Onsala Space Observatory

The Swedish National Facility for Radio Astronomy
(VR & Chalmers)
ocated on the peninsula Onsala, 45 km S of Gotebor
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25m cm-wave telescope

- built 1963
- the first high-sensitive
N maser radiometers
W W _ detected interst. CH

" - first intercontinental
VLBI




20m mm-wave telescope

- built 1976

- largest mm-wave
telescope for several
year => astronomical
molecular line discoveries

- first mm-wave VLBI




The Swedish-ESO Submillimetre
Telescope (SEST), La Silla, Chile

1988

2003

A -"Very successful
project,
now In mothballs
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View of Northern Chile (NASA Space Shuttle)

ESO P '
O PR Photo 24b/99 ( § June 1999 )
© ESO - ESA - Claude Nicolli
SA - Claude Nicollier
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Location of the Compact Configuration of ALMA © European Southern Observatory MR

ESO PR Photo 24¢/99 ( 8 June 1999 )




Llano Chajnantor (5100 m alt.)
in The Chilean Atacama desert




Atacama Pathfinder Experiment (APEX)
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Atmospheric transmission

. wv=0.2 mm
average Chile *

average Hawaii

pwv=0.2 mm
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The Bolivian
winter

Jan-March
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Division of costs and observing time
MPG 50%, ESO 27%, Sweden 23% (Chile 10%)

Diameter: 12m
Surface acc.: 17um (rms)
264 aluminium panels
Pointing: 2.5 (rms)
Beamwidth (345 GHz): 18"
Total mass: 125 ton
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Holographic measurements of surface
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Receiver development:

Group for advanced receiver development ,Chalmers
group leader Victor Belitsky

APEX:

not approved,
nor financed



APEX2a: 350 GHz SIS hetferodyne receiver

APEX 2a
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Uncorrected noise temperature for 4 mixer blocks
with twin junctions 30 Ohm probe
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APEXIISIS receiver
at 230 GHz (1.3 mm)

2SB Mixer Chip for 211-275 GHz
Using SMMIC Technology

g

Su bstr'ateqh 3 —

g SIS junction with
W
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RF Waveguide Mixer 1 QWaveguide
Hybrid —\B Dimensions:

& : : 900/450 um Group for Advanced

@ Receiver Development

Mixer 2 (GARD 0SO)




Additional instruments

- LABOCA: 300 element bolometer array, 870 um
- SABOCA: 37 element bolometer array, 350 um

_ 300 element bolometer array at 2mm, for the
Sunyayev-Zeldovich effect

- FLASH: heterodyne receiver at 490 and 810 GHz

- CHAMP+: 2x7 element het. rec. array at 670
and 870 GHz



Sequitor (San Pedro de Atacama)
the observing base




Very Long Baseline InferFeramfry (VLBI)

A muah larger ’relescope is
synthesized => much higher
angular resolu’rlon

__OSO Haysfack (US) the first
: m’rerconhnen’ral baselme (1968)

OSO ’rh@ﬁrgf mm wavelength
VLBI yleldiﬁ ‘an angular -
-5*"-_‘resolu+|on oF 50 j;«;.(arcs (1980)

OSO-Hays’rac—k: _the current e-
VLBI record, 512 Mbit/s
through “dedicated light
path” (2005)

=100 days/year is used for
VLBI observations at OSO




European VLBI network

EUROPEAN Jodrell Bank Lovell {UK) Onsala 20m (SE) Onsala 25m (SE) Dwingeloo (NL)
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JOANTINETITUTE BFOR A LBLIN ELRCEE

NETWORK

Arecibo-{PR) Cambridge (UK) : Torun-(PL) Urumagi-(CN)

Harlebeesthoek (ZA) Westerbork {NL) e E Seshan {CN)

Robledo (ES) Yebes (ES) Noto (IT)




Development of high-angular-resolution
radio astronomy

VLA BCM
(a)

Li-"u‘s“'-r.‘l I11 (]E

VLBI! 1.3cm
(n)

(&) VLA Clean Image

A

VLB! 7mm

(1)

