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Neue Ergeonisse und

Perspeltiven der Raoloastromontle

,& * 05.05: Elnfihrung § Ubersicht

D = « 12.05. Radioteleskope & Radiobilder & RFI
A847% © 26.05. Der Radiohimmel im Licht der 21cm-Linie &
s Radioteleskop-Katastrophen

= Dgtew e 09.06. Pulsar-Astronomie (heute & in Zukunft)
P . 23.06. AGN & Binare Schwarze Lécher (NEUES!)
“':‘3 5 . 07.07. Maser & das Interstellare Medium & AGN &
Merger

21.07.




12.05. Raodioteleskope §

Roadiobilder

Radiostrahlung und Radioantennen
— Aktive Oberflachen (Effelsberg, GBT)

 Neue Radioteleskope (z.Bsp. GBT, Sardinien, Yebes)
 Neues Weltraumteleskop

 Neue Interferometer
— Fragestellungen beim Interferometerbau
— Neues im mm-Bereich
— LOFAR und SKA (Antennenkonzepte)

¥ - RFI — Radiointerferenz

Frequency | Sensitivity Eesolution Polarization | Flexibility+
Coverage | Improvement | Improvement | Purity New features
LOFAR | 20-200 ~100-1000 ~100 =304dB Dugital pomnting
(2006- | MH=z frequency agility,
2015) all-sky FOV,
time buffering
SKA 0.1-20 GHz | ~100 ~10 ~40 dB digital +
s mechanical
(>2015) pointing,
frequency agility,
large FOV
submm- | 40-500 ~10 ~10 =204dB
VLBI | GHz
ALMA | 40-1000 ~10-100 ~10 =204dB Fast mechanical
(2008- | GHz pointing,
20209 frequency agility

Table 2: Ovarview of the major radio sstromomy projects of the coming decsdes and its charactaristic
frequencies and improvements comparad to presaut-day telescopes
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Image of a Supernova
remnant at 4' x 9'
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Antenmnenmontierung

DECLINATION AXIS
POLAR AXIS

EQUATORIAL MOUNT
Gunstiger

Beam rotiert nicht am Himmel
Bessere Nachfluhrgenauigkeit
Probleme mit Gravitation

Wie flr optische Teleskope
Kleine Teleskope (<25m)

Mufd nur um eine Achse
rotieren

ELEVATION AXIS AZIMUTH AXIS

& A

ALTITUDE OVER AZIMUTH MOUNT

e Teurer
e Beam rotiert am Himmel

e Gravitation macht keine
Probleme

o GrolRere Teleskope
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REFLEKTOR Arter

Primar Fokus
(GMRT)

Offset Cassegrain
(VLA)

Beam Waveguide
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REFLEKTOR Arten

Primar Fokus
(GMRT)

Cassegrain Fokus
(AT)

Offset Cassegrain Naysmith
(VLA) (OVRO)
Beam Waveguide Dual Offset

(NRO) (ATA)
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Receivers




Awntennen § Verstirieer

e Parabolspiegel

e Hornantennen 4+ Verstirker

e Datenverarbeitung

@) M mann 008




Effelsberg: Primiiv- §

Sekundirfolkrus

Sekundéarfokuskabine
(im Zentrum des
Hauptspiegels)

Azimut
_—
Frequenzen in GHz

e P imarfokuskabine
, -uber Hauptspiegel) kann bei

K Hlett gekipptem Teleskop
hr diesen Gang erreicht werden

fE' |

Anordnung der Empfanger im Sekundarfokius



Unterhalb der Parabolantenne sieht die Sekundarfokuskabine so aus.



Effelsberg: Sekundiirsplegel mit aktiver

Opt’m
e Seit 1971 astronomischer Messbetrieb

 Restabweichungen des Hauptspiegels von des
|dealform eines Paraboloids bei unterschiedlichen
Neigungswinkeln: Ausgleich durch aktive Oberflache

o Mitte 2006: Einsatz eines neuen Sekundarspiegels
(aktive Optik mit ca. 100 Aktuatoren): Ziel ist
optimaler Betreib beil Millimeterwellenlangen

e Prinzip der homologen Verformung: die
Verformungen des Hauptreflektors infolge der
Schwerkraft beim Kippen werden durch die tragende
Stutzstruktur ausgeglichen und die Oberflache
naherungsweise in ein neues Paraboloid uberfuhrt

