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Model u d �

I Φ1 Φ1 Φ1

II Φ2 Φ1 Φ1

III Φ1&Φ2 Φ1&Φ2 Φ1&Φ2

X Φ1 Φ1 Φ2

Y Φ1 Φ2 Φ1

Table 1: The most popular models of the Yukawa interactions in the 2HDM (also

referred to as “Types”). The symbols u, d, � refer to up- and down-type quarks,

and charged leptons of any generation. Note that the Inert Model corresponds to

Model I. Also other terminology is being used in the literature.

Model λ
u

λ
d

λ
�

I − tan β − tan β − tan β

II cot β − tan β − tan β

X − tan β − tan β cot β

Y − tan β cot β − tan β

Table 2: Charged-Higgs Yukawa coupling coefficients λ
F

in the Z2-symmetric types

of 2HDM.

Using the notation of Table 2, the couplings of the charged Higgs boson to

fermions in any of the four types can be conveniently expressed as

H
+
dū :

ig

2
√

2mW

Vud

�
λ

u
mu

�
1− γ

5
�
− λ

d
md

�
1 + γ

5
��

H
+
�
−
ν̄� : − ig

2
√

2mW

λ
�
m�

�
1 + γ

5
�
.

(4.2)

Explicitly, for the charged Higgs bosons in Model II, we have for the third gener-

ation [1]

H
+
bt̄ :

ig

2
√

2mW

Vtb[mb(1 + γ5) tan β + mt(1− γ5) cot β],

H
−
tb̄ :

ig

2
√

2mW

V
∗
tb[mb(1− γ5) tan β + mt(1 + γ5) cot β]. (4.3)

5 Experimental constraints

We here review various experimental constraints, concentrating on masses for Higgs

bosons above 100 GeV. Most of the experimental constraints listed below are valid
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6 Charged Higgs bosons at the LHC—an overview

This section describes possible production and detection channels at the LHC.

Since a charged Higgs boson couples to mass, it will predominantly be produced

in connection with heavy fermions, τ , b and t, or bosons, W
±

or Z
0
, and likewise

for the decays. Unlike the case of much literature on the subject, we refrain here

from splitting the discussion of possible H
±

production mechanisms into two mass

regimes, according to whether the charged Higgs boson can be produced in a top

decay or whether it could decay to a top and a bottom quark. In fact, it has

been shown how this could lead to misleading results in the so-called threshold

or transition region, when MH± ≈ mt [42], owing to the possibility of double

counting some partonic contributions and/or mis-modelling possible off-shellness

effects involving top quarks.

6.1 Important production processes

Below, we list all important H
+

production processes represented in Fig. 2. (Charge-

conjugated processes are not shown separately.) We start with single H
+

produc-

tion [43–45]:

gg, qq̄, bb̄→ bt̄H
+
, (6.1a)

gg, bb̄→ W
−
H

+
, (6.1b)

gg, bb̄→ W
−
H

+
, (6.1c)

qq̄
� → QQ̄

�
H

+
, qq̄ → QQ̄H

+
, qQ→ qQ

�
H

+
(6.1d)

bq̄ → bq̄
�
H

+
, bb̄→ bq̄

�
H

+
, bq → bq

�
H

+
(6.1e)

where here and below, in Eq. (6.2) as well as in Figs. 2 and 3, q, q
�
, Q,Q

�
represent

quarks other than b’s and t’s. (If the line has no arrow, it represents either a quark

or an antiquark.) Notice that the process (6.1a) represented in Fig. 2a contains

as subprocesses both top-antitop production followed by the decay t → bH
+

and

b̄g → tH
+
: see, e.g., [42].

For H
+
H

−
pair production we have [46–48]:

gg → H
+
H

−
, (6.2a)

bb̄→ H
+
H

−
, (6.2b)

qq̄ → H
+
H

−
, (6.2c)

qQ→ q
�
Q

�
H

+
H

−
. (6.2d)
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Important H+ production processes at the LHC

also H+ H- pair production...
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Figure 2: Feynman diagrams for the production processes (6.1).
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Figure 4: Charged-Higgs branching ratios vs tan β.
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Branching ratios.
Rui Santos, 
in progress

No constraints 
imposed



• So far, focus on CP-conserving case (Rui)

• Enhancements of BR’s in CP-violating 
scenario
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7 Benchmarks for the 2HDM II

Within the 2HDM II, like in the MSSM [52], if the lightest neutral Higgs boson H1

is sufficiently light, the channel (6.3c) may be viable. We are interested in the case

when H1 → bb̄, for high values of tan β. The H
±
W

∓
Hj coupling is proportional

to the mixing coefficient

Cj = (sin βRj1 − cos βRj2) + iRj3, (7.1)

whereas the relative (with respect to the SM) Hjbb̄ coupling is given by Eq. (4.1).

A measure of the relevance of this channel is the following branching ratio:

B =
Γ(bb̄W )�

Γ(ff̄ �) +
�

Γ(ff̄ �H1)
, (7.2)

which is shown in Fig. 7 for some representative values of the parameters tan β,

M2 and µ
2
.

The role of CP violation is twofold: (i) it can provide allowed parameter points

for values of tan β, M1, M2, µ
2

and MH± that would otherwise be excluded, and

(ii) it can lead to an enhancement of the branching ratio (7.2).

Figure 7: Charged-Higgs branching ratio (7.2) vs MH± and M1.
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Branching ratio, CP-violating case



Draft (28 pages)

• Introduction

• Potential and states

• Theoretical constraints

• Experimental constraints

• Yukawa interaction

• Charged Higgs bosons at the LHC - overview

• Benchmarks for the 2HDM II

• Models with several charged scalars

• Models with DM candidates

• Appendix A Yukawa couplings



Mailing list - 
potential participants

Abdesslam Arhrib
Antonio Racioppi

Bohdan Grzadkowski
Dilip Ghosh

Dorota Sokolowska
Eilam Gross

Ekaterina Christova
Elena Ginina

J. Lorenzo Diaz Cruz
Katri Huitu

Konstantin Kanishchev
Kristjan Kannike

Lorenzo Diaz Cruz
Mahdi Purmohammadi

Maria Krawczyk
Mario Kadastik
Martti Raidal

Michal Szleper
Nazila Mahmoudi

Odd Magne Øgreid
Oscar Stål

Riccardo Barbieri
Rohini Godbole

Rui Santos
Shinya Kanemura

Slava Rychkov
Stefano Moretti
Wafaa Khater



DM Model by Raidal et al
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• Complete CV-conserving part

• Extend to CP-violating model

• Interact with experimentalists!
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