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Today: Something different. Let’s not 
start with LISA right away, but with 

what we can learn from PTAs.
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• Strong transitions,  

• Slow transitions,  

• Reheating around 

α ≳ 1

β/H ≈ 10

T ≈ 10 MeV
SMBHB: , A = 10−15.5 γ = 13/3

Very roughly:

The first observable GW signals require 

peculiar transitions: EXTREMLY large 

bubbles with a LOT of supercooling.
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4

Many small 
bubbles

Few big 
bubbles

Weak transitions Strong transitions

PTA data requires very 
strong transitions with 

extremely large bubbles!

β/H ≃
(8π)1/3

RH∗

CT+ [2602.09092]



Carlo Tasillo — When the HL-LHC is blind, LISA is deaf (but not vice versa)

Which phase transitions can fit the PTA data?

4

Many small 
bubbles

Few big 
bubbles

Weak transitions Strong transitions

PTA data requires very 
strong transitions with 

extremely large bubbles!

β/H ≃
(8π)1/3

RH∗

That relationship is 
wrong, by the way… 

(you can ask me over 
coffee about it)

CT+ [2605.15259]

CT+ [2602.09092]
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The bubble nucleation rate has to 
become a Gaussian, i.e.  has to 

become small or negative!
β/H

Larger 
bubbles

Large bubbles require parameter tuning! And the larger your parameter space, the more parameters you have to tune.
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Weak transitions Strong transitions

PTA data requires very 
strong transitions with 

extremely large bubbles!

BSM models typically 
predict weak transitions 

with small bubbles…

Robust predictions of the 
GW signal in that regime 

are difficult…
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Consistent cosmological 
evolution Numerical stability 
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www.tasillo.de/TransitionListener

Well-documented and 

in active use!

Click here!

pip install 
transitionlistener

Just try:

Validated against BSMPT!

Numerically robust and reliable!
Comes with dark sector 

models and 2HDM!

http://www.tasillo.de/TransitionListener
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The LISA spectrum
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LISA can detect GWs in 
the mHz band, directly 
related to cosmological 
sources at 

temperatures.
𝒪(100 GeV)

There’s hope to find a 
background stronger than 

an astrophysical 
background, potentially 
from the electroweak 

phase transition.
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Some motivation for the 2HDM

[Image credit: Kateryna Radchenko]

In the SM the EWPT is a 
crossover. To get a GW signal 
and baryogengesis* we need 

to extend it. One example: 
2HDM.

* We only care about the GWs in this work. We 
therefore assume the CP-conserving 2HDM
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Boundedness 

from below at zero 

temperature

Boundedness 

from below at finite 

temperature

Peturbative 

unitarity

Vacuum stability at zero temperature
Electroweak precision constraints (S, T, U)

Flavor 
constraints

SM-like Higgs state matching the observations

Additional Higgs 

states not excluded from 

LHC searches

We use a combination of ScannerS, 
BSMPT, HiggsSignals and HiggsBounds 

for these constraints
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Complicated 
potential structure 

with many 
parameters and 

constraints…

Boundedness 

from below at zero 

temperature

Boundedness 

from below at finite 

temperature

Peturbative 

unitarity

Vacuum stability at zero temperature
Electroweak precision constraints (S, T, U)

Flavor 
constraints

SM-like Higgs state matching the observations

Additional Higgs 

states not excluded from 

LHC searches

Sounds complicated… Let’s get a more intuitive understanding of the viable parameter space.

We use a combination of ScannerS, 
BSMPT, HiggsSignals and HiggsBounds 

for these constraints
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Custodial symmetry in the SM, due to remaining   after EWSB: 
 

. 

SU(2)V

ρ = m2
W

m2
Z cos θ2

W
= 1
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Custodial symmetry is conserved in these two spots
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Gfitter group, Fischer et al. [2607.09861]
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20

𝒪(10 GeV)

𝒪(10 GeV)

Electroweak precision tests directly constrain these regions But still, generically the 

GWs are MUCH too weak 

to be observed with LISA

We generate MC samples from both clouds, optimizing the SNR in order to map out the LISA-testable parameter space
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Z
ℓ
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ℓ
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95% of all SNR > 10 cases can 
be tested by the HL-LHC!
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When dropping the requirement of EWSR, the parameter space opens up and we lose sensitivity at HL-LHC

* I strongly assume that the non-EWSR is a feature of the way we resum daisies (AE prescription). It would be great to look into this again in some 
formalism which is less awkward at large gauge couplings, allows for large-scale parameter scans, does not rely on high-  and is validated on lattice… T
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We did not manage to find LISA-visible points in the twisted cloud…

23

The twisted cloud in general is more silent. Our LISA is deaf statement is trivially true.

Almost all of the 
1 < SNR < 10 points can 

be tested by HL-LHC!
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In case you are 
interested in other 
collider signatures, 
the comparison of 

BSMPT with 
TransitionListener, 
or the wall velocity 
computation with 
WallGo check out 

our paper: 

2608.23679
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TransitionListener v2.0 remains 
numerically stable and physically 

accurate under strong supercooling 
and large bubbles.

