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* A quick walk through the EMBRACE signal
chain

« EMBRACE@Nancay results
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Signal Chalin
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Hierarchical Beamforming aQ
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{ 3 beamchips on a
Hexboard

"\ | (12 elements)




6 hexboards
in a tile
(72 elements)
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6 hexboards
in a tile
(72 elements)




4 tiles
In a tileset
(288 elements)
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Control and Down

MID-FREQUENCY APERTURE ARRAY

onversion

» Last stage analog summing of four tiles

« 2-stage mixing to convert RF down to
150 MHz +/- 50MHz

* Ethernet protocol for beamformer chip
parameters and housekeeping

48V DC

 RF + Digital Commands + Power
_all on the same coax!

*
. R 150
& FoR
CHAFT

CDC cards designed by
MPIfR/INAF-IRA/ASTRON
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LOFAR Backend

e Output from CDC
goes to LOFAR
Receiver Unit (RCU)

boards for digitization

 And then to LOFAR
Remote Station
Processing (RSP)
boards for digital
beamforming

MID-FREQUENCY APERTURE ARRAY
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Pulsar acquisition
system provided by
U. Oxford.

Aris Karastergiou

LOFAR Remote Station
Processing Boards for
digital beamforming
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System Control and Data

MID-FREQUENCY APERTURE ARRAY

* Enormous flexibility with the dense array
— Multi-beam
— Instantaneous reconfiguration
— Real time calibration

— Multiple observing mode possiblilities with tradeoff
between bandwidth, number of beams, field of view

MAC developed at Nancay provides a friendly
Python interface for the user to setup complicated
observing runs
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Electronic MultBeam

Radio Astronomy ConcEpt ===

* EMBRACE is an AAmid Pathfinder for SKA
* Largely funded within EC FP6 Project SKADS (2005-09)
* For EMBRACE:
* ASTRON: Project Leader, overall architecture, antennas,
iIndustrialization,...
* Nancay:. Beamformer Chip, Monitoring and Control Software
* MPI Bonn and INAF Medicina: design of multiplexing circuits for

RF reception, down conversion, command/control, power supply
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EMBRACE@Nancay

MID-FREQUENCY APERTURE ARRAY

signal chain

* 4608 Vivaldi antenna elements

* Single polarization (second polarization antennas are in place, but only
one polarization has a complete signal chain)

* 4 |evel hierarchical analog beamforming/signal summing

* Beamformer chip:

4 inputs, 2 outputs (2 independent beams)
45° phase steps

* Analog summing output from 3 beamformer chips

* Analog summing of 6 inputs = 1 tile (72 elements)

* 15m cable - Analog summing of 4 inputs = 1 tileset
* Down conversion

* 32 inputs to LOFAR backend
(16 A-beam, and 16 B-beam)
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EMBRACE characteristics =2 ™

500 — 1500 MHz

— But high pass filter at 900 MHz to avoid digital television

/0 mz (8.5m X 8.5m)
Instantaneous RF band:

100 MHz

Maximum instantaneous beam formed:

* 36 MHz x 2 directions (single polarization)

* 186 “beamlets” eac
* |.e. 3 “lanes” for hig
Can trade off beam widt

n of 195.3 kHz bandwidth
n speed data from RSP

N vsS. number of beams
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Some results
g—

Station de

(RADIOASTRONOMIE

ST Y '--.'.Ill'I."'.-I‘.'rr'‘II!'II;I'=I1'|:|'II{:r'III.fIII!1"':I I'II / ."II [ |
""""" e el

' F

H‘I'ITT' J

|
r
! T"}TTr

ol
v\

A AR A RE

LN

Tl Hl‘ :

d'

d

http://arxiv.org/abs/1504.03854
to appear in JINST

A more detailed paper will be submitted in June
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Multibeaming

Sun--Sun : Beam A : Digital Beam #0: Timeline for integrated power at 1420.4MHz +/- 0.10MHz
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Sun--Sun : Beam A : Digital Beam #0: Integrated power at 970.0MHz +/- 0.10MHz

