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Prepare for Chang’E 7 lunar seismology



Dwelling stellar BBHs,
Supernovae,

and merging MBHs

2035?



History of GW experiments on the moon

• Idea proposed by Weber 1960 
Physical Review, 117, 306

• Lunar Surface Gravimeter by 
Apollo 17 (Dec 1972)

• Apollo Seismic Array for GWs 
(Coughlin & Harms 2014 PRD)

Apollo Seismometers

See report by Giganti, Larson, 
Richard, Weber 1977

Large & quiet



Lunar Seismometers in Development
Chandrayaan 3 (Credit: Jiju John)

Credit: Taichi Kawamura

Lunar Gravitational Wave Antenna (LGWA)
Accelerometers, cryogenically cooled, 2035 ETA

(also see J. Harms et al. 2021 white paper)



Lunar Seismometers in Development

Fig. from Wang et al. 2024 Nation Science Review

Chang’E-7 Seismograph (expected in 2026)

Credit: Lognonne

Chang’E-7 Mission (~2027)

Actually, LGWA is 105 more sensitive
From instrument noise to GW sensitivity?



From Physical Picture to Theory
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GW imposing on the moon

(0.1Hz ~ 3e6km >> 1750 km)



Basic Theory

+GWStress

Elastic body under forced vibration

Two views:
not change, metric changes

changes, metric not change



Inconsistency in the Literature 

From Harms+21, LGWA White Paper

Sensitivity ∼
Instrument noise

𝑓 ⁄" #×Transfer function

Transfer function if h=1

A

B

hR

Resonance

Inconsistency

Li+23, Science China
(Not Chang’E seismometer)

Old



Our Interpretation: Physical Insight
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+

Meaning of B coord.• Ignore moon for a while
• Proper distance from center
• But free falling, no acceleration
• No readout on seismometer
• No acc. relative to local inertia 

frame (LIF)
• Coordinate A proportional to 

acceleration with respect to LIF 
(Yan, Chen et al. 2024 PRD)

MINEOS simulation

Compare Dyson and tidal forces

Coord. of LIF



Potential: Beijing Normal Univ. seismometer
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Li+23, Science China

Old New

Yan, Chen et al. 2024 PRD; also Song+24 NPJ

Not th
e end of th

e sto
ry!



Importance of lunar structure/physics

First 2D finite-element simulation

12k CPU cores, km-size resolution
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First 2D finite-element simulation

(Zhang, Yan, Chen, Zhang, 2025, PRD)

First finite-element 2D simulation



Real terrain (3D simulation)
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Full 3-D simulation and signal amplification

(Zhang, Yan, Zhang, Chen 2026, PRD, 113, 023031)



Real terrain & crust structure
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(Zhang, Yan, Chen, Zhang 2026, PRL cover paper, Editor’s Suggestion)

Thick crust amplifies GW signal



Lunar Seismology
Accelerometers

Cryogenically cooled
(LGWA)

Different Schemes
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Measure strain h
Laser interferometers

No tunnel, no vacuum tube 
(CIGO, GLOC/LILA, LION, LSGA)

GW imposing on the moon
(0.1Hz ~ 3e6km >> 1750 km)



Summary

� Derived self-consistent lunar response function

� First numerical simulation of lunar response to GWs

� Sensitivity to GW background by different lunar 
seismometers

� Cosmology, astrophysics, seismometer deployment plan… 
on the way
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