|_g.S. NAVAL
ESEARC
LABORATORY

VLITE-Fast:
High Time Resolution, Commensal

350 MHz Observations with the VLA

M. Kerr, S. Bethapudi, T. Clarke, N. Kassim, F. Janet, P.S. Ray, J. Deneva, E. Posilensky

March 2019, Groningen NL

Matthew Kerr
High Energy Space Environment Branch, U.S. Naval Research Laboratory




us.NavaL | VLITE Iin a nutshell (see Clarke et al. 2016)
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VLITE in a nutshell (see Clarke et al. 2016)

(VLA Low-frequency lonosphere and Transient Experiment)

- Uses the VLA P-band dipoles
installed at the primary focus

- Independent optical path, samplers,
and correlator

(minimal impact on primary observer
program)

16 |8 antennas in 350 MHz band
e 320 — 384 MHz, Av = 100 kHz
« AT =12s (2 GB/hr data rate)

S e Full polarization (linear)
* Field of view: > 5 deg?

* 5”7 — 3 resolution, up to |°
largest angular scale

* CPU correlator (DiFX)
* Lose 360-384 MHz to MUOS

Tracy Clarke
Namir Kassim
Simona Giacintucci
Wendy Peters

Emil Polisensky
Jason Kooi



us.NavaL | VLA Configurations: Uniquely Identify Host Galaxy
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D Configuration (Now): 1.0 km / 200” VLA in A Configuration
— Credit T. Burchell, NRAO/AUI/NSF
C Configuration (Nov 19): 3.4 km / 60” — - m— = =

B Configuration (Feb 20, 2019)
11.1 km / 18.5”

A Configuration (Aug 2, 2019)
36.4 km / 5.6"

With just a bit of luck, VLITE could
uniquely identify host galaxies in B
configuration. (S/N of beamformed
image is huge.)

VLITE will definitely uniquely identify
host galaxies of FRBs detected in A
configuration.



Lg.s.NAVAL VLITE-Fast: a commensal commensal system
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Time after UT 19:50:01.63 (ms)

!
hl

8.5s will elapse between the arrival of an FRB with a
DM of 1000 at 360 MHz and the arrival at 320 MHz

l

Different technique compared to realfast, which is an
imaging-based search.
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Typical VLITE-Fast data: “White noise”
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Typical VLITE-Fast data: Kurtosis analysis
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Typical VLITE-Fast data
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Typical VLITE-Fast data: White Noise
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usnavAaL|  Typical VLITE-Fast data: PSR B0329+54

ESEARC
LABORATORY

Freq (MHz)

56.0 56.1 56.2 56.3 56.4 56.5 56.6 56.7 56.8 56.9 57.0 57.1 57.2 57.3 57.4 57.5 57.6 57.7 57.8 57.8 58.0

Freq (MHz)

A . L L) S § : : ; ; ok 5 o s Ly e A R ) ey £ LR e B i s
56.0 56.1 56.2 56.3 56.4 . 56.6 56.7 56.8 56.9 57.0 57.1 57.2 57.3 57.4 57.5 57.6 57.7 57.8 57.9 58.0

330 4

340 +

Freq (MHz)

350 1

360 15

56.0 56.1 56.2 56.3 56.4 56.5 56.6 56.7 56.8 56.9 57.0 57.1 57.2 57.3 57.4 57.5 57.6 57.7 57.8 57.9 58.0

Freq (MHz)

e : sk i S
56.7 56.8 56.9 57.0 57.1 57.2
Time (s)

58.0



U.S.NAVAL
ESEARC

LABORATORY

Same data, now looking at transient candidates

Dispersion Measure
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us.NAVAL [ RF| Strikes

ESEARC
LABORATORY

S/IN=1, W=3ms S/N=15, W=30ms Q S/N=30, W=300ms
s S5/N=10, W=10ms S/N=20, W=100ms IZ: :] S/N=50, W=1000ms @ eald
3 .
10 eall
102 &
1]
10 o
103 -
£ 3 |
a 1023 0 "%
= 10! = =
§ 1073 . T
2 3 =
@ 102 3
o b
17} ] - ™ 1
O 10! 3
Jdm e & =
1073 ¥ eal9 e e
102 3 T
] " * St
4 -
10? 4
3 T T T — T T
0 50 100 150 200 250 300 s
Elapsed Time (s) 103

Dispersion Measure 13



us.NavaL | Recent Data — 15 antennas!
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US.NAVAL [ Recent Data — 15 antennas!
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usnavaL | VLITE-Fast Detection Rate (1)
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S O min (Tsys + Tsky)
G\/Nant Npol Af WObS

Single VLITE Antenna:

Smin = 18.6 O-min/\/ Wobs ]y

Fmin ~ 100 ]y ms 16



ESEARC
LABORATORY

usnavaL | VLITE-Fast Detection Rate (2)

ASKAP Mean Spectral Shape: S(v) « v~18 (Macquart et al. 2018)

ASKAP LogN-LogS: N(F > 42 ]y ms) = Sk;zayF‘z-l (James et al. 2018)

ASKAP LogN-LogS: N(F > 510 Jy ms) = SkylzayF-Z-l@ 350 MHz

VLITE-FAST sees ~1/10000 of the sky.
1 FRB every 20 days (single antenna mode)

Factor of 4 from incoherent addition:
1 FRB every 4 days!

17



us.NavaL | VLITE-Fast Summary / Timeline
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Reach full operations in current B array (started Feb 20).

Major software overalls close to enabling co-addition mode.
New package “asgard”!

VLITE now operating in 18-antenna mode (2/3 of VLA!).

Longer term: storage for offline data products

* pulsar search

 RRAT search

* low-frequency commensal NANOGrav observations
« signal processing/RFI excision test bed.
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