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Introduction and Motivation

o Higgs-fermions couplings SM-like or expanded complex scalar sector

@ A natural scenario is Two Higgs Doublet Model (2HDM)
© 2HDM where Abelian symmetries have been introduced

» Drastic reduction of free parameters
» Stability under RGE

@ Classification of all the models

@ Brief phenomenological analysis of the most salient features of each
class

Fernando Cornet-Gémez Symmetry Constrained 2HDM 3/12



General 2HDM

y = _@L (Fl(I)l + FQ(I)Q) dr — @L <A1<AI;1 + A252> uR + .h.c.

With the vev's given by (<I>,->T = ¢t ( 0 v;/V2 ) we define the Higgs
basisby<H1>T=(0 v/V2 ), (H o) T =(0 0),v*=0vf+0v3,c5=
Ul/U, Sp = UZ/thﬁ = UZ/UI

eTd (e sp H,
e 20, )\ s5 —cp Hy

then we have

i CenSamna) 5= )
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e H¥ new charged Higgs bosons.
e A new C'P odd scalar (we will have CP invariant Higgs potential).
o HY and R° CP even scalars. If they do not mix, H° the SM Higgs.

+
Ly = -— \/Qf U (VNd’yR — N,I V’YL) d+ h.c.
0
I (M + aMy d) -
RO

Y [E(Nu’m + Njyp)u+ d(Ngyr + Njyw) d}

AT 7
i [u(Nu’yR — Nivp)u —d(Navr — Nivr) d}
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Background: BGL (Branco, Grimus and Lavoura)
A BGL model is enforced by the U (1) flavour symmetry (top type model)

QL3 — eiaQL3 5 UR3 — 61204 R3 5 @2 — eiaq)Q
In the quark mass basis it correspond to the model defined by the MFV
expansion _(P3)ij = 52’35]'3‘
Ny =UPINQUR = [tal = (15 + 65" ) VIPV] My
Ny = UpTNQUR = [tal = (t+t5") P3| M,

or to the model with the following Yukawa couplings

X X X 0 0 O
'y = X X X ;o Ty = 0O 0 O
0 0 O X X X
x x 0 00 O
A= x x 0 i As=11 0 0 O
0 0 0 0 0 x
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Definition
@ Abelian symmetry transformations

D) = @y, By = Dy, Q) € 0QY

0 i8;6 10 0 iv,;6, 0
de > e'P de, Up; — ¥ Up;

o Classification— 1012.2874 (P. M. Ferreira and J. P. Silva)
o Asin BGL N, = [tgP1 +tg P+t P3] M,
» Left Conditions N = LMY, NO =12 M2,
with L9 = 119 P + 1P, + 11 Py
» Right Conditions N¢ = MY R}, N2 =M?R?,
with RO =l Py [Py 4 7l Py

100 0 00 0 00
PP=10O0O0], RP=101O0], B=|000
0 00 0 00 0 01
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Left Models

o Propertes Sym. | Tree FCNC Parameters
(Nw) ;5 o O3my
G-W z ij O %" t
2 (Nd)m . @de By Mgy,
(Nu)ij = 6i(ts — (tﬁ+t71)5'3)mu-
BGL (¢ z g B id J V, tg,
PO B () = (1585 = 15+ 15 WiV, o
(Na)yy = (st — (g + L3 IV Vi
dBGL (b Z, ij J 5 ib " jb J V,tg, m
OF 122 | Ny = bty = (2 + £5)350m, B e
gBGL 22 (N )z] = (tﬁd (tﬁ +t,B )n[u]zn[u] )mu] V, tﬁ, My,
(Nd)z] = (tgdi; — (ts +t/3 )n[d]in[d] )md ﬁ[qj(+4)
JBGL Zn>2 (N )1,] = (tﬂ(s (tﬂ +tﬂ )n[u]ln[u] )mu] VA' tﬂ’ Mgy,
T (Na)y =t + (ts + tp )n[d]zn[d]])md figg (+4)
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Right Models

o= | Sym. | Tree FCNC Parameters
Model
(Ny),; o< My, 65
G-W 7 ] i) t
? (Nd)ij o< Mg, i o M
— L —T\px 5
Type A Z,o (Nu)ij = mu, (tdi; — (ts + tg )r[u]ir[u]j) fﬁv Mgy,
| (Na)y; = ma,tpdy; T[u](+4)
—T1 —T\a*x &
Type B | Zysy | Nwdig = mu(=tg 0 + (g + 15 )iy ;) | e, o
| (Na)y; = ma,tpdi; f[ﬂ](+4)
(Nu)ij = mu;tsdi tp, Mg

Type C Zn>2 K ‘ I\ A% 4 ~ k

= Exd))ij = my, (tﬂ;i]‘ - (tﬁ + tﬁl)r[d]ir[d]j) T[d](+4)

Type D Z, 4 P o

ype 2 (Vo) = ma, (565 + (15 +t§1)f‘f‘d] ) | P (+4)

Type E Z (Nu);j = mu, (tgdij — (tg + tE D7 P i (ugs) tg, Mg,
| (Na)y; = mg,(tgdi; — (tg +t5 )T[d]f[d]]) Pl iy (8)

Type F Zn>2 (Nu)z] = muz( t 523 + (tﬁ + tB )r[u¢ u ) tﬁ' mqk
| (Na);; = my, (t65 = (ts + t5 )i Pagy) Pl iy (8)
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Pheno

If CP is conserved, the CP-odd neutral A, doesn’t mix with the CP-even
and the relevant angle is (8 — ) : cgo = cos (8 — @), 530 = sin (8 — )

HO B CBa  SBa H
R ] 7\ —$pa Cpa h
The flavor changing Yukawa

—Lhgiq; = —ha:iYijq;

and m
—I\—=1~r% =~ q;
Yij Depalts +t57 )" Ryt UJ
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@ All FCNC effects are proportional to cg, (tﬁ + t/gl> <=1
@ In an i — j transition it is proportional to mg, /v

» e.g. Transition u — ¢ no factor my
e Taking into account Max|ﬁ>["q]iﬁ[q]j| =1/2

@ From meson mixing, we can get an universal bound, all the models
are safe over the entire parameter space provided we take:

‘Cﬁa (t,g + t;)‘ < 0.02

o In general Yj; presents an extremely m,, /v suppression except for the
top. Taking into account ATLAS and CMS experimental bounds for
Br(t — hq) we get

‘Cﬂa <tﬁ + t;l)‘ <04
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Thanks!
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