
Photo 
Credit:

Sasse

Status of CHIME 
Intensity Mapping
Seth Siegel

Postdoctoral Researcher

McGill University



PUMA Virtual WorkshopAug 19, 2020 2

Outline
•Description of CHIME


•Current status and look at data


•Challenges


-RFI Excision 

- Instrument characterization 

‣Beam calibration 

‣Complex gain calibration 

-Foreground removal 

•Forecast on cosmological constraints
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Baryon Acoustic Oscillations (BAO)
•Measure power spectrum of the 21cm emission from neutral hydrogen 
between redshift 0.8 and 2.5

-Corresponds to radio frequencies between 800 and 400 MHz


•Extract the scale of the BAO in the angular and line of sight direction

-   

-   


•Constrain the distance-redshift relation over period of universe’s 
history not accessible by current spectroscopic galaxy surveys


•Learn something about dark energy

Δθbao(z) = rs/DM(z)
Δzbao(z) = rsH(z)/c

Graphic by C. Blake and S. Moorfield
10 S. Alam et al.

Figure 3. BAO signals in the measured post-reconstruction power spectrum (left panels) and correlation function (right panels) and predictions of the best-fit
BAO models (curves). To isolate the BAO in the monopole (top panels), predictions of a smooth model with the best-fit cosmological parameters but no BAO
feature have been subtracted, and the same smooth model has been divided out in the power spectrum panel. For clarity, vertical offsets of ±0.15 (power
spectrum) and ±0.004 (correlation function) have been added to the points and curves for the high- and low-redshift bins, while the intermediate redshift
bin is unshifted. For the quadrupole (middle panels), we subtract the quadrupole of the smooth model power spectrum, and for the correlation function we
subtract the quadrupole of a model that has the same parameters as the best-fit but with ✏ = 0. If reconstruction were perfect and the fiducial model were
exactly correct, the curves and points in these panels would be flat; oscillations in the model curves indicate best-fit ✏ 6= 0. The bottom panels show the
measurements for the 0.4 < z < 0.6 redshift bin decomposed into the component of the separations transverse to and along the line of sight, based on
x(p, µ) = x0(p) + L2(µ)x2(p), where x represents either s

2 multiplied by the correlation function or the BAO component power spectrum displayed in the
upper panels, p represents either the separation or the Fourier mode, L2 is the 2nd order Legendre polynomial, p|| = µp, and p? =

p
p2 � µ2p2.

c� 2016 RAS, MNRAS 000, 1–38

BOSS
Alam et al. 2016
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Instrument Considerations

• Map a large volume


• Choose angular and frequency resolution to 
measure third BAO peak


• Maximize sensitivity to these scales


• Limit cost

Figure courtesy of Dallas Wulf
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Drone Flight Over CHIME
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Dominion Radio Astrophysical Observatory

Penticton, BC

TV Channels

Local

Oscillator

LTE

CHIME Pathfinder

≈ 25% of band 
masked due to 
persistent RFI
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Cylindrical Transit Interferometer

Movie by Peter KlaggeWE
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Cylindrical Transit Interferometer

Matt.Dobbs@McGill.ca, SKA-Toronto 2015-12  17 

Slide from Liam Connor 
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Cylindrical Transit Interferometer

Matt.Dobbs@McGill.ca, SKA-Toronto 2015-12  19 

Slide from Liam Connor 
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Cylindrical Transit Interferometer
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Cylindrical Transit Interferometer

Haslam 408 MHz Map
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CHIME Science Objectives

Hydrogen Intensity

Mapper

Measure baryon 
acoustic oscillations 
in the distribution of 
neutral hydrogen 
between z = 0.8 - 2.5.

Constrain dark energy.

Fast Radio Burst 
Detector

Detect large 
sample of FRBs.

Constrain properties 
and origins of FRBs.

Pulsar Monitor

Provide near daily 
timing data on all 
northern hemisphere 
pulsars.

