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

I. UPDATE HISTORY

e 2013.01.16 v1.0 released.

e 2013.04.04 v1.1: Added the CP-odd Yukawa term in the X lagrangian and modified the X HD Lagrangian to

be proportional to 1/A3.

e 2013.04.12 v2.0: Fixed a bug for the X5 lowest dimensional intereactions with massive gauge bosons. Changed

the parametrization for Xj.

II. LAGRANGIANS
A. Spin 0

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

Ll = [cakmprgnss ¥pbs + sakarrgars Urivsir] Xo,

and

LY = |carsmgmvy VuV*

1 ~
T4 [CQKH’Y’YgH’Y’Y A A" + Sakayygayy AWA“”}

1 ~
- Z I:CQKHZ’YgHZ"/ Z;J,VAHD + SaRAZyGAZ~ ZMVAILV}

1 .
T3 [caﬁHgggHgg G GM + sakagggagg GZZ,G“’“”]

11 ~
- ZK I:CQKJHVV VHVVHV + SakAVV Vp,uij] XO7
where V = Z, W%, the (reduced) field strength tensors are
‘/;U/ = BMVV - al/‘/;u
A =0,A, - 0,A,,
G, = 0,G% — 0,G% + g f*°GY G,

parameter default value description

A [GeV] 103 cutoff scale

ca(=cosa) 1 mixing between 01 and 0~

Ki loro0 dimensionless coupling parameter

TABLE I: Model parameters.
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and the dual tensor is

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

The couplings are

1 o
V,ul/ = ielu/ypo-vp

gury = 9gags =my/v,
grvv = 2m3, /v,

GH~~ = M /70 * (47/18),
JAyy = OZEM/T"'Uv

9HZ~y = aEM/sz

Az~ = CYEM/W'U7

JHgg = —0s /3T,
Jagg = —0us /2.
B. Spin1l

The spin-1 X intereaction Lagrangian with fermions is

Ll ==Y dpwlrgar —rpbpys)s XL,
f=u,

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

aw =52~ (
2CW

a =52
26W

The XWW intereaction at the lowest dimension

d

1 4, g 1
5 5 bu:777
2 3SW>’ 2ew 2
1 2, g 1
_-4+Z by = — -1 =
2+33W>’ S Y

is in general [2]

LY =+ ik, gwwz(WLW ™ — W, W) XY
+ iﬁvngWZWlfW,fo"
— Ky, WIW, (0" XY + 0" XY)
+ ik, WEW, X

RV W@ ) — (@W WX,

where gy wz = —ecot 8y Similarly, the X ZZ interaction is given by [3]
L? =— ky, X{(0"2,)Z,
— Ky €upo X1 2V (0P Z7).

For X; = 17 in parity-conserving scenarios:

For X1 = 17 in parity-conserving scenarios:

Kfa,V1,V2,V3 # 0.

K fy,Va,Vs # 0.

(10)

(19)



JHU scenario HC parameter choice
0;; KRHgg = 1, RSM = 1, Ca = 1
O:Lr HHgg = 1, RHVVYV = 1, Coq = 1
0~ Kagg =1, kavv =1, ca =0
1" Kfug = 1/0u, Kfu, = —1/bu, Kfa, =1/aa, Kga, = —1/ba, kvs =1
1~ Kfug = 1/au, Kfu, = —=1/bu, Kfa, =1/aa, Kfa, = —1/ba, kv =1
2+ kg =1, ky =1
2: kg =1, kyy =1
2 Fop =1, Ky =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]:

K v
== FTLx,

f=at
and
Ly = — =T Xy
- T, X"
T, X5,

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

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

1
L0 = = 8 (0,(9u 7 Vos V) XL

A3 Oy Tee

Kv, 1 17 po v
= 25 (03 Vi VP X

Ky 1 o v
= D00, (07 Apr AT XY

Koy, 1 Apo Qv
— (0,0, A0 AP)) X

Kg, 1 po 124
—F(&,(@uszG ) X4

Kgy

1 ~ o ns
A5 (00(0u7GpeGP7)) X5,

where V,,, = 0,V,, — 0, V,,, etc, are the reduced field strength tensor.
For X, = 27 in the RS-like graviton scenario:

Kf =Ky = ky = kg # 0.
For X5 = 2% with the higer-diminsonal operator in parity-conserving scenarios:
Kvys Byps Rgy 7é 0.
For X5 = 27 with the higer-diminsonal operator in parity-conserving scenarios:

KVy s Bygs Kgy 7é 0.
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