Heavy quarks within the
electroweak multiplet

Jaime Besprosvany,

in collaboration with R. Romero

Instituto de Fisica
Universidad Nacional Autonoma de México, Mexico City

4 Colombian Meeting on High Energy Physics, Barranquilla,
2-6 December, 2019

J. Besprosvany and R. Romero, “Representation of quantum field theory in an extended spin space and fermion mass hierarchy" Int. J.
Mod. Phys. A 29, No. 29 1450144 (17 pp.) (2014), arXiv:1408.4066[hep-th].

R. Romero and J. Besprosvany, “Quark horizontal flavor hierarchy and two-Higgs- doublet model in a (7+1)-dimensional extended spin
space ", submitted to Phys. Rev. D arXiv:1611.07446[hep-ph].

J. Besprosvany and R. Romero, “Heavy quarks within the electroweak multiplet", Phys. Rev. D 99, 073001 (2019). arXiv:1701.01191[hep-
ph],



Plan

 Motivation: multiplet structure. Standard-model
puzzle: independent scalar-vector, Yukawa sectors.

* 1) Beyond the standard model (SM)

Spin-extended model, (7+1)-dimensional chiral states
and operators.

e 2)SM projection

Top-quark mass from SM. Scalar-field uniqueness:
electroweak scalar-vector and Yukawa scalar-fermion
term comparison.Quark-mass relation.

e 3) Collider physics
Chiral-scalar signature: type Il two-Higgs models.




Motivation: multiplet structure

Electroweak-related puzzles in the standard model:

-mass parameters; Yukawa sector independent of scalar-vector.
*Origin of electroweak symmetry breaking (Higgs mechanism).
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Composite-multiplet structure suggested



Spin-extended model within standard-
model extensions

Unification examples

Grand -unified theory
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Spin-space structure, at each dimension

« Finite number of partitions at each d, consistent with Lorentz symmetry
« Operators: gauge and (only act on )

« States: and bosons

* Chiral components

Operators States




States in (7+1)-dimensional space
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Use of conventional and spin bases

spin basis conventional basis

* Finite number of possible partitions, consistent
with 4-d Lorentz symmetry.

* Constrain representations and interactions at given
dimension.

spin basis conventional basis
Reinterpretation of fields:

e Standard-model projection.

* SV:scalar operator acting over vectors

* SF:scalar operator acting over



Conventional and spin-extended bases,
Lagrangian equivalence: vector

conventional basis spin-extended basis

Field formulation: A, (z) =

| 2
tp(x)[io, + 39 B, (z)|y tg(z




SV Lagrangian and scalar t-b spin
representation

Scalar correspondence

Haf(z) = ad(x) + foq(x)



Scalar-vector scalar- comparison

scalar-vector symmetry

Z-vector mass
Higgs mechanism

| PO 1
tr[H,, W (w)gI* + Bo(x) g/ Vo) [Ha, W3 ()9 I* + Bo(x)5.9'Y,
1
2

| | 1
Z2(x) N'H, I = 5g°Y] = 575

2+g%

Mass
SN EN N [/, = (H,,(z)) = __:NTI.% + ,:Nom%

h 71 h el el
H Hi = ::Hz, R:Hﬁ I,::H:._

m

h pl 1 h el 1 a9
H, By, =myBy,, H,, By = —my By, (13)

4

where H* = H,, + H}
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and T¢}, B§} correspond to negative-energy solution states




Spin-space connection: vector and

Masses

vector

h

m

Table 3: Massive quark eigenstates of H




Correspondence’s physical
Interpretation

Dynamical: action of scalar on and vector share the same
effect: common Hamiltonian H.

[H+HT,F] vs [HV]T[H,V]

Symmetry: e. g., SU(2), xU(1) -adjoint representation
connection.

Compositeness: Standard-model gauge structure. No information on
whether this a formal or physical feature.

from gauge mmvariance. Formally, a boson feld B,(r) expansion may be obtained

using B,(r) M,_..n Filx)Fe(x) + |Bylx) — M;. Fi(r)Fg(z)|, where Fi(z), Fi(x) are

fermion helds reproducing B,(r)’s quantum numbers, and the last two terms give

corrections.




-mass relation
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The “punchline:
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For colliders: 2 chiral Higgs doublet

General two-Higgs doublet produces awa term with
changing neutral currents.

Chiral Higgs

-

leads to feasible Type Il awa:
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Relevant points

* A spin BSM extension constrains SM fields,
reproduces the electroweak interaction and its
chiral property, generating also chiral scalars.

* |n a SM projection, the same scalar field within SV
and SF terms connects such sectors, and
determines the quark mass.

* Chiral 2 Higgs-doublet models lack FCNC, and are
therefore still feasible candidates to be detected at
colliders.