- 970MHz
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Digital Beam#0 direction X
Digital Beam#0 direction Y
Digital Beam#1 direction X
Digital Beam#1 direction Y
Digital Beam#2 direction X
Digital Beam#2 direction Y
Digital Beam#3 direction X

' Pointing outside the FoV,
L] and well below 45° elevation:
Sun passes through grating

integrated power / dBm

- r lobe
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Correlator offset

x10
5
| \ | T \

Important notes: |

The # and y—dlrectlups in hoth experiments were —— — "nok-Casf" (x-din 25/07/12 | -
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N « On and Off observations can
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Correlator Offset:

Flat Fielding S

Cygnus & 2012-08-05 16:02:15 — “UNCORRECTED® Empty sky FOV 2012-03-06 01:32:23

Stable background “image”
' ios due to correlator offset
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o7 : A Same datal
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.~ * Local Oscillator

" distributed to all CDC
cards via cascaded
power-splitters

» Correlated mixing
| products between
tilesets could explain
correlator offset
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Galaxy Detection: M33

Integrated ON and OFF spectra =
- x 10* Raw on and off spectra —— 16 channels per beamlet (
e L (ON — OFF)/OFF

l |
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Galaxy Detection premereet

Final cleaned M33 spectrum
N R

—— EMBRACE spectrum

Ext ragalact ic HI Dwingeloo survey convolv
interpolated channels

EMBRACE /Nangay
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800

Billion galaxy survey: Only 999 999 999 to go ...
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2 Pulses of Best Profile Search Information I
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S
B0329+54 at 970MHz =~ =
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10 EMBRACE@Nancay: PSR_0329+54 at 969.8MHz from 18 Nov 2013 to 15 Apr 2015

« 317 pulse profile measurements
between 18 Nov 2013 and I 17 sbeervations
15 April 2015 |

» Tests stability and reliability of the
system

normalized int}

-0.4 -0.2 0.0 0.2
pulspenbaca

EMBRACE@Nancay
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Dispersion Measure e

» Dispersion by the plasma between observer and
source (Interstellar Medium)

DM Is a measure of the plasma column density
DM is indirectly a measure of distance

DM varies with frequency (and is therefore subject
to the Doppler Effect)

EMBRACE@Nancay
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EMBRACE@Nancay: Dispersion Measure towards PSR_0329+54 at 9 E I\/I B RA( : E @ N an Qay

+2.686el 317 measurements from 2013-11-18 to 2015-04-15
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MODEL PARAMETERS
nominal DM=26.87614
DM variation=0.00662

One Year=365.2560 days

0.010} orbit ellipticity: 0.01670

Date of baryce ive velocity: 2013-12-27 00:00:00.000000 UT

reduced rms deviation (sigma)=0.015499
DM measurements: 317
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The Earth goes around the Sun in one year!
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Partial Solar Eclipse

20 March 2015 P

Bourges | |

Photo by Steve T.
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at 970MHz and 1420MHz = ===~

EMBRACE@Nancay: Eclipse of 20 March 2015 at 970.0MHz

400000 comparison to days before and after — 2015-03-18
' ' ' ' — 2015-03-19
— 2015-03-20
—— 2015-03-21
— 2015-03-22
970MHz |

Five consecutive days of

tracking the Sun,

250000 | . . . o
i beginning at elevation 10
% "/

200000 § -
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100000}
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Simultaneous Observations

at 970MHz and 1420MHz = ===~

EMBRACE@Nancay: Eclipse of 20 March 2015 at 1420.0MHz

3000000 - cornparison to days‘before and afterl | 2015-03-18
1420MHz |
; Five consecutive days of
tracking the Sun,
beginning at elevation 10°

07:00:00 08:00:00 09:00:00 10:00:00 11:00:00 12:00:00
time
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Solar Eclipse

at 970MHz and 1420MHz = ===~

EMBRACE@Nancay: Eclipse of 20 March 2015

relative to days before and after — BeamA: 970.0MHz
' ' ' — BeamB: 1420.0MHz

b

11

Loy i

0.9H

Power

0.8 H

0.7H

Referenced to the
measurements from the

time

days before and the days EMBRACE@ Nancay

after
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