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Laser Occultation and Time&Frequency Transfer 

of Optical Clocks in the Timing Labs
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Laser GNSS Receiver in LEO
GNSS 

CW-laser

SLR array

Carrier-phase               
on a continuous-
wave (CW) laser

• Stability <5 × 10-15 at 1 s 
• Linewidth <2 Hz
• With cavity from NPL (LISA mission)
- Up to 1 kW power

“Sinopta” laser steering terminal for LEO 
steering over 360°/90°

Spatial Light Modulator 
steering over 24°

Laser beam steering in LEO

Continuous-Wave (CW) Laser

No atmosphere in LEO
One could improve LEO attitude 
(quadrant photodiode)
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Link Budget for CW Laser: LEO, Ground, Moon
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Gaussian Beam:

Hamamatsu (Japan) confirmed               
InGaAs photodiode for all three cases
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Link Budget:
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CW-Laser for T&F Transfer at 10-18 for Optical Clocks

2D Antenna Rotation about Pivot pointLaser Cavity (NPL&PTB) 
can provide microwave GNSS 

frequency more stable than H-maser 
on GNSS (via frequency comb)

With ‘phase clock’ approach for 
GPS we introduced in 2004 for 
LEOs, we managed to get T&F 

transfer down to 10-16 level 

GNSS antenna rotated in space
(like antenna calibration on a robot)
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CW-Laser Onboard GNSS Satellites
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We need 1-20 mW laser power transmitted from a GNSS         
to guarantee the received power of 1 nW (GRACE-FO) or 

200 pW (LISA) with down to 10 cm collecting optics 

GNSS 

Carrier-phase
on a continuous-wave                  

(CW) laser

“two-way” 
CW-laser in LEO, signal reflected from GNSS

“one-way” 
CW-laser onboard GNSS satellites

With SLM, one can split laser 
beam into thousands of 

separate laser beams and 
steer them independently


