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Radio astronomy in Ukraine: covering the entire
radio band .
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Radio astronomy in Ukraine: covering the entire

: radio band . -
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GURT (Giant Ukrainian Radio Telescope)
3 sections operational + 8 in preparation
5 x 5 dipoles in the section
From ionospheric cutoff — to 80 MHz
Digital phasing between sections, analog phasing within section

Dynamic range: 90 dB
2 linear polarizations

Digital 2-channel receivers
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Radio astronomy in Ukraine: covering the entire
radio band
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Relevant tasks for low-frequency

radio astronomy

EARTH —p SOLAR SYSTEM —p  GALAXY —9p METAGALAXY

lonosphere quiet Pulsars Galaxies
Magnetosphere The Sun | active Active stars Radio galaxies
Cosmic rays air radar Exoplanets Quasars
shower Jupiter Transient Radio source
Meteor events Planets (Saturn Non-thermal catalogue
Ground Interplanetary | scintillations background Galactic
parameters medium VLBI Supernova clusters
RRL remnants Unidentificated
[ occuitations | Hll regions objects
Moon | radar Transient
cosmic ray
secondary
| radio emission
Comels




- Solar bursts with fine structure
Type 1l o e sdige 1

19ueichomrmecegent. e 28200 Time tesition W00 Mreraging, 18, ma 1000 channel specirometer May_ 112001 Time resolution 20 ms  Averaging 190.00 ms Fuecin SFU
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Frequency MHz

07:10:00 07:10:50 G7:11:40
Time UT

Flux: upto 1-1018 W.m2 Hz1- - Gl
Type 1V with-zebra-structure’

60 channel spectrograph ; July 13,2004 Flux. s.fu. 60 channel spectrograph July 22, 2004 Flux, s.fu.
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Frequency, MHz

08:53:20 09:26:40 10:00:00 -33: :06: 08:31:40 08:32:20 08:33:00
Time, UT Time, UT




60 channel spectrograph  July 13,2004  Frequency 27MHz

- The succession of events, accompanying
Type Il i 7
| e /" Type 1V maxima | Type IV bursts at decameter wavelengths:

\ .

- =group of intense Type Il bursts

- - shading area or burst in absorption

| - Type Il burst with the second and even third
- harmonics

- Type IV burst tself

8:53:20 9:26:40 10:00:00 10:33:20 11:06:40
Time, UT

Decameter Type IV burst lasts from 2 to 6 or more hours. Its flux can-reach several 1000-s of
s.f.u. (s.f.u. =102W.m2Hz?Y)

= Absor'p'rlon bur's1'

60 chonnel spectrogroph 19_ 8_ 2003 Time Resolution 25.0000 ms  Averoging 1.28000 s
1 .
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.- S-bursts

2002 Time resolution 50 ms  Averaging 60.00 ms cin SFU

06:43:10 06:43:20

1000 channel specirometer Jul 29

06:43:30 06:43:40 06:43:50 06:44:0
Time UT

" Duration: 0,3-0,65

Probe magnetic field at 1,5 —3 R,

Decameter spi Kes

2602 Time resolution 20 ms  Averaging 190.00 ms  Fusin SFL 1000 channel specrromeier Jul 29 2002 Time resolution 20 ms  No Averaging
. . | I . . . I . . .

09:54:10 09:55:00
Time UT



AD Leo burst, detected by UTR-2 in 3-beam
operation mode -

89/389: 2010/03/04-20:58:00 + 120.0 [n£1 c=1 g=1.000 wx=7 wy=7] 0=0 f: 16.50...33.00
File 1 [DspZ]: 2010/03/04-20:58:00 File 2 [DspZ]: 2010/03/04-20:58:00

with Nevw/FA? tcr aA/owl/

export: exp-0001-0001




Jupiter observations with UTR-2

~ DSPZB261109_123035jds Jupiter 5
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Time resolution:
0,00006 s
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Probe of interplanetary-medium: IPS of 3C 144 in
3-beam operation mode of UTR-2°

f. 16.50...33.00

15/382: 2010/03/01-18:30:00 + 120.0 [h=1 ¢=0 g=1.000 wx=1 wy=1] 0=0

File 1 [DspZ]: 2010/03/01-18:30:00

File 2 [DspZ]: 2010/03/01-18:30:00

Beam1

Beam2
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Beam2

1.50
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Radio recombination lines
Carbon RRLs towards Cas A, UTR-2,- 26 MHz
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Detection of carbon RRLs with recordly high principal guantum number n~1000
Sensitivity of ~ few mly