18



mim/10 Bild Zeigt verbleibende
&8 Abweichungen von einem
perfekten Paraboloid fur eine
HOhe von 70 Grad uUber dem

Horizont

Effelsberg 2004+ (aktive
Oberflache):

— weitere Korrektur aller 2352
Einzelplatten (Paneele) tber
Motorsteuerung (Aktuatoren)

— Oder:verbleibende
Abweichungen des
Hauptspiegels Uber eine aktive
Oberflache des 6.5m-
Sekundarspiegels ausgleichen

Oberflachengenauigkeit des 100-m-Hauptspiegels
des Radioteleskops Effelsberg bei 70 Grad H6he
uber dem Horizont.

Die Abweichungen liegen im Mittel unter 0,3 mm;
es treten Extremwerte bis +- 1,5 mm auf.

19



Effelsberg 2004 +

 Hohe Qualitat der Oberflache des Hauptspiegels im Bereich
unterhalb von 1 cm Wellenlange kommt bis jetzt nur ftr
Beobachtungen vom Primarfokus aus zur Geltung, da der
Sekundarspiegel fur den mm-Wellenbereich zu ungenau ist.
Mit dem neuen Subreflektor kbnnen auch mm-Beobachtungen
vom Sekundarfokus aus gemacht werden: Vorteile flr den
Einsatz von Multibeamempfangern im mm-Bereich

Vortelle:

— Wellenlangenberich bis 2mm fur Beobachtungen im Sekundéarfokus
erschlossen

— Effektive Genauigkeit des Hauptspiegels wird durch die aktive
Oberflache des Sekundéarspiegels nochmals gesteigert

Neubau des Sekundarspiegels unter Einschlufd von 100

Aktuatoren bis Mitte 2006, auf3erdem automatischer Wechsel

zwischen Primar- und Sekundarfokus->schnellerer Wechsel

zwischen unterschiedl. Wellenlangen und schnelle Reaktion

auf Wetterwechsel 20



Effelsberg 2004 +

 Radiomessungen im mm-Bereich:
Schonwetterbeobachtungen!

» GroRe Nachfrage, starke Uberbuchung

5094411
Entire trock Firat half Second half
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Phasenkorrektuy:
22 GHz Wwasserlinien Monitor, OVRO

[aresecands]

s [areseconds] Woody, Carpenter, & Scoville 2000

1 Before

4 After






about patent rights if other groups learned
of the results and reproduced them.

On approximately 21 March, the Univer-
sity of Utah decided to announce the fusion
results in a press conference 2 days later. The
university admunistration “agonized” over
the decision, Brophy said, but they could
wail no longer. “We decided o stop ar the
point where they could demonstrate fusion
without explaining it,” Brophy said.

Jones was not informed of the decision,
although he spoke with Pons over the rele-
phone 2 days before the planned news con-
ference. When Jones heard Pons say ar the
press conference that his team had already
submitted a paper to a journal, he deaded
that Pons had broken their agreement, and
he submirted his paper to Nature.

Ar the University of Uth, the fact that
Jones contacted Pons after seeing his grant
application has generared widespread ru-
mors and innuendos thar Jones was artempt:
ing ro steal some of the credic for Pons and
Fleischmann's work, In addition o the un-
casy relaionship between the two schools,
some of those suspicions may have come
from Pons humself, who has hinted, a couple
of observers said, that Jones had stolen ideas
from his grant application.

But nonpartisan observers whao are famil-
tar with the sicuation say Jones almost cer-
rainly came up with the ideas for his work
independently of and prior to seeing the
University of Utah grane proposal. For his
own part, Jones said he can prove the work
in his paper came complerely aur of his own
lab. “Our log books prove we have been
studying this since 1986." In fact, Jones
said, he had a page from his notebook dared

Telescope Collapse Unraveled

The fracture of a single highly stressed sreel plate has been identified as the most likely
cause of the spectacular collapse of the 300-foor radio relescope ar the National Radio
Astronomy Observatory at Green Bank, West Virginia, last November. An indepen-
dent pancl appointed by the Nanonal Science Foundaion, which funds the faciliry,
and Associaved Universinies, Inc., which manages it, reached that conclusion afier
examining the suspect plate and performing a compurerized seress analysis.

