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Abstract: 
With the continued improvements in quantum frequency standards, there has been a brisk 

demand for free-space optical links for time and frequency transfer [1], towards the goal of 
future free-space networks for applications ranging from global positioning and timing to fun-
damental science. 

To cancel out the variations in the time-of-flight of the optical links across turbulent air, the 
reciprocity of the optical bidirectional is used as a dominant approach. Recent free-space opti-
cal two-way time-frequency transfer based on optical frequency combs has verified the levels 
of 100 as in time rely on this reciprocity [2,3]. However, in future realizations of satellite-to-
ground or inter-satellite networks, these links will extend over long distances and will cover 
the moving platforms. In these applications, the spatial variations of the atmospheric turbulence 
will destroy the reciprocity, and the effects of turbulence on the comb pulses need to be further 
clarified. 

In this work, we explore the effects of turbulence on the comb pulses with theoretical anal-
ysis. These effects are difficult to measure directly, so we simulate the dual-comb asynchro-
nous sampling process and map the effects to the changes in the dual-comb interference signals. 
A comb-based free-space optical transfer link is used for verifying the simulation with the use 
of a reciprocal optical terminal. Preliminary experiment indicates that atmospheric turbulence 
does aggravate the relative linewidth and phase noise of the dual-comb interference signals as 
shown below. 

 

Fig. 1 Verification of the turbulence-induced influence on the femtosecond pulses of the comb. Com-
parison of the results before and after passing through the free-space optical transfer link. (a) Relative 
linewidth of the dual-comb teeth; (b) phase fluctuation of the dual-comb interference signal. 

References 
1 K. Djerroud, O. Acef, A. Clairon, P. Lemonde, C. N. Man, E. Samain, and P. Wolf, “Coherent optical link 
through the turbulent atmosphere”, Opt. Lett., 35, 1479, 2010. 
2 J.-D. Deschênes, L. C. Sinclair, F. R. Giorgetta, W. C. Swann, E. Baumann, H. Bergeron, M. Cermak, I. Cod-
dington, and N. R. Newbury, “Synchronization of Distant Optical Clocks at the Femtosecond Level”, Phys. Rev. 
X., 6, 021016, 2016. 
3 L. C. Sinclair, H. Bergeron, W. C. Swann, E. Baumann, J.-D. Deschênes, and N. R. Newbury, “Comparing 
Optical Oscillators Across the Air to Milliradians in Phase and 10−17 in Frequency”, Phys. Rev. Lett., 120, 050801, 
2018. 

49


	MAIN MENU
	Search
	Print
	View Full Page
	View Page Width
	Abstracts


 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 8.268 x 11.693 inches / 210.0 x 297.0 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20140918080338
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     675
     320
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

       PDDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     1
     0
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: none
     Shift: move down by 18.00 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     322
     Fixed
     Down
     18.0000
     0.0000
            
                
         Both
         AllDoc
              

      
       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     1
     0
     1
      

   1
  

 HistoryList_V1
 qi2base



