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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 role 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

Ly = —Q T1®1d% — QY Tadadh — Q0 A1d1uf — Q¥ Agdoul 1

—~

. *

Quark mass matrices

1 .
Md — —(le‘l + 02629F2), M, =

V2
Diagonalised by:

1 :
%(U1A1 +vae " A),

UCTZLMdUdR =Dy = diag (mda mg, mb) )

Ul M,Uyr = D, = diag (mu, me, ms) .
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Neutral and charged Higgs Interactions for the quark sector

Ly (quark, Higgs) = —dO [M HY + NYR +iN°1]d%

—uL (M, H° + N°R + iN°I] u%

2H+ _ _
_megNg 20— TN 9 4 he.

1 :
Nc(i) == %(ngl — ’Ulewrz), N,g =

1

ﬁ (’UgAl — Ule_wAg).

Flavour structure of quark sector of 2HDM characterised by:

: 0 0
four matrices My, M,, N;, N,.
Likewise for Leptonic sector, Dirac neutrinos:
My, M,, Ny, NV



Yukawa Couplings in terms of quark mass eigenstates

for HY H R, T

Ly (quark, Higgs) =
\/_ HY

HO ]
(VNCWR NI VVL) d+h.c. — — (@Dyu+ dDy d) -
R )

- [ (NuyR + NivL)u + d(Navg + N;’YL) d] T

I :
+i [u(NufyR — Niy)u — d(Ngyg — Nivyp) d]

v = (1 —75)/2 Yr = (1 +75)/2

V=Verwum
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Neutral couplings i BGL models

N, = —Ediag(O,O,mt) + v—zdiag(mu,mc, 0)
V2 (3]

Explicitely

my 0 0
Nd: e 0 mg 0
U1 0 0 my
51 b mg|Vs1|?  ms §1V%2 myV'31V 33
q(v__i_v_) mgV 35V 31 ms|Vs2]®  mpl 3V 33
’ ! maV33V 31 MgV 33V 39 mb|V33|2

It all comes from the symmetry
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