The panel found that parts of the relescope were under far higher stresses than
would be permitred today, and thar “from the beginning of its life, the structare was
marginal with TESPECt [0 structral failures of 3 minor or perhaps major nature.” The
plarc thar failed was a eritical connecrion in the support structure of the instrument
and it was subjecred o high stresses when the relescope was moving. Half of the plate
was recovered from the wreckage and a merallurgical analysis indhicated that smuall
cracks had been developing in it before it suddenly failled. The relescope was being
swiveled when it collapsed around 10 p.m. on 15 November

The panel absobees the managers of the facility from blame. It says there is no
indication that the telescope was inadequately maintamned—the plate ieself was hidden
from view and could not have been examined without disassembling the relescope—
nor was it being operated inappropriately. The panel also notes that compurerized
stress analysis would identify potential failure points in telescopes buile today, but
these methods were not available when the mstrument was built in 1962,

Now that the apparent cause of the collapse has been identified, attention is likely o
focus on NSF's plans for replacing the instrument. In restimony before the House
Appropriations Committee last month, NSF director Erich Bloch said thar the
foundation’s top priority for its next major astronomy facilicy is an observarory
search for gravity waves, Known as the Laser Interferomerer Gravity Wave Observa-
tory, or LIGO, it would consist of a pair of facilitics sinsated near the East and West
coasts. LIGO has been in the planning and R&D stage for several years, and NSF was
hoping vo include funds in its 1991 budget 1o begin construction. The toral cost
would be about $100 million.

West Virginia Senators Roberr Byrd (1) and Jay Rockefeller (1) have other ideas,
however, In a starement released last month, they said that replacing the collapsed
telescope with a modemn insorument should have higher prionty than LIGO. A
replacement telescope, which would cost abour 75 million, would be “the best
promise for jobs, education, tourism, and scientific prestige,” for their state, they said.

Byrd, who is chairman of

7 April 1986 notarized. That tzed page
coneains an outline of experiments his team
planned to run, including explicir reference
w looking for cold fusion in pafladium
electrodes, he said. A drawing done in May
1986 of a fusion <ell looks very similar to
what Pons and Fleischmann evenmually used,
bie said, although thar is not too surprising
because “there are only so many ways [to
design ir] once you get the idea of doing
electrolysis.” None of his team's work was
done because he saw Pons and Fleisch-
mann's grant application. “T've stuck to my
reviewer's agreement,” he said, “We had our
program outline and we've followed it.™
Meanwhile, Utah governor Nonm Ban-
gerter has announced he will call a special
session of the state legislature to provide 55
million for a fission center at the University
of Uth, and former NASA head James
Fletcher has accepred the position of direc-
tor. If the discovery pans out, said Bockris of
Texas A8M, “the University of Urah will be
the richest university in the country in 5
years.” » RoReRT POOL

7 APRIL 1989

the Senare Appropriations
Commirree, said he “will
aggressively pursue fund-
ing” for the telescope.
Raockefeller is.on the Sen-
are Commerce commitree,
which oversces NSF.

= Corn Norman

Before and after. Th:
anese of tee collapse has been
determined, but wrhether the
instrumeny will Be  replaced
ity become o political guess
o,

RESEARCH NEWS 19

Photograph of the 300 Foot radio telescope
taken on November 16, 1988.

The telescope collapsed at

9:43 PM on November 15, 1988.
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Robert C. Byrd Green Bank
Teleskop

100 x 110 m, 16 Mio Pfund
Gewicht

Aperturebene ungestort

2004 Panels konnen einzeln
bewegt werden
(Hochfrequenzbeobachtungen)

Laser-System, Licht wird
reflektiert und erlaubt die
Deformation unter Gravitation,
Wind und
Temperaturdifferenzen zu
beobachten und zu
kompensieren



* Vorteile einer
unblockierten
Aperturebene:

— Einkommendes Signal wird
nicht gestort

— Reduziert die ,sidelobes”

— Reduziert spektrale
stehende Wellen

— Weniger RFI

25



Main lobe axis
(nr bore uight)

Main lobe

P(6)

Half-power

beam width (HPBW)

Beam width
between first
nulls (BWFN)