(f) VLA Self Callbrated Image

Figure 2 Illustration showing the improvement over the past half century in imaging the radio galaxy Cygnus A. (a) The intensity interferometer
observations of Jennison & Das Gupta (1933). (b) Observations at 200 cm with the Cambridge 1-mile radio telescope (Ryle etal. 1965). (¢) Observations
with the 5-km radio telescope at 6 cm (Hargrave & Ryle 1974). (d) 6-cm VLA observations of Perley et al. (1984). (¢) Same as in (d) but with
CLEANIng. ( /') Same as (d ) with CLEANing and self-calibration. (g) Self-calibrated CLEAN 6-cm image based on more extensive VLA observations
by Carilli and Perley (see Carilli & Harris 1996). (h) Image of the nuclear region made with a 13-station global array working at 1.3 ¢cm by Krichbaum
et al. (1998). (i) The inner region of the nucleus imaged with a resolution of 0.00015 arcsec using an 8-station VLBI array at 7-mm wavelength
(Krichbaum et al. 1998). The right hand panel of the figure was provided by T. Krichbaum.




Geodetic VLBI (crustal motion)

Figure 9: Vertical site motion




Geodetic-VLBI (polar motion)

112 R
P iy
_w' -"a'.' -
4'_‘? & -

=
—

&
=
av

—
o

0.05 ¢35
Q
N

S

<




Huygens descent to Titan

Chutes deploy in three stages

Insruments begin
Hea Shield ' sampieg
Kettisons
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JIVE led Ground based VLBI Observations of the ESA Huygens Probe during its
descent through the atmosphere of Titan...

Observations proved to be crucial due to communications failure in Cassini...
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The Odin astronomy/aeronomy satellite

Participating countries:
Sweden, France, Canada,
Finland

Launched: Febr. 2001
IS Radiometer: 119 GHz,

% o SR 4RT7-585 GHz

Odin data centre at OSO
Astronomy and aeronomy

project scientists at
“OSO”




The Atacama Large Millimeter Array
(ALMA) '

- A collaboration between Europe, USA, and
Japan to build:
50 x 12m antenna array
4 x 12m + 12 X 7m compact array

- Initially 4 bands: llS, 230, 345, 670 GHz
- Baselines: from 150 m to 18.5 km
- Angular resolution: < 0.01"

- Flux sensitivity: <1 mJy in 10 min.
- Data rate: = 10 Thbit/s
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Atmospheric transmission at Chajnantor, pwv = 0.5 mm
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Two antenna designs!!!!
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e-VLBI (real-time VLBI)
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Routes across GEANT
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Traffic betveen NL and UK
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Low Frequency Radio Array (LOFAR)

antenna

Replace mechanical signal processing
with fully electronic processing



Multi-beaming (electronically)

Synthesized beams

Station antenna patterns

_~ Element antenna pattern

Copies of signals
processed separately to give multiple beams
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Systemn
(64 cahinets, B4x32x32)

(32 Node boards, BxBx16)

Pl
Mode Board ¥ ‘
(32 chips, dxdx?)

16 Compute Cards

Compute Card
(2 chips, 2x1x1) O
LN

Chip - \
Jprocessors) 0k

g e 2.9/5.7 TFis

- 256 GB DDR
q0/180 GF/s

s o 3 GB
= 51120

35 8 GF/s 05 GB DOR
4 MB

|l Dl‘h.-h-

One of Europe’s

fastest supercomputers
&

: As much data as 1s contained 1n

telephone traffic 1n US each sec.
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» Total data generation rate:
= [ sensor stations
» Edge processing:

~ FPGA's for local signal conditioning

» Data transport to Central Processor:

= Raw Ethernet for max data rates
= TCP/IP for lowest data rates

» Central processing:

BM BlueGene/L in LINUX cluster
nternally within correlator: 46 Tbit/s
/0: 400 Gb/s / 50 Gb/s

» Data storage

» Data output to end users:
= QOutput to Géant users: 20 Gbit/s

LOFAR in 2008

22 Thit/s
116 Top/s

0,8 Thit/s

43 Tflop/s

PetaByte
40 Gbit/s




s Square Kilometer Array (SKA)
1994 construction cost = 1000 M€

International Working Group

1995 running cost = 100 M€

Start of Prototyping

Signing of first Memorandum of
Agreement

Signing of extended Memorunddm
of Agreement
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Site Ranking Decision
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Final Technology Decision _
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Construction of pathfinder on site

2013 = — -
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Early Science

Construction of full array

2020 ,
Full SKA operational! &
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ESO, Water vapour ﬁﬁdiometerfff315 k€
ESO, ALMA SiS junctions: 120 k€

13 k=€veF . Vears
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