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Saturn Electrostatic DischargesSaturn Electrostatic Discharges –  – 
SEDSED  

 Spacecrafts: Voyagers, Spacecrafts: Voyagers, 
Cassini > 25 yearsCassini > 25 years

9 storms (V1,V2,0,A-F)9 storms (V1,V2,0,A-F)

 UTR-2, UTR-2, 
storm Estorm E  (Jan(Jan--Feb 2006),Feb 2006),
F(Nov 2007 - Aug 2008)F(Nov 2007 - Aug 2008)



Difficulties 1.Difficulties 1.
Cassini / UTR-2 Cassini / UTR-2 flux ratioflux ratio  

  1.4*109  km       1.2 *106  km



Difficulties 2.Difficulties 2.  Interference (Interference (leftleft, , toptop)), , relay switching relay switching ((leftleft, , 
bottombottom)), , SED (right) ON (top)SED (right) ON (top), , OFF (bottom)OFF (bottom)



Ground-based identification of Ground-based identification of 
SEDs, new algorithmSEDs, new algorithm

 UTRUTR-2-2, 5 beam operating mode , 5 beam operating mode 
  “ “ON-OFF” mode, a sum-difference mode ON-OFF” mode, a sum-difference mode   of a two-of a two-

channel receiverchannel receiver

 Multichannel algorithm:Multichannel algorithm:
 data limit in each narrow-band channel at 3data limit in each narrow-band channel at 3σσ
 sub-bands (12-33 MHz sub-bands (12-33 MHz  20 sub-bands) 20 sub-bands)
 signal exceeding signal exceeding 44σσ in two sub-bands in two sub-bands
 Visual inspection (for remove wide-band noise in the Visual inspection (for remove wide-band noise in the 

range 27 ... 33 MHz saturated by large number of range 27 ... 33 MHz saturated by large number of 
weak but relatively broadband sources).weak but relatively broadband sources).



ON-OFF ON-OFF 
33rdrd – 5 – 5thth  
beamsbeams

3rd beam

“ON”

5th beam

“OFF”



Examples: 20 ch + “Total” ch; Sum-Diff mode

Right detection, strong SED



Examples: 20 ch + “Total” ch; Sum-Diff mode

Right detection, weak SED



 no detection (correct)

Examples: 20 ch + “Total” ch; Sum-Diff mode



Examples: 20 ch + “Total” ch; Sum-Diff mode

Wrong detection (accidentally)



Examples: 20 ch + “Total” ch; Sum-Diff mode

Wrong detection (wide band weak interference)



Wrong detection (beam switching)

Examples: 20 ch + “Total” ch; Sum-Diff mode



Date, time and some SED characteristicsDate, time and some SED characteristics  
DayDay DateDate StartStart EndEnd SED flashesSED flashes SED rateSED rate ττ, , msms

AA11 01/12/200701/12/2007
F9F9

01:30:5201:30:52 07:20:0807:20:08 303303 0.01710.0171 2929..88

AA22 01/12/200701/12/2007
F11F11

23:43:4023:43:40 04:39:3904:39:39 269269 0.01290.0129 19.419.4

AA33 02/12/200702/12/2007
F13F13

23:40:5123:40:51 02:28:0302:28:03 7171
0.00710.0071

21.121.1

A4A4 0044/12/2007/12/2007
F15F15

04:16:4704:16:47 07:18:0007:18:00 226226 0.02070.0207 29.929.9

A5A5 0055/12/2007/12/2007
F17F17

02:00:5202:00:52 07:28:0807:28:08 4949 0.00250.0025 2222..99

AA88 12/12/200712/12/2007
F33F33

0044::2727::2424 07:13:4207:13:42 3535 0.00350.0035 16.516.5



Comparison UTR-2 data and SC dataComparison UTR-2 data and SC data

SC, RPWSSC, RPWS
UTR-2, DSPZUTR-2, DSPZ
Provide resolutionProvide resolution



Cross-correlation function Cross-correlation function А2 А2 after time correctionafter time correction

∆t,   0.1 s

R



Time difference function Time difference function А2А2

SED number (UTR-2)

∆t,   
0.1 s



Duty cycle of RPWS and number of 
coincident events 

64 from 285; 110 ms (22.5%)
96 from 393; 20 ms (24.4%)

severe limitation
established by 
multichannel 
algorithm, direction 
for reliability

   sensitivity:
   ≅ 1/10 with multichannel algorithm

duty cycle RPWS in survey mode 
3.56 s  from 16 s ≅ 22%
 (> 6 MHz)

UTR-2: ≅ 400
SC “Cassini“    ≅ 910/0.22 ≅ 4140



SED activity (A2)

Number of half an hour interval 

N of SED 
(half an 
hour)

UTR-2

SC “Cassini“



SED duration histogram forSED duration histogram for  AA1-1-AA5 5 &&  AA8 8 
((totaltotal 953)  953) 
ττ = 27,2  = 27,2 msms

t, ms

N



ττ  vsvs  storm activitystorm activity ( (left panelleft panel). ). ModelModel ( (right panelright panel).).



ConclusionsConclusions

 Multichannel algorithm let us to detect SED with Multichannel algorithm let us to detect SED with 
high level of reliabilityhigh level of reliability

 CCF, time differences and integral activity CCF, time differences and integral activity 
function show a high degree of coincidence with function show a high degree of coincidence with 
the Cassini datathe Cassini data

 We can talk about the application of this method We can talk about the application of this method 
to detect lightning on other planets, which have to detect lightning on other planets, which have 
not the artificial satellites.not the artificial satellites.



Thank youThank you
for attentionfor attention



UTR-2: This is the world largest radio-telescope UTR-2: This is the world largest radio-telescope 
in the decameter frequency range (operatedin the decameter frequency range (operated
from about 8–32 MHz) located in Kharkov, from about 8–32 MHz) located in Kharkov, 
Ukraine. It consists of 2040 dipoles and hasUkraine. It consists of 2040 dipoles and has

an effective area of 150,000 m2 (Konovalenko an effective area of 150,000 m2 (Konovalenko 
et al. 2001). Its sensitivity of a few Janskyet al. 2001). Its sensitivity of a few Jansky

(Jy) enables it to detect lightning from Saturn (Jy) enables it to detect lightning from Saturn 
that is expected to produce a flux of the orderthat is expected to produce a flux of the order

of 100 Jy at Earth (Zarka et al. 2004).of 100 Jy at Earth (Zarka et al. 2004).
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