Minor
lobes

_main beam”
entspricht dem
zentralen Beugungs-
maximum eines

Teleskops

HPBW = Ouw = 1,22% [rad]

— Omb =6.3° fiir A=21cmund D=2.3m

. /TN

N
AN A

Radiation
pattern

o e gy 1]

Ground (T~ 300K)

»side lobes® bzw.,,stray pattern®

entsprechend den Nebenmaxima der

Beugung




* Surface has 2004 panels

» average panel rms: 68 um
= 2209 precision actuators

-actuators at corners of panels

Designed to operate in:

« open loop from
look-up table

+ closed loop from
laser metrology
system

27



Anatomy of the GBT

Elevation Gear
ReceiverArea

. Actuator control room
Elevator and stairs

Elevation Axle

. Alidade support structure

. Elevator

10. Equipment Rooms

11. Azimuth Wheels and Drives
12. Azimuth Track

©ONOUTEWNE

Reflector (dish) made of 2004 adjustable aluminum panels
Backup Structure 13,000 steel beams, all welded construction.
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Metrology System

Plans for 6
laser rangers
on the feedarm
for surface
ranging

« 12 laser rangers on ground monuments for
pointing and structural measurements
« Measurement Accuracy: <50um over 100m

31



VLA Bild eines OH/IR Sterns aufgenommen bei 1612 MHz ohne Satellitensignal
(links) und mit Iridium Satellit (22 Grad zum Stern) (rechts).

G.B. Taylor, NRAO/AUI.

32



Radlofrequenz-tnterferenz

"Spillover” Into a Radio Astronomy
Band by a Too-Broad Transmitter

/"
AT Py
i i "“w

A o ‘__h_i,;.-.-*‘rs';x_l t. f J .
x*".\.' " Y .\f' el ||-'| || il
Detrimental A 1AL
;.. Power Level Radio Astronomy
Band

? E [ E 182 :

This graph illustrates interference to radio astronomy from a satellite transmitter
whose signal is so broad that it spills into the band of frequencies allocated to
radio astronomy by international agreement. The radio astronomy band lies
between the two vertical blue lines. The horizontal red line indicates the power
level defined by the International Telecommunications Union (ITU) as detrimental
to radio astronomy; any signal above the red line is above this detrimental level.
Instead of being designed and built to eliminate signals outside of its authorized
range, this transmitter spreads radio emissions over a very wide range of
frequencies, far beyond its ITU-authorized range.
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Radlo {Vequewag Lnterference (RFIL)
mud beseitigt werden wm Bmpfindlichieelt zu ervetclen

atifLade
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Teleleommuntieation breltet sieh amws

gl wirol diles welterhin tum ...

Geschatzt!

1 10 100 1,000 10,000 100,000

Frequency in MHz
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Signale werden rauschartig

Der mittlere Wert ist O (kein Trager)
Hohe Frequenzen dominieren

Dies erlaubt sehr stark gerichtete

Antennen

Dadurch geringere Transmitterleistung

36



Elnlge Unterschiede

Telekommunikation Radioastronomie
e Bandbrelte « Bandbreite
— 10kHz bis 50MHz — 1kHz bis 1000MHz
 Rauschtemperatur « Rauschtemperatur
— Typisch 1000° K — Typisch 10° K
e Min detektierbares e Min detektierbares
Signal Signal
— >10dB dariuber — < 30dB unterhalb mit

Mitteln

37



Ahnlichleelten: Radloastromoniie’/ -

TelekRommuniiration ol

* Beide brauchen grofRere Bandbreiten

 Ahnliche Frequenzen: billigere
Komponenten und bessere
Signalverarbeitung fur Radioastronomie

» Korrelations-Erkennungstechniken
werden jetzt haufiger in der
Telekommunikation.

38



National Radio Quiet Zone
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The GBT is in a 34,000 sq km area in which transmissions from
fixed (licensed) transmitters are restricted by US regulations in
signal strength at the position of the GBT.

i itk 4

National Radio Quiet Zone
(NRQZ, 1958): to minimize
possible harmful
Interference to the National
Radio Astronomy
Observatory in Green Bank,
etc.

