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Sir Martin Ryle Sir Anthony Hewish

Mullard Radio Astronomy Observatory, Cambridge University, England



Prof. Wilhelmina Iwanowska Prof. Stanistaw Gorgolewski
(1905 — 1999) (1926 -2011)




Radio + spectrum
Astronomy + limitations
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Angular resolution ~1/D Sensitivity ~D



4 radio astronomy system
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Very Large Array
iy NRAOQO, Socorro,
_'1’ I TON S _ USA



solar interferometer



A. R. Thompson, |. M. Moran,
C. W. Swenson |r.

Interferometry and
Synthesis in
Radio Astronomy

Second Edition
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@&  asingle dish Angular
resolution

1250

6~1/D

1265

1584

aperture synthesis
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Furopean VLBI Network
- Poland from 1982 (32m RI4 1986)

- e-EVN from 2004

Total eVLBI throughput

11: 40 12: 00 12: 20 12: 48 13: 08 13: 20 13: 40 14: 00 14: 20
From 2003-04-01 11:32:4]1 To 2008-04-01 14:28:27

B Onsala (A1) [O Torun (C1) @ Medicina (C8)

O Cambridge (C7) [ Jodrell Bank (C4) W WSRET (C17)

B Effelsberg (A1) B Effelsberg B [ Al)
Total eVLBI throughput (max) 6. 71 G
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1.Jy=10"

(receivers + collecting surface area)
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Planck Mission Satellite - all sky map2010, The Galaxy and the CMB



Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

about 400 million yrs.

Big Bang Expansion

13.7 billion years
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“ Wide-Field Radio Image of the

Maval Besearch Laboralory

Galactic Center
SerDHII (@ A =90 cm

{Kassim, LaRosa, Lazio, & Hyman 1999)

Sgr D SNR g" S

/

SNR 0.9+0.f1
Ser B2 / New SNR 0.3+0.0
. New Feature:
-
4 . 7 The Cane
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SNR 359.0-00.9 % . V\
F.Ir"
SNR 359 1-00.5
~0.52
~715 pe
~240 light years Tornado (SNR?)
Imape processing ot the Maval Research Laboratory mimg Dol High Performance Computig Resounoes ‘

Prodeced by M.E. Kssim, 13,5, Briggs, TLW, Lazio, T.M. LaRosa, ). Imamurs, & 5.1, Hysan
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Robert Duncan,
ATNF, Australia

Eta Carinae HST - WFPC2

PRC96-23a - ST Scl OPO - June 10, 1996
J. Morse (U. CO), K. Davidson, (U. MN), NASA
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Pulsars - magnetized neutron stars
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X-ray image of
Crab pulsar envelope
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- astronomical clocks .
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Bilions of galaxies
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Hubble Deep Field

PRC9G6-01a - 5T Scl OPO - January 15, 1996 - A. Williams (ST Scl), NASA
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Classical Radio Galaxy

Counter jet

- * Parent galaxy
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M87 -3C274

M87 radio jet — VLBI image

VLBA 22 GHz Observations

of
3C120

José-Luiy Gamez
Alan F. Marscher

Antonic Alberdi
Swvatlana Marchenko— Jorstad

Cristina Garcia—Mirg

[AA (Spain
BL (USA)
[AA (Spain)
BLTL5A)
[AA {Spain]
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Neutral
Hydrogen
M81 & M82

HI distribution
simulation
for z=2

MW Robert Braun

~ 2 ‘%’lf, NFRA
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Supernova 1993J

in M81

SN 1993j,

Michael Rupen et al.

MERLIN
T.Muxlow et al.

M82

- -

1988 1887

f
y‘l <- VLBI Pedlar et al.

