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Next to Minimal Composite Higgs Model (NMCHM)

• Gauge Sector
• Fermion Sector

Scalar Potential
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• Electroweak Phase Transition (EWPT)
• 1st Order Phase Transition

One Higgs doublet and One Scalar Singlet



Introduction

• Hierarchy Problem:

Mass of the elementary scalar particle
Quadratically sensitive to the Cutoff Scale
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Puzzles in SM: 

• Baryon Asymmetry of the Universe:

Dynamically Generated:

A.D. Sakharov; Pisma Zh.Eksp. Teor.Fiz 5 (1967) 32
Sakharov Conditions:

1. Baryon number violation
2. C/CP Violation
3. Departure from the Thermal Equilibrium

Electroweak Baryogenesis:
1st Order Phase Transition

Composite Higgs



Next to Minimal Composite Higgs Model
• Minimal Composite Higgs Model:

• Only One Higgs doublet

• 𝑆𝑂(6)/𝑆𝑂(5) Coset
• One Higgs doublet (h) and One Scalar Singlet (𝜂)

𝑆𝑂 6 : { 𝑇9:, 𝑇;:, 𝑇<=, >𝑇(?}

𝑆𝑂(5)
SO(6)/SO(5) Coset

𝑆𝑂 4 ≅ 𝑆𝑈 2 9×𝑆𝑈 2 ;
SO(5)/SO(4)

𝑆𝑂(5)/𝑆𝑂(4)

SM
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SM
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𝑆𝑂 6

𝑆𝑂(5)

𝑓



EWPT in NMCHM
• Scalar Potential:

• Thermal Correction:

• 𝑐' =
FGHIGJH

<K + LMH

- +
NO
( +

NOP
<(

• 𝑐. =
NP
- +

NOP
F
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EWPT in NMCHM
• Scalar Potential:
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EWPT Process
> 𝟎 > 𝟎

𝜈', 𝜈. = 0, 0High Temperature 𝑻 ≫ EW Scale



EWPT in NMCHM
• Scalar Potential:
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𝜇'( < 0 & 𝜇.( < 0
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EWPT Process

High Temperature

> 𝟎 < 𝟎

Minimum @ (0,0)

Temperature Drops 𝒄𝒉 > 𝟎, 𝒄𝜼 > 𝟎

𝑻 ≫ EW Scale

−𝜇'(/𝑐' < 𝑇 < −𝜇.(/𝑐.

𝜈', 𝜈. = 0, −(𝜇.( + 𝑐.𝑇()/𝜆.



EWPT in NMCHM
• Scalar Potential:
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EWPT Process
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Global Minimum

Local Minimum

High Temperature
Minimum @ (0,0)

𝑻 ≫ EW Scale



EWPT in NMCHM
• Scalar Potential:
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EWPT Process
< 𝟎 < 𝟎

Temperature Drops

Critical Temperature 𝑻 = 𝑻𝒄
Two degenerate Minima

𝜈', 𝜈. = 0, −(𝜇.( + 𝑐.𝑇()/𝜆.

𝜈', 𝜈. = −(𝜇'( + 𝑐'𝑇()/𝜆', 0

𝑉' = −
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(𝑐. 𝜆' − 𝑐' 𝜆.)

𝒄𝒉 > 𝟎, 𝒄𝜼 > 𝟎

High Temperature
Minimum @ (0,0)

𝑻 ≫ EW Scale



EWPT in NMCHM
• Scalar Potential:
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EWPT Process
< 𝟎 < 𝟎

Critical Temperature 𝑻 = 𝑻𝒄
Two degenerate Minima

Temperature Drops 𝑻~ 𝑻𝒏 ≲ 𝑻𝒄
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EWPT in NMCHM
• Scalar Potential:
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EWPT Process
< 𝟎 < 𝟎

Temperature Drops 𝑻~ 𝑻𝒏 ≲ 𝑻𝒄

𝜈', 𝜈. = 0, −𝜇.(/𝜆.

𝜈', 𝜈. = −𝜇'(/𝜆', 0

Global Minimum

Local Minimum/saddle Points

Transition

Zero Temperature

Critical Temperature 𝑻 = 𝑻𝒄
Two degenerate Minima

Temperature Drops 𝒄𝒉 > 𝟎, 𝒄𝜼 > 𝟎

High Temperature
Minimum @ (0,0)

𝑻 ≫ EW Scale

𝑚',𝑚c,𝑚d,𝑚e



EWPT in NMCHM
• Scalar Potential:
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EWPT Process

Temperature Drops 𝑻~ 𝑻𝒏 ≲ 𝑻𝒄
Zero Temperature

Critical Temperature 𝑻 = 𝑻𝒄
Two degenerate Minima

Temperature Drops 𝒄𝒉 > 𝟎, 𝒄𝜼 > 𝟎

High Temperature
Minimum @ (0,0)

𝑻 ≫ EW Scale

𝑚',𝑚c,𝑚d,𝑚e

Conditions for Successful 2-step EWPT:

𝒄𝜼
𝒄𝒉
<
𝝁𝜼𝟐

𝝁𝒉𝟐
<

𝝀𝜼
𝝀𝒉

<
𝝀𝒉𝜼
𝝀𝒉

Local Minima
Not Saddle Points

EW vev
the global one

vev first develop 
along 𝜼



EWPT in NMCHM
• Scalar Potential:
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Providing observed 𝑚', 𝑣' (𝑚c/𝑚d) Fixing 𝜇'(, 𝜆'



