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Little Higgs models 

Strong dynamics and T parity 

SU(6)/Sp(6) model with a new T-parity 
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Little Higgs models 
---------------------------------------------------------------------------- 

---------------------------------------------------------------------------- 



The Higgs is light because it is a pseudo-Goldstone boson in a  
G/H   non linear sigma model 

Gauge couplings 
Yukawa coupling  
Quartic coupling 

global symmetry broken 
explicitly via collective 
symmetry breaking 

SU(3)QCD × SU(2)ew × U(1)Y → SU(3)QCD × U(1)em

π → −π

π0

π0 → γγ

Σ→ ΩΣ†Ω

Σ

Σ =< ψψ >

ψi → ψ†
j

ψ

ψi → ψj

Σ→ ΩΣT Ω

ψ2 ∈ 2 of SU(2)1

ψ′
2 ∈ 2∗ of SU(2)2

ψ2 → ψ′
2

SU(5) flavor group

Y = 1
2

Y = −1
2

Y = 0

ψ0 → ψ0

Σ

m2
h = g2

4π2 Λ2 ∼(1Tev)2

2

Naive breaking of the the 
global symmetry G 

> 

> 

-------------------------------------------------------------------------------------------------- 

Little Higgs Models(LH): 

------------------------------------------------------------------------------------------------------ 



Example:Littlest Higgs 

>SU(5)/SO(5) non linear sigma model 

Σ = e2iπ/fΣ0 Σ0 =




0 0 1
0 1 0
1 0 0



 (1)

Σ→ V ΣV T π =




χ + η
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Both πr, and πl contain a doublet (4) hl, a real triplet χl, a real singlet ηl and a complex
triplet φ.
We then gauged a subgroup (SU(2))2 of G, that is:

Q1a =




σa
2 0 0
0 0 0
0 0 0





L+R

(3)

Q2a =




0 0 0
0 0 0
0 0 −σ∗a

2





L+R

(4)

The covariant derivatives are:

DµΣL = ∂µΣL − ig1(A1µΣL + ΣLAT
1µ)− ig2(A2µΣL + ΣLAT

2µ), (5)

DµΣR = ∂µΣR − ig1(A1µΣR + ΣRAT
1µ)− ig2(A2µΣR + ΣRAT

2µ), (6)

and the lagrangian is:

LSU(5)L⊗SU(5)R
=

f2

√
2
[ Tr (DµΣL)†(DµΣL) + Tr (DµΣR)†(DµΣR)

1) T’-parity
QL/R → Ω QL/R Ω†

ΣL → Ω Σ†
L Ω† (7)

ΣR → Ω Σ†
R Ω† (8)

This implies the following transformation’s properties for the π fields:

πL → −Ω πt
L Ω† (9)

πR → −Ω πt
R Ω† (10)

2) T-parity
QL/R → Ω QR/L Ω†

which means Q1a → −Q∗
2a

ΣL → Ω Σ†
R Ω† (11)
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Σ = e2iπ/fΣ0 Σ0 =
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1 0 0
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Both πr, and πl contain a doublet (4) hl, a real triplet χl, a real singlet ηl and a complex
triplet φ.
We then gauged a subgroup (SU(2))2 of G, that is:

Q1a =




σa
2 0 0
0 0 0
0 0 0





L+R

(3)

Q2a =




0 0 0
0 0 0
0 0 −σ∗a

2





L+R

(4)

The covariant derivatives are:

DµΣL = ∂µΣL − ig1(A1µΣL + ΣLAT
1µ)− ig2(A2µΣL + ΣLAT

2µ), (5)

DµΣR = ∂µΣR − ig1(A1µΣR + ΣRAT
1µ)− ig2(A2µΣR + ΣRAT

2µ), (6)

and the lagrangian is:

LSU(5)L⊗SU(5)R
=

f2

√
2
[ Tr (DµΣL)†(DµΣL) + Tr (DµΣR)†(DµΣR)

1) T’-parity
QL/R → Ω QL/R Ω†

ΣL → Ω Σ†
L Ω† (7)

ΣR → Ω Σ†
R Ω† (8)

This implies the following transformation’s properties for the π fields:

πL → −Ω πt
L Ω† (9)

πR → −Ω πt
R Ω† (10)

