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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 Gargamelie, CERN

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

_ Tuwo ng
- in the gauge sector, no ZFCNC . !
in the Higgs sector, no HFCNC Ak‘& L5
’ (7 Calid

Models with two or more Higgs doublets
have potentially large HFCNC

Strict limits on FCNC processes!
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Notation

Yukawa Interactions

y = Q) T1®1d} — QF I'a®2d} — Q¥ Ard1uf — Q¥ Asdouy +he

~

. UK *
®; = —iTo®;

Quark mass matrices

-
V2

Diagonalised by:

My = vl + Uzewrz), M, = (’UlAl + ’Uge_wAg)

%I'-‘

Ul MaUar = Dy = diag (mg, ms,mp),
UTLM Uur = D,, = diag (my, me, my) .



Lept S d‘ W
eptonic Sector
’ /7 bf’

— L9 T 143 — L9 My®2f% + hec.

((—19 2,809 — L0 8509 + hee

~> Nawﬁuw
: Dcrac
( —Q-V%Tc_lMRV% + h.c. )



%@)
/ Expansion around the vev's

oF
d; = et% 'l . ’ = la 2
’ ( 5 (v + pj + ;) ) ’
We perform the following transformation:

H° . GO\ m \ . G\ _ o1
(5)-v(n) (T)-0(2) (5)-v(%)
L [ vie™™  gyet2
U —_ '/;)- ( ’Uze_ial —’Ule—iOQ ) ; = VUI -+ ’U2 (\/_GF)'% - 246G€V
U singles out

H© with couplings to quarks proportional to mass matrices

G°  neutral pseudo-Goldstone boson

G+ charged pseudo-Goldstone boson

Physical neutral fields are combinations of 70 R I
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Neutral and charged Higgs Interactions for the quark sector

—1 .
Ly (quark, Higgs) = —d9 - [MdHO + NJR +iNJI) d%,

-—-1
—uL (M, H® + N°R + iN2T] u%

_|_
‘fH (WO N, W N9y + hec.

0 1

| 1 .
NS = —(vol'] — v11€¥Ty), NO = —(v3A; — vie Y A).
d \/5(712 1 —v1e” ) y \/5(2 1 — U1 2)

Flavour structure of quark sector of 2HDM characterised by:

: 0 0
tfour matrices My, M,, N;, N,.
Likewise for Leptonic sector, Dirac neutrinos:
My, M,,, Np, N2



/ Yukawa Couplings in terms of quark mass eigenstates
for HY H° R T

Ly (quark, Higgs) =
e

(%

0

U (VNd’yR — NJ V'YL) d+ h.c. — HT (ﬂDu’LL + dDd d) —

oy

- [ﬂ(Nu’YR + Niyz)u+ d(Ngyr + Nivz) d] +
A7 '
O [U(NUWR — Niyp)u — d(Ngyr — N}WL) d]
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Exanple of oo BEL-Gpo modil : Trpums e
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Neutral couplines m BGL models

N, = —ﬁdiag(0,0,mt) -+ ?—Z-diag(mu,mc,O)
V2 U1

Explicitely

2
m Vo md l V3]. | Mg Vgl V32 my V§1 V33
2
(;‘ + 'U—) maV3,Vq  ms|Vssl mpV 39V 35
e\ U2 1 :
mqV3i3Va mgVisVas  myp|Vis|

It all comes from the symmetry
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F. Botella, M .Nele€, 6c 8

(20/9)
Answer: Yes!!
gBGL allowing for HFCNC both in up and down sectors

Symmetry: <Vl/0;t ﬂa,u'o—uft blind !9

zﬂ

Qrs = —QLs, - drastic reduction in number of free parameters
dg — dg, P — P, -no NFC
UR — UR, Dy > —Ps.

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

- renormalisable;

T, = i ; 313 I, — 8 8 8 - FCNC both in up and down
! < R ’ sectors;
0 0 0 Y31 Y32 X
X X & 0 0 0 - no longer of MFV type, four
Ar= | x x 513 A=lo o o additional flavour parameters;
1= 23 1 > 2 — ;
0 0 O 031 039 X - both up and down type BGL
appear as special limits;
gBGL verify:

rir, =0, IiA, =0,
AlA; =0, Al =o.
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A 2FIDNI swith SCPV and SFC

x X X o 0 0 x X X 0 0 o0
I'n=(x x x)}) I'g= 1[0 o o AI: X X x,AQ:(o 0 o)
o o o) x x x) 0O 0 o0 x X X

m Mass matrices

MO_ 'Ueiel (C T —|—€i08 1—1) MO
d — \/5 B 1 BL2), U \/§

» Important: with M 9 and MY real

I

10 0) 10 0
My=1[0 1 o0 |M, M2={0 1 O |MP
0 0 e* 0 0 e

M3 =[(1-P3) +e"P] M3, M2 =[(1-Ps)+e *Ps] M

' B

Spontancous CP Violation and Scalar FONC




A 2HDN with S"C/'l"\' a¢

= Bidiagonalisation of M3, M.

L{C];LM(? Uy, = diag(mg, ), L(,];LMS U,, = diag(my,)

m MOMY
10 0\ 10 0
MIMY' =10 1 o |MIMIT{0O 1 O
0 0 e 0 0 e %

MIMIT real and symmetric

04T MOMOT 0¢ = diag(m3,) with real orthogonal O¢

10 0
Ul MYMJ'U, = diag(m3,), with U, = 8 (1) 0 | o1
6’1,

m Similarly

Ul MM U, = diag(m?2), with U, =

1 0
01 0 Jou
0 0




A 2HDN with

m Right-handed transformations

MOTMY = M9TMS,  MOTMP = MOT P

O?%TMSTMC?Od = diag(m3,), OLT MOTMPOY = diag(m?))
with real orthogonal 0% and O%
m Finally

My = diag(my,) = U} MJO%, M, = diag(m.,) =Uj MO}
m The CKM matrix V = U] U, is
0

0
1 0 |o¢
0 €i29

V=0T

OO =

requires e*?? #£ +1 for CP violation!

Spontancous CP Violation qd Scalar FONC
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A 2HDN with SCPN and SFCNC

Scalar sector

m 2HDM potential

m CP invariant (all couplings are real)
m 7o symmetry, softly broken by u?s # 0

V(®1,85) = pfy BI®y + 3,105 + pf, (2105 + 0101)
FAL(RT D)2+ Mg (BID2)2 4 205(BT D1 ) (D] B5) +224(D] B, (B1 D)
+ As[(®]®2)? + (21®1)?)

5
0 - —M2 Foer G 27/2
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