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Primordial Black Holes (PBHs)

Ultra-Compact Mini-
Halos Gravitational Waves (GWs)

Cosmic strings

Inflation

First-order Phase 
Transition

Domain walls

What can we learn from cross-correlation ?



  Pulsar Timing Arrays
(NG15, EPTA, PPTA, CPTA, . . . )

 
Earth-based Laser

Interferometers
(LVK O4, O5, ET, CE)

 1) Curvature peaks
𝒜ℛ ≳ 0.01

 nano-Hertz
GWs

 Super Massive Black Holes
Binary Mergers
MSMBH ∼ 109 M⊙

Data correlation

  
 

Primordial Black Holes
MPBH ∼ M⊙

kilo-Hertz
GWs

if DM=WIMPs

Cosmic-rays

 
 

 

DM Ultra Compact
Mini Halos

RUCMH ∼ 200 AU ( 1000
zcollapse )

MUCMH ∼ 10−7 M⊙

 2) Domain Walls
α⋆ ≳ 0.1

New Physics around T⋆ ∼ 0.1 GeV :

 3) First Order Phase Transition
β/H⋆ ≲ 30

:Astrophysical interpretation
Gravitational Lensing

In preparation  
(with Sten Delos)

HSC microlensing  
(in preparation) 

Lensed Quasars 
(in preparation)

YG, Vitagliano 2306.17841, 2311.07670 

YG, Trifinopoulos, Vanvlasselaer (2508.19328)

YG, Volansky 2305.04942
YG 2307.04239 (PRL)

Franciolini, YG, Jinno 2503.01962YG 2503.03857

 Binary
formation

ℛ ≳ 0.1

ℛ ≳ 10−3

https://arxiv.org/abs/2306.17841
https://arxiv.org/abs/2311.07670
https://arxiv.org/abs/2508.19328
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mass

  
(Lensing, PTA, 
gamma-rays)
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1 AU  km103
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10−7 M⊙ 1011 g MPlanck

109 GeV10 TeV
Temperature

100 MeV10 keV

100 M⊙

GW

UCMHCurvature peaks

PBH mass
  

LIGO 

1 M⊙   

(Lensing)

10−10 M⊙  
 ( -rays)
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γ
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SMBH ?)
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PBH

“Thank you”
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Strong 1st order PT:  ΔV ≫ ρrad
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δρ
ρ
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Gravitational
Pulsar Timing Arrays
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Waves(PTA)

collapses if

(GWs) First-order
phase transition

δ ·ρ + 3H(δρ + δp) = 0

Gμν =
8πG
c4

Tμν

ds2 = (1 ) dt2 − a2(1 ) dx2

IN

+2Φ −2Φ

homogeneously expanding universe

Φ = 0
Spatially-flat gauge

Bian+ 2021, Lu+ 2022, Lewicki+ 2023, 
YG&Volansky 2023, Baldes+ 2023,  Lewicki+ PRL 2024,  

……

Comoving gauge

Musco 1809.02127
Escriva, Germani, Sheth 1907.13311 

Spatially-flat gauge

10-410-21102104

PTA

YG, 2307.04239 (PRL)
α ≫ 1

Franciolini, YG, Jinno, 2503.01962 

Key result :

δ ≳ 5δ ≳ 0.5

https://arxiv.org/abs/1907.13311