Potential in NMCHM
• Explicitly Breaking of Global Symmetry
• Gauge Sector
• Fermion Sector

• Minimal Higgs Potential (MHP)

• Calculable part dominant

• Higher Order Operators
• Naïve Dimensional Analysis (NDA)
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D. Marzocca, M. Serone, J. Shu, JHEP08(2012)013



Potential in NMCHM
• The Gauge Sector
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Vector Resonance: 𝜌, 𝑎 𝟏𝟎, 𝟓 of 𝑆𝑂(5)
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MHP



Potential in NMCHM
• The Fermion Sector:  Partial Compositeness
• Fermion Resonances:  Representation of 𝑺𝑶(𝟓)

• 𝝍𝟏: 𝟏𝟐/𝟑
• 𝝍𝟓: 𝟓𝟐/𝟑 → 𝟐𝟕/𝟔 ⊕ 𝟐𝟏/𝟔 ⊕ 𝟏𝟐/𝟑
• 𝝍𝟏𝟎: 𝟏𝟎𝟐/𝟑 → 𝟑𝟐/𝟑 ⊕ 𝟏𝟓/𝟑 ⊕ 𝟏𝟐/𝟑 ⊕ 𝟏�𝟏/𝟑 ⊕ 𝟐𝟕/𝟔 ⊕ 𝟐𝟏/𝟔

• Fermions in SM: Embedded in incomplete representation of 𝑺𝑶 𝟔
• 𝟏𝟐/𝟑
• 𝟔𝟐/𝟑 → 𝟐𝟕/𝟔 ⊕ 𝟐𝟏/𝟔 ⊕ 𝟏𝟐/𝟑 ⊕ 𝟏𝟐/𝟑
• 𝟏𝟓𝟐/𝟑 → 𝟑𝟐/𝟑 ⊕ 𝟏𝟓/𝟑 ⊕ 𝟏𝟐/𝟑 ⊕ 𝟏�𝟏/𝟑 ⊕ 𝟐𝟕/𝟔 ⊕ 𝟐𝟏/𝟔 ⊕

𝟐𝟕/𝟔⊕ 𝟐𝟏/𝟔 ⊕ 𝟏𝟐/𝟑
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Extra 𝑈 1 �

Embedding of 𝐪𝐋 Embedding of 𝐭𝐑
𝟏𝟓𝟐/𝟑 𝟏𝟓𝟐/𝟑
𝟔𝟐/𝟑 𝟔𝟐/𝟑

𝟏𝟐/𝟑

MHP



Potential in NMCHM
• The Fermion Sector:  Partial Compositeness
• Fermion Resonances:  Representation of 𝑺𝑶(𝟓)

• 𝝍𝟏,𝝍𝟓,𝝍𝟏𝟎
• Fermions in SM: Embedded in incomplete representation of 𝑺𝑶 𝟔

• 𝟏𝟐/𝟑, 𝟔𝟐/𝟑, 𝟏𝟓𝟐/𝟑

• Πy,<
e,�,𝑀<e: Form Factor from top partner
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Extra 𝑈 1 �

Example Potential from (6, 6)
(𝑞9, 𝑡;)



Potential in NMCHM
• Confronting the EWPT:
• Can’t provide 1st order EWPT

• 𝟔, 𝟔 , 𝟏𝟓, 𝟔 , (𝟏𝟓, 𝟏𝟓):
• Can be improved by Adding higher order corrections to potential
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Embeddings (𝑞9, 𝑡;) Reason

(𝟔, 𝟏) No 𝜼 Potential

(𝟔, 𝟔) Local minimum 𝜼 > 𝒇
(𝟔, 𝟏𝟓) No 𝜼 Potential

(𝟏𝟓, 𝟏) No top mass term

(𝟏𝟓, 𝟔) No two local minima at 𝑻 = 𝑻𝒄
(𝟏𝟓, 𝟏𝟓) Local minimum 𝜼 > 𝒇



Beyond Minimal Potential
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Spurion Method Example for (6, 6)



• Bubble Nucleation

EWPT in NMCHM
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Collider Searches
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𝒑, 𝒑 → 𝝆±,𝟎 → 𝑾I𝑾�,𝑾±𝒁,……

𝒑, 𝒑 → 𝑿𝟓/𝟑�𝑿𝟓/𝟑 → 𝒕 �̅� 𝑾I𝑾�

𝑝, 𝑝 → 𝜌±,y → 𝑋 /F ¡𝑋(/F + 𝑋 /F ¡𝑋(/F + 𝑒𝑡𝑐.



Summary
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Next to Minimal Composite Higgs Model (NMCHM)
• Gauge Sector
• Fermion Sector

Scalar Potential
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• Electroweak Phase Transition (EWPT)
• 1st Order Phase Transition

Go beyond Minimal Higgs Potential Hypothesis

At least for 1, 6, 15 representations for fermion embedding

Trigger Strong 1st order EWPT Observable GW signals
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Validation of Polynomial Expansion
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Details about the Fermion sector induced Potential
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Details about the Fermion sector induced Potential

(15,1)

No top mass

(6,1) and (6,15) no 𝜂 potential
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Details about the Fermion sector induced Potential

For (6, 6):

𝜂 ≫ 𝑓
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Details about the Fermion sector induced Potential

For (15, 15):

𝜂 ≫ 𝑓
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Details about the Fermion sector induced Potential

For (15, 15):
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Gravitational Wave:

Sound Wave

Turbulence

Bubble Collision