Measure pulsar 
properties and 
improve constraints 
on gravitational waves.
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CHIME Science Backends
•Cosmology 

-Full N2 visibility matrix

-10 sec cadence

-210 TB/day

-Real-time flagging and gain calibration

-Data compression through redundant baselines 
(1.0 TB/day) 

•Fast Radio Bursts 
-1024 stationary beams

-1 msec cadence

-16k frequency bins


•Pulsar timing 
-10 steerable beams

-2.56 μs cadence

C

Reflectors 

Analog Frontend 
Amps, filters, etc 

FPGA Digitizer / 
Channelizer 

GPU Correlator 

Disk 
Realtime 

Backend(s) 

Analog 

Receiver Chain

FPGA Digitizer / 
Channelizer

GPU Correlator

Reflectors 

Analog Frontend 
Amps, filters, etc 

FPGA Digitizer / 
Channelizer 

GPU Correlator 

Disk 
Realtime 

Backend(s) 

Reflector

Disk

Real-time 
Backends

Graphic by D. Champion

Graphic by C. Blake and S. Moorfield

Figure 2: Frequency evolution and integrated pulse shape of the radio burst. The survey data,
collected on 2001 August 24, are shown here as a two-dimensional ‘waterfall plot’ of intensity
as a function of radio frequency versus time. The dispersion is clearly seen as a quadratic sweep
across the frequency band, with broadening towards lower frequencies. From a measurement of
the pulse delay across the receiver band using standard pulsar timing techniques, we determine
the DM to be 375±1 cm−3 pc. The two white lines separated by 15ms that bound the pulse show
the expected behavior for the cold-plasma dispersion law assuming a DM of 375 cm−3 pc. The
horizontal line at ∼ 1.34 GHz is an artifact in the data caused by a malfunctioning frequency
channel. This plot is for one of the offset beams in which the digitizers were not saturated.
By splitting the data into four frequency sub-bands we have measured both the half-power
pulse width and flux density spectrum over the observing bandwidth. Accounting for pulse
broadening due to known instrumental effects, we determine a frequency scaling relationship
for the observed width W = 4.6 ms (f/1.4 GHz)−4.8±0.4, where f is the observing frequency.
A power-law fit to the mean flux densities obtained in each sub-band yields a spectral index of
−4 ± 1. Inset: the total-power signal after a dispersive delay correction assuming a DM of 375
cm−3 pc and a reference frequency of 1.5165 GHz. The time axis on the inner figure also spans
the range 0–500 ms.

12

Lorimer et al. 2007
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Status (Cosmology Backend)
• Sep 7, 2017:  First light ceremony


• Sep 2018:  Reached full capacity.  Compress data by averaging redundant baselines.


• Past 2 Years: Acquiring data roughly 80% of the time.


• Downtime is primarily due to software upgrades.  Some notable upgrades have included:

- Pulsar gating

- Fast-cadence (msec) RFI excision

- Fast-cadence (10 sec) gain updates

- Frequency remapping (send the RFI contaminated frequencies to non-operational GPU nodes)


• As of 2020-07 we have acquired 540 days of data total.  Significant fraction flagged due to sun (50%) and rain (10-20%). 
Have acquired between 130-200 days worth of clean, night-time data.


• In progress: 
- Calibrate instrument transfer function and characterize systematics


- Remove foregrounds

‣ Use methods that do not require a beam model to start


- Measure the cosmic 21cm signal in cross-correlation with quasar catalogs from the Sloan Digital Sky Survey
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Results from CHIME/FRB	

	

	

Figure 1: Dynamic spectrum (“waterfall”) plots for our sample of pre-commissioning 
CHIME/FRB events. Colour-scale intensity is proportional to SNR, with all dynamic spectra using the 
same boundary values of intensity for colour mapping. The upper value of the boundary was chosen such 
that low-SNR signals are visible in their dynamic spectra, while saturating the spectra for high-SNR 
events. The blue line plots above each spectrum are frequency-summed burst profiles shown with full time 
resolution. Properties of individual events are provided in Table 1. For bursts detected in more than one 
beam, we show data from the beam with the highest SNR. We caution that the spectra shown here have 
not been calibrated for the effective bandpass, because this is strongly dependent on beam calibration — 
work in progress — and on the unknown location of the source in our primary beam or possibly in a 
sidelobe. Note that in nearly all cases radio frequencies in the 729–756 MHz band have been removed due 
to the presence of radio frequency interference from cell phone communication, as have narrower bands 
corresponding to television and other interfering signals (the bandwidth used for these plots ranges 
from 246 to 299 MHz). 

