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LOTAAS

LOFAR Tied-Array All-Sky Survey

A high-time-resolution, all-sky survey using
LOFAR'’s Superterp and “Coherent
Stokes” (tied-array) mode.

http://www.astron.nl/lotaas/

DRAGNET

Dynamic Radio Astronomy of Galactic Neutron Stars and Extragalactic Transients

A substantial hardware and software
extension to LOFAR’s ability to search for
pulsars and fast transients.



LOTAAS

LOFAR Tied-Array All-Sky Survey

:“25. 219 coh. beams
3 incoh. beams

Great field-of-view
Great sensitivity
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LOTAAS

LOFAR Tied-Array All-Sky Survey

sSurvey Specs

* 3 SAPs (incoh. beams) of 32MHz each (1 19-151MHz).
* |hr per pointing (1.5hr all-sky by end... new param. space).
* 0.49ms time resolution, | 2kHz frequency channels.
* Find millisecond pulsars out to DM ~ 50 pc cm-3.
* 219 tied-array beams, 3 incoherent beams.

* ~9 sq. deg. total per ptg. from tied-array beams.

e ~30 sqg. deg. total per ptg. from incoherent beams.

* Smin ~ 3mJy at 135MHz.

High-time-resolution version of MSSS
The SKA-Low precursor survey



The LOFAR Core
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Localizing LOTAAS Sources

SAP #0. Cumulative S/N of PSR J1529+4049 in 127 (out of 127
Simultaneous Tied-Array Beams [Linear Scale]
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Also localize transients
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LOTAAS vs. GBNCC

(GBNCC = GBT Northern Celestial Cap
Survey at 350MHZz)

Compare with state-of-the-art

e LOTAAS at 135MHz vs. GBNCC at 350MHz.

* LOTAAS ~25x the data rate vs. GBNCC

* LOTAAS > 30x the field-of view of GBNCC.

* LOTAAS 30x the dwell time of GBNCC.

* LOTAAS ~2x the cumulative sensitivity of GBNCC.
* LOTAAS lower time resolution: significantly worse at

finding (high-DM) millisecond pulsars.
e LOTAAS likely better at finding intermittent srcs though
instantaneous sensitivity is ~2.5x lower than GBNCC.



Observing/Processing Status
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* 492 pointings observed so far; 380 processed.

* 65| pointings needed for sparse pass of Northern
Hemisphere.

* Processing on Cartesius: 3hrs/pointing/24-core node.
e ~2PB of data collected and archived.



Discovery Status

ey Pilot survey
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* LOFAR has discovered 25 pulsars so far!
* |0 pulsars found in last 2 months thanks to a big push by
Sotiris Sanidas & Sally Cooper.




Discovery Status

— Pilot survey
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* Currently at ~| discovery per 100 sq. deg. - as predicted.
* One new pulsar per |3hrs of observing time - very good.
* Single-pulse searches still ramping up (2 discoveries so far).




First LOTAAS RRAT Discoveries
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Blue circles show astrophysical pulses as a  Michill
function of dispersion measure and time

Same pipeline is looking for fast radio bursts




DRAGNET GPU Cluster
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DRAGNET Worker Nodes
(23x)

e 4x TitanX GPUs
e 2x 8-core CPUs
* |4TB disk space
e |28GB RAM

e |0Gb Eth

e |Gb Eth

* Infiniband

Aggregate single precision compute
power ~0.5 Petaflop
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... even more powerful when plugged in!



DRAGNET GPU Cluster

Infiniband
Switch (FDR) Foundry/Brocade
DRAGNET & COBALT are Mellanox RX-16 Eth Switch

next-door neighbors >X6036

Infiniband .
Switch (FDR) inside
e.g. a Mellanox tender

SX6000 switch

Worker Worker Worker
i || Node 01 || Node 02 Node N

Eth Switch
(1 Gbit/s)

Raw Data Network User Access Network
Infiniband (54 Gbit/s) —(Login/NFS/PXE,

__Batch Data Network OOBM/IPMI/MGT)
Ethernet (10 Gbit/s) Ethernet (1 Gbit/s)

van Amesfoort



DRAGNET “First Light”

(One of many to come...

2 Pulses of Best Profile Search Information
Candidate: 792.16ms_Cand RAjp000 = 22:53:07.8761 DECp000 = 15:08:37.6874
Telescope: LOFAR Best Fit Parameters
Epochyy,, = 57181.21041666667  DOF,, = 240.05 x?,, = 6.800 P(Noise) < 6.04e-218 (31.50)
Epochbury = N/A Dispersion Measure (DM) = N/A
0.00049152 (ms) = 792.16391(73) Pbary (ms) = N/A
7274496 Pliopo (3/5) = 0.0(1.6)x107° (s/s) = N/A
0.2414 quo@/¥)-oowgwﬂ)” WMW®/¥)—N/A
1.474e-05 Binary Parameters
256 Pop (8) = N/A e = N/A
6859 a,sin(i)/c (s) = N/A w (rad) = N/A
0.002484 Toer = N/A
Freq — 1.262364 (Hz)
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P—dot (s/s)

1 1.5 6 4 2 O 0.1 0 —0.1
Phase Reduced x? Period — 792.16460000 (ms)
test_DM29.220.dat bassa 18—Aug—2015 11:51

4000 trial DMs from 3600s of LOTAAS data,
calculated in only 25 minutes on | TitanX GPU

Bassa & Kondratiev




DRAGNET “Next Lights”

* Full Cartesius pipeline processing on DRAGNET.

* Write data from COBALT to DRAGNET.

* 2-3x higher time resolution (for milliseconds pulsars).
* Write data commensally to DRAGNET.

* Process incoming data in real-time.

* Parallel observing of many pulsars.
* Online RFI excision on COBALT.

* Online re-bitting on COBALT.

* Online coherent dedispersion step(s).
* Beam-forming on DRAGNET.




