
Gravitational Waves from 
Dark Phase Transitions at 

Strong Coupling
Nicklas Ramberg Johannes Gutenberg Universität Mainz

Collaborators: Pedro Schwaller, Enrico Morgante

First Nordic Cosmology Meeting 24/10



Dark SU(N) Yang-Mills Theory

Theoretically appealing

Similar 
to SM 
theory

String 
Theory

Minimal 
BSM

Particle physics phenomenology

Composite 
Higgs

CDM 
candidates

Baryogenesis

GW searches in dark sectors

Cruelty of 
nature

DM/VS 
interactions

Observations 
so far?



How to proceed with FOPTs at strong coupling?

• Lattice QCD Data for SU(3) YM 
with 𝑛𝑓 = 0.

• The AdS/CFT Correspondence 
for theoretical control.
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We will make use of Improved Holographic QCD

Main Idea: Use the AdS/CFT correspondence 
to construct a 4D CFT which resembles SU(3) 
Yang Mills Theory.

• AdS5 Einstein 
Dilaton Gravity

• Radial 5-D 
coordinate r

• Scalar field λ = 𝑒ϕ

• Different 
Geometries

• 4D CFT

• RG Scale

• T’hooft coupling 
λt = 𝑁𝑐𝑔𝑌𝑀
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• Phases of YM 
theory



Thermodynamics, Effective Action, and PT Parameters
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Effective action for 𝒪 3  tunneling 
configurations

𝒮ℬ

=
4π

𝑇
න𝑑𝑟 𝑟2 ቈ



𝑐
𝑁𝑐

2

16π2 𝜕𝑟λℎ 𝑟
2

+ 𝑉eff λℎ 𝑟 , 𝑇

Bubble Nucleation Rate  

Γ = 𝑇4 𝒮ℬ

2π

3/2
𝑒−𝒮ℬ , Nucleation Γ ≈ 𝐻4.

Interpolate between BBH and 
SBH
Violate the condition 𝑇ℎ ≠ 𝑇
1. BH not in thermal eq.
2. Conical singularity 
Regularize with spherical cap



Gravitational Waves

Phase Transition 
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Effective Action

The output results of SU(3) Yang-Mills 



Conclusions/Ongoing work/Outlook

Conclusions

1. Dark Confining 
Gauge Sectors are 
interesting!

2. These theories 
”naturally” predict 
FOPTs

3. Gravitational waves 
of such theories 
can be quiet small

Ongoing work

1. Bubble wall 
velocity estimate

2. Kinetic term 
computation.

3. Phenomenology 
of Large N SU(N)

Outlook

1. Inclusion of an 
Axion.

2. Incorporate 
quarks.

3. GW correlation 
to different 
quark phases
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