RO

I

SN1993dJ in M81

VLBI Observations

| ML Marcaide, A, Alberdi, H. Hos,
et al,

@ J.M. Marcaide, Universital de Valénecia, 2000
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2.7K CMB

Big Bang !!!

and formation of galaxies




Measuring anisotropies
on different scales

COBE was sensitive to
angular scales in the range
10 - 90 degrees

WMAP probed scales as
small as 0.3 degrees
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“Normal Matter”
4%

Dark Matter
23%




' 30m teleskop IRAM Sgr B2-N
0 “Large Molecule Heimat”
1 | 1 | \ 1 |
g 10" 107 e
Rest Frequency (MHz)

In the band of 3 mm (70 - 116 GHz) within 500 MHz there
are 2000 - 3000 lines !

~10 minutes integratiion/spe

(Belloche, Comito, Hieret, Leurini, Menten, Schilke)

ALMA the new way to observe molecular clouds, protoplanets,
chemical evolution of the Universe, origin of life
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Table 1: Molecules in space

Detected cosmic molecules in interstellar and circumstellar environments (adapted from Wootten 2001).

Diatomic  Triatomic 4 atoms 5 atoms 6 atoms 7 aloms 8 atoms 9 atoms 10atoms  11atoms 13 aloms

H Cy c-CH Gy CH CoH CHCM  CHGH  CHGN HCN HC,N
AIF GH I-CH CH FH.C,  CHLHCN  HCOOCH, CH.CH,ON (CHQ,CO
AICH G0 CH LS C.H, CH.CH  CHLOOH  (CHg,D  NH,CH,COOH
Cs CS c,0 I-CH, CH,CN HC:N CH CH.CH,0H

CH CH. C:S 6-C.H, CHNG  HCOCH,  CH,OHCHO  HCN

CH HCN CH, CH,CH CHL0H NH,CH, CH

CN HCO CH,O" CHy CHy5H C-5H.0

co HCo* HCCN HE,N HCNHY  CH.CHOH

o HCS® HCNH* HCNC HC,CHO

CP HOG? HNCD HCOOH . NH.CHO

CSi Hy0 HNCS H,CHM CaN

HCl HS HOCO* H,C,0

KC1 HNC H.CO HNCN

NH HNO H.CN HHG,

NO MgCH H,CS Si,

NS MgMNC " H,0* H.COH*

MaCl MaH* NH, .

= hD i Cosmic Masers

FN HalCN

S0 DES

alr 50

SiN ¢-SiC, OH

S0 0,

SiS NH, }[20

cs Hy? '

HF SiCN S510

2 CH3O0OH
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OH 30.1 18 em OH Masers MERLIN

121.073 118.9168 118,198
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Images made by Chapman (ATNF) at Jodrell Bank
with MERLIN telescopes

3D tomography of

stellar atmospheres
stellar disk
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Evolution of SiO masers in TX Cam

Diamond and Kambal

Si0
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Drake Equation

e -r"
STl
# of Rate of Fraction # of Fraction
advanced . Earthlike Fraction Fraction Lifetime of
o formation of stars )
civilizations : planets on which that evolve advanced
of Sun- with ) : ) ) commun- . ..~ .
we can : per life arises intelligence . civilizations
like stars planets icate
contact system

1

Jan 30, 2004 Astronomy 230 Spring 2004



It has a rich history of discovery

Pufcav_ CP 378 =
o B ) (Thepbema)




The Nobel Prizes

1974 M.Ryle, A.Hewish
1978 A.Penzias, R. Wilson
1983 S.Chandrasekhar, ‘W.Fowler
1993 R.Hulse, 9. Taylor
2002 R.Giacconi
2006 9.Mather, G.Smoot
2011 S.Perlmutter, B.Schmidt, A.Riess
2013 (?)
Radio Astronomy (8) Astrophysics, X-ray (6)



Technology Advances

* Antenna techniques

* Ultra low noise receivers

* Radiometry

* Remote sensing

* Interferometry IVS (geodesy)
* Navigation (Earth and Space)
* GPS

* Satellite TV brodcast

* Data processing, new methods



Practcal applications of radio astronomy technique




Practical applications of radio astronomy techniques

Microwave cameras, skanners, radiometry,
Telecommunication, TV-sat

nttpe dwapn skatelescops orgf

-'\.







