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Introduction and Motivation

e PRD 98, 035046 (1803.08521) Francisco J. Botella and Miguel Nebot

@ Avoid or suppress FCNC

» Natural Flavour Conservation. Each right-handed fermion couples only
to one doublet.

* A Z, symmetry (Glashow-Weinberg) leads to Natural Flavour
Conservation (NFC) in the scalar sector.
* Some implementations via extra U(1)

» Suppression rather than forbiddance
* Given by masses (Cheng-Sher ansitz)
* BGL models, suppression by CKM
* Aligned 2HDM, proportional yukawa matrices
e Explore different scenarios with general flavour conservation (gFC)

» Yukawa matrices diagonalizable at the same time
» Study stability under RGE
» Lepton sector
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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

e~ 1P, ([ cg sp Hy
e 20, )\ s5 —cp Hy

then we have

Hi = ( (U+H0i+z‘G0) /2 ) » Hz2= ( (R° +AZ1) V2 )
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G* and GV longitudinal degrees of freedom of W and Z°.

H* new charged Higgs bosons.

A new C'P odd scalar (we will have CP invariant Higgs potential).
H° and R? CP even scalars. If they do not mix, H? the SM Higgs.

2Ht
Ly = -— \/_1) U (VNd’yR — NJ V’)/L) d—+ h.c.

0
(@ My d) -
&

a(Nyyr + Njvr)u+ d(Ngyr + N}’YL) d}
AT -
—HZ [U(NU’YR — NJ’)/L)U — d(Nd’yR — N:ir’yL) d}

My x c51“1 + 55F2 Ny x —Sﬁrl + CﬁFQ (1)
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General Flavour Conservation

We want Ny and M/ to be diagonalizable at the same time.
Each of the following sets must be abelian

{Fal—‘fg}ﬂ {FLFB}v {AaA};}W {ALAﬂ}

(2)
that is, their elements commute
[Tarl, TTE] =0 [T, Tirs| = 0 “
[AQAE,AWAE] —0 [ALAB,ALA(;] —0

This is independent of the spontaneous symmetry breaking vacuum i.e.

any linear combination of the yukawa matrices, in particular, {MJ, N9} is
bidiagonalizable.
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RGE |

To study the cases stable under RGE:
D [rar;,rvr}} —0 D [PLFB,PLP(;] —0

D [AQAE, AVA}} —0 D [ALAB, A;Aa] —0 with “
n=2
DTy =agla + Z T T+
T (5)
> (—2ApALrp + T, + %APA;FQ + %rprgra>
"~ n=2
DAa =aula + Y TH A+
Q
Zl (—2rprgAp +AATA, + %rperAa + %APA};AQ>
pan
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RGE I

with D = 167252 and T2, = 3tr(An A} + TET,) + tr(ILIT,) = T2
Asking the product of matrices to commute (2) we get equations such as

3 2
* d 2),d |2 d 2),d |2
= 3> VaVas{ il (Il Pl — s Ploi

q=1 h=1

) (7)
-2 (yh YR WU + V) qy}if‘qy?ayﬁ*a) ( - Iy/i‘,GIQ)

d d d  d d |2 d |2
+2 (yﬁ,qy}é,"‘th,byﬁb + yk‘,qyﬁfqyk,ayhf;) (Iy@-,b\ — Y5 al > }

that only contain parameters of CKM and

Y = diag(yf;),  {vi1,vi2. 985} = {ma,ms,m},
{yg,byg,%?/g,s} = {nq,ns,mp},
Vi = diag(ily), {vi 1,90, w1s}k = {mw, me, m},
{ylzl,lyyél,myél,s} = {nu, e, e} (8)
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Known solutions

@ Recover known result (Ferreira, Lavoura & Silva, 1001.2561)
» Applying the stability conditions and asking the matrices to be

proportional
Ny = agM, 9)

» We get the Type I, Type Il and Inert 2HDM solutions.

@ It was known that FA was stable on lepton sector

» Due to the absence of right-handed neutrinos and Yukawa couplings
involving them, general flavor alignment is one-loop stable in the lepton
sector.

