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Big Bang Observer: The Birth of dHz GW Science



Science of the Big Bang Observer
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Phinney et al (2003), Cutler/Harms (2006), Cutler/Holz (2009):
• Detection of a primordial background 

(even from slow-roll inflation)
• Detection (and their subtraction from data) of essentially all 

compact binaries composed of neutron stars and black holes
• Dark matter distribution via weak-lensing measurements
• Detection of a large number of double white dwarfs
• Hubble-constant measurement
• BNS pre-merger warning



Detection of a Primordial GW Background
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P Simakachorn



Background of Double White Dwarfs
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Farmer and Phinney (2003):
The background of double 
white dwarfs peaks in the LISA 
band and then falls rapidly 
towards higher frequencies.

Conclusion:
Primordial GW background 
best observed in the decihertz 
band.



dHz GW Detector Concepts
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• Satellite based, long-baseline, solid test masses
• Satellite based, long-baseline, atom clocks or atom 

interferometers
• Lunar GW detectors

“Exotic” technologies
• Frequency-comb detectors
• Diamond detectors
• Superfluid helium

Show-stopped due to environmental noise:
Terrestrial decihertz GW detectors
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Observation Bands / Multi-banding



LGWA Science White Paper
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Lunar science
• Seismic sources
• Lunar internal structure
• Moon’s formation history
• Geologic processes

Gravitational-wave science
• Astrophysical explosions and matter effects on 

waveforms
• Populations and formation channels of GW sources
• GW cosmology 
• Fundamental physics with GWs

Multi-messenger observations
• Compact binaries with white dwarfs and neutron stars
• Supernovae 
• Tidal Disruption Events
• Intermediate and Massive Black Hole Binaries
• Extreme/Intermediate Mass-ratio Inspirals

JCAP01(2025)108
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Detection Horizon

Detections of binary black holes out to high redshift
Study of the early 

population of seed 
black holes of today’s 

supermassive BHs.

R Schneider et al
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Sky Localization

Sub deg2 sky-localization of binary
neutron stars for merger early warning

After 1 month

When the BNS leaves 
the LGWA band
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White-dwarf Mergers & SN Type Ia
What are the progenitors of 
Supernovae Type Ia? 

Double degenerate   Single degenerate



Recent Studies on DWDs
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Benetti et al (2025):
Localization of a substantial fraction of 
DWDs in their host galaxy might be 
possible with LGWA with LGWA 
(depending on what exactly happens 
in the final phase before the merger).

Conclusion:
Decihertz GW detectors will provide a 
precise counterpart to SN1a-based 
Hubble-constant measurements.
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Core-collapse Sne and Memory Effects

CCSN contain a low-frequency signal 
caused by the memory effect.
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Tidal Disruptions, Example: WD- NS
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10-4 Hz 100 Hz 103 Hz

Supermassive 

BH binaries

Extreme mass-

ratio inspiral

Space detectors Terrestrial

Missing link

Supernovae Ia

Neutron-star mergers

Tidal disruption

IMBH binaries

Once the 3G terrestrial 
detectors are on their 
way, dHz GW detectors 
are the next big 
challenge in our field