2) T-parity
QL/R → Ω QR/L Ω†

which means Q1a → −Q∗
2a

ΣL → Ω Σ†
R Ω† (11)
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Σ = e2iπ/fΣ0 Σ0 =
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1 0 0
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Σ→ V ΣV T π =
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 (2)

V ∈ SU(5)
Both πr, and πl contain a doublet (4) hl, a real triplet χl, a real singlet ηl and a complex triplet
φ.
We then gauged a subgroup (SU(2))2 of G, that is:

Q1a =




σa
2 0 0
0 0 0
0 0 0





L+R

(3)

Q2a =




0 0 0
0 0 0
0 0 −σ∗a

2





L+R

(4)

The covariant derivatives are:

DµΣL = ∂µΣL − ig1(A1µΣL + ΣLAT
1µ)− ig2(A2µΣL + ΣLAT

2µ), (5)

DµΣR = ∂µΣR − ig1(A1µΣR + ΣRAT
1µ)− ig2(A2µΣR + ΣRAT

2µ), (6)

and the lagrangian is:

LSU(5)L⊗SU(5)R
=

f2

√
2
[ Tr (DµΣL)†(DµΣL) + Tr (DµΣR)†(DµΣR)

1) T’-parity
QL/R → Ω QL/R Ω†

ΣL → Ω Σ†
L Ω† (7)

ΣR → Ω Σ†
R Ω† (8)

This implies the following transformation’s properties for the π fields:

πL → −Ω πt
L Ω† (9)

πR → −Ω πt
R Ω† (10)

1

14 Goldstones  
1 complex doublet 
1 complex triplet 
1 real triplet (eaten) 
1 complex singlet 

-------------------------- 

-------------------------- 



Collective symmetry breaking 

     Gauge structure: 

1 The low energy model

The global symmetry group of the model is G = SU(5)L ⊗ SU(5)R spontaneously broken to
the diagonal subgroup SO(5)L+R and the vacuum is chosen to be

Σ0 =




0 0 12

0 1 0
12 0 0



 , (1)

so then the broken generator satisfies XaΣ0 = Σ0XT
a , while the unbroken TaΣ0 = −Σ0T T

a . This
symmetry breaking pattern guarantees 48−10 = 38 Goldstone bosons contained in πl( 14 scalar
degrees of freedom), πr(14), and α(10), and which are are parametrized by four sigma fields:
ΣL, ΣR, Σ+, and Σ−, which are defined in the following way:

ΣL = e2iπL/fΣ0, (2)

ΣR = e2iπR/fΣ0, (3)

Σ+ = e2i(πL+πR+πα)/fΣ0, (4)

Σ− = e2i(πL−πR+πα)/f . (5)

These sigma field trasform in the following way under SU(5)L ⊗ SU(5)R :

ΣL → LΣLLT , (6)

ΣR → RΣRRT , (7)

Σ+ → LΣ+RT , (8)

Σ− → LΣ−R†, (9)

It is convenient to write the Goldstone bosons in terms of fields whith definite electroweak
numbers, that is:

πl =





χl + ηl
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 (10)

πr =





χr + ηr
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 (11)

πα =





χα + ηα − h∗α√
2

η̃α

− hT
α√
2

0 h+
α√
2

η̃†
α

hα√
2

−χT
α − ηα



 , (12)

so then α contains a complex doublet hα, a complex singlet η̃α, a real triplet χα, and a real
singlet ηα. Both πr, and πl contain a doublet (4) hl, a real triplet χl, a real singlet ηl and a
complex triplet φ.
We then gauged a subgroup (SU(2))4 of G, that is:

Q1a =




σa
2 0 0
0 0 0
0 0 0





L

(13)

1

Σ = e2iπ/fΣ0 Σ0 =




0 0 1
0 1 0
1 0 0



 (1)

Σ→ V ΣV T π =




χ + η
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 (2)

V ∈ SU(5)

Σ→ Ω Σ† Ω† (3)

Ω =




0 0 1
0 −1 0
1 0 0



 ∈ SO(5) (4)

SU(2)1 × SU(2)2 × U(1)Y

GAUGE SUBGROUP

Ψ5 =




ψ2

ψ0

ψ′
2



 (5)

SO(N) strong interaction

< Ψ5Ψ5 >=




0 0 1
0 1 0
1 0 0



 (6)

Σ→ ΩΣΩ†

ψ2 → ψ
′†
2 (7)

ψ0 → −ψ†
0 (8)

x→ −x

T ∈ Sp(6)

