjNQC96E/E/r5OZ6CrIuUwzwySdLYoyQUxCJu+THleMGjGyBKni9lZCB6iQGhtSyYbgLb68TJpnVe+ien53XqndPs3iKMIRHMMpeHAJNbiBOjSAgoRneIU3RzsvzrvzMWstOPMID+EPnM8fyNORbw==</latexit>↵µ

<latexit sha1_base64="5YQp3DxV9n45CiNz+dZJBi3hwvk=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRKkhJpKgboeBGEKFCb9DUMJlO2qEzSZiZFEoI+ABufBU3LhRx69adb+Ok7UKrPwz8/OcM55zPixiVyrK+jNzC4tLySn61sLa+sbllbu80ZRgLTBo4ZKFoe0gSRgPSUFQx0o4EQdxjpOUNL7N6a0SEpGFQV+OIdDnqB9SnGCkdueahw5EaYMSSm9S17pJS5dg6SuGF4wuEE+56aTJy66lrFq2yNRH8a+yZKYKZaq756fRCHHMSKMyQlB3bilQ3QUJRzEhacGJJIoSHqE862gaIE9lNJvek8EAnPeiHQr9AwUn680eCuJRj7unObHs5X8vC/2qdWPnn3YQGUaxIgKeD/JhBFcIMDuxRQbBiY20QFlTvCvEAaRJKIyxoCPb8yX9N86Rsn5Yrt5Vi9fp+iiMP9sA+KAEbnIEquAI10AAYPIAn8AJejUfj2Xgz3qetOWOGcBf8kvHxDTDvnJY=</latexit>

M(4,0)
0 =

mb

vT



Anke Biekötter - JGU Mainz

 - SMEFT
<latexit sha1_base64="5ZY/rTpnYJ2OFAzxAnZEZnWdTjY=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCqzBp08ey4KbLCqYtNKFMppN26OTBzESooV/ixoUibv0Ud/6N04egogcuHM65l3vvCVLOpELowyhsbe/s7hX3SweHR8dl8+S0J5NMEOqShCdiEGBJOYupq5jidJAKiqOA034wu176/TsqJEviWzVPqR/hScxCRrDS0sgsd6CnEhhAL8AiDxYjs4Is1Gw6CEFkVRuNWtXWxKnX6qgFbQutUAEbdEfmuzdOSBbRWBGOpRzaKFV+joVihNNFycskTTGZ4QkdahrjiEo/Xx2+gJdaGcMwEbpiBVfq94kcR1LOo0B3RlhN5W9vKf7lDTMVtvycxWmmaEzWi8KMQ/3qMgU4ZoISxeeaYCKYvhWSKRaYKJ1VSYfw9Sn8n/Sqlt2wnBun0nbb6ziK4BxcgCtggyZogw7oAhcQkIEH8ASejXvj0XgxXtetBWMT4Rn4AePtEyfdkxA=</latexit>

H ! bb̄
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LEP and  scheme are  identical 
(up to numerics)

More operators contribute in the  
scheme

<latexit sha1_base64="0ZrfvgoCsiSmm9dmAUNI78oHQVA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPPA7BJ6J7PJkNnZZWZWCEvAj/DiQRGv/o03/8bJ46CJBQ1FVTfdXWEquDau++0UVlbX1jeKm6Wt7Z3dvfL+QVMnmaKsQRORqHaImgkuWcNwI1g7VQzjULBWOLye+K1HpjRP5L0ZpSyIsS95xCkaKz34KNIBdv0465YrbtWdgiwTb04qMEe9W/7yewnNYiYNFah1x3NTE+SoDKeCjUt+plmKdIh91rFUYsx0kE8vHpMTq/RIlChb0pCp+nsix1jrURzazhjNQC96E/E/r5OZ6CrIuUwzwySdLYoyQUxCJu+THleMGjGyBKni9lZCB6iQGhtSyYbgLb68TJpnVe+ien53XqndPs3iKMIRHMMpeHAJNbiBOjSAgoRneIU3RzsvzrvzMWstOPMID+EPnM8fyNORbw==</latexit>↵µ

