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Solve Maxwell equations: 
• Charge density given by the plasma density: 

𝑛 = 𝑛0 + 𝛿𝛿 
     (Average density + fluctuations) 
• 2D solution for X-mode polarization. B┴. 
[E. Blanco et. al, PPCF 50, 2008] 
 
Synthetic Gaussian turbulence 𝜹𝜹.  
• Elongated and tilted structures 
• Frozen turbulence moving downwards. 
• Turbulence level (normalization): 

𝑟𝑟𝑟 = 𝛿𝛿𝑟𝑟𝑟/𝑛𝑐 
 

 
 
 
 
 
 
 
 
 
 

In the experiment 
                      AUG#31366, 3.4-3.5 s. 

 
 
 
 
 
 
 
 
 
 
• Qualitative comparison: Cmax and C(0) behave similarly. 

Δymax  and w  show differences.  More experiments are 
required 
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Our simulations: 
• Slab approximation:  

 y → radial 
 x →  poloidal 

• f = 80.0 GHz  (probing frequency, W-band) 
• B = 2.5 T 
 
 
 
 
 
 
 
 
 
 

𝑢⊥ 

Signals of two beams probing at different radial positions are 
compared using the cross-correlation coefficient 
 
Experimental results 
• Correlation decreases with the radial separation Δρ  
• From the dependence of the maximum with Δρ the Lr can be 

defined as the separation where Cmax=1/e   
[P. Hennequin  et. al., IRW12.] 
 
                                  AUG#31366, 3.4-3.5 s. 
 
 
 
 
 
 
 
 
 
Questions addressed related to RCDR 
• Does the correlation of the signals give directly the 

correlation of the density fluctuations? 
• Can information on the 2D structure (elongation and tilting) 

be extracted? 
 
 

The diagnostic: 
An oblique microwave beam 
is backscattered at the cut-off 
layer by the density 
fluctuations fulfilling Bragg’s 
condition: 
 
 
Doppler shift due to the 
motion of the cut-off layer: 

𝜔𝐷 = 2𝜋𝑓𝐷 = 𝑢⊥𝑘⊥ 
 
Measurement details: 
The amplitude A and phase Φ 
of the radiation coming back 
to the antenna are measured. 
The complex signal V can be 
computed  

𝑉 = 𝐴𝑒𝑖𝑖 
 

Conclusions 
• RCDR was simulated in a simplified geometry and with 

synthetic turbulence using 2DFW 
• The quantities of the model (e.g. correlation length) can be 

computed, but  the values depend on the launching angle and 
the turbulence level. Correlation length is correct at large angle 
and small rms. 

• Linear and non-linear regimes are observed depending on 
rms.  

• More simulations and systematical experiments are required. 
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Motivation 
● The experimental characterization of density turbulence in 

fusion plasmas is necessary for transport studies 

 

Radial Correlation Results 

Radial Correlation Doppler 
Reflectometry 

● Turbulence structure shape is 
relevant for transport: 
 Size (in radial direction → 

radial correlation length Lr 
of the turbulence) 

 Elongation 
 Tilting (signature of ITG or 

TEM) 

● Radial Correlation Doppler Reflectometry (RCDR) can provide a 
measurement of Lr, but: 
 Under which conditions  is it exact? 
 Can we get further information? 
 What effects have to be taken into account? 

• Peak in the cross-correlation coefficient can be 
characterized with Cmax, C(0), Δymax and w. 

• The dependence of the quantities on Δx is studied,  
 
 
 
 
 
 

• Multiple 
scattering 

• Wave trapping 

𝛿n Typical turbulence 
structure. Define 

quantities Lx,max,Lx,0, 
m, and Ly 

Using a model , Lx,max,Lx,0, m, and Ly 
 can be computed and related to the 
turbulence characteristics., 
 

(a,b,α) ↔(Lx,max,Lx,0, m, Ly) 
 

• It works for the turbulence (true) 
 

• Does it work for the reflectometer 
signals? 
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The quantities depend on θ and rms: 
Linear regime: Lx,max and Lx,0  → Match for large θ. 
→ Overestimated for small θ [E. Gusakov et. al. PPCF 56, 2013]  
Non-linear regime: Lx,max and Lx,0 → Underestimated 
m: Match for θ = 8 and linear, however good sign always (We 
know the direction of the tilting!) 
Ly:  Always underestimated by 20%        
                      

Linear                                                                        Non-linear 

experiment 

rms=0.15 % rms=2.4 % rms=37.5 % 

Lr 

• Small angle 
scattering (on 
the trajectory 
of the beam) 

30o 

Conventional  
Reflectometry (θ=00) 
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