	

S PA C E  A N D  C H I M E
First observations by Canadian telescope 

capture a slew of fast radio bursts PAGES 230 & 235

ARCHAEOLOGY

HOW THE 
MAYA LIVED

Meet the bioarchaeologist 
reshaping views of the past

PAGE 168

RESEARCH INTEGRITY

QUALITY 
CONTROL

Time to set up a US research 
policy board

PAGE 173

DRUG DISCOVERY

VIRTUAL DRUG 
SCREENING

A rapid route to viable 
candidate compounds 

PAGES 193 & 224

NATURE.COM
14 February 2019 £10

Vol. 566, No. 7743

T H E  I N T E R N AT I O N A L  W E E K LY  J O U R N A L  O F  S C I E N C E

• Early results from commissioning  
(CHIME/FRB Collaboration 2019ab):

- 13 new FRBs

- 1 new repeating FRB

• More recently: 
- Detection of original repeater 

(Josephy et al. 2019) 

- Detection of 8 new repeaters 
(CHIME/FRB Collaboration 2019c) 

- Detection of 9 new repeaters 
(Fonseca et al. 2020) 

- Bright millisecond burst from a 
Galactic Magnetar 
(CHIME/FRB Collaboration 2020a) 

- Periodic activity from an FRB 
(CHIME/FRB Collaboration 2020b)

• In progress: 
- Catalog of hundreds of new FRBs

February 14 2019
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Radio Sky as Seen by CHIME

“Dirty” maps of the northern sky between 800 and 400 MHz.

Constructed from YY visibilities, averaging each LST bin over 50 nights.

ν = 670 MHz, Δν = 0.39 MHz
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Averaging ~50 Nights of Data

“Dirty” maps of the northern sky between 800 and 400 MHz.

Constructed from YY visibilities, averaging each LST bin over 50 nights.
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RFI Excision

Figure from Taylor et al. 2018
• 0.66 msec cadence (real-time pipeline) 
 
Spectral kurtosis based implementation of 
pre-correlation RFI excision using 
CHIME’s GPU backend. 
 
See Taylor et al. 2018 

• 31 msec cadence (real-time pipeline) 
 
Also uses the spectral kurtosis values but 
sensitive to lower-power, longer-duration events. 

• 10 sec cadence (offline pipeline) 
 
Apply SumThreshold outlier detection to 
sample variance of the visibilities averaged over all 
baselines and normalized by expectation based on 
radiometer equation.

Three stages of RFI excision:
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RFI Excision

Fraction of night-time data masked by pipeline due to RFI.  Shown is the median value over many nights. 
 
     Blue: 200 nights between Jan-Sep 2019 when real-time RFI excision was off 
     Red:  30 nights in Jun 2020 when real-time RFI excision was on

11

Comparing OFF and ON versus Frequency (Night Only)

Frequency [MHz]
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Calibration Challenges

• Instrument chromaticity converts spatial variations in the bright, spectrally smooth foregrounds 
into spectral variations.


•CHIME plans to characterize the transfer function of the instrument and construct optimal Karhunen-Loève (KL) 
filter that rotates measured data into signal/foreground modes.  (Shaw et al. 2014/15)

Vij(t) = < Ei(t)E*j (t) > = gi(t)g*j (t)∫ d2n̂ Ai(n̂)A*j (n̂)e2πin̂⋅uij T(n̂; t)
•Beam calibration:

Need to measure FWHM of primary beam pattern to better than 0.1%

•Complex gain calibration:

Need to measure complex gain to better than 0.7% (amplitude) and 0.007 rad (phase) on timescales > 1 minute

Vij(t) = < Ei(t)E*j (t) > = gi(t)g*j (t)∫ d2n̂ Ai(n̂)A*j (n̂)e2πin̂⋅uij T(n̂; t)

Evidence for time-variable 
beams and baselines 

i.e.,   and  Ai(n̂, t) ûij(t)
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Beam Calibration
• Measurements:


- CHIME x 26m holography

‣ Radio-bright point sources (~10)

‣ Pulsars (~10) 

- CHIME stacked visibilities

‣ Radio-bright point sources (~30)

‣ Sun

‣ Full sky maps


• Modeling: 
- Simple physics-based coupling / reflection model


- Data-driven model

‣ Fit SVD modes from sun measurements to 

all other measurements


0 1

Simulated Beam 
EW Pol at 703 MHz

~ 3dB ripple  
in response 
along N-S  
direction

10 deg

Cyg A

Courtesy of 
Meiling Deng

3C295

Per B
Tau A

Vir A

Her A

Hydra A

Cas A

EW

N

S
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Beam Calibration via Holography
• Point Source Holography


- Track radio-bright point source with John Galt 26m telescope  
as it drifts through the beam of the CHIME feeds 

