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Natural Flavour Conservation

with extended scalar sector

NFC requirement J

atvap19 — A:
For the 2HDM: U/'Y/UL =diag Vh

@ 7, symmetry: Only one Y{ is not zero for
every g. Way to implement: No spontaneous CP Violation J
Higgs: ¢1 — ¢1 and ¢ — —o».
Fermions: g with the appropriate charge.

Spontaneous CPV. Not stable
under RGE unless is Z,.

[P.Ferreira, L.Lavoura and J.P.Silva 2010]

@ Alignment: More general statement, all
Yukawa couplings proportional.

Y{ =<Y]. No symmetry

¢ complex parameters If Alignment is true we

[A.Pich and P.Tuzon 2009] need additional particles
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The renormalizable model
N + 2 Higgs doublet Model + 2 real singlets with NFC
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The renormalizable model
N + 2 Higgs doublet Model + 2 real singlets with NFC

ol b, GPa=1,.N T 2
SUQR), 2 2 2 1 1
Uy 12 12 1/2 0 0
Zxz (L1) (L-1) (-1,1) (-1L,1) (-1,-1)

Ly = QYD dS+ QOY, D ul +OY, Dy e +hc.
Implementation of NFC with Z,

ur dR (5]~
Type'l (17 1) (13 1) (]-a 71)
Type'” (17 _1) (17 1) (]-a 1)
TypeX (1,-1) (1,-1) (1,1)
TypeY (1,-1) (1,1)  (1,-1)
lnert  (1,1)  (1,1)  (L,1)

Enlarged scalar sector
V (@, ¢,1) = MPOTD; + ..+ AaMy &l dam + Ny Mo ®l
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The low energy limit

Very heavy states:

M? > p?, m%, m; J
Integrate ®; using EOM

Pf ~ —#X, L Nonia

Effective potential
Veff ((b? 77) ~V (07 ¢a 77) -

2 2
— N Aol dpnt — Ny N, ol dum3
fermion-scalar interactions

N
RO
a=1

eff
_Emt —

N
+ /\% STNFOL X +he,
a=1

[(FS) I. de Medeiros Varzielas 2011]
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Inert:
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XXX

N — T
X = dg Y} QY + (@) Yueud)
X, = e Y] 0
ZWWW+¥GQ

= (@)
m—%W@
:deL QP+ (QL uEUR)T
=doYl QP
— (@Y + Y

R T
X = dg Y} QP+ (QPYyeu)
+eR Y] ¢}
X2 == 0
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Effective Alignment in 2HDM

Type-ll: T, =
_C\zfﬁ?m :Q_E(I_lq,’)l +Ta¢0) dp +Q_E (A1¢~51 F A2¢~52> up
+@(I’I1¢1 + Mago) ep + h.c.,

Aa - %/\;*Yua I—Ia - <,\7Z;'1> /\aYé

Relation between mass and
Fo=&qTy, Dy = &N, My = &My flavour-changing matrices

with N, =¢;My, Ng =sMy, Ny = M,
£ €, = )\’ with the proportionality factors given by
L = 77 u —
Af .
tanf —e'®
S = b & tan g = ki

Only 2 out of 3 are independent 1+ el%ptan 8’ Vi

New sources of CPV
Paossibility of spontaneous CPV
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Conclusions

@ FCNC are problematic in multiple Higgs scenarios
@ A simple model where the Yukawa couplings are naturally aligned
@ Alignment is a consequence of NFC at the UV scale:

» Imposition of a discrete symmetry
» Decoupling of heavy states that couple to fermions

More details see: H. Serodio, Phys. Lett. B700 (2011) 133-138.
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