1

Q2a =




0 0 0
0 0 0
0 0 −σ∗a

2





L

(14)

Q3a =




σa
2 0 0
0 0 0
0 0 0





R

(15)

Q4a =




0 0 0
0 0 0
0 0 −σ∗a

2





R

. (16)

The covariant derivatives are:

DµΣL = ∂µΣL − ig1(A1µΣL + ΣLAT
1µ)− ig2(A2µΣL + ΣLAT

2µ), (17)

DµΣR = ∂µΣR − ig3(A3µΣR + ΣRAT
3µ)− ig4(A4µΣR + ΣRAT

4µ), (18)

DµΣ+ = ∂µΣ+ − ig1A1µΣ+ − ig3Σ+AT
3µ − ig2A2µΣ+ + ig4Σ+AT

4µ, (19)

DµΣ− = ∂µΣ+ − ig1A1µΣ− + ig3Σ−A3µ + ig2A2µΣ− − ig4Σ−A4µ, (20)

and the lagrangian is:

LSU(5)L⊗SU(5)R
=

f2

√
2
[ Tr (DµΣL)†(DµΣL) + Tr (DµΣR)†(DµΣR)+

+ Tr (DµΣ+)†(DµΣ+) + Tr (DµΣ−)†(DµΣ−)] (21)

We then impose that the model is invariant under two discrete parity which act on the gauge
and scalar fields as follows:

1) T’-parity QL/R → Ω QL/R Ω†

ΣL → Ω Σ†
L Ω† (22)

ΣR → Ω Σ†
R Ω† (23)

Σ+ → Ω Σ∗+ Ω† (24)

Σ− → Ω Σ∗− Ω† (25)

This implies the following transformation’s properties for the π fields:

πL → −Ω πt
L Ω† (26)

πR → −Ω πt
R Ω† (27)

πα → −Ω πt
α Ω† (28)

2) T-parity QL/R → Ω QR/L Ω†

ΣL → Ω Σ†
R Ω† (29)

ΣR → Ω Σ†
L Ω† (30)
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Σ = e2iπ/fΣ0 Σ0 =




0 0 1
0 1 0
1 0 0



 (1)

Σ→ V ΣV T π =




χ + η
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 (2)

V ∈ SU(5)

Σ→ Ω Σ† Ω† (3)

Ω =




0 0 1
0 −1 0
1 0 0



 ∈ SO(5) (4)

SU(2)1 × SU(2)2 × U(1)Y

GAUGE SUBGROUP

Ψ5 =




ψ2

ψ0

ψ′
2



 (5)

SO(N) strong interaction

< Ψ5Ψ5 >=




0 0 1
0 1 0
1 0 0



 (6)

Σ→ ΩΣΩ†

ψ2 → ψ
′†
2 (7)

ψ0 → −ψ†
0 (8)

x→ −x

T ∈ Sp(6) SU(2)1 × SU(2)2 × U(1)Y → SU(2)ew × U(1)Y

1

The Higgs is kept light as the symmetry which protect it is not broken by each singular gauge  
group, but just by the two of them together. Just one  loop logarithmic contribution! 

Enlarge the gauge group to implement collective symmetry 
breaking, new gauge bosons 

g1 != 0 g2 = 0
g1 = 0 g2 != 0

3

The higgs is an exact Goldstone 

---------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------- 



Electroweak precision 
measurement (EWPM) 
New Tev particle can induce higher dimensional operators  

dangerous  for EWPM 

New gauge boson 

---------------------------------------------------------------------------------------------------- 



One more ingredient: T-Parity 

   Discrete symmetry ( called T-parity* )imposed 
to solve problems with EWPM 

Coefficient of  higher dimensional operator  loop 
suppressed. 
Lightest T-odd particle stable,  

*Low, Cheng  JHEP09(2003)051 

-------------------------- 

 dark matter candidate 



Little Higgs models are non linear sigma model 
with a cutoff Λ≅10 Tev 

         UV completion 

   SUSY?  Another Little Higgs model?  Strongly 
coupled interaction? 