Chip designs for 2™ wafer run.
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Significant progress in modern astronomy is being made by
dramatic improvements of instrumental performance

- sensitivity, - angular resolution, - spectral resolution,
" time resolution  these are of fundamental merit.

In observational astrophysics we still need :

~ large apertures (but then small freld of view, can only study
individual objects)

~ telescopes for surveys with large field of view (statistical s.)

" telescopes in new spectral domains, + gravitational waves,
cosmic rays and more (?)



" new radio ﬁamcﬁs (mm - submm) -> ALMA

"iu;l!

But .... rising level of radio / light pollution !!!



Ground based

observations
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Beginnings of Radio Astronomy in
Poland

Cracow Observatory Torun Observatory
- 1954 first observations -1958 first successful solar observations,
of solar radio emission O.CzyzZewsKi, 12m antenna
A.StrzatkowsKi 9. Demezer, S.GorgolewsKi,
Koziet, MastowsKi A.ManczalsKi, J.GroszKowsKi,
5m antenna at N 90 cm . 1977 15m antenna
1970 15m antenna - 1994 32m antenna
Solar Radio Emission VLBI, pulsars, spectroscopy,
* ‘Extragalactic polarization polarimetry
studies

2014 LOFAR. 2014 ~90m antenna



RT-1 30x12m
and its crew
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Basic information on RT4

- Designed and built in Poland
- Homology design — ,,self correcting”
- Completed in 94, operation since 96

- Diameter 32m

- Cassegrain with 3.2m secondary

- Surface accuracy 0.4 mm RMS

- Pointing and tracking ~10 arcsec

- Total weight 600 Mg

- Motors in Az and El up to 30 deg/min
- Control fully computerized

- Radio receivers cover
750-1100 MHz (30cm)
1400-1800 MHz (20cm)
4400-5100 MHz (6cm)
6100-7000 MHz (5cm)
26000-34000 MHz (1cm)

: _ ' - VLBI terminal (MkIV => MkVa)
' - Pulsar machine
T 1 ' ) - Autocorrelation spectrometr
- e TR & bt il .- - Polarymeter
SR % : - Hydrogen maser frequency standard
B - OCRA - multi beam system

R BT B T W R e R
‘-ll..:.__.;. |_|-::I_.._,,:- K - = T -



Current projects on R4

*EIN

* Pulsars

® Radio spectroscopy

® Polarymetry

* OCRA — radio camera

* education



Cracow Astronomical Observatory




Radio polarimetry — a method of measuring
cosmic magnetic felds

SYNCHROTRON
E EMISSION

SYNCHROTRON EARADAY
EMISSION E ROTATION

SHR il

- g\
2
B2=a[5 En(E)
Radio waves suffer rotation

Radio waves emerge polarized In the interstellar medium
from magnetic field regions

Ne
¥ ~ A2 n_BIl

The measurement of polarization gives us
information about the cosmic magnetic fields
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GBT 9 tys. ton, ~250 M$

RT4, weight 600 ton
cost ~8 MEuro



S arc[mla Kac[w Telescope (2012)

New large radio telescopes

,&’:'lﬁe R T
~30 MEuro

Yebes Spain 40m

64 m SRT frequency cover up to 100 GHz



Urumgi, Shanghai, NAOC

China Radio Telescopes
50m 65m 80, 120m

Urumaqi 80+m




Five hundred meter Aperture Spherical Telescope

FAST in China (2015)

* 2x Arecibo
* 5x larger field-of-
view

than Arecibo

500 m diameter

300 m active surface
+/- 30°sky coverage
130 MHz - 2(8.8) G
4” pointing

o

4x FAST => SKA

Cost ~100 M $



‘Phased array concept

Basic idea: replace mechanical pointing & beam forming

by electronic means

Receiver //

d]ﬁ}/

SNEEREEEN l
Recoiving artay
f_T_'\
E‘mnbium’T Artificinl delay
Parabolic
reflector Ol




VLA/fe- VLA 2012

i B
Very Large Array _ . 1 e @uz[tm 1972-1980

NRAO, Socorro, s K 78 millions $ (1975)
USA ‘1



ALMA - Atacama Large Millimeter Array
International project (ESO, USA, Japan)
~50 antennae, each ~ 12m diameter
Configuration 0.15-10 km
Wave length 10-0.35 mm
Sensitivity 15 microJy — 100 m -

Angular resolution 10 milli arcsee.

