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Wide-field Imaging: Schmidt Plate





THE PROPOSALS THE LOW FREQUENCY ARRAY – KEY FACTS 

!  The International LOFAR telescope (ILT) consists of an 
interferometric array of dipole antenna stations 
distributed throughout the Netherlands, Germany, 
France, UK, Sweden (+ Poland, …) 

!  Operations started in December 2012 

!  Operating frequency is 10-250 MHz 

!  1 beam with up to 96 MHz total bandwidth, split into 488 
sub bands with 64 frequency channels (8-bit mode) 

!  < 488 beams on the sky with ~ 0,2 MHz bandwidth 

!  Low band antenna (LBA; Area ~ 75200 m2; 10-90 MHz) 

!  High Band Antenna (HBA; Area ~ 57000 m2; 110-240 
MHz) 





Frequency: 54 MHz 
Pointings: 16 
Coverage: 150 sqdeg 
Resolution: ~45” 
Rms noise: 3-6 mJy/b 
Sources: ~5000



Antennas 

Digital Signal 
Processing (DSP) 

High Performance 
Computing Facility (HPC) 

Transfer antennas to DSP 
2020: 20,000 PBytes/day 
2028: 200,000 PBytes/day 
 
Over 10’s to 1000’s kms 

To Process is HPC 
2020: 100 PBytes/day 
2028: 10,000 PBytes/day 
 
Over 10’s to 1000’s kms 

HPC Processing 
2020:  300 PFlop 
2028:  30   EFlop 

SKA: A Leading Big Data Challenge for 2020 
THE PROPOSALS SKA: A LEADING BIG DATA CHALLENGE FOR 2020 



LOFAR SKA 

Raw Telescope 112 PB/yr 60 EB/yr 

Archive Rate 3 PB/yr 100 PB/yr 
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LOFAR SKA 

Raw Telescope 112 PB/yr 60 EB/yr 

Archive Rate 6 PB/yr 100 PB/yr 





7+1 Mirror assemblies

-  54 nested gold-coated nickel mirror shells 
-  Focal length: 1.6 m, Field of view: 1 degree (diameter) 
-  On-axis Half-Energy width (HEW) ~16.1” (nominal) 
-  X-ray baffle (10μm precision alignment): 92% stray light reduction 
-  Calibration of all 8 telescopes at PANTER completed in June 2016 

eROSITA, XRU, 6/2017 

X-ray Baffle [MPE] 



eROSITA surveys in context

eROSITA, XRU, 6/2017 

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

year

1e5

2e5

3e5

4e5

5e5

6e5

7e5

8e5

9e5

1.0e6 UHURU

Ariel-V

HEAO A-1

Einstein

RASS

ROSAT_WGCAT

EXOSAT

ASCA

Chandra_CSC

XMM-Newton_3XMM

Swift_XRT

eROSITA

Approx. Number of X-ray sources detected per year (from 
published catalogs, not corrected for duplications) 

Linear scale! 



eROSITA surveys in context

eROSITA, XRU, 6/2017 
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At the end of its first year of operations, eROSITA 
will have detected as many new sources as have 
been catalogued in 50 years of X-ray astronomy

Cumulative numbers 



Working with eROSITA
•  eROSITA is a PI instrument
•  Scientific exploitation of data shared between the partners: 

50% MPE and 50% IKI, West/East (gal. coord.) 
•  German data public after 2 yrs, 3 releases (‘20, ‘22, ‘24; TBC) 
•  Proprietary access via eROSITA_DE (/RU) consortium 
•  Projects/papers regulated by working groups 

•  Working Groups: 
•  Science: Clusters/Cosmology, AGN, Normal galaxies, 

Compact objects, Diffuse emission/SNR, Stars, Solar System, 
Time Domain Astrophysics 

•  Infrastructure: Data analysis and catalogues, Multiwavelength 
follow-up, Calibration, Background 

•  Collaboration policy (German Consortium):
•  Individual External Collaborations (proposal to WGs) 
•  Group External Collaborations (team-to-team MoUs) 

eROSITA, XRU, 6/2017 





4MOST instrument overview
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•  New Wide-field Corrector, fibre 
positioner and three spectrographs


•  Spectrographs mounted on telescope 
fork (gravitation invariant)


•  Short fibre run (~15 m), prototype 
shows very low FRD


Fibre Feed


Low-Resolution Spectrographs


High-Res Spectrograph


Wide-Field Corrector


VISTA telescope


Fibre positioner
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•  Euclid/LSST/SKA (and other surveys) complement:

–  Dark Energy & Dark Matter (BAO, RSD, lensing, Lyα forest)

–  Galaxy evolution (groups & clusters)

–  Transients (SNe Ia, GRB) 

–  ~15 ×106 spectra of mV~20-22.5 mag LRGs, ELGs & AGN


•  eROSITA complement:

–  Cosmology with x-ray clusters to z~0.8

–  X-ray AGN/galaxy evolution and cosmology to z~5

–  Galactic X-ray sources, resolving the Galactic edge

–  2 ×106 spectra of AGN and galaxies in 50,000 clusters


•  Gaia complement:

–  Chemo-dynamics of the Milky Way

–  Stellar radial velocities, parameters and abundances

–  ~15 ×106 spectra @ R~5000 of mV~15-20 mag stars

–    2 ×106 spectra @ R~20,000 of mV~14-16 mag stars


	Cosmology	and	galaxy	evolution	
	Euclid	
	VST/VISTA/LSST/SKA	(+other	all-sky	surveys)	

	
		

Main science drivers 
A 5 year 4MOST survey provides


	High-energy	sky	
	eROSITA	

	
	
	
		

	Galactic	Archeology	
	Gaia	



Finally, machine learning essential



  



Summary

• Hamburg has century-long tradition in surveying the sky 

• Three lighthouse observational projects: LOFAR, eRosita, 
4MOST 

• Multi-wavelength large area/volume surveys 

• Machine learning/ data science essential


