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Gravitational Wave Background (GWB)
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Low-Frequency Gravitational Waves | NANOGrav

“Chorus” of 
Gravitational Waves

Individual Singer (Sources):
• Supermassive black hole binaries
• Remainings of cosmological phase 

transitions:
• Bubbles
• Cosmic strings
• Domain walls

• “Echos” from the primordial Universe:
• Scalar-induced GW
• Primordial tensor modes

https://nanograv.org/science/topics/low-frequency-gravitational-waves


Evidence of GWB
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• Hellings-Downs spatial 
correlation

• Continuous spectrum Ω!" ∝ 𝑓#

• 3 ~ 4 𝜎

NANOGrav
EPTA

PPTA

CPTA Res.Astron.Astrophys. 23 (2023) 7, 075024
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Spacetime Wiggle and GW Resonance
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• Generality:
     Γ ⊃ modified gravity

𝑐! = 1

• Source of 𝛿!"#:
     Oscillating field 𝑂(𝐻"/𝑘")
     Nonminimal coupling
     …



Spacetime Wiggle and GW Resonance
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Γ = ℋ ≃
1
𝜏

𝛾 ∼
sin 𝑘𝜏
𝑘𝜏

Broad Spectrum Shape
Local Spectrum Feature 

(Resonance)

Resonance:

𝑓! = 𝑓"#!/2
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Spacetime Wiggle and GW Resonance

Assuming scale-invariant 𝑃!,#$#
Shape Function
Δ𝑘 ≡ 𝑘 − 𝑘!"
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Analytic approximation:

Signal Strength

𝜓$ ≃ |𝛿"#!|

Phase Factor 𝛼 – phase of 𝛿$%&.    𝛽 – phase of GW

• GWB of primordial origin:
     - Superhorizon ℎ = ℎ#, ℎ̇ = 0 ⇒ 𝛽 is the same for all GW

      - Signal strength ∼ |𝜹𝒐𝒔𝒄|

      - Peak and Trough (Example)
• GWB of subhorizon origin:
      - 𝛽 is usually stochastic. E.g: uniform random 𝛽

      - Signal strength ∼ 𝜹𝒐𝒔𝒄 𝟐

      - Only Peak

E.g: CMB 
cos waves



Prospects of observation
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Δ𝑘
= 2𝜆𝑘&

co
nvo

lve

Ω$% 𝑘 → 1 + 𝜓&𝐹'( 𝑘, 𝑘# Ω$%(𝑘)

• 𝜓' - Signal Amplitude

• 𝑘& - Peak/Trough Position

• Δ𝑘 – Frequency Resolution?



Prospects of observation
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∼ 15 nHz

Δ𝑓 =
1

15𝑦𝑟 NANOGrav 15yr data

∼ 15 nHz



Gravitational Spectropy
of the Early Universe

IPTA

B mode

LVK

ET

LISA

…
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𝑘# = 𝑘)/2


