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Contents

1 SMEFT Lagrangian in Warsaw basis after all redefinitions 2
1.1 Fermion - gauge interactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.2 TGC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.3 QGC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.4 HVV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.5 Higgs potential . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2 Useful definitions 4
2.1 Input shifts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

1



1 SMEFT Lagrangian in Warsaw basis after all redefinitions

The following results are given in the Warsaw basis, assuming a flavor symmetry U(3)5 and ignoring
all Yukawas and fermion mixings. They are the final results after applying all field and parameter
redefinitions. The “small deltas” δe/e, δg/g . . . represent the shifts coming from input parameter
scheme definitions. Their expressions in termis of Wilson coefficients is input scheme dependent.
Explicit expressions are given below for the {α,mZ , GF } and {mW ,mZ , GF } sets.

1.1 Fermion - gauge interactions

LV ff = −gV Vµψ̄γµ(gLψV PL + gRψV PR)ψ (1)

where we defined

gZ =
g

cθ
gγ = e gW =

g√
2

(2)

For the Z couplings:

gLeZ = −1

2
+ s2θ

[
1 +

δs2θ
s2θ

]
−
C̄

(3)
Hl + C

(1)
Hl

2
gReZ = s2θ

[
1 +

δs2θ
s2θ

]
− C̄He

2
(3)

gLνZ =
1

2
+
C̄

(3)
Hl − C

(1)
Hl

2
gRνZ = 0 (4)

gLuZ =
1

2
−

2s2θ
3

[
1 +

δs2θ
s2θ

]
+
C̄

(3)
Hq − C

(1)
Hq

2
gRuZ = −2

3
s2θ

[
1 +

δs2θ
s2θ

]
− C̄Hu

2
(5)

gLdZ = −1

2
+
s2θ
3

[
1 +

δs2θ
s2θ

]
−
C̄

(3)
Hq + C

(1)
Hq

2
gRdZ =

1

3
s2θ

[
1 +

δs2θ
s2θ

]
− C̄Hd

2
(6)

while for the γ and W :

gLeγ = gReγ = −
[
1 +

δe

e

]
gLeνW = 1 +

δg

g
+ C̄

(3)
Hl (7)

gLνγ = gRνγ = 0 gReνW = 0 (8)

gLuγ = gRuγ =
2

3

[
1 +

δe

e

]
gLudW = 1 +

δg

g
+ C̄

(3)
Hq (9)

gLdγ = gRdγ = −1

3

[
1 +

δe

e

]
gRudW = 0 (10)

1.2 TGC

LTGC = −igVWW

[
gV1
(
W+
µνW

−µV ν −W−µνW+µV ν
)

+ κV V
µνW+

µ W
−
ν +

λV
m2
W

V µ
ν W

+ν
ρ W−ρµ

]
(11)

Where

gZWW = gcθ gγWW = e (12)

2



gZ1 = 1− s2θ
δg′

g′
+ (1 + s2θ)

δg

g
+ s2θtθC̄HWB gγ1 = 1 + s2θ

δg

g
+ c2θ

δg′

g′
− s2θ

2
C̄HWB (13)

κZ = 1− s2θ
δg′

g′
+ (1 + s2θ)

δg

g
− s2θ

2
C̄HWB κγ = 1 + s2θ

δg

g
+ c2θ

δg′

g′
+
c2θ
tθ
C̄HWB (14)

λZ =
3g

2
C̄W =

6m2
W

g

CW
Λ2

λγ = λZ (15)

And gauge invariance requires
(κZ − gZ1 ) = −t2θ(κγ − g

γ
1 ) (16)

1.3 QGC

LQGC =
g2

2

[
gWW

(
W+
µ W

+µW−ν W
−ν − (W+

µ W
−µ)2

)
+ gV V ′

(
W+µW−ν(VµV

′
ν + VνV

′
µ)− 2W+

ν W
+−νVµV ′µ

) ]
(17)

gWW = 1 + 2
δg

g
(18)

gZZ = c2θ

[
1− 2s2θ

δg′

g′
+ 2(1 + s2θ)

δg

g
+ 2s2θtθC̄HWB

]
(19)

gZγ = s2θ

[
1 + c2θ

δg′

g′
+ (1 + 2s2θ)

δg

g
− c2θtθC̄HWB

]
(20)

gγγ = s2θ

[
1 + 2c2θ

δg′

g′
+ 2s2θ

δg

g
− s2θC̄HWB

]
(21)