<latexit sha1_base64="ygAauwddSzxRY/AtVBj6X/0k5S8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPOAZAm9k9lkzOzMMjMrhBDwE7x4UMSr/+PNv3HyOGhiQUNR1U13V5QKbqzvf3u5ldW19Y38ZmFre2d3r7h/UDcq05TVqBJKNyM0THDJapZbwZqpZphEgjWiwfXEbzwybbiS93aYsjDBnuQxp2idVG+jSPvYKZb8sj8FWSbBnJRgjmqn+NXuKpolTFoq0JhW4Kc2HKG2nAo2LrQzw1KkA+yxlqMSE2bC0fTaMTlxSpfESruSlkzV3xMjTIwZJpHrTND2zaI3Ef/zWpmNr8IRl2lmmaSzRXEmiFVk8jrpcs2oFUNHkGrubiW0jxqpdQEVXAjB4svLpH5WDi7K53fnpcrt0yyOPBzBMZxCAJdQgRuoQg0oPMAzvMKbp7wX7937mLXmvHmEh/AH3ucPtySPqg==</latexit>↵

<latexit sha1_base64="f6MdWTBOjTIiuSrUWPbqw5/yLAM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVol6EgpeCCBXsh7RLyabZNjTJLklWKEvB/+DFgyJe/Tne/Dem3R609cHA470ZZuYFMWfauO63k1tZXVvfyG8WtrZ3dveK+wdNHSWK0AaJeKTaAdaUM0kbhhlO27GiWASctoLR9dRvPVKlWSTvzTimvsADyUJGsLHSQ1ck6Ard9mq9YsktuzOgZeLNSQnmqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt4gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSpItChOOTISm36M+U5QYPrYEE8XsrYgMscLE2IwKNgRv8eVl0jwre+flyl2lVL15yuLIwxEcwyl4cAFVqEEdGkBAwDO8wpujnBfn3fnIWnPOPMJD+APn8wegYZAV</latexit>

µ = MH

<latexit sha1_base64="0ZrfvgoCsiSmm9dmAUNI78oHQVA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPPA7BJ6J7PJkNnZZWZWCEvAj/DiQRGv/o03/8bJ46CJBQ1FVTfdXWEquDau++0UVlbX1jeKm6Wt7Z3dvfL+QVMnmaKsQRORqHaImgkuWcNwI1g7VQzjULBWOLye+K1HpjRP5L0ZpSyIsS95xCkaKz34KNIBdv0465YrbtWdgiwTb04qMEe9W/7yewnNYiYNFah1x3NTE+SoDKeCjUt+plmKdIh91rFUYsx0kE8vHpMTq/RIlChb0pCp+nsix1jrURzazhjNQC96E/E/r5OZ6CrIuUwzwySdLYoyQUxCJu+THleMGjGyBKni9lZCB6iQGhtSyYbgLb68TJpnVe+ien53XqndPs3iKMIRHMMpeHAJNbiBOjSAgoRneIU3RzsvzrvzMWstOPMID+EPnM8fyNORbw==</latexit>↵µ

<latexit sha1_base64="WMfYlGcAlNZ7QZovB50L+4887Gw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4KXCOYByRJ6J5NkyOzsMDMrhCXgL3jxoIhXv8ebf+PkcdDEgoaiqpvurkgJbqzvf3u5tfWNza38dmFnd2//oHh41DBJqimr00QkuhWhYYJLVrfcCtZSmmEcCdaMRjdTv/nItOGJfLBjxcIYB5L3OUXrpGYHhRoi6RZLftmfgaySYEFKsECtW/zq9BKaxkxaKtCYduArG2aoLaeCTQqd1DCFdIQD1nZUYsxMmM3OnZAzp/RIP9GupCUz9fdEhrEx4zhynTHaoVn2puJ/Xju1/esw41Kllkk6X9RPBbEJmf5OelwzasXYEaSau1sJHaJGal1CBRdCsPzyKmlclIPLcuW+UqrePc3jyMMJnMI5BHAFVbiFGtSBwgie4RXePOW9eO/ex7w15y0iPIY/8D5/AA8Dj9Q=</latexit>↵

LEP

<latexit sha1_base64="dq6dsUH+kxJQH5j2O3CufUTOtkM="></latexit>
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Resummation for W decay
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