13000 Quadratmellen

Coordinated frequency
assignments with NRAO
Interference Office

Transmitters are checked
beforehand not to exceed
frequency-dependent
thresholds

Reference point for
calculations of transmitter
power density Is the prime
focus of the Green Bank
Telescope
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weltrauwm — Raolo - Teleskop

 VLBI Space Observatory Programme (VSOP) —
vonl1997 bis vor zwei Wochen, unterstutzt durch
bodengebundene Netzwerke;

e 20,000 km orbit;
30,000 km Basislinie;
e 1.6 und 5 GHz:

 Neue Teleskope:
— RadioAstron;
— ARISE;
— VSOP2

42



Murphy et al. (2000)

« 1928+738, helikaler Jet aufgrund eines Binaren Schwarzen
Lochs;

 VLBA+HALCA VSOP, 5 GHz, 0.25 mas Winkelaufldsung;

» Scheinbare Geschwindigkeiten >10c, Strukturvariationen;

43
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Radlofenster

T - i - Iy /}’
Cammuﬂrahlung Rﬁntgen

77 7T radeeen ] Molekulabsorption in
: der Troposphare: H,O

L Ve (13.5mm, 1.63 mm). O,
= (5mm:; 5+2.52 mm)
= */ N, und CO, bei

0o

hoheren Frequenzen

| Interstellare Molekdule
beobachten

| Teleskop-Side
entsprechend wahlen

| Niederfrequentes
Ende: freie Elektronen
der lonosphére

: ' absorbieren die

8o

60

Hihe in Kilometern

. | s 2 Strahlung wenn
Wellenlange in Zentimeter Frequenz unterhalb der

e Molek, Vibration Elekir. Prizession Plasmafrequenz (45
Elckir. Bewegung Muolek, Eotmiion Freie Elekir. MHZ nachts 11 MHZ

tagsuber)
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e Stringentere Anforderungen an die Instrumente
* Phasenfluktuationen aufgrund H,O in der Troposphare
e Tropospharen Emission / Opazitat signifikant

300

(K)

200

Temperature

100

Brightness

| 1 ]
100 150 200 250

R. Sault
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-V LUBL: Anforderungen an die

[nStrumente

1. Oberflachengenauigkeit: wenn c die r.m.s.
Oberflachenungenauigkeit in um, dann ist die
Oberflacheneffizienz gegeben durch die Ruze Gleichung:

N = exp [—(4nc/L)?]

FUr A=3mm und =200 um, 7,~=0.54. Antennen
“Holographie” kann genutzt werden, um grol3skalige
Ungenauigkeiten in der Antennenform zu diagnostizieren.

2. Gesichtsfeld (Primarbeam Grolie):.
O- i = MD =~ 620" /D[m] bei 3mm

BIMA: D=6.1m, Gy = 1007
ATCA: D=22m, G-y = 307

Fur grof3e Quellen mussen Bilder zusammengesetzt
werden (Mosaik) 48



mm-V LB Anforderungen an die

[nStrumente

3. Pointing Genauigkeit: Um Bilder mosaikartig
zusammensetzen zu konnen, eine typische Pointing

Genauigkeit von A@ < 6-,,,,/20 wird benétigt. ATCA
bendtigt ~1.5” Pointing Genauigkeit!

4. Korrelator Bandbreite:
1 MHz =~ A, km s1

Die gleiche Bandbreite bedeckt nur 1.4% des
Geschwindigkeitsbereiches bei 3 mm verglichen mit 21 cm!

5. Elektronisches Phasenrauschen: steigt mit Frequenz,
schwierig zu kalibrieren (hangt nicht von Antenne ab). Fur

VLA bei 22 GHz, ¢,,,.~10°.
6. Basislinien Fehler: Ab ~ 0.5mm fihrt zu A¢ ~ 10°.
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. Hochste Auflosumng mit mam=
VLUB( Beobachtungen 4

Die Teleskope: 45 Mikro-Bogensekunden Auflosung bei 86 GHz
100m Effelsberg, Deutschland

The Global mm-VLBI Array

6x15m Plateau de Bure, Frankreich

30 m Pico Veleta, Spanien

20 m Onsala, Schweden
15 m Metsahovi, Finland
8 x 25 m VLBA, USA

= l I . - For cornments which help to improve this page, please contact | Elare or TP, Erichbaum



Baseline lengths (km):

PdB PV
EB 658 | 1700
Pdb 1146

fringe spacing: 0.4 — 1.1 mas, sensitivity > 60 mJy (7c) SEEES=s.