They are related to TGC corrections via

δgZZ
gZZ

= 2(gZ1 − 1) (22)

δgZγ
gZγ

= (gZ1 − 1) + (gγ1 − 1) (23)

δgγγ
gγγ

= 2(gγ1 − 1) (24)

1.4 HVV

LHV V =
m2
Z

v
hZµZ

µ [1 + ∆HZZ ] +
2m2

W

v
hW+

µ W
−µ [1 + ∆HWW ]

+
∆

(p)
HZZ

v
hZµνZ

µν + 2
∆

(p)
HWW

v
hW+

µνW
−µν + ∆

(p)
HAA

h

v
AµνA

µν + ∆
(p)
HAZ

h

v
AµνZ

µν

+ ∆
(p)
HGG

h

v
GaµνG

aµν

(25)
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with

∆HZZ = ∆κH +
δvT
vT

+ 2s2θ
δg′

g′
+ 2c2θ

δg

g
+ s2θC̄HWB + C̄HD (26)

∆HWW = ∆κH +
δvT
vT

+ 2
δg

g
(27)

∆
(p)
HWW = C̄HW (28)

∆
(p)
HZZ = c2θC̄HW + s2θC̄HB + sθcθC̄HWB (29)

∆
(p)
HAA = s2θC̄HW + c2θC̄HB − sθcθC̄HWB (30)

∆
(p)
HAZ = s2θ

(
C̄HW − C̄HB

)
− c2θC̄HWB (31)

∆
(p)
HGG = C̄HG (32)

1.5 Higgs potential

V (H) = h2 λv2T

[
1 + 2∆κH −

3

2λ
C̄H +

δλ

λ
+ 2

δvT
vT

]
+ h3 λvT

[
1 + 3∆κH −

5

2λ
C̄H +

δλ

λ
+
δvT
vT

]
+ h4

λ

4

[
1 + 4∆κH −

15

2λ
C̄H +

δλ

λ

]
− 3

4

h5

vT
C̄H −

1

8

h6

v2T
C̄H .

(33)

2 Useful definitions

C̄i =
v2

Λ2
Ci (34)

θ = arctan

[
g′

g
+

1

2

gg′

g2 + (g′)2
C̄HWB

]
(35)

Generic covariant derivative (NC only):

Dµ = ∂µ + iQ
g1gW√
g21 + g2W

Aµ

[
1− C̄HWB

g1gW
g2W + g21

]
(36)

+ i
√
g21 + g2W Zµ

[
T3 −

g21
g21 + g2W

Q+ C̄HWB
g1gW
g21 + g2W

(
T3 −

g2W
g21 + g2W

Q

)]
+ . . .

= ∂µ + iQ gW sθ Aµ

[
1− 1

2

cθ
sθ
C̄HWB

]
+ i

gW
cθ

Zµ
(
T3 −Qs2θ

) [
1 +

1

2

sθ
cθ
C̄HWB

]
(37)

+ . . .

Parameter shifts:

δs2θ
s2θ

= 2c2θ

(
δg′

g′
− δg

g

)
+
s4θ
4s2θ

C̄HWB (38)

δe

e
= c2θ

δg′

g′
+ s2θ

δg

g
+

∆α

2
(39)
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2.1 Input shifts

In the {α,mZ , GF ,mh} scheme:

δg

g
=

1

2c2θ

[
−c2θ

(
∆m2

Z + ∆GF
)

+ s2θ∆α
] δvT

vT
=

∆GF
2

(40)

δg′

g′
=

1

2c2θ

[
s2θ
(
∆m2

Z + ∆GF
)
− c2θ∆α

] δλ

λ
= −∆GF −∆m2

h (41)

In the {mW ,mZ , GF ,mh} scheme:

δg

g
= −1

2

[
∆GF +

∆m2
Z

s2θ

]
δvT
vT

=
∆GF

2
(42)

δg′

g′
= −∆GF

2

δλ

λ
= −∆GF −∆m2

h (43)

with

∆κH = C̄H� −
C̄HD

4
∆m2

h = 2∆κH −
3

2λ
C̄H (44)

∆m2
Z =

2gg′

g2 + (g′)2
C̄HWB +

C̄HD
2

∆α = − 2gg′

g2 + (g′)2
C̄HWB (45)

∆m2
W = 0 ∆GF = 2C̄

(3)
Hl − C̄

′
ll (46)
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