Operation from 2012

Cost ~> 1G Euro !
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Uz Gapusirs Xilumzirs 2y (2029)

Up to 1500 dishes each of 15m diameter, in central 5Km core plus another
1500 in groups at distance of 5 Km to 3000+ Km

+ aperture arrays — initially for all-sKy monitor
connected to a massive data processor by an optical fibre network
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Not a single 1 K square aperture !

a wide range of
baselines

200km



13,000 antenna’s 30-250 M%Hz
Distributed over 100 stations
» producing ~20 Tbps raw data

Al LOFAR
: Station Network - LOFAR S
0.2 TBit/sec . Virtual Core Network b
T Thitfsec
EI:IE-
i) |
| Clusler |




Polish extension of LOFAR - POLFAR.









Why is radio astronomy nportanss

Explores fundamental physics using:
*  the first photons set free in the universe after the “Big Bang”
the basic element, hydrogen — the 21cm line

magnetic fields -- polarisation imaging

*  the most accurate clocKs in the universe — millisecond pulsars

“Window” on matter in different phases

*  synchrotron radiation

maser emission
bremsstrahlung from thermal gas

Penetrates dust/gas:
®  absorbs e scatters radiation in most other wavebands

Provides highest resolution images at any wavelength - VL BI




90m radio telescope
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Optics: Cassegrain, Ritchey-Chretien

Optymalisation for: large field of view, high sensitivity,
low spill-over

Mount: Alt-Az (hydraulic drives ?)

Precision: surface 0.5 mm RMS, pointing <10

Receivers: ultra broad band, Isys < 30K, radio camera

‘Back-ends: all digital (4-10 Gb/s)




WY rocciver OCRA
on RI32m, at 30 GHz band




-1,5m

BW 5-21 GHz
POL LHC e¢& RHC
Sub-Bands 2 GHz

Digital Back-ends FPGA

Radiometry
Polarymetry

\ Spektroscopy

PSR-s
Transients

41 outputs x 2 pol x
16 (1 GHz) sub-bands=>
1312 channels, ~1 KHz spectral

> resolution

+1,5m rew data ~5TB/s



Concept of the reciver system and digital back-ends FPGA
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Research Programs

VLBI (interferometry EVN)
Single dish research

An_RTH Legacy project: “2CMS”
the 2-Centimetre Million Source sur

Extragalactic astronomy
Foregrounds - s —
Clusters of galaxies 4 e Jﬂ... b wﬁ;! } TS E'““f\k;e,n
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Inwestment ,90m RadiotelesKop”
At the planned site were written into document of
the Polish Infrastructure Ministry Known as
,Koncepcja Przestrzennego Zagospodarowania Kraju 2030 (
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Lista projektéw umieszeronych na Polskiej Mapie Drogowej
Infrastrulktury Badawcezej
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pomiedzy
Politechnika Gdanska (PG) z siedziba w Gdansku, ul. G. Narutowicza 11/12, 80-233 Gdansk,

ktéra reprezentuje:

JM Rektor prof. dr hab. inz. Henryk Krawczyk

a
Uniwersytetem Mikotaja Kopernika (UMK) z siedziba w Toruniu, ul. Gagarina 11, 87-100 Torun,

ktéry reprezentuje:

JM Rektor prof. dr hab. Andrzej Radziminski

Preambula

W dniu 9 maja 2011 roku odbylo sie spotkanie zorganizowane przez Marszatka Wojewédztwa
Kujawsko-Pomorskiego Piotra Calbeckiego, w ktérym udziat wzieli:
Mieczystaw Struk — Marszatek Wojewodztwa Pomorskiego,

Prof. Andrzej Radziminski — Rektor UMK,

Prof. Jan Godlewski — Prorektor ds. Infrastruktury i Organizacji PG,

dr Jacek Gierlinski — Ministerstwo Nauki i Szkolnictwa Wyzszego,
Prof. Eligiusz Mieloszyk - PG,

Prof. Zbigniew Sikora - PG,

Prof. Michat Hanasz - UMK,

Prof. Andrzej Kus - UMK,

Prof. Marian Szymczak - UMK

Dr hab. Maciej Mikotajewski — Polskie Towarzystwo Astronomiczne,
Czestaw Ficner — Urzad Marszatkowski, Woj. Kujawsko-Pomorskie.

