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Abstract

We study CP transformations in Two-Higgs-
Doublet Models (THDMs). In the formalism of
bilinears generalised CP transformations have
a simple geometric meaning: they correspond
to improper rotations. We identity two differ-
ent types, namely transformations which corre-
spond to reflections on planes and a new type
corresponding to a point reflection. We study
in detail the general THDM Higgs potential, in-
variant under the point reflection. This model
has four generalized CP symmetries. Carrying
the CP transformations over to the Yukawa sec-
tor it turns out that one family can not be cou-
pled to the Higgs sector. Thus we find a sym-
metry argument for family replication. With
two families the Yukawa couplings are com-
pletely fixed if we require them not to van-
ish and not to give flavour-changing neutral
currents. Treating a third family uncoupled,
we present clear predictions for the production
and subsequent decay of the Higgs bosons at
the LHC. As salient feature we find rather large
cross sections for Higgs-boson production via
Drell-Yan type processes. With experiments at

the LHC it should be possible to check these
predictions.

CP transformations

e Standard CP transformation of the Higgs-
doublet fields is defined by

pi(x) = i (z'), i =1,2

e In terms of the bilinears, this CP. transtforma-
tion is simply [2]

K()(Q?) — K()(.T/) ;

K(x) — diag(1,—-1,1) K (')
N —

Ro

Geometrically this is a reflection on the 1-3
plane.

Generalised CP transformations

e Generalised CP transformations (GCPs) are
detined by

pi(r) = U ¢i('), 4,j=1,2.

e In terms of the bilinears this reads [2]

K() — K(),
K- RK

with an improper rotation matrix R.

e Requiring R? 13 leads to two types of
GCPs. In K space:

point reflection

= R" Ry R, reflection on a plane

The Formalism

e Any THDM potential can be written in the
simple form [1]

V =¢ Ko+ € K+n00Ki+2Kon K+ K'EK

where the four bilinears Ky, K contain all
gauge invariant scalar products of the two

Higgs-doublet fields

Ko = SOJ{SZM + 9059027
Ky P12 + b1
K=|K| = |iphpr —iples
K3 o101 — P
The model
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e We study the most general model invariant under K — — K [3, 4, 5].
e The corresponding potential has to obey the conditions

£:n:0,i.e. VMCPM:£0K0+UOOK§+KTEK-

This model is also invariant under three GCPs of type (i7).

We call this model therefore maximally CP symmetric model, MCPM.

e We find that at least two families are necessary in order to have non-vanishing Yukawa couplings.
Absence of FCNC fixes then the Yukawa couplings completely.

Example: lepton sector
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Predictions for LHC

e 5 physical Higgs particles: p/, b/, h”, H*

® o’ couples exclusively to (7,t,b) family, p’ behaves like SM Higgs.
o i/, /', H* couple exclusively to (i, ¢, s) family with
strengths given by third generation fermion masses.

e The (e, u,d) family is uncoupled to Higgs bosons.
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e Examples of Yukawa couplings:

C

e [ arge cross sections for Drell-Yan Higgs boson production. Main decays give ¢ quarks.
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e For Higgs-boson masses b/, h”, H= of 200 GeV we get a total cross section of 850 pb for LHC7!
e With the branching ratio of 3 - 107° into p-pairs, this gives about 25 y events from h' (h”) at

LHC7 at1 fb—1.



