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Decameter wave observations :

• Bright sky background

• Ionospheric perturbations

• RF Interference (man-made)

® Required large area, high resolution, 
broadband, « flexible » instrument



→ Ukrainian T-shape Radiotelescope, mark 2
• Smin ~10 Jy

• Δf = 10-25 MHz (7-35)
• multi-beam
• resolution (beam size) ≤ 1°
→ Survey of discrete radiosources -10°≤ δ ≤+80°



• T-shape
• NS branch : 1440 dipoles in 1860 x 50 m2 (6 rows)
• EW branch : 900 dipoles in 900 x 50 m2 (6 rows)
• Field : |cos(el)sin(az)) ≤ 0.84,  all elevations



• Broadband dipoles 8 x 1.8 m, at 3.5 m height
• EW linear polarization
• steel, zinc-coated wires, 8mm diameter



• multi-step 2D phasing (time delays)
• 2048 beam positions NS, 1024 EW
• time stepping ~2 min for source tracking
• electrical pointing (quasi-instantaneous)



• EW beam :
    ~1° (EW) x ~10° (NS)

• NS beam :
    ~30’ (NS) x ~10° (EW)



• 5 phasing schemes in parallel



→ 5 beams in the sky (NS & EW)
     (possibility for 25 pencil beams)



UTR-2 array :
• A = 93000 m2 (NS) , 45000 m2 (EW)

• efficiency η ~ 0.1
• Ae = A η = 7000 m2 (25 MHz) - 15000 m2 (10 MHz)
• Directive gain D ~ 104 = 4π/λ2 (Ae/η)
® as galactic background limitates sensitivity (receiver noise negligible),
    area to take into account is A=Ae/ η
    (we have measured A~60000 m2 at 25 MHz with Cyg.A)

Receivers (originally)
• >30 dB linearity (amplification/reception)

• 6 narrowband tunable receivers (δf = 3-15 kHz) per beam
  + pen-plotters / analog recorders / digitization → tape



(bτ)1/2~300
(10 kHz x 10 s)

• sensitivity limited by sky background noise / confusion



• noise source for calibration + AGC



Prior observations :
• Spectra of typical radio sources
• Sky background T ~ 1.15x108/f2.5

• Solar and planetary emissions very intense



• 1 AU at 1 pc = 1 " ⇒ source imagery not adapted
® (1) detect a signal, (2) star or planet ?
® distinction via emission polarization + periodicity
• search for Jupiter-like bursts ?



Since 1994 (INTAS contracts) : 

• Swept-Frequency Analyzer (HP)
• Acousto-Optical Spectrograph (Meudon-Nançay)
• Bank of lowpass/hipass high performance
   ceramic filters 

• Channel switching interface (Meudon-Nançay)



AOS (+IF interface) :

• Δf = 10 to 25 MHz band (tunable center frequency)
• Multichannel (33 channels / MHz), δf=90 kHz, step=30 kHz
• PC controlled
• Elementary spectra on 12 bits (0-4095)
• Integration time : 5 - 34 msec + Numerical integration (over 16 or 32 bits)
• acquisition sequence limited by RAM size
  (up to ~ 17000 spectra with 16-bit integration = 2-60 min./file)
• 25 dB dynamic range
• 1% gain fluctuations over minutes



RFI (interference)

ionospheric scintillations
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« Exoplanet » mode :
• Simultaneous ON/OFF 
observations
δt=20-300 msec

• Post-processing :
→ RFI recognition / 
elimination

→ Correction of 
ionospheric 
scintillations

→ Spectral integration 

→ Peak detection

(
)



Hanisch, Proceedings of the NRAO workshop “Interference identification and excision”, Green Bank, 1982

(1) raw data

(2) boxcar smoothed

(1)/(2) or (1)-(2)

Thresholding → 
weighting function

®Interpolation over
    « bad pixels »
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Processing of simulated data

sky          sky+rfi    sky+bursts    s+r+b (flat)  s+r+b (lin)    s+r+b (oscill)

On
+ Off













Expected signal

Gauss   Off>On   On>Off





• <100% interference eliminated
• non-spurious pixels eliminated
®simplify scheme ?
® need for night-time, winter-time observations !



Pulsar Observations : 
PSR 0809+74, 17 december 1997, BPR, VBR, PZ



• Dispersion : Δt(sec) = 4150 [DM] / f2     (f in MHz)
• τB ∝ f-4.4     (Kolmogorov)
• [DM]  < 1 pc/cm3 for nearby stars



V. B. Ryabov, P. Zarka, and B. P. Ryabov: Search of exoplanetary radio 
signals in the presence of strong interference: Enhancing sensitivity by 
data accumulation, Planet. Space Sci., submitted, 2004.





Synchronous pulse detection (FT)



« Accumulated » pulse detection (FT)





Exoplanet search :











Why no detection?

• No storm detected from exoplanet candidates during observational 

campaigns (< 10 hours for each).

• No strong Io-Jupiter radio bursts.

• Emission in different frequency band (B >> or << Bjupiter ?).

• Sensitivity of UTR-2 not sufficient (≤ 1 Jy) / signal too weak.

• Interference signals not completely removed.

• Exoplanetary signals identified and removed as interference.

• Signal detection algorithm not optimized to match the (unknown) 

characteristics of the signal.

• Broadband bursts are drifting (in addition to interstellar dispersion).



b τ = 106

(1 MHz, 1 sec)
b τ = 2×108

(3 MHz, 1 min)
b τ = 4×1010

(10 MHz, 1 hr)
Ae = 104 m2

(Nançay)
0.013 0.05 0.17

Ae = 105 m2

(Kharkov)
0.040 0.15 0.55

Maximum distance of detectability of Jovian bursts

~3~10-18 Wm-2Hz-1 (108 Jy)
from 1 AU distance
(25 µ-Jy from 10 pc, peak ≥ ×10 ~mJy)

~2×104 K @ 30 MHz
(103 K @ 100 MHz,
 3×105 K @ 10 MHz)

⇒ for α = 1     dmax (pc) = 2.5 10-6  Ae
1/2  (bτ)1/4

dmax = ( α Sj Ae / 2 n k Ts )1/2  ×  ( b τ )1/4

⇒ α ~ 105 required !  (see next talk)



Correlation mode : 

• Problem : 2 data channels only in AOS

→ How to get simultaneous On/Off measurements in 
pencil mode ?

→ Compute <(ENS+EEW
)2> - <(ENS-EEW

)2> = <4 ENSxEEW>

• Difficulty = calibration of two data channels

® Synchronous channel switching







Future

• Correlation mode

• Better RFI mitigation

• Correction of ON by OFF → slow variations, 
longer integration time

• Other receivers → funding ?


