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The Universe radio emission at decameter
wavelength and radio recombination lines
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The UTRR radio telescope, N arm (1.8 krh60m)
T Iy XoHA 8, ¥ 150000 sq.m, N=2040
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The UTR radio telescope, &V arm (900nh 60m), 23 March, 2016

Konovalenko, AGU, 2000

Braude et al., Astr.Sp.Sci., 1978;
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Geometrical configurations of the UFRand GURT radio telescopes
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Main parameters of the Ukrainian decameter radio telescopes

Ridis Biegiias Maximal | The number of | Distance from Synthesis or
telesc:t) : Allocation ra; 2“ Mgz effective elements, UTR-2 VLBI resolution
P B area, m° polarization | (LOFAR), km at 25 MHz
Kharkiv, 2040, 0 e
HINE | poasty | 8998 | BOOW | e (~2000) Lk
Zmiiv, 96, 42 .
B RINASU s 2 2 linear (~1900) B
Poltava, al2. 150 y
MR PGO NASU e S0 2 linear (~1800) :
Lviv, 236, Q13 i
BRAN- PMINASU 39 Gl 2 linear (~1000) 1
Odesa, 128, 613 "
b+ RINASU the0e v o 2 linear (~1500) b2




History of the lowfrequency radio astronomy
(decameter wavelengths, =30 MHz)

Karl Jansky (1904950)¢
American radio engineer , opened " radiowindow" in th
Universe ( 1933), it is at decameter waves
( at a frequency of about 20 MHz !)

Karl Jansky
1905-1950

1Jy=1025W/ @tz




Academician S.Ya. Braude explains to President of NAS of Ukraine Academician B.E. P
what is the letter " T", (UTR2 Observatory , June 1971)
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Upgrade of the UTR radio teles

Antenna

77
'l

cope during 2008016
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Frequencyrange
Frequencyband

Calibration, checkn, control, hardware,
software

10-25 MHz
6x1MHz=6 MHz

8¢ 32 (40) MHz
24 (32) MHz

high - performance

Backend

Number of channels

Frequency band
Time resolution
Frequency resolution
Dynamic range
Sensitivity

Regimesf measurements

5 beams x 12 rec. = 60.

10 kHz x 60 = 600 kHz
20 ms
10 kHz
40 dB
10Jy
Power spectra;
post detector registration

5x 2 x 8192 = 8192¢th.

24(32) MHZ
0,25 ms (up to Incy
4 kHz (up to 0,1 kHz)
90 dB
10mJy
Power spectra;
complex crossspectra;
real-time Fourier transform; waveform




New generation broaeband digital spectral
processors for UTR, URAN, GURT

Parameters DSPZ - UTR-2 ADR - GURT
Frequency band (MHz) 33 80
Number of freq. channels 8192 16 384
Frequency resolution (kHz) 4 6
Time resolution (ms) 0,5 2
ADC resolution (bits) 16 16
Dynamic range (dB) 90 90
Input channels 2 2
On-line real-time possibilities

Fast Fourier transform yes yes
Wave-form (non limited resolutions) yes yes
Auto- and complex cross-spectra yes yes
Sum-Subtraction mode no yes
Signals normalization no yes
Signals delay no yes

Ryabov et al.,A&A, 2010;

Vasilyev et al., RPh&RA, 2014
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The tasks of the groundbased (and spacborne) low frequency radio astronomy
in the solar system, galactic and extragalactic sciences
(including UTR2 ,URAN and GURT observations)

The Earth <

Solar system <

Galaxy <

Metagalaxy <

* lonosphere

* Magnctosphere

* Air showers of cosmic rays
* Parameters of the surface

*T'he Moon: occultations

secondary emission of cosmic rays

sereen
* The Sun: quiet
aclive
* Jupiter
* Planets (Saturn, Uranus etc.)
¥ Interplanetary media: scintillations
VLBI
* Comicts

* Pulsars
* Active stars
* Exoplanets
* T'ransients
Non-thermal background
Supernova remnants
HII regions
% Interstellar media (recombination lines)

Galaxies
Radio galaxies
Quasars
Galactic clusters
Unidentified objects
* Transients
* Dark ages spectral features

+

++++ 200+ A EFFAAFL

P+ + 4+ ++

Lecacheux, Konovalenko,
Rucker, P&SS, 2003;

Konovalenko et al., PRE VII, 2011
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Sporadic Solar radio emission detected by UZRluly 8, 2014

Due to high sensitivity and interference immunity of the UZR
ground-based observations are possible even at<f10 MHz !