Very Long Baseling Interferometrie
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The Sub-Millimeter Array (SMA)

Smithsonian Astrophysical Observatory + Academia Sinica
Institute of Astronomy and Astrophysics, Mauna Kea, Hawalil,

8 x 6m telescopes, 180-900 GHz




Summary of existing and future mm/submin

arrays .
Telescope altitude diam. No. A Vinax
(feet) (m) dishes (m?) (GH2z)
BIMAL 3,500 6 10 280 250
OVRO! 4,000 10 6 470 250
CARMA? 7,300 3.5/6/10 23 800 250
NMA 2,000 10 6 470 250
IRAM PdB 8,000 15 6 1060 250
JCMT-CSO? 14,000 10/15 2 260 650
SMA3 14,000 6 8 230 850
ALMA# 16,400 12 64 7200 850

IBIMA and OVRO will be combined and moved to a higher site to become
CARMA

2First instrument to obtain submm fringes; will probably be used with the SMA
3Currently has 5 antennas, first fringes obtained in September 1999 at 230 GHz
4Currently under development, planned for full operation by 2010
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Large Millimeter Submillimeter Array
(LMSA)

50 Antennen mit je 10m Durchmesser
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Radio-nterferometer der Zukunft

il

* Apertursynthese-Techniken werden seit mehr als 40

Jahren genutzt (1974 Nobelpreis fur Martin Ryle) — was
kommt als Nachstes?

e Warum planen wir neue Teleskope

-Well wir konnen (neue Technologien), well wir nicht
nicht kdnnen (oder wir fallen in der Wissenschaft
zurick ), um mit der nachsten Generation optischer/IR-
Teleskope Schritt zu halten, um neue Entdeckungen zu
machen (neuer Parameter-Raum), um das ferne
Universum zu untersuchen (Kosmologie, wie immer ...)

e Wie werden sie aussehen?

e Was sind die “challenges™?

58



il

e Zusatzliche Probleme:

o — MOoglichst optimale uv-
- L‘f’ ' Ebene

— mm-Interferometrie:
Wasser in der

Atmosphare
— Datenverbindung/-
transport
— Mehrere beams
e ~ Ri :
L (R Riesenteleskope

Antennendesign?

— RFI

Parabol- T "~ Parabol-
antenne e antenne



Test dreler
verschiedener
Konfigurationen:

— UV Bedeckung optimiert
In einem kreisférmigen
Netzwerk

— Zuféllige gaussformige
Verteilung

— Systematische
gaul3formige Verteilung
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Keine kurzen
Basislinien



Krelstormio
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Peak sidelobe vs. radius
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PSF peak, average and rms

Zusiatzliche kurze Basislinten
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Vertellung der Stdelobes
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Anzahl der Sidelobes gegen Amplitude
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Gepunktet: kreisformige Anordnung, Gestrichelt: pseudo-zuféllig und systematisch (Punkt-Strich)
Durchgezogene Linie: theoretische Verteilung fur pseudo-zufallige Verteilungen



Evolution groRer Antennen-Netzwerke
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Evolution groBer Antennennetzwerke

104 all-sky RF sensors
spread over 400 km
connected by optical fibers

Ersetzen mechanische Signalverarbeitung:
durch komplett elektronische Signalverarbeitung

L OFAR



Evolution groRer Antennennetzwerke
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Radlolnterferometer: Heute, Gestern

und Moroen
Technolo Computin Storage Data
q 9y - (E)PS J P Bg transport
(date) (T- ) (Peta-Bytes) (G-bits/s)
European VLBI 50 1,0 0,3
Network 1995 (custom tom t i
processor) (custom tapes) (mail)
Distributed Tera-| ) 12 0,45 40
scale Facility
100 1,0
e'M ERLI N 2002 (Custom (0’5 T- 320
processor) Byte/day)
40 0.6 4000
LOFAR 2003 (distributed+cluste (+ distr;bute d) (custom
N network)
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High speed data transport

o

= e o = —an 2
radio dipoles for radic astronomy cresting a wvirmal telescope, studying:
cosmelogy, space weather, 1onosphere, high-energy particles
- particle detectors: measuring cosmic ray induced paricle showers

- geophones for momtoring tectomic activity and ground water levels through
miecro-esartheuakes

- weather stations for real-time weather and storm evolution monitermg

- microphones for infrasound applications

- water level sensors for enzbling precision agriculmre.

