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LOFAR antennas

10 - 100 MHz
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RF filter banks
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AOFlagger
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Beamforming

= 40 000 antennas
(16 elements x 48 tiles x 50 stations)
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Analog beamforming
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- = Each antenna has ‘5m delay’
switchable delay lines
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International LOFAR Telescope (ILT)

Digital beamforming o)

» Synchronised clock (white rabbit)
" Gain & phase calibration
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Digital beamforming | necener 620G

e LOFAR Subrack

96 input SDR: 200MSPS, 14bit, NF<8dB, IIP3>15dBm
ADC->FPGA datarate: 300 Gbps

FPGA: Channelize, calibrate, beamform

Output datarate: few Gbps ethernet

* Power consumption: 700W

T

AST(QON

TECHNCH_DCJ\/ EVENT
18 APRIL 20249

FHI Leusden



Problem: Rising RF noise levels
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Problem: Common-noise

* High dynamic range receivers (>100dBc)
* Low noise, high linearity
* Low gain stages for constant level

Typical (median) signal levels at ADC at LOFAR core

* ADC dithering (90dBc)
* Good power supply filters

—80 1 Sky noise ﬁ\\ﬂ\_
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* Very clean clock

Power (dBFS)

* Good shielding

Common-noise
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Averaging

" Integrate over bandwidth & time
" Eg. 100h x 50MHz =10 000 000 000 000 samples => 65dB

2000)

ti
Declination (I2

&
d

linat

Deec

Right Ascension (J2000)

TECHNSEOGCY EVENT
18 APRIL 20249

FHI Leusden



* Raw datarate: >10 Thit/s = ::
e Real-time processing cluster: " —
e Real-time processing 1 Thit/s . N

* Output to disk: 2-10 GB/s

° Sto rage: 7 PB/yr International LOFAR Telescope (ILT)
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Papers per Science Area Extragalactic
51%

Lightning
Exoplanets 12c>Z° :

Solar 7%

Cosmic Rays

lonosphere
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uare Kilometer A

rray (SKA
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Why?

® Science

» Technology development
" fducation
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Question?

HQ: Oude Hoogeveensedijk 4, 7991 PD Dwingeloo
Westerbork: Schattenberg 1, 9433 TA Zwiggelte
Qs 0521 595 100 kruger@astron.nl / info@astron.nl|
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