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Plan
•

M
otivation: m

ultipletstructure. Standard-m
odel 

puzzle: independentscalar-vector, Yukaw
a sectors.

•
1) Beyond

the standard m
odel(SM

) 
Spin-extended

m
odel, (7+1)-dim

ensional chiralstates
and operators. 
•

2) SM
 projection

Top-quark
m

assfrom
SM

. Scalar-field
uniqueness: 

electrow
eak

scalar-vector and Yukaw
a scalar-ferm

ion
term

com
parison.Q

uark-m
ass

relation.
•

3) Colliderphysics
Chiral-scalarsignature:  type

II tw
o-Higgsm

odels.



M
otivation: m

ultiplet structure

M
asses (GeV)   Spin             I 2

Y
•

W
+/-

80.4                1                  1                    0
•

Z
91.2                1                  0                    0

•
H

126                0                  ½
                    1

•
t

173                ½
                ½

 ,0              1/3, 4/3

•
b

4                  ½
                ½

 ,0             1/3, -2/3

Com
posite-m

ultipletstructure suggested

W
eak       Hypercharge         

E
lectrow

eak-related puzzles in the standard m
odel: 

•Ferm
ion-m

ass param
eters;  Yukaw

a sector independent of scalar-vector.  
•O

rigin of electrow
eak

sym
m

etry breaking (H
iggs

m
echanism

). 



Spin-extended m
odel w

ithin standard-
m

odel extensions



Spin-space structure, at each dim
ension

O
perators                             States

•
Finite num

ber of partitions at each d,consistent w
ith Lorentz sym

m
etry

•
O

perators: gauge
and flavor (only act on ferm

ions) 
•

S
tates: ferm

ions
and bosons

•
C

hiralcom
ponents



States in (7+1)-dim
ensional space



U
se of conventionaland spin

bases

spin basis                        conventionalbasis
•

Finite num
ber of possible partitions, consistent 

w
ith  4-d

Lorentz sym
m

etry.
•

Constrain representations and interactions at given 
dim

ension. 

spin basis                        conventional basis
Reinterpretation of fields: 

•
Standard-m

odel projection. 
•

SV: scalar operator acting over vectors
•

SF: scalaroperator acting over ferm
ions



Conventionaland spin-extended
bases, 

Lagrangian equivalence: ferm
ion-vector

conventionalbasis
spin-extended

basis

Field form
ulation:



SV
Lagrangian and scalart-b

spin
representation

S
calarcorrespondence

SV
spin

representation



Scalar-vector scalar-ferm
ion

com
parison

Z-vectorm
ass

Top-quark
m

ass

H
iggs

m
echanism

H
iggs

m
echanism

scalar-vectorsym
m

etry



Spin-space connection: vectorand 
ferm

ion
m

asses
vector

ferm
ion



Correspondence’sphysical 
interpretation

•
D

ynam
ical: action of scalaron ferm

ion
and vectorshare the sam

e 
effect: com

m
on H

am
iltonian H

.

[H
+H

†,F]       vs     [H
,V

] † [H
,V

]

•
S

ym
m

etry: e. g., S
U

(2)L xU
(1)fundam

ental-adjointrepresentation
connection.

•
C

om
positeness: S

tandard-m
odel gauge structure. N

o inform
ation on 

w
hether this a form

al orphysical feature.



Q
uark-m

ass relation

H
iggs

m
echanism

The “punchline:”



For colliders: 2 chiral Higgs doublet
General tw

o-Higgs doublet producesYukaw
a term

 w
ith 

flavorchanging neutral currents.

ChiralHiggs 

leads to feasible Type II Yukaw
a:

Type II 2H
D

M



Relevant points

•
A spin

BSM
extension constrains SM

fields, 
reproduces the electrow

eak
interaction and its 

chiral property, generating also chiral scalars. 
•

In a SM
 projection, the sam

e
scalarfield w

ithin SV
and

SF
term

s connects such sectors, and 
determ

ines the quark
m

ass.
•

Chiral 2 Higgs-doublet m
odels lack FCN

C,and are 
therefore still feasible candidates to be detected at 
colliders.