_ultra-high speed
network

distributed
SeNsors




Letzte Meile: wireless
Data rate: 5-10 Gbps
Noch nicht moglich!!

o o5

Data Processing Plant

Data Fabric with
13000 nodes

Terabytes!

on-line hybrid data processing cluster

=0

User post processing

Control Center(s)
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e ams bieten groRte Flexibilitat %

Gravitational . .
radiation - e | .
= : Adaptive nulling .
1 |
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~  Pulsar
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objects ’
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Probing the eafly Universe
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Beam number

Transient buffer capture

Dedicated educational beam

Europe Studen(s U.S. Students

Asian Students

M/D transient Maintenance, development Maintenance/development beam
followup
Targeted observing program EOR

130-160 MHz

Targeted obsgrving program Solar, IPS mappingM¥:i#:c

Eln Tag Lm Leben

von LOFAR

Survey, 75 MHz

- — e

Survey, 75 MHz Survey, 155 MHz

Survey, 55 MHz Survey, 130 MHz

Survey, 55 MHz Survey, 130 MHz v

Dedicated survey beams

8h 12h 24h

/

Switch to high frequency
: TP receptors i .
Transient notification P Transient detected in

LOFAR buffer

Switch to low frequency
receptors






.ﬂlebel: : ! ! '
16" - -- f""""-""-';' ----------- ﬁcﬁvame‘sirrgegnsifrvity-""% ----- .
| ; in Radio Astrojomy VLA und Arecibo
= ) I :L""""";E;T&E,?géiéé"""';k"""'"""';F"""""""éL"" bedeUteten
E | i | ! i einen solchen
— Loop——---- :— ———————————— .?JadECH_Bﬁﬂk___E__“___"___“_E__"___"___“_E__"_ . .
= i ' Fortschritt in der
E ofed collecting area:
= | far Jahrzehnte
3 | nicht geandert !
= |
= | Technologischer
ol : : : , Schritt notwendig
i i | | SKA ! ~ _
N ,,,—,—,— i i far die Zukunft!
LS40 LSs0 LSED 2000 2020
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SKA’s 1° Gestehtsteld

fitr Durchmusterungen und “voriitbergehende” Phiinonsene

=2

15 Mpc at z
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HST VLA

Optische Teleskope haben in den letzten Jahren die
“normale” Galaxienpopulation bis telescopes z~3
untersucht 80



L Aol noeh eLns ...

'
wai® [Mage anel survay nll

XThe universe in starlight ___and in 21cm hydrogen Iine/,

 Weitere Argumente: grof3e Kollektorflache
(Empfindlichkeit), lange Basislinien fur hohe
Auflosung (Konfusion bel geringen Fluf3dichten),
far gute uv-Bedeckung: viele Stationen ....
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Next generation radio
telescope

e Frequency range 0.15 -
25 GHz

* Collecting area of 106 m2

e >50x sensitivity & >105
survey

speed of today's best
Instruments

A ‘discovery’ instrument
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Phased arvay - das Konzept

Ersetzt mechanisches Pointing & beam forming
auf elektronischem Wege

Physical
delay

Receiver /

.
4
.
'
.

Receiving array
{.|'.\
Combincr\[ Artificial delay
Parabolic
reflector Dt

The revolution in radio telescopes —
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International

N ISSC review of Legal
Initial concept MoA_2 design Entity for SKA SKA
. Formed Complete
FirstSKA  55¢ Science Site site
Working MoA-1 Case ranking Selection
Group published l p—
¥ l l L4 ¥ ¥
g2 o5 2000 04 05 06 o7 08 09 10 14 18 22

Feasibility Concept SKADS Define SKA Phase 2
study exposition | System Build
50% SKA
Design & Build
Reference SKA pathfinders Phase1 Phase 3
Design ATA, KAT & Build Build
XNTD 10% SKA 100% SKA
1% SKA
Legal
‘Hydrogen Array’ Fﬁ'r‘:r'l? A
Wilkinson 1991 SKAD SKAD
start SKADS report
Working ISS Science Mid-review Site
Group Mol Case pub. l Selection
l l T - i . k.
92 o 2000 04 05 06 o7 08 0s 10 14 18 22
0 i
. - L i F
' SKA system Phase 2
SKA Concept : defined Build
concept exposition i 50% SKA
i Design & Build
i Demonstrators Phase1 Phase3
i KAT, xNTD & Build Build
E 1% SKA 10% SKA 100% SKA