Probe of lm‘er'stellar' medlum pulsars
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" PSR B080Y:
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Decameter re-detection of 40 pulsars

Statistical study of their low-frequency N

radio emission. S w
= " 0.00 (pc/cm™)
/ -0.02

- PSR B0031-07,
integration: 1.5 hours

50_"i"ﬂ'|'




Pfospects of low-frequency pulsar astronomy
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 Within the Galaxy:
Supernova remnants, observed with UTR-2

UTR2 HBY 26MHZ UTR-2 HB21 25MHz UTR-2 Monocer. Loop, G206.9+2.3 25MHz

DEC(2000)

we  DEC(2000)
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Beyond ’rhe‘Gaquy-‘_ _

UTR-2 M31 25MHz

DEC(2000)

Coma Cluster

43°

UTR-2 Coma 25MHz

42°F—
b

39° e AN B A : RA(2000)
o™ os50™ oao™ o"3o™

44 000 K

Andromeda Galaxy:

RA(2000)

The disk 1s surrounded by the
halo with the major axis of 240'.




‘Large-sc
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UTR-2 Continuum Survey
freq. 25 MHz

DEC(2000)




%
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6 beams
Integration time: 1h
Time resolution: 8 ms

-;80 % data recorded
~20 % processed -




Pulsar redetections

SNR(event)

PSR B0834+(6
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Time from file start, s




GURT: -fir's'r_ r'esults _

SRS ! | - GURT spect'rtjm (existing sections)

GURTT 131224 _121416.adr Sun —Ch1— 2

40.0 50.0 60.0 70.0

' Sky i
=Terminated

Frequency, MHz
N
a
L

20:00 20:08 20:16 20:24 20:32 20:40 20:48 20:56 21:04 21:12  21:20 21:28 21:36
Time, min:sec

LI L L B A L B |

Frequency, MHz

PR il PRI T P L
100 200 300

Rotational phase, 395 pts, Time res. = 3.27680 ms, Smooth = 10, f= 30...65 MHz

Minimal data rate: 640 Mb/s (for 1 beam) |:>
Multibeam mode - ?

Data deluge




Processing pipeline blocks -

Reading and format décoding

RFI Mitigation T = Tope

Search by dispersion measure Taisp = 20-Tops

Integration / t,f

Tind 20"f'}"-l-obs - o :
Search for individual bursts

FFT
T = LT e

Folding

Gp _—
WANTED: éw VIS -like backend

FSaillvL il k=iIiVIIwW




‘Online RFI mitigation -

30

DSPZCO31111.0452186. jdsCleaned_Survey VB8/_bbeams_2NavZ011_beamC 53

Time, sec

59:24

30

DSPZCO31111_045216.jdsCleaned_Survey VB87_5beams_2Nov2011_beamC 53

59:20 59:24
Time, sec

<ANVIDIA.

CUDA.

5 semrvers @ UTR-2 *

* by now 2 servers with GPU NVidia GTX680 and GTX770, CPU Intel Core i7




Ded iSperSioﬁ

<SANVIDIA. (-
CUDA. '
[ Parallel and

distributed
computing

frequency

—~
=
(@)
=
()
Yt
m)
0
@
()
=
c
Ve
0
g
o
o
1l
o

frequency




- Dedispersion needed:

6.0: 2% :
- Exoplanets -

- Planetary lightning 7 "

-

Dispersion of Saturn Electrostatlc Dlscharges (SED)
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| Summary:

= Various interesting results have been obtained and are expected in the future

=" The concepts of GURT and NenuFAR have a lot in common therefore S|m|Iar
pipelines can be developed for data processing

Thank Youl




Fine spatial structure radio emission

29.01.30

0959 00 09 58 56 w3 37 ;e 35 4 ms m2 oy me 29

- Structure of 3C234 A\ Structure of 3C295

Radio interferometry observations by UTR-2 — URAN VLBI
system (Braude, Megn, Rashkovsky, Shepelev, et al.) in
comparing with high frequency imaging of radio sources.