                                          Λ≅10 Tev 
     Little Higgs model  

E
n
e
r
g
y 

UV Completion  



  Strongly coupled UV completion 

Σ = e2iπ/fΣ0 Σ0 =




0 0 1
0 1 0
1 0 0



 (1)

Σ→ V ΣV T π =




χ + η
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 (2)

V ∈ SU(5)

Σ→ Ω Σ† Ω† (3)

Ω =




0 0 1
0 −1 0
1 0 0



 ∈ SO(5) (4)

SU(2)× SU(2)× U(1)

GAUGE SUBGROUP

Ψ =




ψ2

ψ0

ψ′
2



 (5)

SO(N) strong interaction

< ΨΨ >=




0 0 1
0 1 0
1 0 0



 (6)

1

Σ = e2iπ/fΣ0 Σ0 =




0 0 1
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1 0 0



 (1)

Σ→ V ΣV T π =




χ + η

2
√

5
h∗√

2
φ†

hT
√

2
− 2η√

5
h†√

2

φl
h√
2

χT + η
2
√

5



 (2)

V ∈ SU(5)

Σ→ Ω Σ† Ω† (3)

Ω =




0 0 1
0 −1 0
1 0 0



 ∈ SO(5) (4)

SU(2)× SU(2)× U(1)

GAUGE SUBGROUP

Ψ5 =




ψ2

ψ0

ψ′
2



 (5)

SO(N) strong interaction

< Ψ5Ψ5 >=




0 0 1
0 1 0
1 0 0



 (6)

1

SU(3)QCD × SU(2)ew × U(1)Y → SU(3)QCD × U(1)em

π → −π

π0

π0 → γγ

Σ→ ΩΣ†Ω

Σ

Σ =< ψψ >

ψi → ψ†
j

ψ

ψi → ψj

Σ→ ΩΣT Ω

ψ2 ∈ 2 of SU(2)1

ψ′
2 ∈ 2∗ of SU(2)2

2

SU(3)QCD × SU(2)ew × U(1)Y → SU(3)QCD × U(1)em

π → −π

π0

π0 → γγ

Σ→ ΩΣ†Ω

Σ

Σ =< ψψ >

ψi → ψ†
j

ψ

ψi → ψj

Σ→ ΩΣT Ω

ψ2 ∈ 2 of SU(2)1

ψ′
2 ∈ 2∗ of SU(2)2

ψ2 → ψ′
2

SU(5) flavor group

2

Littlest Higgs model 

Σ = e2iπ/fΣ0 Σ0 =




0 0 1
0 1 0
1 0 0



 (1)

Σ→ V ΣV T π =




χ + η
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 (2)

V ∈ SU(5)

Σ→ Ω Σ† Ω† (3)

Ω =




0 0 1
0 −1 0
1 0 0



 ∈ SO(5) (4)

SU(2)1 × SU(2)2 × U(1)Y

GAUGE SUBGROUP

Ψ5 =




ψ2

ψ0

ψ′
2



 (5)

< Ψ5Ψ5 >= Σ0 SO(N) strong interaction

Σ0 =< Ψ5Ψ5 >=




0 0 1
0 1 0
1 0 0



 (6)

Σ→ ΩΣΩ†

ψ2 → ψ
′†
2 (7)

ψ0 → −ψ†
0 (8)

x→ −x

T ∈ Sp(6) SU(2)1 × SU(2)2 × U(1)Y → SU(2)ew × U(1)Y

Q1 → Q2

SU(3)QCD × SU(2)ew × U(1)Y

1

 Fermionic condensation 

SU(3)QCD × SU(2)ew × U(1)Y → SU(3)QCD × U(1)em

π → −π

π0

π0 → γγ

Σ→ ΩΣ†Ω

Σ

Σ =< ψψ >

ψi → ψ†
j

ψ

ψi → ψj

Σ→ ΩΣT Ω

ψ2 ∈ 2 of SU(2)1

ψ′
2 ∈ 2∗ of SU(2)2

ψ2 → ψ′
2

SU(5) flavor group

Y = 1
2

Y = −1
2

Y = 0

ψ0 → ψ0

Σ

2

E .Katz et al 
hep-ph 0312287 



Strongly coupled UV completion 
and T parity  

Hill and Hill* showed that in strong 
interacting UV completion T-parity is 
broken by Wess-Zumino-
Witten(WZW) terms.  

Lightest T-odd particle decays promptly 
Do not contribute to EWPM 

Situation analogous with the pion decay in QCD! 
*Hill & Hill  
Phys. Rev. D 75, 
115009 (2007) 



Our Goal: to build a LH 
model with a new 
definition of T-parity 
compatible with a strongly 
coupled UV completion. 