Now




Aperture Arrays Focal Plane Arrays
“electronic fish-eye lens” “radio cameras”

A Y 4
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SKA: elne mogliche Konflguration

B | 200km
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SKA Deston Studies - SKADS

‘ i) EC SKADS “

» FP&-based initiative

« Consortium: 29 institutions
« Total funding: €38m

- ECfunding : €10.44m
» Start: end 2005

Complete: mid 2009

y 9

D

Share of EC funds (%)

15

a0
Bl UK

12 O Metherlands

UK SKADS

6 institutions

Total project £7.6m

EC contribution £2m (€3m)
Key science and tech. projects
Strong ‘technical triangle’

Manchester, Oxford, Cambridge

y O France
; B taly

. 29 o

.
UK is a
key participant

of EC-SKADS
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"2 teams building similar systems:
+ Australia XNTD
« South Africa KAT
» Natural partners UK SKADS team

» Test bed for 2-PAD technology
» Systems are funded:

$50M for KAT / $30M for xNTD

KAT/XNTD Aims

« Science delivery

« Technology demonstration
Hardware & software

« Test possible SKA site

o Attract the full SKA
P

AN

Description

« 20 x 15m Dishes

« 0.7 -1.75 GHz

» Fitted with phased FPAs
+ FOV 50 deg?

» Baselines <10Km

« Completion 2009
.

(
I



Australia
Luneburg
Lenses

Dutch
phased array

China
KARST

Canada
Large
reflector

Australia
cylindrical
paraboloid
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Parabolic Reflector Aray
(SETI Institute, USA)




(Courtesy NFRA)
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o Spharische Linse mit
variabler
Durchlassigkeit

o kollimierter beam
wird auf die andere
Seite der Sphare
fokussiert

e Beam kann aus
jeder Richtung
kommen
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Large [Avectbo-like] =eflectors
(China)




Aerostat-mounted recetver above
Large Adaptive Reflector (Canada)




Molonglo SKA cylindrical aray
DYOLOTLPE




SUMSS is a deep radio survey of the entire sky
south of declination -30 degrees, made using the MOST

Available SUMSS Mozaics at 2004—Jul—14
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Molonglo Observatory

Synthesis Telescope

471 Extragalactic mosaics and
15 Galactic mosaics have now been released,
covering an area of about 5450 square

degrees, Completion: 90%, expected: 300 000 radio sourcgs


http://www.physics.usyd.edu.au/astrop/most
http://www.astrop.physics.usyd.edu.au/SUMSS/images/available_mosaics.gif
http://www.physics.usyd.edu.au/astrop/most/index_files/MOST-pic-GW.jpg

Current wide-fleld imaging with MOST

(842 MHz, 12hr sywnthesis, 2.7° diameter field)

Current Survey (1997-2003):

The Sydney University Molonglo Sky Survey
(SUMSS), imaging the whole southern sky
(0<-30°) at 843 MHz to mJy sensitivity with
45” resolution (i.e. similar to NVSS).

Next: Use existing
telescope as SKA testbed
and science faclility:

- Large collecting area
(18,000 m?)

- Wide field of view

- Continuous wv coverage
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Z@L’mdvlscm\r Pavabolold: kRontlnulerliche wy

~Bedeckung erolot exzellente Bildgualitat

Fornax A SUMSS {maxen) 843 MHz 1.0 750 m
—

08
=370 E
Z 0.6+
g 2
@ o 2 04
= I o 1.6 km
g 02
2 /
g -8 0-
o 0 1 2 3 4 5
= r (kilowavelengths)
—37° 30
(Bock et al. 1999)
hogm m m m m o o o
a8 24 2 = 2 =kontinuierliche uv-Bedeckung
Right Ascension (I2000) von 90 m bis 1.6 km in 12hr

Synthesis-Beobachtungen

=SKA wird ebenfalls komplette
uv-Bedeckungen haben
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