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Two Higgs Doublet Models

Several motivations

- New sources of CP violation

SM cannot account for BAU

- Possibility of having spontaneous CP violation
EW symmetry breaking and CP violation same footing

T. D. Lee 1973, Kobayashi and Maskawa 1973

- Strong CP Problem, Peccei-Quinn

- Supersymmetry

LHC important role



In general two Higgs doublet models have FCNC

Neutral currents have played an important réle in the
construction and experimental tests of unified gauge theories

EPS Prize in 2009 to Gargamelle, CERN

In the Standard Model Flavour changing neutral currents
(FCNC) are forbidden at tree level

- in the gauge sector, no ZFCNC
- in the Higgs sector, no HFCNC

Models with two or more Higgs doublets
have potentially large HFCNC

Strict limits on FCNC processes!
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Notation

Yukawa Interactions

hu\ — |@M HJHAHVH&W — @lm ﬂw@w&wﬂw — mﬁw DH@HQW — @IW Dw@uw\gw +h.c

~

. *
D, = —112 D,

Quark mass matrices

1 |
Mg =—(vil'1 + Sm%ﬂwy M, =

V2
Diagonalised by:

1 |
m AGHDH —+ @wml%bwvu

Q«Mhi&qm&m — Nv& = QHQW AS&Q mg, S\Suv )
Ul MyUur = Dy = diag (mu, me,my) .
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Expansion around the vev's

)

%+
ﬁnAms . v j=1,2
7 (v + pj + in;)
We perform the following transformation:
HY 1\ G° . m \. G+ _ %w_.
()=o) (T)-v(R) (5)-v(&)

”_y \C”_.®|NQH @M@.ISQM
U= v voe Tt et v =uf 03 = (V2GF)~% ~ 246GeV

U singles out

HO  with couplings to quarks proportional to mass matrices

G°  neutral pseudo-Goldstone boson

(Gt charged pseudo-Goldstone boson

Physical neutral fields are combinations of 70 R I



Neutral and charged Higgs Interactions for the quark sector

—1
Ly (quark, Higgs) = I&o E@EO + NIR +iNJI] d%

|:m| [MyH® + NJR + iNJI| u%
U

2HT —
Iﬁ.l?m,\/\% dy — @522 d3) + h.c.

(%

| 1 |
NY = lﬁdwﬂu — Gpm%ﬂmy 2% = |/\|MAQNDH — @HQI%DMV.

Flavour structure of quark sector of 2HDM characterised by:
four matrices My, M,, va N,

Likewise for Leptonic sector, Dirac neutrinos:
My, M, 2%“ NY.



Yukawa Couplings in terms of quark mass eigenstates

for HY H R, I

Ly (quark, Higgs) =

+ 0
— /\Mm Uu Aa\zﬁb\m — ZMH <th d—+ h.c. — m| AQGQQ + %@& &v —
[ (Y
R _
- a(Nuvr + Njye)u + d(Nave + Ni) | +
I _
ti TAZZm — Niyz)u— d(Ngyr — Njvr) &
L= (1—5)/2 TR = (1+175)/2

V =Vokm
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Neutral couplings in BGL models

N, = —2Xdiag(0,0,my) + 2diag(1ma, me, 0)
V2 ()

Explicitely

Ny=210 m, o] -

* 2 *
3&<ww<wH Sm_<ww_ 3@<ww<ww
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It all comes from the symmetry

i
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Answer: Yes!!
gBGL allowing for HFCNC both in up and down sectors

Symmetry: AS\GN‘ K% hlind .\D

Qrs = —QLs, - drastic reduction in number of free parameters
dr > dr, b1 = Py, -no NFC
UR — UR, Dy — —Dy.

one may say that the principle leading to gBGL constrains the Yukawa couplings so
that each line of I';, A; couples only to one Higgs doublet.

- renormalisable;

X X 0 0 O
I = | x x Ma .= 0 0o o - FCNC both in up and down
! 0 ’ sectors;
0 0 0 Y31 Y32 X
X X O 0 0 0 - no longer of MFV type, four
additional flavour parameters;
DH = X X %ww , Dw = 0 0 0 , ’
0 0 0 031 O30 X - both up and down type BGL
appear as special limits;
gBGL verify:

Tir, =0, TIA; =0,
AN, =0, Al =o.
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Conclusions

- The 2HDM is one of the most plausible
extensions of the SM

- There are 2HDM with naturally suppressed FCNC
at tree level. examples: BGL models; gBGL models

- If extra scalars, either neutral or charged are
discovered , an important task will be to measure the

matrices Nu and Nd

' These measurements may help to uncover a possible

family symmetry