I consider the PTA searches for phase transitions 
also a big playground for LISA, since many lessons 

can be directly transferred there.

LISA is (> 95%) deaf: If the HL-LHC 
does not find any  events, 

we should be safe to expect no 
observable type-I 2HDM GWs. The 

opposite doesn’t hold.

H → ZZ

More work is needed on many ends: Collider 
searches around , LISA data 
analysis pipeline, pheno-ready 3D EFT for 

the 2HDM, understanding of large quartics, 
varying prior choices (e.g. ), …

mH ≃ 200 GeV

tan β

Holy grail of phase transition searches: 
solving the inverse problem requires precise 
nucleation rate predictions, robust numerics, 

fast samplers, understanding of 
astrophysics, valid GW templates, … 

🏆

Strong gravitational waves from phase 
transitions almost always require strong 

parameter tuning, corresponding to narrow 
strips in model parameter space
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Large loop corrections are required…
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Not clear yet how to treat those properly, would also persist in 3D EFT
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EWSR and non-EWSR

29



Carlo Tasillo — When the HL-LHC is blind, LISA is deaf (but not vice versa)

Prior choices
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Corner plots
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Coupling basis, 
standard custodial 

cloud
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Corner plots
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Mass basis, standard 
custodial cloud
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Corner plots Coupling basis, 
twisted custodial 

cloud
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Corner plots Mass basis, twisted 
custodial cloud
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The working principle of a pulsar timing array
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Timing residuals δt

Pulses expected 
from timing model

Pulses recorded by 
radio telescopes

Galactic millisecond pulsars

δt
A gravitational wave 

backgrounds imprints 
itself in the common 

evolution of the timing 
residuals over time

Pulsar 2

Pulsar 1

Time
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Learning to play the violin

36
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Each „violin“ in the Bayesian 
spectrogram can be understood as a 

data point with non-Gaussian error bar, 
describing the Fourier amplitude of a 

given frequency.
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  log f

PTA data

The inferred spectral shape 
of the GWB is to first 

approximation a power law

ΩGW( f ) =
2π2

3H2
0

A2 ( f
1 yr−1 )

5−γ

yr−2
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Each „violin“ in the Bayesian 
spectrogram can be understood as a 

data point with non-Gaussian error bar, 
describing the Fourier amplitude of a 

given frequency.
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Monopolar correlations,
e.g. clock errors

Dipolar correlations,
e.g. ephemeris errors

HD correlation,
i.e. a GW background
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Searching for the Hellings-Downs correlation

37

• PTAs found an underlying „common red 
process“ among  pulsars 

• Signal could have many sources: 

‣ Pulsars themselves, Clock errors, 
Ephemeris errors: 
All ruled out with >  significance 

‣ Gravitational wave background: 
 evidence

𝒪(70)

5σ

3 − 4σ [NANOGrav, 2023]

Next IPTA data release should 
reach  GW detection!5σ
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Merging supermassive black holes

38

Observed signal roughly follows a 
power-law spectrum with amplitude  

and slope   

Astrophysical simulations based on 
realistic BH populations predict much 
weaker* signals with higher  (more 
power in low frequencies)

A
γ

γ

[NANOGrav, 2306.16213]

* The shown astro contours are basically an overly optimistic upper bound on 
the GW amplitude, assuming 1) negligible binary hardening times (whereas 
naively they should be around the age of the universe) and 2) an artificially 
widened prior on the observed black hole masses. We’ll come back to this…
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Merging supermassive black holes

38

Observed signal roughly follows a 
power-law spectrum with amplitude  

and slope   

Astrophysical simulations based on 
realistic BH populations predict much 
weaker* signals with higher  (more 
power in low frequencies)

A
γ

γ

Are there other signal sources?

[NANOGrav, 2306.16213]

* The shown astro contours are basically an overly optimistic upper bound on 
the GW amplitude, assuming 1) negligible binary hardening times (whereas 
naively they should be around the age of the universe) and 2) an artificially 
widened prior on the observed black hole masses. We’ll come back to this…
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Γ ∝ e−S3/T

The transition rate 
is exponentially 

dependent on the 
bounce action



Carlo Tasillo — Robust phase transition predictions for PTAs and LISA

Large bubbles in the Abelian dark Higgs model

39

Benchmark point: g = 1, v = 100 MeV

Γ ∝ e−S3/T

The transition rate 
is exponentially 

dependent on the 
bounce action

Only for fine-tuned 
quartic couplings , 

large bubbles can be 
achieved! Generically, 

.

λ

β/H > 103
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The common relation 

 

is off by 51% and only 
holds where signals are 

unobservable!

β/H = (8π)1/3/RH

Benchmark point: g = 1, v = 100 MeV

(used in LISA pipeline, Athron review, …)

 can become very negative! This 

is where the strongest GW signals are.

T
d

dT
S3

T

  is the true-
vacuum fraction at 

percolation

fperc = 0.29
[Derivation: See appendix 

of 2605.15259]

A comment on  and β/H RH

https://inspirehep.net/literature/2765842
https://inspirehep.net/literature/2656620

