Large Aperture Experiment to
Detect the Dark Ages (LEDA)
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What are we looking for?
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LEDA Summary

Demonstrate a large-N correlator

— A scalable design

Suppression of systematics in total-
power measurement

— Array-based calibration, ionosphere, gain
patters, etc

— All-sky pulsar calibration of gain patterns
Discovery of the HI absorption feature to
infer the initial conditions of reionization
Requires:

— Implementing a full correlation backend for
the LWA

— Generalized package for warped snapshot
cal/im

— Discover HI absorption feature

LARGE-APERTURE EXPERIMENT
TO DETECT THE DARK AGES




Outriggers




Outriggers

Snapshot array and total power dipoles



Outriggers




Calibration and Imaging



Warped Snapshot




CUDA Wide-field Array Processing

(cuWARRP: after Mitchell et al. "08; Ord et al. " 10)
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( Stream through the visibility dataset )
generating calibration models and
residual sky maps.

The residual maps, along with updated
calibrator information, are used to
update the sky model.

The whole process is repeated, using
the updated sky and calibration
models, until the residual images have
converged.
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Polarized Point Source/ISM

NG ~ 15

FOV = 2400 °?
190 MHz / 31 MHz
ARM =1 rad m>

-50 < RM < 50 rad m™
(Bernardi , LG, et al. 12)




Pulsar Calibration

LOFAR LBA Data:
e 30-90 MHz

PSR J221 9+4 754 Table 1: A subset of the pulsar population, previously observed at this wavelength range,
Joracion Messuie = =t with sufficlent signal to noise to ald mapping of the primary beam.

i Pulsar | Period | DM (Widtht; | t. | & t}, | & flux*| SNR?
; | (mg) |peem™® | (mg) | (ms) | {s)  (ms) |(kHz) (ly) | (peak)
; B2303+30 | 157589 | 4954 3410 | 502 2007 | 000 010 | 20
1, M B1925+10 | 226518 | 3.180 = 1400 | 0.05 1288 | 187 022 | 37
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B2016+28 | 557953 | 1417 220 |0 5742 | 160 020 4
B0320+39 | 303207 2601 470 533 1054 000 016 43
BOB18-13 | 123813 4054 3560 | 248 9. 1659 001 027
B1237+25 138245 9240 6060 | 032 3744 | 860 044
B1642-03 | 387690 | 3573 B.O0O | 153 1448 | 1.20 072
B1745-28 | 562558  50.37 1500 | 535 2041 | 001 056
B1133+16 118791 4860 4180 | 0.09 1969 819 077
B1508+55 739682 1961 2630 | 225 7947 | 016 0B84
BO3259+54 | 714520 2683 3140 | 589 1087 007 057
B2217+47 | 538469 | 4352 1310 | 31.0 1763 | 004 145
BOB23+26 | 530661 1945 1240 | 220 7882 140 1.07
BO950+08 | 253.065 2960 2050 | 0.04 1.199 000 1.82
BOB34+06 127377 1289 3380 o 5223 | 250 158
B1919+21 | 1337.30 | 1246 40.80 | 0.65 5049 | 650 210
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Correlator
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Correlator - Final

" EPGA: )

16 x ROACH2s
2 x 16-input ADCs
(512 inputs total)

Performs:

PFB (4096 channels)
Channel Selection (2400 channels)
10GbE packetisation

RFI detection/excision

- J

2 x 10GbE inputs
Receiving 19.2+ Gb/s

Performs:

Data capture
Data unpacking
(10000100 -
10000000,
01000000)
Pulsar break out

\

\

CPU:

Additional averaging
Writes data to disk

J

/

GPU:

2 x GPU
Read 38.4+ Gb/s

Performs:

Cross-correlation
Averages defined number
of outputs

J




Correlator - Current

" EPGA: )

4 x ROACH1
2 x 4-input ADCs
(32 inputs total)

Performs:

PFB (4096 channels)
Channel Selection (1628 channels)
10GbE packetisation

- J

CPU:

2 x 10GbE inputs
Receiving 11 Gb/s

Performs:

Data capture
Data unpacking
(10000100 -
10000000,
01000000)

\

\

CPU:

Additional averaging
Writes data to disk
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GPU:

2 x GPU
Read 22 Gb/s

Performs:

Cross-correlation
Averages defined number
of outputs

J




Correlator

* Current status:

— Two 32-input complete correlator designs have

undergone bench testing:

4096 selectable channel F-engine — PSRDADA — Harvard X-engine
2048 channel F-engine — #PIPE — Harvard X-engine

— LEDA-64 correlator on ROACH2 under development.

https://github.com/GPU-correlators/xGPU



LARGE-APERTURE EXPERIMENT
TO DETECT THE DARK AGES

Deployment Schedule:

* RFI testing LEDA-32
prototype (next week)

* Deployment LEDA-32
Mid-August

* Deployment LEDA-64
2012

* Deployment LEDA-
512 2013



— END —
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