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Introduction

• Electroweak Phase Transition
• Electroweak Symmetry Breaking
• Electroweak Baryogenesis
• Possible GW sources

• Preferred Parameter Space in BSM
• Prospects from Collider Experiments
• Possible GW detections
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Two Higgs Doublet Model (2HDM)

• Two Doublet

• Five Mass Eigenstates
• ℎ, 𝐻, 𝐴, 𝐻±

• CP Conserving, soft Z2 breaking

• Type-I/Type-II Yukawa Couplings 
Yukawa Coupling Type-I Type-II

Top quark Φ! Φ!

Bottom quark Φ! Φ"
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Effective Potential at Finite T

• Effective Potential
• 𝑉"## = 𝑉$ + 𝑉%& + 𝑉%' + 𝑉'
• 𝑉$: Tree level potential
• 𝑉%&/V(): Coleman-Weinberg potential and Counter Terms
• 𝑉': Thermal corrections

• Parameter relevant for EWPT:
• Strength:

• 𝜉" ≡
#!
$!

• Signal to Noise Ratio
•
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Scan Setup
• Ranges for Parameters
• 𝑡* ∈ 0.8, 25 , cos 𝛽 − 𝛼 ∈ −0.3, 0.3
• 𝑚+,-,+± ∈ 150, 1500 GeV
• 𝑚./

/ ∈ 1001, 102 GeV2

• Constraints Considered
• Theoretical Constraints:

• Perturbative unitarity
• Boundness from below
• Stability

• Electroweak Precision (S/T/U)
• Flavor Constraints
• Higgs signal strength, Heavy scalar searches

ScannerS

HiggsBounds/HiggsSignals
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Shape of the Potential
• Vacuum Upliftment
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Shape of the Potential
• Four Branches
• Electroweak Precision Measurement

• ∆𝑚% = 𝑚% −𝑚%± , ∆𝑚& = 𝑚& −𝑚%±
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• Left: 𝑚$ < 𝑚$± ≈ 𝑚&

• Top: 𝑚$ ≈ 𝑚$± < 𝑚&

• Bottom: 𝑚$ ≈ 𝑚$± > 𝑚&

• Right: 𝑚$ > 𝑚$± ≈ 𝑚&

𝐴 → 𝑍𝐻
𝐴 → 𝑡 𝑡

𝐴 → 𝑍𝐻
𝐴 → 𝑡 𝑡
𝐻± → 𝑡 𝑏

𝐻 → 𝑍𝐴
𝐻 → 𝑡 𝑡
𝐻± → 𝑡 𝑏
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Prospects at the HL-LHC

• Spectrums
• 𝐴 → 𝑍𝐻, 𝐻 → 𝑍𝐴
• Fermionic Channels:

• 𝐻/𝐴 → 𝑡 𝑡
• 𝐻± → 𝑡 𝑏

• Triple Scalar Couplings
• Resonance/non-resonance ℎℎ
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Prospects at the HL-LHC

• Spectrums
• 𝐴 → 𝑍𝐻, 𝐻 → 𝑍𝐴
• Fermionic Channels:

• 𝐻/𝐴 → 𝑡 𝑡
• 𝐻± → 𝑡 𝑏

• Triple Scalar Couplings
• Resonance/non-resonance ℎℎ
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Prospects at the HL-LHC

• Spectrums
• 𝐴 → 𝑍𝐻, 𝐻 → 𝑍𝐴
• Fermionic Channels:

• 𝐻/𝐴 → 𝑡 𝑡
• 𝐻± → 𝑡 𝑏

• Triple Scalar Couplings
• Resonance/non-resonance ℎℎ

ywu@okstate.edu 11

250 500 750 1000 1250 1500
mH [GeV]

0.0

0.2

0.4

0.6

0.8

1.0

B
R

(H
!

tt̄
)

Type-I ⇠c

250 500 750 1000 1250 1500
mH [GeV]

Type-II ⇠c

250 500 750 1000 1250 1500
mH [GeV]

Type-I SNR

250 500 750 1000 1250 1500
mH [GeV]

Type-II SNR

1.0 1.5 2.0 2.5 3.0 3.5
⇠c

1 2 3 4 5 6 7 8
log10(SNR)

250 500 750 1000 1250 1500
mH± [GeV]

10�7

10�5

10�3

10�1

101

�
(p

p
!

tb
H

±
)
⇥

B
R

(H
±

!
tb

)[
pb

]
Type-I ⇠c

250 500 750 1000 1250 1500
mH± [GeV]

Type-II ⇠c

250 500 750 1000 1250 1500
mH± [GeV]

Type-I SNR

250 500 750 1000 1250 1500
mH± [GeV]

Type-II SNR

1.0 1.5 2.0 2.5 3.0 3.5
⇠c

1 2 3 4 5 6 7 8
log10(SNR)

Scaling from 1908.01115 Scaling from 2102.10076



Summary
• EWPT prefer particular parameter space

• Collider Searches
Type-I ⇠c > 1
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Thanks!
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