- Correlate signal from 26m with signal from every CHIME feed

‣ Extracts point source signal modulated by CHIME beam 

(plus any common background sky)

Beam&Calibration
• Pulsar&Holography&to&map&

out&Telescope&Beams

– Track&with&DRAO&26m&and&

correlate

• Pulsar&Polarization&

Calibration

CalibraBon:&Pulsar&Holography&
•  Track pulsars with large dish 
•  Correlate each feed against this signal 
•  Map primary beams & sidelobes 

DigiBzer&/&
Correlator&

•  Requires gating for decent S/N&
•  Limited to ~50 sources / tracking dish / day 

10m&/&26m&
tracking&

dish&

26m&and&CHIME&pathfinder&fringes&as
Cassiopeia&A&passes&overhead

Mode mixing

Low frequency

High frequency

intensity

frequency

angular direction

Sum along 
angular direction

Tracking 
TelescopeCHIME 

Newburgh et al. 2014 
Berger et al. 2016 

• Pulsar Holography

- Subtract pulsar ON - pulsar OFF to remove 

common background sky 

- Implemented in GPU.  Can gate on 30 msec cadence. 

- Characterize polarization response

CHIME 26m
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Example Holographic Beam Measurements

Holographic measurement of a Cyg A transit between the 26m at DRAO (tracking) and CHIME at 717 MHz.  Shown is the median 
amplitude over all Y polarisation feeds on each of the 4 cylinders.  Left is co-polar, right is cross-polar.  Data is normalized by the 
peak co-polar response.

Hour angle [degrees]

Currently have in hand 10-100 observations of each of the 10 brightest radio point source 
and 1-20 observations of each of the 10 brightest pulsars.

Figure courtesy of Laura Newburgh
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Beam Calibration via Sun
• Pros:


- Extremely bright (>100 kJy) providing high signal-to-noise, 
even in sidelobes


- Maps out -23.5° to 23.5° in declination every 6 months

Work by Dallas Wulf

�ŎĬęêàŜĉĬĦʩ˘¶�êğ̆ ŷŔʧ˘µ�êğ �ŎĬęêàŜĉĬĦʩ˘;ŎêōšêĦàž˘ŷŔʧ˘µ�êğ

• Cons:

- Time-variable flux

- Causes additional complex gain instability

- Extended (0.5-1.0° diameter)
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Beam Calibration via Sun

Work by Dallas Wulf

�ŎĬęêàŜĉĬĦʩ˘¶�êğ̆ ŷŔʧ˘µ�êğ

• Pros:

- Extremely bright (>100 kJy) providing high signal-to-noise, 

even in sidelobes

- Maps out -23.5° to 23.5° in declination every 6 months

• Cons:

- Time-variable flux

- Causes additional complex gain instability

- Extended (0.5-1.0° diameter)
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Modeling the North-South Beam
•The north-south beam of CHIME is the response of a single feed alone 
on the cylinder (base beam) modulated by an interference pattern caused 
by coupling between feeds (… and also reflection off the focal line )


•Base beam obtained from CST+GRASP simulation of single feed + cylinder


•Assume 4 coupling paths with known delay


•For each path, parametrize:

‣Dependence of coupling on frequency

‣Dependence of coupling on feed separation


•~25 model parameters


•Fit to spectrum of ~35 radio-bright sources. 
 
Obtained by beamforming CHIME 
visibilities to source location and 
dividing by the expected source flux 
from literature.

Cylindrical Reflector

Focal Line

5 m1 bounce 
coupling

i j



PUMA Virtual WorkshopAug 19, 2020 28

Modeling the North-South Beam

Left:    Peak response as a function of zenith angle for 2 frequencies.

Right:  Peak response as a function of frequency for 2 zenith angles.

Data in blue.  Current best-fit model in black.

3C147

3C48

Figure courtesy of Saurabh Singh
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Complex Gain Calibration (Amplitude)

Standard deviation of 
the fractional 
amplitude variations 
determined from 
94 Cas A transits, 
89 Cyg A transits, 
76 Tau A transits.

Figure courtesy of Mateus Fandiño.

• Determine gain for each feed and frequency from an eigen-decomposition of the N2 visibility matrix 
during transit of a radio-bright point source (Cyg A, Cas A, Tau A, or Vir A). 