Strong dynamics and T parity 
------------------------------------------------------------------------------------------------ 

--------------------------------------------------------------------------------------------- 



How T-parity is defined in a 
strongly coupled UV completion? 

Σ = e2iπ/fΣ0 Σ0 =




0 0 1
0 1 0
1 0 0



 (1)

Σ→ V ΣV T π =




χ + η
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 (2)

V ∈ SU(5)

Σ→ Ω Σ† Ω† (3)

Ω =




0 0 1
0 −1 0
1 0 0



 ∈ SO(5) (4)

SU(2)× SU(2)× U(1)

GAUGE SUBGROUP

Ψ5 =




ψ2

ψ0

ψ′
2



 (5)

SO(N) strong interaction

< Ψ5Ψ5 >=




0 0 1
0 1 0
1 0 0



 (6)

Σ→ ΩΣΩ†

ψ2 → ψ
′†
2 (7)

ψ0 → −ψ†
0 (8)

1

Not a symmetry of the  fermionic 
kinetic term!  

Σ = e2iπ/fΣ0 Σ0 =




0 0 1
0 1 0
1 0 0



 (1)

Σ→ V ΣV T π =




χ + η
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 (2)

V ∈ SU(5)

Σ→ Ω Σ† Ω† (3)

Ω =




0 0 1
0 −1 0
1 0 0



 ∈ SO(5) (4)

Multiplet X parity T parity
hL hL hR

hR hR hL

χL -χL -χR

χR -χR -χL

ηL -ηL -ηR

ηR -ηR -ηL

φL -φL -φR

φR -φR -φL

1 K fields

K1 → V1K1V
†
3 , (5)

which breaks SU(2)1 ⊗ SU(2)3 → SU(2)1+3, and

K2 → V ∗
2 K1V

†
3 , (6)

which instead breaks SU(2)2 ⊗ SU(2)3 → SU(2)2+3. Each Ki field contains 3 + 3 − 3 scalar
degree of freedom.

Covariant derivative:
DµK1 = ∂µK1 − ig1A1µK1 + ig3K1V3µ (7)

DµK2 = ∂µK2 + ig2A
∗
2µK2 + ig3K2V3µ (8)

LSU(2)3 =
f2

K√
2
[ Tr (DµK1)†(DµK1) + Tr (DµK2)†(DµK2)]

1

Σ = e2iπ/fΣ0 Σ0 =
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Σ→ V ΣV T π =
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 (2)

V ∈ SU(5)

Σ→ Ω Σ† Ω† (3)

Ω =




0 0 1
0 −1 0
1 0 0



 ∈ SO(5) (4)

SU(2)× SU(2)× U(1)

GAUGE SUBGROUP

Ψ5 =




ψ2

ψ0

ψ′
2



 (5)

SO(N) strong interaction

< Ψ5Ψ5 >=




0 0 1
0 1 0
1 0 0



 (6)

1

SU(3)QCD × SU(2)ew × U(1)Y → SU(3)QCD × U(1)em

π → −π

π0

π0 → γγ

Σ→ ΩΣ†Ω

Σ

Σ =< ψψ >

ψi → ψ†
j

ψ

ψi → ψj

Σ→ ΩΣT Ω

ψ2 ∈ 2 of SU(2)1

ψ′
2 ∈ 2∗ of SU(2)2

ψ2 → ψ′
2

SU(5) flavor group

Y = 1
2

Y = −1
2

Y = 0

ψ0 → ψ0

Σ

m2
h = g2

4π2 Λ2 ∼(1Tev)2

h, H0, H±, A0

mH0 < mH± < mh < mA0

mH0 ∼ mH±

Σ→ ΩΣ†Ω†

2



Solution:  

SU(3)QCD × SU(2)ew × U(1)Y → SU(3)QCD × U(1)em

π → −π

π0

π0 → γγ

Σ→ ΩΣ†Ω

Σ

Σ =< ψψ >

ψi → ψ†
j

ψ

ψi → ψj

Σ→ ΩΣT Ω

ψ2 ∈ 2 of SU(2)1

ψ′
2 ∈ 2∗ of SU(2)2

ψ2 → ψ′
2

2

SU(3)QCD × SU(2)ew × U(1)Y → SU(3)QCD × U(1)em

π → −π

π0

π0 → γγ

Σ→ ΩΣ†Ω

Σ

Σ =< ψψ >

ψi → ψ†
j

ψ

ψi → ψj

Σ→ ΩΣT Ω

ψ2 ∈ 2 of SU(2)1

ψ′
2 ∈ 2∗ of SU(2)2

ψ2 → ψ′
2

SU(5) flavor group

Y = 1
2

Y = −1
2

2

SU(3)QCD × SU(2)ew × U(1)Y → SU(3)QCD × U(1)em

π → −π

π0

π0 → γγ

Σ→ ΩΣ†Ω

Σ

Σ =< ψψ >

ψi → ψ†
j

ψ

ψi → ψj

Σ→ ΩΣT Ω
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SO(N) strong interaction
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0 0 1
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 (6)