» It is possible to analyze Type | and X or Type Il and Y together (by
pairs) with the more general leptonic structure:

—tanf + 51) M

cotf + & (10)

N; = cotf (
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Stable gFC in the Lepton Sector

@ We show that gFC is stable in the lepton sector, that means it is not
necessary to have N; oc M; but asking them to be diagonalizable at
the same time is sufficient. That is, in the mass basis,

Ny = diag(”e:”uan’r) (11)

@ That means that 2HDM Type | and Type Il with a gfC leptonic sector
- N; diagonal and arbitrary- are " 1-loop stable under RGE"
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Stable gFC with Cabibbo-like mixing

Keeping only the largest mixing of CKM matrix

cosf. sinf. 0
Vo, = | —sinb. cosf. 0 (12)
0 0 1

@ Third generation decoupled.
@ Three classes of gFC scenarios
» Type | for the two first generations
* Ny = diag(ama, ams,ny), Ny, = diag(a™mu, o me,ny)
» Type Il for the two first generations ' 4
> Ny = diag(e'??myg, e'?img, np), N, = diag(e*?»m., e"?rm,,, ns)
* Note that IV and M are not even proportional in the first two
generations
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Pheno

@ For simplicity we consider the CP-conserving case

@ Among the observable of interest, we choose:

» Observables probing the couplings of the 125 GeV Higgs-like scalar
(production and decay)

* Full Run-l 4 some Run-Il (bb, 77)
@ Perturbativity of the Yukawa couplings:

Il — o) (13)

v

@ We can study the allowed regions in term of the scalar and
pseudoscalar couplings

ay = sgamy + cgaRe(ny), by = cgalm(ny) (14)
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First and second
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. For the top quark
I <001, 001 < ] <01, s 01 o <00, 001 < ey <01, ey >01] O ETTTIEETT T two separate
regions due to
independent sign
changes in a; and
ik ; | by. Forcg, < 0.01
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(u ) 5 =5 ( 0 ) 5 250 0 250
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Z =
S So
= -
S [
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04 04 >
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by (GeV)

5 P
250
o] 001 001 < e <01 few] > 01 o] <001, 001 < Jgu] <01, ] > 01 o <001 001 < o] <01, Jom 2 01
— P b
% =
<o b L)
= =
o
0 0 5 LUZSO 0 250
ay (GeV) ac (GeV) az (GeV)
5

lesa] < 0.01, 001 < [ega| < 0.1, feg| > 0.1

lega] < 0.01, 0.01 < ega| < 0.1, |ega| > 0.1

el < 001, 0.01'< [epul < 0.1, o] > 0.1

z z
S So
= -
S [
5 o 5 0 a 0
ag (GeV) as (GeV) ap (GeV)
0.4 04 :
0l < 0.01,001 < Jeza| < 0.1, Jegal > 01 leal < 001,001 < |ejal <01, |l > 01 Jen] < 001, 0.01 < Jegu] < 0.1, o] > 0.1
2 = z
So 3o o
= = <
05y o4 0T 0.4 =

nando Cornet-Gémez

0
ar (GeV)

Flavour Conservation in 2H

For b and 7 the
regions for not too
small mixing are
ring shaped (radii
related to masses).
For small mixings
perturvativity
requirements
limits departure
from (+my,0)




Thanks!
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Backup
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As expected, for
lcgal =+ 0, the
constraints on ny
disappear.
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For u, ¢, d, and s,
the allowed
regions are almost
identical, as one
could anticipate
from their
irrelevant role,
within the SM, in
the available
production X
decay Higgs signal
strengths. The
corresponding
ny's appear to be
effectively limited
by the
contributions to
the Higgs width.




Surprisingly, the

. . allowed size of |n]
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The ny and n,
cases are also
similar, with
allowed regions
differing from the
u, ¢, d, and s
cases for |ng|'s
below 10-15 GeV
and not small cg,.
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For ne and n,, the
allowed regions
are much more
constrained, owing
to the bounds set
by dedicated pp —
h—ete , utu™
analyses
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