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The N Higgs Doublet Model Yukawa Lagrangian

_Ly = Q_ercl)knR + Q_LAka)kpR + h. C.,

Rotating the scalar doublets to the Charged Higgs Basis, by a matrix §, they
can be parametrised as
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The quark fields can also be rotated into their mass basis,

pL = VuLuL» pr = VurUr, V=V Vay,
M, = VD, VJR, = diag{m,, m., m},

n;, = Vyrdy, ng = Vgrdg,

Mg = Vgr.DgVie, Dg = diag{mg, mg, my},

where V is the CKM matrix, such that the Lagrangian becomesl?!!
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Physical Parameters

Looking at the decomposition of the mass matrix M, in detail,
Md —_ VdLDdV(;ll-R —_

{1,af ,aZL}R -4k 1 1}R $odl 1 1}R {a3 ,al aSL}dlag{md, mg, My }
{—adR, —aqdR, —adRIRIB{—59R 1,1 JRIR{§IR 1,1 }JRIR, {1, —a{R, —adR},

the phases a$" and a$R only appear in the combination a$* — a$R, and likewise
for a, and a-. Therefore one of each can be chosen as an arbitrary
parameter. It is convenient to choose the left phases as arbitrary, both in
the down and up sectors. Then, looking at the CKM matrix in detail,

V=V Vg =
{— agR,—ag‘R, dRIRIR {—69R, 1,1 JRIR{5R, 11}Rdf}2{1 —afR, —aSR}
{1,af ,aZL}R Mgt 1,1 IR 69, 1,1 IRFL{adY, adl, @) =

{(—as®, —af®, —ag®}1, ay, a3}R23 (=6, 1,13R15{6, L13R 5 {as, ay, as Hag", af", as"}.

The arbitrary phases can be used to cancel the outer phases, leaving the CKM
matrix with 1 phase, 6. The same reasoning can be applied to the C;;, C iz,
C,..r, and C,r., matrices, whose results are summarised in the following table.

Matrix Magnitudes Phases
D,/D, 3 0
Ex/E ax 3 0
V 3 1
Curr/Caik 3 3
Curi/Cark 3 6

Conclusions

The flavour sector of the NHDM can be parametrised in terms of diagonal eigenvalue and unitary

mixing matrices.

The number of physical parameters is consistent with previous ways of looking at flavour physics.

Flavour Invariants can be used to describe the flavour sector of the NHDM in a basis invariant way.

A New Way of Looking at Flavour Physics

The same decomposition of the mass matrices My, M,;, can be done to the
other Yukawa matrices, Ng4i, Nyx,

Eqk = diag{ng, 1 Nd,k Nd,k}»
Eyk = diag{nulk» Ny, k» nugk}-

Ngk = UdeEdede»
Nuk — UuLkEukUuRk'

Relevant mixing matrices, akin to the CKM matrix, that encode the flavour
changing neutral couplings (FCNC) of the model, can be computed

_ vyt _ T _uT _ vt
Cark = VyUdrk Cark = VarUdrks Curk = VyrUurk Curk = VyrUurk

simplifying the Lagrangian

__ HY
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and allowing for the interpretation of the interaction between the quarks and
the Hy scalar doublets as a series of bases in which the interaction would be
diagonal, and unitary mixing matrices Cg;y, C4ri, Curk, Curk that go from the
mass basis to those diagonal basis.

Flavour Invariants

In the SM, hermitian matrices can be defined and the following flavour
invariants

H, = MUMI-E'

I(l) = Tr(Hy),

[2 = Tr(Hy),

[; = Tr(HyHgq),

Hq = MgM],

9 = Tr(H3), 19 = Tr(H3),

12 =Tr(H3), 12 =Tr(H3),

19 = Tr(H2Hy), 13 = Tr(H H3), 19, = Tr(H2H3),

form a basis for the parameter space of the flavour sectorl2l, In the NHDM it
is useful to further define

Juk = NukNikr Jak = Ndegk; A, = MM, Ag = MgMd; Buk = Nszukr
Bak = N\ Ngiw  Fue=MNT,,  Fgo=MgNl,  Gu=NuM!,  Gg =NgM],
and a can be given by the SM

flavour invariants, plus the invariants given below,

I3 =Tr(Jox), 15 = Tr(Jk),
1§ =Tr(Jdk), 18 = Tr(J&),
5§ = Tr(HuJd), 1o = Tr(HEJG),
Il1<3 = Tr(Hd]czlk)» Il1(4 = Tr(Hélék),
I, = Tr(AuBR), I = Tr(AZBG),
Il1(9 = Tr(AgBgx), Ilz(o = Tr(AﬁBdk)J Il2(1 = Tr(AdBék)» I22 = Tr(AﬁBék),
[5; = TF(]ukHd) 15, =Tr(JgHq), 155 =TrJaHy), 13 = Tr(J§cHy),

15, = (TI‘(F kFai) + Tr(GarGuk)), [§g = 1 (TI‘(Fudek) — Tr(GakGuk) ),

5o == (TI‘(H FukFaw) + Tr(GaGuHy)), 15 = _i (TI‘(HuFudek) — Tr(GakGukHu)),
5 =2 (TI‘(HddeFuk) + Tr(GukGakHa)), 12 = _i (TI‘(HddeFuk) — Tr(GukGaxHa)),
53 == (TI‘(Fuk]udek) + Tr(GaukGuw)), 154 = > (Tr(Fuk]udek) — Tr(GawJukGuk) ),

55 == (TI‘(de] akFur) + Tr(GudaxGaw)), 156 = > (Tr(de] dkFu) — Tr(Gud akGax) )-

X = Tr(Juk),

L5 = Tr(Jaw),
¥ = Tr(HyJuk), 118< — Tr(Ha]uk);
51 = Tr(Halaw), 1% = Tr(HdJax),
I¥5 = Tr(AyBuk), Il1<6 — Tr(A%lBuk);
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