1

g1 != 0 g2 = 0
g1 = 0 g2 != 0

ΩA + AtΩ

Q1a → Q2a

Y → Y
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T- parity 
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This assignment of the 
hypercharge leads to a charged 
vacuum 
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SU(6)/Sp(6)  vacuum not charged 



A new definition of T-parity 

Exchange Symmetry 



SU(6)/Sp(6)  with T-parity 
--------------------------------------------------------------------------------------- 
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SU(6)/Sp(6) model 

TTT 

1 The Gauge Sector

The model is based on a SU(6) → Sp(6) symmetry breaking pattern which generates 14 =
35 − 21 Goldstone bosons. In the low energy model this breaking arises from the vacuum
expectation value Σ0 of a 6×6 antisymmetric matrix Σ, which transforms as Σ→ V ΣV T under
SU(6). We chose the following vacuum:

Σ0 = f




0 0 −I
0 −iσ2 0
I 0 0



 , (1)

where I is the 2 × 2 identity matrix. The SU(6) broken (Xa) and unbroken (Ta) generators
satisfy the following conditions:

XaΣ0 − Σ0X
T
a = 0,

TaΣ0 + Σ0T
T
a = 0. (2)

The 14 Goldstone bosons, Π =
∑

a πaXa, can be parametrized by the non-linear sigma model
field as:

Σ = eiΠaXa/f Σ0 eiΠaXT
a /f = e2iΠaXa/f Σ0, (3)

it is convenient then to write the Goldstone bosons matrix Π in terms of fields with definite
electroweak quantum numbers:

Π =





φ− η
2 h1 h2 χ

h†
1

η
2 0 −hT

2

h†
2 0 η

2 hT
1

χ† −h∗
2 h∗

1 φT − η
2



 , (4)

φ is a 2× 2 hermitian matrix (real triplet), η is a real singlet, h1 and h2 are two doublets and
χ is antisymmetric matrix of order 2 (complex singlet).
Furthermore, we impose that the model is invariant under the discrete T-parity:

T =




0 0 iσ2

0 I 0
−iσ2 0 0



 , (5)

which acts on the SU(6) generators as follows:

QSU(6) → T QSU(6) T T . (6)

The action on the Σ field is instead:

Σ→ TΣT T , (7)

and in particular

η → η,

φ→ −φ,

χ→ −χ∗,

h1 → −iσ2h
∗
2,
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Two doublet, 2Higgs model (2HM) 
One real triplet 
One complex and one real singlet 

Low, Skiba, Smith  
[ hep-ph/ 0 2 0 7 2 4 3 ] 

14 Goldstone bosons 
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New exchange T-parity 

T-parity: 
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Σ = e2iπ/fΣ0 Σ0 =




0 0 1
0 1 0
1 0 0



 (1)

Σ→ V ΣV T π =




χ + η

2
√
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h∗
√
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φ†

hT
√

2
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h†√
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φl
h√
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χT + η
2
√
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 (2)

V ∈ SU(5)

Σ→ Ω Σ† Ω† (3)

Ω =




0 0 1
0 −1 0
1 0 0



 ∈ SO(5) (4)

SU(2)× SU(2)× U(1)

GAUGE SUBGROUP

Ψ5 =




ψ2

ψ0

ψ′
2



 (5)

SO(N) strong interaction

< Ψ5Ψ5 >=




0 0 1
0 1 0
1 0 0



 (6)

Σ→ ΩΣΩ†

ψ2 → ψ
′†
2 (7)

ψ0 → −ψ†
0 (8)

x→ −x

T ∈ Sp(6)

1

Sp(6) is not anomalous 

Dark matter candidate! 