• Calibrate once per day.  Use variations in these point-source gains over sidereal days to 
characterize instrument stability and calibrate thermal regression models.
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Complex Gain Calibration (Phase)

δϕi(t, ν) = 2πνδτi(t) + δϕr
i (t, ν)

Blue:  Standard deviation of phase residuals after subtracting variations that scale linearly with frequencies, i.e.,

Red:  Standard deviation of phase of 74 Cas A transits after daily calibration with Cyg A.

Δt = 3.5 hr
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Complex Gain Calibration (Delay)
• Developed multiple linear regression model that 

relates measured delay variations to noise source 
and temperature sensor data. 

• Coefficients calibrated using gains inferred from 
transit of 4 brightest point sources. 

• Noise source and temperature sensor data then 
used to correct visibilities in between 
point source transits. 

• Model corrects for:

- Drift between copies of the 10 MHz clock 

supplied to different ADCs 

- Thermal expansion of the focal line 

- Thermal susceptibility of the outside portion of 
the analog chain (primarily coaxial cables)

Δt = 3.5 hr

Δt < 20 min
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Realistic Simulations of Complex Gain Errors
• Simulate complex gain errors with realistic correlations across feed, frequency, and time


- Drift between copies of the 10 MHz clock

- Differences in thermal susceptibility of coaxial cables

- Differences in temperatures of coaxial cables

Drift between copies of the 
10 MHz clock as measured by a 
broadband noise source 
connected to each FPGA crate.


Significant variations on  
5-10 minute timescales 
corresponding to chiller cycle. 

The two receiver huts are at 
different temperatures.  Relative 
delay between ADCs in different 
huts is much larger than 
between ADCs in same hut.

Inter-hut

Intra-hut
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Realistic Simulations of Complex Gain Errors
• Process the miscalibrated data through foreground filtering (KL) pipeline 

and determine if recovered power spectrum is biased.

Common mode timing errors on short time 
scales

The picture changes drastically as soon as errors are common-mode within a cylinder (as in 
CHIME). Modes < 0.04 h Mpc-1 remain unaffected. Additionally, timing errors on short time scales 
(< 10 min) correspond to high m’s that are not meeting the S/F threshold cut in the KL-filter and 
thus have little biasing effect on the power spectrum. The requirement for common mode short 
time scale timing errors is 2 ps. 

0.00 0.04 0.08
0.00

0.05

0.10

0.15

0.20

0.25
k k

/
h

M
p
c°

1

0.1 ps

0.00 0.04 0.08

k? / h Mpc°1

1 ps

0.00 0.04 0.08

3 ps

0.00 0.04 0.08

5 ps

10°2

10°1

100

101

102

Bias in power spectrum due to realistic drift in the 10 MHz clock 
(for pathfinder-like telescope in the 400-500 MHz band)

Work by Carolin Höfer

System
atic bias relative to statistical error
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Foreground Filtering
• Pursuing several techniques for foreground filtering 

- Delay space filter

‣ Remove modes with low delay, threshold set per baseline 

- SVD filter

‣ Remove the most correlated modes

‣ Apply in (frequency, beamformed pixel) basis

‣ Apodize the visibilities in the N-S direction prior to beamforming to reduce the 

frequency dependence in the map at the expense of resolution 

- Karhunen-Loève (KL) filter

‣ Remove modes with low S/F ratio

‣ Recent improvements in pipeline enable 3 cylinder telescope. 

- Hybrid SVD + KL filter

‣ First apply SVD filter to blindly remove the brightest foreground modes

‣ Next apply KL filter to optimally filter what’s left

‣ Currently testing viability in simulations
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Cosmology Forecast
Figure courtesy of Tianyue Chen
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Cosmology Forecast
CHIME : A 21cm Dark Energy Experiment

Current (Planck +WL+ BAO)!
Current + CHIME (simulations)!

Current + StageIV

2σ contours
w(z) = w0 + wa (z/z+1)

wa

Constraints on dark energy 
equation of state  
from 5 year survey 
competitive with DOE  
Stage IV experiments

