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This note presents the Lagrangians which are implemented via FeynRules for the Higgs charac-
terization model.

I. UPDATE HISTORY

• 2013.01.16 v1.0 released.
• 2013.04.04 v1.1: Added the CP-odd Yukawa term in the X0 lagrangian and modified the X2 HD Lagrangian to

be proportional to 1/Λ3.

• 2013.04.12 v2.0: Fixed a bug for the X2 lowest dimensional intereactions with massive gauge bosons. Changed
the parametrization for X0.

II. LAGRANGIANS

A. Spin 0

The spin-0 X intereaction Lagrangians with fermions and vector-bosons are given by [1]

Lf
0 =

[
cακHffgHff ψ̄fψf + sακAffgAff ψ̄f iγ5ψf

]
X0, (1)

and

LV
0 =

[
cακSMgHV V VµV

µ (2)

− 1
4
[
cακHγγgHγγ AµνA

µν + sακAγγgAγγ AµνÃ
µν

]
(3)

− 1
4
[
cακHZγgHZγ ZµνA

µν + sακAZγgAZγ ZµνÃ
µν

]
(4)

− 1
4
[
cακHgggHgg G

a
µνG

a,µν + sακAgggAgg G
a
µνG̃

a,µν
]

(5)

− 1
4

1
Λ

[
cακHV V VµνV

µν + sακAV V Vµν Ṽ
µν

]]
X0, (6)

where V = Z,W±, the (reduced) field strength tensors are

Vµν = ∂µVν − ∂νVµ, (7)
Aµν = ∂µAν − ∂νAµ, (8)

Ga
µν = ∂µG

a
ν − ∂νG

a
µ + gsf

abcGb
µG

c
ν , (9)

parameter default value description
Λ [GeV] 103 cutoff scale
cα(≡ cos α) 1 mixing between 0+ and 0−

κi 1 or 0 dimensionless coupling parameter

TABLE I: Model parameters.
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and the dual tensor is

Ṽµν =
1
2
εµνρσV

ρσ. (10)

The model paprameters in the Lagrangians, which one can change, are listed in Table II.
The couplings are

gHff = gAff = mf/v, (11)

gHV V = 2m2
V /v, (12)

gHγγ = αEM/πv ∗ (47/18), (13)
gAγγ = αEM/πv, (14)
gHZγ = αEM/πv, (15)
gAZγ = αEM/πv, (16)
gHgg = −αs/3πv, (17)
gAgg = −αs/2πv. (18)

B. Spin 1

The spin-1 X intereaction Lagrangian with fermions is

Lf
1 = −

∑
f=u,d

ψ̄fγµ(κfaaf − κfb
bfγ5)ψfX

µ
1 , (19)

where u and d denote the up-type and down-type quarks, respectively. The af and bf are the SM couplings, i.e.

au =
g

2cW

(1
2
− 4

3
s2W

)
, bu =

g

2cW
1
2
, (20)

ad =
g

2cW

(
− 1

2
+

2
3
s2W

)
, bd = − g

2cW
1
2
. (21)

The XWW intereaction at the lowest dimension is in general [2]

LW
1 = + iκV1gWWZ(W+

µνW
−µ −W−

µνW
+µ)Xν

1 (22)

+ iκV2gWWZW
+
µ W

−
ν X

µν
1 (23)

− κV3W
+
µ W

−
ν (∂µXν

1 + ∂νXµ
1 ) (24)

+ iκV4W
+
µ W

−
ν X̃

µν
1 (25)

− κV5εµνρσ[W+µ(∂ρW−ν)− (∂ρW+µ)W−ν ]Xσ
1 , (26)

where gWWZ = −e cot θW . Similarly, the XZZ interaction is given by [3]

LZ
1 =− κV3X

µ
1 (∂νZµ)Zν (27)

− κV5εµνρσX
µ
1 Z

ν(∂ρZσ). (28)

For X1 = 1− in parity-conserving scenarios:

κfa,V1,V2,V3 6= 0. (29)

For X1 = 1+ in parity-conserving scenarios:

κfb,V4,V5 6= 0. (30)
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JHU scenario HC parameter choice
0+

m κHgg = 1, κSM = 1, cα = 1
0+

h κHgg = 1, κHV V = 1, cα = 1
0− κAgg = 1, κAV V = 1, cα = 0
1+ κfua = 1/au, κfub = −1/bu, κfda = 1/ad, κfdb = −1/bd, κV5 = 1
1− κfua = 1/au, κfub = −1/bu, κfda = 1/ad, κfdb = −1/bd, κV3 = 1
2+

m κg = 1, κV = 1
2+

h κg1 = 1, κV1 = 1
2−h κg2 = 1, κV2 = 1

TABLE II: Parameter set for the JHU comparison; see also TABLE I in the JHU paper [9].

C. Spin 2

The spin-2 X intereaction Lagrangian starts from the dimension-five terms [4–6]:

Lf
2 = −

∑
f=q,`

κf

Λ
T f

µνX
µν
2 , (31)

and

LV
2 =− κV

Λ
TV

µνX
µν
2 (32)

− κγ

Λ
T γ

µνX
µν
2 (33)

− κg

Λ
T g

µνX
µν
2 , (34)

where V = Z,W± and T i
µν is the energy-momentum tensor of the SM fields; see e.g. [7] for the explicit forms. The

even higher dimensional terms [8, 9], dimension-seven, are also implemented as

LVHD
2 =− κV1

Λ3
(∂ν(∂µ

1
4
VρσV

ρσ))Xµν
2 (35)

− κV2

Λ3
(∂ν(∂µ

1
4
VρσṼ

ρσ))Xµν
2 (36)

− κγ1

Λ3
(∂ν(∂µ

1
4
AρσA

ρσ))Xµν
2 (37)

− κγ2

Λ3
(∂ν(∂µ

1
4
AρσÃ

ρσ))Xµν
2 (38)

− κg1

Λ3
(∂ν(∂µ

1
4
GρσG

ρσ))Xµν
2 (39)

− κg2

Λ3
(∂ν(∂µ

1
4
GρσG̃

ρσ))Xµν
2 , (40)

where Vµν = ∂µVν − ∂νVµ, etc, are the reduced field strength tensor.
For X2 = 2+ in the RS-like graviton scenario:

κf = κV = κγ = κg 6= 0. (41)

For X2 = 2+ with the higer-diminsonal operator in parity-conserving scenarios:

κV1 , κγ1 , κg1 6= 0. (42)

For X2 = 2− with the higer-diminsonal operator in parity-conserving scenarios:

κV2 , κγ2 , κg2 6= 0. (43)
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