Inert doublet model 
Our dark matter  candidate  is contained in the Higgs 

sector  which is an Inert Doublet Model (IDM)  

Physical scalars:  

SU(3)QCD × SU(2)ew × U(1)Y → SU(3)QCD × U(1)em

π → −π

π0

π0 → γγ

Σ→ ΩΣ†Ω

Σ

Σ =< ψψ >

ψi → ψ†
j

ψ

ψi → ψj

Σ→ ΩΣT Ω

ψ2 ∈ 2 of SU(2)1

ψ′
2 ∈ 2∗ of SU(2)2

ψ2 → ψ′
2

SU(5) flavor group

Y = 1
2

Y = −1
2

Y = 0

ψ0 → ψ0

Σ

m2
h = g2

4π2 Λ2 ∼(1Tev)2

h, H0, H±, A0

2

T-odd 

SU(3)QCD × SU(2)ew × U(1)Y → SU(3)QCD × U(1)em

π → −π

π0

π0 → γγ

Σ→ ΩΣ†Ω

Σ

Σ =< ψψ >

ψi → ψ†
j

ψ

ψi → ψj

Σ→ ΩΣT Ω

ψ2 ∈ 2 of SU(2)1

ψ′
2 ∈ 2∗ of SU(2)2

ψ2 → ψ′
2

SU(5) flavor group

Y = 1
2

Y = −1
2

Y = 0

ψ0 → ψ0

Σ

m2
h = g2

4π2 Λ2 ∼(1Tev)2

h, H0, H±, A0

mH0 < mH± < mh < mA0

mH0 ∼ mH±

2

Approximate custodial 
symmetry 
Small contribution to the T 
parameter 

*E.Dolle, S. Su 
hep-ph  
0906.1609 

Lightest particle is H0 and it is a 
good dark matter 
Candidate for mass around 
60Gev *  

h looks SM higgs 



Conclusion & Summary 
New definition of T parity in a SU(6)/Sp(6) LH 

model compatible with strong interacting UV 
completion 

Dark matter candidate 

Natural and well motivated inert doublet model 

UV completion change the structure and the 
phenomenology of the low energy theory 



Work in progress 

•  We are studying the phenomelogy of the 
model 

•  Parameters space for dark matter 

•  Smoking gun? 



Backup 



Particle content 

E 
N
E 
R 
G 
Y 

10 Tev 

1 Tev 

Even Gauge bosons 

Odd Gauge bosons, 
new fermions, and 
scalars 

Electroweak scale  Higgs sector 

H0 mass around 60 Gev to have the 
right amount of relic density 

Two sets of gauge bosons and each SM fermion has a vector‐
like T odd partner. Extra states compared to SU(6)/Sp(6) 
without T parity 



Wess-Zumino-Witten 
terms 

•  WZW fixed by anomaly structure of the flavor 
group 

•  In the low energy theory these are 
complicated terms funcSon of the sigma fields 

•  To simplify we can think about  



Inert doublet model 






µ2
SU(2) = 3

64π2 (3g4f2 log ( Λ2

M2 ))
µ2

U(1) = − 1
16π2 (g′)2Λ2

µ2
top = − 3

4π2
k2
1k2

2f2
kk2

3

(k2
3−2f2

kk2
2)

log( k2
3+f2k2

1
2f2

kk2
2+f2k2

1
)






b2
SU(2) = 0

b2
U(1) = 0

b2
top = 3

2π2
k2
1k2

2f2
kk2

3

(k2
3−2f2

kk2
2)

log( k2
3+f2k2

1
2f2

kk2
2+f2k2

1
)

At one loop the leading order contribution to the quartic couplings are:

λU(1)
1 =

Λ2

16π2

(g′)2

3
,

λU(1)
3 = 2λU(1),

1 (51)

λSU(2)
4 =

Λ2

16π2
3g2,

the top sector does not give any contribution due to its SU(2)s enhanced symmetries.