(e.g., DESI, Euclid)

w = p/ρ

Figure courtesy of Richard Shaw
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SLPPRQV​ ​UaLVLQJ ​ ​feedV​ ​RQWR ​ ​WKe ​ ​fRcaO ​ ​OLQe;​ ​(WRS ​ ​ULJKW)​ ​PRVWdRc​ ​CKeUU\​ ​NJ ​ ​cRQQecWLQJ​ ​VRPe ​ ​Rf 
WKe ​ ​2048 ​ ​50P-ORQJ ​ ​cRa[LaO ​ ​cabOeV;​ ​(bRWWRP​ ​OefW)​ ​GUadXaWe ​ ​VWXdeQW​ ​JXaQ ​ ​MeQa ​ ​PaUUa​ ​LQVWaOOLQJ 
FPGA​ ​PRWKeUbRaUdV;​ ​(bRWWRP​ ​ULJKW)​ ​GUadXaWe ​ ​VWXdeQW​ ​NROaQ ​ ​DeQPaQ ​ ​aVVePbOLQJ ​ ​GPUV​ ​LQ 
WKe ​ ​X-eQJLQe. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Check out our website at: www.chime-experiment.ca 
Thank you!

http://www.chime-experiment.ca
http://www.chime-experiment.ca
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Additional Slides



PUMA Virtual WorkshopAug 19, 2020 39

Reflector

Reflectors 

Analog Frontend 
Amps, filters, etc 

FPGA Digitizer / 
Channelizer 

GPU Correlator 

Disk 
Realtime 

Backend(s) 

Analog 

Receiver Chain

FPGA Digitizer / 
Channelizer

GPU Correlator

Reflectors 

Analog Frontend 
Amps, filters, etc 

FPGA Digitizer / 
Channelizer 

GPU Correlator 

Disk 
Realtime 

Backend(s) 

Reflector

Disk

Real-time

Backends

UBC graduate student Meiling Deng  
who led design of CHIME cloverleaf antennas
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(a) (b)

Figure 8. (a) Image of the CHIME amplifier and band-defining filter. Input on the left. (b) Gain and passband of the
filter-amplifier block labeled filter amp plotted along with the full analog chain labeled cascade. The passband of the filter
amplifier block is designed to be very flat with frequency. The entire analog chain has a slope from low to high frequency
primarily due to the LNA gain and analog cabling.

• Commodity gigabit ethernet switches are used to collect the data onto a server which stores the integrated
data. A server on this same network is used to configure and monitor the hardware in the array.

Table 2 summarizes the key design parameters of the CHIME Pathfinder’s digital backend. In addition to
those, the system had to be designed with enough flexibility to allow testing of real-time gain corrections, RFI
removal, high-speed and triggered data tapping for ancillary science such as pulsar and radio transient signal
analysis, and beamforming along each cylinder. The design is also required to be scalable to 2560 inputs for the
full CHIME instrument.

The hardware, firmware and software components of the digital backend are described in more detail in the
sections below.

5.1 Analog-to-digital converter daughterboards

The analog-to-digital conversion of the feed signals is performed using custom double-wide FPGA mezzanine
card (FMC) compliant daughter boards equipped with two E2V EV8AQ160 analog-to-digital (ADC) chips (see
Figure 10). Each ADC chip has four inputs that can sample at up to 1.25GSps at 8 bits.

The sky signal in the absence of man-made signals is well encoded with only a few bits, with 4 bits having the
e↵ect of increasing any properly amplified white noise system temperature by ⇠2 percent. However, man-made
RF power consists of both broadband bursts and strong narrowband signals which require additional dynamic
range. Initial testing found that 8 bit sampling will provide the dynamic range to sample the sky adequately
given the RF conditions at the site.

For CHIME, the sampling rate is set to 800 MSps, and the 400-800 MHz sky signal is directly sampled using
the second Nyquist zone. The analog inputs achieve more than 15 dB return-loss from 300MHz to 1.1GHz. The
input passband is broader, from 150 MHz to 1.1 GHz. These analog components are constrained to one section

 

Adam Hincks • IASF Bologna • 30 Nov. 2016

CHIME Pathfinder
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(c)
Figure 5. (a) Photo of CHIME feed; (b) Geometry of petals with W = 138.5 mm, L = 131.9 mm, R = 20 mm. This
geometry is small enough that a feed element is compatible with any azimuth orientation within the array. (c) The
current pattern from a CST simulation of the feed at 600 MHz for the horizontal polarization as indicated by the arrow
labeled E.

(a) (b) (c)
Figure 6. (a) Measured return loss compared with simulation. Note the similarity between two polarizations. (b) Measured
E plane of polarization P2. (c) Measured H plane of polarization P2.
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512 analog inputs

Bandura et al. 2016, JAI
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– 18 –

Fig. 8.— Rendered image of a node, containing all components in the baseline proposal.

Power cables are omitted for clarity, but this is otherwise representative of what we expect

in the final build.

Denman et al. 2015

AMD S9300x2