—
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Frequency, MHz
No

N
(o

33

09:35:22 09:36:42 09:38:02 09:39:22 09:40:42 09:42:02 09:43:22
Time, UT

Melnik et al., Solar Ph., 2011 14
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LOWFREQUENCY SOLAR RADIO OBSERVATIONS (f <100 MHz)
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10 100
r



Typical IPS and netypical ionospheric scintillations
of 3C 144 in deam operation mode of UTR

15/382: 2010/03/01-18:30:00 + 120.0 [n=1 c=0 g=1.000 wx=1 wy=1] 0=0 f: 16.50...33.00
File 1 [DspZ]: 2010/03/01-18:30:00 File 2 [DspZ]: 2010/03/01-18:30:00
Beam1 Beam2 Beam1
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Beam2
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export: exp-0001-0001




Fine structure of the S-bursts in the Jovian DAM emission (UTR-2, 2013)

21.2

MHz
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W"m

20.4

12:55:185629 UT 12:55:185798
Time resolution =2 ms Time resolution = 60 ps

DS,,,= 2 k T/ A, (DfDt)/2
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New Nnzebrao structures
by UTR-2 and URAN-2, 20132015

28-0ct-2013 (DOY= 301) Obs.: dt=0.100s df=4kHz Aver.: dt=0.487s df=20kHz Zoom: X=20.6% Y=20.0%  DSPZ URAN-2
|

01-Jan-2014 (DOY= 1)

22:00:00
142.4} 2401







First detection of the Saturn Electrostatic Discharges (SED)
by ground-based radio telescope (UTR)

20061 2008

Cassini Spacecraft near Saturn (RBSA Project)
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Dispersion of the SED signals during the propagation from
Saturn to the Earth,Dt= 7 microsec

Interplanetary medium

DM 5, = 5-100*10° pc/cm?

DM g1y = 0.4-4*10° pc/cm?

- Time delay (dispersion) of the signals at different
& frequencies is

E t(f,)-t(f,)=45x10 DM (f ;2-f ,2),
with tinms, fin MHz and DM = N/

is dispersion measure in pc em
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- DM=(4,3 + 0,2)*10° pille
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- For N, =1lcm?3 |=9AU
.4 wehave DM & 5pocmdl 0

8 0. 1 ltgives tit,& 1.5 ms
®o.% r = petween f,=10MHz and f,=20 MHz

DMg = 1- 5 *10¢ pc/cm?
DMq i = 0.4 - 4*10 % pc/cm?

DM py,= 5 -100*10 6pc/cms3 Zakharenkeet al., P&SS2013
Zarkaet al., SpSciRev, 2007,

Konovalenkoet al., Icarus,2013



First part of LOFAR core

LBA: 30...80 MHz: HBA: 110...240 MHz
The Netherlands, Exloo, 2010
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NewLF radio telescope LWA (Long Wavelength Array, USA, New Mexico)
f=20...80 MHz

42z ¢ LWA: f=30-80f | uN=256; B=16f 4 yD=85H j DT=6H J; b=12B *; B, =400 USD
| o tc SHOPAR: f=30-80f | YN=96x10; B=16f | yD=80H 4 DT=4H J; b=128 '; B, =350USD
v ¢ tc O,GWRY: f=10-80f | uN=275 B=70f | yD=95H J DT=9H J; b=16B "; B; =150YSD




Contribution to the development
of the low frequency radio astronomy

There is Special Programme of
National Academy of Sciences of Ukraine:

1. Upgradeof world largestexistingUkrainiandecameter wave
lengthradiotelescopeUTR2, URAN1 X URAM ( f=8X32 MHZz
Ak max = 200000sg m, N, ~4 000

2. Creation of new generation Ukrainian low frequency radio
telescope GURT(¢ Giant Ukrainian Radio Telescope
(f= 8X80 MHz A, >100000sg m, N, ? 1000, step-by ¢
step)

( output dataformat shouldbe compatibleto LOFAR)

24
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GURT together with T- (Giant Ukrainian Radio Telescope), May, 2015

Konovalenko et al., Exp.Astron., 2005; Falkovich et al., Exp.Astron., 2011 25




Electronic box of GURT stasray
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Type Il Solar bursts observed by GURT (top)
and UTR2 (bottom) on 25.07.2014.
The startis 07:11:15 UT
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