(*) Electroweak symmetry breaking

The conditions to have a stable electroweak symmetry breaking are:

λ1 > 0, µ2 > 0, µ2 − b2 < 0, (52)

the potential is then minimized by:

< h1 >=
(

0
v

)
, < h̃2 >=

(
0

−v b2

|b2|

)
. (53)

If we consider the physical doublets Heven, and Hodd defined in eq.(8) we have that for b2 > 0
it is the even doublet which acquires a vev, while for b2 < 0 it is the odd eigenstate and then
T-parity is spontaneously broken. In our case b2 > 0, the even doublet Heven acquires a vev
and it is identified with the SM Higgs, while the odd one is an inert doublet. Indeed our model
is an inert doublet model (IDM).
It is then convenient to write the potential in the physical basis:

V (Heven, Hodd) = µ2
1 | Heven |2 +µ2

2 | Hodd |2 +λ̃1 | Heven |4 +λ̃2 | Hodd |4 (54)

+ λ̃3 | Heven |2| Hodd |2 +λ̃4 | H†
evenHodd |2 +

λ̃5

2
((H†

evenHodd)2 + h.c.),

where µ2
1 = µ2 − b2 and µ2

2 = µ2 + b2, and the quartic couplings are:

λ̃1 = 2λ1 + λ3 + λ4 + λ5,

λ̃3 = 2(2λ1 + λ3)− 2λ4 − 2λ5,

λ̃4 = 2(2λ1 − λ3) + 2λ4 − 2λ5, (55)

λ̃5 = 2(2λ1 − λ3)− 2λ4 + 2λ5.

9



Fermionic sector 
--------------------------------------------------------------------------------- 

------------------------------------------------------------------------------ 



Extra Gauge group 

Need to enlarge the gauge group to implement 
T‐parity in  a chiral theory 

K1 → V1K1V
†
3 ,

K2 → V2K2V
†
3 ,

SU(2)1 ⊗ SU(2)2 ⊗ SU(2)3 ⊗ U(1)Y ,

SU(2)1⊗SU(2)3 → SU(2)1+3,
(2)

SU(2)2 ⊗ SU(2)3 → SU(2)2+3.
3 scalar degrees of freedom which transform a s a real triplets under SU

Extra SU(2) not in SU(6) 



Vector like partner of the top: 
One even doublet 

One odd  doublet 
Two even singlets 

teven =
√

2(
(2k2fkq3 + k1f(q1 + iσ2q2)

mteven

,
qc
2 − iσ2qc

1√
2

) mteven = 2
√

k2
1f

2 + 2k2
2f

2
k Teven (35)

todd = (
q1 − iσ2q2√

2
,
qc
2 + iσ2qc

1√
2

) mtodd = k1f Todd (36)

t1 = (u,
(k1fuc + k3ũc)√

k2
1f

2 + k2
3

) mt1 =
√

k2
1f

2 + k2
3 Teven (37)

t2 = (d, dc) mt2 = k1f Teven (38)

The top yukawa coupling is:
−λttsmHeventcsm (39)

where
tcsm =

(k1fũc − k2fkuc)√
k2

1f
2 + k2

2f
2
k

, (40)

and

λt =

√
2k2

1f
2 + k2

2f
2
k

√
k2

1f
2 + k2

2f
2
k

k1f
. (41)

Therefore, the Lagrangian for the top sector is:

Ltop = k1fQT Σ†Qc + k2fk[qT
3 KT

1 (−iσ2q
c
1) + qT

3 KT
2 qc

2] + k3uũc + h.c. (42)

As we have already discussed the doublets masses don’t receive one loop quadratic contribution
as the first term, the only one which contains these scalars, is SU(6) invariant. We should
instead expect to have a log divergent one loop contribution proportional to λ2

1λ
2
2. Indeed the

second and the third terms break SU(4)2 and SU(4)1 respectively. Furthermore, the last term
is invariant just under the gauge symmetry of the model, and therefore we expect also a log
divergent term proportional to λ2

1λ
2
3. These log divergences are instead absent: indeed the top

sector one loop contribution is finite as we will show in the next section, and this is explained
by the existence of an enhanced symmetry.

Field SU(2)1 SU(2)2 SU(2)3 U(1)Y T partner
q1 2 1 1 1

6 iσ2q2

u 1 1 1 −2
3 u

d 1 1 1 1
3 d

q2 1 2∗ 1 1
6 −iσ2q1

q3 1 1 2 1
6 q3

ũc 1 1 1 2
3 ũc

b̃c 1 1 1 −1
3 b̃c

2.3 Anomaly Cancellation

The next step is to check that the gauge group of the model, SU(3)c ⊗ SU(2)1 ⊗ SU(2)2 ⊗
SU(2)3 ⊗ U(1)Y , is anomaly free with this fermionic content. This leads to the following non
trivial conditions:

(a) the cancellation of the anomaly of three U(1)Y bosons requires
∑

f Y 3
f = 0 where the
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