Dzialajac w duchu tego spotkania Politechnika Gdarska i Uniwersytet Mikolaja Kopernika zwane
dalej Stronami ustalajg co nastepuje.

§1
Strony deklaruja che¢ nawigzania wspdtpracy majacej na celu wsp6lng realizacje umieszczonego
przez Ministerstwo Nauki i Szkolnictwa Wyzszego dnia 23 lutego 2011 roku na tzw. Polskiej
Mapie Drogowej Infrastruktury Badawczej, projektu pn. ,,90m Radioteleskop — Narodowe
Centrum Radioastronomii”, o charakterze krajowego osrodka badawczego.

§2
W dazeniu do powyzszego celu, Strony beda zabiegaty o utworzenie osrodka naukowo —
badawczego pod robocza nazwg Centrum Inzynierii Kosmicznej (CIK), ktérego podstawowa
bazg bedzie radioteleskop z anteng o $rednicy co najmniej 90m (RT Hevelius). Osrodek bedzie
dziatal na rzecz calego polskiego srodowiska naukowego, na podstawie porozumienia
konsorcyjnego uzgodnionego pomiedzy zainteresowanymi jednostkami.

§3

Strony wyrazaja wole wspdlpracy i koordynacji swoich dziatan w zakresie:

-przygotowania koncepcji, struktury i organizacji CIK, ze szczegélnym uwzglednieniem RT
Hevelius i innych obiektéw inzynierskich,

- okreslenia propozycji lokalizacji poszczegblnych obiektow,

- ustalenia resortéw, do ktérych nalezy skierowac¢ stosowne zapytania oraz okresli¢ ich tres¢,

-wstepnego okreslenia poziomu zakldcen radiowych i identyfikacji ich Zrédet dla wariantow
lokalizacji RT Hevelius,

- zbadania mozliwos$ci utworzenia strefy ciszy radiowej dla proponowanych lokalizacji RT

Hevelius,

- wyboru lokalizacji optymalnych dla poszczegélnych obiektow;

-wstepnego okreslenia wielkosci srodkéw niezbednych do realizacji przedsiewziecia i jego
utrzymania, oraz zrodel ich pozyskania,



Organisation
1. Radiotelescope 90m (+RI32m) NCRa (UMK), CIK (PG)

2. Planowanie i realizacja badan naukowych i prac
rozwojowych — porozumienie Koncorsorcyjne

3. Coordinators— UMK+PG

4. European Structure Funds and Central Government

5. MoU and Consortium

Partners (signedin, declared, negociations/proposed)

0. EVN; IBCAuKk JIVEnL MPIR.4 Hil.se
1.CA UMK oraz Politechnika Gdanska
2.CBKPAN,

3.04U19

4. IAUZG

5.Poznarsiskie Centrum SuperKomputerowo-Sieciowe
6.CAMK PAN

7. WAT, UWM, UTP



Inne wazne cele inwestycji RI90
PROMOCIA NAUKI i technologii,

nadzwyczajne znaczenie ,propagandowe”
popularyzacja nauk Scistych i techniki

promocja edukacji

Budowa wizerunku i pozycji Polski w Europie i Swiecie jako
Kraju nowoczesnego, o znaczqcym potencjale gospodarczym,
naukowym i technologicznym, Kraju ludzi wyedukowanych,
otwartych na nowe. idee; fudzi Kreatywnich.



Summary so far.....

omy will continue to make major contributions to

ental physics and cosmology
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The End

ThanK you for your attention
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