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Higgs in the SM: Unitarity constraint
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Higgs in the SM: Unitarity constraint
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Any need for BSM?

dark matter hierarchy problem

neutrino masses strong CP problem
D — —

EWPT ng,=n, =3

matter-antimatter hierarchy in fermion

asimmetry masses
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The 331 Model: General Features
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Extended Gauge Group

SU(3)e x SUB)L x U(1)x
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SURB)e x SUB)L x U(1)x

SU(3) has two diagonal generators



SURB)e x SUB)L x U(1)x

SU(3) has two diagonal generators
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Anomaly Cancellation: the SU(3); example

SUBL
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Anomaly Cancellation: the SU(3); example

SUB)L
Q1 = +3 x 3¢
SUB)L Q2 =+3x3c
Q3 =-3x3
L=-3x3¢
SUQ)L

ng, =N = 3K
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From SU(3)L X U(1)X to U“)em
SUG) x U(1)x
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SUB)L x U(1)x

(x)

SU2)L x U(T)y



SUB)L x U(1)x

(x)

SU2)L x U(T)y

(n), (p)

U(1)em
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The (Bg-invariant) potential is

V=mp'p+mnn+msx*x
+ A1(p"p)? + Ao n)? + As(xx)?
+Anp PN n+Ap p X x + Ann nxx
+ Cp' nn"p+ Qui3p X X P+ G3n"x x'n
+ \@fpnx(p nx -+ h.c.)

[m] = M?
[fpnx] =M
(A] = [G] =M



+

x* p n
x={x2). p=| A | n={ n
XO pr an

#3 neutral scalar, #1 neutral pseudoscalar (Gz, Gz),
#1 singly-charged (Gw),
#1 A-charged (Gya), #1 B-charged (Gys)
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x* p n
X = XB P = po , n= n-
XO pr I‘]iA

#3 neutral scalar, #1 neutral pseudoscalar (Gz, Gz),
#1 singly-charged (Gw),
#1 A-charged (Gya), #1 B-charged (Gys)

"inverse” diagonalization

J

A= FA(mhu Ma, Mp=0, Vj, O’k)
fony = Ffpux(lﬂh.l, Ma, Mp0, Vj, Ok)

¢ = F¢(mp, ma, mpzo, v, ak)
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perturbativity of the couplings requires certain degeneracy
among masses
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Unitarity of the 331 Model
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Unitarity of the 331 Models
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perturbative unitarity

{

jal <
-2

a are the eigenvalues of & matrix of all 2 — 2 bosonic
amplitudes (in the s — oo limit)
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The Scalar Potential: Boundedness from Below
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boundedness from below of the scalar potential

!

analysis of the highest powers of the fields
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boundedness from below of the scalar potential

!

analysis of the highest powers of the fields

not-so-easy in multi-Higgs models, results for n-doublets

Hadeler(1983); Klimenko(1984); Ivanov, Kopke, Miihlleitner(2018); Maniatis,
von Manteuffel, Nachtmann, Nagel(2006);
Degee, Ivanov, Kesu(2012); Kannike(2012); Maniatis, Nachtmann(2015);
Kannike(2016); Faro, lvanov (2019);
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BFB in the 331 Models
BFB = co-positivity of Qy

V(4) = A'Lj I"ll‘j
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BFB = co-positivity of Qy

v = Ayrir
co-positivity constraints of a (generic) rank-3 matrix A are
Ai >0, withi=1,23,
Aj = /AiA +A; >0, withi,j=1,23,
VA1ARAS + Ay Ass + Ai3v/Az + Agsy/Ary
+1/2A12A13A03 > 0



Relevant part of the 331 potential
V@ = Vg + V4
Ve = (0" ) + Xa(n*n)® + As(x*x)?

+ AP o n+ Xsp*p X x + A nx*x
Va = QaTin + Q13Tis + (5373
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Relevant part of the 331 potential
V@ = Vg + V4
Ve = (0" ) + Xa(n*n)® + As(x*x)?

+ AP o n+ Xsp*p X x + A nx*x
Va = QaTin + Q13Tis + (5373

Vk ok for extracting BFB conditions
V4 needs to be treated properly

\

angular minimization of V4
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BFB in the 331 Models

Simplest case: (j, = ({3 = (33 =0

VR = Q,JI’,I’J
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Simplest case: (j, = ({3 = (33 =0
VR = QUI’,I’J
Next-to-Simplest: at least one ¢’ is zero

Vk + min(VA)kT = @erj k=1,...,4

min(Va){ = o i + Gaz a3,
min(Va) = Gisnrs + G nrs,
min(Va)j = Conn+ Gsnrs,
min(Va)i = Glann + Gisnrs + G nrs.
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Next-to-Next-to-Simplest Case: all ' # 0
Vg + m'Ln(VA)NT = CA\)Ur,-rJ-
AND
Vi + min(VA)kT = @,’zrirj, k=1,..., 4
where

(1,¢134 r r r
_ Sphustes (L 2 8

m'Ln(VA)NT r %W,
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Conclusions
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SM issues: dark matter, neutrino masses ... — BSM

331 model(s) explain the observed number of fermion
families (ng, = ni; = 3k)

331 model is phenomenologically appealing as embrace
different scenarios

analysis of the scalar potential is Bp-independent
(theoretical constraints: unitarity, perturbativity, BF3
NEW!!)

possible application for phenomenological studies

a
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CP-even neutral scalars mix

hi = R H;

H = (Re p° Re n°, Re x%), h = (hy, ho, h3)
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CP-odd neutral scalars mix
P .
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Singly-charged states mix
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A= = ((o")* n7), b~ = (hg,,, hy)

K tan Bv§ + 3Cv2sin? B Kv§ + 2G12v2 cos Bsin B

Mmp. = 2,1 2 2
~ KcothX+§Clzv cos“ B

1
m%li = 5512V2 + va csc Bsec B

a



A-charged states mix
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B-charged states mix

B _ pBYyB
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1
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